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EXECUTIVE SUMMARY

1.0 INTRODUCTION

1.1 Background

Lake Natron area is renowned as an important Ramsar Wetland internationally. Although the area was listed 
as Tanzania’s second Ramsar site in 2001 its importance can be traced back from early 1960s when it started 
to feature as the only regular breeding area for the 2 – 4 million Lesser Flamingos (Phoeniconaias minor) in 
East Africa (Soussa et al., 2010); accounting for 75% of the global population (RAM Team, 2008; 
NORCONSULT, 2007). 

The species is classified as “Near Threatened”, indicating that it is considered as likely to qualify for a 
threatened category in the near future. It is listed in Column A of the African-Eurasian Migratory Waterbird 
Agreement (AEWA) action plan, Appendix II of the Bonn Convention (CMS) and Appendix II of the CITES 
convention, thus requiring special consideration. Lake Natron also supports over 50,000 individuals of other 
water-bird species, including large numbers of Palearctic migrants (Soussa et al., 2010; RAM Team, 2008; 
NORCONSULT, 2007).

Lake Natron and its surrounding ecosystem are extremely important for biodiversity conservation, ecosystem 
services and for supporting the livelihoods of the local communities, which depend on pastoralism, eco and 
culture tourism, and small scale irrigation. In recent times however, there have emerged development plans 
which would threaten the integrity of the lake’s ecosystem, including the 2006 proposal to construct a soda ash 
processing plant at Wosi Wosi on the Eastern part of the lake which was submitted to the Government of 
Tanzania (GoT) by the Tata Chemicals Ltd of Mumbai, India. The proposed plant would produce 500,000 
metric tonnes of soda ash annually, pump 561m3 of concentrated brine per hour from the lake and convert it 
into calcified soda ash (sodium bicarbonate) crystals for export (NORCONSULT, 2007; IBAs Programme of 
Kenya, 2007). In the process, the plant would require 11.5 megawatts of power and utilise approximately 
129,000 litres of water per hour for both industrial and domestic use and would release 10m3 of sewerage 
water per hour (ibid).  

The development of the soda ash facility would also involve construction of associated infrastructure, including 
a new access road from Mto Wa Mbu or Arusha _ Namanga tarmac road to the plant, power plant, railroad, 
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pipeline to carry soda slurry across the lake, and living accommodations for an estimated 1,225 construction 
workers and 152 permanent staff and their families (ibid).    

Although an Environmental and Social Impact Assessment (ESIA) for the proposed development was done 
and a report submitted to the National Environmental Management Council (NEMC) of Tanzania for evaluation 
and approval, the document was found to be revoltingly inadequate. There are some key issues that did not 
come out clearly in that report, especially the benefits and costs associated with the proposed soda ash 
project. The ESIA report had failed to capture the current and potential benefits that the natural resources 
(ecological, biological, cultural and social) of Lake Natron basin confer on the local, national, regional and 
international community.  The proposed project treated the existing ecosystem services, culture and the 
community livelihoods derived from the ecosystem as free goods. In general, there are many other aspects of 
Lake Natron ecosystems which were not adequately evaluated in the ESIA report. These include the proposal 
to construct the Serengeti highway, and currently the Northern transport corridor, which entails the 
construction of a railway link to Lake Natron from Arusha that is intended to transfer soda ash from the 
proposed plant.

The decision to establish a soda ash mining facility in a fragile ecosystem like Lake Natron needs to be 
adequately and precisely informed by a comprehensive study on the associated costs and benefits and 
foregone benefits from ecotourism and sustainable management of natural resources. Put differently, the true 
values and benefits from soda ash production need to be known a priori. These can only be known if the costs 
that the soda ash mining would impose on current and potential tourism activities, various forms of biodiversity 
(including lesser flamingo), the Maasai community livelihood system and culture are taken into account and 
precisely established.  More importantly, the critical ecosystem services such as provision of dispersal habitats 
for wildlife, wild game and livestock pasture, just to mention few, must be brought to the equation.  All these 
streams of costs and benefits need to be looked at from different levels: including the local, national and 
regional levels.  The global perspective needs to be considered too.

Based on this ground, the BirdLife International, a global partnership of conservation organisations that strives 
to conserve birds, their habitats and global biodiversity, working with people towards sustainability in the use of 
natural resources, invited consultants to undertake a Cost Benefit Analysis (CBA) for Lake Natron. The study 
was expected to bridge the existing gaps in knowledge by carrying out a CBA of the soda ash mining 
component, to provide information that would help make better informed decisions.  The study drew from the 
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Total Economic Value (TEV) concept where goods and services that are not tradable in the market and yet 
have a value were taken into account. 

1.2 Study Objectives

The overall objective of the study was to compare the net benefits of sustainable management regime for Lake 
Natron with management based on the development of soda ash facility as currently proposed. The 
comparisons adopted an ecosystem service approach and analysed the net impacts in terms of the nation by 
addressing the question of: what is the total economic value associated with existing livelihoods and 
ecosystem services compared with the economic returns associated with soda ash development?; the 
government; and  local communities. As also indicated in the Terms of Reference (Appendix 1) the specific 
objectives of the study were to:

a) Determine the benefits of the proposed soda ash mining project – potential revenue to the investor, 
Government of Tanzania and local communities based on current market price of soda ash. Lessons 
and comparisons should be made with other countries, including the neighbouring Magadi Soda in 
Kenya should be applied.

b) Determine the economic costs of the plant – likely and potential economic impacts on local people, and 
tourism, pastoralism and other livelihood sources and culture.

c) Determine the benefits of sustainable management to the Government of Tanzania and local 
communities. This will take into consideration existing livelihood benefits, biodiversity benefits and the 
delivery of ecosystem services. This also needs to take into consideration such things as the tourism 
value or potential of all sites in Tanzania and other countries in the region where Lesser Flamingos are 
seen.  

d) Determine the economic costs of sustainable management.
e) Examine the fiscal impact on the Government in form of tax revenues forgone, economic incentives to 

the developer and alternative application of these funds for the benefit of Tanzanians at Lake Natron.
f) Taking into consideration the Precautionary Principle, recommend the best and most suitable use 

options for the Lake Natron considering long term environmental and rural livelihoods and sustainability 
in the area

g) Make recommendations to policy and decision makers, especially the government of Tanzania what 
needs to be done to promote sustainable livelihoods for local communities without jeopardizing the 
integrity of the resource. 
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2.0 METHODOLOGY

The study benefited from both formal and informal interviews and consultations with a wide range of 
stakeholders. It commenced with a desk review of literature; mobilization of resources, which included training 
of research assistants who were recruited to assist in conducting the study, and the preparation of study 
instruments including the checklist of issues and questions. 

After the desk study, the team carried out stakeholder consultations. These consultations were important as 
they helped to determine interest, conflict lines, and the effects of various development and management 
options on the various groups affected by those options. Different individuals were consulted in Dar es 
Salaam, Tanzania; Lake Natron in Arusha; in Kenya and outside Africa.  For example, the team held 
teleconference discussions with representatives of the BirdLife International, Royal Society of Protection of 
Birds (BirdLife Partner) in UK and members of the Lake Natron Consultative Group. 

A questionnaire survey was conducted in the study area for 86 households, of which 97.7% practice 
pastoralism and agropastoralism as their major occupation).1 About 81% of the households were male headed 
and the remainder (19%) were female headed. Interviews were also conducted to tourists who visited the 
study area and operators of tourist camps, lodges and hunting camps (Moivaro Camp site and Lodge, 
Ngaresero Mountain Lodge, Underson and Venture Camp, Club Africo, the Tanzania Wildlife Corporation 
(TAWICO) - Lake Natron South Block – Longido Mosonic Hill, Kitumbeine; Tanzania Game Truck (TGT) –
Lake Natron North).

The analysis benefited from the use of the “Total Economic Value (TEV)” approach, which is essentially the 
same as the “net benefit” approach, but the former recognizes that the value derived from the quality of the 
ecosystem can be subdivided into two main categories: use value – the value an individual derives from 
directly using the resource; and non-use value – the value given to the existence of an ecological or 
environmental resource even though it is not currently used.

                                           
1 This implies that 99.7% of the sample households relied on livestock keeping and crop farming as their major economic activities.
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The analysis of direct monetary costs and benefits of the soda ash facility benefited from the information 
provided in the ESIA report and other soda ash related reports and documents. Future costs and benefits were 
evaluated using discounted measures of project worth, especially the CBA approach. 

The environmental or non monetary costs and impacts were identified and assessed using the Contingent 
Valuation Method (CVM) and Travel Cost Method. In particular, the CVM was purposefully adopted to evaluate 
non-use values. During the CVM survey the interviewees were provided with detailed information that 
highlighted the importance of the Lake Natron ecosystem as a critical habitat for the different species of 
wildlife, including the lesser flamingo and the need to conserve it. They were given time to discuss and reflect 
on the proposed soda ash facility and its likely impacts. Two scenarios were used to describe the valuation 
process to the interviewees. The first scenario was the “pro-soda ash facility scenario” which suggested that 
the facility be developed so that the government gets additional revenues. The second was a counterargument 
scenario which advocated for sustainable conservation of the Lake Natron ecosystem and its valuable 
resources. 

The primary data which were collected from tourists who visited the study area also constituted an important 
input to the valuation process using Travel Cost Method. In this case the information on fees, distance or origin 
the visitors and total costs of visiting, were used as a valuable input to the valuation exercise. The data were 
then compiled and analysed using a MINTAB computer package/software.

3.0 KEY FINDINGS EMANATING FROM THE STUDY

3.1 Benefits of Proposed Soda Ash Mining Project

The potential revenues to the investor were estimated using a standard approach to the estimation of costs for 
a soda ash plant based on experience from India. Prices were adjusted to real present prices, such that the 
present cost of the plant was estimated as equal to (original cost) x (present cost index)/(past cost index) using 
a total investment cost reported in the ESIA report (NORCONSULT, 2007) and cost structure for soda ash 
facility as reported is the literature.

The following eight investment and production scenarios were established by considering whether costs of 
rehabilitating the Arusha to Tanga railway and construction of the road from Longido/Mto-Wa-Mbu to the site of 
soda ash plant as either INCURRED or NOT INCURRED by the investor: 
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A. Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway INCURRED by the 
investor with annual production of soda ash at 500,000 metric tons throughout the project period of 
50 years

B. Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway NOT INCURRED 
by the investor with annual production of soda ash at 500,000 metric tons throughout the project 
period of 50 years

C. Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway INCURRED by the 
investor with annual production of soda ash increasing annually by 2% from initial production of 
500,000 and achieving maximum production of 1,000,000 metric tons per annum in year 38 of the 
project

D. Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway NOT INCURRED 
by the investor with annual production of soda ash increasing annually by 2% from initial production 
of 500,000 such that maximum production of 1,000,000 metric tons per annum is attained in year 38 
of the project

E. Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway INCURRED by the 
investor with annual production of soda ash increasing annually by 5% from initial production of 
500,000 such that the maximum production of 1,000,000 metric tons per annum is attained in year 17 
of the project

F. Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway NOT INCURRED 
by the investor with annual production of soda ash increasing annually by 5% from initial production 
of 500,000 such that the maximum production of 1,000,000 metric tons per annum is attained in year 
17 of the project

G. Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway INCURRED by the 
investor with annual production of soda ash at 1,000,000 metric tons throughout the project period

H. Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway NOT INCURRED 
by the investor with annual production of soda ash at 1,000,000 metric tons throughout the project 
period of 50 years
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Other assumptions were:

a) The costs of rehabilitating the Arusha to Tanga railway and construction of the road from Longido/Mto-
Wa-Mbu to the site of soda ash plant were estimated at USD 60 million and USD 40 million 
respectively

b) Repair and maintenance of the railway and road from Longido/Mto-Wa-Mbu to the soda ash plant to 
be done after 10 years at 5% of the initial rehabilitation/construction costs 

c) The costs of environmental mitigation and monitoring (capital and recurrent annual) are estimated to 
be approximately USD 2.9 million for construction phase 

d) All direct investment costs (e.g. construction of the plant and associated houses, and rehabilitation of 
railway and road for scenarios which assume that the latter costs are incurred by the investor), are 
incurred in year 0 (50% of the cost) and year 1 (for the remainder 50%), except for land cost which is 
incurred in year 0

e) A depreciation rate of 5% for the equipment/machineries was adopted (i.e. the replacement of 
equipment/machinery is done after each 20 years)

f) Buildings, service facility, pipes, process and auxiliary were assumed to be rehabilitated after each 10 
years at 5% of their respective initial investment costs 

g) In scenarios A and B, a production capacity specified in the ESIA report of 500,000 is assumed. In 
scenarios C and D a production capacity of 500,000 in year 2 is assumed to be increasing by 2% per 
annum in the consecutive years up to 50 years. For scenarios E and F the production capacity is 
assumed to be increasing by 5% per annum in the consecutive years up to 50 years. In the last two 
scenarios (G and H) a production capacity of 1,000,000 metric tons of soda ash per annum is 
assumed starting from year 2 after the end of construction and installation phase (year 0 and year 1) 
to year 50 

h) An optimistic current soda ash ex-factory/spot procurement price of USD 270 per ton is adopted, 
which was increased by 34.47% to USD 412/ton for sensitivity analysis

i) Staffing level specified in the ESIA report, of 152 and 1,225 people for permanent and during 
construction stage is adopted  

j) Land requirement of 0.5 km2 for plant and works and 1 km2 for housing is adopted as given in the 
ESIA report

k) A road requirement of 7 m width of tar was adopted. This is required to enable transport of products 
and goods to and from the site to the nearest railhead

l) Fresh brine from Lake Natron pumped at a rate of 561 m3/hour
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m) Power requirement of 11.5 Megawatts at the plant
n) Coke, coal and limestone requirement for boilers (21 metric tons per hour)
o) Sulphuric acid requirement of 0.552 tons per day
p) Caustic Soda  requirement of 0.1 metric tons per day
q) Lubricants (145 litres per month)
r) Diesel for water pump (9 kg per hr) 
s) Diesel (Diesel Generator (DG) set for brine pumping) (9 kg per hour)
t) Pet Coke for the boiler (14 metric ton per hour)
u) South African Coal for the boiler (3.5 metric ton per hour)
v) Limestone for the boiler (3.5 metric ton per hour)
w) Lube oil for plant machines (145 Litres/month)

The benefits to the investor for the eight scenarios described above were estimated as follows:

Table 1: Potential net revenues to the investor (discounted values in USD at r = 10% and t = 50 years)

Scenario P = USD 270/ton P = USD 412/ton
Before loyalty & taxes After loyalty & taxes Before loyalty & taxes After loyalty & taxes

A -639,146,490 -492,142,797 236,910 182,421
B -540,902,490 -416,494,917 98,480,910 75,830,301
C -365,676,735 -281,571,086 417,531,499 321,499,254
D -267,432,735 -205,923,206 515,775,499 397,147,134
E -57,384,782 -44,186,282 887,962,184 683,730,881
F 40,859,218 31,461,598 986,206,184 759,378,761
G 576,582,510 443,968,533 1,855,349,310 1,428,618,969
H 674,826,510 519,616,413 1,953,593,310 1,504,266,849

The results of CBA for scenarios A to E suggest that the costs of proposed soda ash mining are 
disproportionate to the benefits of implementing the project, at a social discount rate of 10% even when the 
investor is exempted from paying loyalty and VAT. This suggests that the soda ash mining project is not worth 
undertaking at the present level of soda ash market price of USD 270 per ton and production level of 500,000 
tons per annum. The project remained economically unjustifiable (not worth undertaking) even when the 
investor is considered as not incurring the costs of construction/rehabilitation of the road to plant and Tanga to 
Arusha railway. 
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Scenarios F, G and H resulted in positive NPV at r = 10%. However, the project costs for scenario F would 
become disproportionate to project benefits at discount rates equal to or higher than 12% (i.e. when r ≥ 12%). 
Thus, scenario F is also risky to undertake. 

Scenarios G and H were worth undertaking at all the six discount rates chosen in the analysis. However, the 
scenarios require that the project operates at the highest production capacity of 1,000,000 metric tons per 
annum throughout the project life. Experience from other similar soda ash plants, including the Magadi Soda 
Company – a factory recently acquired by Tata Chemicals Magadi Limited,2 suggests that this level of 
production is both socio-economically and environmentally too brutal to be achieved at the present levels of 
demand, technology, prices and costs of production, especially for a newly established plant, like the proposed 
Lake Natron soda ash plant. Therefore, the feasibility for the plant to start with a full capacity of producing 
1,000,000 tons per annum, right from the beginning or launch of the plant is wiry. The scenarios may also 
demand more resources in terms of labour, raw materials and finance the costs of which may also result in 
eroding a significant part of net benefits to the investor.

When a sensitivity analysis was run using an opportunistic export price of USD 412 per ton of soda ash (i.e. 
34.47% increase from the current price of USD 270), the NPVs at discount rates equal to or greater than the 
social discount rate of 10% (i.e. r ≤ 10%) turned positive for all soda ash investment and production scenarios. 
The NPVs for scenarios D, E, F, G and H were also positive for all the discount rates chosen in the analysis 
(i.e. r = 0.5%; 1%; 10%; 12%; 15% and 20%). At r ≥ 12%, the NPVs and B/C ratios remained incessantly 
negative for scenario A. The NPVs for scenarios A, B and C were also consistently negative at r ≥ 20%. The 
EIRRs increased with the lowest being 10.0% for scenario A and the highest being 99.9% for scenario H. This 
result is however very intuitive and misleading as it assumes that the export price increases by about 34.5% 
ceteris pluribus. The assumption that other factors, including technology and production costs remain constant 
is economically flawed and is less likely to hold true as the increase in soda ash price will attract more 
suppliers which in turn will flood the world market and push down the price of soda ash. It is also questionable 
whether this huge increase in soda ash price is likely to occur in the near future given the emergence of 

                                           
2 Mining of soda ash at Lake Magadi has taken place over 100 years. The social and environmental issues associated with the plant 

are different from that of Lake Natron, at least from the Lesser Flamingo breeding perspective. Lake Natron is the only regular 
breeding area for Lesser Flamingo in East Africa.
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synthetic soda ash and stringent competition from China and other producers. In fact, the future for natural 
soda ash in the world market can be described as less gleaming.

3.2 Potential Revenue to Government

The estimation of potential revenue to the Government in this study was done based on the following 
assumptions:

a) The investor pays a loyalty fee of 5% of the net revenue from soda ash mining
b) The investor pays a Value Added Tax (VAT) of 18% of net revenue from soda ash mining
c) The costs of construction and rehabilitation of the road to plant and the Tanga to Arusha railway are 

subtracted from values of potential revenue to Government for scenarios which indicate that these 
costs are not incurred by the investor, but covered by the Government (i.e. scenarios B, D, F, and H)

d) Soda ash is sold at an ex-factory/spot procurement price of USD 270 per ton and then increased by 
34.47% to USD 412/ton during sensitivity analysis.  

The results of analysis of potential revenues to the government are summarized in Table 2 and Table 32 for 
different scenarios and discount rates.  The cells shaded in black indicate the amount of potential revenue to 
the Government. The un-shaded cells indicate cases with potential losses to the Government.  

The results of analysis suggest that, for the soda ash mining project to yield the highest net revenues, at a 
social discount rate of 10%, scenario H should be adopted.  The NPVs of Government revenue for this 
scenario were estimated at USD 155.2 million. This however requires that the proposed soda ash project 
operates at a full production capacity of 1,000,000 metric tons per annum throughout the project life, at an 
export price of USD 270 per ton soda ash produced. An important question remains that of whether this 
scenario is realistic or feasible at the present levels of demand, technology, prices and costs of production, 
especially when a newly established plant is considered. This is important recognizing the stringent 
competition facing natural soda ash producers from synthetic soda ash producers in the global market.  



- xiv -

Table 2: Potential net revenues to the government for different soda ash investment and production 

scenarios, at r = 10% and t = 50 years (USD)

Scenario
NPV value of revenues 

at P = 270/ton
NPV value of revenues 

P = 412/ton
A N/A 54,489
B N/A 22,650,609
C N/A 96,032,245
D N/A 118,628,365
E N/A 204,231,302
F 9,397,620 226,827,422
G 132,613,977 426,730,341
H 155,210,097 449,326,461
N/A: Net Present Values were negative3

Using an opportunistic price of USD 412/ton the NPVs of revenues to the Government were positive for all 
scenarios at discount rates equal to or lower than the social discount rate of 10% (r ≤10%). It should however 
be noted that this price is very unlikely to achieve, again because of the reasons already specified in the 
preceding paragraphs.  

3.3 Potential Revenue to Local Communities

Experiences from similar soda ash projects in Africa suggest little benefits to the local communities, which are 
very often connected to community development supports and provision of some social services like health 
facilities, water for domestic uses and others.  While data to enable a comprehensive analysis of the spill-over 
effects of the soda ash mining project at the community level were scant attempt was done to come up with 
following estimates and assumptions.

Firstly, the local communities were assumed to benefit from gross income of casual labouring during the 
construction phase (10% of fixed capital investment, equivalent to USD13 050 000). The net benefits from 

                                           
3 NPV is the difference between the present value of the future cash flows from an investment and the amount of investment. 

Present value of the expected cash flows is computed by discounting them at the required rate of return. The NPV compares the
value of money today to the value of that same money in the future (50 years in this case), taking inflation and returns into account.
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casual labouring during the construction phase of two years for staff sourced locally from villages within Lake 
Natron were estimated at USD 8 352 000 (Table 3). 

Table 3: Assumptions and calculation of benefits to local communities from casual labouring during 

construction phase of soda ash plant 

Description Value

Gross income for all casual labourers (10% of capital investment) (USD)      13,050,000.00 
Costs during casual labouring (20% of gross income) (USD)        2,610,000.00 
Net benefits from casual labouring during the construction phase (USD)      10,440,000.00 
Total number of construction staff (sourced locally and outside Lake Natron area)                      1,225 
Number of construction staff sourced locally (80% of all casual labourers)                         980 
Number of construction staff sourced outside Lake Natron (20% of all casual labourers)                         245 
Net benefits for construction staff sourced locally (80% of total net benefits)        8,352,000.00 

Net benefits for construction staff sourced outside Lake Natron (20% of total net benefits)        2,088,000.00 

Secondly, it was furthermore estimated that the time travelled to health services by local communities, 
especially those living in the wards of Gelai Lumbwa and Gelai Meirugoi in Longindo District, will be cut by 
50% after the improvement of road infrastructure and health services following the establishment of the soda 
ash facility.

In estimating the labour costs for the soda ash scenario a cost structure of a similar facility in India was used 
rather than $1/day which was the opportunity cost of labour in the study area. The prices were adjusted to real 
present prices using the Consumer Price Indices (CPIs).4 It was deemed more appropriate to use a “cost 
structure for a similar plant”, where price information is available rather than an “opportunity cost of labour” in 
the “business as usual” scenario because the economy of the study area is largely pastoralism-based. The 
opportunity cost of labour in such an economy may obviously be lower than in the soda ash scenario.  

In the “business as usual” scenario, labour was priced at USD 1 per manday and this was used to value the 
opportunity cost of labour, which is currently spent in accessing health services but would otherwise be saved 
and used in other chores after the construction of a dispensary/health centre at the soda ash/plant location. 
The basic assumption in this case was that, before construction of the soda ash facility, the labour which is 

                                           
4 See: http://www.sbioinformatics.com/design_thesis/Soda_ash/Soda-2520ash_Cost-2520Estimation&Economics.pdf and 
http://labourbureau.nic.in/indnum.htm
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spent for travelling to health centres/dispensaries that are located far from where the local communities reside 
could be spent in other pastoral related activities. 

With the daily manpower of 980 mandays the total manpower for two years of infrastructure construction 
equals 715,400 mandays. Taking the total value of income for construction staff sourced locally (i.e. USD 
8,352,000), and dividing it by the total number of mandays for the two years (i.e. 715,400) a unit price of labour 
close to USD 11.67 per manday is obtained. This may look so high but huge differences in wages also exist 
elsewhere in the country, especially where there is a new plant or similar infrastructure constructed by an 
investor, e.g. in the mining sector. So it was considered as not surprising to come up with a labour price of 
USD 11.67 per manday (equivalent to net income of USD 4,261.22 per annum per staff) in the soda ash 
scenario, versus USD 1 per manday in the “business as usual scenario”. Obviously, the opportunity cost of 
labour in the “business as usual” scenario (USD 1 per manday, which is equivalent to about TZS 1,500 per 
manday) is extremely low – but that is the value which was reported by the interviewees in the study area and 
sounds realistic in a pastoral community, like that of Lake Natron.

The total benefits from improved road infrastructure and health services at the local level were estimated at 
USD 44,262 per annum, equivalent to NPV of USD 483.1 thousand at a social discount rate of 10% (Table 4).  

Table 4: Assumptions and calculation of NPV of benefits to local communities from reduced travel 

time to access social/health services following establishment of soda ash plant 

Item Value 

Average accessibility to health facilities under the Bussiness as Usual (BAU) scenario (km)*                       22 
Average accessibility to health facilities under the soda ash scenario - reduced by 50% (km)                       11 
Average time spent to access health services under the BAU scenario (mandays/hh/annum)**                       30 
Average time spent to access health services under the soda ash scenario (mandays/annum)                       15 
Opportunity cost of labour spent to access health facilities (USD/manday)                         1 
Labour saving from reduced time to access health services - soda ash scenario (USD/hh/annum)                       15 
Beneficiaries (households in the wards of Gelai Lumbwa & Gelai Meirugoi)                  2,951 
Total value of labour saving under the soda ash scenario (USD)                44,265 
NPV of labour saving under the soda ash scenario (r = 10% and t = 50 years) (USD)              483,130 
*Value adopted from the ESIA study; **Value estimated using primary data collected during the study.

The value of time and labour saved from reduced travel to access social services was estimated at USD 15 
per household per annum, using the assumptions described in the previous paragraphs. It should however, be 
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noted that since the health centre would be placed either at Wosi Wosi (the original point where the plant was 
to be built) or Matale (the new proposal of plant location), then the beneficiaries will be the local people 
residing in the wards of Gelai Lumbwa and Gelai Meirugoi (with total households estimated at 2,951 in 2010).

3.4 Economic Costs and Impacts of Soda Ash Mining

The economic costs and impacts of soda ash mining were evaluated by comparing the potential benefits from 
soda ash mining versus those in the Business as Usual (BAU) and Sustainable eco-tourism scenarios. The 
Net Present Values (NPVs) of benefits for the soda ash; BAU, and the losses of benefits in the BAU scenario 
when the soda ash scenario is adopted; as well as the NPVs for the sustainable eco-tourism scenario are 
presented in Table 5 through Table 9.  

Table 5: Summary of NPVs of benefits to the investor for the soda ash scenario (net values discounted 

using different discount rates, P = USD 270/ton and t = 50 years) (USD)

a: Before VAT and Loyalty

Soda ash scenarios
Discount rates

0.50% 1% 10% 12% 15% 20%

A -2,214,805,422 -1,987,070,381 -639,146,490 -565,130,490 -489,495,295 -412,853,347

B -2,097,460,422 -1,872,028,881 -540,902,490 -468,387,990 -394,593,795 -320,386,347

C 1,089,167,343 812,617,760 -365,676,735 -375,749,978 -371,755,792 -350,625,099

D 1,206,512,343 927,659,260 -267,432,735 -279,007,478 -276,854,292 -258,158,099

E 2,510,371,469 2,106,351,031 -57,384,782 -138,553,504 -206,613,245 -253,581,366

F 2,627,716,469 2,221,392,531 40,859,218 -41,811,004 -111,711,745 -161,114,366

G 3,610,134,078 3,170,712,619 576,582,510 435,422,010 292,249,205 149,610,653

H 3,727,479,078 3,285,754,119 674,826,510 532,164,510 387,150,705 242,077,653

b: After VAT and Loyalty

A -1,705,400,175 -1,530,044,193 -492,142,797 -435,150,477 -376,911,377 -317,897,077

B -1,615,044,525 -1,441,462,238 -416,494,917 -360,658,752 -303,837,222 -246,697,487

C 838,658,854 625,715,675 -281,571,086 -289,327,483 -286,251,960 -269,981,327

D 929,014,504 714,297,630 -205,923,206 -214,835,758 -213,177,805 -198,781,737

E 1,932,986,031 1,621,890,294 -44,186,282 -106,686,198 -159,092,199 -195,257,652

F 2,023,341,681 1,710,472,249 31,461,598 -32,194,473 -86,018,044 -124,058,062

G 2,779,803,240 2,441,448,717 443,968,533 335,274,948 225,031,888 115,200,203

H 2,870,158,890 2,530,030,672 519,616,413 409,766,673 298,106,043 186,399,793
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Table 6: Summary of NPVs of benefits to the investor for the soda ash scenario (net values discounted 

using different discount rates, P = USD 412/ton and t = 50 years) (USD)

a: Before VAT and Loyalty

Soda ash scenarios
Discount rates

0.50% 1% 10% 12% 15% 20%

A 848,681,278 725,541,419 236,910 -38,913,990 -78,355,595 -117,038,947

B 966,026,278 840,582,919 98,480,910 57,828,510 16,545,905 -24,571,947

C 5,890,298,979 4,997,658,138 417,531,499 250,066,643 101,306,165 -22,083,251

D 6,007,643,979 5,112,699,638 515,775,499 346,809,143 196,207,665 70,383,749

E 8,058,951,201 6,971,799,277 887,962,184 612,010,892 353,301,459 125,998,297

F 8,176,296,201 7,086,840,777 986,206,184 708,753,392 448,202,959 218,465,297

G 9,737,107,478 8,595,936,219 1,855,349,310 1,487,855,010 1,114,528,605 741,239,453

H 9,854,452,478 8,710,977,719 1,953,593,310 1,584,597,510 1,209,430,105 833,706,453

b: After VAT and Loyalty

A 653,484,584 558,666,893 182,421 -29,963,772 -60,333,808 -90,119,989

B 743,840,234 647,248,848 75,830,301 44,527,953 12,740,347 -18,920,399

C 4,535,530,214 3,848,196,767 321,499,254 192,551,315 78,005,747 -17,004,103

D 4,625,885,864 3,936,778,722 397,147,134 267,043,040 151,079,902 54,195,487

E 6,205,392,424 5,368,285,443 683,730,881 471,248,387 272,042,124 97,018,689

F 6,295,748,074 5,456,867,398 759,378,761 545,740,112 345,116,279 168,218,279

G 7,497,572,758 6,618,870,889 1,428,618,969 1,145,648,358 858,187,026 570,754,379

H 7,587,928,408 6,707,452,844 1,504,266,849 1,220,140,083 931,261,181 641,953,969

The NPVs or TEV of the Lake Natron ecosystem in the Business As Usual (BAU) scenario were estimated at 
about USD 1.50 billion and USD 1.26 billion when the indirect use and intrinsic values were valued using the 
WTAC and WTP approach respectively, at a social discount rate of 10%, t = 50 years (Table 7).

In general, the results of analysis in this study indicate that the soda ash plant would deliver far worse returns 
for local people. There will be losses of benefits from different uses (Table 8). These were estimated by 
assuming annual decreases of benefits that accrue in the initial year of the project - estimated at 2% and 5% 
for the “worse” and “worst” or “low” and “high” impact scenarios respectively in crop production, pastoralism 
and other direct uses of natural resources. For use values which rely on wildlife conservation, such as hunting 
and tourism, the impacts were expected to be huge, estimated at 5% and 10% for the “worse” and “worst” 
impact scenarios respectively. It should however be noted that the “worse” and “worst” scenarios considered in 
this case are to some degree arbitrary values chosen to provide indicative costs in the absence of any more 
scientific assessment of the actual damage expected.
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Table 7: Summary of NPVs for the Business As Usual (BAU) scenario (net values discounted using 

different discount rates and t = 50 years) (USD)

Type of value
Discount rates

0.50% 1% 10% 12% 15% 20%

I) Crop production 38,457,769 34,243,513 9,298,232 7,926,563 6,525,929 5,111,238

II) Pastoralism 520,830,826 463,757,458 125,925,300 107,348,881 88,380,189 69,221,130

III) Other direct uses of natural resources 598,167,879 532,619,809 144,623,678 123,288,886 101,503,574 79,499,627

IV) Tourism revenue via TH & CITES* 16,505,126 14,696,471 3,990,572 3,401,885 2,800,768 2,193,617

V) Campsite and lodges 81,501,353 72,570,321 19,705,213 16,798,313 13,830,028 10,831,954

VI) Tour operation 50,324,631 44,809,987 12,167,375 10,372,452 8,539,626 6,688,406

VIIa) Indirect use and non-use/intrinsic value: WTP 9,348,734 8,324,287 2,260,316 1,926,876 1,586,394 1,242,496 

VIIb) Indirect use and non-use/intrinsic value: WTAC 1,021,951,600 909,964,719 247,085,149 210,635,307 173,415,765 135,822,691 
VIII) National level: Revenue from tourism in Lake 
Natron 2,543,850 2,265,091 615,046 524,315 431,668 338,091
IX) Regional level: Government revenue from 
flamingo tourism 191,481,113 170,498,346 46,295,871 39,466,334 32,492,580 25,448,837

X) Regional level: Lodges, hotels and camps 3,650,924,891 3,250,851,452 882,712,370 752,495,211 619,528,295 485,226,937

XI) International level (Travel Costs to Lake Natron) 53,491,317 47,629,664 12,933,010 11,025,140 9,076,983 7,109,275 

Total – excluding VIIa (with WTAC)
      

6,226,180,355 
      

5,543,906,831 
    

1,505,351,816 
    

1,283,283,287 
    

1,056,525,405 
      

827,491,803 

Total – excluding VIIb (with WTP)
      

5,213,577,489 
      

4,642,266,399 
    

1,260,526,983 
    

1,074,574,856 
       

884,696,034 
      

692,911,608 

* TH stands for Trophy Hunting; and CITES for Convention on International Trade in Endangered Species.

When the WTP values were used in the valuation of indirect use and intrinsic values, the losses of benefit at 
local, national, regional and international levels due to the construction of soda ash plant in Lake Natron were 
estimated to amount to NPVs of about USD 49.8 million or USD 101.7 million for the “low impact” and “high 
impact” scenarios respectively, at a social discount rate of 10%, t = 50 years (Table 8). Alternatively, when the 
WTAC values were used in the valuation of indirect use and intrinsic values, the losses of benefit were 
estimated at NPVs of about USD 60.9 million or USD 124.0 million for the “low impact” and “high impact” 
scenarios respectively. 

For the sustainable eco-tourism scenario, the NPVs were estimated to amount to approximately USD 1.28 
billion and USD 1.32 billion for the low and high impact scenarios, when WTP values were used in the 
valuation of indirect use and intrinsic values at a social discount rate of 10%, t = 50 years (Table 9). When the 
WTAC values were used, the NPVs for the sustainable eco-tourism scenario were estimated at about USD 
1.53 billion and USD 1.57 billion for the “low” and “high” impact scenarios respectively.
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Table 8: NPVs of loss of benefits for the BAU scenario when the soda ash scenario is opted (net losses 

discounted using different discount rates and t = 50 years) (USD)

Type of value

Discount rates

0.50% 1% 10% 12% 15% 20%

I) Crop production

     Low impact scenario 752,117 667,832 168,926 141,493 113,480 85,186

     High impact scenario 1,880,293 1,669,580 422,316 353,732 283,701 212,966

II) Pastoralism

     Low impact scenario 10,185,868 9,044,401 2,287,757 1,916,229 1,536,855 1,153,674

     High impact scenario 25,464,670 22,611,001 5,719,393 4,790,572 3,842,138 2,884,185

III) Other direct uses of natural resources

     Low impact scenario 11,698,346 10,387,384 2,627,462 2,200,766 1,765,059 1,324,981

     High impact scenario 29,245,864 25,968,460 6,568,654 5,501,914 4,412,649 3,312,451

IV) Tourism revenue via TH & CITES

     Low impact scenario 806,975 716,543 181,248 151,813 121,757 91,400

     High impact scenario 1,613,950 1,433,085 362,495 303,626 243,515 182,800

V) Campsite and lodges

     Low impact scenario 3,984,797 3,538,245 894,990 749,645 601,231 451,327

     High impact scenario 7,969,594 7,076,490 1,789,980 1,499,290 1,202,461 902,654

VI) Tour operation

     Low impact scenario 3,341,127 2,960,885 712,969 590,004 464,812 339,061

     High impact scenario 4,745,272 4,207,853 1,029,488 855,341 677,874 499,302

VIIa) Indirect use and non-use/intrinsic value (WTP)

     Low impact scenario 457,082 405,860 102,661 85,989 68,965 51,770

     High impact scenario 914,164 811,719 205,322 171,978 137,930 103,540

VIIb) Indirect use and non-use/intrinsic value (WTAC)

     Low impact scenario 49,965,668 44,366,324 11,222,345 9,399,853 7,538,876 5,659,222

     High impact scenario 99,931,335 88,732,647 22,444,690 18,799,706 15,077,752 11,318,444

VIII) National level: Revenue from tourism in Lake Natron

     Low impact scenario 124,375 110,437 27,935 23,398 18,766 14,087

     High impact scenario 248,750 220,874 55,869 46,796 37,532 28,174

IX) Regional level: Government revenue from flamingo tourism

     Low impact scenario 9,361,971 8,312,833 2,102,709 1,761,232 1,412,545 1,060,358

     High impact scenario 18,723,943 16,625,666 4,205,419 3,522,465 2,825,089 2,120,715

X) Regional level: Lodges, hotels and camps

     Low impact scenario 178,502,485 158,498,813 40,091,859 33,581,001 26,932,655 20,217,587

     High impact scenario 357,004,969 316,997,625 80,183,717 67,162,001 53,865,309 40,435,174

XI) International level (Travel Costs to Lake Natron)

     Low impact scenario 2,615,319 2,322,236 587,404 492,010 394,602 296,217

     High impact scenario 5,230,638 4,644,473 1,174,807 984,020 789,204 592,434
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Total loss (NPVs) for the low impact scenario (+WTP) 221,830,462 196,965,469 49,785,920 41,693,580 33,430,727 25,085,648

Total loss (NPVs) for the high impact scenario (+WTP) 453,042,107 402,266,826 101,717,460 85,191,735 68,317,402 51,274,395

Total loss (NPVs) for the low impact scenario (+WTAC) 271,339,048 240,925,933 60,905,604 51,007,444 40,900,638 30,693,100

Total loss (NPVs) for the high impact scenario (+WTTAC) 552,059,278 490,187,754 123,956,828 103,819,463 83,257,224 62,489,299

Table 9: Summary of NPVs for the sustainable eco-tourism scenario (net values discounted using 

different discount rates and t = 50 years) (USD)

Type of value

Discount rates

0.50% 1% 10% 12% 15% 20%

I) Crop production

     Low increase/growth scenario 39,209,886 34,911,345 9,467,159 8,068,056 6,639,409 5,196,424

     High increase/growth scenario 40,338,062 35,913,093 9,720,548 8,280,296 8,280,296 5,324,204

II) Pastoralism

     Low increase/growth scenario 531,016,694 472,801,859 128,213,058 109,265,110 89,917,045 70,374,804

     High increase/growth scenario 546,295,496 486,368,460 131,644,694 112,139,454 92,222,327 72,105,315

III) Other direct uses of natural resources

     Low increase/growth scenario 609,866,224 543,007,193 147,251,140 125,489,652 103,268,634 80,824,608

     High increase/growth scenario 627,413,743 558,588,269 151,192,332 128,790,801 105,916,223 82,812,079

IV) Tourism revenue via TH & CITES

     Low increase/growth scenario 16,827,916 14,983,088 4,063,071 3,462,611 2,849,471 2,230,177

     High increase/growth scenario 17,312,101 15,413,014 4,171,820 3,553,699 2,922,525 2,285,017

V) Campsite and lodges

     Low increase/growth scenario 83,095,272 73,985,619 20,063,209 17,098,171 14,070,520 11,012,485

     High increase/growth scenario 85,486,150 76,108,566 20,600,203 20,600,203 14,431,259 11,283,281

VI) Tour operation

     Low increase/growth scenario 51,308,827 45,683,891 12,388,427 10,557,605 8,688,123 6,799,878

     High increase/growth scenario 52,785,123 46,994,747 12,720,005 10,835,335 8,910,868 6,967,086

VIIa) Indirect use and non-use/intrinsic value (WTP)

     Low increase/growth scenario 9,531,567 8,486,631 2,301,380 1,961,271 1,613,980 1,263,204

     High increase/growth scenario 9,805,817 8,730,147 2,362,977 2,012,865 1,655,359 1,294,266

VIIb) Indirect use and non-use/intrinsic value (WTAC)

     Low increase/growth scenario 1,041,937,867 927,711,248 251,574,087 214,395,248 176,431,315 138,086,380

     High increase/growth scenario 1,071,917,267 954,331,042 258,307,494 220,035,160 180,954,641 141,481,914

VIII) National level: Revenue from tourism in Lake Natron

     Low increase/growth scenario 2,593,600 2,309,266 626,220 533,674 439,174 343,726

     High increase/growth scenario 2,668,225 2,375,528 642,981 547,713 450,434 352,178

IX) Regional level: Government revenue from flamingo tourism

     Low increase/growth scenario 195,225,902 173,823,479 47,136,955 40,170,827 33,057,597 25,872,981

     High increase/growth scenario 200,843,085 178,811,179 48,398,580 41,227,566 33,905,124 26,509,195
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X) Regional level: Lodges, hotels and camps

     Low increase/growth scenario 3,722,325,885 3,314,250,977 898,749,114 765,927,611 630,301,356 493,313,972

     High increase/growth scenario 3,829,427,376 3,409,350,264 922,804,229 786,076,211 646,460,949 505,444,524 

XI) International level (Travel Costs to Lake Natron)

     Low increase/growth scenario 54,537,444 48,558,558 13,167,971 11,221,945 9,234,824 7,227,761

     High increase/growth scenario 54,537,444 48,558,558 13,167,971 11,221,945 9,234,824 6,516,841

NPVs for low increase scenario (+WTP) 5,315,539,217 4,732,801,906 1,283,427,704 1,093,756,533 900,080,133 704,460,020

NPVs for high increase scenario (+WTP) 5,466,912,622 4,867,211,825 1,317,426,340 1,125,286,088 924,390,188 720,893,986

NPVs for low increase scenario (+WTAC) 6,347,945,517 5,652,026,523 1,532,700,411 1,306,190,510 1,074,897,468 841,283,196

NPVs for high increase scenario (+WTAC) 6,529,024,072 5,812,812,720 1,573,370,857 1,343,308,383 1,103,689,470 861,081,634

The NPVs of benefit for the different soda ash scenarios as well as business as usual, and sustainable eco-
tourism scenarios are summarized in Table 10. 

Table 10: Comparison of the soda ash, business as usual, and sustainable eco-tourism scenarios 

Scenarios NPV (r = 10%, t = 50 yrs)
Soda ash – Scenario A: P = USD 270/ton (after VAT and loyalty) -492,142,797
Soda ash – Scenario B: P = USD 270/ton (after VAT and loyalty) -416,494,917
Soda ash – Scenario C: P = USD 270/ton (after VAT and loyalty) -281,571,086
Soda ash – Scenario D: P = USD 270/ton (after VAT and loyalty) -205,923,206
Soda ash – Scenario E: P = USD 270/ton (after VAT and loyalty) -44,186,282
Soda ash – Scenario F: P = USD 270/ton (after VAT and loyalty) 42,384,728
Soda ash – Scenario G: P = USD 270/ton (after VAT and loyalty) 454,891,663
Soda ash – Scenario H: P = USD 270/ton (after VAT and loyalty) 530,539,543
Business as usual  (indirect use and non-use/intrinsic value estimated using  WTP) 1,260,526,983
Business as usual (indirect use and non-use/intrinsic value estimated using  WTAC) 1,505,351,816
Sustainable eco-tourism (indirect use and non-use/intrinsic value estimated using  WTP): low growth 1,283,427,704
Sustainable eco-tourism (indirect use and non-use/intrinsic value estimated using  WTP): high growth 1,317,426,340
Sustainable eco-tourism (indirect use and non-use/intrinsic value estimated using  WTAC): low growth 1,532,700,411
Sustainable eco-tourism (indirect use and non-use/intrinsic value estimated using  WTAC): high growth 1,573,370,857

4.0 CONCLUSION AND RECOMMENDATIONS

At the present levels of soda ash prices and investment costs the benefits of ecosystem conservation 
outweigh the benefits of soda ash mining. NPVs for scenarios A through E were negative implying that the 
soda ash facility will be making loss and therefore not worth undertaking at a social discount rate of 10%, t = 
50 years. For scenarios F, G, and H, the NPVs of the soda ash facility were estimated at about USD 31.5 
million, USD 444.0 million, and 519.6 million respectively. The soda ash scenario F assumes that the 
construction/rehabilitation costs of the road to plant and Tanga to Arusha railway will not be incurred by the 
investor with annual production of soda ash increasing annually by 5% from the initial production of 500,000 
such that the maximum production of 1,000,000 metric tons per annum is attained in year 17 of the project. 
The soda ash scenario G assumes that the construction/rehabilitation costs of the road to plant and Tanga to 
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Arusha railway will be incurred by the investor with annual production of soda ash at 1,000,000 metric tons 
throughout the project period. The soda ash scenario H assumes that the construction/rehabilitation costs of 
the road to plant and Tanga to Arusha railway will not be incurred by the investor with annual production of 
soda ash at 1,000,000 metric tons throughout the project period of 50 years. 

The NPV of benefits from improved road infrastructure and health services at the local level were estimated at 
NPV of USD 483.1 thousand at a social discount rate of 10%. Adding this to the NPV from labouring during the 
construction phase, for both the staff sourced within Lake Natron area (USD 8,352,000) and outside the area 
(USD 2,088,000), the total NPVs for the soda ash scenarios F, G, and H were estimated at about USD 42.4 
million, USD 454.9 million, and USD 530.5 million respectively.   

The NPVs of benefits in the soda ash scenario can be compared with that of the sustainable eco-tourism and 
BAU. In the sustainable eco-tourism option the NPVs of benefits were estimated to amount to approximately 
USD 1.28 billion and USD 1.32 billion for the “low” and “high” impact scenarios, when WTP values were used 
in the valuation of indirect use and intrinsic values at a social discount rate of 10%, t = 50 years. When the
WTAC values were used, the NPVs for the sustainable eco-tourism scenario were estimated at about USD 
1.53 billion and USD 1.57 billion for the “low” and “high” impact scenarios respectively. 

The NPVs or TEV of the Lake Natron ecosystem in the Business As Usual (BAU) scenario were estimated at 
about USD 1.50 billion and USD 1.26 billion when the indirect use and intrinsic values were valued using the 
WTAC and WTP approach respectively, at a social discount rate of 10%, t = 50 years. The NPVs in both the 
BAU and sustainable eco-tourism are significantly higher than the benefits from soda ash mining.

The results of quantitative analysis in this study are also supported by the qualitative information gathered 
during consultations with stakeholders in Longido, Ngorongoro, and Monduli Districts and other stakeholders 
consulted in Arusha region. About 84% of consulted people in these areas opposed the development of soda 
ash facility; 10% supported; and 6% were neutral. This finding is particularly important as it clearly illustrates 
the perspective of the local communities who can best viewed as “stakeholder number one.” Importantly also, 
are the potential environmental costs or damages which relate to loss of biodiversity and deterioration of rural 
livelihoods in Lake Natron area. Lake Natron is an important, but a very fragile ecosystem requiring careful 
management. It is part of an important network of ecosystems and should not be viewed as a separate entity 
altogether. The major driver for the proposal to develop a soda ash facility in Lake Natron area was “money” or 
nicely labelled as “economic development.” But, money cannot buy everything: when the flamingo ceases to 
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breed and exist in Lake Natron, there will be no replacement for the species. Here, the common sense 
reminds decision makers in Tanzania, in collaboration with other partners, to adopt a precautionary principle, 
which will rationally address the Lake Natron dilemma. In this regard, sustainable eco-tourism is proposed as a 
suitable alternative use of the Lake Natron ecosystem. 

The findings in this study suggest that the Lake Natron ecosystem should be managed wisely by introducing 
only livelihood initiatives that are linked to the survival of wildlife which it supports, including the lesser 
flamingo. Sustainable ecotourism is one of such initiatives. It does not dilute, but it adds value to conservation 
efforts and maintenance of sustainable livelihoods. Its benefits spill over beyond the local and national 
boundaries to beneficiaries at regional and international levels. As for benefits, the costs of developing a 
sustainable eco-tourism industry in Lake Natron should therefore be shared by different stakeholders through 
negotiations with regional and global partners for more resources. 

Based on the findings and conclusions of this study, the following key recommendations are drawn:

a) Lake Natron is very important for Tanzanians, especially the local communities.  It is also important for 
the countries at regional scale as well as the global community as a whole. There are therefore both 
trans-boundary and global issues that need to be considered before the decision to alter the current 
uses of Lake Natron ecosystem is reached. Especially, the decisions that compromise with the goal of 
sustainable biodiversity conservation. It is important that the government, through its appropriate 
machinery undertakes adequate stakeholder consultations prior to making decisions to implement 
projects which threaten the integrity of the Lake Natron ecosystem. Stakeholders at all levels need to 
be not only consulted but effectively consulted. This is also in line with the East African Community 
Trans-boundary Ecosystem Bill 2010 which was passed on 31 January 2012 during the East African 
Legislative Assembly (EALA)’s Third meeting of the Fifth session in Kampala, Uganda. The new 
regional framework is set to benefit trans-boundary ecosystems like Lake Natron and Serengeti 
National Park which, in the recent past, have drawn global attention as a result of proposed large
scale development project. It aims to enhance the quality of the environment and ensuring sustainable 
utilisation of shared natural resources in the five-nation East African Community (EAC) namely, 
Tanzania, Kenya, Uganda, Rwanda and Burundi. 

b) Adequate support from the government and global partners is needed to develop a sustainable 
ecotourism industry in Lake Natron, increase the contribution of local communities to locally managed 
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ecotourism and maintain potential ecotourism attractions, such as the lake itself and its lesser 
flamingos, water springs, cultural sites and mountain Oldonyo Lengai, just to mention few.

c) Capacity building and awareness campaigns are key to the successful management of the Lake 
Natron resources. Starting from the grassroots to the national, regional and international levels, these 
campaigns should also reflect on issues and capacity to implement regional and international policies 
and conventions, like the AEWA Action Plan, Ramsar Convention and Protocols.
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1.0 INTRODUCTION

1.1 Background

Lake Natron area is renowned as an important Ramsar Wetland internationally. Although the area was 
listed as Tanzania’s second Ramsar site in 2001 its importance can be traced back from early 1960s when 
it started to feature as the only regular breeding area for the 2 – 4 million Lesser Flamingos (Phoeniconaias 

minor) in East Africa (Soussa et al., 2010); accounting for 75% of the global population (RAM Team, 2008; 
NORCONSULT, 2007). The species is classified as “Near Threatened”, indicating that it is considered as 
likely to qualify for a threatened category in the near future. The species occurs primarily on saline lakes, 
pans and coastal wetlands throughout Sub-Saharan Africa and from the Arabian Peninsula to India (ibid). It 
is listed in Column A of the African-Eurasian Migratory Waterbird Agreement (AEWA) action plan, Appendix 
II of the Bonn Convention (CMS) and Appendix II of the CITES convention, thus requiring special 
consideration. The Lesser Flamingo is known to breed successfully in only three locations (Sua pan in 
southern Africa, Lake Natron in East Africa, and the Rann of Kachchh in India, all of which are threatened 
and require additional protection.5

Lake Natron also supports over 50,000 individuals of other water-bird species, including large numbers of 
Palearctic migrants (Soussa et al., 2010; RAM Team, 2008; NORCONSULT, 2007). In January 1995, a 
total of 105,730 water birds were estimated on the Lake (Soussa et al., 2010). In addition to Phoeniconaias 

minor, another nine water-bird species are expected to meet the 1% population threshold: Ciconia ciconia, 
Plegadis falcinellus, Platalea alba, Himantopus himantopus, Charadrius pallidus, Vanellus armatus, Calidris 

minuta, Tringa stagnatilis, and Chlidonias leucopterus (ibid). The fish species Oreochromis alcalicus

appears to be endemic to Lake Natron and Kenya’s Lake Magadi (Soussa et al., 2010; RAM Team, 2008; 
NORCONSULT, 2007). The lake supports blue-green algae Spirulina platensis that in turn is essential for 
the Phoeniconaias minor population.

                                           
5(http://journals.cambridge.org/download.php?file=%2FORX%2FORX37_04%2FS0030605303000851a.pdf&code=fbe18058ff29
529fd298f403f4d38dc7).
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In general, the lake and its surrounding ecosystem are extremely important for biodiversity conservation, 
ecosystem services and for supporting the livelihoods of the local communities, which depend on 
pastoralism, eco and culture tourism, and small scale irrigation. The lake receives water from rainfall on the 
pan and in the catchment which reaches it through rivers Ewaso Ngiro and Penyinyi and from several 
springs. Of recent however, there have emerged development plans which would threaten the integrity of 
the lake’s ecosystem. Notably is the 2006 proposal to construct a soda ash processing plant at Wosi Wosi 
on the Eastern part of the lake which was submitted to the Government of Tanzania (GoT) by the TaTa 
Chemicals Ltd of Mumbai, India. The proposal led to the formulation of the Lake Natron Resources Ltd as a 
joint company which would implement the plan. The company was jointly formed by the GoT, represented 
by its agency the National Development Cooperation (NDC) and the TaTa Chemicals Ltd of Mumbai, India 
- which also owned the majority shares in a similar project, run by the Magadi Soda Company in Kenya.

The available information indicates that the proposed plant would produce 500,000 metric tonnes of soda 
ash annually, pump 561m3 of concentrated brine per hour from the lake and convert it into calcified soda 
ash (sodium bicarbonate) crystals for export (NORCONSULT, 2007; IBAs Programme of Kenya, 2007). In 
the process, the plant would require 11.5 megawatts of power and utilise approximately 129,000 litres of 
water per hour for both industrial and domestic use and would release 10m3 of sewerage water per hour 
(ibid).  The development of the soda ash facility would also involve construction of associated 
infrastructure, including a new access road from Mto Wa Mbu or Arusha _ Namanga tarmac road to the 
plant, power plant, railroad, pipeline to carry soda slurry across the lake, and living accommodations for an 
estimated 1,225 construction workers and 152 permanent staff and their families (ibid).    

Unfortunately, the proposal has received strong oppositions from different stakeholders. These oppositions 
have largely centred on the environmental importance of the location in which the development is intended 
and the likely adverse environmental and social impacts that are associated with the process during the 
engineering works (i.e. design, construction and operation). Although an Environmental and Social Impact 
Assessment (ESIA) for the proposed development was done and an ESIA report submitted to the National 
Environmental Management Council (NEMC) of Tanzania for evaluation and approval, the document was 
found to be revoltingly inadequate. There are some key issues that did not come out clearly in that report, 
especially the benefits and costs associated with the proposed soda ash project. The report identified some 
of the benefits to come from the soda ash mining as “several million US dollars” being revenue to the GoT 
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and for the local community, and 152 permanent jobs.  However, the report indicates categorically that the 
jobs would mainly need skilled labour and so the local people would not be eligible.

The report has also failed to capture the current and potential benefits that the natural resources 
(ecological, biological, cultural and social) of Lake Natron basin confer on the local, national, regional and 
international community.  Put different, the report has failed to capture the “missing costs” of the proposed 
project or the costs which may directly arise from the loss of current and potential benefits. In effect, the 
proposed project treats existing ecosystem services, culture and the community livelihoods derived from 
the ecosystem as free goods. 

In following up the oppositions from different stakeholders, the Ramsar Secretary General also decided to 
write to the Tanzanian Minister of Natural Resources and Tourism on 28 August 2007 to express concern 
about the possible threats to Lake Natron from the proposed development of a soda ash extraction facility 
and its associated infrastructure (RAM Team, 2008). Similarly, the Executive Secretaries of Convention on 
Migratory Species (CMS) and Agreement on the Conservation of African-Eurasian Migratory Water-birds 
(AEWA) wrote together on 14 June 2007 to the Minister of Natural Resources and Tourism to express 
concerns over the possible impacts of the planned development on the lake's ecosystem, the East African 
population of the lesser flamingo, and the species as a whole (ibid).

Following these oppositions, the TaTa Chemicals Ltd withdrew from the project in 2008 (Childress et al., 
2008).  However, recent developments have suggested that the GoT, through the National Development 
Corporation, was firmly interested in developing the soda ash factory.  It is worth noting at this juncture that 
such a decision needs to be adequately and precisely informed by a comprehensive study on the costs and 
benefits of developing the facility and the foregone benefits from ecotourism and sustainable management 
of natural resources in the lake Natron basin. Put differently, the true value and benefits from soda ash 
production need to be known a prior. These can only be known if the costs that the soda ash mining would 
impose on current and potential tourism activities, various forms of biodiversity (including Lesser 
Flamingos), the Maasai community livelihood system and culture are taken into account and precisely 
established.  More importantly, the critical ecosystem services such as provision of dispersal habitats for 
wildlife, flood control, carbon sequestration, nutrient cycling and livestock pasture must be brought to the 
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equation.  All these streams of costs and benefits need to be looked at from three levels: local, national and 
regional.  The global perspective needs also to be considered.

Based on this ground, the BirdLife International, a global Partnership of conservation organisations that 
strives to conserve birds, their habitats and global biodiversity, working with people towards sustainability in 
the use of natural resources, invited consultants to undertake a Cost Benefit Analysis (CBA) for Lake 
Natron.6 The study was expected to bridge the existing gaps in knowledge by carrying out a CBA of the 
soda ash mining component, laying emphasis on the missing costs, especially ecosystem goods and 
services that are either currently provided by the ecosystem and/or potentially available.  Far from being a 
conventional one, the study drew from the Total Economic Value (TEV) concept where goods and services 
that are not tradable in the market and yet have a value were taken into account. 

1.2 Objectives of the Study

The objectives of the CBA were to compare the net benefits of sustainable management regime for Lake 
Natron with management based on the development of soda ash facility as currently proposed.  The 
comparisons adopted an ecosystem service approach. The analysis looked at the net impacts in terms of 
the nation: what is the total economic value associated with existing livelihoods and ecosystem services 
compared with the economic returns associated with soda ash development?; the government; and  local 
communities.7

Specifically the study aimed at:

a) Determining the benefits of the proposed soda ash mining project – potential revenue to the 
investor, GoT and local communities based on current market price of soda ash. The study 

                                           
6 The Royal Society of Protection of Birds (BirdLife Partner in UK) and the Lake Natron Consultative Group (a coalition of 53 
institutions who wish to see the integrity of the Lake Natron maintained) are also interested in the outcome of this study.

7 For the purposes of this study, local means Lake Natron basin Ramsar Site and the surrounding landscape, national means 
within the United Republic of Tanzania; Regional means Tanzania, Uganda, Kenya, Ethiopia, Djibouti, and any other countries 

whose economies and peoples are likely to be adversely or otherwise affected by soda ash mining at Lake Natron.
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benefited from lessons and comparisons made with other countries, including the neighbouring 
Magadi Soda in Kenya;

b) Determining the economic costs of the plant – the likely and potential economic impacts on local 
people, and tourism, pastoralism and other livelihood sources and culture;

c) Determining the benefits of sustainable management to the GoT and local communities. This took 
into consideration existing livelihood benefits, biodiversity benefits and the delivery of ecosystem 
services as well as such things as the tourism value or potential of all sites in Tanzania and other 
countries in the region where Lesser Flamingos are seen;  

d) Determining the economic costs of sustainable management;
e) Determining the fiscal impact on the Government in form of tax revenues forgone, economic 

incentives to the developer and alternative application of these funds for the benefit of Tanzanians 
at Lake Natron;

f) Recommending the best and most suitable use options for the Lake Natron considering long term 
environmental and rural livelihoods and sustainability in the area, taking into consideration the 
Precautionary Principle; and

g) Making recommendations to policy and decision makers, especially the GoT what needs to be 
done to promote sustainable livelihoods for local communities without jeopardizing the integrity of 
the resource. 
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2.0 STUDY AREA, APPROACH AND METHODOLOGY

2.1 The Study Area

The catchment area of Lake Natron has a hot climate in low altitude areas and a cooler climate in higher 
altitude areas. On average, temperatures range from 20°C to 35°C. Rainfall ranges from less than 500mm 
in lowlands (Figure 2) to 900mm at higher elevations (NORCONSULT, 2007). Unlike for rainfall, the 
potential evapotranspiration increases towards the lowland area (Figure 3), ranging from less than 1100 
mm per year at higher elevations to about 1900mm in the Lake zone. Thus Lake Natron has a high level of 
evaporation with high moisture deficit between June and November, making it one of the hottest and driest 
places in northern Tanzania. In January and February temperatures are often above 400C. 

The high temperatures coupled with low rainfall within the lower Gregory Rift create a negative water 
balance situation of about 1400mm at the Lake floor. The system relies on inflows from both rivers and 
springs to maintain perennial pools of water within the Lake.

Source: CHARM (2007) cited in NORCONSULT, 2007.

Figure 1: Average monthly evaporation and rainfall generated for Magadi
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Source: NORCONSULT, 2007

Figure 2: Isohyetal map of rainfall in the Lake Natron Catchment
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Source: NORCONSULT, 2007

Figure 3: Isohyetal of potential evapotranspiration on Lake Natron Catchment

The total drainage area of Lake Natron sub-basin is about 26,224 km2 of which 8,658 km2 is in the 
Tanzanian side and 17,566 km2 in the Kenyan side. The main perennial rivers draining into the Lake 
include the Ewaso Ngiro River, Penyinyi River, Moinik River, and Engare-Sero River; and few seasonal 
rivers. Among the perennial rivers, the Ewaso Ngiro River from Kenya is a major contributor (about 30%) of 
inflows to the Lake. 

The Ewaso Ngiro River water seeps into the old delta and feeds into the lake both through streams and 
groundwater. The infiltration of water into the delta ensure that the seasonal water flux are less than the 
flow which is encountered at the Peninyi, Moinik and Engare-Sero where the present rivers have cut new 
river valleys in the old delta and do not recharge to groundwater to the same extent. In the South, there is 



9

fresh water influx from three sources and the situation is similar to that as seen in the North West at the 
outflow from Ewaso Ngiro but the sediment flux into lake are higher here due to surface runoff especially 
from the slopes and foot of the active volcano Olyondo Lengai and sediments carried by the Monink and 
Engare-Sero rivers. The high influx of sediments and fresh water gives a continuous open water body in the 
southernmost area and mud/silt flats that are at least 10 meters deep.

The hydrology of the Lake catchment has changed considerably over the last 10,000-6,000 years, 
changing the system from fresh to sodic (NORCONSULT, 2007). The hydrology is highly modulated by the 
increasing anthropogenic activities in the catchment headwaters mainly due to deforestation and 
abstraction for irrigation. A typical example is the Ewaso Ngiro River where water flows are affected 
through extensive clearing of woodlands for arable agriculture in the upper reaches in Kenya 
(NORCONSULT, 2007). 

2.2 Stakeholder Consultation, Sampling and Data Collection

Before the actual field survey and stakeholder consultations, the study activities commenced with a 
deskwork review of literature; mobilization of resources, which included training of two research assistants 
who were recruited to assist in conducting the study, and the preparation of study instruments including the 
checklist of issues and questions (Appendix 2). 

The deskwork review benefited from information collated from different documents and reports, including 
the project’s feasibility, Environmental and Social Impact Assessment (ESIA) study by NORCONSULT 
(2007) and existing reports for the Lake Natron ecosystem. 

The stakeholder consultations were an important activity in this study and were meant to determine 
interest, conflict lines, and the effects of various development and management options on the various 
groups affected by those options. Different individuals were consulted in Dar es Salaam and in the study 
areas. The list of stakeholders which were consulted is provided in Appendix 3. 

The consultation was also extended to stakeholders based in Kenya which were followed by a visit to the 
Magadi Soda Company in Kenya, currently called TaTa Chemicals Magadi Limited to collect relevant 
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information and experience related to soda ash mining. In addition, consultations were also made with 
stakeholders outside Africa through teleconferencing for example, with partners and representatives of the 
BirdLife International, Royal Society of Protection of Birds (BirdLife Partner) in UK, the Lake Natron 
Consultative Group. 

In addition to Focus Group Discussions (FGDs), formal questionnaire interviews were conducted in eight 
villages surrounding Lake Natron (Table 11 and Figure 4). 

Table 11: Sample villages for the household survey in Lake Natron

Village Ward District Number %

Engare-Sero Pinyinyi Ngorongoro 18 20.9

Pinyinyi Pinyinyi Ngorongoro 14 16.3

Oldonyo-Sambu Oldonyo Sambu Ngorongoro 14 16.3

Digodigo Digodigo Ngorongoro 12 14.0

Gelai-Bomba Gelai Merugoi Longido 6 7.0

Gelai Lumbwa Gelai Lumbwa Longido 6 7.0

Aleililai Gelai Lumbwa Longido 8 9.3

Matale A Matale Longido 8 9.3

TOTAL 86 100

In total, 86 households were interviewed (with 97.7% practicing pastoralism and agropastoralism as their 
major occupation). About 81% were male headed households and the remainder (19%) were female 
headed. About 40% of the head of households had no formal education and about 48% had education level 
of standard four and seven.
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Data source: Tanzania Natural Resources Information Centre (TANRIC) and Field Data; Coordinate System: Geographic, WGS1984

Figure 4: Map of Lake Natron area showing the study villages
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The study population in this case included human populations in the wards surrounding the lake Natron and 
these are as given in Table 12.

Table 12: Human population in the wards surrounding the Lake Natron

Ward Population (2002) Households (2002) Population (2010)* Households (2010)*
Ngorongoro District

     Pinyinyi 5,574 1,137.551 7,676 1,567
     Sale 2,904 592.653 3,999 816
     Oldonyo 
Sambu 3,256 664.490 4,484 915

Longido District

     Gelai Lumbwa 4,219 937.556 5,810 1,291
     Gelai Meirugoi 5,423 1,205.111 7,468 1,660
      Engarenaibor 10,955 2,434.444 15,086 3,352
Monduli District

     Esilalei 7,824 1,738.667 10,774 2,394
     Selela 5,102 1,133.778 7,026 1,561
     Engaruka 7,295 1,621.111 10,046 2,232
Total 52,552 11,465 72,368 15,789
Source: URT, 2002 Population and Housing Census & Own projections using average annual growth rate of 4% 
*Projections

Interviews were also conducted to tourists who visited the study area and operators of tourist camps, 
lodges and hunting camps (Moivaro Camp site and Lodge, Ngaresero Mountain Lodge, Underson and 
Venture Camp, Club Africo, the Tanzania Wildlife Corporation (TAWICO) - Lake Natron South Block –
Longido Mosonic Hill, Kitumbeine; Tanzania Game Truck (TGT) – Lake Natron North).

2.3 Valuation of Costs and Benefits of Lake Natron Ecosystem

Valuing costs and benefits of an ecosystem, like that of Lake Natron is in sense based on the same 
principle as for valuing costs and benefits of producing a good or service that is sold in the marketplace. 
The main difference is that most products and services of produced by the ecosystem often lack a fully 
developed market; hence they have no observable prices. The lack of observable prices complicates the 
construction of measures such as ‘consumer surplus’ that are based on an “excess over observable price” 
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criterion. To address these complications, the Consultants employed the concept of the “Total Economic 
Value (TEV)” an individual may derive from the ecosystem. 

TEV is essentially the same concept as “net benefit”, but it recognizes that the value derived from the 
quality of the ecosystem can be subdivided into two main categories:

a) Use value – the value an individual derives from directly using the resource; and
b) Non-use value – the value given to the existence of an ecological or environmental resource even 

though it is not currently used.

Use values are associated with activities such as collection of firewood, fruits, and medicinal plants, 
collection of building material, and viewing of nature where the individual comes into direct contact with the 
ecosystem. These values also include commercial uses of ecosystems or environmental resources, such 
as fishing, and consumptive uses, such as drinking water and clean air. Non-use values are less tangible 
since they arise from ecological/environmental preferences rather than direct use. Three categories of non-
use values are:

a) Existence value – the value derived from knowing that the resource is maintained;
b) Bequest value – the value the current generation gains from knowing that the resource is 

preserved for future generation;
c) Option value – the value of preserving the resource so that the option of using it at some future 

date is maintained.

In a nutshell, the concept of TEV is spelled out as:

NUVUVTEV 

where:
OVIUVDUVUV  ; QOVBVEVNUV  ; TEV = total economic value; UV = Use value; 

NUV = non use value; DUV = direct use value; IUV = indirect use value; OV = option value; EV = existence 
value; BV = bequest value; and QOV = quasi-option values.
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Using the concept of TEV the benefits and services provided by the Lake Natron’s ecosystem were 
identified, characterized and quantified, while highlighting a wide range of individuals and groups they 
accrue to, on and offsite.

2.4 Analysis of Direct and Indirect Costs and Benefits of Soda Ash Mining 

The analysis of the direct monetary costs and benefits of the soda ash facility benefited from the 
information provided in the ESIA report and other soda ash related reports and documents. Future costs 
and benefits were evaluated using discounted measures of project worth, especially the CBA approach. 
The determination of costs and benefits considered not only the potential costs and revenue to the investor, 
but also that of the government and local communities based on current market prices. 

CBA is a basic policy analysis tool developed in the US in the 1940s, with the first focused and use being 
on water resource development. The approach asks a simple question: “do the expected benefits of an 
investment justify the costs?” The idea is to maximize the present value of net benefits. When there are 
streams of costs and benefits for an investment and a measure of time preference (i.e. a rate of discount), 
then the costs and benefits of an investment can be discounted to arrive at discounted values. CBA is 
therefore a discounted measure of investment or project worth.

There are three distinct but inter-related measures of investment or project worth based on discounted cost 
and benefit streams: the Net Present Value (NPV); Economic Internal Rate of Return (EIRR); and the 
Benefit-Cost Ratio (B/C ratio).  Usually all three methods give the same answers if used to assess the 
viability of an investment project, but there are some exceptions to this general rule. The NPV is the 
simplest of the three discounted measures of project worth, and is essentially a measure of the present 
value of the aggregate surplus generated by the project over its expected operating life.  It is calculated by 
subtracting the present value of the costs stream from the present value of the benefit stream. 

The B/C ratio gives the ratio of the present value of benefits to the present value of costs and is calculated 
by dividing discounted benefits (or revenue) by discounted costs (or expenditure) - including capital costs.  
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A ratio of at least one is required for acceptability. A B/C ratio of one indicates that the NPV is zero at a 
particular discount rate - which is also the EIRR for the investment or project. 

The CBA was conducted  based on 8 major of scenarios (Table 20) using six different discounting rates 
(i.e. 0.5%, 1%, 10%, 12%, 15%, and 20%). Attempts were made to evaluate the Net Present Values 
(NPVs),8 Benefit Cost (B/C) ratio, and Economic Internal Rate of Return (EIRR)9 for all scenarios. These 
were estimated using the following mathematical relationships:

                                                                                          …………………………………………. (1)

                                                                                                     ……………………………………… (2)

The EIRR is a discount rate when the difference between Present Value of Benefit (PVB) and Present 
Value of Costs (PVC) is zero, that is:

                                                                                       …………………………………………………. (3)

The EIRRs for different scenarios were established using the arithmetic rule for interpolation in which two 
discount rates, one which gives a positive NPV (NPV1) and the other which gives a negative NPV (NPV2), 
were used:

                                           
8 NPV is the simplest of the three discounted measures of project worth, and is essentially a measure of the present value of the 
aggregate surplus generated by the project over its expected operating life.  It is calculated by subtracting the present value of 
the costs stream from the present value of the benefit stream.  

9 The B/C ratio gives the ratio of the present value of benefits to the present value of costs and is calculated by dividing 
discounted benefits (or revenue) by discounted costs (or expenditure) - including capital costs.  A ratio of at least one is required 
for acceptability.  It will be seen that a B/C ratio of one indicates that the NPV is zero at a particular discount rate - which is also 
the IRR for the project.  With a systematic approach to project preparation, it is clearly possible to calculate the B/C ratio in 
addition to the other measures if necessary.  It is important to remember that it is a ratio.  As such, it can be regarded as an 

efficiency measure and this may make comparative analysis easier, while the NPV is a measure of an absolute value.
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EIRR = r1 +   r r
NPV
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   …………………………………………………………….. (4)

Where; r1 is the lower discount rate, and r2 is the higher discount rate.

2.5 Valuation of Direct and Indirect Use and Non-use Values  

The identification and valuation of direct and indirect use and non-use values of the Lake Natron 
ecosystem, including the non monetary and non-monetary benefits was done using the secondary data 
(from literature review) and primary information gathered from FGDs with representatives of community 
members in Lake Natron area as well as formal and informal interviews with other stakeholders, like 
tourists and operators of lodges, camp sites and tour companies. 

While the ESIA report has identified and ranked most of the likely administrative and planning impacts; 
changes to the physical/chemical environment; changes to the biological/ecological environment; social 
and cultural impacts; and economic impacts, it does not provide quantitative data on many of the
environmental or non monetary impacts. In this study, these were identifies and assessed. In addition, an 
analysis of the trade-offs between ecosystem services/other non monetary values of Lake Natron basin and 
development of the proposed soda ash facility was done. To capture these values, a quick field survey was 
conducted using the Contingent Valuation Method (CVM) and Travel Cost Method. 

CVM is the standard approach currently available for the valuation of both use and non-use values and it is 
the most widely used method for estimating non-use values. The method is widely used as one of the only 
ways to assign monetary values to non-use values of the environment—values that do not involve market 
purchases. In this study, CVM was purposefully adopted to evaluate non-use values. 

The first step in the field survey was to conduct FGD and “in-person interviews” with different stakeholders 
in order to ascertain the important services to be valued. Ideally, the more relevant population for the study 
would be all citizens of Tanzania because Lake Natron basin is a state owned or public land. Given the 
limitations springing from the short timeframe for the study the major interviewees for the CVM were the 
communities living in Lake Natron area.   
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During the initial FGDs and informal and formal discussions, general questions were asked, including 
questions about peoples’ understanding of the issues and ecosystem services related to the Lake Natron 
ecosystem. These were intended to ascertain whether the interviewees were familiar with the issues and 
ecosystem services provided by the Lake Natron ecosystem and whether and how they value these 
services. In addition, information and data that would help learning about peoples’ knowledge of the 
proposed soda ash facility and its impacts, and whether the development of the facility and its associated 
infrastructure is a controversial use of the site were gathered. This was considered important because, if 
people/stakeholders were supporting or opposing the development of the facility, they would then answer 
the valuation questions with this in mind, rather than expressing their value for the services of the site.

In later stages of FGDs, the questions became more detailed and specific and information on the location
and characteristics of the Lake Natron ecosystem, the uniqueness of species that have important habitat 
there, and whether there are any substitute sites that provide similar habitat were discussed.

During the CVM survey the interviewees were provided with detailed information that highlights the 
importance of the Lake Natron ecosystem as a critical habitat for the different species of wildlife, including 
the lesser flamingo and the need to conserve it. They were given time to discuss and reflect on the
proposed soda ash facility and its likely impacts. 

Two scenarios were used to describe the valuation process to the interviewees. The first scenario was the 
“pro-soda ash facility scenario” which suggested that the facility be developed so that the government gets 
additional revenues. The second was a counterargument scenario which advocated for sustainable 
conservation of the Lake Natron ecosystem and its valuable resources.

For a more meaningful valuation, attempts were made to ensure that both private and social benefits/costs 
of the two scenarios are captured in the discussion and compared during the analysis. With this in mind, 
the first scenario was furthermore redefined and described to the interviewees as suggesting for the owner 
of the soda ash facility to compensate the society/people for the loss of intrinsic/non-use values that will be 
caused by the development and operation of the facility. 
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In the second scenario, it was assumed that when the facility is not developed there will be foregone 
revenues that the government may wish to recover using alternative sources. These may for example, 
involve the introduction of a special “recovery mechanism” or “annual conservation tax” specifically for 
conservation of Lake Natron” which may be charged as part of an income tax for all citizens or taxpayers. 

If an interviewee opted for the first scenario he/she was then asked to state his/her willingness to accept 
compensation (WTA) and if opted for the second scenario he/she was then asked to state his/or willingness 
to pay (WTP) for the special “annual conservation tax.” 

A cross-check question would then be asked for the counter scenario so that each interviewee had to 
provide answers for both scenarios to enable comparisons. The stated values for each value attribute (in 
monetary terms) were recorded and the total value estimated as a function of the average of the stated 
value for each attribute and population using the MINITAB computer software.

The primary data which were collected from tourists who visited the study area during the survey 
constituted an important input to the valuation process using Travel Cost Method. The method is based on 
a theory of consumer behaviour that suggests that people value an ecosystem because they value the 
characteristics of the ecosystem rather than the ecosystem itself. The method is widely used in valuing 
environmental resources associated with recreational activity. In this case the information on fees, distance 
or origin the visitors and total costs of visiting, where available were used as a valuable input to the 
valuation exercise.
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3.0 RELEVANT POLICIES AND LEGAL ISSUES

The United Republic of Tanzania (URT) has promulgated laws, regulations and standards for the 
protection, conservation, rehabilitation, and improvement of the environment. The country is also a 
signatory to several regional and international conventions, protocols, treaties, and safeguards policies and 
is, therefore, bound by their requirements. These policies and legal frameworks influence the 
socioeconomic characteristics of people in different ways. With particular reference to the Lake Natron 
Ramsar site and the proposed facility development, the relevant policies, legal frameworks and global 
issues are briefly reviewed in this chapter.

3.1 The National Environmental Policy (1997)

This is the major policy document that outlines the national environmental situation and gives guidance to 
environmental managers in Tanzania. The policy provides a framework for making fundamental changes 
that are needed in order to bring environmental considerations into the mainstream of the decision-making 
in Tanzania. The two overall objectives of the policy are: 

i. to raise public awareness and understanding of the essential linkages between environment and 
development and to promote individual and community participation in environmental action; and 

ii. to conserve and enhance the natural and man-made heritage, including the biological diversity of 
the unique ecosystems of Tanzania. 

In addition, the policy provides guidelines for the determination of priority actions to be taken to conserve 
the environment. It also provides sectoral and cross-sectoral policy analysis in order to achieve 
compatibility among sectors and other stakeholders. Key objectives of this policy with regard to the 
ecosystem conservation in the Lake Natron are:

i. Ensuring sustainability, security, and equity in the use of resources;
ii. Preventing pollution and controlling the degradation of life supporting land, water, vegetation, and 

air resources;
iii. Conserving and enhancing the natural, including the biological diversity unique to Tanzania, and 

cultural heritage;
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iv. Improving the management and conservation of wetlands;
v. Improving the efficiency of water used for irrigation, including the management of water logging 

and soil salinization; and
vi. Planning and implementing water resources programs in an integrated manner and in ways that 

protect water catchments.

The policy promotes the use of Environmental Impact Assessment (and Strategic assessments) as a 
planning tool that integrates environmental issues into the planning process, and the policy stipulates the 
use of numerous approaches in environmental management in Tanzania.
The National Environmental Policy indicates that environmental issues are best handled with the 
participation of all citizens at the relevant level.  To quote the NEP:

“It is widely recognized that interventions which are like to have positive impacts are those which enjoy the 
greatest support from grassroots. It is also recognized that ideal interventions are that are based on the 
people’s own initiatives, and for which solutions are geared towards felt needs, thereby diminishing the gap 
between theory and practice.  Local level environmental action is in-situ, responds to specific needs which 
can change quickly, and is small.  Environmental action by national institutions on the other hand is ex-situ, 
could be comparatively rigid, based in a large institution often in an urban setting, and is large scale.  There 
is an absolute necessity to exercise a bottom-up approach in problem identification, project planning, 
implementation, and monitoring.”

3.2 Tanzania Wildlife Policy (1998)

The wildlife policy and legislation focuses on peoples’ participation in the conservation and protection of the 
resources. The policy emphasizes protection of biological diversity through, for example, identifying, 
creating and upgrading series of protected area network and important wetlands. The policy also underlines 
the pivotal role rural communities and private sector play in the management of wildlife and other natural 
resources, although no details are presented how communities could be granted appropriate authority over 
these resources. Nevertheless, the Wildlife Policy is of relevance only to wetlands that are included in 
Tanzania's Protected Area System, and primarily focuses on these areas from the biodiversity point of view 
rather than in a broader management context. In spite of that the policy has facilitated improvement in 
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performance of the sector in attaining the overall goal of effective conservation and sustainable utilization of 
wildlife resources. 

3.3 National Water Policy (2002)

Tanzania considers water to be a basic human need and right. It is to be allocated in accordance with 
existing legislation. Community participation is deemed to be a key to local management of allocations.  
The National Water Policy (URT, 2002) focuses on:

i. Beneficiary and stakeholder participation in the community’s management of water resources;
ii. Improved integration of water and sanitation management; and 
iii. Water resources and environmental awareness component.  

Three components of the National Water Policy (NAWAPO) are relevant to this study. First is the emphasis 
on beneficiary, stakeholder, participation in the community’s management of water resources.  Water is 
considered a basic human need, the use of which is to be allocated in accordance with existing legislation. 
The policy indicates that the allocation system should separate water use permits from land titles as a 
means of fostering community participation.

Second is the improved integration of water and sanitation activities.  Improvement in managing water 
supplies and protecting them from human waste is a part of this component. The NAWAPO advocates that 
entities that pollute water are to pay for remediation and that water should be conserved.

Third is the water resources and environmental awareness component.  The policy is that all water related 
activities should aim to enhance, or to cause the least negative effect on, the natural environment. The 
allocation of water for environmental purposes is recognized.  Water for environmental purposes shall be
determined using the best scientific information available that considers both the temporal and spatial water 
supply needed to maintain the health and viability of riverine and estuarine ecosystems.
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3.4 Agricultural and Livestock Policy (1997)

Agriculture Policy of 1997 recognizes the need to improve agricultural practices and to foster the adoption 
of new techniques in order to achieve higher productivity, and it is deemed that technologies that enhance 
agricultural labor productivity are a key to agricultural development. The overall goal of the Agriculture and 
Livestock Policy is to improve the wellbeing of the people whose principal occupation and way of life is 
based on agriculture. Most of these people are smallholder farmers and livestock keepers who do not 
produce surplus. Therefore the focus of the policy is to commercialize agriculture so as to increase income 
levels. Policy objectives include promotion of standards of living in rural areas through increased income 
generation from agricultural and livestock production, processing and marketing and promotion of 
integrated and sustainable management of natural resources such as land, soil, water, vegetation in order 
to conserve the environment.  

The government is committed to ensuring food security for all. Otherwise it will devote itself to creating an 
‘enabling environment’ for agricultural development under the stimulus of market forces. The government’s 
monitoring and regulatory functions will ensure that trends can be recognized, and if necessary modified to 
meet the nation’s longer term expectations of social equity and conservation of resources.

3.5 Livestock Policy (2006)

The Livestock Policy was prepared after the Division of Livestock was incorporated into the new Ministry of 
Livestock Development and Fisheries. The overall objective of the National Livestock Policy is to develop a 
competitive and more efficient livestock industry that contributes to the improvement of the industry.

The task ahead is to establish an environment where opportunities for higher incomes and employment are 
created for resource-poor livestock farmers, including the commercial farming sector. To achieve this, three 
major goals for policy reform shall be implemented:

i. To encourage the development of commercially oriented, efficient, and internationally competitive 
livestock industry;
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ii. To support the emergence of a more diverse structure of production with a large increase in the 
numbers of successful smallholder livestock producer enterprises; and

iii. To conserve livestock resources and put in place policies and institutions for sustainable resource 
development and use.

Constraints to environmental conservation in livestock production include low awareness among 
stakeholders, low priority accorded to allocation of land for livestock use, inadequate expertise, and inter-
sectoral coordination. Thus to ensure that the environment is conserved for sustainable livestock 
production, the following policy statements on the environment have been issued: 

i. The Government will strengthen technical support services on environmental issues.
ii. Efforts will be undertaken to promote proper land use planning for livestock production.
iii. Efforts will be undertaken to strengthen inter-sectoral coordination on environmental issues

3.6 National Land Policy (1995)

Land in Tanzania is vested in the President as trustee on behalf of all. The National Land Policy of 1995 
(Revised in 1997) was designed to promote and ensure a secure land tenure system, to encourage the 
optimal use of land resources and to facilitate broad-based social and economic development without 
upsetting or endangering the ecological balance of the environment. The policy recognizes the need for 
protecting environmentally sensitive areas. The policy emphasizes the protection of the environment and 
natural ecosystems from pollution, degradation and physical destruction.  In addition, the policy recognizes 
the importance of social services such as water, roads, energy, and solid waste management for 
environmental protection. It also identifies the need for conservation and preservation of prehistoric/historic 
sites and buildings. 

3.7 National Forest Policy (1998)

The policy goal is to enhance the contribution of the forest sector to the sustainable development of the 
nation through conservation and management of natural resources. To attain this goal the policy focuses 
on four main areas: land management, forest-based industries and products, ecosystem conservation and 



24

management, and institutional and human resources. It encourages community and private sector 
involvement in forest management through the establishment of VLFRs, individual, group and community 
forests over which they have full rights of ownership and management and JFM through joint management 
agreements with government where communities have user rights and management responsibilities. The 
national forest policy has three key policy statements that pertain to this study:

i. Policy statement (1): To ensure sustainable supply of forest products and services and 
environmental conservation, all types of forest reserves will be managed for production and/or 
protection based on sustainable management objectives defined for each forest reserve. The 
management of all types of forest reserves will be based on forest management plans.

ii. Policy statement (5): To enable sustainable management of forests on public lands, clear 
ownership for all forests and trees on those lands will be defined.  Forests and the responsibility for 
their management will be allocated to villages, private individuals, or to government. Central, local 
and village governments may demarcate and establish new forest reserves.

iii. Policy statement (15): New forest reserves for biodiversity conservation will be established in areas 
of high biodiversity value. Forest reserves with protection objectives of a national strategic 
importance may be declared as nature reserves. This statement allows for local governments to 
enforce protection on locally determined areas of importance for conservation or production.

3.8 Energy Policy of Tanzania (2003)

The objective of this policy is to provide input into the development process through the establishment of an
efficient energy production, procurement, transportation, and distribution program that results in 
environmentally sound exploitation of available resources. 

The energy policy recognizes the critical role of energy in all sub-sectors of economy. It underscores the 
importance of sufficient energy supplies and efficient use of energy to realize sustainable development. 
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3.9 National Beekeeping Policy (1998)

The policy supports conservation of natural resources and improvement of livelihood through beekeeping. 
Beekeeping plays a major role in socio-economic development and environmental conservation. Thus 
beekeeping also contributes to food security as honey is used as food. According to MNRT (2001), 
beekeeping is an eco-rehabilitative agro-based non-polluting activity which improves pollination of various 
cultivated and non-cultivated plants, thereby bringing about improved quality and quantity of fruits and other 
crops alleviating rural poverty. Pollination also contributes to biodiversity conservation. 

3.10 Tanzania Development Vision 2025

The Tanzania Development Vision 2025 is the guiding framework for national development until the year 
2025. It aims to achieve a high quality livelihood for people of Tanzania that is characterized by sustainable 
and equitable growth. It also aims at attaining good governance through rule of law and the development of 
a strong and competitive economy by moving from a Least Developed Country (LDC) to a middle-income 
country by 2025.

3.11 National Strategy for Growth and Reduction of Poverty (NSGRP)

The National Strategy for Growth and Reduction of Poverty (NSGRP), better known by its Kiswahili 
acronym as MKUKUTA (Mkakati wa Kukuza Uchumi na Kuondoa Umaskini Taifa) was launched by the 
Tanzanian government in 2005. The strategy recognizes the contribution of all sectors towards growth and 
poverty reduction and stresses cross-sectoral collaboration and inter-sectoral linkages and synergies.

The MKUKUTA deliberately sets out to mainstream cross-cutting issues as integral to its predecessor, the 
Tanzania’s Poverty Reduction Strategy Paper (PRSP), which was launched in October 2000. A very 
important feature of the development of the review leading to MKUKUTA has been national ownership and 
the implementation of extensive consultation with a wide range of stakeholders on the content and focus of 
the strategy with the aim to make it a national strategy. The MKUKUTA is based on the achievement of 
three major clusters of broad outcomes for poverty reduction, namely: growth and reduction of income 
poverty; improved quality of life and social well being; and good governance and accountability. 
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Environment and the conservation of natural resources feature as important development issues that 
crosscut the three clusters.

3.12 Legal Acts

There are a number of acts and regulatory frameworks that apply to resource utilization and management 
in the Lake Natron area. The following sub-sections present a brief description of a few of these legal acts 
and regulations.

3.12.1 Environmental Management Act No. 20 of 2004

The Environmental Management Act (EMA), No. 20 of 2004 substantively encapsulates the general policy 
on the management of all matters which impact on the environment. Although there are other legislations 
that deal with some specific aspects of the environment, the EMA is the blue print on all matters 
environmental and all such other legislation must be compliant with the environmental management 
principles set in the EMA. 

Section 2 of the EMA indicates that, “environment” covers all the physical attributes of the surroundings of 
human beings, including land, water, climate, micro-organisms, the biological factors of animals and plants, 
cultural resources and the social economic factor of aesthetics, including the natural and the built 
environment and their interaction. “Environmental management” requires the protection, conservation and 
sustainable use of the various elements of the environment. “Sustainable use” and “sustainable 
development” require the maintenance of the carrying capacity of supporting ecosystems through use or 
development of the environment without compromising the ability of future generations to meet their needs 
(section 2, EMA) .

3.12.2 Environmental Action Plans and Protected Areas

Environmental Action Plans at the national, sector and local authority levels are required in terms of Part IV 
of the EMA and this means that any anticipated developments must of necessity fit in with the action plans 
at all these levels. In areas that have been declared Environmental Protected Areas, Environmentally 
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Sensitive Areas or Protected Wetlands, there are specific management, conservation and protection 
protocols prescribed under Part V of the EMA that must be observed in the environmental management of 
these areas. Section 52 of the EMA specifically specifies areas designated as prone to soil erosion or 
landslides, areas declared as sensitive by local authorities, arid and semi-arid lands, areas closed to 
livestock keeping, occupation, cultivation or other specified activity as constituting sensitive areas. 

Regardless of the provisions of any law, rivers and riverbanks can be declared protected areas for 
purposes of the EMA thus becoming subject to management prescribed for such areas and to the 
imposition of any protective restrictions considered necessary (section 52 of the EMA). The restrictions can 
be very wide-ranging and, subject to permission by way of an EIA, effectively severely curtail or prohibit 
activities that are detrimental (section 55 (2) of the EMA). Human activity that is detrimental to the integrity 
of riverbanks, dams or reservoirs is prohibited within 60 meters of these features. 

3.12.3 Scope of the Environmental Management Act

The EMA is essentially a framework, crosscutting piece of legislation that covers all aspects of the 
environment. It gives the Minister power to make declarations regarding the protection, conservation and 
preservation of various defined areas such as environmental protected areas or environmentally sensitive 
areas, wetlands, rivers and river banks, lakes, lake shores or shore-lines, declarations for reasons of 
natural features and beauty, flora and fauna of the area, unique or special geographical, physiological, 
ecological, historic and cultural features, scientific features, biological diversity, interests of local 
communities or international obligations. The sector-specific legislation mandated by the EMA governs the 
different sectors of the environment in more detail and where there is any conflict between any such 
legislation and the provisions and principles of the EMA, the EMA prevails. Land, water, forests, wildlife 
resources, fisheries and biological diversity, protection of the atmosphere, organic pollutants, hazardous 
chemicals and pesticides are all aspects on which the EMA, supplemented by sector-specific legislation, 
impose management, conservation and preservation controls. 
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3.12.4 Water Resource Management Act No. 11 of 2009

This act provides the institutional and legal framework for the sustainable management and development of 
water resources within Tanzania.  Part I, Article 3 indicates that ‘reserve’ water is that required for: 

i. Satisfying basic human needs by securing a basic water supply for people who are now, or who 
shall in the reasonably near future be, relying upon or taking water from the relevant water 
resources; and

ii. Protecting aquatic ecosystems in order to secure ecologically sustainable development and use of 
the relevant water resources.

Further in Part II, Article 6, Clause (2), it is written that water allocation shall be in the following order of 
preference:

i. Domestic purposes;
ii. Environmental reserve; and
iii. Socio-economic activities depending on the availability of water resources.

The Water Resources Management Act (WRMA) No. 11 of 2009 introduced integrated water resources 
management (IWRM) principles into the management of the water resources of Tanzania. A widely 
accepted definition of IWRM is given by Global Water Partnership as “a process which promotes the 
coordinated development and management of water, land and related resources, in order to maximize the 
resultant economic and social welfare in an equitable manner without compromising the sustainability of 
vital ecosystems.” IWRM recognizes the inter-connected nature of the hydrological cycle and promotes a 
river catchment or basin perspective to the management of water resources, even where these cross 
administrative and international boundaries. Water resources management includes planning the 
development of water resources, implementing the plans and all measures for allocation, conservation and 
controlling the utilization of the water resource, all with the participation of the public. It calls for 
development without compromising the environment, seeking a balance that supports the natural systems 



29

and the social systems that define the ever-growing demand, disposal and pollution of water, and social 
sustainability. The WRMA implements these principles.

3.12.5 Forest Act 2002

The government of Tanzania enacted the Forest Act No. 14 of 2002 (Cap 323 R.E 2002) (URT, 2002) 
following the review of the National Forest Policy in 1998. The Act is the legal instrument to implement the 
National Forest Policy. It provides for implementation of Participatory Forest Management (PFM) in the 
form of CBFM and JFM.

3.12.6 The Wildlife Conservation Act No. 5 (2009)

This legislation was enacted to protect and ensure the conservation of wildlife species. The Act operates in 
accordance with the requirements of the Convention on International Trade in Endangered Species 
(CITES) and other related legislations.

3.12.7 Land Act No. 4 and Village Land Act No. 5 of 1999 

The Land Act seeks to control land use and clarify issues pertaining to ownership of land and land-based 
resources, transactions involving land, and land administration. This act identifies three categories of 
land—village, public, and general. It recognizes protected or restricted land (e.g. forest reserves, national 
parks, etc), and ensures that the tenure and rights of legitimate land users are considered and respected.

It stipulates that land sensitivity and potential environment impacts of proposed projects shall be considered 
in order to ensure that the land is not polluted and to allow for natural and rapid restoration of cleared 
vegetation or disturbed land. The Village Land Act provides the legal framework for the management and 
administration of village land. The Act empowers the Village Council to manage all village land.

There is however, a contradiction between the Village Land Act and the Water Act regarding the 
management of land within a river bank. While the Village Land Act specifies that cultivation is not allowed 
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within 60 m of the banks, the Water Act specifies 200 m. It is therefore important that these acts are 
harmonized in order to remove the inconsistency and conflict. 

3.12.8 Land Use Planning Act No 6 of 2007

Before allocating land to any use, the Land Use Planning Act (LUPA) requires that land use plans that are 
prepared by the land use planning authorities at the national, district and village levels be adhered to.  This 
is in order to ensure national co-ordination and physical development within zonal land use frameworks. 
Under Part V, LUPA calls for co-ordination of various land use management activities undertaken by any 
lead agencies to get any land use considerations integrated into development policies, plans, programmes 
and projects. Because land use framework plans are subjected to EIA, inter and intra district and inter-
sectoral co-ordination among lead agencies is required to enable coordinated physical development and 
systematic land use in each zone, region, district and village. 

Under section 71 of the EMA, the Minister responsible for the environment can give general or specific 
directions environmental and land-use planning directives to be incorporated or taken into account in the 
allocation of land to any use under LUPA.

3.12.9 Mining Act, 1998

The Mineral Act does not allow mining in forest reserves unless a written permit is given by authority which 
has a jurisdiction over the reserve. Section 95 (1) (c) of the Act states that “the holder of a mineral right 
shall not exercise any of his rights under his license or under the mining Act in a forest reserve” (URT, 
1998). It is often presumed that the Act overrides the Forest Act by allowing mining in forest reserves 
including sensitive areas with high biodiversity and catchment values such Lake Natron and its catchment. 

3.13 International Agreements and Conventions

Tanzania is a party to many international agreements, conventions, and protocols that seek to protect 
biodiversity, the environment and ensure sustainable development. In recognition of the rights and 
obligations with respect to shared trans-boundary natural resources regionally and internationally, the 
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country’s Environmental Management Act requires implementation of environmental management 
measures to avoid and reduce potential trans-boundary environmental impacts that are detrimental to the 
interests of other States and the environment. These obligations are imposed under Part XV of the EMA. 
Part XII of the WRMA imposes similar obligations with regard to water.

Relevant to the Lake Natron case include the international conventions and agreements on the 
conservation of migratory species wild animals and waterbirds. The Lesser Flamingo in particular, is 
classified “Near Threatened” in the 2008 IUCN Red List of Threatened Species, indicating that the species 
is considered likely to qualify for a threatened category in the near future. The international conventions and 
agreements relevant to Lesser Flamingo include, among others the following:

a) The Convention on the Conservation of Migratory Species of Wild Animals (CMS): The Lesser 
Flamingo is listed in Appendix II of the CMS. This Appendix refers to migratory species that have 
an unfavourable conservation status or would benefit significantly from international co-operation 
organized by tailored agreements. The Convention encourages the Range States to conclude 
global or regional Agreements for the conservation and management of individual species or, more 
often, of a group of species listed on Appendix II.

b) The Agreement on the Conservation of African-Eurasian Migratory Waterbirds (AEWA): This is a 
regional agreement negotiated and concluded in accordance with Article 4 of CMS. The Lesser 
Flamingo is listed in Annex II of this agreement, as well as Columns A and B of Table 1. Parties 
that are Range States of a migratory waterbird species listed in Column A shall endeavour to: 

i. Conserve and, where feasible and appropriate, restore those habitats of the species which 
are of importance in removing the species from danger

ii. Prevent, remove, compensate for, or minimize, as appropriate, the adverse effects of 
activities or obstacles that seriously impede or prevent the migration of the species; and

iii. To the extent feasible and appropriate, to prevent, reduce or control factors that are 
endangering or are likely to further endanger the species, including strictly controlling the 
introduction of, or controlling or eliminating, already introduced exotic species. 
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A summary of other the international commitments and agreements that apply to Tanzania and relevant to 
the Lake Natron case are provided in Table 13.
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Table 13: Summary of the key international commitments/Agreements and Tanzania

S/N International Commitment/Agreement and Tanzania’s Participation 
United 
Republic of 
Tanzania

1 The UN Framework Convention on Climate Change (New York, 1992) +

2 The World Meteorological Organization’s Convention (Washington, 11 October 1947) +

3 Convention for the Protection of the World Cultural and Natural Heritage (Paris, 1972) +

4
The Kyoto Protocol is a protocol aimed at fighting global warming.  The Protocol was 
initially adopted on 11 December 1997 in Kyoto, Japan and entered into force on 16 
February 2005.

+

5 Ramsar Convention for the Internationally Important Wetlands Especially as Waterfowl 
Habitats (1971) +

6 The Basel Convention on the Control of Transboundary Movements of Hazardous 
Waste and Their Disposal (Basel, 22 March 1989) +

7 Convention on the Environmental Impact Assessment in a Transboundary Context 
(EPS, Finland, 1991) +

8 Stockholm Convention on Persistent Organic Pollutants (22 May 2001; has not come 
into force yet) +

9 Convention on Biological Diversity (Rio de Janeiro, 1992) +

10 Convention on the Protection and Use of Transboundary Watercourses and 
International Lakes (Helsinki, 1992) +

11 Convention on International Trade in Endangered Species of Wild Flora and Fauna 
(Washington, 1973) +

12 Aarhus Convention on Access to Information, Public Participation in Decision-Making 
and Access to Justice in Environmental Matters (1998) +

13 Rio Declaration on Environment and Development (UN Conference, 1992) +

Key: “+” – signed and ratified; “+ -“– signed/not ratified. Source, BICO (2006), MTB/VPO/2004/2005/09
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4.0 GLOBAL SODA ASH PRODUCTION

4.1 Soda Ash Mining and User Industries

Soda ash is the trade name for sodium carbonate (Na2CO3), a chemical refined from the mineral trona10 or 
from sodium carbonate-bearing brines (both referred to as natural soda ash) and manufactured from one of 
several chemical processes (referred to as synthetic soda ash). Soda ash is produced in three main 
grades: light, intermediate, and dense. These differ only in physical characteristics, such as bulk density 
and particle size and shape (which affect flow characteristics and angle of repose). Other physical and 
chemical characteristics are common to all grades, whether in solid or liquid form. 

Soda ash is mined using two different methods: underground trona mining, and solution mining. 
Underground trona mining is similar to coal mining. The most common methods are the room and pillar 
method and the long wall method. In both of these processes, the material is undercut, drilled, blasted, 
crushed, and then transported to the surface. After mining, trona is crushed, screened and then calcined in 
rotary, gas-fired kilns. The mineral is then dissolved in water and filtered. The resulting soda ash solution 
(sodium carbonate) is then evaporated and dried. Airborne particulate generated from mining and drying 
operations are reduced by control equipment such as bag filters and wet scrubbers. Airborne CO2 is 
generated from calcining operations. Solid wastes and water effluents generated during soda ash mining 
and production are recycled to the soda ash treatment processes, held in on-site evaporation ponds, or are 
returned to mine-shaft voids.

When conventional underground mines become flooded and unworkable, soda ash can be extracted using 
solution mining.11 Water is injected as a brine or salt and water solution. It is then circulated throughout the 
mine workings to dissolve soda ash and salt from the original piullars and walls. The brine is pumped to an 

                                           
10 The world’s largest natural deposit of trona was first discovered at Green River in USA by accident in January 1938 when the 
Mountain Fuel Supply Company was drilling for oil and gas, and core sample analysis verified the presence of trona. The Green
River Basin trona deposit covers more than 3,50 km2 and is the result of repeated evaporation of Lake Gosiute, which is a 
freshwater lake that formed in the Eocene epoch (O’Driscoll, 2008).

11 Potash Corporation of Saskatchewan, Inc. www.porashcop.com
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evaporation pond. Submersible pumps are used, each pumping about 9,000 litres per minute (ibid). As the 
liquid cools, the soda ash and salt crystals settle to the bottom of the pond. The cool brine is then heated 
and re-injected into the mine to start dissolving soda ash again. The remaining soda ash in the ponds is 
removed with floating dredges and pumped to the mill. 

Soda ash can also be produced synthetically via the Solvay process. The Solvay process uses salt, coke, 
limestone, with ammonia as a catalyst. But, synthetic soda ash is more expensive to produce than natural 
soda ash and also has high concentrations of calcium chloride and sodium chloride in the process effluent.

The key user industries of soda ash include the glass and detergent manufacturing (Figure 5). Soda ash 
also finds its application in the manufacturing of pulp and paper, water treatment, sodium silicate and 
various other chemicals. 

Figure 5: World soda ash demand, 2007 (Source: CMAI Europe, 2008)
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4.2 World Soda Ash Production

Recent data by the United States Geological Survey (USGS) estimated the total world soda ash production 
for 2010 at 46 million tonnes including 11.7 million tonnes of natural soda ash, and 34.3 million tonnes of 
synthetic soda ash (Table 14). A list of major soda ash producers in the world is given in Table 15.

Table 14: World soda ash production and reserves (‘000 metric tons)

Production Reserve 
(2010)**

Natural: 2005 2006 2007 2008 2007 2008 2009 2010*

     United States*** 11,000 11,000 11,50 11,300 11,50 11,300 9,310 10,000 23,000,000

     Botswana 250 250 250 250 250 250 250 250 400,000

     Kenya 360 370 370 513 370 513 405 450 7,000

     Mexico - - - - - - - - 200,000

     Turkey - - - - - - 1,000 1,000 200,000

     Uganda NA NA NA NA NA NA NA NA 20,000

     Other countries - - - - - - - - 260,000

World total, natural 
(rounded)

11,600 11,600 11,700 12,50 11,700 12,50 11,50 11,700 24,000,000

World total, synthetic 
(rounded)

30,400 30,400 33,300 33,900 33,300 33,900 33,000 34,300 NAP

World total (rounded) 42,000 42,000 45,000 46,000 45,000 46,000 44,000 46,000 NAP

Source: U.S. Geological Survey (USGS), Mineral Commodity Summaries 
(http://minerals.usgs.gov/minerals/pubs/commodity/soda_ash/)
*Estimated. E Net exporter
**The reported quantities are sodium carbonate only. About 1.8 tons of trona yields 1 ton of sodium carbonate.
***The reserves for United States (23,000,000) is from trona,l nahcolite, and dawsonite sources
NA = Not available
NAP = Not applicable

The total world reserve of natural soda ash (trona) was estimated at 24 billion tones with the largest deposit 
found in the Green River Basin of Wyoming. The primary method used in mining the Wyoming trona ore is 
the underground room-and-pillar mining, using conventional and continuous mining. The Wyoming trona 
resources are being depleted at the rate of about 15 million tons per year (8.3 million tons of soda ash). 

Natural soda ash production is confined to the USA, Africa, and China. In East Africa, the Magadi Soda 
Company (MSC), now called TaTa Chemicals Magadi Limited in Kenya, is the main producer of natural 
soda ash trona, currently producing about 365,000 tons per annum. However, it is important to note at this 
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juncture that the plant at Lake Magadi produces only 365,000 tons per year and it stopped production in 
2010 because high production costs and stringent competition from competitors in the world market, 
especially producers of synthetic soda ash. In Southern Africa, the Botswana Ash (Pty) Limited (based in 
Botswana) is also another important soda ash producer in the region using lake brines to produce soda 
ash, but is able to produce only 250,000 Tons soda ash per annum (Table 14).It is therefore important to 
note and emphasise here the implications for Lake Natron, not only in terms of the ability to compete with 
synthetic soda ash producers and other world competitors, as well the chances of it producing 1 million 
tons per year – the amount needed for it to be most profitable.

Soda ash is produced synthetically in Asia, Australia, Europe, Middle East, and South America. The 
available information however also suggests that the future of synthetic soda ash is not good, especially in
India. Input costs are rising, especially coal and coke and producers are planning to shift to natural soda 
ash production (O’Driscoll, 2008). In addition to coal and coke, synthetic soda ash’s other main input costs 
are salt and limestone. Shortages in these two commodities were also a factor in pushing producers of 
synthetic soda ash towards options of producing natural soda ash. Nirma, for example has experienced a 
shortage of chemical grade limestone in Western India, and has to import some of its requirements from 
Oman. The situation with salt supply is that soda ash producers have to compete with the domestic chlor-
alkali market which has increased its consumption of salt, thus squeezing salt supply (ibid). The major 
producers of natural and synthetic soda ash in the world are listed in Table 15. 

Table 15: Top ten world soda ash producers

Company Location (s) of operation Soda ash source
1) Solvay SA Europe Synthetic

USA Trona
2) TaTa Chemicals Ltd India Synthetic

UK Synthetic
Kenya Trona

3) FMC Corp. USA Trona
4) Nirma Ltd USA Lake brines

India Synthetic
5) Ciech SA Poland, Germany, Romania Synthetic
6) JSC Soda Russia Synthetic
7) Shandong Ocean Chemical Group China Synthetic
8) Sisecam Bosnia, Turkey Synthetic
9) Tangshan Sanyou Alkali Industry Co. Ltd China Synthetic
10) General Chemical Soda Ash Partners USA Trona
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5.0 TOURISM INDUSTRY IN TANZANIA 

Tourism in Tanzania plays a vital role in the country’s economic development. It is one of the major sources 
of foreign exchange. The industry is also credited for being one that offers employment opportunities either 
directly or indirectly through its multiplier effect.

The sector directly accounts for about 16% of the GDP and nearly 25% of total export earnings. The 
available statistics indicate that, for the period from 2008 to 2010, revenues from tourism have ranged from 
the lowest of USD 1.2 to 2.9 billion per annum (Table 16).

Table 16: Number of tourists who visited Tanzania and respective foreign earnings, 2008 - 2010 

Year Number of Tourists Revenue (Billion USD) 

2008 770,376 1.29

2009 714,367 1.2

2010 794,000 1.28
Source: http://www.e-travelafrica.com/single-news/article/tanzania-sees-13-26-pct-rise-in-tourist-arrivals.html)

The country’s major sources of tourists are Britain, Germany, USA, Italy, France, Spain, and the 
Scandinavian countries. The country also receives a sizeable number of tourists from South Africa and 
Kenya. Since 2006, the Country’s Tourist Board has been stepping up promotions in new emerging 
markets of China, Japan, Singapore, India and Russia by participating in tourism fairs and conducting road 
shows. The number of tourist arrivals from these emerging source markets is reported to be increasing 
(Table 17).
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Table 17: Tourist arrivals from emerging source markets, 2006 - 2008 

Country of Origin Number of Tourists

2006 2007 2008

China 4,798 6,353 8,982

Japan 3,989 4,021 3,890

Singapore 320 384 347

India 13,020 14,042 17,530

Russia 1,415 2,091 2,224

Total 23,542 26,855 32,973

Source: Ministry of Natural Resources and Tourism, Dar es Salaam

The country also gets revenues from photographic tourism and hunting concessions. About 20,500 hunting 
days are sold annually to 1,370 client generating a gross income for the industry of over USD 27 million 
(Baldus and Cauldwell, 2004). In addition, many of the leasing companies have up to 40% mark-up on the 
trophy fees thus generating an additional USD 8.5 million (ibid).

The hunting concessions are distributed throughout the country either in Game Reserves, Game Controlled 
Areas or Open Areas. The Wildlife Division leases the concessions on a five-year tenure to hunting 
outfitters that fulfil the requirements defined in a set of hunting regulations, and who have been authorised 
to guide foreign clients on big game hunting safaris.12 An Advisory Committee on Block Allocation 
appointed by the Minister of Natural Resources and Tourism screens applications by hunting outfitters and 
advises the Minister on the allocation of concessions. Each concession is allocated a quota of animals that
can be hunted during the season (July to March). Outfitters must utilize the wildlife on quota to generate 
revenue not less than 40% of the value of the total quota allocated. Failing to do so, the outfitter is required 
to make a top-up payment to the Wildlife Division to meet the 40% minimum. The outfitter is further 
required to contribute to anti-poaching, road construction and community development. A professional 
hunter licensed by the Wildlife Division must guide clients on the hunt.

                                           
12 The restrictions stipulated under CITES Appendix I apply for the limit of numbers of elephant (50), leopard (500) and crocodile 
(50) hunting trophies that can annually be exported from Tanzania and imported into other countries signatory to the CITES 
agreement. 
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In addition to revenues from tourist hunting, the government also gets income from resident hunting which 
is restricted to open areas. Resident hunting permits are issued by District Game Officers for their own 
districts. Permits are issued for a variety of common game species such as Impala, Hartebeest, Topi, 
Buffalo and wild birds. Two fee structures apply for Tanzanian citizens and residents respectively. These 
fee structures are however very low and the income generated from resident hunting is minimal and do not 
reflect the marginal value of hunted animal trophies.

Table 18: Basic fees payable by tourist hunters and outfitters in Tanzania

Type of fee Amount paid (USD)13

Hunting 
using 

Rifle and 
Shotgun 

Hunting 
using 

Bow and 
Arrow

Block fee (per hunting season) 27,000 NA
Permit fee
     10 days safari packages 950 950
     More than 10 days safari package 1,250 1,250
Conservation fee
     Hunting client per day 150 150
     Observer per day 50 50
Professional hunter examination fee
     Tanzanians 50 NA
     Non-Tanzanians 500 NA
Professional hunter license fee
     Tanzanians 1,000 NA
     Non-Tanzanians 3,000 NA
Trophy handling fee
     10 days safari packages 400 400
     More than 10 days safari package 500 500
Source: Ministry of Natural Resources and Tourism, Dar Es Salaam, also available online at: 
http://www.mnrt.go.tz/index.php?option=com_content&view=article&id=138:basic-fees-for-tourist-
hunting&catid=50:wildlife-utilzation&Itemid=153

                                           
13 A similar fee structure is also reported in Baldus and Cauldwell (2004). 
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6.0 A SYNTHESIS OF VIEWS FROM CONSULTATIONS

During the study, the views of different stakeholders on either to establish or not establish the soda ash 
mining plant in Lake Natron were gathered and the results of analysis indicated that about 84% of the 
interviewed individuals did not support the establishment of soda ash plant. About 10% supported the 
proposal and 6% were neutral (i.e. they neither supported the proposal nor opposed it).

For those who supported the proposal the main reason seemed to revolve around perceived benefits from 
the development. However, the majority of those who supported the proposal (about 80%) came from 
villages where tourism was not a main activity and its contribution to livelihoods was deemed as 
insignificant compared to other sources of livelihoods. The perceived benefits from the proposed soda ash 
facility were thought to accrue to:

i) Wages and salaries upon employment offered by the facility. However, the available statistics show 
limited prospect for a community-wide employment opportunity as the facility will need only 152 
people employed as permanent staff, including technical and support staff. Only during the 
construction stage that 2,225 people will be temporarily employed as construction staff. It is 
reasonable to believe that local communities may lack credentials to take technical positions as 
they don’t have merits or experiences and skills that will allow them assume technical roles and/or 
responsibilities.  This means that many of the local people could probably be considered for 
construction and few luck ones for positions of support staff if they demonstrate their merits over 
other potential applicants from elsewhere in Tanzania and outside the country.

ii) Indirect benefits through a wide range of potential market or business opportunities resulting from 
the proposed infrastructural development (road, rail and soda-ash facility) in the area.  It was 
perceived that this development would accelerate economic growth in the area thereby making the 
area more urbanized and commercialized. While it is inevitable that these changes could be 
realized, respondents who supported the development of soda ash facility did not justify whether 
potential (economic, social and cultural) benefits resulting from this development would outweigh 
the investment along with other costs such as damages to the environmental, ecosystem and the 
society at large or not.



42

iii) Tax revenues accruing to local and central government.  It is worthy to note that apart from 
business license and fees on other permits, tax revenues can only be paid when the prospective 
investor realizes net profit.  As long as this idea is not based on profitability analysis it was 
premature to establish that the proposed business would generate substantial tax revenues.

The arguments presented above demonstrate a case where poverty, especially the possession of poor 
portfolio of assets and cash liquidity constraints are correlated with higher rates of time preference for 
utilizing natural resources. The mainstream literature shows that poor people are less likely to invest in 
environmental conservation as they have no reliable alternatives apart from exploiting the available natural 
resources in any way to meet their urgent social obligations, including feeding their families. For poor 
communities the institutionalization of private property rights may not guarantee sustainable resource use 
and management (Stein, Shiferaw and Wik; 1998). 

It is reasonable to believe that the perspectives presented here are based on people’s evaluation of real 
gains from conserving the nature in the basin vis-à-vis gains from other uses of such resources. Despite 
the evidence that their views are biased as they are more concerned with their poverty levels, it is 
necessary to institute effective ways of ensuring that the costs and benefits of biodiversity conservation and 
tourism are shared by all beneficiaries at all levels (local, national regional and international). Experience 
shows that harmonizing land development plans, wild conservation strategies, tourism development, 
compensation schemes and population requirements have been instrumental in motivating people to 
conserve fragile ecosystems and rare wild species (Fall and Jackson, 2002).

Stakeholders who opposed the proposal to establish the soda ash facility in Lake Natron testified that the 
basin is important for their livelihoods and they preferred that developments which compromise with goal 
sustainable management of the Lake Natron ecosystem should not be implemented. Furthermore, they 
were very cynical about the potential negative impacts of the proposed soda ash facility, especially on the 
ecosystem (wildlife/biodiversity), resource base (forests and water) and the indirect impacts on the 
livelihoods of local communities. They strongly opposed the establishment of the facility with major reasons 
and arguments being centred on the following:

i). Effluents from the facility may enter the lake if disposed carelessly, e.g. through seepage or leakages;
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ii). People migrating to the basin, especially those seeking investment within the area or employment at 
the facility which could lead to increased pressure on the available natural resources (e.g. extra 
demands for water and firewood). Commercialization may also change the mindset of local 
communities from conserving to increased exploitation of natural resources for short-term financial 
gains. 

iii). Generation of more wastes and other pollutants (e.g. smoke), which may not be emitted and or 
disposed efficiently.

iv). The extraction of soda ash could potentially lead to reduced concentration of brine in the lake, which 
can interfere with the biology of the lake, through alteration of breeding or life cycle of the lake’s biota 
component, including the lesser flamingos and other wild species

v). Road construction will interfere with migration of wild animals;
vi). Some respondents felt that the proposed investment was also against the interest of many 

stakeholders and the international community that support the conservation of the area as a Ramsar 
site (i.e. the project would dilute the efforts of conservators like the Birds Life International, WCST, 
TNRF, RSPB, Wings Over Wetlands (WOW) and DANIDA, just to mention few)

Some of the stakeholders who opposed the soda ash proposal went further and suggested that, if their 
views would not be honoured (i.e. if the construction of the soda ash facility was inevitable), then efforts 
should be made such that pollution of the lake is minimized and the key life support services (e.g. water 
and cheap sources of energy) should be managed such that pressure on the available resources is 
reduced. They also strongly suggested that the soda ash facility should be located far from the lake vicinity 
and awareness campaigns be conducted to enhance the understanding of local communities and wise use 
of natural resources for the benefits of both current and future generations.

The consultations with various officials in the Central and Local Governments in Tanzania have largely 
proposed for a harmonized development, combining the two, that is, the development of soda ash facility 
and wildlife conservation/tourism. The common viewpoint was that such a combination of development, if 
well balanced, has potential for the government to earn more from tax and tourism income. Importantly, 
they suggested the need to invest in communication (e.g. advertisement) and modest upgrading of other 
utilities (modest hotels and camping sites) and road networks and infrastructure. 
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7.0 BENEFITS OF PROPOSED SODA ASH MINING PROJECT

This section presents the results of analysis of the benefits of proposed soda ash mining project in Lake 
Natron area in Tanzania. Specifically, the benefits of the project are estimated as potential net revenue to 
the investor, the Government and local communities. The revenues from sale of soda ash were calculated 
using current world market prices as of February 2011. In addition, a sensitivity analysis was done to 
assess the robustness and reliability of results, especially when there are substantial changes in prices. A 
quite optimistic market price increase of 34.47% was assumed, which leads to positive NPV for all 
scenarios at a social discount rate of 10%. The section winds up by presenting lessons drawn from similar 
projects in neighbouring countries (e.g. the Magadi Soda Company in Kenya) and elsewhere in the world. 

7.1 Potential Revenues to Investor

7.1.1 Important assumptions

The potential revenues to the investor were estimated based on the following basic assumptions: 

a) Costs calculated using a standard approach to the estimation of costs for a soda ash plant using 
an experience from India.14 Prices were adjusted to real present prices using Consumer Price 
Indices (CPIs) given in http://labourbureau.nic.in/indnum.htm. The present cost of the plant was 
estimated as equal to (Original cost) x (Present cost index)/(Past cost index). A current cost 
structure (including investment costs and annual production costs) for the proposed soda ash 
facility in Lake Natron was established as in Table 19.

                                           
14 See http://www.sbioinformatics.com/design_thesis/Soda_ash/Soda-2520ash_Cost-2520Estimation&Economics.pdf for the 
approach adopted in estimation of cost of soda ash plant.
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Table 19: Investment and production costs for proposed soda ash mining project

COST ITEM USD

% OF 
INVESTMENT 

COST*
A) DIRECT COSTS (INITIAL-ONE TIME COSTS)

Equipment costs 29,220,000.00 19.48
Installation and painting 12,120,000.00 8.08
Instrumentation and control 5,850,000.00 3.90
Pipes 11,685,000.00 7.79
Electricity 7,305,000.00 4.87
Buildings, process and auxiliary 17,520,000.00 11.68
Service facility and yard improvement 11,685,000.00 7.79
Land 1,755,000.00 1.17
TOTAL DIRECT COSTS 97,140,000.00 64.76

B) INDIRECT COSTS (INITIAL-ONE TIME COSTS)
Engineering and supervision 9,675,000.00 6.45
Construction expenses and contractors’ fee 9,675,000.00 6.45
Contingency 14,025,000.00 9.35
TOTAL INDIRECT COST 33,360,000.00 22.24

C) FIXED CAPITAL INVESTMENT (A + B) 130,500,000.00 87.00
D) WORKING CAPITAL 19,500,000.00 13.00
E) TOTAL INVESTMENT COST (C + D) 150,000,000.00 50.00
F) PRODUCT COSTS (PER ANNUM)

Direct production costs 93,915,000.00 62.61
Fixed charges (depreciation and insurance), loyalty/taxes excluded 23,055,000.00 15.37
Plant overhead costs 16,290,000.00 10.86

G) GENERAL EXPENSES (PER ANNUM)
       Administrative costs 7,680,000.00 5.12
       Distribution and selling 23,055,000.00 15.37
       Research and development costs 7,680,000.00 5.12
       Financing and interest 6,495,000.00 4.33
F) TOTAL PRODUCT  COST (PER ANNUM) (F + G) 178,170,000.00
*Costs calculated using an approach and cost structure given in http://www.sbioinformatics.com/design_thesis/Soda_ash/Soda-
2520ash_Cost-2520Estimation&Economics.pdf. Prices of materials were adjusted using Consumer Price Index for September 
2011 as given in http://labourbureau.nic.in/indnum.htm

b) A total investment cost that is reported in the ESIA report for direct and indirect costs of USD 150 
million and a project working capital equivalent to 13% of the total investment capital were adopted.

c) Scenarios considering costs of rehabilitating the Arusha to Tanga railway and construction of the 
road from Longido/Mto-Wa-Mbu to the site of soda ash plant as either INCURRED or NOT 
INCURRED by the investor were established. In total eight soda ash investment and production 
scenarios were established and adopted in the analysis (Table 20)
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Table 20: Description of soda ash investment and production scenarios

A Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway INCURRED by the 
investor with annual production of soda ash at 500,000 metric tons throughout the project period of 
50 years

B Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway NOT INCURRED

by the investor with annual production of soda ash at 500,000 metric tons throughout the project 
period of 50 years

C Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway INCURRED by the 
investor with annual production of soda ash increasing annually by 2% from initial production of 
500,000 and achieving maximum production of 1,000,000 metric tons per annum in year 38 of the 
project

D Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway NOT INCURRED

by the investor with annual production of soda ash increasing annually by 2% from initial production 
of 500,000 such that maximum production of 1,000,000 metric tons per annum is attained in year 38

of the project

E Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway INCURRED by the 
investor with annual production of soda ash increasing annually by 5% from initial production of 
500,000 such that the maximum production of 1,000,000 metric tons per annum is attained in year 17

of the project

F Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway NOT INCURRED

by the investor with annual production of soda ash increasing annually by 5% from initial production 
of 500,000 such that the maximum production of 1,000,000 metric tons per annum is attained in year 

17 of the project

G Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway INCURRED by the 
investor with annual production of soda ash at 1,000,000 metric tons throughout the project period

H Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway NOT INCURRED

by the investor with annual production of soda ash at 1,000,000 metric tons throughout the project 
period of 50 years

NOTE: Scenarios which indicate that the construction/rehabilitation costs of the road to plant and Tanga to Arusha railway as
NOT INCURRED by the investor suggest that these will be replenished or topped up by the Government of Tanzania.

d) The costs of rehabilitating the Arusha to Tanga railway and construction of the road from 
Longido/Mto-Wa-Mbu to the site of soda ash plant were estimated at USD 60 million and USD 40 
million respectively
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e) Repair and maintenance of the railway and road from Longido/Mto-Wa-Mbu to the soda ash plant 
to be done after 10 years at 5% of the initial rehabilitation/construction costs 

f) The costs of environmental mitigation and monitoring (capital and recurrent annual) are estimated 
to be approximately USD 2.9 million for construction phase 

g) All direct investment costs (e.g. construction of the plant and associated houses, and rehabilitation 
of railway and road for scenarios which assume that the latter costs are incurred by the investor), 
are incurred in year 0 (50% of the cost) and year 1 (for the remainder 50%), except for land cost 
which is incurred in year 0

h) A depreciation rate of 5% for the equipment/machineries was adopted (i.e. the replacement of 
equipment/machinery is done after each 20 years)15

i) Buildings, service facility, pipes, process and auxiliary were assumed to be rehabilitated after each 
10 years at 5% of their respective initial investment costs 

j) In scenarios A and B, a production capacity specified in the ESIA report of 500,000 is assumed. In 
scenarios C and D a production capacity of 500,000 in year 2 is assumed to be increasing by 2% 
per annum in the consecutive years up to 50 years. For scenarios E and F the production capacity 
is assumed to be increasing by 5% per annum in the consecutive years up to 50 years. In the last 
two scenarios (G and H) a production capacity of 1,000,000 metric tons of soda ash per annum is 
assumed starting from year 2 after the end of construction and installation phase (year 0 and year 
1) to year 50 

k) An optimistic current soda ash ex-factory/spot procurement price of USD 270 per ton is adopted 
(Table 21), which was increased by 34.47% to USD 412/ton for sensitivity analysis

Table 21: Soda ash prices at global market, February 2011

System of marketing Selling price (USD/Ton)

Ex-factory (Purchased under contract) 212 – 244
Ex-factory (Spot procurement ) 245 – 270

*Source: http://www.cmaiglobal.com/Marketing/Samples/SAS_Summary.pdf

                                           
15 Personal conservation with the Managing Director of TATA Chemicals – Magadi Ltd in Kenya indicated that machineries at the 
plant are replaced after 10 – 20 years, depending on the type of equipment/machinery.  
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l) Staffing level specified in the ESIA report, of 152 and 1,225 people for permanent and during 
construction stage is adopted  

m) Land requirement of 0.5 km2 for plant and works and 1 km2 for housing is adopted as given in the 
ESIA report

n) A road requirement of 7 m width of tar was adopted. This is required to enable transport of 
products and goods to and from the site to the nearest railhead

Other assumptions related to material requirements as specified in the ESIA report include:

a) Fresh brine from Lake Natron pumped at a rate of 561 m3/hour
b) Power requirement of 11.5 Megawatts at the plant
c) Coke, coal and limestone requirement for boilers (21 metric tons per hour)
d) Sulphuric acid requirement of 0.552 tons per day
e) Caustic Soda  requirement of 0.1 metric tons per day
f) Lubricants (145 litres per month)
g) Diesel for water pump (9 kg per hr) 
h) Diesel (Diesel Generator (DG) set for brine pumping) (9 kg per hour)
i) Pet Coke for the boiler (14 metric ton per hour)
j) South African Coal for the boiler (3.5 metric ton per hour)
k) Limestone for the boiler (3.5 metric ton per hour)
l) Lube oil for plant machines (145 Litres/month)

The sensitivity analysis was run to show how the final net benefit figure would change if there is an 
increase in price of soda ash.16 This was deemed important understanding that when there is supply 
squeeze which is caused by factors such as unfavourable weather conditions, prices may rise substantially 
for soda ash exports. For example, prices of Indian soda ash were reported to rise by a massive USD 
60/ton towards the end of 2007 due to excessive rain and floods which disrupted Indian producers 
(O’Driscoll, 2008). Similar effects are reported for Botswana Ash (Pty) Limited in early 2008 (ibid). The 

                                           
16 Sensitivity analysis is usually required to support any conclusions suggesting that the costs are disproportionate to benefits of 
implementing the project.
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available information also indicates that, the early 2008 harsh winter conditions caused delays in railcar 
deliveries in Wyoming, USA and wreaked havoc in China causing soda ash delivery problem and pushing 
prices up (ibid). Combined with buoyant market demand, contracts for soda were reported at USD 230 –
300/ton CFR Asia in early 2008 (ibid). According to O’Driscol (2008), Chinese spot prices for soda ash in 
mid March 2008 were in the order of USD 265 – 275/ton.17

7.1.2 Choice of discount rates 

To make costs and benefits fully comparable, their values should be converted at various times to values at 
a single point in time using a discount rate that reflects the time preference of the reference group (TBCS, 
1998). However, the choice of this discount rate has generally been contentious. Advocates of some 
projects have tended to argue against high discount rates because they make projects look bad (benefits 
tend to occur later than costs; therefore, high discount rates tend to decrease the benefits more than the 
costs).

The appropriate discount rate depends entirely on the point of view taken in the analysis, that is, if that of 
the investor, local people or the government, as the reference group. Research shows that if the members 
of the reference group are poor, the discount rate that reflects their time preference is likely to be high: they 
will highly value immediate benefits because they have basic needs that are unmet (TBSC, 1998). 

Unlike most individuals and organizations, governments frequently take two different points of view in 
assessing investments - the fiscal point of view (is the project a good one from the government’s narrow 
fiscal perspective?) and the social point of view (is the project a good one for the country?). The discount 
rates can be quite different from these two perspectives.

The fiscal discount rate is the government’s cost of borrowing. It is appropriate to use the actual cost of 
borrowing when the analysis is from the narrow fiscal point of view of the government and the marginal 

                                           
17 World market appeared to favour US producers, which were pretty much sold out. Chinese producers were becoming less 
competitive as domestic demand had risen and a 13% export tax rebate was abolished in mid-2007. Also China’s synthetic soda 
ash costs more to make than the natural soda ash produced in the USA. 



50

funds for the investment come from borrowing rather than from increased taxes. The fiscal discount rate

tends to be low because governments are generally preferred borrowers (taxation is in the background as a 
guarantee of repayment).

The use of the fiscal point of view and thus of the fiscal discount rate is only appropriate when the proposed 
investment has few, if any, social implications (TBCS, 1998). If the project is large enough to matter to the 
general economy or if it has aspects that are of interest to the public, then the narrow fiscal point of view is 
probably inappropriate.

The social discount rate is roughly equal to the opportunity cost of capital, weighted according to the source 
of investment capital (ibid). If what the government’s investment is displacing and what the rates of return 
would have been for the displaced uses are known, then the opportunity cost can be calculated. 

Essentially, the argument is that the government must achieve a return on investment at least equivalent to 
what the money would earn if left in the private sector to justify taxing the private economy to undertake 
public-sector investments. If the government cannot achieve this it would be better for the country if the 
money is left untaxed in the private sector.

In general, the benefit-cost analysts have tended to use a social discount rate of 10% ‘real’ per annum, that 
is, a 10% discount rate applied to real dollars (constant, inflation-adjusted dollars). This rate was 
considered as stable one because it reflects an opportunity cost in the private sector where the average 
rate of return to investment (over the whole economy) changes very slowly over the years, if at all. 

In most governments the estimation of the social discount rate has been robust. Social discount rates as 
low as 7.5% real and as high as 12% real have been proposed and supported by various economists. 
There have emerged some challenges against the choice and use of 10% social discount rate with the only 
serious challenge being from those who argue that high discount rates unfairly devalue benefits to future 
generations, who have as much right to such streams of benefits as the current generation does. This 
argument for low discount rates in the public sector is not well based, however. A project with a high rate of 
return when all its costs and benefits are counted is better for the present generation and, through 
reinvestment, better for future generations as well. Only when benefits are nonrenewable and consumed 
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rather than reinvested is there conflict across generations, with one generation paying and another 
benefiting. Manipulating the discount rate does not lessen this conflict. According to TBCS (1998) the 
conflict has to be addressed directly by intergenerational consumption analysis.

Overall, the major considerable confusion in benefit-cost analysis is seen as arising from analysts using 
different numeraires (the units of value). To avoid this, it is generally advised to use a ‘dollar of investment’ 
as the numeraire and 10% per annum real as the social discount rate (ibid). 

On the other hand, it is also possible (and perhaps theoretically more precise) to use a dollar of 
consumption as the numeraire (ibid). After all, investment is not a final value in the way consumption is. 
The social rate-of-time preference for consumption is normally taken to be about 4%. This is obviously a 
much lower discount rate than 10% and on the surface may seem more attractive to those who think that 
benefits in the distant future (say, general environmental benefits) should not be discounted too heavily 
(ibid). 

The choice of a discount rate is therefore extremely important. It has a strong (although hidden) influence 
on the direction of the investment. In this study, a social discount rate of 10% is adopted. The analysis is 
repeated using five other discount rates (i.e. r = 0.5%; 1%; 12; 15%, and 20%) to assess the sensitivity of 
results when lower and higher discount rate than the social discount rate of 10% are used. Of these five 
discount rates, the first two (0.5% and 1%) represent very low discount rates and the latter three (12%; 
15%; 20%) represent high discounting rates.

7.1.3 Benefits to investor BEFORE loyalty and Value Added Tax (VAT) 

The results of CBA for scenarios A to H using the six different discount rates (i.e. r = 0.5%; 1%; 10%; 12; 
15%, and 20%) are provided in Table 22 through Table 24. These values are derived by assuming that the 
investor is fully exempted from paying loyalty and Value Added Tax (VAT) as a strategic decision to attract 
investors. The shaded cells indicate cases with positive Net Present Values (NPVs) (B/C ratios ≥ 1.0).
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Table 22: Net Present Values (NPVs) for different soda ash investment and production scenarios 
BEFORE loyalty and VAT, at current price of USD 270/ton (t = 50 years) (USD)

Scenario
Discount Rates

0.5% 1% 10% 12% 15% 20%

A -2,214,805,422 -1,987,070,381 -639,146,490 -565,130,490 -489,495,295 -412,853,347
B -2,097,460,422 -1,872,028,881 -540,902,490 -468,387,990 -394,593,795 -320,386,347
C 1,089,167,343 812,617,760 -365,676,735 -375,749,978 -371,755,792 -350,625,099
D 1,206,512,343 927,659,260 -267,432,735 -279,007,478 -276,854,292 -258,158,099
E 2,510,371,469 2,106,351,031 -57,384,782 -138,553,504 -206,613,245 -253,581,366
F 2,627,716,469 2,221,392,531 40,859,218 -41,811,004 -111,711,745 -161,114,366
G 3,610,134,078 3,170,712,619 576,582,510 435,422,010 292,249,205 149,610,653
H 3,727,479,078 3,285,754,119 674,826,510 532,164,510 387,150,705 242,077,653

The results of CBA for scenarios A and B suggest that the costs of proposed soda ash mining are 
disproportionate to the benefits of implementing this project, for both low discount rates and high discount 
rates, even when the investor is exempted from paying loyalty and VAT. The project is therefore not worth 
undertaking at the present level of soda ash market price of USD 270 per ton and production level of 
500,000 tons per annum. 

The NPVs for scenario A were negative for all discount rates. The project remained economically 
unjustifiable (not worth undertaking) even for scenario B when the investor is fully exempted from paying 
loyalty and VAT and incurring construction/rehabilitation of the road to plant and Tanga to Arusha railway. 

At a social discount rate (i.e. r = 10%), scenarios A to E are viewed as not economic to undertake because 
they yield negative NPVs or losses even when the investor is fully exempted from paying loyalty and VAT. 
Scenarios F, G and H yield positive NPVs at a social discount rate of 10%. However, the project costs for 
scenario F would become disproportionate to project benefits at discount rates equal to or higher than 12% 
(i.e. when r ≥ 12%). Thus, scenario F is also risky undertaking at a present level of price with annual 
production of 500,000 tons. 

Scenarios G and H are worth undertaking at all the six discount rates chosen in the analysis. However, the 
scenarios require that the project operates at the highest production capacity of 1,000,000 metric tons per 
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annum throughout the project life. Experience from other similar soda ash plants, including the MSC or 
TaTa Chemicals Magadi Limited, suggests that this level of production is too brutal to be achieved at the 
present levels of demand, technology, prices and costs of production, especially for a newly established 
plant, like the proposed Lake Natron soda ash plant. Therefore, the feasibility for the plant to start with a full 
capacity of producing 1,000,000 tons per annum, right from the beginning or launch of the plant is wiry. The 
scenarios may also demand more resources in terms of labour, raw materials and finance the costs which 
would become disproportionate to the project benefits.

Using a social discount rate of 10% and current price of USD 270/ton while assuming that the investor is 
fully exempted from paying loyalty and VAT, the NPVs for scenarios G and H are estimated at about USD 
576.6 million and 674.8 million respectively (Table 22). The respective B/C ratios for the two scenarios are 
1.31 and 1.38 (Table 23). The Economic Internal Rates of Return (EIRRs) for the two scenarios were high, 
estimated at 51.5% and 81.7% respectively (Table 24).     

Table 23: Benefit-Cost (B/C) ratio for different soda ash investment and production scenarios 
BEFORE loyalty/taxes, at current price of USD 270/ton (t = 50 years) 

Scenario
Discount Rates

0.5% 1% 10% 12% 15% 20%

A 0.72 0.72 0.66 0.64 0.61 0.58
B 0.74 0.73 0.69 0.68 0.66 0.64
C 1.14 1.11 0.80 0.76 0.71 0.64
D 1.15 1.13 0.85 0.81 0.76 0.71
E 1.31 1.29 0.97 0.91 0.84 0.74
F 1.33 1.32 1.02 0.97 1.33 0.82
G 1.45 1.44 1.31 1.28 1.88 1.15
H 1.47 1.47 1.38 1.36 2.03 1.27
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Table 24: Economic Internal Rate of Return (EIRR) for different soda ash investment and production 
scenarios BEFORE loyalty/taxes, at current price of USD 207/ton (t = 50 years) 

Scenarios

A B C D E F G H

EIRR (%) - - 7.2% 8.0% 9.8% 11.0% 51.5% 81.7%

7.1.4 Benefits to investor AFTER paying loyalty and VAT 

When CBA was repeated after adding to the stream of costs the annual loyalty (5% of net revenue) and 
VAT (18% of net revenue), the NPVs decreased for all scenarios. For scenarios F, G and H, NPVs declined 
by about 30% from USD 40.86 million; 576.6 million and 674.8 million to USD 31.46 million; 443.97 million, 
and 519.61 million respectively, at a social discount rate of 10% (Table 25). The B/C ratios also decreased 
(compare Table 23 Vs Table 26).  

Table 25: NPVs for different soda ash investment and production scenarios AFTER loyalty and 

taxes, at current price of USD 270/ton (t = 50 years) (USD)

Scenario
Discount Rates

0.5% 1% 10% 12% 15% 20%

A -1,705,400,175 -1,530,044,193 -492,142,797 -435,150,477 -376,911,377 -317,897,077
B -1,615,044,525 -1,441,462,238 -416,494,917 -360,658,752 -303,837,222 -246,697,487
C 838,658,854 625,715,675 -281,571,086 -289,327,483 -286,251,960 -269,981,327
D 929,014,504 714,297,630 -205,923,206 -214,835,758 -213,177,805 -198,781,737
E 1,932,986,031 1,621,890,294 -44,186,282 -106,686,198 -159,092,199 -195,257,652
F 2,023,341,681 1,710,472,249 31,461,598 -32,194,473 -86,018,044 -124,058,062
G 2,779,803,240 2,441,448,717 443,968,533 335,274,948 225,031,888 115,200,203
H 2,870,158,890 2,530,030,672 519,616,413 409,766,673 298,106,043 186,399,793
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Table 26: B/C ratio for different soda ash investment and production scenarios AFTER loyalty/taxes, 
at current price of USD 270/ton (t = 50 years) 

Scenario
Discount Rates

0.5% 1% 10% 12% 15% 20%

A 0.77 0.77 0.71 0.70 0.67 0.64
B 0.78 0.78 0.74 0.74 0.72 0.70
C 1.10 1.09 0.84 0.80 0.76 0.70
D 1.11 1.10 0.88 0.85 0.81 0.76
E 1.22 1.21 0.98 0.93 0.87 0.79
F 1.24 1.23 1.02 0.98 0.93 0.85
G 1.31 1.31 1.22 1.20 1.17 1.11
H 1.33 1.32 1.27 1.26 1.24 1.20

7.1.5 Sensitivity analysis of benefits to investor BEFORE paying loyalty and VAT

When a sensitivity analysis was run using an opportunistic export price of USD 412 per ton of soda ash (i.e. 
an increase of 34.47% from the current price of USD 270), while maintaining the assumption that the 
investor is loyalty and VAT exempted, the NPVs at discount rates equal to or greater than the social 

discount rate of 10% (i.e. r ≤ 10%) turned positive for all soda ash investment and production scenarios 
(Table 27). 

Table 27: NPVs for different soda ash scenarios at an optimistic market price of USD 412/ton 
BEFORE loyalty/taxes (t = 50 years) (USD)

Scenario
Discount  rate

0.50% 1% 10% 12% 15% 20%

A 848,681,278 725,541,419 236,910 -38,913,990 -78,355,595 -117,038,947
B 966,026,278 840,582,919 98,480,910 57,828,510 16,545,905 -24,571,947
C 5,890,298,979 4,997,658,138 417,531,499 250,066,643 101,306,165 -22,083,251
D 6,007,643,979 5,112,699,638 515,775,499 346,809,143 196,207,665 70,383,749
E 8,058,951,201 6,971,799,277 887,962,184 612,010,892 353,301,459 125,998,297
F 8,176,296,201 7,086,840,777 986,206,184 708,753,392 448,202,959 218,465,297
G 9,737,107,478 8,595,936,219 1,855,349,310 1,487,855,010 1,114,528,605 741,239,453
H 9,854,452,478 8,710,977,719 1,953,593,310 1,584,597,510 1,209,430,105 833,706,453
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The NPVs for scenarios D, E, F, G and H were also positive for all the discount rates chosen in the analysis 
(i.e. r = 0.5%; 1%; 10%; 12%; 15% and 20%). At r ≥ 12%, the NPVs (Table 27) and B/C ratios (Table 28) 
remained incessantly negative for scenario A. The NPVs for scenarios A, B and C were also consistently 
negative at r ≥ 20%. The EIRRs increased from the lowest of 10.0% for scenario A to the highest of 99.9% 
for scenario H (compare Table 24 Vs Table 29).    

Table 28: B/C ratio for different soda ash scenarios at an optimistic market price of USD 412/ton 
BEFORE loyalty/taxes (t = 50 years) 

Scenario
Discount  rate

0.50% 1% 10% 12% 15% 20%

A 1.11 1.10 1.00 0.98 0.94 0.88
B 1.12 1.12 1.06 1.04 1.01 0.97
C 1.73 1.70 1.23 1.16 1.08 0.98
D 1.76 1.73 1.29 1.24 1.17 1.08
E 2.00 1.98 1.48 1.39 1.28 1.13
F 2.03 2.01 1.56 1.48 2.03 1.25
G 2.21 2.20 2.00 1.95 1.88 1.76
H 2.24 2.24 2.11 2.08 2.03 1.94

Table 29: EIRR for different soda ash scenarios at an optimistic market price of USD 412/ton, (t = 50 
years) 

Scenarios

A B C D E F G H

EIRR (%) 10.0% 17.0% 19.1% 34.0% 34.0% 43.4% 77.2% 99.9%

7.1.6 Sensitivity analysis of benefits to investor AFTER paying loyalty and VAT

When the sensitivity analysis was repeated using an opportunistic export price of USD 412 per ton of soda 
ash, assuming that the investor pays loyalty and VAT, there were overall decreases in NPVs (Table 30) 
and B/C ratios (Table 31).    
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Table 30: NPVs for different soda ash scenarios at an optimistic market price of USD 412/ton AFTER 
loyalty and VAT (t = 50 years) (USD)

Scenario
Discount  rate

0.50% 1% 10% 12% 15% 20%

A 653,484,584 558,666,893 182,421 -29,963,772 -60,333,808 -90,119,989
B 743,840,234 647,248,848 75,830,301 44,527,953 12,740,347 -18,920,399
C 4,535,530,214 3,848,196,767 321,499,254 192,551,315 78,005,747 -17,004,103
D 4,625,885,864 3,936,778,722 397,147,134 267,043,040 151,079,902 54,195,487
E 6,205,392,424 5,368,285,443 683,730,881 471,248,387 272,042,124 97,018,689
F 6,295,748,074 5,456,867,398 759,378,761 545,740,112 345,116,279 168,218,279
G 7,497,572,758 6,618,870,889 1,428,618,969 1,145,648,358 858,187,026 570,754,379
H 7,587,928,408 6,707,452,844 1,504,266,849 1,220,140,083 931,261,181 641,953,969

Table 31: B/C ratio for different soda ash scenarios at an optimistic market price of USD 412/ton 
AFTER loyalty and VAT (t = 50 years) 

Scenario
Discount  rate

0.50% 1% 10% 12% 15% 20%

A 1.08 1.08 1.00 0.98 0.95 0.90
B 1.09 1.09 1.04 1.03 1.01 0.98
C 1.48 1.46 1.16 1.12 1.06 0.98
D 1.50 1.48 1.21 1.17 1.12 1.06
E 1.63 1.61 1.33 1.28 1.20 1.10
F 1.64 1.63 1.38 1.33 1.27 1.18
G 1.73 1.73 1.63 1.60 1.56 1.50
H 1.74 1.74 1.68 1.67 1.64 1.60

7.2 Potential Revenue to Government

The estimation of potential revenue to the Government in this study was done based on the following 
assumptions:

e) The investor pays a loyalty fee of 5% of net revenues from soda ash mining
f) The investor pays a Value Added Tax (VAT) of 18% of net revenue from soda ash mining
g) The costs of construction and rehabilitation of the road to plant and the Tanga to Arusha railway 

are subtracted from values of potential revenues to the Government for scenarios which indicate 
that these costs are not incurred by the investor (i.e. scenarios B, D, F, and H)
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h) Soda ash is sold at an ex-factory/spot procurement price of USD 270 per ton and then increased 
by 34.47% to USD 412/ton during sensitivity analysis.  

The results of analysis of potential revenues to the government for different scenarios and discount rates 
are summarized in Table 32. The cells shaded in black indicate the amount of potential revenue to the 
Government. The un-shaded cells indicate cases with potential losses to the Government.    

Table 32: Potential revenues to the government for different soda ash investment and production 

scenarios, at current price of USD 270/ton (t = 50 years) (discounted values in USD)

Scenario
Discount Rates

0.5% 1% 10% 12% 15% 20%

A N/A N/A N/A N/A N/A N/A
B N/A N/A N/A N/A N/A N/A
C 250,508,489 625,715,675 N/A N/A N/A N/A
D 277,497,839 714,297,630 N/A N/A N/A N/A
E 577,385,438 1,621,890,294 N/A N/A N/A N/A
F 604,374,788 1,710,472,249 9,397,620 N/A N/A N/A
G 830,330,838 2,441,448,717 132,613,977 100,147,062 67,217,317 34,410,450
H 857,320,188 2,530,030,672 155,210,097 122,397,837 89,044,662 55,677,860

N/A: Net Present Values were negative

At a social discount rate of 10%, the NPV of revenues to the Government were estimated at USD 9.4 
million; 132.6 million or 155.2 million for scenarios F; G; or H respectively. NPVs of revenue to the 
Government are positive for scenarios G and H at all the six discount rates chosen in the analysis. 

The results in Table 32 suggest that, for the project to yield the highest net revenues, at a social discount 
rate of 10% and current price of USD 270/ton of soda ash, scenario H should be adopted.  The NPVs of 
Government revenue for this scenario were estimated at USD 155.2 million. This however requires that the 
proposed project operates at a full production capacity of 1,000,000 metric tons of soda ash per annum 
throughout its life. Same question arises: is this scenario realistic given the present levels of price, demand, 
technology and costs of production, especially when a newly established plant is considered? 



59

Using an opportunistic price of USD 412 per ton, the NPVs of revenues to the Government were positive 
for all scenarios at discount rates equal to or lower than the social discount rate of 10% (r ≤10%). At a 
social discount rate of 10%, the NPVs of benefit to the Government range from the lowest of USD 54,489 
for scenario A to the highest of USD 449.3 million for scenario H (Table 33). The NPVs of revenues to the 
Government were estimated at USD 22.65 million for scenario B – a scenario which suggests that soda ash 
production is continuously kept at 500,000 per annum and that the investor is loyalty and VAT exempted. In 
addition, the scenario also suggests that the investor does not pay for the construction and rehabilitation of 
road to plant and Tanga to Arusha railway. 

Table 33: Potential net revenues to the government for different soda ash investment and 

production scenarios, at selling price of USD 412/ton (t = 50 years) (discounted values in 

USD)

Scenario
Discount  rate

0.50% 1% 10% 12% 15% 20%

A 195,196,694 166,874,526 54,489 N/A N/A N/A
B 222,186,044 647,248,848 22,650,609 13,300,557 3,805,558 N/A
C 1,354,768,765 3,848,196,767 96,032,245 57,515,328 23,300,418 N/A
D 1,381,758,115 3,936,778,722 118,628,365 79,766,103 45,127,763 16,188,262
E 1,853,558,776 5,368,285,443 204,231,302 140,762,505 81,259,336 28,979,608
F 1,880,548,126 5,456,867,398 226,827,422 163,013,280 103,086,681 50,247,018
G 2,239,534,720 6,618,870,889 426,730,341 342,206,652 256,341,579 170,485,074
H 2,266,524,070 6,707,452,844 449,326,461 364,457,427 278,168,924 191,752,484

N/A: Net Present Values were negative

7.3 Potential Revenue to Local Communities

Experiences from similar soda ash projects in Africa (e.g. Magadi Soda Company in Kenya, and SUA pans 
in Botswana) suggest little benefits to the local communities. Such benefits are very often connected to 
community development supports and provision of some social services like health facilities, water for 
domestic uses and other.  
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While data to enable a comprehensive analysis of the spill-over effects of the soda ash mining project at 
the community level were scant, attempts were done to come up with some estimates using the following 
assumptions:

a) Local communities will benefit from gross income of casual labouring during the construction phase 
(10% of fixed capital investment, equivalent to USD13,050,000)

b) Construction will be done in the first 2 years
c) Twenty percent of gross income from casual labouring (USD 2,610,000) is spent as daily costs 

related to casual labouring, thus net benefits from casual labouring during the construction phase 
were estimated at USD 10,440,000 for both construction staff sourced from within and outside 
Lake Natron area 

d) Of the total 1,225 construction staff to be employed by the Lake Natron soda ash project about 
80% (980 staff) will be sourced from within Lake Natron and 20% will come from areas far away or 
outside Lake Natron. Thus, net benefits from casual labouring during the construction phase of two 
years for staff sourced locally, from villages within Lake Natron are estimated at USD 8,352,000.

With the daily manpower of 980 mandays the total manpower for two years of infrastructure construction 
equals 715,400 mandays. Taking the total value of income for construction staff sourced locally (i.e. USD 
8,352,000), and dividing it by the total number of mandays for the two years (i.e. 715,400) a unit price of 
labour close to USD 11.67 per manday is obtained. This may look so high but huge differences in wages 
also exist elsewhere in the country, especially where there is a new plant or similar infrastructure 
constructed by an investor, e.g. in the mining sector. So it was considered as not surprising to come up with 
a labour price of USD 11.67 per manday (equivalent to net income of USD 4,261.22 per annum per staff) in 
the soda ash scenario, versus USD 1 per manday in the “business as usual scenario”. Obviously, the 
opportunity cost of labour in the “business as usual” scenario (USD 1 per manday, which is equivalent to 
about TZS 1,500 per manday) is extremely low – but that is the value which was reported by the 
interviewees in the study area and sounds realistic in a pastoral community, like that of Lake Natron.

In the Lake Natron case, the ESIA report provided some examples of positive socio-economic benefits at 
the local level which arise from improved road infrastructure. The project, especially the road infrastructure 
is considered to have spill over effects in terms of reduced time to travel to health services. The ESIA report 
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suggests that accessibility to health facilities is currently estimated to average at 22 kilometres, with the 
longest distance being 162 km which is by far different from the recommended distance of 0 to 5 kilometres 
for the Ngorongoro District. Giving an example of the Alaililai village where there was no medical facility, 
the ESIA report indicates that villagers in that village have to walk 60 to 65 kilometres to Gelai Bomba for 
treatments. Based on this information additional assumptions were made related to reduced travel time to 
health services.

a) Time travelled to health services will be cut by 50% after the improvement of road infrastructure 
following the establishment of the soda ash facility. Using the current estimate of accessibility to 
health facilities of 22 kilometres as given in the ESIA report, accessibility to health facilities will 
reduced to an average of 11 kilometres

b) On average, households in Lake Natron area are assumed as currently spending 30 man-days per 
annum for accessing social services, including health services, shops, church, and water just to 
mention few. Following the improvement in road infrastructure and construction of a health centre 
the travel time to access health services by local communities, especially those living in the wards 
of Gelai Lumbwa and Gelai Meirugoi in Longindo District, will be cut down by 50% (i.e. an average 
household will spent only 15 mandays per annum in the soda ash scenario versus 30 mandays in 
the Business as Usual scenario). Using an opportunity cost of labour of USD 1 per manday, the 
value of time and labour saved from reduced travel to access social services was estimated at 
USD 15 per household per annum. Since the health centre would be placed either at Wosi Wosi 
(the original point where the plant was to be built) or Matale (the new proposal of plant location), 
then the beneficiaries will be the local people residing in the wards of Gelai Lumbwa and Gelai 
Meirugoi (with total households estimated at 2,951 in 2010). The total benefits from improved road 
infrastructure and health services at the local level were estimated at USD 44,262 per annum, 
equivalent to NPV of USD 483.1 thousand at a social discount rate of 10% (Table 34). 

Table 34: NPV of time saved from improved road infrastructure and access to social services 

(discounted values, t = 50 years) 

Discount rate (r) 0.50% 1% 10% 12% 15% 20%

NPV           1,998,242 1,779,272 483,130 411,859 339,083 265,577 
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8.0 ECONOMIC COSTS/IMPACTS OF SODA ASH MINING PROJECT

The economic costs of developing a soda ash mining plant in Lake Natron area can best be understood by 
analysing the benefits that will be foregone or the opportunity costs of implementing the project. This entails 
an analysis of the benefits under the business as usual scenario and the evaluation of potential impacts 
and costs at the local, national, regional and international levels. In the subsequent sub-section the results 
of analysis of the potential economic impacts and opportunity costs at the local level are presented, 
followed by an analysis of the trans-boundary and related impacts at the international level. 

8.1 Potential Economic Impacts at the Local Level

At the local level potential economic impacts of the proposed soda ash plant may relate to reduced income 
from crop production; pastoralism; tourism and cultural benefits, as well as benefits foregone from direct 
use of natural resources. The Lake Natron ecosystem provides both use and non-use values which trigger 
the development of tourism industry in the area, the revenues from which industry contribute significantly to 
the local economy. Its wide range of wildlife supports both consumptive and non-consumptive uses. 

According to the Wildlife Policy of Tanzania, 2007 and the Wildlife Conservation Act No.5 of 2009) the 
consumptive wildlife uses include the taking-off of wildlife goods (e.g. tourist hunting, resident hunting, live-
animal trade, wildlife farming; ranching; Game sanctuary and Zoo).18 The non-consumptive wildlife uses do 
not involve taking-off of the wildlife and they include recreational and commercial activities such as 
commercial photographing/filming/cinematograph, rafting, canoeing and balloon flight, camping (in 
established camp sites), special camp sites or fly camp sites, game viewing, sport fishing, motor boat safari 
and night game drive).

                                           
18 Tourist hunting is a type of wildlife utilization intended for visitors who prefer to obtain animal trophies. It is conducted in Game 
Reserves (GRs), Game Controlled Areas (GCAs), Open Areas (OAs), Forest Reserves (FR) and Wildlife Management Areas 
(WMAs) which are divided into hunting blocks. Resident hunting is a form of consumptive use of wildlife whereby residents and
residents non – citizens are given legal access to wildlife use at a subsidized fees. Resident hunting is conducted in Game 
Controlled Areas and open Areas. Tourist hunting is regulated by the Wildlife Conservation Act (Tourist Hunting Regulations No. 
243 of 2010) and the period for runs from 1st July to 31st March.
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The establishment of soda ash mining in Lake Natron area will impact many of these consumptive and non-
consumptive uses and will affect the performance of many sectors including crop production, pastoralism, 
water and tourism just to mention few. In the following sub-sections we present the estimates of loss of 
benefits in different sectors and uses. These were estimated by assuming annual decreases of benefits 
that accrue in the initial year of the project - estimated at 2% and 5% for the “low” and “high” impact 
scenarios respectively. These rates were applicable in crop production, pastoralism and other direct uses of 
natural resources. For use values which rely on wildlife conservation, such as hunting and tourism, the 
impacts were expected to be huge, and were therefore estimated using higher rates, namely; 5% and 10% 
for the low and high impact scenarios respectively. 

8.1.1 Impact on crop production

Crop production is one of the important economic activities that are currently undertaken by local 
communities in Lake Natron area. A mixture of rainfed and irrigated arable agriculture is practiced on the 
river delta soils of the Pinyinyi and Monic rivers and from fresh water springs near Engare Sero.   The crops 
grown include paddy, maize, groundnuts, beans, sweet potatoes as well as vegetables. Vegetables include 
onions, cabbages and tomatoes. Some of the villages grow permanent crops, especially banana. 
Production is primarily for subsistence with few villages producing surplus for sale. Maize and beans are 
major cash crops in the area especially for small scale farmers.  

Extensive and intensive irrigated agriculture as well as stock rearing which is based on the perennial flows 
of rift valley Rivers entering the valley floor in Lake Natron area is common in some areas and can be 
traced back from the over 600 years ago (ibid). These are reported to have occurred at Engaruka on the 
waters of the Engare Sero and possibly the Pinyinyi and Monic (5,000ha). These developments have 
ended about three hundred years ago and they have been replaced largely by the Masai pastoralists 
(NORCONSULT, 2007).

The available information suggests that currently, about 15% of the population in Lake Natron area is 
involved in irrigated agriculture with the majority being found in Sale division (NORCONSULT, 2007). 
Farming is also being intensified by immigrants, especially at and around Townships like Loliondo. Pinyinyi 
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is one of the wards in the division of Sale which are actively involved in irrigation.19 Making reference to the 
2000 - 2001 landsat images, the ESIA report indicates that there are about 340 ha of irrigation north of the 
Pinyinyi River and a further 113 – 200 ha north of the Monic River and that there are also large areas of 
rainfed lands on the Pinyinyi, Mugure/Benini and Monic delta soils. These estimates, however seem to be 
at a lower side as the informal discussions with representatives of villagers, leaders and key informants in 
Pinyinyi and Oldonyo Sambu suggested an irrigated area of more than 1 000 ha in the two villages. 

The establishment of the soda ash plant in Lake Natron area will impact negatively on crop production at 
the local level, especially by directly increasing pressure and competition over existing fresh water 
resource, part of which is used by the local communities for irrigation, especially during the dry season. 
This will in turn result in reduced crop yields and income. Land under crop production might also be 
reduced significantly as a result of land take due to road and plant construction. This is likely to result in 
significant negative impacts on income from crop production understanding that on average farm sizes and 
crop productivity are low.20

The average land holdings and yields for different crops as estimated using the primary data which were 
collated during the household survey conducted in August 2011 are as given in Table 35. The NPV of 
income from crop production for the Lake Natron households were estimated by extrapolating the 2010 
estimates of total households in the area (15,789), farm size and yields as reported during the survey. 
Current prices were used to value both inputs and outputs (sold, consumed domestically, and given out in-
kind) using information collected during the household survey.21 The results of analysis are summarized in 
Table 36.
                                           
19 Irrigation is predominant along the Pinyinyi River where cultivation is done both during the dry and wet seasons using 
traditional irrigation canals.

20 NORCONSULT (2007) indicates that farm sizes per household for finger millet range from 1 – 1.5 acres, which produce 5 to
20 bags of 50 kilogram per sack. On average 1 acre produces only 8 bags, this is below normal production. It is furthermore 
indicated that rice has a smaller farm area that is 0.25 – 0.5 acres per household. The report also indicates low farm land for 
maize per household (1.5 acre) and harvest of between 5 to 7 bags per acre which is a low level of yield because generally 1 
acre should yield 20 to 25 bags.

21 The total net income from all crops was then discounted using different discount rates (t = 50 years). It should also be noted 
that increases in global agricultural prices may mean that these services are worth even more over the next 50 years.
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Table 35: Size of agricultural land holding and crop production in the study area (n = 86) 

Crop 
Frequency 

(HHs) % of HHs 
Average Farm 

Size (ha) 

Average Quantity 
Produced 

(kg) 
Yield 

(kg/ha) 

Maize 9 10.5                          0.63                       832.2               1,321.0 
Rice 1 1.2                          0.25                       381.0               1,524.0 
Finger millet 11 12.8                          0.51                       413.6                   811.0 
Bean 4 4.7                          0.10                          91.2                   912.0 
Groundnut 2 2.3                          0.15                       101.9                   679.0 
Sweet potato 8 9.3                          0.10                       612.5               6,125.0 
Cabbage 2 2.3                          0.15                    1,171.7               7,811.0 
Banana 2 2.3                          0.10                       911.1               9,111.0 
Onion 2 2.3                          0.15                    1,098.3               7,322.0 
Tomato 1 1.2                          0.10                       741.1               7,411.0 

Table 36: Estimates of net income from crop production in the study area 

Crop 
% 

HHs 

Number 
of

HHs

Average
Farm Size 

(ha) 
Yield 

(kg/ha) 

Annual 
Net 

Income/HH 

Net Income 
for 

all HHs 
Equivalency 

in USD

Maize 10.5         1,652 0.63 1,321.00 190,455.20 314,696,213.67          209,797.48 
Rice 1.2            184 0.25 1,524.00 99,212.40 18,214,704.46            12,143.14 
Finger millet 12.8         2,020 0.51 811 77,758.68 157,035,462.60          104,690.31 
Bean 4.7            734 0.1 912 63,566.40 46,681,390.21            31,120.93 
Groundnut 2.3            367 0.15 679 24,172.40 8,875,767.99              5,917.18 
Sweet potato 9.3         1,469 0.1 6,125.00 131,687.50 193,415,250.00          128,943.50 
Cabbage 2.3            367 0.15 7,811.00 321,227.40 117,950,219.04            78,633.48 
Banana 2.3            367 0.1 9,111.00 208,641.90 76,610,394.40            51,073.60 
Onion 2.3            367 0.15 7,322.00 756,728.70 277,860,219.63          185,240.15 
Tomato 1.2            184 0.1 7,411.00 362,397.90 66,533,726.08            44,355.82 
Total 1,277,873,348.08 851,915.57

As depicted in Table 36, the net income from crop production in Lake Natron area was estimated at USD 
851.9 thousand per annum, which is equivalent to NPV of about USD 9.3 million when discounted using a 
social discount rate of 10% (for t = 50 years). The NPV of economic impacts on crop production as 
measured from loss of income were estimated at USD 1.5 million and USD 3.5 million for the low and high 
impact scenarios respectively.
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Table 37: NPVs and estimates of loss of income from crop production in Lake Natron area (t = 50 

years) (USD)

Discount rate 0.50% 1% 10% 12% 15% 20%

NPV of crop income 38,457,769 34,243,513 9,298,232 7,926,563 6,525,929 5,111,238 
Loss: low impact scenario 752,117 667,832 168,926 141,493 113,480 85,186 
Loss: high impact scenario 1,880,293 1,669,580 422,316 353,732 283,701 212,966 

8.1.2 Pastoralism

Based on the results of household survey which was conducted in the study area in August 2011, about 
65% of total households in the Lake Natron area (equivalent to 10,247 households according to the 2010 
estimates) own livestock with average number of 15 cattle and 37 sheep/goats (Table 38). 

Table 38: Livestock units in the sample villages (n = 86) 

Sample Village Sample 
Households

Households 
Owning 

Livestock

Average 
Number of 

Cattle 

Average 
Number of 

Sheep/Goats 
Engare-Sero 18 12                      16.0                      32.0 
Pinyinyi 14 10                        9.0                      28.0 
Oldonyo-Sambu 14 9                      16.0                      41.0 
Digodigo 12 7                      13.0                      37.0 
Gelai-Bomba 6 4                      21.0                      42.0 
Gelai Lumbwa 6 4                      15.0                      37.0 
Aleililai 8 4                      14.0                      30.0 
Matale A 8 6                      16.0                      49.0 
TOTAL 86 56 15.0 37.0

The local communities in Lake Natron area are currently earning significant incomes from sale of livestock 
and livestock products, such as, milk, hides and skins and other livestock products and by-products. On 
average, livestock keepers are earning net income of about USD 1,126 per household per annum from sale 
of livestock products and by-products (Table 39). For all households owning livestock in Lake Natron area, 
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annual net income was estimated at USD 11.5 million. When discounted using a social discount rate of 
10% (t = 50) this amounts to NPV of USD 125.9 million (Table 40)  
  

Table 39: Average annual income from livestock keeping in the sample villages (n = 86) 

Village
All 

Households

Households 
Owning 

Livestock

Gross 
Income

(TZS) 

Variable 
Costs 
(TZS) 

Net Income 
(TZS) 

Net Income
(USD)

Engare-Sero 18 12 2,546,229.00 999,488.80 1,546,740.20 1,031.16 

Pinyinyi 14 10 1,787,737.40 202,337.90 1,585,399.50 1,056.93 

Oldonyo-Sambu 14 9 2,789,310.90 987,489.10 1,801,821.80 1,201.21 

Digodigo 12 7 1,960,065.10 396,709.64 1,563,355.46 1,042.24 

Gelai-Bomba 6 4 3,004,720.60 895,453.15 2,109,267.45 1,406.18 

Gelai Lumbwa 6 4 2,434,156.20 853,895.91 1,580,260.29 1,053.51 

Aleililai 8 4 2,103,147.10 530,302.73 1,572,844.37 1,048.56 

Matale A 8 6 2,654,145.00 898,756.11 1,755,388.89 1,170.26 

Total: Sample 86 56 2,409,938.91 720,554.17 1,689,384.75 1,126.26 

Total: Lake Natron 15,789 10,247 17,306,147,830.53 11,537,431.89 

Assuming a low impact scenario (i.e. 2% annual decrease in net income) the costs or impact of proposed 
soda ash project on livestock keeping is estimated at NPV of about 2.3 million, when discounted using a 
social discount rate of 10% (Table 40). For the high impact scenario (i.e. 5% annual decrease in net 
income) the NPV of costs were estimated at about 5.7 million (at r = 10% and t = 50). 

Table 40: NPVs and estimates of loss of income from livestock keeping (t = 50 years) (USD)

Discount rate 0.50% 1% 10% 12% 15% 20%

NPV of livestock income 520,830,826 463,757,458 125,925,300 107,348,881 88,380,189 69,221,130 
Loss: low impact scenario 10,185,868 9,044,401 2,287,757 1,916,229 1,536,855 1,153,674 
Loss: high impact scenario 25,464,670 22,611,001 5,719,393 4,790,572 3,842,138 2,884,185 

The productivity of the livestock sub-sector in Lake Natron area will be reduced for many reasons: firstly 
due to increased pressure on grazing land resources as a result of land take for housing and transport.22

                                           
22 NORCONSULT (2007) estimated grazing land loss due to land take and permanent loss of grazing at of approximately 300 ha, 
which equates to 60 TLUs based on the district average carrying capacity.
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Secondly, reduced productivity will also arise as a result of increased competition over other resources, 
including forage and water resources. The forage below the rift valley escarpment, for example, constitutes 
an important resource for both livestock and wild animals, especially at the height of the dry season. The 
forage is limited to the Cyperus laevigatus sedgelands surrounding the sodic springs and the river deltas. 
Just as important, the Pinyinyi delta functions as a swamp providing good forage late into the dry season 
(approximately 760 ha of which at least 620 ha are used for grazing) (NORCONSULT, 2007). According to 
NORCONSULT (2007), the construction of an access road along the eastern side of Lake Natron will 
impact on 400 ha of dry season grazing which is presently used at a stocking rate of at least 2.5 TLUs/ha in 
dry season.

Therefore the loss of grazing and disturbance or disruption of grazing systems in the dry season refuge 
areas and increased competition over other resources will result into decline in productivity of the livestock 
sub-sector, which will in turn result in reduced quality of life. It should however, be noted at this juncture 
that the estimated impact on livestock production as established in this study disagree to a large extent with 
those provided by NORCONSULT (2007) who estimated the direct loss in livestock production resulting to 
be in the order of US$ 50,000/annum, based on the average value of US$ 150/TLU. According to 
NORCONSULT (2007), this loss of benefits is attributed to total disruption of the dry season forage and is 
viewed in this study as just a part of the whole story. 

The difference in estimates of loss of benefits in the livestock sub-sector between the two studies is 
emanating largely from the dissimilarity in the study approaches that were used. The NORCONSULT 
(2007) study used an approach which considered degradation of forage and resulting impact on the 
Carrying Capacity (CC) of the area – considering the overall loss as resulting from the reduction of CC 
multiplied by a unit price per TLU. In the current study, the estimates of loss of income were established 
based on the Net income or Productivity Approach using the primary data which were collected using a 
household questionnaire. The first stage in the analysis was therefore the calculation of average net 
income from livestock production in the BAU scenario. The net incomes for each of the sample households 
owning livestock were calculated by subtracting variable costs from gross revenues in the livestock 
enterprise. The Change in Net Productivity approach was then used to estimate the losses in earning from 
livestock production using the “low” and “high” impact scenarios as established in this study (i.e. decrease 



69

of net income of 2% and 5% respectively. This was deemed important to achieve consistence in 
comparison of benefits and losses along different use and non-use values in the Lake Natron ecosystem.  

8.1.3 Direct use values from collection of ecosystem goods  

Besides the use values covered in the previous sub-sections, the local communities in Lake Natron also 
benefit from an assortment of other goods and services, including goods which are directly collected from 
the ecosystem, such as, fuelwood, charcoal, building poles, ropes, soda ash (trona) blocks and salt, thatch 
grass, medicinal plants and roots, and wild foods, just to mention few. The valuation of benefits accruing 
from use of these goods by local communities was done using the results of household survey which was 
conducted in the study area using a sample size of 86 households. The aggregate value for the Lake 
Natron area was estimated by using an estimated total number of households of 15,789 and total human 
population of 72,368 as per the 2010 projections as previously given in Table 12. 

The valuation of these goods was done by asking each of the respondents in the household survey to 
identify and list all the goods and services that the households in the study area obtain or benefit from the 
Lake Natron ecosystem. This was followed by a question which asked them to provide estimates of 
quantities they utilize during a particular period, using units which they were familiar with, including local 
units. Fortunately, the majority of respondents were also familiar with some metric units, like the 
kilogramme. Using this together with their knowledge of bird species, for example, the respondents 
together with the researchers were able to come up with reasonable estimates of weights and gross values. 
Where possible, attempts were made by the researchers to undertake actual measurement for some of the 
local units (e.g. one head load of firewood). 

To enable a more realistic estimation of quantities of goods collected and utilized by the households, 
reference was made to a relatively shorter periods (e.g. on a weekly basis) and then calculate the 
corresponding quantities on an annual basis. 

The time and manpower spent in the collection of each of the ecosystem goods were recorded along with 
corresponding quantities, which were used to calculate the total number of mandays used. The mandays 
were then converted into monetary value using an opportunity cost of labour in the study area, which was 
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estimated at 1 USD per manday. Together with other costs, the opportunity cost of labour spent in 
collection of these goods was subtracted from the gross values of collection. The prevailing or current 
market prices for the goods, as they were reported during the household survey, were used to estimate 
both the gross and net values. Fortunately, all of the ecosystem goods which were identified during the 
survey had at least some market prices pegged to them, though may have not been determined in 
competitive markets. The average values for all of the sample households, who reported to utilize the 
goods were then used to estimate the net value for all households in Lake Natron area - using estimates of 
human population for 2010. The results of valuation are presented in Table 41. 

The timber products (e.g. firewood, charcoal, building poles, ropes) and non-timber goods such as insects, 
mushrooms, honey and others were reported to be collected from the remnant woodlands in the villages of 
Matale A, Gelai Bomba, Gelai Lumbwa, Oldonyo Sambu, Digodigo and in patches of woodlands located in 
the Pinyinyi village. The woodlands, grasslands and wooded grasslands and shrubs located close to Matale 
A, WosiWosi, and Gelai Bomba in particular, maybe seriously affected by deforestation or bush clearing 
during the construction phase of the soda ash facility and road infrastructure or through increased demand 
for woodland products (e.g. charcoal, and fuelwood) resulting from increasing human population triggered 
by this development. 

The total net use value for all households in the wards surrounding Lake Natron was estimated at USD 
13.25 million per annum. It should however be noted that this value considers direct use values only. It 
excludes indirect use values and benefits which accrue from ecological services, such as water purification, 
carbon sequestration and other indirect ecological services. These were estimated using the CVM 
approach and reported together with the intrinsic values.
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Table 41: Net Economic Value from direct utilization of goods and services of Lake Natron 
ecosystem

Goods*
% 

HHs Unit

Average 
Qty per

Hh

Unit 
price 
(TZS) 

Equiv 
in USD 

Value/
Hh/yr 
(USD) 

Number 
of 

HHs

Total 
Value for all 

HHs 
(USD/yr) 

Firewood 100.0
Head load (0.5 

m3) 140
              

3,500.00 
                    

2.33 
                  

326.67 
                

15,789 
                        

5,157,740.00 

Charcoal 11.6 Debe 52.8
              

2,600.00 
                    

1.73 
                    

91.52 
                  

1,832 
                          

167,621.08 

Building pole 83.7 Number 825
                

850.00 
                    

0.57 
                  

467.50 
                

13,215 
                        

6,178,196.23 

Ropes 77.9 Bunch of 1 kg 5.6
                

550.00 
                    

0.37 
                     

2.05 
                

12,300 
                            

25,255.24 
Soda ash/trona  
blocks/salt* 34.9

Number/1lt 
bottles 51.5

                
500.00 

                    
0.33 

                    
17.17 

                  
5,510 

                            
94,594.53 

Thatch grass 83.7
Head load (20 

kg) 7.2
              

3,200.00 
                    

2.13 
                    

15.36 
                

13,215 
                          

202,988.44 

Medicinal plants/roots 67.4 Bunch of 1 kg 18.4
              

1,400.00 
                    

0.93 
                    

17.17 
                

10,642 
                          

182,754.94 

Wild fruits 25.6 Bunch of 1 kg 24.3
              

1,010.00 
                    

0.67 
                    

16.36 
                  

4,042 
                            

66,134.94 

Wild vegetables 70.9 Bunch of 0.25 kg 155.8
                

500.00 
                    

0.33 
                    

51.93 
                

11,194 
                          

581,362.56 

Wild roots and tubers 23.3 Bunch of 1 kg 14.5
              

1,100.00 
                    

0.73 
                    

10.63 
                  

3,679 
                            

39,118.30 

Insects 11.6 Lot of 0.25 kg 12.9
                

800.00 
                    

0.53 
                     

6.88 
                  

1,832 
                            

12,600.89 

Honey 9.3 Litres 31.2
              

3,200.00 
                    

2.13 
                    

66.56 
                  

1,468 
                            

97,735.17 

Bush meat** 5.8 Kg 78.9
              

1,100.00 
                    

0.73 
                    

57.86 
                     

916 
                            

52,985.99 

Wild bird** 9.3 Kg 34.1
              

1,400.00 
                    

0.93 
                    

31.83 
                  

1,468 
                            

46,733.55 

Mushrooms 8.1 Kg 11.5
              

1,040.00 
                    

0.69 
                     

7.97 
                  

1,279 
                            

10,197.17 

Water for domestic use 100.0 m3 22.3
              

1,425.00 
                    

0.95 
                    

21.19 
                

15,789 
                          

334,581.39 

Total
               

1,208.66 
             

13,250,600.40 

Net Economic Value per Household per Annum 839.23
* The Masai communities have traditionally extracted the trona from Lake Natron for sale and use by livestock. This is an activity carried out by 
women and provides significant input to the household income. 
**Traditionally, the Maasai people, who are the majority in Lake Natron, do not eat bush meat, the statistics provided here mainly refer to other 
ethnic groups living in the areas. 

Water for domestic uses was valued at USD 334.6 thousand per annum respectively. The consumption of 
water in this sector was estimated using both primary and secondary information. The ESIA report, for 
example, estimated domestic water use per household in Lake Natron area to be less than 80 litres per day 
per 6 people (which is low than the recommended 25 litres per day per person). Elsewhere in the Pangani 
River basin Turpie et al. (2003) estimated domestic water use of 18 – 70 m3/person per annum. In the 
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current study, domestic water use of about 13.3 litres per person per day was adopted which is equivalent 
to 22.3 m3 per household per annum when the household size of 4.6 for the study area is considered.23  

When the total direct use values for all households (i.e. USD 13.25 million per annum) were discounted to 
get the equivalent NPVs at discount rates of 0.5%; 1%; 10%, 12%, 15% and 20% (t = 50 years), the NPVs 
ranged from the lowest of about USD 79.5 million (for r = 20%) to the highest of USD 598.17 million (for r = 
0.5%). Using a social discount rate of 10% the NPV of direct use value specified in Table 41, for all 
households in Lake Natron was estimated at USD 144.6 million (Table 42).

Table 42: NPVs and estimates of loss of benefits from direct uses of natural resources (t = 50 years) 

(USD) 

Discount rate 0.50% 1% 10% 12% 15% 20%

NPV from direct uses 598,167,879 532,619,809 144,623,678 123,288,886 101,503,574 79,499,627 
Loss: low impact scenario 11,698,346 10,387,384 2,627,462 2,200,766 1,765,059 1,324,981 
Loss: high impact scenario 29,245,864 25,968,460 6,568,654 5,501,914 4,412,649 3,312,451 

In the low impact scenario the loss of benefits from direct use of natural resource at the local level was 
estimated at NPV of about 23.5 million, when discounted using a social discount rate of 10% (Table 42). 
For the high impact scenario the NPV of loss of income from direct use of natural resources by the local 
communities were estimated at about 47.5 million (at r = 10% and t = 50). 

8.1.4 Economic impacts on tourism at the local level

The analysis of economic impacts on tourism at the local level benefited from the available secondary data 
on the numbers of tourists visiting Lake Natron, obtained from the Game Officer in Pinyinyi Ward, and the 
District Natural Resource Offices in Loliondo (Ngorogoro District) and Longido District. It was learnt during 
the study that most tourists use the Mto-wa-Mbu and Serengeti – Loliondo routes when visiting the Lake 
Natron area. In both routes, the tourists pass through the Engare Sero gate and a good number of them 
also get accommodated in camps or lodges found in the southern end of the Lake around Engare Sero.  

                                           
23 1m3 is equivalent to 1,000 litres.
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The trend and number of tourists who visited Lake Natron via the Engare Sero gate for the past four years 
are depicted in Figure 6.24

Figure 6: Number of tourists who visited Lake Natron via the Engare Sero gate 

The study also evaluated the distributional weights of different attractions within Lake Natron ecosystem 
using the questionnaire survey conducted to 86 sample households in Lake Natron area and 37 tourists 
who visited the area during the study. The respondents were asked to rank the major tourist attraction sites 
and resources in the study area and the results of ranking are given in Table 43. 

As indicated in Table 43 and Figure 7 the major tourist attractions in Lake Natron area include the lake itself 
and its flocks of Lesser Flamingos; Mountain Oldonyo Lengai (the highest active volcano in Africa);25 walks 
up the Engare Sero River to the waterfalls; Maasai cultural bomas; hot springs, and foot prints. A number of 
tourists are also interested in walking safaris from the escarpment to the lake; bird watching safaris (high 
end tourism); walking safaris to Gelai and archaeological visits to Engaruka agricultural artefacts. The 

                                           
24 The statistics used to generate this figure were obtained from the Pinyinyi Ward Game Office at Engare Sero village.

25 Lake Natron is surrounded in the north, east and south by five Plio-Pleistocene volcanoes: Oldoinyo Sambu (2045 m), 
Shombole (1565 m), Gelai (2942 m), Oldoinyo Lengai (2878 m) and Embagai (3048 m).
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Oldonyo Mountains/Engaruka ruins attract many tourists during the high season. The Maasai also use the 
Oldonyo Mountains to conduct traditional ceremonies. Hot alkaline springs also constitute an important 
attraction.26

Table 43: Major Lake Natron’s tourist attractions as ranked during the household survey (weighted 
%) 

Attraction %

a) Lake Natron and its flocks of Lesser Flamingos 31.0

b) Mountain Oldonyo Lengai 21.0

c) Hunting blocks 12.0

d) Water falls 11.0

e) Cultural experience and visit to the cultural village/Cultural bomas 9.0

f) Hot springs along the way from Engare-Sero  to Pinyinyi 7.0

g) Foot prints 6.0

h) Walking safaris from the escarpment of the Rift Valley to the Lake 3.0

Total 100.0

                                           
26 There are about 28 hot alkaline springs flowing into Lake Natron (Guest and Steven, 1951 – cited in NORCONSULT, 2007)
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Data source: Tanzania Natural Resources Information Centre (TANRIC) and Field Data; Coordinate System: Geographic, 
WGS1984

Figure 7: Map showing some important tourist sites in Lake Natron area 
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The local economy of Lake Natron villages and districts therefore benefits from many tourism related 
activities, ranging from sale of souvenirs or mementos by villagers to resident and tourist hunting and 
photographing.27 These activities are likely to be impacted significantly by the establishment of soda ash 
facility in Lake Natron area. 

The Ngorongoro District Council has two hunting blocks: the Loliondo Game Controlled Area (LGCA) and 
Lake Natron Game Controlled Area (LNGCA). The former is operated by a company known as Ottelo 
Business Cooperation (OBC) and the latter by the Tanzania Wildlife Cooperation (TAWICO) for the Ministry 
of Natural Resources and Tourism (MNRT). The hunting quotas for different animals in the district for 
2010/11 hunting season are given in Table 44.    

Table 44: Hunting quota for Ngorongoro District, 2010/11

Type of game/bird
Initial 

Quota
Additional 

Quota
Total 

Quota

Actual 
Number 
Hunted

Buffalo (Nyati/Mbogo) 5 2 7 7
Eland (Pofu) 5 3 8 5
Impala (Swala paa) 10 10 20 20
Hartebeest - coke's (Kongoni) 5 3 8 8
Thomson Gazelle (Swala toni) 5 10 15 14
Grant Gazelle (Swala granti) 7 8 15 15
Wildebeest (Nyumbu) 18 10 28 27
Warthog (Ngiri) 5 8 13 4
Dik dik (Digidigi) 10 0 10 5
Guinea fowls (Kanga) 20 20 40 0
Francolin (Kwale) 0 20 20 0
Pigeon (Njiwa) 0 20 20 0

The local communities in the Lake Natron area also receive shares of revenues from tourist hunting and 
photographic tourism via the TH (Trophy Hunting) and CITES (Convention on International Trade in 
Endangered Species of Wild Fauna and Flora) office in Arusha. Photographic and Eco-tourism is generally 
restricted to the southern end of the Lake around Engare Sero. 

                                           
27 The tourists buy a number of souvenirs from the locals such as arrow spears, beads from women and take Masai photos.
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Personal conversation with village leaders and the Ward Game Officers at the Engare Sero village revealed 
that in 2010 and 2011, tourist photographers paid TZS 850,000 and 500,000 per person to the village 
government for a 5 days safari (equivalent to USD 567 and 333 per person respectively). The hunting 
camps paid to the village a total of TZS 1,635,000 per annum. For the Ngorongoro District Council, the 
shares paid through the TH and CITES office in Arusha amounted to TZS 225 million per annum in 2008 
and 2009 (equivalent to USD 150 thousand per annum). 

For 2010/11 the Ngorongoro District’s Annual Game Report indicated that the district received revenues 
from resident and tourist hunting amounting to TZS 2,721,375 (equivalent to USD 1,814.25) for 120 game 
and 80 birds hunting quotas (Ngorongoro District Game Office Report, 2011). The available statistics from 
the District Game Office in Ngorongoro District suggest that from 2006/07 to 200/10 the district has earned 
revenues from tourist activities averaging at USD 270,782 per annum (Table 45). 

Table 45: Revenue received by the Ngorongoro District Council from Tourism related activities, 
2006/07 – 2009/10 

Source
Years

Average (TZS) Equiv USD
2006/07 2007/08 2008/09 2009/10

Hunting block fee
          

111,744,587 
            

139,155,500 
        

123,657,593 
       

137,017,737      127,893,854 
            

85,262.57 

20% Central Government Hunting 
            

12,135,840 
              

10,898,064 0
         

51,629,226         24,887,710 
            

16,591.81 

Cleins Camp
            

23,704,290 
              

42,533,993 
          

43,669,410 0         36,635,898 
            

24,423.93 

NCAA
            

96,251,043 
            

175,000,000 0
         

10,000,000         93,750,348 
            

62,500.23 

Ngare Sero Gate Fee
            

29,623,583 
              

72,420,972 
          

63,360,553 
         

53,583,298         54,747,102 
            

36,498.07 

Forestry Produce
              

1,377,400 
                    

588,800 
                

397,750 
               

314,900              669,713 
                  

446.48 

Local Hunting
              

4,363,900 
                 

5,091,700 
             

1,066,150 
               

817,350           2,834,775 
              

1,889.85 

Photographic and Hunting
            

33,223,440 
            

125,482,597 
          

57,148,684 
         

43,162,651         64,754,343 
            

43,169.56 

Grand Total
          

312,424,083 
            

571,171,626 
        

289,300,140 
       

296,525,162      406,173,742 
               

270,782 

Villages also get revenues in form of royalty from operators of tourist lodges and camps located at the 
southern end of the Lake around Engare Sero. The available accommodation facilities include campsites 
with facilities for up to 70 campers, tented accommodation, luxury tented accommodation and guest 
houses. For camp sites, there are no special royalty agreements in place; the owners claim the entire fee 
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for camping. With the tented camps there are agreements with the village for royalties to be paid. The
campsites which were operational in the Engare Sero village during the survey included the Anderson 
Adventure, Wildland Safari, Oldonyo-Lengai World View Campsite, Mikuyu Campsite and Waterfall 
Campsite. 

As for Ngorongoro District, the Longido District Council also gets revenue from tourist and resident hunting. 
The hunting blocks in district are operated by the Wengert Windrose Safari (WWS)/Tanzania Game 
Trackers (TGT) and TAWICO for the LNGCA, and Old Nyika Safari (ONS) and Northern Hunting 
Enterprises (NHE) for the Enduimet Wildlife Management Area (WMA).  The respective animal hunting 
quotas for the 2010/11 hunting season were as given in Table 46. 
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Table 46: Type and number of animals hunted by resident and tourist hunters in Longido District, 
2010/11 

Game/Bird Type Number by Tourist Hunting Company Resident 
Hunting

Grand total

NHE ONS TAWICO Total

Lesser Kudu (Tandala ndogo) 6 6 7 19 0 19
Grant Gazelle (Swala granti) 11 12 9 32 46 78
Buffalo (Nyati/Mbogo) 0 0 1 1 1 2
Impala (Swala pala) 7 0 3 10 28 38
Gerenuk (Swala twiga) 8 7 7 22 0 22
Thomson Gazelle (Swala tomi) 8 10 8 26 28 54
Robert Gazelle (Swala robeti) 0 0 2 2 0 2
Leopard (Chui) 0 1 1 2 0 2
Oryx (Choroa) 5 2 5 12 0 12
Dikdik (Digidigi/Suguya) 5 3 5 13 10 23
Zebra (Pundamilia) 5 5 7 17 0 17
Eland (Pofu/Mbunju) 0 0 2 2 10 12
Reed buck (Tohe ndope) 0 0 1 1 0 1
Bush buck (Pongo/Mbwawala) 0 0 2 2 0 2
Hartebeest (Kongoni) 0 0 0 0 2 2
Stein-buck (Dondoro) 0 0 0 0 4 4
Jackal (Bweha) 3 0 0 3 0 3
Wildebeest (Nyumbu) 4 7 4 15 38 53
Baboon (Nyani) 0 0 1 1 0 1
Hyena (Fisi/Kingugwa) 1 0 2 3 0 3
Warthog (Ngiri) 0 0 0 0 5 5
Ostrich (Mbuni) 1 1 1 3 0 3
Genet (Kala/Kanu) 1 0 0 1 0 1
Sand Grouse (Firigogo) 4 97 8 109 20 129
Doves (Tetere/Pugi/Kipura/Hua/Kuyu) 0 155 2 157 0 157
Francolin (Kwale) 0 52 11 63 25 88
Pigeon (Njiwa) 0 3 0 3 20 23
Guinea fowl (Kanga) 0 13 7 20 45 65
Spur-fowl (Kereng’ende) 0 46 0 46 0 46
Crested Francolin (Kwale kishungi) 0 25 0 25 0 25
Quail (Tombo) 0 1 0 1 0 1
Source: Longido District Game Office, 2011
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The Longido District Council gets 20% of the total revenues from hunting activities in the Lake Natron 
ecosystem through the TH and CITES office in Arusha. For the period from July 2010 to December 2010 
the Longido District Council had received revenues from tourist related activities amounting to TZS 94.8 
million, equivalent to USD 63,226 (Table 45). In 2010/11 season the available information indicated that the 
district council received shares of revenues from tourist related activities of about TZS 43 million 
(equivalent to USD 28,667). 

Table 47: Shares of revenue received by the Longido District Council from tourism related activities 
in Lake Natron area, July – December, 2010 

Recipient 
July - August 

2010
Sept - Oct 

2010
Nov - Dec 

2010 Total (TZS) Equiv USD

Gelai Meirugoi village             515,413.33               136,800.00           449,439.76       1,101,653.09                 734.44 

Engikaret village - -           233,475.20          233,475.20                 155.65 

Olkejuloongishu village             515,413.33               225,150.00 -          740,563.33                 493.71 

Noondoto             115,091.20 - -          115,091.20                   76.73 

Kiserian village             201,115.08               515,413.33 -          716,528.41                 477.69 

Kimokouwa village -            1,858,200.00 -       1,858,200.00             1,238.80 

Longido village          1,682,328.00            3,273,937.50        1,602,423.85       6,558,689.35             4,372.46 

Gelai Bomba village -               225,150.00 -          225,150.00                 150.10 

Enduiment WMA       35,682,676.00            5,652,618.75      20,022,687.23     61,357,981.98           40,905.32 

Longido District council       11,650,635.05            4,293,168.75 5988009.42     21,931,813.22           14,621.21 

Total (July – Dec. 2010)*       50,362,671.99          16,180,438.33      28,296,035.46     94,839,145.78           63,226.10 

Est. (July 210- Mar. 2011)**        94,839.15
Source: Office Records, Longido District Game Office, 2011
*Total for six months (July – December 2010)
**Total for hunting season (July 2010 – March 2011), obtained by multiplying the monthly average for July – December 2010 by 
9 months of the full hunting season starting from January 2010 to March 2011 (i.e. USD 10,537.68 x 9 Months)  

On average the Longido district had received a monthly earning from TH and CITES office in Arusha of 
USD 10,537.68 for the period from 1st July – 31st December 2010.Thus, the district’s revenue from TH and 
CITES can be estimated at USD 94,839.15 for the whole hunting season of 2010/11 which started on 1st

July 2010 and ended on 31st March 2011 (Table 47).  

For the two districts (Ngorongoro and Longido) revenues from TH and CITES in 2010/11 amounted to USD 
365,621 which is equivalent to NPV of about USD 4.0 million at r= 10% and t = 50 years (Table 48). This 
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estimate is relatively higher than the one given in the ESIA report. The report estimated income from the 
Lake Natron hunting blocks to average at US$ 58,000 per year. As noted in the report and these returns 
were low, especially in the 2002 - 2004 periods due to security concerns and appeared to be growing at 
about 8% on average. Overall, the total returns generated from hunting at the local level would be far 
higher than the lease fee as the hunting companies also participate in supporting development projects in 
their areas of operation and they are also required to pay tax and license fees. ESIA estimated the direct 
returns to the District at about US$ 70,000 (i.e. 25% of fee plus developments similar to total fee charged) 
and US$ 120,000 to the nation (as remaining fee, licenses and taxes), which is again relatively lower than 
the estimate obtained in this study.

Table 48: NPVs and estimates of loss of revenue from TH and CITES office in Arusha for the 

Ngorongoro and Longido Districts (t = 50 years) (USD) 

Discount rate 0.50% 1% 10% 12% 15% 20%

NPV of revenues 16,505,126 14,696,471 3,990,572 3,401,885 2,800,768 2,193,617 
Loss: low impact scenario 806,975 716,543 181,248 151,813 121,757 91,400 
Loss: high impact scenario 1,613,950 1,433,085 362,495 303,626 243,515 182,800 

The NPVs of revenue from TH and CITES for the Ngorongoro and Longido Districts as well as the 
estimated loss of revenues following the establishment of the soda ash plant in Lake Natron are provided in 
Table 48 for the different discount rates used in the study. 

For operators of lodges/camps; and tour operators the estimation of net income benefited from both 
primary and secondary information gathered during the field survey in the study area. The average net 
incomes for summer and winter were estimated using the MINTAB software by subtracting running costs 
from the gross revenues and divided by number of tourists who were served by the facilities or tour 
companies. The secondary information on the average number of tourists visiting Lake Natron per annum 
(2,721) was then used to estimate total net income per annum for summer and winter (Table 49) and Table 
50 respectively).  
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Table 49: Estimation of net income for operators of accommodation facilities (lodges and camps) in 

Lake Natron area  

Period Average 
Rate /tourist

Average No. 
Nights 

/tourist

Average
Net 

income/tourist

Total 
Number of

Tourist/annum

Total
Net income

/annum (USD) 
Summer (June to 

February) (50% 
occupancy rate) 360.26

                     
3.7 170.79

                            
1,905.0 

                
1,203,610.67 

Winter (September -
January) (50% 
occupancy rate) 180.12

                     
4.5 163.83

                               
816.0 

                   
601,805.33 

Total 270.19
                     

4.1 167.31
                           

2,721.0 
                

1,805,416.00 

Table 50: Estimation of net income for tour operators in Lake Natron area  

Period Average 
rate /tourist

Average No. 
days 

/tourist

Average
Net 

income/tourist

Total 
Number of

Tourist/annum

Total
Net income

/annum (USD) 
Summer (June to 

February) 
                    

288.31 
                    

3.6 
                      

108.37 
                            

1,905.0 
                   

743,193.34 
Winter (September -

January) 
                    

269.23 
                    

4.5 
                      

101.20 
                               

816.0 
                   

371,596.66 

Total 278.77 4.1
                      

101.16 
                            

2,721.0 
                

1,114,790.00 

In general, the tourism sector is likely to face relatively huge impacts as a result of the establishment of the 
soda ash facility in Lake Natron area. The associated significant development in infrastructure may leave a 
big footprint on the wildlife of the area, especially given the migratory corridor that comes up from the south 
towards Engare Sero at the base of the Lake. Assuming that anything between 1 – 5 percentage declines 
in benefits is considered low; and more than 10% as high, then the losses of revenues from TH and CITES 
office in Arusha that were estimated to amount to NPV of USD 181.2 thousand and USD 362.5 thousand 
for the low and high impact scenarios respectively, r = 10% and t = 50 years (Table 48).

Losses resulting from shrinking revenues from tourists due to declining number of visitors are also 
expected to be enormous. Considering the average number of tourists who visited Lake Natron from 2007 
– 2010 via the Engare Sero gate of 2,721 and assuming an occupancy of 50% for the available facilities in 
the high tourism season (June - February) and 25% occupancy in the low (September – January and 
January - March), for 2010/2011 rates gross revenue received by operators of accommodation facilities 
(camps and lodges) was estimated at USD 1,805,416 per annum - equivalent to NPV of about USD 19.7 
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million at r = 10% and t = 50 years (Table 51). The net revenue for tour operators were estimated at USD 
1,114,790 per annum, which is equivalent to NPV of about USD 12.2 million at r = 10% and t = 50 years 
(Table 52).

Table 51: NPVs and estimates of loss of benefits for operators of camp sites and lodges (t = 50 

years) (USD) 

Discount rate 0.50% 1% 10% 12% 15% 20%

NPV for campsite/lodges 81,501,353 72,570,321 19,705,213 16,798,313 13,830,028 10,831,954 
Loss: low impact scenario 3,984,797 3,538,245 894,990 749,645 601,231 451,327 
Loss: high impact scenario 7,969,594 7,076,490 1,789,980 1,499,290 1,202,461 902,654 

Using the social discount rate of 10% for t = 50 years, the losses of income for operators of campsites and 
lodges were estimated to amount to NPV of about USD 895 thousand and USD 1.7 million for the low and 
high impact scenarios respectively (Table 51). For tour operators, the losses were estimated at NPV of 
about USD 713 and USD 1.0 million for the low and high impact scenarios respectively (Table 52). 

Table 52: NPVs and estimates of loss of benefits for tour operators (t = 50 years) (USD) 

Discount rate 0.50% 1% 10% 12% 15% 20%

NPV for tour operators 50,324,631 44,809,987 12,167,375 10,372,452 8,539,626 6,688,406 
Loss: low impact scenario 3,341,127 2,960,885 712,969 590,004 464,812 339,061 
Loss: high impact scenario 4,745,272 4,207,853 1,029,488 855,341 677,874 499,302 

These losses are anticipated to occur because of loss of value for the Lake Natron Game Control Area 
(LNGCA) and tourism related to professional hunting which occurs to the east of the Lake in the TGT and 
other hunting concession will be affected. The establishment of soda ash plant and its associated roads, 
rail, lights, and noise will change the wilderness value of Lake Natron. It will lead to increased human 
settlements which will in turn negatively impact on tourist related activities including the hunting activity. 

Other impacts will relate to the disruption of wildlife ungulate movements in the Manyara - Natron migratory 
corridor and in the Lake Natron – Kenya. Wildebeast, elephants and Zebra move to Kenya via the foot of 
Oldonyo Sambu which is adjacent to Lake Natron. The construction of soda ash facility and associated 
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infrastructure as well as the transportation of products with high numbers of trucks travelling to and from the 
plant will potentially disrupt the traditional wildlife migratory corridors, and thus impact on tourism through 
reduced movement of animals which currently attract tourists. The ESIA report provided an estimate of 2 -
400 trucks of 20 - 40 ton capacity using the road daily and high levels of domestic traffic. These will disrupt 
game movement and affect tourism in Lake Natron area.

The concerns regarding the establishment of Lake Natron soda ash project adds to the already existing 
concerns among conservationists concerning the major commercial highway across the Serengeti National 
Park - a 171.5 km road which is part of the bigger plan to connect the proposed new port at Tanga to 
Musoma on Lake Victoria via Arusha and Lake Natron’s shores to be funded by the Tanzania 
Government.28 The road will directly cross the Wildebeest Migratory Route and is considered to have 
negative impact on biodiversity due to increased road kills of large mammals and attendant scavengers, 
including the Ruppell’s vulture, a species which has seen recent massive declines in West Africa with the 
Serengeti ecosystem thought to hold up to a third of the remaining populations of this species. 

The road project will critically affect the mammals that inhabit the Serengeti National Park and could 
potentially disrupt the renowned wildebeest migration between Serengeti and Maasai Mara in Kenya. 
Recent calculations from the Frankfurt Zoological Society show that if wildebeest were cut off from vital dry 
season areas, it is likely the population would decline from 1.3 million animals to about 200,000. This would 
mean a collapse to far less than a quarter of its current population and most likely the end of the great 
migration.

The impacts on tourism, not only at the local level, but also at the national and regional levels will; relate 
mainly to loss of values due to declining quality of the Lake Natron environment and overall biodiversity. 
The establishment of soda ash plant is likely to degrade the environment and cause loss of biodiversity. 
The soda ash plant, for example will return depleted brine to the lake, estimated at a rate of 476 metric tons 
per hour the impact of which on the chemistry of the lake, while not known with certainty, might be 
significant. Other by-products and pollutants to be generated by the plant include: mud slurry (93 metric ton 

                                           
28 The section from Serengeti to Musoma is estimated to cost £ 144 million.
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per hour); fly ash from boilers (5 metric ton per hour); sewerage water (10 m3 per hour); and unknown 
amounts of SO2 and particulate emissions from power generation. 

Importantly, the Lesser Flamingo which breeds successfully in only three locations: the Sua pan in 
Southern Africa, Lake Natron in East Africa, and the Rann of Kachchh in India will also be affected. The 
species requires a network of sites in order to respond to changing environmental conditions.29 In order to 
stimulate nuptial display and thus breeding for example, the species forms flocks ranging in several 500’s 
which carry out an elaborate display. These display grounds tend to be in specific locations and not 
specifically in breeding areas. Lake Nakuru, for instance, is known to be an important display ground but no 
breeding has occurred there for 45 years. At Lake Natron, egg laying tends to occur at the end of the dry 
season between August and November and possibly into December, if rains are late and extend the dry 
season. Usually one egg is laid (in rare cases 2). The important point to note here is that Lake Natron is not 
the only breeding site for Lesser Flamingo because of one reason but for a combination of factors, both 
biotic and abiotic, many of which are not fully understood.  

The Lake Natron ecosystem is also an important area for other species of avifauna and fauna in general. A 
survey of African Spoonbill Platalea alba indicated that there are only four known breeding sites for this 
species in Tanzania, one of which is Lake Natron. In addition, more than 80% of the population of 
Chestnut-banded Sandplover Charadrius pallidus of the East African race C. p. venustus (a highly 
restricted species) inhabits the shoreline of Lake Natron (ibid). There are many other bird species which are 
found in the area, including the Cape Teal Anas capensis which has seen it’s northern with an estimated 
population of approximately 7,000 birds.

In a nut shell, the establishment of a soda ash plant on Lake Natron may have significant impact on the 
suitability of the lake as a breeding site for Lesser Flamingo. The available information suggests that water 
abstraction from the Lake Natron inflows may reduce the extent of the perennial lagoons that act as a 
deterrent to predators (or visitors) disturbing flamingo nesting sites and as many as 50,000 nests can be 
abandoned due to a single incident. 

                                           
29 Lesser Flamingo are known to move several hundred kilometres between saline (rift valley) lakes in East Africa, and between 
salt pans in southern Africa.
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8.1.5 Indirect use values, non-use values and other impacts at the local level  

The indirect use values/use values not covered elsewhere in the preceding subsections and the non-use
values/intangible values (e.g. the existence or intrinsic value) were valued using the CVM.30 The 
respondents were asked to state their WTP and WTAC for sustainable management of the Lake Natron 
ecosystem. The questions were set such that each respondent was asked to state both the WTP and 
WTAC. All the sample households stated their WTAC and only 11.6% were not willing to pay for 
conservation of Lake Natron.  The stated WTP and WTAC were considered as equal to the non-use value 
that the respondent places or tags to the Lake Natron ecosystem. To avoid the risk of double counting the 
use-values of tourism, the enumerators took some minutes to describe to the respondents that the value 
they state as their WTAC should not encompass any of the direct use values (e.g. benefits from tourism, 
agriculture, livestock production, collection of ecosystems goods, like fuelwood and building poles just to 
mention few) which were already covered in the previous questions.  

The enumerators started by describing the valuation process (CVM) to the respondent using the following 
two scenarios: the “pro-soda ash facility scenario” which suggested that the facility be developed so that 
the government gets revenues; and the “counterargument scenario” which was advocating for conservation 
and promotion of ecotourism and sustainable use of natural resources in Lake Natron (existence/intrinsic 
value).

The two scenarios were then redefined such that the first one was suggesting a possibility for the owner of 
the soda ash facility to compensate the society/people for the loss of intrinsic value that would be caused 
by the development and operation of the facility. Again an emphasis was made to remind the respondents 
that the use values covered in the previous questions should not be considered in this case. The second 
scenario was redefined as suggesting that when the facility is not developed there will be foregone 
revenues that the government would wish to recover using alternative sources. The most likely source was 
described as the introduction of a special “recovery mechanism” and/or “annual conservation payment” for 

                                           
30 Market prices for intangibles often are absent and this forces more indirect valuation methods to be used (e.g. the Contingent 
Valuation Method (CVM) and the Travel Cost Method (TCM)).
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promotion of ecotourism and sustainable use of natural resources which would be charged as part of 
income tax for all citizens and taxpayers. 

In case the respondent opted for the first scenario then he/she was asked to state his/her WTAC per 
annum and if opted for the second scenario he/she was asked to state his/her maximum WTP for the 
special “annual conservation payment.” A cross-check question then followed where the respondent was 
asked to provide another value for the counter scenario so that the respondent had to provide answers for 
both scenarios. The average values of WTP and WTAC for the sample households were used to scale up 
or obtain the overall value for the whole of the Lake Natron area by multiplying these averages with the 
number of households, estimated for 2010.

In this case, both values were reported though the best practice is to use the more conservative of the two 
values. There are good reasons to believe that the WTA is still valid but WTP is the more commonly used 
(and still usually rather large) value. The reasoning is that whilst WTA is a theoretically valid measure, 
people tend to overstate it rather massively. In basic neo-classical economics WTP should be equal to 
WTAC though human preferences do not work like that. However since WTP is believed to be less biased 
than WTA analysts tend to use it because it provides a conservative estimate which can be defended more 
solidly. The results of analysis of the WTP and WTAC are summarized in Table 53.

Table 53: Indirect use and Intrinsic values of Lake Natron Ecosystem, estimated using CVM (n = 86) 

Value/HH Minimum (TZS/Yr) Maximum (TZS/Yr) Average (TZS/Yr) Std Deviation

WTAC 500 000.00 9 000 000.00 2 150 698.00 1 892 870.58

WTP 0.00 60 000.00 19 674.42 14 612.00

The average WTP and WTAC for the sample households were TZS 19,674 (USD 13.12) and 2,150,698 
(1,433.80) respectively. For all households in the wards of Lake Natron, the annual indirect use and non-
use/intrinsic values were estimated based on the WTAC and WTP at USD 22.63 million and USD 
207,092.94, equivalent to NPVs of USD 247.0 million and 2.26 million respectively at r = 10% and t = 50 
(Table 54). It should however be noted that this value does not include the indirect use and intrinsic values 
by communities and people living outside the wards of Lake Natron. Due to methodological and time 
limitations, the CVM in this study was applied to the sample villages of Lake Natron area and not elsewhere 
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in Tanzania and/or outside the country. If these other areas are taken into consideration, the indirect use 
and non use values can be enormous. 

Based on the WTP, the losses of values of indirect use and intrinsic/non-use values at the local level were 
estimated at NPVs of USD 102.66 thousand and USD 205.32 thousand for the “low” and “high” impact 
scenarios respectively. Using the data of WTAC, the losses were relatively higher estimated at USD 11.22 
million and USD 22.44 million for the “low” and “high” impact scenarios respectively.

Table 54: NPVs of indirect uses and intrinsic value of Lake Natron area and loss of value at the local 

level (t = 50 years) 

Discount rate 0.50% 1% 10% 12% 15% 20%

a) NPV (WTP) 9,348,734 8,324,287 2,260,316 1,926,876 1,586,394 1,242,496 
   Loss: Low impact scenario 457,082 405,860 102,661 85,989 68,965 51,770 
   Loss: High impact scenario 914,164 811,719 205,322 171,978 137,930 103,540 
b) NPV (WTAC) 1,021,951,600 909,964,719 247,085,149 210,635,307 173,415,765 135,822,691 
   Loss: Low impact scenario 49,965,668 44,366,324 11,222,345 9,399,853 7,538,876 5,659,222 
   Loss: High impact scenario 99,931,335 88,732,647 22,444,690 18,799,706 15,077,752 11,318,444 

8.1.6 Opportunity cost of water

The amount of water required for operating the proposed soda ash facility is huge. NORCONSULT (2007) 
estimated water requirement for the soda ash complex in Lake Natron at 129 m3 per hour, including 80.89; 
25; and 22.68 m3 per hour as process; fire; and domestic water respectively. The total annual water 
requirement for the proposed soda ash complex was estimated at 1,130,040 m3 (Table 55).  

Table 55: Water demand for proposed soda ash mining project 

Use m3/hour m3/annum
Fresh water for plant operation 106             928,560 
Fresh water for domestic use 23             201,480 
Total 129          1,130,040 

While little is known about the exact sources of water for the proposed soda ash plant and actual impacts of 
abstracting water from these sources, especially on the integrity of Lake Natron ecosystem, it can 
generically be argued that the establishment of the plant will result in intensified conflicts and competition 



89

for water resources in Lake Natron area.31 The available water resources in Lake Natron area are already 
under stress and could best be viewed as economically scarce. Water shortage, especial in the dry season 
is already rampant.32 The available water resource in Lake Natron are unlikely to meet additional huge 
water demands without compromising adequate supply to meet demands of present uses, notably water for 
use by local communities and wildlife. Ground water could be an option; unfortunately there are no 
adequate empirical findings to justify its use in soda ash production. 

Important to note is the Ewaso Ngiro River which originates in Kenya. This is the major source of water 
entering the Lake Natron. The mean annual flows (MAF) and mean monthly flows (MMF) for the river as 
recorded in the Kenyan side starting from 1947 to 1990 are presented in Figure 8 and Figure 9
respectively. 

Figure 8: Mean annual flows for the Ewaso Ngiro River for the period 1947 to 1990

                                           
31 NORCONSULT (2007) indicates that the original plan was to obtain this water from the eastern side of Lake Natron utilizing 
local seasonal surface water flows, ground water and piped water from neighboring catchments.

32 Existing sources of natural water system in Lake Natron include the Ewaso Ngiro, Pinyinyi, Monic and Engare-Sero Rivers, 
and small springs such as the Ndalalani, Enjorro Olormukune, Leshuta, Monie, Engoug’u Olopiro and Takano springs. There are 
also many other saline springs at the vicinity of Lake Natron, but these are just important for maintaining the chemistry of the lake 
but not suitable for use in the proposed soda ash facility.
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Figure xx: Mean monthly flow for Ewaso Nyiro River during the period 1947-1990 and the estimated Facility 
water requirement

Figure 9: Mean monthly flow for the Ewaso Ngiro River for the period 1947 – 1990 and estimated 
water requirement for the proposed soda ash plant

Generally there is variation in daily flows due to rainfall fluctuations in the Kenyan catchment. The long term 
mean monthly flows (Figure 9) show that the high flow months are April and May while the low flow months 
are from October to March. Generally the long term MMFs vary from 21.25 m3/s in May to 4.92 m3/s in 
January. The long term recorded MAF for the period 1947 to 1990 is about 9.74 m3/s.

While recent information on river flows to enable a detailed analysis of the current hydrological condition of 
Lake Natron was generally lacking, the study team solicited some observations collected by the IDB Lake 
Natron study through spot discharge measurements which were done for all the rivers, springs and streams 
which discharge water into the lake in June 2010 (Table 56). According to these measurements the Ewaso 
Ngiro River contributed over 70% of all the inflows into Lake Natron (i.e. 18.58 m3/s out of 25.245 m3/s) 
which suggests that the river is an important component of the lake’s hydrology. Other significant 
contributors were the Endalekinyiro spring (1.995 m3/s); Engare Sero River (1.208 m3/s); Penyinyi River 
(0.938 m3/s), and Ngongoremi spring (0.789 m3/s). 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Mean monthly flow 4.92 3.09 5.57 16.42 21.25 9.78 9.09 12.39 13.69 7.32 6.60 6.73

Facility water requirement 0.054 0.054 0.054 0.054 0.054 0.054 0.054 0.054 0.054 0.054 0.054 0.054
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Table 56: Spot discharge measurements in various rivers, springs and streams draining into Lake 
Natron, June 2010

Source Name Coordinates Altitude 
(amsl)

Observed flow 
(m3/s)Easting Northing

Wosi wosi spring 0175702 9728645 607 0.109
Wosi wosi springs 0175902 9728919 610 0.007
Ngongoremi spring 0171202 9720550 605 0.789
Ngongoremi spring 0171148 9720681 606 0.216
Endalekinyiro spring 0167782 9713400 621 1.995
Endalekinyiro spring 0167792 9713438 624 0.201
Merwe River 0833500 9710422 611 0.542
Engare Sero River 0899940 9708734 713 1.208
Ndalalani Stream 0820139 9710515 661 0.069
Moinik River 0820971 9722429 631 0.040
Engongu loviro stream 0820898 9784153 621 0.016
Unknown  spring name 0821173 9725081 619 0.031
Engong’uwasi spring 0821175 9725919 614 0.156
Penyinyi River 0826778 9745441 639 0.938
Penyinyi River u/s abstraction 0826762 9745492 637 0.344
Ewaso Ngiro River 0179140 9789289 647 18.584
Total 25.245

Source: IDB, Lake Natron field study (2010)

In general, any new development in Lake Natron area which demands huge amount of water is likely to add 
more pressure and competition over the available water resource. The proposed soda ash mining facility, 
for example, will require about 106 m3/hour (0.029 m3/s) of freshwater for plant operations and 23 m3/hour 
(0.006 m3/s) for domestic use (Table 57), all summing up to a total water demand of 129 m3/hour 
(equivalent to 0.0358 m3/s or 35.83 l/s). Annually, the facility will require 0.93 Mm3 for plant operations and 
0.2 Mm3 for domestic use. The total annual requirement of freshwater will be 1.13 Mm3.

Table 57: Water requirement for the proposed soda ash facility in Lake Natron area

Description Water Requirements

m3/hour Mm3/year m3/s l/s

Fresh water for plant operation 106 0.9286 0.0294 29.44
Fresh water for domestic use 23 0.2015 0.0064 6.39
Total 129 1.1300 0.0358 35.83
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Comparing the total water requirements for the soda ash facility with the mean monthly flows for Ewaso 
Ngiro River (Table 58) and recent spot discharge measurements taken by the IDB one may consider the 
plant water requirement as insignificant but its overall impact especially with respect to increasing pressure 
and competition over water in the basin can be huge. 

Table 58: A comparison of water requirement for the proposed soda ash facility in Lake Natron area 

and mean monthly flows of the Ewaso Ngiro River 

Month Mean Monthly Flow
(m3/s)

Facility water 
requirement  

(m3/s)
Water requirement as

% of river flow
Jan 4.92 0.036 0.73
Feb 3.09 0.036 1.16
Mar 5.57 0.036 0.64
Apr 16.42 0.036 0.22
May 21.25 0.036 0.17
Jun 9.78 0.036 0.37
Jul 9.09 0.036 0.39
Aug 12.39 0.036 0.29
Sep 13.69 0.036 0.26
Oct 7.32 0.036 0.49
Nov 6.60 0.036 0.54
Dec 6.73 0.036 0.53

Importantly however, is the major concern related to the likely changes in the water chemistry of the Lake 
as a result of water abstraction and discharge by the plant and the fact that the environmental water 
requirements for the ecosystem itself, including the rivers, streams, springs and the lake are not known. At 
the same time, the National Water Policy of 2002 and the Water Resources Management Act of 2009 
stipulate that the environmental flows should be evaluated and reserved before any abstractions other than 
domestic uses are made. Since this has not been done, it is hard to justify water abstractions for the 
proposed facility.

It is also important note that due to paucity of information, the characterization of river flow data has been 
made based on not only relatively few but also old historical mean monthly flow data for the Ewaso Ngiro 
River, which may not provide a realistic picture of the variation in flows, especially for a disaggregated daily 
scale. Just as important, the June 2010 spot discharge measurements by the IDB’s field study coincided 
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with the recession limb of the flow hydrograph following rainfall cessation in the Lake catchments at the 
time of measurement. Therefore, these also may not provide a realistic portray of the flow situation during 
the dry season.

Water resources of Lake Natron ecosystem are important for the local community and for biodiversity 
conservation. Therefore, it is imperative that any decision to establish additional developments in the area 
should be reached after a thorough analysis of possible impacts on the ecosystem as well as the 
livelihoods and biodiversity it supports. It is also important to note that, unfortunately many proposals to 
introduce developments, especially in many fragile ecosystems like that of Lake Natron, have failed to tag 
any value on water which is needed by the developments. In so doing, these proposals have ignored the 
opportunity costs of water.33 The same water could be used for different other uses at the local, national or 
regional levels (e.g. hydropower generation, irrigation or even wildlife conservation just to mention few). 
The opportunity cost or put different, the benefits foregone by using this water for soda ash mining and not 
for other alternative uses can be significant. 

In this sub-section we present the results of analysis of the opportunity cost of water in its different 
alternative uses. Where site specific input data were not available, the analysis of opportunity costs of 
water has benefited from secondary information reported by previous studies done elsewhere in Tanzania 
and in other countries with similar environmental and economic set up. An important first step in the 
analysis entailed the establishment of unit values of water in alternative uses and a brief review of these 
values is presented in the following paragraphs. The estimates of opportunity cost of water in irrigation, 
hydropower, and livestock production are presented and discussed in sub-sections 8.1.6.1 through 8.1.6.3. 

In agriculture, different studies have come up with different unit values of water for different uses. Perry 
(2001) estimated the value of water for Sub-Saharan Africa as ranging from USD 0.05 – 0.90 per m3, with 
the majority of observations in the range of USD 0.10 – 0.20 per m3. In the Great Ruaha River Catchment 
(GRRC), in Tanzania, Kadigi et al., (2008) estimated the net values of water in irrigated paddy at USD 0.01 
                                           
33 Any decision that involves a choice between two or more options has an opportunity cost. This is normally expressed in 
relative price, that is, the price of one choice relative to the price of another. Scarcity of resources such as water necessitates 
trade-offs, and trade-offs result in an opportunity cost. While the cost of a good or service often is thought of in monetary term, 

the opportunity cost of a decision is based on what must be given up (the next best alternative) as a result of the decision.
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and 0.04 per m3 for abstracted and net consumed water respectively. The values were the highest in high 
value crops like tomatoes ranging from USD 0.21 to 0.29 per m3 (Kadigi, 2006; Kadigi et al., 2008). In their 
preliminary economic assessment of water resources of the Pangani River Basin in Tanzania Turpie et al. 
(2003) estimated the average gross income per unit of water used in irrigation as ranging from TZS 50 to 
1400 m3 (equivalent to USD 0.07 – 0.93, using the current exchange rate of TZS 1,500 per USD).

In hydropower generation, the net values of water for the Mtera – Kidatu system in Tanzania were 
estimated at USD 0.08 and 0.21 for water flowing through the turbines and net water consumed through 
evaporation in reservoirs (Kadigi et al., 2008). For domestic uses, brick making and livestock production the 
net values of water were estimated at USD 52.10; 0.77; and 1.11 per m3 respectively (Kadigi, 2006). 

The unit values presented in the preceding paragraphs formed an important input in the estimation of 
opportunity costs of water in the study. The unit values of water in the GRRC were estimated using the 
Residual Imputation Approach (RIA) which falls under the category of conventional market based approach 
and has been widely used to derive the economic value of water, particularly in irrigation (Hussain et al., 
2001; Renwick, 2001; Young, 1996). The method involves identification of the incremental contribution of 
each input to the value of total output. Water values in the Pangani River Basin were estimated by studying 
in detail the water allocation and uses ascertained based on data for 300 water user rights which were 
categorized for different uses as specified in the Water Utilization Act, 1999 and summarized in Table 59. 
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Table 59: Water use fees in Tanzania 

Type of use Fee (TZS) Fee (USD) *
1) Water rights application for domestic/livestock, 

small scale irrigation/fish farming                    40,000.00                    26.67 
2) Water rights application for large scale irrigation/

power generation/industrial/commercial                  150,000.00                 50.00 
3) All other applications                    40,000.00                    26.67 
4) On every appeal to the Minister                    70,000.00                    46.67 
5) Economic water use fees

           a) Domestic/livestock/fish farming for every 50 m3

              All abstractions less than 37 litres/second, flat rate                    35,000.00                    23.33 
              All abstractions equal or above 37 litres/second for 50 m3                            35.00                      0.02 
          b) Irrigation
          i) Small scale

               All abstractions less than 3.7 litres/second, flat rate                    35,000.00                    23.33 
              All abstractions equal or above 3.7 litres/second for 1,000 m3                            35.00                      0.02 
          ii) Large scale for every

               All abstractions less than 18.5 litres/second, flat rate                    35,000.00                    23.33 
               All abstractions equal or above 18.5 litres/second for 1,000 m3                            70.00                      0.05 
          iii) Business (e.g. flower export0 for every 1,000 m3                      1,000.00                      0.67 

6) TANESCO power Royalty Fees          165,500,000.00         110,333.33 
7) Industrial for every                          50.00                      0.07 

              All abstractions less than 1.11 litres/second, flat rate                    35,000.00                    23.33 
              All abstractions equal or above 1.11 litres/second for 1,000 m3                            35.00                      0.02 

8) Institutional/Regional centres
              All abstractions less than 1.4 litres/second, flat rate                    35,000.00                    23.33 
              All abstractions equal or above 1.4 litres/second for 50 m3

               Urban Water and Sewerage Authorities
                       Category A for every 50 m3                          120.00                      0.08 
                       Category B for every 90 m3                          50.00                      0.07 

9) Commercial for every
              All abstractions less than 0.94 litres/second, flat rate                    35,000.00                    23.33 
              All abstractions equal or above 0.94 litres/second for 50 m3                          150.00                      0.10 

10) Mining for every 50 m3                          170.00                      0.11 
Source: URT (1999). Water Utilization Act, 1999. Dar es Salaam, Tanzania.
Fees in TZS converted using an exchange rate in August 2011 of USD 1 = TZS 1,500
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8.1.6.1 Opportunity cost of water in irrigation

Using the unit value of water in irrigation for high value crops of 0.29 per m3 which was estimated for GRRC 
in Tanzania, and annual water demand of about 1.13 Mm3 per annum for the soda ash mining, the 
opportunity cost of water was estimated at about USD 327,711.6 per annum (equivalent to USD 3.6 million 
when discounted using a social discount rate of 10%, assuming a project life of 50 years) (Table 60).

Table 60: Opportunity costs of water in irrigation (discounted values, t = 50 years) 

Discount rate (r) 0.50% 1% 10% 12% 15% 20%

USD 14,793,786 13,172,663 3,576,808 3,049,160 2,510,631 1,966,171 

8.1.6.2 Opportunity cost of water in hydropower generation

As also pointed out in the ESIA report, there have been some proposals for hydropower projects using 
water from Ewaso Ngiro River, which is the main source of water for irrigation in Pinyinyi village and 
supplying fresh water in Lake Natron. Examples of these projects include the Ewaso Ngiro River (South) 
Multipurpose Project in Kenya, which consisted of hydropower plant and agricultural developments. The 
plan was prepared for the Kenyan Power Company by a consortium of companies in 1993. However, the 
project did not continue due to concerns raised by Tanzania.34

A similar proposal was made on the Tanzania side by TANESCO and a pre-feasibility study was conducted 
to assess the possibility of developing the waters of the Pinyinyi River for a 30 megawatt power station, a 
development which was considered to have secondary infrastructure requirements as well, such as power 
lines and others. 

In both projects there have been necessary trade-off decisions that were made and which implied some 
benefits being forgone as the result of the decisions. As for the previous development proposals the 

                                           
34 During consultations with different stakeholders in Tanzania and Kenya, concerns were raised that the construction of the soda 
ash plant in Lake Natron may trigger decisions to reconsider and implement the Ewaso Ngiro (South) Multipurpose Project in 
Kenya. Such developments will create additional impacts on Lake Natron and its wildlife.  
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proposal for establishing a soda ash facility in Lake natron area and using water in soda ash mining implies 
some benefits foregone. Using the value of water in HEP production of USD 0.21 per m3 of consumed 
water as established for the Mtera – Kidatu Hydropower system in GRRC, the opportunity cost of water in 
HEP production is estimated at USD 237,308 per annum (equivalent to USD 2.6 million when discounted 
using a social discount rate of 10%, t = 50 years) (Table 61).

Table 61: Opportunity costs of water in HEP generation (discounted values, t = 50 years) 

Discount rate (r) 0.50% 1% 10% 12% 15% 20%

USD 10,712,724 9,538,809 2,590,098 2,208,009 1,817,850 1,423,777 

8.1.6.3 Opportunity cost of water in livestock production

Using a unit value of water in livestock production of USD 1.11 per m3 adopted from a study conducted in 
GRRC, Tanzania (Kadigi et al., 2006) and an annual water demand of 1.13 Mm3 for the proposed Lake 
Natron soda ash facility, the opportunity cost of water or benefits foregone in livestock production was 
estimated at USD 1.25 million per annum (equivalent to about USD 13.7 million when discounted using a 
social discount rate of 10%, assuming a project life of 50 years).

Table 62: Opportunity costs of water in livestock production (discounted values, t = 50 years) 

Discount rate (r) 0.50% 1% 10% 12% 15% 20%

USD 56,624,493 50,419,502 13,690,542 11,670,922 9,608,654 7,525,690 

8.2 Potential Economic Impacts on Tourism at the National Level

Official records in Ngorongoro and Longido District Councils indicated that in 2009/2010 revenues which 
accrued to Central Government from hunting alone amounted to TZS 51,629,226 and TZS 32,897,720 
respectively. For these two Lake Natron districts revenue from tourism amounted to TZS 84,526,946 (USD 
56,351.30) for the Lake Natron area, which is equivalent to NPV of USD 615,046 at r = 10% and t = 50).
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Table 63: NPVs and loss of revenue from tourism in Lake Natron area at the national level (t = 50 

years) 

Discount rate 0.50% 1% 10% 12% 15% 20%

NPV from Tourism/National 2,543,850 2,265,091 615,046 524,315 431,668 338,091 
Loss: low impact scenario 124,375 110,437 27,935 23,398 18,766 14,087 
Loss: high impact scenario 248,750 220,874 55,869 46,796 37,532 28,174 

At 10% discount rate (t = 50 years) the loss of revenue from tourism at the national level was estimated to 
amount to about USD 27.9 thousand and USD 55.9 thousand for the low and high impact scenarios 
respectively.

The exact magnitudes of economic impacts on the tourism industry are difficult to estimate with certainty 
because the reaction of the wildlife to the development is unknown. Yet, the results of analysis in this study 
suggest that there could be a huge impact that may affect, for example, the migratory roots, habits and 
populations of the lesser flamingos, and other Natron species, making the impacts huge for countries 
across East and South Africa. Part of the justification for rejecting the soda ash plant proposal is a 
precautionary approach to the vast amount of tourism in the region dependent on the wildlife and 
ecosystems of which Natron forms a big part.

8.3 Trans-boundary Issues and Potential Economic Impacts at the Regional Level

Lake Natron constitutes an important node linking a network of wildlife conservation systems in Eastern 
and Southern Africa. It is part of the major migratory route that facilitates movement of wildlife across the 
border to and from Kenya to and from other countries in the network. The Lake Natron ecosystem 
therefore, provides benefits related to biodiversity conservation by facilitating or linking wildlife movement 
from one ecological system to another within the Eastern and Southern Africa wildlife conservation network. 
This enables other countries to share the benefits of wildlife conservation, for example through collection of 
revenues accruing from tourism. Taking into consideration the total number of tourists who visit the different 
parks and reserves in this network, the loss of benefits resulting from reduced number of tourists due to 
deteriorating condition of parks and reserves can be significant. For Kenya only, the numbers of tourists 
who have visited the country’s national parks and reserves for the period from 2006 to November 2010 are 
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given in Table 64.  The trend of annual revenues for the period from 2000/01 to 2010/11 is shown in Figure 
10 and the shares of revenue by type of park or reserve are depicted in Figure 11.

Annual revenues from the Parks and Reserves in Kenya have average at KSH 1.46 billion (equivalent to 
about USD 25.3 per annum).35 The highest annual revenues were recorded in 2010/2011 amounting to 
about KSH 2.38 billion or USD 51.1 million. Of all the parks and reserves, the Sanctuaries, Premium Parks 
and Wilderness Parks have contributed the largest share of total revenues from tourism (about 76%).

                                           
35 Exchange rate: USD 1 = KSH 83.8708.
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Table 64: Number of visitors in Parks and Game Reserves of Kenya, 2006 – November 2010 

2006 2007 2008 2009 2010 Jan-Nov 2011
Premium Parks 

     Amboseli National Park 153,193 156,430 84,680 133,594 208,999 153,609
      Lake Nakuru National Park 327,005 346,795 137,683 197,037 240,747 222,655
Urban Safari 

     Nairobi National Park 101,751 92,708 91,232 105,674 120,817 117,756
Wilderness Parks 

     Aberdare National Park 54,535 50,426 26,240 37,882 42,798 43,134
     Tsavo East National Park 223,330 237,059 110,871 205,030 264,728 211,907
     Tsavo West National Park 130,864 134,794 71,240 110,826 138,125 85,080
     Meru National Park 10,170 11,403 15,300 14,431 18,856 16,768
     Chyulu Hills National Park 249 205 137 416 359 160
Mountain Parks

     Mt. Kenya National Park 39,110 36,759 19,896 25,723 26,866 25,566
Scenic & Special Interest Parks 

     Hell's Gate National Park 36,915 72,048 69,061 79,063 98,271 102,167
     Mt. Elgon National Park 4,951 5,213 4,084 5,340 5,261 4,782
     Shimba Hills National Reserve 19,528 21,488 13,221 18,889 20,318 11,570
     Arabuko Sokoke Forest Reserve 4,448 3,491 2,132 2,158 978 71
     Ndere Island National Park 146 130 39 368 1448 1206
     Kakamega National Park 4,409 4,482 3,496 4,898 7,743 6,308
     Mt. Longonot National Park 17,988 21,670 21,475 26,551 33,263 35,782
     Ol Donyo Sabuk National Park 3,450 5,224 7,605 5,717 8,480 6,217
     Mwea National Reserve 285 618 574 299 796 780
     Saiwa Swamp National Park 1,727 2,394 2,014 2,983 2,740 2,665
     Ruma National Park 1,466 2,097 1,379 1,368 2,462 2,871
     Marsabit National Reserve 1,170 1,843 1,680 979 1,200
     Sibiloi National Park 620 368 439 445 961 744
     South & Central Island National Parks 239 281 42 49 276 199
Marine Parks 

     Kisite Mpunguti Marine National Park 66,261 59,706 28,055 40,999 47,995 47,228
     Kiunga Marine National Reserve 777 1,271 761 1,858 3,108 1,653
     Watamu Marine Park & Reserve 40,845 32,193 17,394 19,370 25,388 31,795
     Mombasa National Park & Reserve 33,189 39,153 26,592 29,311 37,896 32,598
     Malindi Park & Reserve 38,284 40,298 29,738 41,659 46,851 41,940
Sanctuaries 

     Nairobi Animal Orphanage 227,920 256,219 277,909 327,010 490,152 354,717
     Kisumu Impala Sanctuary 80,128 71,860 77,530 113,834 193,360 147,814
     Nairobi Safari Walk 156,795 191,621 196,875 210,503 200,728 159,866
     STH 5,556
TOTAL 1,781,748 1,900,247 1,339,374 1,764,264 2,297,526 1,869,608
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Figure 10: Annual revenues from visitors in Parks and Game Reserves of Kenya (KSH ‘000) 
(Source: KWS Office records, 2012)

Figure 11: Shares of annual revenues from visitors by type of Kenyan Parks and Reserves for the 
period 2000/01 – 2010/11 (KSH ‘000) (Source: KWS Office records, 2012)
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It is important to note that tourist revenues accruing to most of these national parks might be affected 
significantly if the proposed soda ash mining facility is constructed in Lake Natron area mainly due to the 
anticipated increase in human activities and blockage of the Lake Natron wildlife corridors.

For example, Government revenues from tourism at Lake Nakuru, Lake Bogoria and Lake Elementaita in 
Kenya are largely dependent on Flamingo tourism. These lakes together with Lake Magadi and Lake Logipi 
are renowned as important areas for Flamingo tourism in Kenya.  

Lake Nakuru forms part of Lake Nakuru National Park with its major attraction being the abundance of 
flamingos. Although the flamingo population fluctuates as they migrate up and down the Rift Valley to 
breed, the available information indicates that there are also about 400 other recorded species of birds on 
the lake shores and in surrounding park making it second only to Lake Baringo as the most prolific 
ornithological site in Kenya.36

Lake Bogoria is a Ramsar site and has been a protected National Reserve since November 29, 1973. It is 
shallow (about 10 m depth), and is about 34 km long by 3.5 km wide, with a drainage of 700 km2 (ibid) The 
soda waters of the lake contain the blue-green algae which tend to attract massive flocks of flamingos 
seasonally. The lake has also the highest number of true geysers in Africa. It has around 200 hot springs at 
three onshore sites while the other hot springs discharge directly from the lake floor.

Lake Elementaita was profiled as a Ramsar site and a wetland of international importance in 2005. The 
lake is an important area for flamingo and other bird species tourism. It is a stop-over for over 350 bird 
species with a population of 200,000 flamingos though the numbers increase when environmental 
conditions like food resource base are limited in other saline lakes.37

Because of their importance, Lake Bogoria, Lake Nakuru and Lake Elementaita have of recent been added 
to the UNESCO World Heritage List by an international panel of government representatives during its 

                                           
36 http://www.tourism.go.ke

37 http://www.enhols.com/kenya_safari/lake/elementaita.aspx
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annual meeting in Paris, France held on June 26, 2011.38 The lakes are located in the basins on the floor of 
the Great Rift Valley, which runs on a north-south line through Kenya and they are an integral part of one of 
the largest bird migratory routes in the world sustaining 75 percent of the global population of the lesser 
flamingo, supporting one of the major breeding colonies of the great white pelicans and providing a vital 
wintering ground for over 50 species of migratory birds (ibid).

Of all the lesser flamingo-based tourist sites in Kenya, Lakes Nakuru and Bogoria are the most important 
ones. The trend of number of tourists who visited the sites for the period 2000 to 2009 is shown in Figure 
12.39

Figure 12: Number of tourists who visited Lakes Nakuru and Bogoria for the period 2000 - 2009 
('000)

Visitors at Lake Nakuru and Lake Bogoria for the period from 2000 – 2009 have averaged at 304,500 
people per annum. Taking the average revenue per tourist, calculated from the average number of tourists 

                                           
38 The sites have been added to the UNESCO World Heritage List as extraordinary natural areas in Kenya, together with others 
in Australia, Japan and Germany that deserve the highest level of protection (http://www.ens-newswire.com/ens/jun2011/2011-
06-26-01.html).

39 Data obtained from http://www.tourism.go.ke/ministry.nsf/pages/facts_figures
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for the period from 2006 to 2010, the total revenues from lake Nakuru and Lake Bogoria were estimated to 
average at USD 4.24 million per annum. 

Table 65: NPVs and loss of Government revenue from flamingo related tourism in Lake Nakuru and 

Lake Bogoria (t = 50 years) 

Discount rate 0.50% 1% 10% 12% 15% 20%

NPV from flamingo tourism 191,481,113 170,498,346 46,295,871 39,466,334 32,492,580 25,448,837 
Loss: low impact scenario 9,361,971 8,312,833 2,102,709 1,761,232 1,412,545 1,060,358 
Loss: high impact scenario 18,723,943 16,625,666 4,205,419 3,522,465 2,825,089 2,120,715 

For the low impact scenario, annual loss of Government revenue from flamingo-related tourism in Kenya 
via the Lake Nakuru and Bogoria was estimated at NPV of USD 2.1 million, for r = 10% and t = 50 years. 
Using the high impact scenario, the annual loss of Government revenue for the two sites were estimated at 
NPV of about USD 4.2 million, for r = 10% and t = 50%. There will also be loss of benefits accruing to 
tourism dependent activities (e.g. tourist lodges and camps). Assuming the average number of days stayed 
by tourists in Lake Natron area as obtained using the travel cost approach in Lake Natron (of 4.1 days) and 
average amount of money spent for accommodation and meals (USD 664 per tourist), and net income of 
40% of the gross revenues, the average net income accruing to operators of lodges, hotels and camps 
from tourists visiting Lakes Nakuru and Bogoria was estimated at USD 80,875,200 per annum.40 This is 
equivalent to NPV of USD 882.7 million at a social discount rate of 10% and t = 50 years (Table 66).

Table 66: NPVs and loss of benefits to operators of lodges, hotels and camps in Lake Nakuru and 

Lake Bogoria (t = 50 years) 

Discount rate 0.50% 1% 10% 12% 15% 20%

NPV current scenario 3,650,924,891 3,250,851,452 882,712,370 752,495,211 619,528,295 485,226,937 
Loss: low impact scenario 178,502,485 158,498,813 40,091,859 33,581,001 26,932,655 20,217,587 
Loss: high impact scenario 357,004,969 316,997,625 80,183,717 67,162,001 53,865,309 40,435,174 

                                           
40Average daily rates for hotels and lodges found around Lake Nakuru were reported to range from USD 200 to 250 
(http://www.tourism.go.ke/dir_ministry.nsf/ministryaccommodation?OpenView&Start=55&Count=10).
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For the low impact scenario, annual loss of benefits to operators of lodges, hotels and camps in the Lake 
Nakuru and Bogoria areas was estimated to amount to NPV of USD 40.1 million, for r = 10% and t = 50 
years. For the high impact scenario, the annual loss of benefits for operators of lodges, hotels and camps in 
the two sites were estimated at NPV of USD 80.2 million, for r = 10% and t = 50%. 

It should however be noted that, the losses of benefits estimated in this case relate only to losses of 
benefits from shrinking of flamingo related tourism for Lakes Nakuru and Bogaria. Expectedly, the total 
losses will be higher than the values estimated here if all other spill-over costs and impacts (in all countries 
that are part of the Eastern and Southern Africa conservation network) are taken into consideration. Due to 
paucity of information, the values for the latter costs and impacts were not estimated in this study. 

8.4 Loss of Ecosystem Value to International Visitors

Tourism is one of the important use values in the Lake Natron ecosystem. The assessment of the impact of 
soda ash plant on tourism involved the identification and analysis of benefits, which accrue from tourism in 
the business as usual or current situation scenario and the evaluation of likely rate of loss of these benefits 
when the soda ash plant is established. 

The analysis of loss of use value to international visitors used the primary data which were collected using 
a structured question administered to 37 tourists which visited the Lake Natron area during the study. The 
questions were designed to enable the estimation of consumer surplus for the Lake Natron international 
visitors using the Travel Cost Method. The method is used to estimate economic use values associated 
with ecosystems or sites that are used for recreation. The basic premise of the method is that the time and 
travel cost expenses that people incur to visit a site represent the price of access to the site or their 
willingness to pay to visit the site. 

The results of analysis of the costs that tourists incur in visiting the Lake Natron area and its associated 
network of attractions under the business as usual scenario were estimated to average at USD 1,799.50 -
per trip per tourist (Table 67). This cost includes the costs transport/fare, accommodation and other costs, 
excluding the entrance fees. Using the average number of tourist entering the Lake Natron through the 
Engare Sero gate from 2007 to 2010 of 2,721 (Figure 6), the total travel cost for these tourists can be 
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estimated at USD 4,896,439.5  per annum.  Taking into account the distributional weights for the various 
areas which are visited by tourists an average tourist was willing to pay USD 435.48 to visit the Lake 
Natron area (see Table 68 for the weighted percentages of distributional weights). Using an average 
number of 2,721 tourists per annum, the total travel costs for tourists entering Lake Natron area through the 
Engare Sero gate was estimated at USD 1,184,938.36. This is equivalent to the net present travel cost of 
about USD 12.9 million at r = 10% and t = 50 years (Table 69).

Table 67: Results of travel cost analysis for Lake Natron tourists (n = 37)  

Variable Mean Median StDev SE Mean
Number of trips for the past 10 years 2.0 2.0 1.889 0.174
Average number of days stayed 4.1 4.0 1.131 0.179
Fare/transport per trip (USD) 1,037.9 1,005.0 101.200 16.000
Accommodation and meals (USD) 664.0 500.0 359.400 56.800
Other costs (USD) per trip (USD) 97.6 52.5 94.900 15.000
Total travel costs per trip (USD)* 1,799.5 1,655.0 413.000 69.700
*This excludes the fee which is paid by tourists when entering Lake Natron

Table 68: Sites visited by Lake Natron tourists, weighted % (n = 37)  

Site %

Serengeti National Park and Ngorongoro Conservation Area 33.5
Mountain Kilimanjaro (Kilimanjaro National Park) 26.7
Lake Natron area (including Oldonyo Lengai Mountain and other Lake Natron sites) 24.2
Tarangire and Arusha National Parks 8.9
Lake Victoria, Bagamoyo, Kilwa and Zanzibar 4.5
Other attraction sites and national parks, including Ruaha and Mikumi National Parks and others 2.2
Total 50.0

Table 69: NPVs and estimates of value loss for international visitors to Lake Natron area (t = 50 

years) (USD)

Discount rate 0.50% 1% 10% 12% 15% 20%

NPV of Lake Natron/International 53,491,317 47,629,664 12,933,010 11,025,140 9,076,983 7,109,275 
Loss: low impact scenario 2,615,319 2,322,236 587,404 492,010 394,602 296,217 
Loss: high impact scenario 5,230,638 4,644,473 1,174,807 984,020 789,204 592,434 
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The loss of value for international visitors was estimated to amount to NPV of about 587.4  thousand and 
USD 1.17 - million for the low and high impact scenarios respectively, at r = 10% and t = 50 years. It should 
however be mentioned that the estimation of losses of value in this case recognized the fact that removing 
one attraction from a suite of attractions is likely to cause uncertain levels of damage due to 
interconnections through the market as infrastructure in one area relies on that in others. It is also likely to 
cause uncertain levels of damage due to disruption of ecosystem interconnections as damaging Lake 
Natron might also damage the other attractions. The valuation also acknowledged the fact that there are 
also uncertainties that relate to the consumer decision making as the options available change. This 
renders to the broader difficulty of estimating the costs of the plant. This difficulty notwithstanding, the study 
assumed a 5% and 10% loss for the worse and worst cases respectively.  
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9.0 BENEFITS AND COSTS OF SUSTAINABLE MANAGEMENT

9.1 Sustainable Eco-tourism as an Alternative

To great extent, the results of CBA in this study support the adoption of sustainable eco-tourism as the best 
alternative use of Lake Natron resources. It is therefore imperative that the funds which were meant to 
support the investment in soda ash mining in the Lake Natron area be spent in developing a sustainable 
ecotourism industry in Lake Natron area. This implies the development of an ecotourism industry which will 
support existing livelihood benefits while ensuring biodiversity conservation and other benefits including the 
delivery of ecosystem services.

Ecotourism is “the practice of low-impact, educational, ecologically and culturally sensitive travel that 
benefits local communities and host countries” (Honey, 1999). The funds can be used to support 
ecotourism projects that meet these standards. 

It is important to note that Lake Natron is an important but fragile ecosystem requiring careful management. 
Adopting the Precautionary Principle in managing the Lake Natron area is deemed as the best option 
because of the irreversible nature of likely negative impacts when the development of soda ash mining is 
opted for. Sustainable tourism development is advocated, especially in vulnerable ecosystems and habitats 
of major importance for biological diversity and protected areas.41 Lake Natron should be viewed as part of 
an important network of ecosystems rather than a separate entity. It important that the Lake Natron area is 
managed wisely by introducing livelihood initiatives linked to survival of wildlife, including the survival of the 
lesser flamingo. Sustainable ecotourism is one of such initiatives as it does not dilute, but adds value to 
conservation efforts and livelihoods.

Ecotourism has spill-over benefits, extending beyond the local and national boundaries to reach 
beneficiaries at regional and international levels. As for benefits the costs of developing sustainable eco-

                                           
41 See http://www.cbd.int/tourism/guidelines.shtml?page=8 for details on international guidelines for activities related to 
sustainable tourism development in vulnerable ecosystems and habitats of major importance for biological diversity and 
protected areas.
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tourism in Lake Natron can be shared by different stakeholders through negotiations with regional and 
global partners for more resources. In Kenya, the “Parks beyond Park” approach implemented by the South 
Rift Association of Land Owners (SORALO) is one of the successful arrangements where the game parks 
are effectively managed by local communities. The African Conservation Centre (ACC) has assisted 
communities in the South Rift to develop their own eco-lodges within conservancies where wildlife numbers 
continue to grow (e.g. the Loisiijo Lodge and Sampu camp). Income goes directly to the communities who 
are the custodians of heritage. 

Part of the fund can be spent in facilitating the establishment of grassroots institutions. Again, the 
SORALO, Amboseli Tsavo Group Ranches Association, the Maasai Mara Management Association in 
Kenya are good examples of grassroots institutions. Personal conversations with the ACC officials in Kenya 
indicated that in peak season, the Shompole Lodge has charged up to USD 1,000 per room. The lodge has 
14 rooms making a daily earning of USD 14,000 (approximately KSH 1.3 Million) per day in peak 
seasons.42 In addition, tourists also pay USD 40 – 80 per person per day to the communities. The number 
of employees for the four facilities was almost the same as that of MSC (reported at around 200 people) 
and the employees in these four facilities were relatively highly paid compared to the MSC employees. 

9.2 NPVs under the Sustainable Eco-tourism Scenario

The NPVs for different ecosystem uses under the sustainable eco-tourism were estimated using two major 
scenarios, that is, the “low impact” and “high impact” scenarios based on increase and growth in annual net 
income of 5% and 10% respectively, as suggested in Tisdell (1995) and Honey (1999). Elsewhere in the 
literature, FEDICT (2011) also adopted similar tourism growth rates when preparing a sustainable tourism 
master plan for the tourism industry of the Government of Aguilla. In addition, FEDICT (2011) added a 
medium growth scenario for the industry, assuming a growth rate of 7.5% per annum. The current study 
adopted the same growth rates when estimating annual income from sustainable eco-tourism (i.e. “low” and
“high” tourism growth rates of 5% and 10% respectively). The net annual incomes from tourism related 
activities were therefore assumed to increase by 5% or 10% in the “sustainable eco-tourism scenario” over 

                                           
42 The revenues that the communities are earning from the Shombole lodge are comparably higher than annual levy paid by the 
Magadi Soda Company (10 Million KSH).
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those in the “business as usual” or “current” scenario. For activities or ecosystems uses which do not 
directly depend on tourism (e.g. pastoralism and crop production) the changes in net income were 
assumed to be relatively lower – assumed at 2% or 5% for the “low” and “high” increase scenarios 
respectively. The net incomes with the percentage increases assumed only for the initial year, were then 
discounted using the discount rates selected in this study to get the respective NPV as summarized in 
Table 70.  At a social discount rate of 10%, the TEVs were estimated at USD 4.7 Billion and 7.0 Billion for 
the “low impact” and “high impact” scenarios respectively. 

Table 70: Estimates of NPVs under the sustainable eco-tourism scenario (values discounted using 

different discount rates, t = 50 years) (USD)

Type of value

Discount rates

0.50% 1% 10% 12% 15% 20%

I) Crop production

     Low increase/growth scenario 39,209,886 34,911,345 9,467,159 8,068,056 6,639,409 5,196,424

     High increase/growth scenario 40,338,062 35,913,093 9,720,548 8,280,296 8,280,296 5,324,204

II) Pastoralism

     Low increase/growth scenario 531,016,694 472,801,859 128,213,058 109,265,110 89,917,045 70,374,804

     High increase/growth scenario 546,295,496 486,368,460 131,644,694 112,139,454 92,222,327 72,105,315

III) Other direct uses of natural resources

     Low increase/growth scenario 609,866,224 543,007,193 147,251,140 125,489,652 103,268,634 80,824,608

     High increase/growth scenario 627,413,743 558,588,269 151,192,332 128,790,801 105,916,223 82,812,079

IV) Tourism revenue via TH & CITES

     Low increase/growth scenario 16,827,916 14,983,088 4,063,071 3,462,611 2,849,471 2,230,177

     High increase/growth scenario 17,312,101 15,413,014 4,171,820 3,553,699 2,922,525 2,285,017

V) Campsite and lodges

     Low increase/growth scenario 83,095,272 73,985,619 20,063,209 17,098,171 14,070,520 11,012,485

     High increase/growth scenario 85,486,150 76,108,566 20,600,203 20,600,203 14,431,259 11,283,281

VI) Tour operation

     Low increase/growth scenario 51,308,827 45,683,891 12,388,427 10,557,605 8,688,123 6,799,878

     High increase/growth scenario 52,785,123 46,994,747 12,720,005 10,835,335 8,910,868 6,967,086

VIIa) Indirect use and non-use/intrinsic value (WTP)

     Low increase/growth scenario 9,531,567 8,486,631 2,301,380 1,961,271 1,613,980 1,263,204

     High increase/growth scenario 9,805,817 8,730,147 2,362,977 2,012,865 1,655,359 1,294,266

VIIb) Indirect use and non-use/intrinsic value (WTAC)

     Low increase/growth scenario 1,041,937,867 927,711,248 251,574,087 214,395,248 176,431,315 138,086,380

     High increase/growth scenario 1,071,917,267 954,331,042 258,307,494 220,035,160 180,954,641 141,481,914
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VIII) National level: Revenue from tourism in Lake Natron

     Low increase/growth scenario 2,593,600 2,309,266 626,220 533,674 439,174 343,726

     High increase/growth scenario 2,668,225 2,375,528 642,981 547,713 450,434 352,178

IX) Regional level: Government revenue from flamingo tourism

     Low increase/growth scenario 195,225,902 173,823,479 47,136,955 40,170,827 33,057,597 25,872,981

     High increase/growth scenario 200,843,085 178,811,179 48,398,580 41,227,566 33,905,124 26,509,195

X) Regional level: Lodges, hotels and camps

     Low increase/growth scenario 3,722,325,885 3,314,250,977 898,749,114 765,927,611 630,301,356 493,313,972

     High increase/growth scenario 3,829,427,376 3,409,350,264 922,804,229 786,076,211 646,460,949 505,444,524 

XI) International level (Travel Costs to Lake Natron)

     Low increase/growth scenario 54,537,444 48,558,558 13,167,971 11,221,945 9,234,824 7,227,761

     High increase/growth scenario 54,537,444 48,558,558 13,167,971 11,221,945 9,234,824 6,516,841

NPVs for low increase scenario (+WTP) 5,315,539,217 4,732,801,906 1,283,427,704 1,093,756,533 900,080,133 704,460,020

NPVs for high increase scenario (+WTP) 5,466,912,622 4,867,211,825 1,317,426,340 1,125,286,088 924,390,188 720,893,986

NPVs for low increase scenario (+WTAC) 6,347,945,517 5,652,026,523 1,532,700,411 1,306,190,510 1,074,897,468 841,283,196

NPVs for high increase scenario (+WTAC) 6,529,024,072 5,812,812,720 1,573,370,857 1,343,308,383 1,103,689,470 861,081,634

9.3 Economic Costs of Sustainable Eco-tourism

9.3.1 Costs and fiscal impact on the Government 

The fiscal impacts on the government were considered as the tax revenues forgone as a result of adopting 
sustainable eco-tourism instead of developing the soda ash mining plant. Using the social discount rate of 
10% and current price level of USD 270/ton, the soda ash project was considered as not worth undertaking 
because it will be making loss for scenarios A through E. The government will therefore not earn any 
revenue from taxing the investor of soda ash plant in these scenarios. However, there will be tax revenues 
forgone for scenarios F, G, and H. These were estimated to amount to NPVs of USD 9.4 million; 426.7 
million; and 449.3 million respectively (Table 32). When an opportunistic price of USD 412/.ton is assumed, 
the tax revenues foregone at a social discount rate of 10% were estimated to range from the lowest of USD 
54.4 thousand (for scenario A) to the highest of USD 449.3 million (for scenario H) (Table 33).
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9.3.2 Costs to Local Communities 

Generally, the benefits of sustainable eco-tourism should outweigh its costs. Special care may need to be 
taken to make sure that local communities do in fact benefit from a profitable eco-tourism development. 
The local communities may become losers if the eco-tourism development is poorly planned and 
implemented. The economic costs to the local communities may either relate to exclusion of locals from 
ecotourism areas with an ultimate impact of reduction in income, employment and resources available to 
locals, or loss of control of eco-tourist business and resources. The costs may also result from consequent 
disruption of the social fabric of the local community. We did not attempt to quantify such costs because 
they are a result of failure of planning and instituting appropriate norms and mechanisms for achieving 
sustainable eco-tourism, which may vary depending on the political will and support from the government 
and other partners.  

A well planned and implemented eco-tourism development is more likely to result in economic benefits to 
local communities due to increased local employment and more regular employment and income 
throughout the year. Sustainable ecotourism development also results in increased diversification of 
economic activities, thereby reducing economic risks. It also provides opportunities for locally controlled 
eco-tourist – related businesses. 
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10.0 CONCLUSION AND RECOMMENDATIONS

10.1 Conclusion

Lake Natron is a very fragile but important ecosystem for biodiversity conservation. Different proposals to 
develop alternative economic opportunities other than tourism have often faced stringent criticisms and 
furore. There are several reasons for such criticisms and furore but most of which are centred on the 
realization that Lake Natron is an important Ramsar wetland and bird area, internationally. There are 
concerns that many characteristics of the Lake Natron ecosystem may be altered by alternative 
developments. In addition, the impacts of these ecological alterations are not known with certainty, 
especially the likely changes in water chemistry of the lake when water is pumped either from or into the 
lake. Nevertheless, the existing link between the lake’s saline and fresh water ecosystems is not well 
understood. Unless these links and dynamics are understood with certainty, other economic developments 
may have serious negative impacts on the integrity of Lake Natron ecosystem. 

Adding to this dilemma is the whole problem of paucity of information to guide decision making, especially 
with regard to the total economic value of the Lake Natron ecosystem versus the costs and benefits of 
other alternative uses. Where available, such information has often underestimated the values provided by 
the ecosystem with some key ecological services being not valued at all rendering this important 
ecosystem to receive inadequate attention to decision makers. This report attempts to estimate these 
“missing values” and compare them with the costs and benefits of the proposed soda ash plant.  

The results of Lake Natron CBA study indicate that, at the present levels of soda ash prices and investment 
costs the benefits of sustainable management of natural resources or eco-tourism are likely to outweigh 
that of soda ash mining. The NPVs for soda ash scenarios A through E were negative (at a social discount 
rate of 10%, t = 50 years) implying that the soda ash facility will be making loss and therefore not worth 
undertaking. For scenarios F, G, and H, the NPVs of the soda ash facility were estimated at about USD 
31.5 million, USD 444.0 million, and 519.6 million respectively. The soda ash scenario F assumes that the 
construction/rehabilitation costs of the road to plant and Tanga to Arusha railway will not be incurred by the 
investor with annual production of soda ash increasing annually by 5% from the initial production of 
500,000 such that the maximum production of 1,000,000 metric tons per annum is attained in year 17 of the 
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project. The soda ash scenario G assumes that the construction/rehabilitation costs of the road to plant and 
Tanga to Arusha railway will be incurred by the investor with annual production of soda ash at 1,000,000 
metric tons throughout the project period. The soda ash scenario H assumes that the 
construction/rehabilitation costs of the road to plant and Tanga to Arusha railway will not be incurred by the 
investor with annual production of soda ash at 1,000,000 metric tons throughout the project period of 50 
years. 

The NPV of benefits from improved road infrastructure and health services at the local level were estimated 
at NPV of USD 483.1 thousand at a social discount rate of 10%. Adding this to the NPV from labouring 
during the construction phase, for both the staff sourced within Lake Natron area (USD 8,352,000) and 
outside the area (USD 2,088,000), the total NPVs for the soda ash scenarios F, G, and H were estimated at 
about USD 42.4 million, USD 454.9 million, and USD 530.5 million respectively.   

The NPVs of benefits in the soda ash scenario can be compared with that of the sustainable eco-tourism 
and BAU. In the sustainable eco-tourism option the NPVs of benefits were estimated to amount to 
approximately USD 1.28 billion and USD 1.32 billion for the “low” and “high” impact scenarios, when WTP 
values were used in the valuation of indirect use and intrinsic values at a social discount rate of 10%, t = 50 
years. When the WTAC values were used, the NPVs for the sustainable eco-tourism scenario were 
estimated at about USD 1.53 billion and USD 1.57 billion for the “low” and “high” impact scenarios 
respectively. 

The NPVs or TEV of the Lake Natron ecosystem in the Business As Usual (BAU) scenario were estimated 
at about USD 1.50 billion and USD 1.26 billion when the indirect use and intrinsic values were valued using 
the WTAC and WTP approach respectively, at a social discount rate of 10%, t = 50 years. The NPVs in 
both the BAU and sustainable eco-tourism are significantly higher than the benefits from soda ash mining.

The results of quantitative analysis in this study are also supported by the qualitative information gathered 
during consultations with stakeholders in Longido, Ngorongoro, and Monduli Districts and other 
stakeholders consulted in Arusha region. About 84% of consulted people in these areas opposed the 
development of soda ash facility; 10% supported; and 6% were neutral. This finding is particularly important 
as it clearly illustrates the perspective of the local communities, who are a “stakeholder number one” of the 
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Lake Natron ecosystem. Importantly also, are the potential environmental costs or damages which relate to 
loss of biodiversity and deterioration of rural livelihoods in Lake Natron area following the development of 
soda ash facility in the area. Most of these, especially the environmental damages are described as 
irreversible. The major driver for the proposal to develop a soda ash facility in Lake Natron area was 
“money” or nicely labelled as “economic development.” But, money cannot buy everything: when the 
flamingo ceases to breed and exist in Lake Natron, there will be no replacement for the species. Here, the 
common sense reminds us as humankind to adopt a precautionary principle to address this dilemma. 

The Lake Natron ecosystem provides enormous use and non-use values at the local, regional and 
international levels, including values related to biodiversity and cultural based tourism. The total economic 
value of the site (TEV) should therefore be viewed widely as ranging from benefits accruing at the local, 
regional and international levels. This is particularly important because Lake Natron is not an island but part 
of a huge network of interdependent ecosystems. The lake also benefits in a number of ways from the 
network. An obvious and perhaps the most important example is the huge amount of water contributed by 
the Wosi Ngiro River which originates from Kenya. The Kenyan Shompole swamp also filters the water 
which enters Lake Natron. It is therefore important for the government of Tanzania to ensure that a mutual 
way of working together with other partners is forged through bilateral agreements. Ignoring this will trigger 
severe furores from partners either through their institutions or governments trying to “fight’ projects which 
threaten the existence of such ecosystem network. 

While important to learn from experiences from similar project, e.g. the Lake Magadi Soda Ash plant, our 
review of literature and discussion with different stakeholders suggest that such experience may not be 
wholly relevant to the Lake Natron situation. The MSC plant for example, was built during the colonial era: it 
is more than 100 years old now and its experience is pre-dated by any concerns on environmental and 
biodiversity issues today. It is by large not a good example to learn from. During its establishment it was 
irrelevant to weigh the costs and benefits of its implementation against any other option. The socio-political 
environment cannot be similar to that of the proposed Lake Natron soda ash plant. Just as important, the 
MSC soda ash plant uses a different technology from that which is planned for use in Lake Natron (i.e. 
dredging or digging out from the top for MSC versus sucking brine in LN). Yet the plant is faced by a 
number of problems, including the failure to compete with producers of synthetic soda ash. Soda ash prices 
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are low and have caused the plant to even close production for some months, e.g. in the production season 
of 2010. 

10.2 Recommendations

Based on the findings of this study the following key recommendations are drawn:

a) Lake Natron is very important for Tanzanians, especially the local communities.  It is also important 
for the countries at regional scale as well as the international community as a whole. There are 
therefore both trans-boundary and international issues that need to be considered before the 
decision to alter the current uses of Lake Natron ecosystem is reached. Especially, the decisions 
that compromise with the goal of sustainable biodiversity conservation. It is important that the 
government, through its appropriate machinery undertakes adequate stakeholder consultations 
prior to making decisions to implement projects which threaten the integrity of the Lake Natron 
ecosystem. Stakeholders at all levels need to be not only consulted but effectively consulted. This 
is also in line with the East African Community Trans-boundary Ecosystem Bill 2010 which was 
passed on 31 January 2012 during the East African Legislative Assembly (EALA)’s Third meeting 
of the Fifth session in Kampala, Uganda. The new regional framework is set to benefit trans-
boundary ecosystems like Lake Natron and Serengeti National Park which, in the recent past, have 
drawn global attention as a result of proposed large scale development project. It aims to enhance 
the quality of the environment and ensuring sustainable utilisation of shared natural resources in 
the five-nation East African Community (EAC) namely, Tanzania, Kenya, Uganda, Rwanda and 
Burundi. 

b) Adequate support from the government and global partners is needed to develop a sustainable 
ecotourism industry in Lake Natron, increase the contribution of local communities to locally 
managed ecotourism and maintain potential ecotourism attractions, such as the lake itself and its 
lesser flamingos, water springs, cultural sites and mountain Oldonyo Lengai, just to mention few.

c) Capacity building and awareness campaigns are key to the successful management of the Lake 
Natron resources. Starting from the grassroots to the national, regional and international levels, 
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these campaigns should also reflect on issues and capacity to implement regional and international 
policies and conventions, like the AEWA Action Plan, Ramsar Convention and Protocols.
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TERMS OF REFERENCE

A comparative Cost Benefit Analysis comparing Soda Ash mining with  promoting ecotourism and 
sustainable use of natural resources in the Lake Natron basin, Tanzania

Terms of Reference

Preamble

Since 2006, there has been a proposal by the Government of Tanzania to construct a soda ash plant at Lake Natron 
in Northern Tanzania. The initial proposal was put forward by the Government of Tanzania, and Tata Chemicals Ltd 
of Mumbai which jointly formed the Lake Natron Resources Ltd, to implement the plan.  Following intense opposition 
to the soda ash proposal by concerned organisations, Tata Chemicals Ltd withdrew from the project in 2008.  
However, the Government, through the National Development Corporation, maintained notable interest. 

Recent developments prove that the Government is firmly interested in developing the soda ash factory.  The new 
push for the soda ash factory suggests that it will be built “away” from the lake without specifying the location.  In the 
initial proposal, a US $ 450 million plant capable of producing 500,000 tonnes of soda ash per year was to be built at 
Wosi Wosi on the Eastern part of the Lake.  The plant would pump 561m3 of concentrated brine per hour from the 
lake and convert into calcified soda ash (sodium bicarbonate) crystals for export.  In the process, it would utilise 
approximately 129,000 litres of water per hour for both industrial and domestic use. 

During plant construction, approximately 1,225 workers would be employed and 152, permanently upon completion.  

Importance of Lake Natron

Lake Natron and the surrounding ecosystem are extremely important for biodiversity conservation, ecosystem 
services and for supporting the livelihoods of the local communities, which depend on pastoralism, eco and culture 
tourism, and small scale irrigation.  Notably, Lake Natron is a Ramsar site designated as such in 2001 and is an 
Important Bird Area.  The lake is the only known breeding site for the Lesser Flamingos in Eastern Africa, which 
accounts for 75% of the global population of this near threatened species.

An Environmental and Social Impact Assessment (EISA) for the proposed development was submitted to the 
National Environmental Management Council (NEMC), Tanzania for evaluation and approval.  The NEMC subjected 
the report to a Technical Advisory Committee evaluation and a Public Hearing and in both processes, the document 
was found to be grossly inadequate.  However, NEMC could give its recommendations to the Minister of Environment 
in the Vice President’s Office, Tata Chemicals Industries withdrew the document.
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Some of issues that did not come out clearly in the ESIA are the benefits and costs associated with the proposed 
soda ash project.  The report identified some of the benefits to come from the soda ash mining as “several million US 
dollars” in revenue to the Government of Tanzania and for the local community, 152 permanent jobs.  However, the 
report was categorical that the jobs would mainly be skilled jobs and so the local people would not be eligible.

The report also failed to capture the current and potential benefits that the natural resources (ecological, biological, 
cultural and social) of Lake Natron basin confer on the local, national, regional and international community.  
Essentially, the “missing costs” of the proposed project directly arise from the loss of current and potential benefits.    
In effect, the proposed projects treats existing ecosystem services, culture and the community livelihoods derived 
from the ecosystem as free goods. 

Capturing the true value of resources at Lake Natron

The true value of the benefits from soda ash production can only be known if the costs that soda ash mining would 
inflict on current and potential tourism activities, various forms of biodiversity (including Lesser Flamingos,) the 
Maasai community livelihood system and culture are taken into account.  More importantly, critical ecosystem 
services such as provision of dispersal habitats for wildlife, flood control, carbon sequestration, nutrient cycling and 
livestock pasture must be brought to the equation.  Moreover, all these costs and benefits need to be looked at from 
three levels: local, national and regional.  The global perspective should also be considered.
  
This consultancy will bridge the existing gaps by carrying out a Cost Benefit Analysis of the soda ash mining 
component, laying emphasis on the missing costs, especially ecosystem goods and services provided by the 
ecosystem currently and potentially.  Far from being a conventional one, this study will draw from the Total Economic 
Value (TEV) concept where goods and services that are not tradable in the market and yet have a value will be taken 
into account.  The cost benefit analysis will also be accompanied with an analysis of alternative (land use) options.

BirdLife International would like to undertake a consultancy to address the above issues. The Royal Society of 
Protection of Birds (BirdLife Partner in UK) and the Lake Natron Consultative Group (a coalition of 53 institutions who 
wish to see the integrity of the Lake Natron maintained) also interested in the outcome of the study.

The consultancy will draw information from the project’s Feasibility and ESIA study reports, review of existing reports 
for the Lake Natron basin, a field visit, personal interviews, and consultations with key institutions and any other 
relevant sources of information.
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Objectives 

The objectives of the Cost Benefit Analysis are to compare the net benefits of sustainable management regime for 
Lake Natron with management based on the development of Soda Ash facility as currently proposed.  The 
comparisons will adopt an ecosystem service approach. The analysis will look at the net impacts in terms of:
a) The nation.  What is the total economic value associated with existing livelihoods and ecosystem services   
compared with the economic returns associated with soda ash development
b) The government.  
c) Local communities. 

1. Determine the benefits of the proposed soda ash mining project – potential revenue to the investor, 
Government of Tanzania and local communities based on current market price of soda ash. Lessons and 
comparisons should be made with other countries, including the neighbouring Magadi Soda in Kenya should 
be applied.

2. Determine the economic costs of the plant – likely and potential economic impacts on local people, and 
tourism, pastoralism and other livelihood sources and culture.

3. Determine the benefits of sustainable management to the Government of Tanzania and local communities. 
This will take into consideration existing livelihood benefits, biodiversity benefits and the delivery of 
ecosystem services. This also needs to take into consideration such things as the tourism value or potential 
of all sites in Tanzania and other countries in the region where Lesser Flamingos are seen.  

4. Determine the economic costs of sustainable management.
5. Examine the fiscal impact on the Government in form of tax revenues forgone, economic incentives to the 

developer and alternative application of these funds for the benefit of Tanzanians at Lake Natron.
6. Taking into consideration the Precautionary Principle, recommend the best and most suitable use options 

for the Lake Natron considering long term environmental and rural livelihoods and sustainability in the area 
7. Make recommendations to policy and decision makers, especially the government of Tanzania what needs 

to be done to promote sustainable livelihoods for local communities without jeopardizing the integrity of the 
resource. 
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Specific Terms of Reference

The Cost-Benefit Analysis must take into consideration the total costs and benefits of the proposed project, including 
direct and indirect effects.  The project costs must take into consideration the additional infrastructure needed to 
export – roads/railway/port development at Mwambani Bay in Tanga/provision of water and electricity.  It must also 
consider all external costs – such as impacts on lake water quality and volumes.
From local, national and regional perspectives, the consultant will undertake (but not limited to) the tasks below to 
meet the above objectives.  

1. Review of existing literature on the proposed soda ash development, including the withdrawn ESIA report 
and any Feasibility studies.

2. Review existing literature on other aspects of Lake Natron basin – the biology, culture, and ecological 
functions and values.

3. Conduct a field visit, collect field data on social, cultural, ecological and economic values and other aspects 
of the study and talk to relevant stakeholders.

4. Contact relevant institutions and experts at all levels to consolidate and validate view points.
5. Prepare the CBA report with a clear analysis of the respective options.
6. Present the draft report for initial feedback to BirdLife International and to a wider audience if need be.
7. Finalise the report and submit to BirdLife International after input and comments

For the purposes of these TORs, local means Lake Natron basin Ramsar Site and the surrounding landscape, 
national means within the United Republic of Tanzania; Regional means Tanzania, Uganda, Kenya, Ethiopia, 
Djibouti, and any other countries whose economies and peoples are likely to be adversely or otherwise affected by 
soda ash mining at Lake Natron.   

Format of the Final Report

The final report will include but not limited to:

1. Executive Summary
2. Introduction
3. The proposed Soda Ash project 
4. Biophysical characteristics of Lake Natron basin
5. Scope of the assignment
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6. Methods & Analytical frameworks 
7. Soda ash production economic values, benefits and costs
8. Total Economic Value (TEV) of the Lake Natron ecosystem
9. Comparative analysis/Discussions

a. Soda ash mining option
b. Conservation of biodiversity and community livelihoods option

10. Conclusions
11. Recommendations
12. References
13. Appendices  and Annexes (of supporting information, tables and arguments)
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Appendix 2: Survey Instruments
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A COMPARATIVE COSTS BENEFIT ANALYSIS COMPARING SODA ASH MINING 
WITH PROMOTION OF ECOTOURISM AND SUSTAINABLE USE OF NATURAL 

RESOURCES IN THE LAKE NATRON BASIN, TANZANIA

   August 2011   
SURVEY INSTRUMENT FOR GATHERING PRIMARY DATA/INFORMATION

NOTES TO ENUMERATORS: Start the interview by introducing yourself and the aim of the interview as 
well as how the results of interviews will be used. Where the respondent wishes to be ensured about the 
confidentiality of the interview process, please do so.

SECTION 1: IDENTIFICATION PARTICULARS, STAFF & SURVEY TIME DETAILS  

1.  DISTRICT:

2.  DIVISION:

3.  WARD:

4.  VILLAGE:

5. STAKEHOLDER CATEGORY/OCCUPATION (e.g. farmer, tour operator etc): 

7. STAKEHOLDER CODE:

8. NAME OF RESPONDENT (Optional):

9. SEX OF RESPONDENT: 1) MALE, 
2) FEMALE

___ 
___ 

10. NAME OF INTERVIEWER: ________________________________________________

11. DATE OF 
INTERVIEW

DD MM YYYY

12. STARTING 
TIME : Hours : minutes

13. ENDING TIME : Hours: minutes
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SECTION 2: HOUSEHOLD DEMOGRAPHICS

NOTES TO ENUMERATORS: This section is meant for stakeholders residing and making living through the use of 
natural resources in Lake Natron basin. The aim is to gather information related to demographic characteristics that 
will constitute a useful package of information in the CBA of Lake Natron. Stakeholders not residing in Lake Natron 
basin (e.g. tourists/visitors) will not be asked to provide household demographic information).  

2-1: If the respondent’s family resides in Lake Natron basin, ASK him/her to make a complete list of his/her 
household members.  For the purpose of this survey, a household is defined as persons eating under the same roof 
three or more days per week for at least six months out of the past year.

Person 
ID

Name Sex

1= M
2= F

How old is 
[NAME] in 
completed 

years?

What is the 
relationship of 

[NAME] to head of 
the household?

1= Head
2= Spouse
3= Son/daughter
4= Grandchild
5= Step child
6= Parent of head or 
spouse
7= Sister/Brother of 
head or spouse
8= Nephew/Niece
9= Other relative
10= Servant
11= Non-relative
12= Other (specify)

During the 
past 12 

months, how 
many months 
did [NAME] 
live in this 

household?

WRITE 12 IF 
ALWAYS 
PRESENT 

OR IF AWAY 
LESS THAN 
A MONTH

What is the highest grade of 
school that [NAME] 

completed?

0= none
N = nursery
1= P1
2= P2
3= P3
4= P4
5= P5
6= P6

7=   P7
8=  S1 or P8
9=  S2 or P9
10= S3
11= S4
12= S5
13= S6

14= Post primary specialized 
training or certificate
15= Post secondary 
specialized training or diploma
16= Completed degree
17= Don’t know

1 2 3 4 5 6 7

01

02

03

04

05

06

07

08

09

10

11

12

13
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SECTION 3: UNDERSTANDING OF LAKE NATRON ECOSYSTEM SERVICES AND ISSUES    

NOTES TO ENUMERATOR: The aim of this section is to ascertain if the respondent is aware of the issues and 
ecosystem services provided by the Lake Natron ecosystem. Whether the respondent is familiar with them and 
whether and how he/she values the ecosystem and the services it provides. This is an important stage before the 
actual valuation questions are asked.

3.1 ASK the respondent to identify the benefits and services provided by the Lake Natron’s ecosystem while 
providing a wide range of individuals and groups these benefits accrue to (on and offsite). 

Types of Ecological 
Services/Goods

Key/special features of the 
services/goods

Groups benefiting (indicate if the poor and 
women benefit, if not explain why)

3-2: Ask about the location and characteristics of the most important ecological sites in the basin, the uniqueness of 
species that have important habitat there, and whether there are any substitute sites elsewhere in the basin which 
provide/may provide similar habitats.
Important ecological sites Unique characteristics for the site Names of other sites with similar 

features/characteristics 
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3-3 If not mentioned elsewhere in the previous questions, ask the respondent to provide detailed information that 
highlights the importance of the area as a critical habitat for the different species of wildlife like lesser flamingos
and the need to conserve it.

Important sites for game 
and bird population

Species of game/birds 
seen 

Period of the year 
(months) 

Justification for 
conservation

3-4: If not mentioned elsewhere in the previous questions, ask the respondent if he/she is aware that the Lake Natron 
area is listed as a Tanzania’s second Ramsar site since 2001: AWARE …………..  NOT AWARE: ………….

3-5: Ask the respondent if he/she is AWARE of the proposal to establish a Soda Ash facility at Lake Natron and/or 
if has been CONSULTED before by anybody to provide his/her views. If yes, ask when that consultation was made 
and by whom: 

Whether aware of facility 
establishment

Whether consulted to 
provide own views

Consulted by who When consulted (year)

AWARE ………………

NOT AWARE ……….

CONSULTED ……………….

NOT CONSULTED ………...

3-6: Ask to the respondent if is AWARE of the possible positive and negative impacts of the proposed Soda Ash 
facility (i.e. whether the development of the soda ash facility and its associated infrastructure is an appropriate or 
controversial use of the site). 
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POSITIVE IMPACTS AS PERCEIVED BY THE 
RESPONDENT

NEGATIVE IMPACTS AS PERCEIVED BY THE 
RESPONDENT
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3-7: After the respondent has listed the impacts, please take time to discuss with him/her the likely impacts as 
identified during literature review. A checklist is provided at the end of this survey instrument (After SECTION 6).

SECTION 4: QUANTIFICATION OF NON-USE VALUES (EXISTENCE, BEQUEST, OPTION; AND QUASI-OPTION 
VALUES)

NOTE TO ENUMERATORS: NON-USE VALUES refer to the values given to the existence of ecological or 
environmental services provided by an ecosystem - even though are not currently used. These are less tangible 
since they arise from ecological/environmental preferences rather than direct use. This section is intended to gather 
information that will be used in the Contingent Valuation. The Contingent Valuation Method (CVM) is used to value 
both use and non-use values. Examples of use value which will be estimated using the information gathered in this 
section include values like the cultural values of Lake Natron ecosystem.43 The enumerator should emphasis to the 
respondent that the CVM questions asked here refer to intrinsic values of the ecosystem only and not use values.

STEPS:

4-1: Describe the valuation process (CVM) to the respondent using the following two scenarios:
o The first scenario: the “pro-soda ash facility scenario” which suggests that the facility be 

developed so that the government gets revenues. 

o The second scenario: a “counterargument scenario” which advocates for conservation and 
promotion of ecotourism and sustainable use of natural resources in Lake Natron.

4-3: Redefine the first scenario to the respondents as suggesting a possibility for the owner of the soda ash facility to 
compensate the society/people for the loss of intrinsic/non-use values that will be caused by the development and 
operation of the facility.

4-5: Redefine the second scenario as suggesting that when the facility is not developed there will be foregone 
revenues that the government would wish to recover using alternative sources. The most likely source is the 
introduction of a special “recovery mechanism” and/or “annual conservation payment” for promotion of ecotourism 
and sustainable use of natural resources in Lake Natron basin” which would be charged as part of income tax for all 
citizens and taxpayers.

4-6: If the respondent OPTS for the first scenario ask him/her to state his/her Willingness To Accept 
Compensation (WTAC): ....................................... (Tshs per year) 

4-7: If the respondent OPTS for the second scenario ask him/her to state his/her maximum Willingness To Pay 
(WTP) for the special “annual conservation payment”: ......................... (Tshs per year)

4-8: Ask a cross-check question using the counter scenario so that the respondent provides answers for both 
scenarios. 

Cross-check WTAC value: …………………………………… (Tshs per year)
                                           
43 Cultural values encompass those values which are delivered by the ecosystem, which relate to the sum total of the social life
of the community/society (embracing beliefs, customs, rituals, values, artefacts, symbols, appearance, dress, food and eating 
habits, gender role, time and time consciousness, just to mention few)
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Cross-check WTP value: …………………………………… (Tshs per year)

SECTION 5: IDENTIFICATION AND QUANTIFICATION OF USE VALUES (DIRECT AND INDIRECT USE 
VALUES)

NOTES TO ENUMERATORS: Use Values are those values an individual derive from DIRECTLY/INDIRECTLY using 
the different resources/goods provided by an ecosystem. They are associated with activities such as collection of 
firewood, fruits, and medicinal plants, collection of building material, and viewing of nature where the individual 
comes into direct contact with the ecosystem. They also include commercial uses of ecosystems or environmental 
resources, such as fishing, and consumptive uses, such as drinking water.

5A: GENERAL QUESTIONS ABOUT USE VALUES

5A-1: Ask the respondent to identify and ascertain the important economic use values of the Lake Natron Ecosystem

5A-2: Ask about the ecosystem products which the respondent’s family sources directly or indirectly from the wild 
both for own use and/or sell 

Type of Good

Name of
Source/

Area

Distance ( Km) / time
Spent

Walking (minutes)
Where applicable

Acquisition Means
1 = Family labour
2 = Purchase
3 = Other (specify)

Raw material for salt-making
Clay soil for pot making
Grass for roofing/pasture
Reeds (matete)
Sedge (malilingwa)
Medicinal plants
Food plants/wild fruits and vegetables
Milala

Ukindu

Firewood
Charcoal
Poles
Timber
Wood for furniture making
Wood for carvings and for making other small wood 
products
Fish
Game meat
Wild Birds
Honey
Water for domestic use
Water for irrigation
Other (specify)



134

5A-3: Ask about the use of ecosystem products which the respondent’s family sources directly or indirectly from the 
wild and the respective amount collected, made, sold, purchased, current prices as well as number of man-days per 
week spent in acquiring or offering the products 
Good/Activity Collected or made Sold Purchased

Unit Qty/
Week

Qty/
Yr**

Mandays/week Qty/
Week

Qty/Yr** Qty/
Week

Qty/
Year

Current 
Unit 

Price 
(Tshs) 

Salt-making
Pottery
Grass harvesting 
Reeds (matete) 
harvesting
Sedge (malilingwa) 
harvesting
Medicinal plant 
harvesting
Food plant harvesting
Milala harvesting
Milala harvesting
Ukindu harvesting
Ukindu products
Firewood harvesting
Charcoal making
Pole cutting
Timber  cutting
Furniture making
Carvings
Other small wood 
products
Fishing
Game hunting
Bird hunting
Honey collecting
Other (specify)

NB: ** Means that information will be computed during data coding 
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5B: SECTOR SPECIFIC QUESTIONS ABOUT USE VALUES

5B-1: FORESTRY: 

Ask the respondent to RANK the different WOOD/TIMBER species according to preference and availability starting 
with the most to the least preferred and available ones
Species preference rank Availability rank
1. 1.
2. 2.
3. 3.
4. 4.
5. 5.
6. 6.
7. 7.

5B-2: FISHING: 

Ask the respondent to RANK the different FISH species according to preference and availability starting with the 
most to the least preferred and available ones
Species preference rank Availability rank
1. 1.
2. 2.
3. 3.
4. 4.
5. 5.
6. 6.
7. 7.

5B-3: HUNTING:

5B-3-1: Ask the respondent to RANK the different GAME/BIRD species according to preference and availability 
starting with the most to the least preferred and available ones 
Species preference rank Availability rank
1. 1.
2. 2.
3. 3.
4. 4.
5. 5.
6. 6.
7. 7.
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5B-3-2: If the stakeholder is involved in professional or other hunting businesses ask about the hunting quota/actual 
number of wild game/bird hunted, gross revenue and costs and provide details of estimates on an annual basis
Type of Wild Animal Quota

(No.)
Actual
No./yr

( last year) Source
Area

Purpose
1 = sale

2 = own cons.
3 = Other

Market
Location

if sold

Unit
Price
if sold

Wild Game
     Buffalo 
     Pofu

    Wildebeest
    Warthog
    Bush pig
    Impala (Swalapala)
    Pongo

    Konzi

    Nsya

    Other wild game 
(specify)

Wild Birds
   Kwale

   Kanga

  Other birds (specify)

NOTES: Consider all types of hunting including resident and tourist hunting. In addition consult the District Game 
Officer for secondary data regarding government revenues from sales of bush meat in butchery shops if any, resident 
hunting, tourist hunting/sales of hunting quota, levies from forest products, and related revenues, including training 
fee, and contribution from hunting companies (e.g. fund contributed for patrol, uniform etc.) 
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5B-4: TOURISM: 

NOTES TO ENUMERATORS: Where appropriate the questions in this sub-section should be asked to both 
respondents in the study area and foreign tourists visiting the area. Foreign visitors should respond to this sub-
section and LAST section ONLY. The answers in this sub-section are intended to provide information on the Tourists 
Travel Costs which will constitute an important input to the valuation processes. The LAST section of the survey 
instrument provides an opportunity for the Tourist, as one of the Stakeholders, to provide his/her views regarding the 
proposal to construct a Soda Ash facility in Lake Natron Basin and likely impacts. 

5B-4-1: Ask the respondents to LIST and RANK the most attractive SITES – CULTURAL and ECOLOGICAL and 
other ATTRIBUTES of the Lake Natron basin as preferred by Tourists and provide reasons for preference 

SITE 
preference 
rank

Preference
Proportion 
(%)
(must sum to 
50%)

Reasons 
for 
preference

Estimate number of  
NATIONAL TOURISTS per 
Week

Estimate number of  FOREIGN 
TOURISTS per Week

High season Low season High season Low season
1.
2.
3.
4.
5.
6.
7.

5C: PRODUCTIVITY/NET INCOME ENHANCING VALUES 

NOTES TO ENUMERATORS: This sub-section is intended to collect information that will inform the calculation of the 
net factor income or derived values, i.e. the economic value of ecosystem products or services that contribute to the 
production of commercially marketed goods.

5C1: CROP ENTERPRISES:

5C1-1: Ask the respondents if is engaged in crop farm. …………….. (YES/NO)

5C1-2: If yes, ask about the types of crops grown and for each crop provide information on input used, output (both 
sold and consumed at home), and prices
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Types of 
crop 

Cost stream Revenue (Output) stream

Fixed or Overhead costs:  both 
Cash and Non-cash: - for 
machinery, equipments and 
building constructed as part of 
the crop enterprise provide 
additional info about year of 
purchased and purchasing price 
that year and current price

Variable Costs (on annual basis 
– preferably the last season). 
Include crop loss due to animal 
destruction, if any

Provide a summary of 
information on quantities and 
unit prices for the past season 
– use current market prices. 
Show total production, 
quantity sold, consumed and 
given in-kind to relatives or 
friend or other people – last 
season or for the past 12 
months.

5C2: LIVESTOCK ENTERPRISES

5C2-1: Ask the respondents if is engaged in livestock keeping. …………….. (YES/NO)

5C2-2: If yes, ask about the types of animal kept the respondent is involved in and for each animal sub-enterprise 
provide information on input used, output (both sold and consumed at home), and prices

Types of 
livestock 

Cost stream Revenue (Output) stream

Fixed or Overhead costs:  both 
Cash and Non-cash: - for 
machinery, equipments and 
building constructed as part of 
the ANIMAL enterprise provide 
additional information about year 
of purchased and purchasing 
price that year and current price

Variable Costs (on annual basis 
– preferably the last season). 
Include LIVESTOCK loss due to 
animal destruction, if any

For each LIVESTOCK 
product/good provide a 
summary on quantities 
produced, sold, consumed at 
home, given in kind and the 
unit prices for the past 12 
months-use current market 
prices.
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5C3: TOURISM RELATED INTERPRISES 

NOTES TO ENUMERATORS: The questions in this subsection will be asked ONLY to stakeholders engaged in 
provision and sale of tourism related services and goods (e.g.  Tour Operators, Tour Guiding, Camp sites, Tourist 
Shops, Hotels etc).

5C3-1: Ask about the types of Tourism-related enterprises that the respondent owns or operates and for each 
enterprise provide information on costs and revenues

Types of 
TOURISM 
enterprise 

Cost stream Revenue (Output) stream

Fixed or Overhead costs:  both 
Cash and Non-cash: - for each 
TOURISM enterprise-including 
information about investments 
and year of respective 
investments

Variable Costs (on annual basis 
– preferably the last 12 months). 

For each TOURISM 
service/goods, provide a 
summary of information on 
sales and the unit prices/rates 
for the past 12 months-use 
current market prices

5C3-2: Ask the respondent how changes in the quantity or quality of the natural resources in the Lake Natron 
ecosystem will affect the costs of production for the final good, supply and demand for the final good and supply and 
demand for other factors of production following the development of the soda ash facility.

5C4: OTHER ENTERPRISES NOT SPECIFIED ABOVE

5C4-1: Gather information on the cost and revenue stream for other enterprises not specified above, if any. 

Types of 
TOURISM 
enterprise 

Cost stream Revenue (Output) stream

Fixed or Overhead costs: 
Provide information on both 
Cash and Non-cash for each 
enterprise-including investment 
/capital, years effected and cost 
of purchasing the different 
components of the enterprise 

Variable Costs (on annual basis 
– preferably the last 12 months). 

For each enterprise provide a 
summary of information on 
sales and the unit prices/rates 
for the past 12 months-use 
current market prices
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5C4-2: Ask the respondent how changes in the quantity or quality of the natural resources in the Lake Natron 
ecosystem will affect the costs of production for the final good, supply and demand for the final good and supply and 
demand for other factors of production following the development of the soda ash facility.

5C5: SALARIES AND WAGES FROM TOURIST RELATED ACTIVITIES

5C5-1: If the respondent or member of his family is permanently or temporally employed by a Tourist or conservation 
related firm/company/agency/organization in Lake Natron basin ask him/her to provide information on monthly 
salary/wage and number of days or months worked for the past 12 months. 

NOTES TO ENUMERATORS: Each household member who has earned income from tourism or conservation 
related firm/company/agency/organization in Lake Natron basin during the past year should be interviewed. For 
example, if there are more than one HH members who have earned wages and salaries from such employments 
then fill in this section of the survey instrument one for each person.

Type of work Name of 
household 

member involved

Amount 
Earned Last 
Month (Tsh)*

Amount 
Earned Past 
Year (Tsh)**

Place of 
Work

Remarks

Wages – Seasonal

Wages – Regular

Salary

*Enter earnings for past month. For regular pay this should equal daily pay x number of days worked per month
**Enter earnings for year up to date of interview. For regular earnings, this should equal monthly x 12

5C5-4: Ask the respondent how changes in the quantity or quality of the natural resources in the Lake Natron 
ecosystem may affect his employment conditions following the development of the soda ash facility.
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SECTION 6: PERSONAL VIEWS AND SUGGESTIONS

6-1: As you wind up the interview, ASK the respondent to provide his overall VIEWS and conclusions regarding the 
proposal to construct a Soda Ash facility in Lake Natron Basin. NOTE: All respondents should be given an 
opportunity to present their views regarding this proposal.

Response Reasons
1. Do not support the proposal

2. I support the proposal

3. I am indifferent (neutral) about the proposal

4. No informed response
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6-2: Lake Natron has been declared as Ramsar site and establishing a Soda Ash Facility in this internationally 
recognized site means violating the international agreement. In your opinion what will be the consequences if this 
facility is established?

6-3: If he/she supports the proposal ask him to suggest MITIGATION MEASURES for both direct and indirect 
adverse impacts that can result from the implementation of the proposal

Impact Proposed Mitigation Measures

6-4: Suppose the government will decide NOT to proceed with the implementation of the project and that there are 
likely to be revenues foregone from this decision, then ASK the respondent to suggest the alternative application of 
the project funds that would benefit the Tanzanians at Lake Natron.

6-5: Suppose the BUSINESS AS USUAL (EXISTING) SCENARIO is adopted for utilization and management of 
natural resources in Lake Natron basin, ASK the respondent what are the socio-economic activities will threaten the 
integrity of the ecosystem and sustainability of livelihoods of local communities and what should be done to address 
them?
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Threats
Examples of Critical Areas/Attributes of the 
Ecosystem that are under threat Proposed solutions*

*Ask the respondent to suggest the best and most suitable solutions or use options for the Lake Natron resources considering long-term environmental and rural 
livelihoods and sustainability in the basin.
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CHECK LIST OF LIKELY DIRECT AND INDIRECT IMPACT OF THE SODA ASH PROJECT

3-7A: CHECKLIST OF LIKELY POSITIVE IMPACTS

 GoT and the local community will benefit from revenues resulting from the operation of soda ash mining 
(“several million US dollars”) 

 Employment (about 52 permanent jobs (mainly skilled labour and potential short term employment which 
may lead to change in local wage labour income/opportunities) 

 Improved access to health care facilities which may result from good road link: NOTE THAT: Additional 
infrastructure will be needed to export the product (e.g. the roads, railway, and costs of developing a port at 
Mwambani Bay in Tanga and provision of water and electricity)

 Improved road access may also lead to increasing economic activities and tourism may increase – BUT, 
likely to be a change in type of tourism client due to the project

 Promoting local investment and growth

 Other positive impacts as they emerge during the discussion with respondent
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3-7B: CHECKLIST OF LIKELY ADVERSE IMPACTS

 Changes to the biological/ecological environment; social and cultural impacts; and economic impacts
 Change in water quality following the operation of the soda ash plant – i.e. changes in water composition 

due to removal of soda ash or changes of fresh water inflows which may threaten the viability of endemic 
fish populations

 The emissions of carbon and SO2 from boiler flue stack and fly-ash deposited in lake may negatively change 
the quality of water which supports present life forms

 Decline in number of rare wildlife species such as gerenuk and Coir bustard and local extinction of rhino and 
Oryx which may be caused by increased pressure on grazing resources and increased poaching; 

 Disturbance or loss of critical dry season habitat used by the resident ungulate population and high 
disturbance levels or change to habitat that may reduce the value of the Lake to Lesser Flamingo and result 
to long term decline in flamingo populations.

 Impacts on lake water quality and volumes, potential economic impacts on local people and tourism, 
pastoralism and other livelihood sources and culture will be considered.

 The possibility of losing the Lake Natron Ramsar status if the facility is developed
 The possibility for groundwater pollution and loss of aquifer/depletion of fresh groundwater which may result 

from water abstraction for plant and housing
 Loss of grazing land and critical dry season grazing along south east shores of Lake Natron 
 Changes to lake water quality due to soda ash abstraction – the removal of soda ash from the Lake will alter 

the chemical composition. The abstraction of surface water from the Wosi Wosi River is also likely to 
change water flows in the river 

 Loss of biodiversity - the change in water composition due to removal of soda ash or changes of fresh water 
inflows will affect the lesser flamingo populations change the fish composition and thus affect the viability of 
endemic fish populations. Flamingos are highly specialised feeders and sensitive to changes in their food 
source the loss and/or contamination of habitat may seriously affect their populations. In addition, there will 
be a disturbance or loss of critical dry season habitat used by the resident ungulate population which may 
result from the construction of access road along east side of the Lake – the construction of site and 
transportation of products and the associated high numbers of trucks travelling to and from the plant will 
disrupt wildlife ungulate movements in the Manyara - Natron migratory corridor

 Changes to the conservation status of Lake Natron due to industrial development and settlement may 
impact on ecosystem processes and lead to loss of wilderness value and reduced conservation value

 Changes involving loss of cultural and archaeological heritage: A large number of hominin remains have 
been identified in the Humbo formation to the west of the Lake. It is thought that this formation also occurs 
to the east of the Lake. The Lake is one of the most important archaeological sites in East Africa 

 There are a number of tourist camp sites and eco-tourism activities that occur in the southern end of the 
Lake, These could be both negatively (through visual impacts) and positively (improved access) impacted 
upon - Negative visual impact on natural value, wilderness value and tourism and loss of existing tourism 
infrastructure investment (camps and marketing) 

 Industrial development and increased human settlement will negatively impact on professional hunting 
which occurs to the east of the Lake., and 

 Others as identified together with the respondent
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A COMPARATIVE COSTS BENEFIT ANALYSIS COMPARING SODA ASH MINING 
WITH PROMOTION OF ECOTOURISM AND SUSTAINABLE USE OF NATURAL 

RESOURCES IN THE LAKE NATRON BASIN, TANZANIA

   August 2011   
SURVEY INSTRUMENT FOR GATHERING DATA/INFORMATION FROM TOURITS AND VISITORS

SECTION ONE: GENERAL INFORMATION
1-1: Name of the respondent (optional) …………………………………………………………

1.2: Sex of the respondent: ………………………………………………………………………..

SECTION TWO: TOURISM INFORMATION
2-1: If the TOURIST/VISITOR has visited some of the attractions in Lake Natron ask him/her about the distance or 
his/her origin, other areas visited/to be visited, fees and total costs of visiting  

Origin or 
Distance

No. of 
Trips for 
the PAST 
10 yrs

Fees paid Travel 
cost 
(indicate 
currency)

Accommodation
(indicate 
currency)

Meals
(indicate 
currency)

Other 
costs
(specify &
indicate 
currency)

Other 
areas 
visited 
during the 
trip

SECTION 3: PERSONAL VIEWS AND SUGGESTIONS

3-1: As you wind up the interview, ASK the respondent to provide his overall VIEWS and conclusions regarding the 
proposal to construct a Soda Ash facility in Lake Natron Basin. NOTE: All respondents should be given an 
opportunity to present their views regarding this proposal.
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Response Reasons
5. Do not support the proposal

6. I support the proposal

7. I am indifferent (neutral) about the proposal

8. No informed response

3-2: Lake Natron has been declared as Ramsar site and establishing a Soda Ash Facility in this internationally 
recognized site means violating the international agreement. In your opinion what will be the consequences if this 
facility is established?
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3-3: If he/she supports the proposal ask him to suggest MITIGATION MEASURES for both direct and indirect 
adverse impacts that can result from the implementation of the proposal

Impact Proposed Mitigation Measures

3-4: Suppose the government will decide NOT to proceed with the implementation of the project and that there are 
likely to be revenues foregone from this decision, then ASK the respondent to suggest the alternative application of 
the project funds that would benefit the Tanzanians at Lake Natron.

3-5: Suppose the BUSINESS AS USUAL (EXISTING) SCENARIO is adopted for utilization and management of 
natural resources in Lake Natron basin, ASK the respondent what are the socio-economic activities will threaten the 
integrity of the ecosystem and sustainability of livelihoods of local communities and what should be done to address 
them?
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Threats
Examples of Critical Areas/Attributes 
of the Ecosystem that are under threat Proposed solutions*

*Ask the respondent to suggest the best and most suitable solutions or use options for the Lake Natron resources 
considering long-term environmental and rural livelihoods and sustainability in the basin.
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CHECKLIST OF LIKELY DIRECT AND INDIRECT IMPACT OF THE SODA ASH PROJECT

3-7A: CHECKLIST OF LIKELY POSITIVE IMPACTS

 GoT and the local community will benefit from revenues resulting from the operation of soda ash mining 
(“several million US dollars”) 

 Employment (about 52 permanent jobs (mainly skilled labour and potential short term employment which 
may lead to change in local wage labour income/opportunities) 

 Improved access to health care facilities which may result from good road link: NOTE THAT: Additional 
infrastructure will be needed to export the product (e.g. the roads, railway, and costs of developing a port at 
Mwambani Bay in Tanga and provision of water and electricity)

 Improved road access may also lead to increasing economic activities and tourism may increase – BUT, 
likely to be a change in type of tourism client due to the project

 Promoting local investment and economic growth

 Other positive impacts as they emerge during the discussion with respondent
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3-7B: CHECKLIST OF LIKELY ADVERSE IMPACTS

 Changes to the biological/ecological environment; social and cultural impacts; and economic impacts
 Change in water quality following the operation of the soda ash plant – i.e. changes in water composition 

due to removal of soda ash or changes of fresh water inflows which may threaten the viability of endemic 
fish populations

 The emissions of carbon and SO2 from boiler flue stack and fly-ash deposited in lake may negatively change 
the quality of water which supports present life forms

 Decline in number of rare wildlife species such as gerenuk and Coir bustard and local extinction of rhino and 
Oryx which may be caused by increased pressure on grazing resources and increased poaching; 

 Disturbance or loss of critical dry season habitat used by the resident ungulate population and high 
disturbance levels or change to habitat that may reduce the value of the Lake to Lesser Flamingo and result 
to long term decline in flamingo populations.

 Impacts on lake water quality and volumes, potential economic impacts on local people and tourism, 
pastoralism and other livelihood sources and culture will be considered.

 The possibility of losing the Lake Natron Ramsar status if the facility is developed
 The possibility for groundwater pollution and loss of aquifer/depletion of fresh groundwater which may result 

from water abstraction for plant and housing
 Loss of grazing land and critical dry season grazing along south east shores of Lake Natron 
 Changes to lake water quality due to soda ash abstraction – the removal of soda ash from the Lake will alter 

the chemical composition. The abstraction of surface water from the Wosi Wosi River is also likely to 
change water flows in the river 

 Loss of biodiversity - the change in water composition due to removal of soda ash or changes of fresh water 
inflows will affect the lesser flamingo populations change the fish composition and thus affect the viability of 
endemic fish populations. Flamingos are highly specialised feeders and sensitive to changes in their food 
source the loss and/or contamination of habitat may seriously affect their populations. In addition, there will 
be a disturbance or loss of critical dry season habitat used by the resident ungulate population which may 
result from the construction of access road along east side of the Lake – the construction of site and 
transportation of products and the associated high numbers of trucks travelling to and from the plant will 
disrupt wildlife ungulate movements in the Manyara - Natron migratory corridor

 Changes to the conservation status of Lake Natron due to industrial development and settlement may 
impact on ecosystem processes and lead to loss of wilderness value and reduced conservation value

 Changes involving loss of cultural and archaeological heritage: A large number of hominin remains have 
been identified in the Humbo formation to the west of the Lake. It is thought that this formation also occurs 
to the east of the Lake. The Lake is one of the most important archaeological sites in East Africa 

 There are a number of tourist camp sites and eco-tourism activities that occur in the southern end of the 
Lake, These could be both negatively (through visual impacts) and positively (improved access) impacted 
upon - Negative visual impact on natural value, wilderness value and tourism and loss of existing tourism 
infrastructure investment (camps and marketing) 

 Industrial development and increased human settlement will negatively impact on professional hunting 
which occurs to the east of the Lake., and 

 Others as identified together with the respondent



Lake Natron CBA Study Page 152

Appendix 3: List of Consulted Individuals
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LIST OF CONSULTED INDIVIDUALS

NAME OCCUPATION/ORGANIZATION CONTACT INFORMATION
Ms. Victoria Ferdinand Advocacy Officer, Wildlife Conservation Society 

of Tanzania
vickywcst@gmail.com,  Box 
70919, DSM, Tel: +255 22 211 
2518

Mr. Stephen Mmassy Policy and Advocacy Officer, Wildlife 
Conservation Society of Tanzania

s.mmassy@yahoo.com, Box 
70919, DSM, Cell: +255 786 348 
010

Mr. Emmanuel B. Musamba Ministry of Natural Resources & Tourism, 
Wildlife Division, Dar Es Salaam, Tanzania

E_musamba@yahoo.co.uk, Cell: 
+255 717 187 156

Dr. Julius Arinaitwe Regional Director for Africa, BirdLife Africa 
Partnership, Secretariat, icipe Campus, Nairobi 
Kenya

julius.arinaitwe@birdlife.org, Tel: 
+254 20 2473259/8068314, Cell: 
+254 722 200 538/734 600 905

Mr. Ken Mwathe BirdLife Africa Partnership Secretariat, icipe 
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ken.mwathe@birdlife.org, Mob: 
+254 733 926191

Mr. Paul Morling Royal Society of Protection of Birds (RSPB), 
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Paul.morling@rspb.org

Ms. Jane BirdLife Africa Partnership Secretariat, icipe 
Campus, Nairobi Kenya 

Mr. Paul K. Ndang’ang’a BirdLife Africa Partnership Secretariat, icipe 
Campus, Nairobi Kenya

kariuki.ndanganga@birdlife.org, 
Tel: +254 20 2473259 

Ms. Rodah Owako BirdLife Africa Partnership, icipe Campus, 
Nairobi Kenya 

rodah.owako@birdlife.org, Mob: 
+254 728-989977

Mr. Ademola Ajagbe Regional Science and IBA Manager, BirdLife 
Africa Partnership Secretariat, icipe Campus, 
Nairobi Kenya 

ademola.ajagbe@birdlife.org, 
Tel: +254 20 2473259/20 
8068314, Cell: +254 722 200
538/+254 734 600 905 

Mr. John Salehe WWF-ESAPO Nairobi, Kenya +25473723-786188
Ms. Serah Munguti Community and Advocacy Manager, NATURE 

KENYA, Nairobi 
advocacy@naturekenya.org, 
Mob: +254724-281986

Mr. Paul Matiku Executive Director, NATURE KENYA, Nairobi matiku@naturekenya.org, Mob: 
+254 722 800394

Mr. Erustus M. Kanga Assistant Director of Ecosystems and 
Landscapes, Kenya Wildlife Service (KWS)

Mr. Michael Odera Managing Director, TaTa Chemicals Madadi 
Ltd, Kajiado, Kenya

modera@tatachemicals.com, 
+254 20 6999000 extn 201 (Dir) 
6999201, Mob: +254 722 
204792-5

Mr. Bernard Opaa Wetland Officer, National Environment 
Management Authority (NEMA), Nairobi, Kenya 

benopaa@yahoo.com, +254720-
563430

Mr. Baraza Wangwe Principal Officer, Coastal, Marine and 
Wetlands, NEMA, Nairobi, Kenya 

bwangwe@nema.go.ke, 
barazawangwe@yahoo.com, 
+254 20 6005522/6/7, 6001945, 
Mob: +254 728 325 648

Ms. Betty Buyu Director, African Conservation Centre (ACC), 
Nairobi, Kenya

Betty.buyu@acc.or.ke

Mr. John Komanga Project Coordinator, South Rift Association of 
Land Owners (SORALO), Nairobi, Kenya

soralo@acc.or.ke, Tel: +254 20 
2512439, Mob: +254 722 709514
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Ms. Catherine Yaa Coordinator, Kenya Wetlands Forum, Nairobi, 
Kenya

wetlands@eawildlife.org,
020-2537974

Mr. Patrick Muraguri Kenya Water Partnership P_muruguri@yahoo.com, 0722-
489830

Mr. James Mwang’ombe 
Mwamondenyi

Kenya Forest Service, Senior Assistant Director 
(Head, Biodiversity Management)

jmwangombe@kenyaforestservic
e.org, +254 20 3754904/5/6, 
Cell: +254 733 
849103/722266449

Mr. Stephen Runana Principal Engineer for Lake Natron, National 
Development Cooperation (NDC), Dar es 
Salaam, Tanzania

stephenrunana@yahoo.com, Tel: 
+255 22 2111460/3, Mob: +255 
767 335455/713 335455

Mr. Stephen L. Laizer Senior Game Warden, Longido District +255 784 430727
Mr. Nestory Dagharo District Livestock Officer, Longido +255 717 061488/+255 782 

749201
Mr. Peter Kimotonge Village Extension Officer, Alaililai +255 783 511018
Mr. Kipara Moloimiet Member, Ward Council of Culture & Tradition, 

Gelai-Lumbwa
+255 682 679574

Mr. Philipo L. Mollel Member, Village Council, Alaililai +255 787 486670
Mr. Naimutie Joseph Farmer, Alaililai +255 789 172147
Mr. Pelo Musee Village chairperson, Ilchangit – Sapukin +255 787 064022
Ms. Dorice Ngaboli Member, Village Council, Alaililai +255 685 499864
Mr. Moses Koliwo Member, Village Council, Ilchangit – Sapukin Ilchangit – Sapukin Village
Mr. Steven Losievu Village chairperson, Gelai-Lumbwe +255 786 703469
Hon. Simon Qitesoi Ward Councillor, Gelai-Lumbwa +255 783 333322
Mr. Osidai Joseph Sub-village Chairperson, Gelai-Lumbwa +255 688 507077
Mr. Lekeni Kaika Farmer, Gelai-Lumbwa Gelai-Lumbwa Village
Mr. Yohana M. Laizer Village Chairperson, Engaresero Engaresero Village
Mr. Elias Ndurway Sub-Village Chairperson, Engaresero +255 785 126530
Mr. William Mepichano Sub-Village Chairperson, Leparkash Engaresero Village
Hon. Ibrahim Sakay Ward Councillor, Pinyinyi Pinyinyi Ward
Hon. Elizabeth Lemakongo Ward Councillor, Special seats, Pinyinyi Pinyinyi Ward
Mr. Salei Olembamaye Traditional leader, Engaresero Engaresero Village
Mr. Joshua Lasoi Community Development Officer, Engaresero, 

Pinyinyi Ward
+255 684 684280

Mr. Joseph Meng’onu Game Officer, Engaresero, Pinyinyi Ward +255 784 761869
Mr. Loshipa Sadira Lyang’iri Village Executive Officer, Engaresero +255 787 382908
Mr. Kisiongo Ngaiyeni Traditional leader, Engaresero Engaresero Village
Mr. Moses Lekero Traditional leader, Engaresero Engaresero Village
Ms. Nooseiya Ole mborio Farmer, Engaresero Engaresero Village
Ms. Shinyafi Elias Farmer, Engaresero Engaresero Village
Mr. Saibulu Muriet Farmer, Engaresero Engaresero Village
Mr. Ndoros Naata Farmer, Engaresero Engaresero Village
Mr. Matoipiro King’eri Farmer, Engaresero Engaresero Village
Mr. Marias Kingi Farmer, Engaresero Engaresero Village
Ms. Sophia Ndakar Farmer, Engaresero Engaresero Village
Mr. Zacharia Siatoi Farmer, Engaresero Engaresero Village
Mr. Rombaro Mosoni Farmer, Engaresero Engaresero Village
Ms. Mary Saigurani Farmer, Engaresero Engaresero Village
Ms. Sinyati Elias Farmer, Engaresero Engaresero Village
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Mr. Shangwa Leina Farmer, Engaresero Engaresero Village
Mr. Moses Kingi Farmer, Engaresero Engaresero Village
Mr. Komoi Simango Farmer, Engaresero Engaresero Village
Mr.Mbardau Lemagil Farmer, Engaresero Engaresero Village
Mr. Kilarita Sumulek Farmer, Engaresero Engaresero Village
Mr. Olendwaa Maju Farmer, Engaresero Engaresero Village
Mr. Salupe Koileken Livestock Field Officer Pinyinyi Ward
Ms. Nemoshi Kutanya Farmer, Pinyinyi Pinyinyi Village
Mr. Joseph Kirei Farmer, Pinyinyi Pinyinyi Village
Mr. Thomas Isaye Farmer, Pinyinyi Pinyinyi Village
Mr. Loiruko Pombo Farmer, Pinyinyi Pinyinyi Village
Mr. Simayo Ndikere Farmer, Pinyinyi Pinyinyi Village
Mr. Daniel Siang’au Farmer, Pinyinyi Pinyinyi Village
Ms. Esther Paulo Farmer, Pinyinyi Pinyinyi Village
Mr. Ezekiel Dotunoti Farmer, Pinyinyi Pinyinyi Village
Mr. Thomas Sambeki Farmer, Pinyinyi Pinyinyi Village
Mr. Pashile Mayaka Farmer, Pinyinyi Pinyinyi Village
Mr. Peter Motokaa Farmer, Pinyinyi Pinyinyi Village
Mr. Tooko Lesirico Farmer, Pinyinyi Pinyinyi Village
Mr. Sailepu Lekipa Farmer, Pinyinyi Pinyinyi Village
Mr. John Mukero Village Chairperson, Pinyinyi +255 787 522320/+254 719 

105860
Mr. Madekwe Charles Village Extension Officer, Pinyinyi +255 782 019597/+255 757 

8552031
Mr. Kipara Ndorko Farmer, Pinyinyi Pinyinyi Village
Mr. Samwel Madekwe Farmer, Pinyinyi Pinyinyi Village
Mr. Solomon Katikash Farmer, Pinyinyi Pinyinyi Village
Mr. John Maseto Farmer, Pinyinyi Pinyinyi Village
Mr. Raphael Kilusu Farmer, Pinyinyi Pinyinyi Village
Mr. Christopher Oloju Ward Executive Officer, Oldonyo-Sambu +255 784 834394
Mr. Gerlad Phillip Secretary, Ward Land Committee, Oldonyo-

Sambu
+255 683 166120

Mr. Richard N. Mrageria Village Chairperson, Olonyo-Sambu Oldonyo-Sambu
Mr. Joseph N. Kaserian Sub-village chairperson, Oldonyo-Sambu -

Centre
Oldonyo-Sambu

Mr. Solomon Kabogwa Sub-village chairperson, Oldonyo-Sambu -
Katoregani

Oldonyo-Sambu

Mr. Linus Kasadi Sub-village chairperson, Oldonyo-Sambu -
Jema

Oldonyo-Sambu

Mr. Linus Mebongi Sub-village chairperson, Oldonyo-Sambu -
Ndelane

Oldonyo-Sambu

Mr. Elias N. Ntemi Ward Chancellor, Oldonyo-Sambu Oldonyo-Sambu
Mr. Abraham Gibeni 
Marosecky

Member, Village Council, Oldonyo-Sambu Oldonyo-Sambu

Mr. John Kurumbe Marosecky Member, Village Council, Oldonyo-Sambu +255 683 393412 
Ms. Mary Suga Member, Environment Committee, Oldonyo-

Sambu
Oldonyo-Sambu

Mr. Daniel Notie Farmer, Oldonyo-Sambu Oldonyo-Sambu Village
Mr. Denison Nkumbe Farmer, Oldonyo-Sambu Oldonyo-Sambu Village
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Mr. Christopher Netie Farmer, Oldonyo-Sambu Oldonyo-Sambu Village
Mr. William Kanyutia Farmer, Oldonyo-Sambu Oldonyo-Sambu Village
Ms. Mary Joseph Farmer, Oldonyo-Sambu Oldonyo-Sambu Village
Mr. Elisha Lekoyo Farmer, Oldonyo-Sambu Oldonyo-Sambu Village
Mr. Ketiya Sunduli Farmer, Oldonyo-Sambu Oldonyo-Sambu Village
Mr. James banney Village Extension Officer, Digodigo +255 684 145844
Mr. Leonard Michael Sub-village chairperson, Ndilane - Digodigo +255 789 569572
Mr. Jamal Sindare Village Chairperson, Digodigo +255 782 015541
Mr. Lucas Gibuse Farmer, Digodigo Digodigo Village
Mr. Aminiel Mbosa Farmer, Digodigo Digodigo Village
Mr. Bashiru Ndinige Farmer, Digodigo Digodigo Village
Ms. Evelyn John Farmer, Digodigo Digodigo Village
Ms. Elina Ray Farmer, Digodigo Digodigo Village
Mr. John Baradayo Farmer, Digodigo Digodigo Village
Mr. Daniel Mbarakweni Village Chairperson, Gelai-Bomba +255 782 769935
Mr. Moses Makaroti Laizer Ag. Village Executive Officer, Magadini +255 783 957804
Mr. Ngaraposho Lepere Village Chairperson, Magadini +255 785 181161
Mr. Hassan Ismail Kololeli Sub-village chairperson, Gelai-Bomba 

Madukani
Gelai-Bomba Village

Hon. Lemomo S. Laambala Ward Chancellor, Gelai-Meirugoi Ward +255 784 144221
Mr. Saruni Kugopiyo Ag. Village Executive Officer, Loondorwo-Esima +255 686 825877
Mr. Julius Sipira-Mellau Community Development Officer, Gelai-

Meirugoi Ward 
+255 782 377855

Mr. Matata Olooleshuro Farmer, Gelai-Bomba Gelai-Bomba Village
Mr. Julius Sipira Farmer, Gelai-Bomba Gelai-Bomba Village
Mr. Salune Rwitore Farmer, Gelai-Bomba Gelai-Bomba Village
Mr. Sangau Lalayo Farmer, Alaililai Alaililai Village
Mr. Motika Olemati Farmer, Alaililai Alaililai Village
Mr. Mboset Mbororo Farmer, Alaililai Alaililai Village
Ms. Dina Mereu Farmer, Alaililai Alaililai Village
Mr. Kesoi Supeti Farmer, Gelai-Lumbwa Gelai-Lumbwa Village
Mr. Elias Nebira Farmer, Gelai-Lumbwa Gelai-Lumbwa Village
Mr. Seka Kalakala Farmer, Gelai-Lumbwa Gelai-Lumbwa Village
Mr. Oleishirwa Lenairo Farmer, Matali A Matali A Village
Mr. Rafael Nonkinokop Farmer, Matali A Matali A Village
Mr. Joseph Nyida Farmer, Matali A Matali A Village
Mr. Kanjoli Sendai Farmer, Matali A Matali A Village
Mr. Mirumu Naangari Farmer, Matali A Matali A Village
Mr. Ngarapoko Leben  Village chairperson - Magadini Magadini Village, Mob: +255 785 

181161
Mr. Kevin Swai Supervisor, TAWICO Hunting camp, Ngaresero TAWICO Hunting Camp
Mr. Elirehema Matulo Tanzania Cultural Tourism Board Arusha
Ms. Jassie Davie Tanzania Natural Resource Forum Arusha
Mr. Basso Ramsar Site Manager, Lake Natron Cell: +255 784 400 004
Mr. Kazungu: Ramsar Site Staff – Lake Natron Cell: +255 784 400 004
Mr. Marc Baker Director of Ecological Initiatives, Arusha Arusha
Mr. David Directors of Dorobo Tours Cell: +255 784 465 874
Mr. Thadeo Directors of Dorobo Tours Cell: +255 784443639
Mr. Ibrahimu Matovu District Executive Director-Longido Cell: +255 783 591 358
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Peter Ndereko: 0787074818 Farmer, Matale A Cell: +255 787 074 818
Raphael Noonginokop Farmer, Matale A Cell: +255 785 091 411
Lekibele Paiha Farmer, Matale A Cell: +255 686 024 493
Njeijei Leongushu Farmer, Matale A Matale A
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Appendix 4: Calculation of NPVs and loss of benefits at the local level following the 
construction of soda ash facility in Lake Natron area (r = 10%; t = 50%), USD
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I: Calculation of NPVs and loss of benefits in Crop production (r = 10%; t = 50 years), USD
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Total 9,298,232.49 9,129,306.15 8,875,916.64 

Loss 168,926.34 422,315.85
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II: Calculation of NPVs and loss of benefits in livestock production (r = 10%; t = 50 years), USD
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7,486,062.68 
                 

5          0.6209 
             

11,537,431.89 
                     

7,163,591.46 
           

11,306,683.25 
           

10,960,560.29 
           

7,020,319.63 
           

6,805,411.89 
                 

6          0.5645 
             

11,537,431.89 
                     

6,512,880.30 
           

11,306,683.25 
           

10,960,560.29 
           

6,382,622.69 
           

6,187,236.29 
                 

7          0.5132 
             

11,537,431.89 
                     

5,921,010.04 
           

11,306,683.25 
           

10,960,560.29 
           

5,802,589.84 
           

5,624,959.54 
                 

8          0.4665 
             

11,537,431.89 
                     

5,382,211.98 
           

11,306,683.25 
           

10,960,560.29 
           

5,274,567.74 
           

5,113,101.38 
                 

9          0.4241 
             

11,537,431.89 
                     

4,893,024.86 
           

11,306,683.25 
           

10,960,560.29 
           

4,795,164.37 
           

4,648,373.62 
               

10          0.3855 
             

11,537,431.89 
                     

4,447,679.99 
           

11,306,683.25 
           

10,960,560.29 
           

4,358,726.39 
           

4,225,295.99 
               

11          0.3505 
             

11,537,431.89 
                     

4,043,869.88 
           

11,306,683.25 
           

10,960,560.29 
           

3,962,992.48 
           

3,841,676.38 
               

12          0.3186 
             

11,537,431.89 
                     

3,675,825.80 
           

11,306,683.25 
           

10,960,560.29 
           

3,602,309.28 
           

3,492,034.51 
               

13          0.2897 
             

11,537,431.89 
                     

3,342,394.02 
           

11,306,683.25 
           

10,960,560.29 
           

3,275,546.14 
           

3,175,274.32 
               

14          0.2633 
             

11,537,431.89 
                     

3,037,805.82 
           

11,306,683.25 
           

10,960,560.29 
           

2,977,049.70 
           

2,885,915.53 
               

15          0.2394 
             

11,537,431.89 
                     

2,762,061.19 
           

11,306,683.25 
           

10,960,560.29 
           

2,706,819.97 
           

2,623,958.13 
               

16          0.2176 
             

11,537,431.89 
                     

2,510,545.18 
           

11,306,683.25 
           

10,960,560.29 
           

2,460,334.28 
           

2,385,017.92 
               

17          0.1978 
             

11,537,431.89 
                     

2,282,104.03 
           

11,306,683.25 
           

10,960,560.29 
           

2,236,461.95 
           

2,167,998.83 
               

18          0.1799 
             

11,537,431.89 
                     

2,075,584.00 
           

11,306,683.25 
           

10,960,560.29 
           

2,034,072.32 
           

1,971,804.80 
               

19          0.1635 
             

11,537,431.89 
                     

1,886,370.11 
           

11,306,683.25 
           

10,960,560.29 
           

1,848,642.71 
           

1,792,051.61 
               

20          0.1486 
             

11,537,431.89 
                     

1,714,462.38 
           

11,306,683.25 
           

10,960,560.29 
           

1,680,173.13 
           

1,628,739.26 
               

21          0.1351 
             

11,537,431.89 
                     

1,558,707.05 
           

11,306,683.25 
           

10,960,560.29 
           

1,527,532.91 
           

1,480,771.70 
               

22          0.1228 
             

11,537,431.89 
                     

1,416,796.64 
           

11,306,683.25 
           

10,960,560.29 
           

1,388,460.70 
           

1,345,956.80 
               

23          0.1117 
             

11,537,431.89 
                     

1,288,731.14 
           

11,306,683.25 
           

10,960,560.29 
           

1,262,956.52 
           

1,224,294.58 
               

24          0.1015 
             

11,537,431.89 
                     

1,171,049.34 
           

11,306,683.25 
           

10,960,560.29 
           

1,147,628.35 
           

1,112,496.87 
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25          0.0923 

             
11,537,431.89 

                     
1,064,904.96 

           
11,306,683.25 

           
10,960,560.29 

           
1,043,606.86 

           
1,011,659.72 

               
26          0.0839 

             
11,537,431.89 

                       
967,990.54 

           
11,306,683.25 

           
10,960,560.29              948,630.72 

             
919,591.01 

               
27          0.0763 

             
11,537,431.89 

                       
880,306.05 

           
11,306,683.25 

           
10,960,560.29              862,699.93 

             
836,290.75 

               
28          0.0693 

             
11,537,431.89 

                       
799,544.03 

           
11,306,683.25 

           
10,960,560.29              783,553.15 

             
759,566.83 

               
29          0.0630 

             
11,537,431.89 

                       
726,858.21 

           
11,306,683.25 

           
10,960,560.29              712,321.04 

             
690,515.30 

               
30          0.0573 

             
11,537,431.89 

                       
661,094.85 

           
11,306,683.25 

           
10,960,560.29              647,872.95 

             
628,040.10 

               
31          0.0521 

             
11,537,431.89 

                       
601,100.20 

           
11,306,683.25 

           
10,960,560.29              589,078.20 

             
571,045.19 

               
32          0.0474 

             
11,537,431.89 

                       
546,874.27 

           
11,306,683.25 

           
10,960,560.29              535,936.79 

             
519,530.56 

               
33          0.0431 

             
11,537,431.89 

                       
497,263.31 

           
11,306,683.25 

           
10,960,560.29              487,318.05 

             
472,400.15 

               
34          0.0391 

             
11,537,431.89 

                       
451,113.59 

           
11,306,683.25 

           
10,960,560.29              442,091.32 

             
428,557.91 

               
35          0.0356 

             
11,537,431.89 

                       
410,732.58 

           
11,306,683.25 

           
10,960,560.29              402,517.92 

             
390,195.95 

               
36          0.0323 

             
11,537,431.89 

                       
372,659.05 

           
11,306,683.25 

           
10,960,560.29              365,205.87 

             
354,026.10 

               
37          0.0294 

             
11,537,431.89 

                       
339,200.50 

           
11,306,683.25 

           
10,960,560.29              332,416.49 

             
322,240.47 

               
38          0.0267 

             
11,537,431.89 

                       
308,049.43 

           
11,306,683.25 

           
10,960,560.29              301,888.44 

             
292,646.96 

               
39          0.0243 

             
11,537,431.89 

                       
280,359.59 

           
11,306,683.25 

           
10,960,560.29              274,752.40 

             
266,341.62 

               
40          0.0221 

             
11,537,431.89 

                       
254,977.24 

           
11,306,683.25 

           
10,960,560.29              249,877.70 

             
242,228.38 

               
41          0.0201 

             
11,537,431.89 

                       
231,902.38 

           
11,306,683.25 

           
10,960,560.29              227,264.33 

             
220,307.26 

               
42          0.0183 

             
11,537,431.89 

                       
211,135.00 

           
11,306,683.25 

           
10,960,560.29              206,912.30 

             
200,578.25 

               
43          0.0166 

             
11,537,431.89 

                       
191,521.37 

           
11,306,683.25 

           
10,960,560.29              187,690.94 

             
181,945.30 

               
44          0.0151 

             
11,537,431.89 

                       
174,215.22 

           
11,306,683.25 

           
10,960,560.29              170,730.92 

             
165,504.46 

               
45          0.0137 

             
11,537,431.89 

                       
158,062.82 

           
11,306,683.25 

           
10,960,560.29              154,901.56 

             
150,159.68 

               
46          0.0125 

             
11,537,431.89 

                       
144,217.90 

           
11,306,683.25 

           
10,960,560.29              141,333.54 

             
137,007.00 

               
47          0.0113 

             
11,537,431.89 

                       
130,372.98 

           
11,306,683.25 

           
10,960,560.29              127,765.52 

             
123,854.33 

               
48          0.0103 

             
11,537,431.89 

                       
118,835.55 

           
11,306,683.25 

           
10,960,560.29              116,458.84 

             
112,893.77 

               
49          0.0094 

             
11,537,431.89 

                       
108,451.86 

           
11,306,683.25 

           
10,960,560.29              106,282.82 

             
103,029.27 

               
50          0.0085 

             
11,537,431.89 

                         
98,068.17 

           
11,306,683.25 

           
10,960,560.29                96,106.81 

               
93,164.76 

Total 125,925,300.33 123,637,542.96 120,205,906.91 

Loss 2,287,757.37 5,719,393.42
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III: Calculation of NPVs and loss of benefits from other direct uses of natural resources (r = 10%; t = 
50 years), USD
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0          1.0000 
             

13,250,600.40 
                   

13,250,600.40 
           

13,250,600.40 
           

13,250,600.40 
         

13,250,600.40 
         

13,250,600.40 
                 

1          0.9091 
             

13,250,600.40 
                   

12,046,120.82 
           

12,985,588.39 
           

12,588,070.38 
         

11,805,198.41 
         

11,443,814.78 
                 

2          0.8264 
             

13,250,600.40 
                   

10,950,296.17 
           

12,985,588.39 
           

12,588,070.38 
         

10,731,290.25 
         

10,402,781.36 
                 

3          0.7513 
             

13,250,600.40 
                     

9,955,176.08 
           

12,985,588.39 
           

12,588,070.38 
           

9,756,072.56 
           

9,457,417.28 
                 

4          0.6830 
             

13,250,600.40 
                     

9,050,160.07 
           

12,985,588.39 
           

12,588,070.38 
           

8,869,156.87 
           

8,597,652.07 
                 

5          0.6209 
             

13,250,600.40 
                     

8,227,297.79 
           

12,985,588.39 
           

12,588,070.38 
           

8,062,751.83 
           

7,815,932.90 
                 

6          0.5645 
             

13,250,600.40 
                     

7,479,963.93 
           

12,985,588.39 
           

12,588,070.38 
           

7,330,364.65 
           

7,105,965.73 
                 

7          0.5132 
             

13,250,600.40 
                     

6,800,208.13 
           

12,985,588.39 
           

12,588,070.38 
           

6,664,203.96 
           

6,460,197.72 
                 

8          0.4665 
             

13,250,600.40 
                     

6,181,405.09 
           

12,985,588.39 
           

12,588,070.38 
           

6,057,776.98 
           

5,872,334.83 
                 

9          0.4241 
             

13,250,600.40 
                     

5,619,579.63 
           

12,985,588.39 
           

12,588,070.38 
           

5,507,188.04 
           

5,338,600.65 
               

10          0.3855 
             

13,250,600.40 
                     

5,108,106.45 
           

12,985,588.39 
           

12,588,070.38 
           

5,005,944.33 
           

4,852,701.13 
               

11          0.3505 
             

13,250,600.40 
                     

4,644,335.44 
           

12,985,588.39 
           

12,588,070.38 
           

4,551,448.73 
           

4,412,118.67 
               

12          0.3186 
             

13,250,600.40 
                     

4,221,641.29 
           

12,985,588.39 
           

12,588,070.38 
           

4,137,208.46 
           

4,010,559.22 
               

13          0.2897 
             

13,250,600.40 
                     

3,838,698.94 
           

12,985,588.39 
           

12,588,070.38 
           

3,761,924.96 
           

3,646,763.99 
               

14          0.2633 
             

13,250,600.40 
                     

3,488,883.09 
           

12,985,588.39 
           

12,588,070.38 
           

3,419,105.42 
           

3,314,438.93 
               

15          0.2394 
             

13,250,600.40 
                     

3,172,193.74 
           

12,985,588.39 
           

12,588,070.38 
           

3,108,749.86 
           

3,013,584.05 
               

16          0.2176 
             

13,250,600.40 
                     

2,883,330.65 
           

12,985,588.39 
           

12,588,070.38 
           

2,825,664.03 
           

2,739,164.11 
               

17          0.1978 
             

13,250,600.40 
                     

2,620,968.76 
           

12,985,588.39 
           

12,588,070.38 
           

2,568,549.38 
           

2,489,920.32 
               

18          0.1799 
             

13,250,600.40 
                     

2,383,783.01 
           

12,985,588.39 
           

12,588,070.38 
           

2,336,107.35 
           

2,264,593.86 
               

19          0.1635 
             

13,250,600.40 
                     

2,166,473.17 
           

12,985,588.39 
           

12,588,070.38 
           

2,123,143.70 
           

2,058,149.51 
               

20          0.1486 
             

13,250,600.40 
                     

1,969,039.22 
           

12,985,588.39 
           

12,588,070.38 
           

1,929,658.44 
           

1,870,587.26 
               

21          0.1351 
             

13,250,600.40 
                     

1,790,156.11 
           

12,985,588.39 
           

12,588,070.38 
           

1,754,352.99 
           

1,700,648.31 
               

22          0.1228 
             

13,250,600.40 
                     

1,627,173.73 
           

12,985,588.39 
           

12,588,070.38 
           

1,594,630.25 
           

1,545,815.04 
               

23          0.1117 
             

13,250,600.40 
                     

1,480,092.06 
           

12,985,588.39 
           

12,588,070.38 
           

1,450,490.22 
           

1,406,087.46 
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24          0.1015 

             
13,250,600.40 

                     
1,344,935.94 

           
12,985,588.39 

           
12,588,070.38 

           
1,318,037.22 

           
1,277,689.14 

               
25          0.0923 

             
13,250,600.40 

                     
1,223,030.42 

           
12,985,588.39 

           
12,588,070.38 

           
1,198,569.81 

           
1,161,878.90 

               
26          0.0839 

             
13,250,600.40 

                     
1,111,725.37 

           
12,985,588.39 

           
12,588,070.38 

           
1,089,490.87 

           
1,056,139.10 

               
27          0.0763 

             
13,250,600.40 

                     
1,011,020.81 

           
12,985,588.39 

           
12,588,070.38              990,800.39 

             
960,469.77 

               
28          0.0693 

             
13,250,600.40 

                       
918,266.61 

           
12,985,588.39 

           
12,588,070.38              899,901.28 

             
872,353.28 

               
29          0.0630 

             
13,250,600.40 

                       
834,787.83 

           
12,985,588.39 

           
12,588,070.38              818,092.07 

             
793,048.43 

               
30          0.0573 

             
13,250,600.40 

                       
759,259.40 

           
12,985,588.39 

           
12,588,070.38              744,074.21 

             
721,296.43 

               
31          0.0521 

             
13,250,600.40 

                       
690,356.28 

           
12,985,588.39 

           
12,588,070.38              676,549.16 

             
655,838.47 

               
32          0.0474 

             
13,250,600.40 

                       
628,078.46 

           
12,985,588.39 

           
12,588,070.38              615,516.89 

             
596,674.54 

               
33          0.0431 

             
13,250,600.40 

                       
571,100.88 

           
12,985,588.39 

           
12,588,070.38              559,678.86 

             
542,545.83 

               
34          0.0391 

             
13,250,600.40 

                       
518,098.48 

           
12,985,588.39 

           
12,588,070.38              507,736.51 

             
492,193.55 

               
35          0.0356 

             
13,250,600.40 

                       
471,721.37 

           
12,985,588.39 

           
12,588,070.38              462,286.95 

             
448,135.31 

               
36          0.0323 

             
13,250,600.40 

                       
427,994.39 

           
12,985,588.39 

           
12,588,070.38              419,434.51 

             
406,594.67 

               
37          0.0294 

             
13,250,600.40 

                       
389,567.65 

           
12,985,588.39 

           
12,588,070.38              381,776.30 

             
370,089.27 

               
38          0.0267 

             
13,250,600.40 

                       
353,791.03 

           
12,985,588.39 

           
12,588,070.38              346,715.21 

             
336,101.48 

               
39          0.0243 

             
13,250,600.40 

                       
321,989.59 

           
12,985,588.39 

           
12,588,070.38              315,549.80 

             
305,890.11 

               
40          0.0221 

             
13,250,600.40 

                       
292,838.27 

           
12,985,588.39 

           
12,588,070.38              286,981.50 

             
278,196.36 

               
41          0.0201 

             
13,250,600.40 

                       
266,337.07 

           
12,985,588.39 

           
12,588,070.38              261,010.33 

             
253,020.21 

               
42          0.0183 

             
13,250,600.40 

                       
242,485.99 

           
12,985,588.39 

           
12,588,070.38              237,636.27 

             
230,361.69 

               
43          0.0166 

             
13,250,600.40 

                       
219,959.97 

           
12,985,588.39 

           
12,588,070.38              215,560.77 

             
208,961.97 

               
44          0.0151 

             
13,250,600.40 

                       
200,084.07 

           
12,985,588.39 

           
12,588,070.38              196,082.38 

             
190,079.86 

               
45          0.0137 

             
13,250,600.40 

                       
181,533.23 

           
12,985,588.39 

           
12,588,070.38              177,902.56 

             
172,456.56 

               
46          0.0125 

             
13,250,600.40 

                       
165,632.51 

           
12,985,588.39 

           
12,588,070.38              162,319.85 

             
157,350.88 

               
47          0.0113 

             
13,250,600.40 

                       
149,731.78 

           
12,985,588.39 

           
12,588,070.38              146,737.15 

             
142,245.20 

               
48          0.0103 

             
13,250,600.40 

                       
136,481.18 

           
12,985,588.39 

           
12,588,070.38              133,751.56 

             
129,657.12 

               
49          0.0094 

             
13,250,600.40 

                       
124,555.64 

           
12,985,588.39 

           
12,588,070.38              122,064.53 

             
118,327.86 

               
50          0.0085 

             
13,250,600.40 

                       
112,630.10 

           
12,985,588.39 

           
12,588,070.38              110,377.50 

             
106,998.60 

Total 144,623,678.07 141,996,216.51 138,055,024.18 

Loss 2,627,461.55 6,568,653.88 
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IV: Calculation of NPVs and loss of benefits from tourism revenue via TH and CITES (r = 10%; t = 50 
years), USD
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0          1.0000 
                 
365,621.15 

                       
365,621.15 

             
365,621.15              365,621.15              365,621.15 

             
365,621.15 

                 
1          0.9091 

                 
365,621.15 

                       
332,386.19 

             
347,340.09              329,059.04              315,766.88 

             
299,147.57 

                 
2          0.8264 

                 
365,621.15 

                       
302,149.32 

             
347,340.09              329,059.04              287,041.85 

             
271,934.39 

                 
3          0.7513 

                 
365,621.15 

                       
274,691.17 

             
347,340.09              329,059.04              260,956.61 

             
247,222.05 

                 
4          0.6830 

                 
365,621.15 

                       
249,719.25 

             
347,340.09              329,059.04              237,233.28 

             
224,747.32 

                 
5          0.6209 

                 
365,621.15 

                       
227,014.17 

             
347,340.09              329,059.04              215,663.46 

             
204,312.75 

                 
6          0.5645 

                 
365,621.15 

                       
206,393.14 

             
347,340.09              329,059.04              196,073.48 

             
185,753.83 

                 
7          0.5132 

                 
365,621.15 

                       
187,636.77 

             
347,340.09              329,059.04              178,254.94 

             
168,873.10 

                 
8          0.4665 

                 
365,621.15 

                       
170,562.27 

             
347,340.09              329,059.04              162,034.15 

             
153,506.04 

                 
9          0.4241 

                 
365,621.15 

                       
155,059.93 

             
347,340.09              329,059.04              147,306.93 

             
139,553.94 

               
10          0.3855 

                 
365,621.15 

                       
140,946.95 

             
347,340.09              329,059.04              133,899.61 

             
126,852.26 

               
11          0.3505 

                 
365,621.15 

                       
128,150.21 

             
347,340.09              329,059.04              121,742.70 

             
115,335.19 

               
12          0.3186 

                 
365,621.15 

                       
116,486.90 

             
347,340.09              329,059.04              110,662.55 

             
104,838.21 

               
13          0.2897 

                 
365,621.15 

                       
105,920.45 

             
347,340.09              329,059.04              100,624.42 

               
95,328.40 

               
14          0.2633 

                 
365,621.15 

                         
96,268.05 

             
347,340.09              329,059.04                91,454.65 

               
86,641.24 

               
15          0.2394 

                 
365,621.15 

                         
87,529.70 

             
347,340.09              329,059.04                83,153.22 

               
78,776.73 

               
16          0.2176 

                 
365,621.15 

                         
79,559.16 

             
347,340.09              329,059.04                75,581.20 

               
71,603.25 

               
17          0.1978 

                 
365,621.15 

                         
72,319.86 

             
347,340.09              329,059.04                68,703.87 

               
65,087.88 

               
18          0.1799 

                 
365,621.15 

                         
65,775.24 

             
347,340.09              329,059.04                62,486.48 

               
59,197.72 

               
19          0.1635 

                 
365,621.15 

                         
59,779.06 

             
347,340.09              329,059.04                56,790.11 

               
53,801.15 

               
20          0.1486 

                 
365,621.15 

                         
54,331.30 

             
347,340.09              329,059.04                51,614.74 

               
48,898.17 

               
21          0.1351 

                 
365,621.15 

                         
49,395.42 

             
347,340.09              329,059.04                46,925.65 

               
44,455.88 

               
22          0.1228 

                 
365,621.15 

                         
44,898.28 

             
347,340.09              329,059.04                42,653.36 

               
40,408.45 

               
23          0.1117 

                 
365,621.15 

                         
40,839.88 

             
347,340.09              329,059.04                38,797.89 

               
36,755.89 
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24          0.1015 

                 
365,621.15 

                         
37,110.55 

             
347,340.09              329,059.04                35,255.02 

               
33,399.49 

               
25          0.0923 

                 
365,621.15 

                         
33,746.83 

             
347,340.09              329,059.04                32,059.49 

               
30,372.15 

               
26          0.0839 

                 
365,621.15 

                         
30,675.61 

             
347,340.09              329,059.04                29,141.83 

               
27,608.05 

               
27          0.0763 

                 
365,621.15 

                         
27,896.89 

             
347,340.09              329,059.04                26,502.05 

               
25,107.20 

               
28          0.0693 

                 
365,621.15 

                         
25,337.55 

             
347,340.09              329,059.04                24,070.67 

               
22,803.79 

               
29          0.0630 

                 
365,621.15 

                         
23,034.13 

             
347,340.09              329,059.04                21,882.43 

               
20,730.72 

               
30          0.0573 

                 
365,621.15 

                         
20,950.09 

             
347,340.09              329,059.04                19,902.59 

               
18,855.08 

               
31          0.0521 

                 
365,621.15 

                         
19,048.86 

             
347,340.09              329,059.04                18,096.42 

               
17,143.98 

               
32          0.0474 

                 
365,621.15 

                         
17,330.44 

             
347,340.09              329,059.04                16,463.92 

               
15,597.40 

               
33          0.0431 

                 
365,621.15 

                         
15,758.27 

             
347,340.09              329,059.04                14,970.36 

               
14,182.44 

               
34          0.0391 

                 
365,621.15 

                         
14,295.79 

             
347,340.09              329,059.04                13,581.00 

               
12,866.21 

               
35          0.0356 

                 
365,621.15 

                         
13,016.11 

             
347,340.09              329,059.04                12,365.31 

               
11,714.50 

               
36          0.0323 

                 
365,621.15 

                         
11,809.56 

             
347,340.09              329,059.04                11,219.08 

               
10,628.61 

               
37          0.0294 

                 
365,621.15 

                         
10,749.26 

             
347,340.09              329,059.04                10,211.80 

                 
9,674.34 

               
38          0.0267 

                 
365,621.15 

                           
9,762.08 

             
347,340.09              329,059.04                  9,273.98 

                 
8,785.88 

               
39          0.0243 

                 
365,621.15 

                           
8,884.59 

             
347,340.09              329,059.04                  8,440.36 

                 
7,996.13 

               
40          0.0221 

                 
365,621.15 

                           
8,080.23 

             
347,340.09              329,059.04                  7,676.22 

                 
7,272.20 

               
41          0.0201 

                 
365,621.15 

                           
7,348.99 

             
347,340.09              329,059.04                  6,981.54 

                 
6,614.09 

               
42          0.0183 

                 
365,621.15 

                           
6,690.87 

             
347,340.09              329,059.04                  6,356.32 

                 
6,021.78 

               
43          0.0166 

                 
365,621.15 

                           
6,069.31 

             
347,340.09              329,059.04                  5,765.85 

                 
5,462.38 

               
44          0.0151 

                 
365,621.15 

                           
5,520.88 

             
347,340.09              329,059.04                  5,244.84 

                 
4,968.79 

               
45          0.0137 

                 
365,621.15 

                           
5,009.01 

             
347,340.09              329,059.04                  4,758.56 

                 
4,508.11 

               
46          0.0125 

                 
365,621.15 

                           
4,570.26 

             
347,340.09              329,059.04                  4,341.75 

                 
4,113.24 

               
47          0.0113 

                 
365,621.15 

                           
4,131.52 

             
347,340.09              329,059.04                  3,924.94 

                 
3,718.37 

               
48          0.0103 

                 
365,621.15 

                           
3,765.90 

             
347,340.09              329,059.04                  3,577.60 

                 
3,389.31 

               
49          0.0094 

                 
365,621.15 

                           
3,436.84 

             
347,340.09              329,059.04                  3,265.00 

                 
3,093.15 

               
50          0.0085 

                 
365,621.15 

                           
3,107.78 

             
347,340.09              329,059.04                  2,952.39 

                 
2,797.00 

Total 3,990,572.04 3,809,324.50 3,628,076.95 

Loss 181,247.54 362,495.09 
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V: Calculation of NPVs and loss of benefits for operators of campsites and lodges (r = 10%; t = 50 
years), USD
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 d

ec
re

as
e

0          1.0000 
              

1,805,416.00 
                     

1,805,416.00 
             

1,805,416.00 
             

1,805,416.00 
           

1,805,416.00 
           

1,805,416.00 
                 

1          0.9091 
              

1,805,416.00 
                     

1,641,303.69 
             

1,715,145.20 
             

1,624,874.40 
           

1,559,238.50 
           

1,477,173.32 
                 

2          0.8264 
              

1,805,416.00 
                     

1,491,995.78 
             

1,715,145.20 
             

1,624,874.40 
           

1,417,395.99 
           

1,342,796.20 
                 

3          0.7513 
              

1,805,416.00 
                     

1,356,409.04 
             

1,715,145.20 
             

1,624,874.40 
           

1,288,588.59 
           

1,220,768.14 
                 

4          0.6830 
              

1,805,416.00 
                     

1,233,099.13 
             

1,715,145.20 
             

1,624,874.40 
           

1,171,444.17 
           

1,109,789.22 
                 

5          0.6209 
              

1,805,416.00 
                     

1,120,982.79 
             

1,715,145.20 
             

1,624,874.40 
           

1,064,933.65 
           

1,008,884.51 
                 

6          0.5645 
              

1,805,416.00 
                     

1,019,157.33 
             

1,715,145.20 
             

1,624,874.40              968,199.47 
             

917,241.60 
                 

7          0.5132 
              

1,805,416.00 
                       

926,539.49 
             

1,715,145.20 
             

1,624,874.40              880,212.52 
             

833,885.54 
                 

8          0.4665 
              

1,805,416.00 
                       

842,226.56 
             

1,715,145.20 
             

1,624,874.40              800,115.24 
             

758,003.91 
                 

9          0.4241 
              

1,805,416.00 
                       

765,676.93 
             

1,715,145.20 
             

1,624,874.40              727,393.08 
             

689,109.23 
               

10          0.3855 
              

1,805,416.00 
                       

695,987.87 
             

1,715,145.20 
             

1,624,874.40              661,188.47 
             

626,389.08 
               

11          0.3505 
              

1,805,416.00 
                       

632,798.31 
             

1,715,145.20 
             

1,624,874.40              601,158.39 
             

569,518.48 
               

12          0.3186 
              

1,805,416.00 
                       

575,205.54 
             

1,715,145.20 
             

1,624,874.40              546,445.26 
             

517,684.98 
               

13          0.2897 
              

1,805,416.00 
                       

523,029.02 
             

1,715,145.20 
             

1,624,874.40              496,877.56 
             

470,726.11 
               

14          0.2633 
              

1,805,416.00 
                       

475,366.03 
             

1,715,145.20 
             

1,624,874.40              451,597.73 
             

427,829.43 
               

15          0.2394 
              

1,805,416.00 
                       

432,216.59 
             

1,715,145.20 
             

1,624,874.40              410,605.76 
             

388,994.93 
               

16          0.2176 
              

1,805,416.00 
                       

392,858.52 
             

1,715,145.20 
             

1,624,874.40              373,215.60 
             

353,572.67 
               

17          0.1978 
              

1,805,416.00 
                       

357,111.28 
             

1,715,145.20 
             

1,624,874.40              339,255.72 
             

321,400.16 
               

18          0.1799 
              

1,805,416.00 
                       

324,794.34 
             

1,715,145.20 
             

1,624,874.40              308,554.62 
             

292,314.90 
               

19          0.1635 
              

1,805,416.00 
                       

295,185.52 
             

1,715,145.20 
             

1,624,874.40              280,426.24 
             

265,666.96 
               

20          0.1486 
              

1,805,416.00 
                       

268,284.82 
             

1,715,145.20 
             

1,624,874.40              254,870.58 
             

241,456.34 
               

21          0.1351 
              

1,805,416.00 
                       

243,911.70 
             

1,715,145.20 
             

1,624,874.40              231,716.12 
             

219,520.53 
               

22          0.1228 
              

1,805,416.00 
                       

221,705.08 
             

1,715,145.20 
             

1,624,874.40              210,619.83 
             

199,534.58 
               

23          0.1117 
              

1,805,416.00 
                       

201,664.97 
             

1,715,145.20 
             

1,624,874.40              191,581.72 
             

181,498.47 
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24          0.1015 

              
1,805,416.00 

                       
183,249.72 

             
1,715,145.20 

             
1,624,874.40              174,087.24 

             
164,924.75 

               
25          0.0923 

              
1,805,416.00 

                       
166,639.90 

             
1,715,145.20 

             
1,624,874.40              158,307.90 

             
149,975.91 

               
26          0.0839 

              
1,805,416.00 

                       
151,474.40 

             
1,715,145.20 

             
1,624,874.40              143,900.68 

             
136,326.96 

               
27          0.0763 

              
1,805,416.00 

                       
137,753.24 

             
1,715,145.20 

             
1,624,874.40              130,865.58 

             
123,977.92 

               
28          0.0693 

              
1,805,416.00 

                       
125,115.33 

             
1,715,145.20 

             
1,624,874.40              118,859.56 

             
112,603.80 

               
29          0.0630 

              
1,805,416.00 

                       
113,741.21 

             
1,715,145.20 

             
1,624,874.40              108,054.15 

             
102,367.09 

               
30          0.0573 

              
1,805,416.00 

                       
103,450.34 

             
1,715,145.20 

             
1,624,874.40                98,277.82 

               
93,105.30 

               
31          0.0521 

              
1,805,416.00 

                         
94,062.17 

             
1,715,145.20 

             
1,624,874.40                89,359.06 

               
84,655.96 

               
32          0.0474 

              
1,805,416.00 

                         
85,576.72 

             
1,715,145.20 

             
1,624,874.40                81,297.88 

               
77,019.05 

               
33          0.0431 

              
1,805,416.00 

                         
77,813.43 

             
1,715,145.20 

             
1,624,874.40                73,922.76 

               
70,032.09 

               
34          0.0391 

              
1,805,416.00 

                         
70,591.77 

             
1,715,145.20 

             
1,624,874.40                67,062.18 

               
63,532.59 

               
35          0.0356 

              
1,805,416.00 

                         
64,272.81 

             
1,715,145.20 

             
1,624,874.40                61,059.17 

               
57,845.53 

               
36          0.0323 

              
1,805,416.00 

                         
58,314.94 

             
1,715,145.20 

             
1,624,874.40                55,399.19 

               
52,483.44 

               
37          0.0294 

              
1,805,416.00 

                         
53,079.23 

             
1,715,145.20 

             
1,624,874.40                50,425.27 

               
47,771.31 

               
38          0.0267 

              
1,805,416.00 

                         
48,204.61 

             
1,715,145.20 

             
1,624,874.40                45,794.38 

               
43,384.15 

               
39          0.0243 

              
1,805,416.00 

                         
43,871.61 

             
1,715,145.20 

             
1,624,874.40                41,678.03 

               
39,484.45 

               
40          0.0221 

              
1,805,416.00 

                         
39,899.69 

             
1,715,145.20 

             
1,624,874.40                37,904.71 

               
35,909.72 

               
41          0.0201 

              
1,805,416.00 

                         
36,288.86 

             
1,715,145.20 

             
1,624,874.40                34,474.42 

               
32,659.98 

               
42          0.0183 

              
1,805,416.00 

                         
33,039.11 

             
1,715,145.20 

             
1,624,874.40                31,387.16 

               
29,735.20 

               
43          0.0166 

              
1,805,416.00 

                         
29,969.91 

             
1,715,145.20 

             
1,624,874.40                28,471.41 

               
26,972.92 

               
44          0.0151 

              
1,805,416.00 

                         
27,261.78 

             
1,715,145.20 

             
1,624,874.40                25,898.69 

               
24,535.60 

               
45          0.0137 

              
1,805,416.00 

                         
24,734.20 

             
1,715,145.20 

             
1,624,874.40                23,497.49 

               
22,260.78 

               
46          0.0125 

              
1,805,416.00 

                         
22,567.70 

             
1,715,145.20 

             
1,624,874.40                21,439.32 

               
20,310.93 

               
47          0.0113 

              
1,805,416.00 

                         
20,401.20 

             
1,715,145.20 

             
1,624,874.40                19,381.14 

               
18,361.08 

               
48          0.0103 

              
1,805,416.00 

                         
18,595.78 

             
1,715,145.20 

             
1,624,874.40                17,666.00 

               
16,736.21 

               
49          0.0094 

              
1,805,416.00 

                         
16,970.91 

             
1,715,145.20 

             
1,624,874.40                16,122.36 

               
15,273.82 

               
50          0.0085 

              
1,805,416.00 

                         
15,346.04 

             
1,715,145.20 

             
1,624,874.40                14,578.73 

               
13,811.43 

Total 19,705,212.93 18,810,223.09 17,915,233.24 

Loss              894,989.85 1,789,979.69 
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VI: Calculation of NPVs and loss of benefits for tour operators (r = 10%; t = 50 years), USD
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 d
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0          1.0000 
              

1,114,790.00 
                     

1,114,790.00 
             

1,114,790.00 
             

1,114,790.00 
           

1,114,790.00 
           

1,114,790.00 
                 

1          0.9091 
              

1,114,790.00 
                     

1,013,455.59 
             

1,092,494.20 
             

1,059,050.50              993,186.48 
             

962,782.81 
                 

2          0.8264 
              

1,114,790.00 
                       

921,262.46 
             

1,037,869.49 
             

1,006,097.98              857,695.35 
             

831,439.37 
                 

3          0.7513 
              

1,114,790.00 
                       

837,541.73 
             

1,037,869.49 
             

1,006,097.98              779,751.35 
             

755,881.41 
                 

4          0.6830 
              

1,114,790.00 
                       

761,401.57 
             

1,037,869.49 
             

1,006,097.98              708,864.86 
             

687,164.92 
                 

5          0.6209 
              

1,114,790.00 
                       

692,173.11 
             

1,037,869.49 
             

1,006,097.98              644,413.17 
             

624,686.23 
                 

6          0.5645 
              

1,114,790.00 
                       

629,298.96 
             

1,037,869.49 
             

1,006,097.98              585,877.33 
             

567,942.31 
                 

7          0.5132 
              

1,114,790.00 
                       

572,110.23 
             

1,037,869.49 
             

1,006,097.98              532,634.62 
             

516,329.48 
                 

8          0.4665 
              

1,114,790.00 
                       

520,049.54 
             

1,037,869.49 
             

1,006,097.98              484,166.12 
             

469,344.71 
                 

9          0.4241 
              

1,114,790.00 
                       

472,782.44 
             

1,037,869.49 
             

1,006,097.98              440,160.45 
             

426,686.15 
               

10          0.3855 
              

1,114,790.00 
                       

429,751.55 
             

1,037,869.49 
             

1,006,097.98              400,098.69 
             

387,850.77 
               

11          0.3505 
              

1,114,790.00 
                       

390,733.90 
             

1,037,869.49 
             

1,006,097.98              363,773.26 
             

352,637.34 
               

12          0.3186 
              

1,114,790.00 
                       

355,172.09 
             

1,037,869.49 
             

1,006,097.98              330,665.22 
             

320,542.81 
               

13          0.2897 
              

1,114,790.00 
                       

322,954.66 
             

1,037,869.49 
             

1,006,097.98              300,670.79 
             

291,466.58 
               

14          0.2633 
              

1,114,790.00 
                       

293,524.21 
             

1,037,869.49 
             

1,006,097.98              273,271.04 
             

264,905.60 
               

15          0.2394 
              

1,114,790.00 
                       

266,880.73 
             

1,037,869.49 
             

1,006,097.98              248,465.96 
             

240,859.86 
               

16          0.2176 
              

1,114,790.00 
                       

242,578.30 
             

1,037,869.49 
             

1,006,097.98              225,840.40 
             

218,926.92 
               

17          0.1978 
              

1,114,790.00 
                       

220,505.46 
             

1,037,869.49 
             

1,006,097.98              205,290.59 
             

199,006.18 
               

18          0.1799 
              

1,114,790.00 
                       

200,550.72 
             

1,037,869.49 
             

1,006,097.98              186,712.72 
             

180,997.03 
               

19          0.1635 
              

1,114,790.00 
                       

182,268.17 
             

1,037,869.49 
             

1,006,097.98              169,691.66 
             

164,497.02 
               

20          0.1486 
              

1,114,790.00 
                       

165,657.79 
             

1,037,869.49 
             

1,006,097.98              154,227.41 
             

149,506.16 
               

21          0.1351 
              

1,114,790.00 
                       

150,608.13 
             

1,037,869.49 
             

1,006,097.98              140,216.17 
             

135,923.84 
               

22          0.1228 
              

1,114,790.00 
                       

136,896.21 
             

1,037,869.49 
             

1,006,097.98              127,450.37 
             

123,548.83 
               

23          0.1117 
              

1,114,790.00 
                       

124,522.04 
             

1,037,869.49 
             

1,006,097.98              115,930.02 
             

112,381.14 
               

24          0.1015 
              

1,114,790.00 
                       

113,151.19 
             

1,037,869.49 
             

1,006,097.98              105,343.75 
             

102,118.94 
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25          0.0923 

              
1,114,790.00 

                       
102,895.12 

             
1,037,869.49 

             
1,006,097.98                95,795.35 

               
92,862.84 

               
26          0.0839 

              
1,114,790.00 

                         
93,530.88 

             
1,037,869.49 

             
1,006,097.98                87,077.25 

               
84,411.62 

               
27          0.0763 

              
1,114,790.00 

                         
85,058.48 

             
1,037,869.49 

             
1,006,097.98                79,189.44 

               
76,765.28 

               
28          0.0693 

              
1,114,790.00 

                         
77,254.95 

             
1,037,869.49 

             
1,006,097.98                71,924.36 

               
69,722.59 

               
29          0.0630 

              
1,114,790.00 

                         
70,231.77 

             
1,037,869.49 

             
1,006,097.98                65,385.78 

               
63,384.17 

               
30          0.0573 

              
1,114,790.00 

                         
63,877.47 

             
1,037,869.49 

             
1,006,097.98                59,469.92 

               
57,649.41 

               
31          0.0521 

              
1,114,790.00 

                         
58,080.56 

             
1,037,869.49 

             
1,006,097.98                54,073.00 

               
52,417.70 

               
32          0.0474 

              
1,114,790.00 

                         
52,841.05 

             
1,037,869.49 

             
1,006,097.98                49,195.01 

               
47,689.04 

               
33          0.0431 

              
1,114,790.00 

                         
48,047.45 

             
1,037,869.49 

             
1,006,097.98                44,732.18 

               
43,362.82 

               
34          0.0391 

              
1,114,790.00 

                         
43,588.29 

             
1,037,869.49 

             
1,006,097.98                40,580.70 

               
39,338.43 

               
35          0.0356 

              
1,114,790.00 

                         
39,686.52 

             
1,037,869.49 

             
1,006,097.98                36,948.15 

               
35,817.09 

               
36          0.0323 

              
1,114,790.00 

                         
36,007.72 

             
1,037,869.49 

             
1,006,097.98                33,523.18 

               
32,496.96 

               
37          0.0294 

              
1,114,790.00 

                         
32,774.83 

             
1,037,869.49 

             
1,006,097.98                30,513.36 

               
29,579.28 

               
38          0.0267 

              
1,114,790.00 

                         
29,764.89 

             
1,037,869.49 

             
1,006,097.98                27,711.12 

               
26,862.82 

               
39          0.0243 

              
1,114,790.00 

                         
27,089.40 

             
1,037,869.49 

             
1,006,097.98                25,220.23 

               
24,448.18 

               
40          0.0221 

              
1,114,790.00 

                         
24,636.86 

             
1,037,869.49 

             
1,006,097.98                22,936.92 

               
22,234.77 

               
41          0.0201 

              
1,114,790.00 

                         
22,407.28 

             
1,037,869.49 

             
1,006,097.98                20,861.18 

               
20,222.57 

               
42          0.0183 

              
1,114,790.00 

                         
20,400.66 

             
1,037,869.49 

             
1,006,097.98                18,993.01 

               
18,411.59 

               
43          0.0166 

              
1,114,790.00 

                         
18,505.51 

             
1,037,869.49 

             
1,006,097.98                17,228.63 

               
16,701.23 

               
44          0.0151 

              
1,114,790.00 

                         
16,833.33 

             
1,037,869.49 

             
1,006,097.98                15,671.83 

               
15,192.08 

               
45          0.0137 

              
1,114,790.00 

                         
15,272.62 

             
1,037,869.49 

             
1,006,097.98                14,218.81 

               
13,783.54 

               
46          0.0125 

              
1,114,790.00 

                         
13,934.88 

             
1,037,869.49 

             
1,006,097.98                12,973.37 

               
12,576.22 

               
47          0.0113 

              
1,114,790.00 

                         
12,597.13 

             
1,037,869.49 

             
1,006,097.98                11,727.93 

               
11,368.91 

               
48          0.0103 

              
1,114,790.00 

                         
11,482.34 

             
1,037,869.49 

             
1,006,097.98                10,690.06 

               
10,362.81 

               
49          0.0094 

              
1,114,790.00 

                         
10,479.03 

             
1,037,869.49 

             
1,006,097.98                  9,755.97 

                 
9,457.32 

               
50          0.0085 

              
1,114,790.00 

                           
9,475.72 

             
1,037,869.49 

             
1,006,097.98                  8,821.89 

                 
8,551.83 

Total
                   

12,167,375.46 
         

11,454,406.38 
         

11,137,887.51 

Loss              712,969.07 
           

1,029,487.94 
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VIIa: Calculation of NPVs and loss of benefits from indirect use and non-use or intrinsic value, 
estimated using the WTP (r = 10%; t = 50 years), USD
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 d
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0          1.0000 
              

207,092.94 
                       

207,092.94 
               

207,092.94 
                

207,092.94              207,092.94 
             

207,092.94 
                 

1          0.9091 
              

207,092.94 
                       

188,268.19 
               

196,738.29 
                

186,383.65              178,854.78 
             

169,441.37 
                 

2          0.8264 
              

207,092.94 
                       

171,141.61 
               

196,738.29 
                

186,383.65              162,584.53 
             

154,027.45 
                 

3          0.7513 
              

207,092.94 
                       

155,588.93 
               

196,738.29 
                

186,383.65              147,809.48 
             

140,030.03 
                 

4          0.6830 
              

207,092.94 
                       

141,444.48 
               

196,738.29 
                

186,383.65              134,372.25 
             

127,300.03 
                 

5          0.6209 
              

207,092.94 
                       

128,584.01 
               

196,738.29 
                

186,383.65              122,154.81 
             

115,725.61 
                 

6          0.5645 
              

207,092.94 
                       

116,903.96 
               

196,738.29 
                

186,383.65              111,058.77 
             

105,213.57 
                 

7          0.5132 
              

207,092.94 
                       

106,280.10 
               

196,738.29 
                

186,383.65              100,966.09 
               

95,652.09 
                 

8          0.4665 
              

207,092.94 
                         

96,608.86 
               

196,738.29 
                

186,383.65                91,778.41 
               

86,947.97 
                 

9          0.4241 
              

207,092.94 
                         

87,828.12 
               

196,738.29 
                

186,383.65                83,436.71 
               

79,045.30 
               

10          0.3855 
              

207,092.94 
                         

79,834.33 
               

196,738.29 
                

186,383.65                75,842.61 
               

71,850.90 
               

11          0.3505 
              

207,092.94 
                         

72,586.08 
               

196,738.29 
                

186,383.65                68,956.77 
               

65,327.47 
               

12          0.3186 
              

207,092.94 
                         

65,979.81 
               

196,738.29 
                

186,383.65                62,680.82 
               

59,381.83 
               

13          0.2897 
              

207,092.94 
                         

59,994.82 
               

196,738.29 
                

186,383.65                56,995.08 
               

53,995.34 
               

14          0.2633 
              

207,092.94 
                         

54,527.57 
               

196,738.29 
                

186,383.65                51,801.19 
               

49,074.81 
               

15          0.2394 
              

207,092.94 
                         

49,578.05 
               

196,738.29 
                

186,383.65                47,099.15 
               

44,620.24 
               

16          0.2176 
              

207,092.94 
                         

45,063.42 
               

196,738.29 
                

186,383.65                42,810.25 
               

40,557.08 
               

17          0.1978 
              

207,092.94 
                         

40,962.98 
               

196,738.29 
                

186,383.65                38,914.83 
               

36,866.69 
               

18          0.1799 
              

207,092.94 
                         

37,256.02 
               

196,738.29 
                

186,383.65                35,393.22 
               

33,530.42 
               

19          0.1635 
              

207,092.94 
                         

33,859.70 
               

196,738.29 
                

186,383.65                32,166.71 
               

30,473.73 
               

20          0.1486 
              

207,092.94 
                         

30,774.01 
               

196,738.29 
                

186,383.65                29,235.31 
               

27,696.61 
               

21          0.1351 
              

207,092.94 
                         

27,978.26 
               

196,738.29 
                

186,383.65                26,579.34 
               

25,180.43 
               

22          0.1228 
              

207,092.94 
                         

25,431.01 
               

196,738.29 
                

186,383.65                24,159.46 
               

22,887.91 
               

23          0.1117 
              

207,092.94 
                         

23,132.28 
               

196,738.29 
                

186,383.65                21,975.67 
               

20,819.05 
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24          0.1015 

              
207,092.94 

                         
21,019.93 

               
196,738.29 

                
186,383.65                19,968.94 

               
18,917.94 

               
25          0.0923 

              
207,092.94 

                         
19,114.68 

               
196,738.29 

                
186,383.65                18,158.94 

               
17,203.21 

               
26          0.0839 

              
207,092.94 

                         
17,375.10 

               
196,738.29 

                
186,383.65                16,506.34 

               
15,637.59 

               
27          0.0763 

              
207,092.94 

                         
15,801.19 

               
196,738.29 

                
186,383.65                15,011.13 

               
14,221.07 

               
28          0.0693 

              
207,092.94 

                         
14,351.54 

               
196,738.29 

                
186,383.65                13,633.96 

               
12,916.39 

               
29          0.0630 

              
207,092.94 

                         
13,046.86 

               
196,738.29 

                
186,383.65                12,394.51 

               
11,742.17 

               
30          0.0573 

              
207,092.94 

                         
11,866.43 

               
196,738.29 

                
186,383.65                11,273.10 

               
10,679.78 

               
31          0.0521 

              
207,092.94 

                         
10,789.54 

               
196,738.29 

                
186,383.65                10,250.07 

                 
9,710.59 

               
32          0.0474 

              
207,092.94 

                           
9,816.21 

               
196,738.29 

                
186,383.65                  9,325.40 

                 
8,834.58 

               
33          0.0431 

              
207,092.94 

                           
8,925.71 

               
196,738.29 

                
186,383.65                  8,479.42 

                 
8,033.14 

               
34          0.0391 

              
207,092.94 

                           
8,097.33 

               
196,738.29 

                
186,383.65                  7,692.47 

                 
7,287.60 

               
35          0.0356 

              
207,092.94 

                           
7,372.51 

               
196,738.29 

                
186,383.65                  7,003.88 

                 
6,635.26 

               
36          0.0323 

              
207,092.94 

                           
6,689.10 

               
196,738.29 

                
186,383.65                  6,354.65 

                 
6,020.19 

               
37          0.0294 

              
207,092.94 

                           
6,088.53 

               
196,738.29 

                
186,383.65                  5,784.11 

                 
5,479.68 

               
38          0.0267 

              
207,092.94 

                           
5,529.38 

               
196,738.29 

                
186,383.65                  5,252.91 

                 
4,976.44 

               
39          0.0243 

              
207,092.94 

                           
5,032.36 

               
196,738.29 

                
186,383.65                  4,780.74 

                 
4,529.12 

               
40          0.0221 

              
207,092.94 

                           
4,576.75 

               
196,738.29 

                
186,383.65                  4,347.92 

                 
4,119.08 

               
41          0.0201 

              
207,092.94 

                           
4,162.57 

               
196,738.29 

                
186,383.65                  3,954.44 

                 
3,746.31 

               
42          0.0183 

              
207,092.94 

                           
3,789.80 

               
196,738.29 

                
186,383.65                  3,600.31 

                 
3,410.82 

               
43          0.0166 

              
207,092.94 

                           
3,437.74 

               
196,738.29 

                
186,383.65                  3,265.86 

                 
3,093.97 

               
44          0.0151 

              
207,092.94 

                           
3,127.10 

               
196,738.29 

                
186,383.65                  2,970.75 

                 
2,814.39 

               
45          0.0137 

              
207,092.94 

                           
2,837.17 

               
196,738.29 

                
186,383.65                  2,695.31 

                 
2,553.46 

               
46          0.0125 

              
207,092.94 

                           
2,588.66 

               
196,738.29 

                
186,383.65                  2,459.23 

                 
2,329.80 

               
47          0.0113 

              
207,092.94 

                           
2,340.15 

               
196,738.29 

                
186,383.65                  2,223.14 

                 
2,106.14 

               
48          0.0103 

              
207,092.94 

                           
2,133.06 

               
196,738.29 

                
186,383.65                  2,026.40 

                 
1,919.75 

               
49          0.0094 

              
207,092.94 

                           
1,946.67 

               
196,738.29 

                
186,383.65                  1,849.34 

                 
1,752.01 

               
50          0.0085 

              
207,092.94 

                           
1,760.29 

               
196,738.29 

                
186,383.65                  1,672.28 

                 
1,584.26 

Total
                 

2,260,315.89        2,157,654.75        2,054,993.60

Loss            102,661.15          205,322.30
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VIIb: Calculation of NPVs and loss of benefits from indirect use and non-use or intrinsic value, 
estimated using the WTAC (r = 10%; t = 50 years), USD
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0        1.0000          1.0000 
         

22,638,247.15 
                   

22,638,247.15 
           

22,638,247.15 
           

22,638,247.15 
         

22,638,247.15 
                 

1        0.9091          0.9091 
         

22,638,247.15 
                   

20,580,430.48 
           

21,506,334.79 
           

20,374,422.44 
         

19,551,408.96 
                 

2        0.8264          0.8264 
         

22,638,247.15 
                   

18,708,247.44 
           

21,506,334.79 
           

20,374,422.44 
         

17,772,835.07 
                 

3        0.7513          0.7513 
         

22,638,247.15 
                   

17,008,115.08 
           

21,506,334.79 
           

20,374,422.44 
         

16,157,709.33 
                 

4        0.6830          0.6830 
         

22,638,247.15 
                   

15,461,922.80 
           

21,506,334.79 
           

20,374,422.44 
         

14,688,826.66 
                 

5        0.6209          0.6209 
         

22,638,247.15 
                   

14,056,087.66 
           

21,506,334.79 
           

20,374,422.44 
         

13,353,283.27 
                 

6        0.5645          0.5645 
         

22,638,247.15 
                   

12,779,290.52 
           

21,506,334.79 
           

20,374,422.44 
         

12,140,325.99 
                 

7        0.5132          0.5132 
         

22,638,247.15 
                   

11,617,948.44 
           

21,506,334.79 
           

20,374,422.44 
         

11,037,051.02 
                 

8        0.4665          0.4665 
         

22,638,247.15 
                   

10,560,742.30 
           

21,506,334.79 
           

20,374,422.44 
         

10,032,705.18 
                 

9        0.4241          0.4241 
         

22,638,247.15 
                     

9,600,880.62 
           

21,506,334.79 
           

20,374,422.44 
           

9,120,836.59 
               

10        0.3855          0.3855 
         

22,638,247.15 
                     

8,727,044.28 
           

21,506,334.79 
           

20,374,422.44 
           

8,290,692.06 
               

11        0.3505          0.3505 
         

22,638,247.15 
                     

7,934,705.63 
           

21,506,334.79 
           

20,374,422.44 
           

7,537,970.34 
               

12        0.3186          0.3186 
         

22,638,247.15 
                     

7,212,545.54 
           

21,506,334.79 
           

20,374,422.44 
           

6,851,918.26 
               

13        0.2897          0.2897 
         

22,638,247.15 
                     

6,558,300.20 
           

21,506,334.79 
           

20,374,422.44 
           

6,230,385.19 
               

14        0.2633          0.2633 
         

22,638,247.15 
                     

5,960,650.47 
           

21,506,334.79 
           

20,374,422.44 
           

5,662,617.95 
               

15        0.2394          0.2394 
         

22,638,247.15 
                     

5,419,596.37 
           

21,506,334.79 
           

20,374,422.44 
           

5,148,616.55 
               

16        0.2176          0.2176 
         

22,638,247.15 
                     

4,926,082.58 
           

21,506,334.79 
           

20,374,422.44 
           

4,679,778.45 
               

17        0.1978          0.1978 
         

22,638,247.15 
                     

4,477,845.29 
           

21,506,334.79 
           

20,374,422.44 
           

4,253,953.02 
               

18        0.1799          0.1799 
         

22,638,247.15 
                     

4,072,620.66 
           

21,506,334.79 
           

20,374,422.44 
           

3,868,989.63 
               

19        0.1635          0.1635 
         

22,638,247.15 
                     

3,701,353.41 
           

21,506,334.79 
           

20,374,422.44 
           

3,516,285.74 
               

20        0.1486          0.1486 
         

22,638,247.15 
                     

3,364,043.53 
           

21,506,334.79 
           

20,374,422.44 
           

3,195,841.35 
               

21        0.1351          0.1351 
         

22,638,247.15 
                     

3,058,427.19 
           

21,506,334.79 
           

20,374,422.44 
           

2,905,505.83 
               

22        0.1228          0.1228 
         

22,638,247.15 
                     

2,779,976.75 
           

21,506,334.79 
           

20,374,422.44 
           

2,640,977.91 
               

23        0.1117          0.1117 
         

22,638,247.15 
                     

2,528,692.21 
           

21,506,334.79 
           

20,374,422.44 
           

2,402,257.60 
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24        0.1015          0.1015 

         
22,638,247.15 

                     
2,297,782.09 

           
21,506,334.79 

           
20,374,422.44 

           
2,182,892.98 

               
25        0.0923          0.0923 

         
22,638,247.15 

                     
2,089,510.21 

           
21,506,334.79 

           
20,374,422.44 

           
1,985,034.70 

               
26        0.0839          0.0839 

         
22,638,247.15 

                     
1,899,348.94 

           
21,506,334.79 

           
20,374,422.44 

           
1,804,381.49 

               
27        0.0763          0.0763 

         
22,638,247.15 

                     
1,727,298.26 

           
21,506,334.79 

           
20,374,422.44 

           
1,640,933.34 

               
28        0.0693          0.0693 

         
22,638,247.15 

                     
1,568,830.53 

           
21,506,334.79 

           
20,374,422.44 

           
1,490,389.00 

               
29        0.0630          0.0630 

         
22,638,247.15 

                     
1,426,209.57 

           
21,506,334.79 

           
20,374,422.44 

           
1,354,899.09 

               
30        0.0573          0.0573 

         
22,638,247.15 

                     
1,297,171.56 

           
21,506,334.79 

           
20,374,422.44 

           
1,232,312.98 

               
31        0.0521          0.0521 

         
22,638,247.15 

                     
1,179,452.68 

           
21,506,334.79 

           
20,374,422.44 

           
1,120,480.04 

               
32        0.0474          0.0474 

         
22,638,247.15 

                     
1,073,052.91 

           
21,506,334.79 

           
20,374,422.44 

           
1,019,400.27 

               
33        0.0431          0.0431 

         
22,638,247.15 

                       
975,708.45 

           
21,506,334.79 

           
20,374,422.44 

             
926,923.03 

               
34        0.0391          0.0391 

         
22,638,247.15 

                       
885,155.46 

           
21,506,334.79 

           
20,374,422.44 

             
840,897.69 

               
35        0.0356          0.0356 

         
22,638,247.15 

                       
805,921.60 

           
21,506,334.79 

           
20,374,422.44 

             
765,625.52 

               
36        0.0323          0.0323 

         
22,638,247.15 

                       
731,215.38 

           
21,506,334.79 

           
20,374,422.44 

             
694,654.61 

               
37        0.0294          0.0294 

         
22,638,247.15 

                       
665,564.47 

           
21,506,334.79 

           
20,374,422.44 

             
632,286.24 

               
38        0.0267          0.0267 

         
22,638,247.15 

                       
604,441.20 

           
21,506,334.79 

           
20,374,422.44 

             
574,219.14 

               
39        0.0243          0.0243 

         
22,638,247.15 

                       
550,109.41 

           
21,506,334.79 

           
20,374,422.44 

             
522,603.94 

               
40        0.0221          0.0221 

         
22,638,247.15 

                       
500,305.26 

           
21,506,334.79 

           
20,374,422.44 

             
475,290.00 

               
41        0.0201          0.0201 

         
22,638,247.15 

                       
455,028.77 

           
21,506,334.79 

           
20,374,422.44 

             
432,277.33 

               
42        0.0183          0.0183 

         
22,638,247.15 

                       
414,279.92 

           
21,506,334.79 

           
20,374,422.44 

             
393,565.93 

               
43        0.0166          0.0166 

         
22,638,247.15 

                       
375,794.90 

           
21,506,334.79 

           
20,374,422.44 

             
357,005.16 

               
44        0.0151          0.0151 

         
22,638,247.15 

                       
341,837.53 

           
21,506,334.79 

           
20,374,422.44 

             
324,745.66 

               
45        0.0137          0.0137 

         
22,638,247.15 

                       
310,143.99 

           
21,506,334.79 

           
20,374,422.44 

             
294,636.79 

               
46        0.0125          0.0125 

         
22,638,247.15 

                       
282,978.09 

           
21,506,334.79 

           
20,374,422.44 

             
268,829.18 

               
47        0.0113          0.0113 

         
22,638,247.15 

                       
255,812.19 

           
21,506,334.79 

           
20,374,422.44 

             
243,021.58 

               
48        0.0103          0.0103 

         
22,638,247.15 

                       
233,173.95 

           
21,506,334.79 

           
20,374,422.44 

             
221,515.25 

               
49        0.0094          0.0094 

         
22,638,247.15 

                       
212,799.52 

           
21,506,334.79 

           
20,374,422.44 

             
202,159.55 

               
50        0.0085          0.0085 

         
22,638,247.15 

                       
192,425.10 

           
21,506,334.79 

           
20,374,422.44 

             
182,803.85 

Total
                 

247,085,148.52 
       

235,862,803.45 
       

224,640,458.38 

Loss
           

11,222,345.07 
         

22,444,690.14 
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VIII: Calculation of NPVs and loss of benefits at the national level: government revenues accruing 
from tourism in Lake Natron (r = 10%; t = 50 years), USD
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0          1.0000 
                   

56,351.30 
                         

56,351.30 
                 

56,351.30 
                 

56,351.30                56,351.30 
               

56,351.30 
                 

1          0.9091 
                   

56,351.30 
                         

51,228.97 
                 

53,533.74 
                 

50,716.17                48,667.52 
               

46,106.07 
                 

2          0.8264 
                   

56,351.30 
                         

46,568.71 
                 

53,533.74 
                 

50,716.17                44,240.28 
               

41,911.84 
                 

3          0.7513 
                   

56,351.30 
                         

42,336.73 
                 

53,533.74 
                 

50,716.17                40,219.90 
               

38,103.06 
                 

4          0.6830 
                   

56,351.30 
                         

38,487.94 
                 

53,533.74 
                 

50,716.17                36,563.54 
               

34,639.14 
                 

5          0.6209 
                   

56,351.30 
                         

34,988.52 
                 

53,533.74 
                 

50,716.17                33,239.10 
               

31,489.67 
                 

6          0.5645 
                   

56,351.30 
                         

31,810.31 
                 

53,533.74 
                 

50,716.17                30,219.79 
               

28,629.28 
                 

7          0.5132 
                   

56,351.30 
                         

28,919.49 
                 

53,533.74 
                 

50,716.17                27,473.51 
               

26,027.54 
                 

8          0.4665 
                   

56,351.30 
                         

26,287.88 
                 

53,533.74 
                 

50,716.17                24,973.49 
               

23,659.09 
                 

9          0.4241 
                   

56,351.30 
                         

23,898.59 
                 

53,533.74 
                 

50,716.17                22,703.66 
               

21,508.73 
               

10          0.3855 
                   

56,351.30 
                         

21,723.43 
                 

53,533.74 
                 

50,716.17                20,637.25 
               

19,551.08 
               

11          0.3505 
                   

56,351.30 
                         

19,751.13 
                 

53,533.74 
                 

50,716.17                18,763.57 
               

17,776.02 
               

12          0.3186 
                   

56,351.30 
                         

17,953.52 
                 

53,533.74 
                 

50,716.17                17,055.85 
               

16,158.17 
               

13          0.2897 
                   

56,351.30 
                         

16,324.97 
                 

53,533.74 
                 

50,716.17                15,508.72 
               

14,692.47 
               

14          0.2633 
                   

56,351.30 
                         

14,837.30 
                 

53,533.74 
                 

50,716.17                14,095.43 
               

13,353.57 
               

15          0.2394 
                   

56,351.30 
                         

13,490.50 
                 

53,533.74 
                 

50,716.17                12,815.98 
               

12,141.45 
               

16          0.2176 
                   

56,351.30 
                         

12,262.04 
                 

53,533.74 
                 

50,716.17                11,648.94 
               

11,035.84 
               

17          0.1978 
                   

56,351.30 
                         

11,146.29 
                 

53,533.74 
                 

50,716.17                10,588.97 
               

10,031.66 
               

18          0.1799 
                   

56,351.30 
                         

10,137.60 
                 

53,533.74 
                 

50,716.17                  9,630.72 
                 

9,123.84 
               

19          0.1635 
                   

56,351.30 
                           

9,213.44 
                 

53,533.74 
                 

50,716.17                  8,752.77 
                 

8,292.09 
               

20          0.1486 
                   

56,351.30 
                           

8,373.80 
                 

53,533.74 
                 

50,716.17                  7,955.11 
                 

7,536.42 
               

21          0.1351 
                   

56,351.30 
                           

7,613.06 
                 

53,533.74 
                 

50,716.17                  7,232.41 
                 

6,851.75 
               

22          0.1228 
                   

56,351.30 
                           

6,919.94 
                 

53,533.74 
                 

50,716.17                  6,573.94 
                 

6,227.95 
               

23          0.1117 
                   

56,351.30 
                           

6,294.44 
                 

53,533.74 
                 

50,716.17                  5,979.72 
                 

5,665.00 
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24          0.1015 

                   
56,351.30 

                           
5,719.66 

                 
53,533.74 

                 
50,716.17                  5,433.67 

                 
5,147.69 

               
25          0.0923 

                   
56,351.30 

                           
5,201.22 

                 
53,533.74 

                 
50,716.17                  4,941.16 

                 
4,681.10 

               
26          0.0839 

                   
56,351.30 

                           
4,727.87 

                 
53,533.74 

                 
50,716.17                  4,491.48 

                 
4,255.09 

               
27          0.0763 

                   
56,351.30 

                           
4,299.60 

                 
53,533.74 

                 
50,716.17                  4,084.62 

                 
3,869.64 

               
28          0.0693 

                   
56,351.30 

                           
3,905.15 

                 
53,533.74 

                 
50,716.17                  3,709.89 

                 
3,514.63 

               
29          0.0630 

                   
56,351.30 

                           
3,550.13 

                 
53,533.74 

                 
50,716.17                  3,372.63 

                 
3,195.12 

               
30          0.0573 

                   
56,351.30 

                           
3,228.93 

                 
53,533.74 

                 
50,716.17                  3,067.48 

                 
2,906.04 

               
31          0.0521 

                   
56,351.30 

                           
2,935.90 

                 
53,533.74 

                 
50,716.17                  2,789.11 

                 
2,642.31 

               
32          0.0474 

                   
56,351.30 

                           
2,671.05 

                 
53,533.74 

                 
50,716.17                  2,537.50 

                 
2,403.95 

               
33          0.0431 

                   
56,351.30 

                           
2,428.74 

                 
53,533.74 

                 
50,716.17                  2,307.30 

                 
2,185.87 

               
34          0.0391 

                   
56,351.30 

                           
2,203.34 

                 
53,533.74 

                 
50,716.17                  2,093.17 

                 
1,983.00 

               
35          0.0356 

                   
56,351.30 

                           
2,006.11 

                 
53,533.74 

                 
50,716.17                  1,905.80 

                 
1,805.50 

               
36          0.0323 

                   
56,351.30 

                           
1,820.15 

                 
53,533.74 

                 
50,716.17                  1,729.14 

                 
1,638.13 

               
37          0.0294 

                   
56,351.30 

                           
1,656.73 

                 
53,533.74 

                 
50,716.17                  1,573.89 

                 
1,491.06 

               
38          0.0267 

                   
56,351.30 

                           
1,504.58 

                 
53,533.74 

                 
50,716.17                  1,429.35 

                 
1,354.12 

               
39          0.0243 

                   
56,351.30 

                           
1,369.34 

                 
53,533.74 

                 
50,716.17                  1,300.87 

                 
1,232.40 

               
40          0.0221 

                   
56,351.30 

                           
1,245.36 

                 
53,533.74 

                 
50,716.17                  1,183.10 

                 
1,120.83 

               
41          0.0201 

                   
56,351.30 

                           
1,132.66 

                 
53,533.74 

                 
50,716.17                  1,076.03 

                 
1,019.40 

               
42          0.0183 

                   
56,351.30 

                           
1,031.23 

                 
53,533.74 

                 
50,716.17                    979.67 

                   
928.11 

               
43          0.0166 

                   
56,351.30 

                             
935.43 

                 
53,533.74 

                 
50,716.17                    888.66 

                   
841.89 

               
44          0.0151 

                   
56,351.30 

                             
850.90 

                 
53,533.74 

                 
50,716.17                    808.36 

                   
765.81 

               
45          0.0137 

                   
56,351.30 

                             
772.01 

                 
53,533.74 

                 
50,716.17                    733.41 

                   
694.81 

               
46          0.0125 

                   
56,351.30 

                             
704.39 

                 
53,533.74 

                 
50,716.17                    669.17 

                   
633.95 

               
47          0.0113 

                   
56,351.30 

                             
636.77 

                 
53,533.74 

                 
50,716.17                    604.93 

                   
573.09 

               
48          0.0103 

                   
56,351.30 

                             
580.42 

                 
53,533.74 

                 
50,716.17                    551.40 

                   
522.38 

               
49          0.0094 

                   
56,351.30 

                             
529.70 

                 
53,533.74 

                 
50,716.17                    503.22 

                   
476.73 

               
50          0.0085 

                   
56,351.30 

                             
478.99 

                 
53,533.74 

                 
50,716.17                    455.04 

                   
431.09 

Total
                       

615,046.26              587,111.52 
             

559,176.77 

Loss                27,934.75 
               

55,869.50 



Lake Natron CBA Study Page 177

IX: Calculation of NPVs and loss of benefits at the regional level: government revenues accruing 
from flamingo tourism (r = 10%; t = 50 years), USD
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0        1.0000 
           

4,241,685.00 
                  

4,241,685.00 
          

4,241,685.00           4,241,685.00         4,241,685.00 
        

4,241,685.00 
                 

1        0.9091 
           

4,241,685.00 
                  

3,856,115.83 
          

4,029,600.75           3,817,516.50         3,663,310.04 
        

3,470,504.25 
                 

2        0.8264 
           

4,241,685.00 
                  

3,505,328.48 
          

4,029,600.75           3,817,516.50         3,330,062.06 
        

3,154,795.64 
                 

3        0.7513 
           

4,241,685.00 
                  

3,186,777.94 
          

4,029,600.75           3,817,516.50         3,027,439.04 
        

2,868,100.15 
                 

4        0.6830 
           

4,241,685.00 
                  

2,897,070.86 
          

4,029,600.75           3,817,516.50         2,752,217.31 
        

2,607,363.77 
                 

5        0.6209 
           

4,241,685.00 
                  

2,633,662.22 
          

4,029,600.75           3,817,516.50         2,501,979.11 
        

2,370,295.99 
                 

6        0.5645 
           

4,241,685.00 
                  

2,394,431.18 
          

4,029,600.75           3,817,516.50         2,274,709.62 
        

2,154,988.06 
                 

7        0.5132 
           

4,241,685.00 
                  

2,176,832.74 
          

4,029,600.75           3,817,516.50         2,067,991.10 
        

1,959,149.47 
                 

8        0.4665 
           

4,241,685.00 
                  

1,978,746.05 
          

4,029,600.75           3,817,516.50         1,879,808.75 
        

1,780,871.45 
                 

9        0.4241 
           

4,241,685.00 
                  

1,798,898.61 
          

4,029,600.75           3,817,516.50         1,708,953.68 
        

1,619,008.75 
               

10        0.3855 
           

4,241,685.00 
                  

1,635,169.57 
          

4,029,600.75           3,817,516.50         1,553,411.09 
        

1,471,652.61 
               

11        0.3505 
           

4,241,685.00 
                  

1,486,710.59 
          

4,029,600.75           3,817,516.50         1,412,375.06 
        

1,338,039.53 
               

12        0.3186 
           

4,241,685.00 
                  

1,351,400.84 
          

4,029,600.75           3,817,516.50         1,283,830.80 
        

1,216,260.76 
               

13        0.2897 
           

4,241,685.00 
                  

1,228,816.14 
          

4,029,600.75           3,817,516.50         1,167,375.34 
        

1,105,934.53 
               

14        0.2633 
           

4,241,685.00 
                  

1,116,835.66 
          

4,029,600.75           3,817,516.50         1,060,993.88 
        

1,005,152.09 
               

15        0.2394 
           

4,241,685.00 
                  

1,015,459.39 
          

4,029,600.75           3,817,516.50            964,686.42 
           

913,913.45 
               

16        0.2176 
           

4,241,685.00 
                     

922,990.66 
          

4,029,600.75           3,817,516.50            876,841.12 
           

830,691.59 
               

17        0.1978 
           

4,241,685.00 
                     

839,005.29 
          

4,029,600.75           3,817,516.50            797,055.03 
           

755,104.76 
               

18        0.1799 
           

4,241,685.00 
                     

763,079.13 
          

4,029,600.75           3,817,516.50            724,925.17 
           

686,771.22 
               

19        0.1635 
           

4,241,685.00 
                     

693,515.50 
          

4,029,600.75           3,817,516.50            658,839.72 
           

624,163.95 
               

20        0.1486 
           

4,241,685.00 
                     

630,314.39 
          

4,029,600.75           3,817,516.50            598,798.67 
           

567,282.95 
               

21        0.1351 
           

4,241,685.00 
                     

573,051.64 
          

4,029,600.75           3,817,516.50            544,399.06 
           

515,746.48 
               

22        0.1228 
           

4,241,685.00 
                     

520,878.92 
          

4,029,600.75           3,817,516.50            494,834.97 
           

468,791.03 
               

23        0.1117 
           

4,241,685.00 
                     

473,796.21 
          

4,029,600.75           3,817,516.50            450,106.40 
           

426,416.59 
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24        0.1015 

           
4,241,685.00 

                     
430,531.03 

          
4,029,600.75           3,817,516.50            409,004.48 

           
387,477.92 

               
25        0.0923 

           
4,241,685.00 

                     
391,507.53 

          
4,029,600.75           3,817,516.50            371,932.15 

           
352,356.77 

               
26        0.0839 

           
4,241,685.00 

                     
355,877.37 

          
4,029,600.75           3,817,516.50            338,083.50 

           
320,289.63 

               
27        0.0763 

           
4,241,685.00 

                     
323,640.57 

          
4,029,600.75           3,817,516.50            307,458.54 

           
291,276.51 

               
28        0.0693 

           
4,241,685.00 

                     
293,948.77 

          
4,029,600.75           3,817,516.50            279,251.33 

           
264,553.89 

               
29        0.0630 

           
4,241,685.00 

                     
267,226.16 

          
4,029,600.75           3,817,516.50            253,864.85 

           
240,503.54 

               
30        0.0573 

           
4,241,685.00 

                     
243,048.55 

          
4,029,600.75           3,817,516.50            230,896.12 

           
218,743.70 

               
31        0.0521 

           
4,241,685.00 

                     
220,991.79 

          
4,029,600.75           3,817,516.50            209,942.20 

           
198,892.61 

               
32        0.0474 

           
4,241,685.00 

                     
201,055.87 

          
4,029,600.75           3,817,516.50            191,003.08 

           
180,950.28 

               
33        0.0431 

           
4,241,685.00 

                     
182,816.62 

          
4,029,600.75           3,817,516.50            173,675.79 

           
164,534.96 

               
34        0.0391 

           
4,241,685.00 

                     
165,849.88 

          
4,029,600.75           3,817,516.50            157,557.39 

           
149,264.90 

               
35        0.0356 

           
4,241,685.00 

                     
151,003.99 

          
4,029,600.75           3,817,516.50            143,453.79 

           
135,903.59 

               
36        0.0323 

           
4,241,685.00 

                     
137,006.43 

          
4,029,600.75           3,817,516.50            130,156.10 

           
123,305.78 

               
37        0.0294 

           
4,241,685.00 

                     
124,705.54 

          
4,029,600.75           3,817,516.50            118,470.26 

           
112,234.99 

               
38        0.0267 

           
4,241,685.00 

                     
113,252.99 

          
4,029,600.75           3,817,516.50            107,590.34 

           
101,927.69 

               
39        0.0243 

           
4,241,685.00 

                     
103,072.95 

          
4,029,600.75           3,817,516.50              97,919.30 

             
92,765.65 

               
40        0.0221 

           
4,241,685.00 

                       
93,741.24 

          
4,029,600.75           3,817,516.50              89,054.18 

             
84,367.11 

               
41        0.0201 

           
4,241,685.00 

                       
85,257.87 

          
4,029,600.75           3,817,516.50              80,994.98 

             
76,732.08 

               
42        0.0183 

           
4,241,685.00 

                       
77,622.84 

          
4,029,600.75           3,817,516.50              73,741.69 

             
69,860.55 

               
43        0.0166 

           
4,241,685.00 

                       
70,411.97 

          
4,029,600.75           3,817,516.50              66,891.37 

             
63,370.77 

               
44        0.0151 

           
4,241,685.00 

                       
64,049.44 

          
4,029,600.75           3,817,516.50              60,846.97 

             
57,644.50 

               
45        0.0137 

           
4,241,685.00 

                       
58,111.08 

          
4,029,600.75           3,817,516.50              55,205.53 

             
52,299.98 

               
46        0.0125 

           
4,241,685.00 

                       
53,021.06 

          
4,029,600.75           3,817,516.50              50,370.01 

             
47,718.96 

               
47        0.0113 

           
4,241,685.00 

                       
47,931.04 

          
4,029,600.75           3,817,516.50              45,534.49 

             
43,137.94 

               
48        0.0103 

           
4,241,685.00 

                       
43,689.36 

          
4,029,600.75           3,817,516.50              41,504.89 

             
39,320.42 

               
49        0.0094 

           
4,241,685.00 

                       
39,871.84 

          
4,029,600.75           3,817,516.50              37,878.25 

             
35,884.66 

               
50        0.0085 

           
4,241,685.00 

                       
36,054.32 

          
4,029,600.75           3,817,516.50              34,251.61 

             
32,448.89 

Total
                   

46,295,870.93 
         

44,193,161.64 
         

42,090,452.34 

Loss
           

2,102,709.30 
           

4,205,418.59 
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X: Calculation of NPVs and loss of benefits at the regional level: operators of lodges, hotels and 
camps (r = 10%; t = 50 years), USD
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0          1.0000 
             

80,875,200.00 
                   

80,875,200.00 
           

80,875,200.00 
           

80,875,200.00 
         

80,875,200.00 
         

80,875,200.00 
                 

1          0.9091 
             

80,875,200.00 
                   

73,523,644.32 
           

76,831,440.00 
           

72,787,680.00 
         

69,847,462.10 
         

66,171,279.89 
                 

2          0.8264 
             

80,875,200.00 
                   

66,835,265.28 
           

76,831,440.00 
           

72,787,680.00 
         

63,493,502.02 
         

60,151,738.75 
                 

3          0.7513 
             

80,875,200.00 
                   

60,761,537.76 
           

76,831,440.00 
           

72,787,680.00 
         

57,723,460.87 
         

54,685,383.98 
                 

4          0.6830 
             

80,875,200.00 
                   

55,237,761.60 
           

76,831,440.00 
           

72,787,680.00 
         

52,475,873.52 
         

49,713,985.44 
                 

5          0.6209 
             

80,875,200.00 
                   

50,215,411.68 
           

76,831,440.00 
           

72,787,680.00 
         

47,704,641.10 
         

45,193,870.51 
                 

6          0.5645 
             

80,875,200.00 
                   

45,654,050.40 
           

76,831,440.00 
           

72,787,680.00 
         

43,371,347.88 
         

41,088,645.36 
                 

7          0.5132 
             

80,875,200.00 
                   

41,505,152.64 
           

76,831,440.00 
           

72,787,680.00 
         

39,429,895.01 
         

37,354,637.38 
                 

8          0.4665 
             

80,875,200.00 
                   

37,728,280.80 
           

76,831,440.00 
           

72,787,680.00 
         

35,841,866.76 
         

33,955,452.72 
                 

9          0.4241 
             

80,875,200.00 
                   

34,299,172.32 
           

76,831,440.00 
           

72,787,680.00 
         

32,584,213.70 
         

30,869,255.09 
               

10          0.3855 
             

80,875,200.00 
                   

31,177,389.60 
           

76,831,440.00 
           

72,787,680.00 
         

29,618,520.12 
         

28,059,650.64 
               

11          0.3505 
             

80,875,200.00 
                   

28,346,757.60 
           

76,831,440.00 
           

72,787,680.00 
         

26,929,419.72 
         

25,512,081.84 
               

12          0.3186 
             

80,875,200.00 
                   

25,766,838.72 
           

76,831,440.00 
           

72,787,680.00 
         

24,478,496.78 
         

23,190,154.85 
               

13          0.2897 
             

80,875,200.00 
                   

23,429,545.44 
           

76,831,440.00 
           

72,787,680.00 
         

22,258,068.17 
         

21,086,590.90 
               

14          0.2633 
             

80,875,200.00 
                   

21,294,440.16 
           

76,831,440.00 
           

72,787,680.00 
         

20,229,718.15 
         

19,164,996.14 
               

15          0.2394 
             

80,875,200.00 
                   

19,361,522.88 
           

76,831,440.00 
           

72,787,680.00 
         

18,393,446.74 
         

17,425,370.59 
               

16          0.2176 
             

80,875,200.00 
                   

17,598,443.52 
           

76,831,440.00 
           

72,787,680.00 
         

16,718,521.34 
         

15,838,599.17 
               

17          0.1978 
             

80,875,200.00 
                   

15,997,114.56 
           

76,831,440.00 
           

72,787,680.00 
         

15,197,258.83 
         

14,397,403.10 
               

18          0.1799 
             

80,875,200.00 
                   

14,549,448.48 
           

76,831,440.00 
           

72,787,680.00 
         

13,821,976.06 
         

13,094,503.63 
               

19          0.1635 
             

80,875,200.00 
                   

13,223,095.20 
           

76,831,440.00 
           

72,787,680.00 
         

12,561,940.44 
         

11,900,785.68 
               

20          0.1486 
             

80,875,200.00 
                   

12,018,054.72 
           

76,831,440.00 
           

72,787,680.00 
         

11,417,151.98 
         

10,816,249.25 
               

21          0.1351 
             

80,875,200.00 
                   

10,926,239.52 
           

76,831,440.00 
           

72,787,680.00 
         

10,379,927.54 
           

9,833,615.57 
               

22          0.1228 
             

80,875,200.00 
                     

9,931,474.56 
           

76,831,440.00 
           

72,787,680.00 
           

9,434,900.83 
           

8,938,327.10 
               

23          0.1117 
             

80,875,200.00 
                     

9,033,759.84 
           

76,831,440.00 
           

72,787,680.00 
           

8,582,071.85 
           

8,130,383.86 
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24          0.1015 

             
80,875,200.00 

                     
8,208,832.80 

           
76,831,440.00 

           
72,787,680.00 

           
7,798,391.16 

           
7,387,949.52 

               
25          0.0923 

             
80,875,200.00 

                     
7,464,780.96 

           
76,831,440.00 

           
72,787,680.00 

           
7,091,541.91 

           
6,718,302.86 

               
26          0.0839 

             
80,875,200.00 

                     
6,785,429.28 

           
76,831,440.00 

           
72,787,680.00 

           
6,446,157.82 

           
6,106,886.35 

               
27          0.0763 

             
80,875,200.00 

                     
6,170,777.76 

           
76,831,440.00 

           
72,787,680.00 

           
5,862,238.87 

           
5,553,699.98 

               
28          0.0693 

             
80,875,200.00 

                     
5,604,651.36 

           
76,831,440.00 

           
72,787,680.00 

           
5,324,418.79 

           
5,044,186.22 

               
29          0.0630 

             
80,875,200.00 

                     
5,095,137.60 

           
76,831,440.00 

           
72,787,680.00 

           
4,840,380.72 

           
4,585,623.84 

               
30          0.0573 

             
80,875,200.00 

                     
4,634,148.96 

           
76,831,440.00 

           
72,787,680.00 

           
4,402,441.51 

           
4,170,734.06 

               
31          0.0521 

             
80,875,200.00 

                     
4,213,597.92 

           
76,831,440.00 

           
72,787,680.00 

           
4,002,918.02 

           
3,792,238.13 

               
32          0.0474 

             
80,875,200.00 

                     
3,833,484.48 

           
76,831,440.00 

           
72,787,680.00 

           
3,641,810.26 

           
3,450,136.03 

               
33          0.0431 

             
80,875,200.00 

                     
3,485,721.12 

           
76,831,440.00 

           
72,787,680.00 

           
3,311,435.06 

           
3,137,149.01 

               
34          0.0391 

             
80,875,200.00 

                     
3,162,220.32 

           
76,831,440.00 

           
72,787,680.00 

           
3,004,109.30 

           
2,845,998.29 

               
35          0.0356 

             
80,875,200.00 

                     
2,879,157.12 

           
76,831,440.00 

           
72,787,680.00 

           
2,735,199.26 

           
2,591,241.41 

               
36          0.0323 

             
80,875,200.00 

                     
2,612,268.96 

           
76,831,440.00 

           
72,787,680.00 

           
2,481,655.51 

           
2,351,042.06 

               
37          0.0294 

             
80,875,200.00 

                     
2,377,730.88 

           
76,831,440.00 

           
72,787,680.00 

           
2,258,844.34 

           
2,139,957.79 

               
38          0.0267 

             
80,875,200.00 

                     
2,159,367.84 

           
76,831,440.00 

           
72,787,680.00 

           
2,051,399.45 

           
1,943,431.06 

               
39          0.0243 

             
80,875,200.00 

                     
1,965,267.36 

           
76,831,440.00 

           
72,787,680.00 

           
1,867,003.99 

           
1,768,740.62 

               
40          0.0221 

             
80,875,200.00 

                     
1,787,341.92 

           
76,831,440.00 

           
72,787,680.00 

           
1,697,974.82 

           
1,608,607.73 

               
41          0.0201 

             
80,875,200.00 

                     
1,625,591.52 

           
76,831,440.00 

           
72,787,680.00 

           
1,544,311.94 

           
1,463,032.37 

               
42          0.0183 

             
80,875,200.00 

                     
1,480,016.16 

           
76,831,440.00 

           
72,787,680.00 

           
1,406,015.35 

           
1,332,014.54 

               
43          0.0166 

             
80,875,200.00 

                     
1,342,528.32 

           
76,831,440.00 

           
72,787,680.00 

           
1,275,401.90 

           
1,208,275.49 

               
44          0.0151 

             
80,875,200.00 

                     
1,221,215.52 

           
76,831,440.00 

           
72,787,680.00 

           
1,160,154.74 

           
1,099,093.97 

               
45          0.0137 

             
80,875,200.00 

                     
1,107,990.24 

           
76,831,440.00 

           
72,787,680.00 

           
1,052,590.73 

             
997,191.22 

               
46          0.0125 

             
80,875,200.00 

                     
1,010,940.00 

           
76,831,440.00 

           
72,787,680.00              960,393.00 

             
909,846.00 

               
47          0.0113 

             
80,875,200.00 

                       
913,889.76 

           
76,831,440.00 

           
72,787,680.00              868,195.27 

             
822,500.78 

               
48          0.0103 

             
80,875,200.00 

                       
833,014.56 

           
76,831,440.00 

           
72,787,680.00              791,363.83 

             
749,713.10 

               
49          0.0094 

             
80,875,200.00 

                       
760,226.88 

           
76,831,440.00 

           
72,787,680.00              722,215.54 

             
684,204.19 

               
50          0.0085 

             
80,875,200.00 

                       
687,439.20 

           
76,831,440.00 

           
72,787,680.00              653,067.24 

             
618,695.28 

Total
                 

882,712,370.40 
       

842,620,511.88 
       

802,528,653.36 

Loss
         

40,091,858.52 
         

80,183,717.04 
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XI: Calculation of NPVs and loss of benefits for international visitors: estimated using the travel 
cost method (r = 10%; t = 50 years), USD
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0        1.0000 
           

1,184,938.36 
                  

1,184,938.36 
          

1,184,938.36           1,184,938.36         1,184,938.36 
        

1,184,938.36 
                 

1        0.9091 
           

1,184,938.36 
                  

1,077,227.46 
          

1,125,691.44           1,066,444.52         1,023,366.09 
           

969,504.72 
                 

2        0.8264 
           

1,184,938.36 
                     

979,233.06 
          

1,125,691.44           1,066,444.52            930,271.41 
           

881,309.75 
                 

3        0.7513 
           

1,184,938.36 
                     

890,244.19 
          

1,125,691.44           1,066,444.52            845,731.98 
           

801,219.77 
                 

4        0.6830 
           

1,184,938.36 
                     

809,312.90 
          

1,125,691.44           1,066,444.52            768,847.25 
           

728,381.61 
                 

5        0.6209 
           

1,184,938.36 
                     

735,728.23 
          

1,125,691.44           1,066,444.52            698,941.82 
           

662,155.40 
                 

6        0.5645 
           

1,184,938.36 
                     

668,897.70 
          

1,125,691.44           1,066,444.52            635,452.82 
           

602,007.93 
                 

7        0.5132 
           

1,184,938.36 
                     

608,110.37 
          

1,125,691.44           1,066,444.52            577,704.85 
           

547,299.33 
                 

8        0.4665 
           

1,184,938.36 
                     

552,773.74 
          

1,125,691.44           1,066,444.52            525,135.06 
           

497,496.37 
                 

9        0.4241 
           

1,184,938.36 
                     

502,532.36 
          

1,125,691.44           1,066,444.52            477,405.74 
           

452,279.12 
               

10        0.3855 
           

1,184,938.36 
                     

456,793.74 
          

1,125,691.44           1,066,444.52            433,954.05 
           

411,114.36 
               

11        0.3505 
           

1,184,938.36 
                     

415,320.90 
          

1,125,691.44           1,066,444.52            394,554.85 
           

373,788.81 
               

12        0.3186 
           

1,184,938.36 
                     

377,521.36 
          

1,125,691.44           1,066,444.52            358,645.29 
           

339,769.23 
               

13        0.2897 
           

1,184,938.36 
                     

343,276.64 
          

1,125,691.44           1,066,444.52            326,112.81 
           

308,948.98 
               

14        0.2633 
           

1,184,938.36 
                     

311,994.27 
          

1,125,691.44           1,066,444.52            296,394.56 
           

280,794.84 
               

15        0.2394 
           

1,184,938.36 
                     

283,674.24 
          

1,125,691.44           1,066,444.52            269,490.53 
           

255,306.82 
               

16        0.2176 
           

1,184,938.36 
                     

257,842.59 
          

1,125,691.44           1,066,444.52            244,950.46 
           

232,058.33 
               

17        0.1978 
           

1,184,938.36 
                     

234,380.81 
          

1,125,691.44           1,066,444.52            222,661.77 
           

210,942.73 
               

18        0.1799 
           

1,184,938.36 
                     

213,170.41 
          

1,125,691.44           1,066,444.52            202,511.89 
           

191,853.37 
               

19        0.1635 
           

1,184,938.36 
                     

193,737.42 
          

1,125,691.44           1,066,444.52            184,050.55 
           

174,363.68 
               

20        0.1486 
           

1,184,938.36 
                     

176,081.84 
          

1,125,691.44           1,066,444.52            167,277.75 
           

158,473.66 
               

21        0.1351 
           

1,184,938.36 
                     

160,085.17 
          

1,125,691.44           1,066,444.52            152,080.91 
           

144,076.66 
               

22        0.1228 
           

1,184,938.36 
                     

145,510.43 
          

1,125,691.44           1,066,444.52            138,234.91 
           

130,959.39 
               

23        0.1117 
           

1,184,938.36 
                     

132,357.61 
          

1,125,691.44           1,066,444.52            125,739.73 
           

119,121.85 
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24        0.1015 

           
1,184,938.36 

                     
120,271.24 

          
1,125,691.44           1,066,444.52            114,257.68 

           
108,244.12 

               
25        0.0923 

           
1,184,938.36 

                     
109,369.81 

          
1,125,691.44           1,066,444.52            103,901.32 

             
98,432.83 

               
26        0.0839 

           
1,184,938.36 

                       
99,416.33 

          
1,125,691.44           1,066,444.52              94,445.51 

             
89,474.70 

               
27        0.0763 

           
1,184,938.36 

                       
90,410.80 

          
1,125,691.44           1,066,444.52              85,890.26 

             
81,369.72 

               
28        0.0693 

           
1,184,938.36 

                       
82,116.23 

          
1,125,691.44           1,066,444.52              78,010.42 

             
73,904.61 

               
29        0.0630 

           
1,184,938.36 

                       
74,651.12 

          
1,125,691.44           1,066,444.52              70,918.56 

             
67,186.01 

               
30        0.0573 

           
1,184,938.36 

                       
67,896.97 

          
1,125,691.44           1,066,444.52              64,502.12 

             
61,107.27 

               
31        0.0521 

           
1,184,938.36 

                       
61,735.29 

          
1,125,691.44           1,066,444.52              58,648.52 

             
55,561.76 

               
32        0.0474 

           
1,184,938.36 

                       
56,166.08 

          
1,125,691.44           1,066,444.52              53,357.77 

             
50,549.47 

               
33        0.0431 

           
1,184,938.36 

                       
51,070.84 

          
1,125,691.44           1,066,444.52              48,517.30 

             
45,963.76 

               
34        0.0391 

           
1,184,938.36 

                       
46,331.09 

          
1,125,691.44           1,066,444.52              44,014.54 

             
41,697.98 

               
35        0.0356 

           
1,184,938.36 

                       
42,183.81 

          
1,125,691.44           1,066,444.52              40,074.62 

             
37,965.43 

               
36        0.0323 

           
1,184,938.36 

                       
38,273.51 

          
1,125,691.44           1,066,444.52              36,359.83 

             
34,446.16 

               
37        0.0294 

           
1,184,938.36 

                       
34,837.19 

          
1,125,691.44           1,066,444.52              33,095.33 

             
31,353.47 

               
38        0.0267 

           
1,184,938.36 

                       
31,637.85 

          
1,125,691.44           1,066,444.52              30,055.96 

             
28,474.07 

               
39        0.0243 

           
1,184,938.36 

                       
28,794.00 

          
1,125,691.44           1,066,444.52              27,354.30 

             
25,914.60 

               
40        0.0221 

           
1,184,938.36 

                       
26,187.14 

          
1,125,691.44           1,066,444.52              24,877.78 

             
23,568.42 

               
41        0.0201 

           
1,184,938.36 

                       
23,817.26 

          
1,125,691.44           1,066,444.52              22,626.40 

             
21,435.53 

               
42        0.0183 

           
1,184,938.36 

                       
21,684.37 

          
1,125,691.44           1,066,444.52              20,600.15 

             
19,515.93 

               
43        0.0166 

           
1,184,938.36 

                       
19,669.98 

          
1,125,691.44           1,066,444.52              18,686.48 

             
17,702.98 

               
44        0.0151 

           
1,184,938.36 

                       
17,892.57 

          
1,125,691.44           1,066,444.52              16,997.94 

             
16,103.31 

               
45        0.0137 

           
1,184,938.36 

                       
16,233.66 

          
1,125,691.44           1,066,444.52              15,421.97 

             
14,610.29 

               
46        0.0125 

           
1,184,938.36 

                       
14,811.73 

          
1,125,691.44           1,066,444.52              14,071.14 

             
13,330.56 

               
47        0.0113 

           
1,184,938.36 

                       
13,389.80 

          
1,125,691.44           1,066,444.52              12,720.31 

             
12,050.82 

               
48        0.0103 

           
1,184,938.36 

                       
12,204.87 

          
1,125,691.44           1,066,444.52              11,594.62 

             
10,984.38 

               
49        0.0094 

           
1,184,938.36 

                       
11,138.42 

          
1,125,691.44           1,066,444.52              10,581.50 

             
10,024.58 

               
50        0.0085 

           
1,184,938.36 

                       
10,071.98 

          
1,125,691.44           1,066,444.52                9,568.38 

               
9,064.78 

Total
                   

13,933,009.73 
         

12,345,606.16 
         

11,758,202.59 

Loss              587,403.57 
           

1,174,807.14 
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EXECUTIVE SUMMARY



1.0 INTRODUCTION



1.1 Background



Lake Natron area is renowned as an important Ramsar Wetland internationally. Although the area was listed as Tanzania’s second Ramsar site in 2001 its importance can be traced back from early 1960s when it started to feature as the only regular breeding area for the 2 – 4 million Lesser Flamingos (Phoeniconaias minor) in East Africa (Soussa et al., 2010); accounting for 75% of the global population (RAM Team, 2008; NORCONSULT, 2007). 



The species is classified as “Near Threatened”, indicating that it is considered as likely to qualify for a threatened category in the near future. It is listed in Column A of the African-Eurasian Migratory Waterbird Agreement (AEWA) action plan, Appendix II of the Bonn Convention (CMS) and Appendix II of the CITES convention, thus requiring special consideration. Lake Natron also supports over 50,000 individuals of other water-bird species, including large numbers of Palearctic migrants (Soussa et al., 2010; RAM Team, 2008; NORCONSULT, 2007).



Lake Natron and its surrounding ecosystem are extremely important for biodiversity conservation, ecosystem services and for supporting the livelihoods of the local communities, which depend on pastoralism, eco and culture tourism, and small scale irrigation. In recent times however, there have emerged development plans which would threaten the integrity of the lake’s ecosystem, including the 2006 proposal to construct a soda ash processing plant at Wosi Wosi on the Eastern part of the lake which was submitted to the Government of Tanzania (GoT) by the Tata Chemicals Ltd of Mumbai, India. The proposed plant would produce 500,000 metric tonnes of soda ash annually, pump 561m3 of concentrated brine per hour from the lake and convert it into calcified soda ash (sodium bicarbonate) crystals for export (NORCONSULT, 2007; IBAs Programme of Kenya, 2007). In the process, the plant would require 11.5 megawatts of power and utilise approximately 129,000 litres of water per hour for both industrial and domestic use and would release 10m3 of sewerage water per hour (ibid).  



The development of the soda ash facility would also involve construction of associated infrastructure, including a new access road from Mto Wa Mbu or Arusha _ Namanga tarmac road to the plant, power plant, railroad, pipeline to carry soda slurry across the lake, and living accommodations for an estimated 1,225 construction workers and 152 permanent staff and their families (ibid).    



Although an Environmental and Social Impact Assessment (ESIA) for the proposed development was done and a report submitted to the National Environmental Management Council (NEMC) of Tanzania for evaluation and approval, the document was found to be revoltingly inadequate. There are some key issues that did not come out clearly in that report, especially the benefits and costs associated with the proposed soda ash project. The ESIA report had failed to capture the current and potential benefits that the natural resources (ecological, biological, cultural and social) of Lake Natron basin confer on the local, national, regional and international community.  The proposed project treated the existing ecosystem services, culture and the community livelihoods derived from the ecosystem as free goods. In general, there are many other aspects of Lake Natron ecosystems which were not adequately evaluated in the ESIA report. These include the proposal to construct the Serengeti highway, and currently the Northern transport corridor, which entails the construction of a railway link to Lake Natron from Arusha that is intended to transfer soda ash from the proposed plant.



The decision to establish a soda ash mining facility in a fragile ecosystem like Lake Natron needs to be adequately and precisely informed by a comprehensive study on the associated costs and benefits and foregone benefits from ecotourism and sustainable management of natural resources. Put differently, the true values and benefits from soda ash production need to be known a priori. These can only be known if the costs that the soda ash mining would impose on current and potential tourism activities, various forms of biodiversity (including lesser flamingo), the Maasai community livelihood system and culture are taken into account and precisely established.  More importantly, the critical ecosystem services such as provision of dispersal habitats for wildlife, wild game and livestock pasture, just to mention few, must be brought to the equation.  All these streams of costs and benefits need to be looked at from different levels: including the local, national and regional levels.  The global perspective needs to be considered too.



Based on this ground, the BirdLife International, a global partnership of conservation organisations that strives to conserve birds, their habitats and global biodiversity, working with people towards sustainability in the use of natural resources, invited consultants to undertake a Cost Benefit Analysis (CBA) for Lake Natron. The study was expected to bridge the existing gaps in knowledge by carrying out a CBA of the soda ash mining component, to provide information that would help make better informed decisions.  The study drew from the Total Economic Value (TEV) concept where goods and services that are not tradable in the market and yet have a value were taken into account. 



1.2 Study Objectives



The overall objective of the study was to compare the net benefits of sustainable management regime for Lake Natron with management based on the development of soda ash facility as currently proposed. The comparisons adopted an ecosystem service approach and analysed the net impacts in terms of the nation by addressing the question of: what is the total economic value associated with existing livelihoods and ecosystem services compared with the economic returns associated with soda ash development?; the government; and  local communities. As also indicated in the Terms of Reference (Appendix 1) the specific objectives of the study were to:



a) Determine the benefits of the proposed soda ash mining project – potential revenue to the investor, Government of Tanzania and local communities based on current market price of soda ash. Lessons and comparisons should be made with other countries, including the neighbouring Magadi Soda in Kenya should be applied.

b) Determine the economic costs of the plant – likely and potential economic impacts on local people, and tourism, pastoralism and other livelihood sources and culture.

c) Determine the benefits of sustainable management to the Government of Tanzania and local communities. This will take into consideration existing livelihood benefits, biodiversity benefits and the delivery of ecosystem services. This also needs to take into consideration such things as the tourism value or potential of all sites in Tanzania and other countries in the region where Lesser Flamingos are seen.  

d) Determine the economic costs of sustainable management.

e) Examine the fiscal impact on the Government in form of tax revenues forgone, economic incentives to the developer and alternative application of these funds for the benefit of Tanzanians at Lake Natron.

f) Taking into consideration the Precautionary Principle, recommend the best and most suitable use options for the Lake Natron considering long term environmental and rural livelihoods and sustainability in the area

g) Make recommendations to policy and decision makers, especially the government of Tanzania what needs to be done to promote sustainable livelihoods for local communities without jeopardizing the integrity of the resource. 



2.0 METHODOLOGY



The study benefited from both formal and informal interviews and consultations with a wide range of stakeholders. It commenced with a desk review of literature; mobilization of resources, which included training of research assistants who were recruited to assist in conducting the study, and the preparation of study instruments including the checklist of issues and questions. 



After the desk study, the team carried out stakeholder consultations. These consultations were important as they helped to determine interest, conflict lines, and the effects of various development and management options on the various groups affected by those options. Different individuals were consulted in Dar es Salaam, Tanzania; Lake Natron in Arusha; in Kenya and outside Africa.  For example, the team held teleconference discussions with representatives of the BirdLife International, Royal Society of Protection of Birds (BirdLife Partner) in UK and members of the Lake Natron Consultative Group. 



A questionnaire survey was conducted in the study area for 86 households, of which 97.7% practice pastoralism and agropastoralism as their major occupation).[footnoteRef:1] About 81% of the households were male headed and the remainder (19%) were female headed. Interviews were also conducted to tourists who visited the study area and operators of tourist camps, lodges and hunting camps (Moivaro Camp site and Lodge, Ngaresero Mountain Lodge, Underson and Venture Camp, Club Africo, the Tanzania Wildlife Corporation (TAWICO) - Lake Natron South Block – Longido Mosonic Hill, Kitumbeine; Tanzania Game Truck (TGT) – Lake Natron North). [1:  This implies that 99.7% of the sample households relied on livestock keeping and crop farming as their major economic activities.
] 




The analysis benefited from the use of the “Total Economic Value (TEV)” approach, which is essentially the same as the “net benefit” approach, but the former recognizes that the value derived from the quality of the ecosystem can be subdivided into two main categories: use value – the value an individual derives from directly using the resource; and non-use value – the value given to the existence of an ecological or environmental resource even though it is not currently used.



The analysis of direct monetary costs and benefits of the soda ash facility benefited from the information provided in the ESIA report and other soda ash related reports and documents. Future costs and benefits were evaluated using discounted measures of project worth, especially the CBA approach. 



The environmental or non monetary costs and impacts were identified and assessed using the Contingent Valuation Method (CVM) and Travel Cost Method. In particular, the CVM was purposefully adopted to evaluate non-use values. During the CVM survey the interviewees were provided with detailed information that highlighted the importance of the Lake Natron ecosystem as a critical habitat for the different species of wildlife, including the lesser flamingo and the need to conserve it. They were given time to discuss and reflect on the proposed soda ash facility and its likely impacts. Two scenarios were used to describe the valuation process to the interviewees. The first scenario was the “pro-soda ash facility scenario” which suggested that the facility be developed so that the government gets additional revenues. The second was a counterargument scenario which advocated for sustainable conservation of the Lake Natron ecosystem and its valuable resources. 



The primary data which were collected from tourists who visited the study area also constituted an important input to the valuation process using Travel Cost Method. In this case the information on fees, distance or origin the visitors and total costs of visiting, were used as a valuable input to the valuation exercise. The data were then compiled and analysed using a MINTAB computer package/software.



3.0 KEY FINDINGS EMANATING FROM THE STUDY



3.1 Benefits of Proposed Soda Ash Mining Project



The potential revenues to the investor were estimated using a standard approach to the estimation of costs for a soda ash plant based on experience from India. Prices were adjusted to real present prices, such that the present cost of the plant was estimated as equal to (original cost) x (present cost index)/(past cost index) using a total investment cost reported in the ESIA report (NORCONSULT, 2007) and cost structure for soda ash facility as reported is the literature.



The following eight investment and production scenarios were established by considering whether costs of rehabilitating the Arusha to Tanga railway and construction of the road from Longido/Mto-Wa-Mbu to the site of soda ash plant as either INCURRED or NOT INCURRED by the investor: 



A. Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway INCURRED by the investor with annual production of soda ash at 500,000 metric tons throughout the project period of 50 years

B. Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway NOT INCURRED by the investor with annual production of soda ash at 500,000 metric tons throughout the project period of 50 years

C. Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway INCURRED by the investor with annual production of soda ash increasing annually by 2% from initial production of 500,000 and achieving maximum production of 1,000,000 metric tons per annum in year 38 of the project

D. Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway NOT INCURRED by the investor with annual production of soda ash increasing annually by 2% from initial production of 500,000 such that maximum production of 1,000,000 metric tons per annum is attained in year 38 of the project

E. Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway INCURRED by the investor with annual production of soda ash increasing annually by 5% from initial production of 500,000 such that the maximum production of 1,000,000 metric tons per annum is attained in year 17 of the project

F. Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway NOT INCURRED by the investor with annual production of soda ash increasing annually by 5% from initial production of 500,000 such that the maximum production of 1,000,000 metric tons per annum is attained in year 17 of the project

G. Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway INCURRED by the investor with annual production of soda ash at 1,000,000 metric tons throughout the project period

H. Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway NOT INCURRED by the investor with annual production of soda ash at 1,000,000 metric tons throughout the project period of 50 years


Other assumptions were:



a) The costs of rehabilitating the Arusha to Tanga railway and construction of the road from Longido/Mto-Wa-Mbu to the site of soda ash plant were estimated at USD 60 million and USD 40 million respectively

b) Repair and maintenance of the railway and road from Longido/Mto-Wa-Mbu to the soda ash plant to be done after 10 years at 5% of the initial rehabilitation/construction costs 

c) The costs of environmental mitigation and monitoring (capital and recurrent annual) are estimated to be approximately USD 2.9 million for construction phase 

d) All direct investment costs (e.g. construction of the plant and associated houses, and rehabilitation of railway and road for scenarios which assume that the latter costs are incurred by the investor), are incurred in year 0 (50% of the cost) and year 1 (for the remainder 50%), except for land cost which is incurred in year 0

e) A depreciation rate of 5% for the equipment/machineries was adopted (i.e. the replacement of equipment/machinery is done after each 20 years)

f) Buildings, service facility, pipes, process and auxiliary were assumed to be rehabilitated after each 10 years at 5% of their respective initial investment costs 

g) In scenarios A and B, a production capacity specified in the ESIA report of 500,000 is assumed. In scenarios C and D a production capacity of 500,000 in year 2 is assumed to be increasing by 2% per annum in the consecutive years up to 50 years. For scenarios E and F the production capacity is assumed to be increasing by 5% per annum in the consecutive years up to 50 years. In the last two scenarios (G and H) a production capacity of 1,000,000 metric tons of soda ash per annum is assumed starting from year 2 after the end of construction and installation phase (year 0 and year 1) to year 50 

h) An optimistic current soda ash ex-factory/spot procurement price of USD 270 per ton is adopted, which was increased by 34.47% to USD 412/ton for sensitivity analysis

i) Staffing level specified in the ESIA report, of 152 and 1,225 people for permanent and during construction stage is adopted  

j) Land requirement of 0.5 km2 for plant and works and 1 km2 for housing is adopted as given in the ESIA report

k) A road requirement of 7 m width of tar was adopted. This is required to enable transport of products and goods to and from the site to the nearest railhead

l) Fresh brine from Lake Natron pumped at a rate of 561 m3/hour

m) Power requirement of 11.5 Megawatts at the plant

n) Coke, coal and limestone requirement for boilers (21 metric tons per hour)

o) Sulphuric acid requirement of 0.552 tons per day

p) Caustic Soda  requirement of 0.1 metric tons per day

q) Lubricants (145 litres per month)

r) Diesel for water pump (9 kg per hr) 

s) Diesel (Diesel Generator (DG) set for brine pumping) (9 kg per hour)

t) Pet Coke for the boiler (14 metric ton per hour)

u) South African Coal for the boiler (3.5 metric ton per hour)

v) Limestone for the boiler (3.5 metric ton per hour)

w) Lube oil for plant machines (145 Litres/month)



The benefits to the investor for the eight scenarios described above were estimated as follows:



Table 1: Potential net revenues to the investor (discounted values in USD at r = 10% and t = 50 years)

		Scenario

		P = USD 270/ton

		P = USD 412/ton



		

		Before loyalty & taxes

		After loyalty & taxes

		Before loyalty & taxes

		After loyalty & taxes



		A

		-639,146,490

		-492,142,797

		236,910

		182,421



		B

		-540,902,490

		-416,494,917

		98,480,910

		75,830,301



		C

		-365,676,735

		-281,571,086

		417,531,499

		321,499,254



		D

		-267,432,735

		-205,923,206

		515,775,499

		397,147,134



		E

		-57,384,782

		-44,186,282

		887,962,184

		683,730,881



		F

		40,859,218

		31,461,598

		986,206,184

		759,378,761



		G

		576,582,510

		443,968,533

		1,855,349,310

		1,428,618,969



		H

		674,826,510

		519,616,413

		1,953,593,310

		1,504,266,849







The results of CBA for scenarios A to E suggest that the costs of proposed soda ash mining are disproportionate to the benefits of implementing the project, at a social discount rate of 10% even when the investor is exempted from paying loyalty and VAT. This suggests that the soda ash mining project is not worth undertaking at the present level of soda ash market price of USD 270 per ton and production level of 500,000 tons per annum. The project remained economically unjustifiable (not worth undertaking) even when the investor is considered as not incurring the costs of construction/rehabilitation of the road to plant and Tanga to Arusha railway. 



Scenarios F, G and H resulted in positive NPV at r = 10%. However, the project costs for scenario F would become disproportionate to project benefits at discount rates equal to or higher than 12% (i.e. when r ≥ 12%). Thus, scenario F is also risky to undertake. 



Scenarios G and H were worth undertaking at all the six discount rates chosen in the analysis. However, the scenarios require that the project operates at the highest production capacity of 1,000,000 metric tons per annum throughout the project life. Experience from other similar soda ash plants, including the Magadi Soda Company – a factory recently acquired by Tata Chemicals Magadi Limited,[footnoteRef:2] suggests that this level of production is both socio-economically and environmentally too brutal to be achieved at the present levels of demand, technology, prices and costs of production, especially for a newly established plant, like the proposed Lake Natron soda ash plant. Therefore, the feasibility for the plant to start with a full capacity of producing 1,000,000 tons per annum, right from the beginning or launch of the plant is wiry. The scenarios may also demand more resources in terms of labour, raw materials and finance the costs of which may also result in eroding a significant part of net benefits to the investor. [2:  Mining of soda ash at Lake Magadi has taken place over 100 years. The social and environmental issues associated with the plant are different from that of Lake Natron, at least from the Lesser Flamingo breeding perspective. Lake Natron is the only regular breeding area for Lesser Flamingo in East Africa.
] 




When a sensitivity analysis was run using an opportunistic export price of USD 412 per ton of soda ash (i.e. 34.47% increase from the current price of USD 270), the NPVs at discount rates equal to or greater than the social discount rate of 10% (i.e. r ≤ 10%) turned positive for all soda ash investment and production scenarios. The NPVs for scenarios D, E, F, G and H were also positive for all the discount rates chosen in the analysis (i.e. r = 0.5%; 1%; 10%; 12%; 15% and 20%). At r ≥ 12%, the NPVs and B/C ratios remained incessantly negative for scenario A. The NPVs for scenarios A, B and C were also consistently negative at r ≥ 20%. The EIRRs increased with the lowest being 10.0% for scenario A and the highest being 99.9% for scenario H. This result is however very intuitive and misleading as it assumes that the export price increases by about 34.5% ceteris pluribus. The assumption that other factors, including technology and production costs remain constant is economically flawed and is less likely to hold true as the increase in soda ash price will attract more suppliers which in turn will flood the world market and push down the price of soda ash. It is also questionable whether this huge increase in soda ash price is likely to occur in the near future given the emergence of synthetic soda ash and stringent competition from China and other producers. In fact, the future for natural soda ash in the world market can be described as less gleaming.



3.2 Potential Revenue to Government



The estimation of potential revenue to the Government in this study was done based on the following assumptions:



a) The investor pays a loyalty fee of 5% of the net revenue from soda ash mining

b) The investor pays a Value Added Tax (VAT) of 18% of net revenue from soda ash mining

c) The costs of construction and rehabilitation of the road to plant and the Tanga to Arusha railway are subtracted from values of potential revenue to Government for scenarios which indicate that these costs are not incurred by the investor, but covered by the Government (i.e. scenarios B, D, F, and H)

d) Soda ash is sold at an ex-factory/spot procurement price of USD 270 per ton and then increased by 34.47% to USD 412/ton during sensitivity analysis.  



The results of analysis of potential revenues to the government are summarized in Table 2 and Table 32 for different scenarios and discount rates.  The cells shaded in black indicate the amount of potential revenue to the Government. The un-shaded cells indicate cases with potential losses to the Government.  



The results of analysis suggest that, for the soda ash mining project to yield the highest net revenues, at a social discount rate of 10%, scenario H should be adopted.  The NPVs of Government revenue for this scenario were estimated at USD 155.2 million. This however requires that the proposed soda ash project operates at a full production capacity of 1,000,000 metric tons per annum throughout the project life, at an export price of USD 270 per ton soda ash produced. An important question remains that of whether this scenario is realistic or feasible at the present levels of demand, technology, prices and costs of production, especially when a newly established plant is considered. This is important recognizing the stringent competition facing natural soda ash producers from synthetic soda ash producers in the global market.  


Table 2: Potential net revenues to the government for different soda ash investment and production scenarios, at r = 10% and t = 50 years (USD)

		Scenario

		NPV value of revenues 

at P = 270/ton

		NPV value of revenues 

P = 412/ton



		A

		N/A

		54,489



		B

		N/A

		22,650,609



		C

		N/A

		96,032,245



		D

		N/A

		118,628,365



		E

		N/A

		204,231,302



		F

		9,397,620

		226,827,422



		G

		132,613,977

		426,730,341



		H

		155,210,097

		449,326,461





N/A: Net Present Values were negative[footnoteRef:3] [3:  NPV is the difference between the present value of the future cash flows from an investment and the amount of investment. Present value of the expected cash flows is computed by discounting them at the required rate of return. The NPV compares the value of money today to the value of that same money in the future (50 years in this case), taking inflation and returns into account.
] 




Using an opportunistic price of USD 412/ton the NPVs of revenues to the Government were positive for all scenarios at discount rates equal to or lower than the social discount rate of 10% (r ≤10%). It should however be noted that this price is very unlikely to achieve, again because of the reasons already specified in the preceding paragraphs.  



3.3 Potential Revenue to Local Communities



Experiences from similar soda ash projects in Africa suggest little benefits to the local communities, which are very often connected to community development supports and provision of some social services like health facilities, water for domestic uses and others.  While data to enable a comprehensive analysis of the spill-over effects of the soda ash mining project at the community level were scant attempt was done to come up with following estimates and assumptions.



Firstly, the local communities were assumed to benefit from gross income of casual labouring during the construction phase (10% of fixed capital investment, equivalent to USD13 050 000). The net benefits from casual labouring during the construction phase of two years for staff sourced locally from villages within Lake Natron were estimated at USD 8 352 000 (Table 3). 



Table 3: Assumptions and calculation of benefits to local communities from casual labouring during construction phase of soda ash plant 

		Description

		Value



		Gross income for all casual labourers (10% of capital investment) (USD)

		     13,050,000.00 



		Costs during casual labouring (20% of gross income) (USD)

		       2,610,000.00 



		Net benefits from casual labouring during the construction phase (USD)

		     10,440,000.00 



		Total number of construction staff (sourced locally and outside Lake Natron area)

		                     1,225 



		Number of construction staff sourced locally (80% of all casual labourers)

		                        980 



		Number of construction staff sourced outside Lake Natron (20% of all casual labourers)

		                        245 



		Net benefits for construction staff sourced locally (80% of total net benefits)

		       8,352,000.00 



		Net benefits for construction staff sourced outside Lake Natron (20% of total net benefits)

		       2,088,000.00 







Secondly, it was furthermore estimated that the time travelled to health services by local communities, especially those living in the wards of Gelai Lumbwa and Gelai Meirugoi in Longindo District, will be cut by 50% after the improvement of road infrastructure and health services following the establishment of the soda ash facility.



In estimating the labour costs for the soda ash scenario a cost structure of a similar facility in India was used rather than $1/day which was the opportunity cost of labour in the study area. The prices were adjusted to real present prices using the Consumer Price Indices (CPIs).[footnoteRef:4] It was deemed more appropriate to use a “cost structure for a similar plant”, where price information is available rather than an “opportunity cost of labour” in the “business as usual” scenario because the economy of the study area is largely pastoralism-based. The opportunity cost of labour in such an economy may obviously be lower than in the soda ash scenario.   [4:  See: http://www.sbioinformatics.com/design_thesis/Soda_ash/Soda-2520ash_Cost-2520Estimation&Economics.pdf and http://labourbureau.nic.in/indnum.htm] 




In the “business as usual” scenario, labour was priced at USD 1 per manday and this was used to value the opportunity cost of labour, which is currently spent in accessing health services but would otherwise be saved and used in other chores after the construction of a dispensary/health centre at the soda ash/plant location. The basic assumption in this case was that, before construction of the soda ash facility, the labour which is spent for travelling to health centres/dispensaries that are located far from where the local communities reside could be spent in other pastoral related activities. 



With the daily manpower of 980 mandays the total manpower for two years of infrastructure construction equals 715,400 mandays. Taking the total value of income for construction staff sourced locally (i.e. USD 8,352,000), and dividing it by the total number of mandays for the two years (i.e. 715,400) a unit price of labour close to USD 11.67 per manday is obtained. This may look so high but huge differences in wages also exist elsewhere in the country, especially where there is a new plant or similar infrastructure constructed by an investor, e.g. in the mining sector. So it was considered as not surprising to come up with a labour price of USD 11.67 per manday (equivalent to net income of USD 4,261.22 per annum per staff) in the soda ash scenario, versus USD 1 per manday in the “business as usual scenario”. Obviously, the opportunity cost of labour in the “business as usual” scenario (USD 1 per manday, which is equivalent to about TZS 1,500 per manday) is extremely low – but that is the value which was reported by the interviewees in the study area and sounds realistic in a pastoral community, like that of Lake Natron.



The total benefits from improved road infrastructure and health services at the local level were estimated at USD 44,262 per annum, equivalent to NPV of USD 483.1 thousand at a social discount rate of 10% (Table 4).  



Table 4: Assumptions and calculation of NPV of benefits to local communities from reduced travel time to access social/health services following establishment of soda ash plant 

		Item

		 Value 



		Average accessibility to health facilities under the Bussiness as Usual (BAU) scenario (km)*

		                      22 



		Average accessibility to health facilities under the soda ash scenario - reduced by 50% (km)

		                      11 



		Average time spent to access health services under the BAU scenario (mandays/hh/annum)**

		                      30 



		Average time spent to access health services under the soda ash scenario (mandays/annum)

		                      15 



		Opportunity cost of labour spent to access health facilities (USD/manday)

		                        1 



		Labour saving from reduced time to access health services - soda ash scenario (USD/hh/annum)

		                      15 



		Beneficiaries (households in the wards of Gelai Lumbwa & Gelai Meirugoi)

		                 2,951 



		Total value of labour saving under the soda ash scenario (USD)

		               44,265 



		NPV of labour saving under the soda ash scenario (r = 10% and t = 50 years) (USD)

		             483,130 





*Value adopted from the ESIA study; **Value estimated using primary data collected during the study.



The value of time and labour saved from reduced travel to access social services was estimated at USD 15 per household per annum, using the assumptions described in the previous paragraphs. It should however, be noted that since the health centre would be placed either at Wosi Wosi (the original point where the plant was to be built) or Matale (the new proposal of plant location), then the beneficiaries will be the local people residing in the wards of Gelai Lumbwa and Gelai Meirugoi (with total households estimated at 2,951 in 2010).



3.4 Economic Costs and Impacts of Soda Ash Mining



The economic costs and impacts of soda ash mining were evaluated by comparing the potential benefits from soda ash mining versus those in the Business as Usual (BAU) and Sustainable eco-tourism scenarios. The Net Present Values (NPVs) of benefits for the soda ash; BAU, and the losses of benefits in the BAU scenario when the soda ash scenario is adopted; as well as the NPVs for the sustainable eco-tourism scenario are presented in Table 5 through Table 9.  



Table 5: Summary of NPVs of benefits to the investor for the soda ash scenario (net values discounted using different discount rates, P = USD 270/ton and t = 50 years) (USD)

		a: Before VAT and Loyalty



		Soda ash scenarios

		Discount rates



		

		0.50%

		1%

		10%

		12%

		15%

		20%



		A

		-2,214,805,422

		-1,987,070,381

		-639,146,490

		-565,130,490

		-489,495,295

		-412,853,347



		B

		-2,097,460,422

		-1,872,028,881

		-540,902,490

		-468,387,990

		-394,593,795

		-320,386,347



		C

		1,089,167,343

		812,617,760

		-365,676,735

		-375,749,978

		-371,755,792

		-350,625,099



		D

		1,206,512,343

		927,659,260

		-267,432,735

		-279,007,478

		-276,854,292

		-258,158,099



		E

		2,510,371,469

		2,106,351,031

		-57,384,782

		-138,553,504

		-206,613,245

		-253,581,366



		F

		2,627,716,469

		2,221,392,531

		40,859,218

		-41,811,004

		-111,711,745

		-161,114,366



		G

		3,610,134,078

		3,170,712,619

		576,582,510

		435,422,010

		292,249,205

		149,610,653



		H

		3,727,479,078

		3,285,754,119

		674,826,510

		532,164,510

		387,150,705

		242,077,653



		b: After VAT and Loyalty



		A

		-1,705,400,175

		-1,530,044,193

		-492,142,797

		-435,150,477

		-376,911,377

		-317,897,077



		B

		-1,615,044,525

		-1,441,462,238

		-416,494,917

		-360,658,752

		-303,837,222

		-246,697,487



		C

		838,658,854

		625,715,675

		-281,571,086

		-289,327,483

		-286,251,960

		-269,981,327



		D

		929,014,504

		714,297,630

		-205,923,206

		-214,835,758

		-213,177,805

		-198,781,737



		E

		1,932,986,031

		1,621,890,294

		-44,186,282

		-106,686,198

		-159,092,199

		-195,257,652



		F

		2,023,341,681

		1,710,472,249

		31,461,598

		-32,194,473

		-86,018,044

		-124,058,062



		G

		2,779,803,240

		2,441,448,717

		443,968,533

		335,274,948

		225,031,888

		115,200,203



		H

		2,870,158,890

		2,530,030,672

		519,616,413

		409,766,673

		298,106,043

		186,399,793








Table 6: Summary of NPVs of benefits to the investor for the soda ash scenario (net values discounted using different discount rates, P = USD 412/ton and t = 50 years) (USD)

		a: Before VAT and Loyalty



		Soda ash scenarios

		Discount rates



		

		0.50%

		1%

		10%

		12%

		15%

		20%



		A

		848,681,278

		725,541,419

		236,910

		-38,913,990

		-78,355,595

		-117,038,947



		B

		966,026,278

		840,582,919

		98,480,910

		57,828,510

		16,545,905

		-24,571,947



		C

		5,890,298,979

		4,997,658,138

		417,531,499

		250,066,643

		101,306,165

		-22,083,251



		D

		6,007,643,979

		5,112,699,638

		515,775,499

		346,809,143

		196,207,665

		70,383,749



		E

		8,058,951,201

		6,971,799,277

		887,962,184

		612,010,892

		353,301,459

		125,998,297



		F

		8,176,296,201

		7,086,840,777

		986,206,184

		708,753,392

		448,202,959

		218,465,297



		G

		9,737,107,478

		8,595,936,219

		1,855,349,310

		1,487,855,010

		1,114,528,605

		741,239,453



		H

		9,854,452,478

		8,710,977,719

		1,953,593,310

		1,584,597,510

		1,209,430,105

		833,706,453



		b: After VAT and Loyalty



		A

		653,484,584

		558,666,893

		182,421

		-29,963,772

		-60,333,808

		-90,119,989



		B

		743,840,234

		647,248,848

		75,830,301

		44,527,953

		12,740,347

		-18,920,399



		C

		4,535,530,214

		3,848,196,767

		321,499,254

		192,551,315

		78,005,747

		-17,004,103



		D

		4,625,885,864

		3,936,778,722

		397,147,134

		267,043,040

		151,079,902

		54,195,487



		E

		6,205,392,424

		5,368,285,443

		683,730,881

		471,248,387

		272,042,124

		97,018,689



		F

		6,295,748,074

		5,456,867,398

		759,378,761

		545,740,112

		345,116,279

		168,218,279



		G

		7,497,572,758

		6,618,870,889

		1,428,618,969

		1,145,648,358

		858,187,026

		570,754,379



		H

		7,587,928,408

		6,707,452,844

		1,504,266,849

		1,220,140,083

		931,261,181

		641,953,969







The NPVs or TEV of the Lake Natron ecosystem in the Business As Usual (BAU) scenario were estimated at about USD 1.50 billion and USD 1.26 billion when the indirect use and intrinsic values were valued using the WTAC and WTP approach respectively, at a social discount rate of 10%, t = 50 years (Table 7).



In general, the results of analysis in this study indicate that the soda ash plant would deliver far worse returns for local people. There will be losses of benefits from different uses (Table 8). These were estimated by assuming annual decreases of benefits that accrue in the initial year of the project - estimated at 2% and 5% for the “worse” and “worst” or “low” and “high” impact scenarios respectively in crop production, pastoralism and other direct uses of natural resources. For use values which rely on wildlife conservation, such as hunting and tourism, the impacts were expected to be huge, estimated at 5% and 10% for the “worse” and “worst” impact scenarios respectively. It should however be noted that the “worse” and “worst” scenarios considered in this case are to some degree arbitrary values chosen to provide indicative costs in the absence of any more scientific assessment of the actual damage expected.



Table 7: Summary of NPVs for the Business As Usual (BAU) scenario (net values discounted using different discount rates and t = 50 years) (USD)

		Type of value

		Discount rates



		

		0.50%

		1%

		10%

		12%

		15%

		20%



		I) Crop production

		38,457,769

		34,243,513

		9,298,232

		7,926,563

		6,525,929

		5,111,238



		II) Pastoralism

		520,830,826

		463,757,458

		125,925,300

		107,348,881

		88,380,189

		69,221,130



		III) Other direct uses of natural resources

		598,167,879

		532,619,809

		144,623,678

		123,288,886

		101,503,574

		79,499,627



		IV) Tourism revenue via TH & CITES*

		16,505,126

		14,696,471

		3,990,572

		3,401,885

		2,800,768

		2,193,617



		V) Campsite and lodges

		81,501,353

		72,570,321

		19,705,213

		16,798,313

		13,830,028

		10,831,954



		VI) Tour operation

		50,324,631

		44,809,987

		12,167,375

		10,372,452

		8,539,626

		6,688,406



		VIIa) Indirect use and non-use/intrinsic value: WTP

		9,348,734 

		8,324,287 

		2,260,316 

		1,926,876 

		1,586,394 

		1,242,496 



		VIIb) Indirect use and non-use/intrinsic value: WTAC

		1,021,951,600 

		909,964,719 

		247,085,149 

		210,635,307 

		173,415,765 

		135,822,691 



		VIII) National level: Revenue from tourism in Lake Natron

		2,543,850

		2,265,091

		615,046

		524,315

		431,668

		338,091



		IX) Regional level: Government revenue from flamingo tourism

		191,481,113

		170,498,346

		46,295,871

		39,466,334

		32,492,580

		25,448,837



		X) Regional level: Lodges, hotels and camps

		3,650,924,891

		3,250,851,452

		882,712,370

		752,495,211

		619,528,295

		485,226,937



		XI) International level (Travel Costs to Lake Natron)

		53,491,317 

		47,629,664 

		12,933,010 

		11,025,140 

		9,076,983 

		7,109,275 



		Total – excluding VIIa (with WTAC)

		      6,226,180,355 

		      5,543,906,831 

		    1,505,351,816 

		    1,283,283,287 

		    1,056,525,405 

		      827,491,803 



		Total – excluding VIIb (with WTP)

		      5,213,577,489 

		      4,642,266,399 

		    1,260,526,983 

		    1,074,574,856 

		       884,696,034 

		      692,911,608 





* TH stands for Trophy Hunting; and CITES for Convention on International Trade in Endangered Species.



When the WTP values were used in the valuation of indirect use and intrinsic values, the losses of benefit at local, national, regional and international levels due to the construction of soda ash plant in Lake Natron were estimated to amount to NPVs of about USD 49.8 million or USD 101.7 million for the “low impact” and “high impact” scenarios respectively, at a social discount rate of 10%, t = 50 years (Table 8). Alternatively, when the WTAC values were used in the valuation of indirect use and intrinsic values, the losses of benefit were estimated at NPVs of about USD 60.9 million or USD 124.0 million for the “low impact” and “high impact” scenarios respectively. 



For the sustainable eco-tourism scenario, the NPVs were estimated to amount to approximately USD 1.28 billion and USD 1.32 billion for the low and high impact scenarios, when WTP values were used in the valuation of indirect use and intrinsic values at a social discount rate of 10%, t = 50 years (Table 9). When the WTAC values were used, the NPVs for the sustainable eco-tourism scenario were estimated at about USD 1.53 billion and USD 1.57 billion for the “low” and “high” impact scenarios respectively.




Table 8: NPVs of loss of benefits for the BAU scenario when the soda ash scenario is opted (net losses discounted using different discount rates and t = 50 years) (USD)

		Type of value

		Discount rates



		

		0.50%

		1%

		10%

		12%

		15%

		20%



		I) Crop production



		     Low impact scenario

		752,117

		667,832

		168,926

		141,493

		113,480

		85,186



		     High impact scenario

		1,880,293

		1,669,580

		422,316

		353,732

		283,701

		212,966



		II) Pastoralism



		     Low impact scenario

		10,185,868

		9,044,401

		2,287,757

		1,916,229

		1,536,855

		1,153,674



		     High impact scenario

		25,464,670

		22,611,001

		5,719,393

		4,790,572

		3,842,138

		2,884,185



		III) Other direct uses of natural resources



		     Low impact scenario

		11,698,346

		10,387,384

		2,627,462

		2,200,766

		1,765,059

		1,324,981



		     High impact scenario

		29,245,864

		25,968,460

		6,568,654

		5,501,914

		4,412,649

		3,312,451



		IV) Tourism revenue via TH & CITES



		     Low impact scenario

		806,975

		716,543

		181,248

		151,813

		121,757

		91,400



		     High impact scenario

		1,613,950

		1,433,085

		362,495

		303,626

		243,515

		182,800



		V) Campsite and lodges



		     Low impact scenario

		3,984,797

		3,538,245

		894,990

		749,645

		601,231

		451,327



		     High impact scenario

		7,969,594

		7,076,490

		1,789,980

		1,499,290

		1,202,461

		902,654



		VI) Tour operation



		     Low impact scenario

		3,341,127

		2,960,885

		712,969

		590,004

		464,812

		339,061



		     High impact scenario

		4,745,272

		4,207,853

		1,029,488

		855,341

		677,874

		499,302



		VIIa) Indirect use and non-use/intrinsic value (WTP)



		     Low impact scenario

		457,082

		405,860

		102,661

		85,989

		68,965

		51,770



		     High impact scenario

		914,164

		811,719

		205,322

		171,978

		137,930

		103,540



		VIIb) Indirect use and non-use/intrinsic value (WTAC)



		     Low impact scenario

		49,965,668

		44,366,324

		11,222,345

		9,399,853

		7,538,876

		5,659,222



		     High impact scenario

		99,931,335

		88,732,647

		22,444,690

		18,799,706

		15,077,752

		11,318,444



		VIII) National level: Revenue from tourism in Lake Natron



		     Low impact scenario

		124,375

		110,437

		27,935

		23,398

		18,766

		14,087



		     High impact scenario

		248,750

		220,874

		55,869

		46,796

		37,532

		28,174



		IX) Regional level: Government revenue from flamingo tourism



		     Low impact scenario

		9,361,971

		8,312,833

		2,102,709

		1,761,232

		1,412,545

		1,060,358



		     High impact scenario

		18,723,943

		16,625,666

		4,205,419

		3,522,465

		2,825,089

		2,120,715



		X) Regional level: Lodges, hotels and camps



		     Low impact scenario

		178,502,485

		158,498,813

		40,091,859

		33,581,001

		26,932,655

		20,217,587



		     High impact scenario

		357,004,969

		316,997,625

		80,183,717

		67,162,001

		53,865,309

		40,435,174



		XI) International level (Travel Costs to Lake Natron)



		     Low impact scenario

		2,615,319

		2,322,236

		587,404

		492,010

		394,602

		296,217



		     High impact scenario

		5,230,638

		4,644,473

		1,174,807

		984,020

		789,204

		592,434



		Total loss (NPVs) for the low impact scenario (+WTP)

		221,830,462

		196,965,469

		49,785,920

		41,693,580

		33,430,727

		25,085,648



		Total loss (NPVs) for the high impact scenario (+WTP)

		453,042,107

		402,266,826

		101,717,460

		85,191,735

		68,317,402

		51,274,395



		Total loss (NPVs) for the low impact scenario (+WTAC)

		271,339,048

		240,925,933

		60,905,604

		51,007,444

		40,900,638

		30,693,100



		Total loss (NPVs) for the high impact scenario (+WTTAC)

		552,059,278

		490,187,754

		123,956,828

		103,819,463

		83,257,224

		62,489,299







Table 9: Summary of NPVs for the sustainable eco-tourism scenario (net values discounted using different discount rates and t = 50 years) (USD)

		Type of value

		Discount rates



		

		0.50%

		1%

		10%

		12%

		15%

		20%



		I) Crop production



		     Low increase/growth scenario

		39,209,886

		34,911,345

		9,467,159

		8,068,056

		6,639,409

		5,196,424



		     High increase/growth scenario

		40,338,062

		35,913,093

		9,720,548

		8,280,296

		8,280,296

		5,324,204



		II) Pastoralism



		     Low increase/growth scenario

		531,016,694

		472,801,859

		128,213,058

		109,265,110

		89,917,045

		70,374,804



		     High increase/growth scenario

		546,295,496

		486,368,460

		131,644,694

		112,139,454

		92,222,327

		72,105,315



		III) Other direct uses of natural resources



		     Low increase/growth scenario

		609,866,224

		543,007,193

		147,251,140

		125,489,652

		103,268,634

		80,824,608



		     High increase/growth scenario

		627,413,743

		558,588,269

		151,192,332

		128,790,801

		105,916,223

		82,812,079



		IV) Tourism revenue via TH & CITES



		     Low increase/growth scenario

		16,827,916

		14,983,088

		4,063,071

		3,462,611

		2,849,471

		2,230,177



		     High increase/growth scenario

		17,312,101

		15,413,014

		4,171,820

		3,553,699

		2,922,525

		2,285,017



		V) Campsite and lodges



		     Low increase/growth scenario

		83,095,272

		73,985,619

		20,063,209

		17,098,171

		14,070,520

		11,012,485



		     High increase/growth scenario

		85,486,150

		76,108,566

		20,600,203

		20,600,203

		14,431,259

		11,283,281



		VI) Tour operation



		     Low increase/growth scenario

		51,308,827

		45,683,891

		12,388,427

		10,557,605

		8,688,123

		6,799,878



		     High increase/growth scenario

		52,785,123

		46,994,747

		12,720,005

		10,835,335

		8,910,868

		6,967,086



		VIIa) Indirect use and non-use/intrinsic value (WTP)



		     Low increase/growth scenario

		9,531,567

		8,486,631

		2,301,380

		1,961,271

		1,613,980

		1,263,204



		     High increase/growth scenario

		9,805,817

		8,730,147

		2,362,977

		2,012,865

		1,655,359

		1,294,266



		VIIb) Indirect use and non-use/intrinsic value (WTAC)



		     Low increase/growth scenario

		1,041,937,867

		927,711,248

		251,574,087

		214,395,248

		176,431,315

		138,086,380



		     High increase/growth scenario

		1,071,917,267

		954,331,042

		258,307,494

		220,035,160

		180,954,641

		141,481,914



		VIII) National level: Revenue from tourism in Lake Natron



		     Low increase/growth scenario

		2,593,600

		2,309,266

		626,220

		533,674

		439,174

		343,726



		     High increase/growth scenario

		2,668,225

		2,375,528

		642,981

		547,713

		450,434

		352,178



		IX) Regional level: Government revenue from flamingo tourism



		     Low increase/growth scenario

		195,225,902

		173,823,479

		47,136,955

		40,170,827

		33,057,597

		25,872,981



		     High increase/growth scenario

		200,843,085

		178,811,179

		48,398,580

		41,227,566

		33,905,124

		26,509,195



		X) Regional level: Lodges, hotels and camps



		     Low increase/growth scenario

		3,722,325,885

		3,314,250,977

		898,749,114

		765,927,611

		630,301,356

		493,313,972



		     High increase/growth scenario

		3,829,427,376 

		3,409,350,264 

		922,804,229 

		786,076,211 

		646,460,949 

		505,444,524 



		XI) International level (Travel Costs to Lake Natron)



		     Low increase/growth scenario

		54,537,444

		48,558,558

		13,167,971

		11,221,945

		9,234,824

		7,227,761



		     High increase/growth scenario

		54,537,444

		48,558,558

		13,167,971

		11,221,945

		9,234,824

		6,516,841



		NPVs for low increase scenario (+WTP)

		5,315,539,217

		4,732,801,906

		1,283,427,704

		1,093,756,533

		900,080,133

		704,460,020



		NPVs for high increase scenario (+WTP)

		5,466,912,622

		4,867,211,825

		1,317,426,340

		1,125,286,088

		924,390,188

		720,893,986



		NPVs for low increase scenario (+WTAC)

		6,347,945,517

		5,652,026,523

		1,532,700,411

		1,306,190,510

		1,074,897,468

		841,283,196



		NPVs for high increase scenario (+WTAC)

		6,529,024,072

		5,812,812,720

		1,573,370,857

		1,343,308,383

		1,103,689,470

		861,081,634







The NPVs of benefit for the different soda ash scenarios as well as business as usual, and sustainable eco-tourism scenarios are summarized in Table 10. 



Table 10: Comparison of the soda ash, business as usual, and sustainable eco-tourism scenarios 

		Scenarios

		NPV (r = 10%, t = 50 yrs)



		Soda ash – Scenario A: P = USD 270/ton (after VAT and loyalty)

		-492,142,797



		Soda ash – Scenario B: P = USD 270/ton (after VAT and loyalty)

		-416,494,917



		Soda ash – Scenario C: P = USD 270/ton (after VAT and loyalty)

		-281,571,086



		Soda ash – Scenario D: P = USD 270/ton (after VAT and loyalty)

		-205,923,206



		Soda ash – Scenario E: P = USD 270/ton (after VAT and loyalty)

		-44,186,282



		Soda ash – Scenario F: P = USD 270/ton (after VAT and loyalty)

		42,384,728



		Soda ash – Scenario G: P = USD 270/ton (after VAT and loyalty)

		454,891,663



		Soda ash – Scenario H: P = USD 270/ton (after VAT and loyalty)

		530,539,543



		Business as usual  (indirect use and non-use/intrinsic value estimated using  WTP)

		1,260,526,983



		Business as usual (indirect use and non-use/intrinsic value estimated using  WTAC)

		1,505,351,816



		Sustainable eco-tourism (indirect use and non-use/intrinsic value estimated using  WTP): low growth

		1,283,427,704



		Sustainable eco-tourism (indirect use and non-use/intrinsic value estimated using  WTP): high growth

		1,317,426,340



		Sustainable eco-tourism (indirect use and non-use/intrinsic value estimated using  WTAC): low growth

		1,532,700,411



		Sustainable eco-tourism (indirect use and non-use/intrinsic value estimated using  WTAC): high growth

		1,573,370,857







4.0 CONCLUSION AND RECOMMENDATIONS



At the present levels of soda ash prices and investment costs the benefits of ecosystem conservation outweigh the benefits of soda ash mining. NPVs for scenarios A through E were negative implying that the soda ash facility will be making loss and therefore not worth undertaking at a social discount rate of 10%, t = 50 years. For scenarios F, G, and H, the NPVs of the soda ash facility were estimated at about USD 31.5 million, USD 444.0 million, and 519.6 million respectively. The soda ash scenario F assumes that the construction/rehabilitation costs of the road to plant and Tanga to Arusha railway will not be incurred by the investor with annual production of soda ash increasing annually by 5% from the initial production of 500,000 such that the maximum production of 1,000,000 metric tons per annum is attained in year 17 of the project. The soda ash scenario G assumes that the construction/rehabilitation costs of the road to plant and Tanga to Arusha railway will be incurred by the investor with annual production of soda ash at 1,000,000 metric tons throughout the project period. The soda ash scenario H assumes that the construction/rehabilitation costs of the road to plant and Tanga to Arusha railway will not be incurred by the investor with annual production of soda ash at 1,000,000 metric tons throughout the project period of 50 years. 



The NPV of benefits from improved road infrastructure and health services at the local level were estimated at NPV of USD 483.1 thousand at a social discount rate of 10%. Adding this to the NPV from labouring during the construction phase, for both the staff sourced within Lake Natron area (USD 8,352,000) and outside the area (USD 2,088,000), the total NPVs for the soda ash scenarios F, G, and H were estimated at about USD 42.4 million, USD 454.9 million, and USD 530.5 million respectively.   



The NPVs of benefits in the soda ash scenario can be compared with that of the sustainable eco-tourism and BAU. In the sustainable eco-tourism option the NPVs of benefits were estimated to amount to approximately USD 1.28 billion and USD 1.32 billion for the “low” and “high” impact scenarios, when WTP values were used in the valuation of indirect use and intrinsic values at a social discount rate of 10%, t = 50 years. When the WTAC values were used, the NPVs for the sustainable eco-tourism scenario were estimated at about USD 1.53 billion and USD 1.57 billion for the “low” and “high” impact scenarios respectively. 



The NPVs or TEV of the Lake Natron ecosystem in the Business As Usual (BAU) scenario were estimated at about USD 1.50 billion and USD 1.26 billion when the indirect use and intrinsic values were valued using the WTAC and WTP approach respectively, at a social discount rate of 10%, t = 50 years. The NPVs in both the BAU and sustainable eco-tourism are significantly higher than the benefits from soda ash mining.



The results of quantitative analysis in this study are also supported by the qualitative information gathered during consultations with stakeholders in Longido, Ngorongoro, and Monduli Districts and other stakeholders consulted in Arusha region. About 84% of consulted people in these areas opposed the development of soda ash facility; 10% supported; and 6% were neutral. This finding is particularly important as it clearly illustrates the perspective of the local communities who can best viewed as “stakeholder number one.” Importantly also, are the potential environmental costs or damages which relate to loss of biodiversity and deterioration of rural livelihoods in Lake Natron area. Lake Natron is an important, but a very fragile ecosystem requiring careful management. It is part of an important network of ecosystems and should not be viewed as a separate entity altogether. The major driver for the proposal to develop a soda ash facility in Lake Natron area was “money” or nicely labelled as “economic development.” But, money cannot buy everything: when the flamingo ceases to breed and exist in Lake Natron, there will be no replacement for the species. Here, the common sense reminds decision makers in Tanzania, in collaboration with other partners, to adopt a precautionary principle, which will rationally address the Lake Natron dilemma. In this regard, sustainable eco-tourism is proposed as a suitable alternative use of the Lake Natron ecosystem. 



The findings in this study suggest that the Lake Natron ecosystem should be managed wisely by introducing only livelihood initiatives that are linked to the survival of wildlife which it supports, including the lesser flamingo. Sustainable ecotourism is one of such initiatives. It does not dilute, but it adds value to conservation efforts and maintenance of sustainable livelihoods. Its benefits spill over beyond the local and national boundaries to beneficiaries at regional and international levels. As for benefits, the costs of developing a sustainable eco-tourism industry in Lake Natron should therefore be shared by different stakeholders through negotiations with regional and global partners for more resources. 



Based on the findings and conclusions of this study, the following key recommendations are drawn:



a) Lake Natron is very important for Tanzanians, especially the local communities.  It is also important for the countries at regional scale as well as the global community as a whole. There are therefore both trans-boundary and global issues that need to be considered before the decision to alter the current uses of Lake Natron ecosystem is reached. Especially, the decisions that compromise with the goal of sustainable biodiversity conservation. It is important that the government, through its appropriate machinery undertakes adequate stakeholder consultations prior to making decisions to implement projects which threaten the integrity of the Lake Natron ecosystem. Stakeholders at all levels need to be not only consulted but effectively consulted. This is also in line with the East African Community Trans-boundary Ecosystem Bill 2010 which was passed on 31 January 2012 during the East African Legislative Assembly (EALA)’s Third meeting of the Fifth session in Kampala, Uganda. The new regional framework is set to benefit trans-boundary ecosystems like Lake Natron and Serengeti National Park which, in the recent past, have drawn global attention as a result of proposed large scale development project. It aims to enhance the quality of the environment and ensuring sustainable utilisation of shared natural resources in the five-nation East African Community (EAC) namely, Tanzania, Kenya, Uganda, Rwanda and Burundi. 



b) Adequate support from the government and global partners is needed to develop a sustainable ecotourism industry in Lake Natron, increase the contribution of local communities to locally managed ecotourism and maintain potential ecotourism attractions, such as the lake itself and its lesser flamingos, water springs, cultural sites and mountain Oldonyo Lengai, just to mention few.



c) Capacity building and awareness campaigns are key to the successful management of the Lake Natron resources. Starting from the grassroots to the national, regional and international levels, these campaigns should also reflect on issues and capacity to implement regional and international policies and conventions, like the AEWA Action Plan, Ramsar Convention and Protocols.
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1.0 INTRODUCTION



1.1 Background



Lake Natron area is renowned as an important Ramsar Wetland internationally. Although the area was listed as Tanzania’s second Ramsar site in 2001 its importance can be traced back from early 1960s when it started to feature as the only regular breeding area for the 2 – 4 million Lesser Flamingos (Phoeniconaias minor) in East Africa (Soussa et al., 2010); accounting for 75% of the global population (RAM Team, 2008; NORCONSULT, 2007). The species is classified as “Near Threatened”, indicating that it is considered as likely to qualify for a threatened category in the near future. The species occurs primarily on saline lakes, pans and coastal wetlands throughout Sub-Saharan Africa and from the Arabian Peninsula to India (ibid). It is listed in Column A of the African-Eurasian Migratory Waterbird Agreement (AEWA) action plan, Appendix II of the Bonn Convention (CMS) and Appendix II of the CITES convention, thus requiring special consideration. The Lesser Flamingo is known to breed successfully in only three locations (Sua pan in southern Africa, Lake Natron in East Africa, and the Rann of Kachchh in India, all of which are threatened and require additional protection.[footnoteRef:5]  [5: (http://journals.cambridge.org/download.php?file=%2FORX%2FORX37_04%2FS0030605303000851a.pdf&code=fbe18058ff29529fd298f403f4d38dc7).
] 




Lake Natron also supports over 50,000 individuals of other water-bird species, including large numbers of Palearctic migrants (Soussa et al., 2010; RAM Team, 2008; NORCONSULT, 2007). In January 1995, a total of 105,730 water birds were estimated on the Lake (Soussa et al., 2010). In addition to Phoeniconaias minor, another nine water-bird species are expected to meet the 1% population threshold: Ciconia ciconia, Plegadis falcinellus, Platalea alba, Himantopus himantopus, Charadrius pallidus, Vanellus armatus, Calidris minuta, Tringa stagnatilis, and Chlidonias leucopterus (ibid). The fish species Oreochromis alcalicus appears to be endemic to Lake Natron and Kenya’s Lake Magadi (Soussa et al., 2010; RAM Team, 2008; NORCONSULT, 2007). The lake supports blue-green algae Spirulina platensis that in turn is essential for the Phoeniconaias minor population.



In general, the lake and its surrounding ecosystem are extremely important for biodiversity conservation, ecosystem services and for supporting the livelihoods of the local communities, which depend on pastoralism, eco and culture tourism, and small scale irrigation. The lake receives water from rainfall on the pan and in the catchment which reaches it through rivers Ewaso Ngiro and Penyinyi and from several springs. Of recent however, there have emerged development plans which would threaten the integrity of the lake’s ecosystem. Notably is the 2006 proposal to construct a soda ash processing plant at Wosi Wosi on the Eastern part of the lake which was submitted to the Government of Tanzania (GoT) by the TaTa Chemicals Ltd of Mumbai, India. The proposal led to the formulation of the Lake Natron Resources Ltd as a joint company which would implement the plan. The company was jointly formed by the GoT, represented by its agency the National Development Cooperation (NDC) and the TaTa Chemicals Ltd of Mumbai, India - which also owned the majority shares in a similar project, run by the Magadi Soda Company in Kenya.

 

The available information indicates that the proposed plant would produce 500,000 metric tonnes of soda ash annually, pump 561m3 of concentrated brine per hour from the lake and convert it into calcified soda ash (sodium bicarbonate) crystals for export (NORCONSULT, 2007; IBAs Programme of Kenya, 2007). In the process, the plant would require 11.5 megawatts of power and utilise approximately 129,000 litres of water per hour for both industrial and domestic use and would release 10m3 of sewerage water per hour (ibid).  The development of the soda ash facility would also involve construction of associated infrastructure, including a new access road from Mto Wa Mbu or Arusha _ Namanga tarmac road to the plant, power plant, railroad, pipeline to carry soda slurry across the lake, and living accommodations for an estimated 1,225 construction workers and 152 permanent staff and their families (ibid).    



Unfortunately, the proposal has received strong oppositions from different stakeholders. These oppositions have largely centred on the environmental importance of the location in which the development is intended and the likely adverse environmental and social impacts that are associated with the process during the engineering works (i.e. design, construction and operation). Although an Environmental and Social Impact Assessment (ESIA) for the proposed development was done and an ESIA report submitted to the National Environmental Management Council (NEMC) of Tanzania for evaluation and approval, the document was found to be revoltingly inadequate. There are some key issues that did not come out clearly in that report, especially the benefits and costs associated with the proposed soda ash project. The report identified some of the benefits to come from the soda ash mining as “several million US dollars” being revenue to the GoT and for the local community, and 152 permanent jobs.  However, the report indicates categorically that the jobs would mainly need skilled labour and so the local people would not be eligible.



The report has also failed to capture the current and potential benefits that the natural resources (ecological, biological, cultural and social) of Lake Natron basin confer on the local, national, regional and international community.  Put different, the report has failed to capture the “missing costs” of the proposed project or the costs which may directly arise from the loss of current and potential benefits. In effect, the proposed project treats existing ecosystem services, culture and the community livelihoods derived from the ecosystem as free goods. 



In following up the oppositions from different stakeholders, the Ramsar Secretary General also decided to write to the Tanzanian Minister of Natural Resources and Tourism on 28 August 2007 to express concern about the possible threats to Lake Natron from the proposed development of a soda ash extraction facility and its associated infrastructure (RAM Team, 2008). Similarly, the Executive Secretaries of Convention on Migratory Species (CMS) and Agreement on the Conservation of African-Eurasian Migratory Water-birds (AEWA) wrote together on 14 June 2007 to the Minister of Natural Resources and Tourism to express concerns over the possible impacts of the planned development on the lake's ecosystem, the East African population of the lesser flamingo, and the species as a whole (ibid).



Following these oppositions, the TaTa Chemicals Ltd withdrew from the project in 2008 (Childress et al., 2008).  However, recent developments have suggested that the GoT, through the National Development Corporation, was firmly interested in developing the soda ash factory.  It is worth noting at this juncture that such a decision needs to be adequately and precisely informed by a comprehensive study on the costs and benefits of developing the facility and the foregone benefits from ecotourism and sustainable management of natural resources in the lake Natron basin. Put differently, the true value and benefits from soda ash production need to be known a prior. These can only be known if the costs that the soda ash mining would impose on current and potential tourism activities, various forms of biodiversity (including Lesser Flamingos), the Maasai community livelihood system and culture are taken into account and precisely established.  More importantly, the critical ecosystem services such as provision of dispersal habitats for wildlife, flood control, carbon sequestration, nutrient cycling and livestock pasture must be brought to the equation.  All these streams of costs and benefits need to be looked at from three levels: local, national and regional.  The global perspective needs also to be considered.



Based on this ground, the BirdLife International, a global Partnership of conservation organisations that strives to conserve birds, their habitats and global biodiversity, working with people towards sustainability in the use of natural resources, invited consultants to undertake a Cost Benefit Analysis (CBA) for Lake Natron.[footnoteRef:6] The study was expected to bridge the existing gaps in knowledge by carrying out a CBA of the soda ash mining component, laying emphasis on the missing costs, especially ecosystem goods and services that are either currently provided by the ecosystem and/or potentially available.  Far from being a conventional one, the study drew from the Total Economic Value (TEV) concept where goods and services that are not tradable in the market and yet have a value were taken into account.  [6:  The Royal Society of Protection of Birds (BirdLife Partner in UK) and the Lake Natron Consultative Group (a coalition of 53 institutions who wish to see the integrity of the Lake Natron maintained) are also interested in the outcome of this study.] 




1.2 Objectives of the Study



The objectives of the CBA were to compare the net benefits of sustainable management regime for Lake Natron with management based on the development of soda ash facility as currently proposed.  The comparisons adopted an ecosystem service approach. The analysis looked at the net impacts in terms of the nation: what is the total economic value associated with existing livelihoods and ecosystem services compared with the economic returns associated with soda ash development?; the government; and  local communities.[footnoteRef:7]  [7:  For the purposes of this study, local means Lake Natron basin Ramsar Site and the surrounding landscape, national means within the United Republic of Tanzania; Regional means Tanzania, Uganda, Kenya, Ethiopia, Djibouti, and any other countries whose economies and peoples are likely to be adversely or otherwise affected by soda ash mining at Lake Natron.] 




Specifically the study aimed at:



a) Determining the benefits of the proposed soda ash mining project – potential revenue to the investor, GoT and local communities based on current market price of soda ash. The study benefited from lessons and comparisons made with other countries, including the neighbouring Magadi Soda in Kenya;

b) Determining the economic costs of the plant – the likely and potential economic impacts on local people, and tourism, pastoralism and other livelihood sources and culture;

c) Determining the benefits of sustainable management to the GoT and local communities. This took into consideration existing livelihood benefits, biodiversity benefits and the delivery of ecosystem services as well as such things as the tourism value or potential of all sites in Tanzania and other countries in the region where Lesser Flamingos are seen;  

d) Determining the economic costs of sustainable management;

e) Determining the fiscal impact on the Government in form of tax revenues forgone, economic incentives to the developer and alternative application of these funds for the benefit of Tanzanians at Lake Natron;

f) Recommending the best and most suitable use options for the Lake Natron considering long term environmental and rural livelihoods and sustainability in the area, taking into consideration the Precautionary Principle; and

g) Making recommendations to policy and decision makers, especially the GoT what needs to be done to promote sustainable livelihoods for local communities without jeopardizing the integrity of the resource. 





2.0 
STUDY AREA, APPROACH AND METHODOLOGY



2.1 The Study Area



The catchment area of Lake Natron has a hot climate in low altitude areas and a cooler climate in higher altitude areas. On average, temperatures range from 20°C to 35°C. Rainfall ranges from less than 500mm in lowlands (Figure 2) to 900mm at higher elevations (NORCONSULT, 2007). Unlike for rainfall, the potential evapotranspiration increases towards the lowland area (Figure 3), ranging from less than 1100 mm per year at higher elevations to about 1900mm in the Lake zone. Thus Lake Natron has a high level of evaporation with high moisture deficit between June and November, making it one of the hottest and driest places in northern Tanzania. In January and February temperatures are often above 400C. 



The high temperatures coupled with low rainfall within the lower Gregory Rift create a negative water balance situation of about 1400mm at the Lake floor. The system relies on inflows from both rivers and springs to maintain perennial pools of water within the Lake.





Source: CHARM (2007) cited in NORCONSULT, 2007.

Figure 1: Average monthly evaporation and rainfall generated for Magadi





Source: NORCONSULT, 2007

Figure 2: Isohyetal map of rainfall in the Lake Natron Catchment







Source: NORCONSULT, 2007

Figure 3: Isohyetal of potential evapotranspiration on Lake Natron Catchment



The total drainage area of Lake Natron sub-basin is about 26,224 km2 of which 8,658 km2 is in the Tanzanian side and 17,566 km2 in the Kenyan side. The main perennial rivers draining into the Lake include the Ewaso Ngiro River, Penyinyi River, Moinik River, and Engare-Sero River; and few seasonal rivers. Among the perennial rivers, the Ewaso Ngiro River from Kenya is a major contributor (about 30%) of inflows to the Lake. 



The Ewaso Ngiro River water seeps into the old delta and feeds into the lake both through streams and groundwater. The infiltration of water into the delta ensure that the seasonal water flux are less than the flow which is encountered at the Peninyi, Moinik and Engare-Sero where the present rivers have cut new river valleys in the old delta and do not recharge to groundwater to the same extent. In the South, there is fresh water influx from three sources and the situation is similar to that as seen in the North West at the outflow from Ewaso Ngiro but the sediment flux into lake are higher here due to surface runoff especially from the slopes and foot of the active volcano Olyondo Lengai and sediments carried by the Monink and Engare-Sero rivers. The high influx of sediments and fresh water gives a continuous open water body in the southernmost area and mud/silt flats that are at least 10 meters deep.



The hydrology of the Lake catchment has changed considerably over the last 10,000-6,000 years, changing the system from fresh to sodic (NORCONSULT, 2007). The hydrology is highly modulated by the increasing anthropogenic activities in the catchment headwaters mainly due to deforestation and abstraction for irrigation. A typical example is the Ewaso Ngiro River where water flows are affected through extensive clearing of woodlands for arable agriculture in the upper reaches in Kenya (NORCONSULT, 2007). 



2.2 Stakeholder Consultation, Sampling and Data Collection



Before the actual field survey and stakeholder consultations, the study activities commenced with a deskwork review of literature; mobilization of resources, which included training of two research assistants who were recruited to assist in conducting the study, and the preparation of study instruments including the checklist of issues and questions (Appendix 2). 



The deskwork review benefited from information collated from different documents and reports, including the project’s feasibility, Environmental and Social Impact Assessment (ESIA) study by NORCONSULT (2007) and existing reports for the Lake Natron ecosystem. 



The stakeholder consultations were an important activity in this study and were meant to determine interest, conflict lines, and the effects of various development and management options on the various groups affected by those options. Different individuals were consulted in Dar es Salaam and in the study areas. The list of stakeholders which were consulted is provided in Appendix 3. 



The consultation was also extended to stakeholders based in Kenya which were followed by a visit to the Magadi Soda Company in Kenya, currently called TaTa Chemicals Magadi Limited to collect relevant information and experience related to soda ash mining. In addition, consultations were also made with stakeholders outside Africa through teleconferencing for example, with partners and representatives of the BirdLife International, Royal Society of Protection of Birds (BirdLife Partner) in UK, the Lake Natron Consultative Group. 



In addition to Focus Group Discussions (FGDs), formal questionnaire interviews were conducted in eight villages surrounding Lake Natron (Table 11 and Figure 4). 



Table 11: Sample villages for the household survey in Lake Natron

		 Village

		Ward

		District

		Number

		%



		Engare-Sero

		Pinyinyi

		Ngorongoro

		18

		20.9



		Pinyinyi

		Pinyinyi

		Ngorongoro

		14

		16.3



		Oldonyo-Sambu

		Oldonyo Sambu

		Ngorongoro

		14

		16.3



		Digodigo

		Digodigo

		Ngorongoro

		12

		14.0



		Gelai-Bomba

		Gelai Merugoi

		Longido

		6

		7.0



		Gelai Lumbwa

		Gelai Lumbwa

		Longido

		6

		7.0



		Aleililai

		Gelai Lumbwa

		Longido

		8

		9.3



		Matale A

		Matale

		Longido

		8

		9.3



		TOTAL

		

		

		86

		100







In total, 86 households were interviewed (with 97.7% practicing pastoralism and agropastoralism as their major occupation). About 81% were male headed households and the remainder (19%) were female headed. About 40% of the head of households had no formal education and about 48% had education level of standard four and seven.





Data source: Tanzania Natural Resources Information Centre (TANRIC) and Field Data; Coordinate System: Geographic, WGS1984

Figure 4: Map of Lake Natron area showing the study villages





The study population in this case included human populations in the wards surrounding the lake Natron and these are as given in Table 12.



Table 12: Human population in the wards surrounding the Lake Natron

		Ward

		Population (2002)

		Households (2002)

		Population (2010)*

		Households (2010)*



		Ngorongoro District



		     Pinyinyi 

		5,574

		1,137.551

		7,676

		1,567



		     Sale

		2,904

		592.653

		3,999

		816



		     Oldonyo Sambu

		3,256

		664.490

		4,484

		915



		Longido District



		     Gelai Lumbwa

		4,219

		937.556

		5,810

		1,291



		     Gelai Meirugoi

		5,423

		1,205.111

		7,468

		1,660



		      Engarenaibor

		10,955

		2,434.444

		15,086

		3,352



		Monduli District



		     Esilalei

		7,824

		1,738.667

		10,774

		2,394



		     Selela

		5,102

		1,133.778

		7,026

		1,561



		     Engaruka

		7,295

		1,621.111

		10,046

		2,232



		Total

		52,552

		11,465

		72,368

		15,789





Source: URT, 2002 Population and Housing Census & Own projections using average annual growth rate of 4% 

*Projections



Interviews were also conducted to tourists who visited the study area and operators of tourist camps, lodges and hunting camps (Moivaro Camp site and Lodge, Ngaresero Mountain Lodge, Underson and Venture Camp, Club Africo, the Tanzania Wildlife Corporation (TAWICO) - Lake Natron South Block – Longido Mosonic Hill, Kitumbeine; Tanzania Game Truck (TGT) – Lake Natron North).



2.3 Valuation of Costs and Benefits of Lake Natron Ecosystem



Valuing costs and benefits of an ecosystem, like that of Lake Natron is in sense based on the same principle as for valuing costs and benefits of producing a good or service that is sold in the marketplace. The main difference is that most products and services of produced by the ecosystem often lack a fully developed market; hence they have no observable prices. The lack of observable prices complicates the construction of measures such as ‘consumer surplus’ that are based on an “excess over observable price” criterion. To address these complications, the Consultants employed the concept of the “Total Economic Value (TEV)” an individual may derive from the ecosystem. 



TEV is essentially the same concept as “net benefit”, but it recognizes that the value derived from the quality of the ecosystem can be subdivided into two main categories:



a) Use value – the value an individual derives from directly using the resource; and

b) Non-use value – the value given to the existence of an ecological or environmental resource even though it is not currently used.



Use values are associated with activities such as collection of firewood, fruits, and medicinal plants, collection of building material, and viewing of nature where the individual comes into direct contact with the ecosystem. These values also include commercial uses of ecosystems or environmental resources, such as fishing, and consumptive uses, such as drinking water and clean air. Non-use values are less tangible since they arise from ecological/environmental preferences rather than direct use. Three categories of non-use values are:



a) Existence value – the value derived from knowing that the resource is maintained;

b) Bequest value – the value the current generation gains from knowing that the resource is preserved for future generation;

c) Option value – the value of preserving the resource so that the option of using it at some future date is maintained.



In a nutshell, the concept of TEV is spelled out as:









where:





;; TEV = total economic value; UV = Use value; NUV = non use value; DUV = direct use value; IUV = indirect use value; OV = option value; EV = existence value; BV = bequest value; and QOV = quasi-option values.



Using the concept of TEV the benefits and services provided by the Lake Natron’s ecosystem were identified, characterized and quantified, while highlighting a wide range of individuals and groups they accrue to, on and offsite.



2.4 Analysis of Direct and Indirect Costs and Benefits of Soda Ash Mining 



The analysis of the direct monetary costs and benefits of the soda ash facility benefited from the information provided in the ESIA report and other soda ash related reports and documents. Future costs and benefits were evaluated using discounted measures of project worth, especially the CBA approach. The determination of costs and benefits considered not only the potential costs and revenue to the investor, but also that of the government and local communities based on current market prices. 



CBA is a basic policy analysis tool developed in the US in the 1940s, with the first focused and use being on water resource development. The approach asks a simple question: “do the expected benefits of an investment justify the costs?” The idea is to maximize the present value of net benefits. When there are streams of costs and benefits for an investment and a measure of time preference (i.e. a rate of discount), then the costs and benefits of an investment can be discounted to arrive at discounted values. CBA is therefore a discounted measure of investment or project worth.



There are three distinct but inter-related measures of investment or project worth based on discounted cost and benefit streams: the Net Present Value (NPV); Economic Internal Rate of Return (EIRR); and the Benefit-Cost Ratio (B/C ratio).  Usually all three methods give the same answers if used to assess the viability of an investment project, but there are some exceptions to this general rule. The NPV is the simplest of the three discounted measures of project worth, and is essentially a measure of the present value of the aggregate surplus generated by the project over its expected operating life.  It is calculated by subtracting the present value of the costs stream from the present value of the benefit stream. 



The B/C ratio gives the ratio of the present value of benefits to the present value of costs and is calculated by dividing discounted benefits (or revenue) by discounted costs (or expenditure) - including capital costs.  A ratio of at least one is required for acceptability. A B/C ratio of one indicates that the NPV is zero at a particular discount rate - which is also the EIRR for the investment or project. 



The CBA was conducted  based on 8 major of scenarios (Table 20) using six different discounting rates (i.e. 0.5%, 1%, 10%, 12%, 15%, and 20%). Attempts were made to evaluate the Net Present Values (NPVs),[footnoteRef:8] Benefit Cost (B/C) ratio, and Economic Internal Rate of Return (EIRR)[footnoteRef:9] for all scenarios. These were estimated using the following mathematical relationships: [8:  NPV is the simplest of the three discounted measures of project worth, and is essentially a measure of the present value of the aggregate surplus generated by the project over its expected operating life.  It is calculated by subtracting the present value of the costs stream from the present value of the benefit stream.  ]  [9:  The B/C ratio gives the ratio of the present value of benefits to the present value of costs and is calculated by dividing discounted benefits (or revenue) by discounted costs (or expenditure) - including capital costs.  A ratio of at least one is required for acceptability.  It will be seen that a B/C ratio of one indicates that the NPV is zero at a particular discount rate - which is also the IRR for the project.  With a systematic approach to project preparation, it is clearly possible to calculate the B/C ratio in addition to the other measures if necessary.  It is important to remember that it is a ratio.  As such, it can be regarded as an efficiency measure and this may make comparative analysis easier, while the NPV is a measure of an absolute value.] 




                                                                                          …………………………………………. (1)









                                                                                                     ……………………………………… (2)







The EIRR is a discount rate when the difference between Present Value of Benefit (PVB) and Present Value of Costs (PVC) is zero, that is:





                                                                                       …………………………………………………. (3)







The EIRRs for different scenarios were established using the arithmetic rule for interpolation in which two discount rates, one which gives a positive NPV (NPV1) and the other which gives a negative NPV (NPV2), were used:





EIRR = r1 +    …………………………………………………………….. (4)



Where; r1 is the lower discount rate, and r2 is the higher discount rate.



2.5 Valuation of Direct and Indirect Use and Non-use Values  



The identification and valuation of direct and indirect use and non-use values of the Lake Natron ecosystem, including the non monetary and non-monetary benefits was done using the secondary data (from literature review) and primary information gathered from FGDs with representatives of community members in Lake Natron area as well as formal and informal interviews with other stakeholders, like tourists and operators of lodges, camp sites and tour companies. 



While the ESIA report has identified and ranked most of the likely administrative and planning impacts; changes to the physical/chemical environment; changes to the biological/ecological environment; social and cultural impacts; and economic impacts, it does not provide quantitative data on many of the environmental or non monetary impacts. In this study, these were identifies and assessed. In addition, an analysis of the trade-offs between ecosystem services/other non monetary values of Lake Natron basin and development of the proposed soda ash facility was done. To capture these values, a quick field survey was conducted using the Contingent Valuation Method (CVM) and Travel Cost Method. 



CVM is the standard approach currently available for the valuation of both use and non-use values and it is the most widely used method for estimating non-use values. The method is widely used as one of the only ways to assign monetary values to non-use values of the environment—values that do not involve market purchases. In this study, CVM was purposefully adopted to evaluate non-use values. 



The first step in the field survey was to conduct FGD and “in-person interviews” with different stakeholders in order to ascertain the important services to be valued. Ideally, the more relevant population for the study would be all citizens of Tanzania because Lake Natron basin is a state owned or public land. Given the limitations springing from the short timeframe for the study the major interviewees for the CVM were the communities living in Lake Natron area.   



During the initial FGDs and informal and formal discussions, general questions were asked, including questions about peoples’ understanding of the issues and ecosystem services related to the Lake Natron ecosystem. These were intended to ascertain whether the interviewees were familiar with the issues and ecosystem services provided by the Lake Natron ecosystem and whether and how they value these services. In addition, information and data that would help learning about peoples’ knowledge of the proposed soda ash facility and its impacts, and whether the development of the facility and its associated infrastructure is a controversial use of the site were gathered. This was considered important because, if people/stakeholders were supporting or opposing the development of the facility, they would then answer the valuation questions with this in mind, rather than expressing their value for the services of the site.  



In later stages of FGDs, the questions became more detailed and specific and information on the location and characteristics of the Lake Natron ecosystem, the uniqueness of species that have important habitat there, and whether there are any substitute sites that provide similar habitat were discussed.  



During the CVM survey the interviewees were provided with detailed information that highlights the importance of the Lake Natron ecosystem as a critical habitat for the different species of wildlife, including the lesser flamingo and the need to conserve it. They were given time to discuss and reflect on the proposed soda ash facility and its likely impacts. 



Two scenarios were used to describe the valuation process to the interviewees. The first scenario was the “pro-soda ash facility scenario” which suggested that the facility be developed so that the government gets additional revenues. The second was a counterargument scenario which advocated for sustainable conservation of the Lake Natron ecosystem and its valuable resources. 



For a more meaningful valuation, attempts were made to ensure that both private and social benefits/costs of the two scenarios are captured in the discussion and compared during the analysis. With this in mind, the first scenario was furthermore redefined and described to the interviewees as suggesting for the owner of the soda ash facility to compensate the society/people for the loss of intrinsic/non-use values that will be caused by the development and operation of the facility. 



In the second scenario, it was assumed that when the facility is not developed there will be foregone revenues that the government may wish to recover using alternative sources. These may for example, involve the introduction of a special “recovery mechanism” or “annual conservation tax” specifically for conservation of Lake Natron” which may be charged as part of an income tax for all citizens or taxpayers. 



If an interviewee opted for the first scenario he/she was then asked to state his/her willingness to accept compensation (WTA) and if opted for the second scenario he/she was then asked to state his/or willingness to pay (WTP) for the special “annual conservation tax.” 



A cross-check question would then be asked for the counter scenario so that each interviewee had to provide answers for both scenarios to enable comparisons. The stated values for each value attribute (in monetary terms) were recorded and the total value estimated as a function of the average of the stated value for each attribute and population using the MINITAB computer software.



The primary data which were collected from tourists who visited the study area during the survey constituted an important input to the valuation process using Travel Cost Method. The method is based on a theory of consumer behaviour that suggests that people value an ecosystem because they value the characteristics of the ecosystem rather than the ecosystem itself. The method is widely used in valuing environmental resources associated with recreational activity. In this case the information on fees, distance or origin the visitors and total costs of visiting, where available were used as a valuable input to the valuation exercise.











3.0 
RELEVANT POLICIES AND LEGAL ISSUES



The United Republic of Tanzania (URT) has promulgated laws, regulations and standards for the protection, conservation, rehabilitation, and improvement of the environment. The country is also a signatory to several regional and international conventions, protocols, treaties, and safeguards policies and is, therefore, bound by their requirements. These policies and legal frameworks influence the socioeconomic characteristics of people in different ways. With particular reference to the Lake Natron Ramsar site and the proposed facility development, the relevant policies, legal frameworks and global issues are briefly reviewed in this chapter.



3.1 The National Environmental Policy (1997)



This is the major policy document that outlines the national environmental situation and gives guidance to environmental managers in Tanzania. The policy provides a framework for making fundamental changes that are needed in order to bring environmental considerations into the mainstream of the decision-making in Tanzania. The two overall objectives of the policy are: 



i. to raise public awareness and understanding of the essential linkages between environment and development and to promote individual and community participation in environmental action; and 

ii. to conserve and enhance the natural and man-made heritage, including the biological diversity of the unique ecosystems of Tanzania. 



In addition, the policy provides guidelines for the determination of priority actions to be taken to conserve the environment. It also provides sectoral and cross-sectoral policy analysis in order to achieve compatibility among sectors and other stakeholders. Key objectives of this policy with regard to the ecosystem conservation in the Lake Natron are:

 

i. Ensuring sustainability, security, and equity in the use of resources;

ii. Preventing pollution and controlling the degradation of life supporting land, water, vegetation, and air resources;

iii. Conserving and enhancing the natural, including the biological diversity unique to Tanzania, and cultural heritage;

iv. Improving the management and conservation of wetlands;

v. Improving the efficiency of water used for irrigation, including the management of water logging and soil salinization; and

vi. Planning and implementing water resources programs in an integrated manner and in ways that protect water catchments.



The policy promotes the use of Environmental Impact Assessment (and Strategic assessments) as a planning tool that integrates environmental issues into the planning process, and the policy stipulates the use of numerous approaches in environmental management in Tanzania.

The National Environmental Policy indicates that environmental issues are best handled with the participation of all citizens at the relevant level.  To quote the NEP:



“It is widely recognized that interventions which are like to have positive impacts are those which enjoy the greatest support from grassroots. It is also recognized that ideal interventions are that are based on the people’s own initiatives, and for which solutions are geared towards felt needs, thereby diminishing the gap between theory and practice.  Local level environmental action is in-situ, responds to specific needs which can change quickly, and is small.  Environmental action by national institutions on the other hand is ex-situ, could be comparatively rigid, based in a large institution often in an urban setting, and is large scale.  There is an absolute necessity to exercise a bottom-up approach in problem identification, project planning, implementation, and monitoring.”



3.2 Tanzania Wildlife Policy (1998)



The wildlife policy and legislation focuses on peoples’ participation in the conservation and protection of the resources. The policy emphasizes protection of biological diversity through, for example, identifying, creating and upgrading series of protected area network and important wetlands. The policy also underlines the pivotal role rural communities and private sector play in the management of wildlife and other natural resources, although no details are presented how communities could be granted appropriate authority over these resources. Nevertheless, the Wildlife Policy is of relevance only to wetlands that are included in Tanzania's Protected Area System, and primarily focuses on these areas from the biodiversity point of view rather than in a broader management context. In spite of that the policy has facilitated improvement in performance of the sector in attaining the overall goal of effective conservation and sustainable utilization of wildlife resources. 



3.3 National Water Policy (2002)



Tanzania considers water to be a basic human need and right. It is to be allocated in accordance with existing legislation. Community participation is deemed to be a key to local management of allocations.  The National Water Policy (URT, 2002) focuses on:



i. Beneficiary and stakeholder participation in the community’s management of water resources;

ii. Improved integration of water and sanitation management; and 

iii. Water resources and environmental awareness component.  



Three components of the National Water Policy (NAWAPO) are relevant to this study. First is the emphasis on beneficiary, stakeholder, participation in the community’s management of water resources.  Water is considered a basic human need, the use of which is to be allocated in accordance with existing legislation. The policy indicates that the allocation system should separate water use permits from land titles as a means of fostering community participation.



Second is the improved integration of water and sanitation activities.  Improvement in managing water supplies and protecting them from human waste is a part of this component. The NAWAPO advocates that entities that pollute water are to pay for remediation and that water should be conserved.



Third is the water resources and environmental awareness component.  The policy is that all water related activities should aim to enhance, or to cause the least negative effect on, the natural environment. The allocation of water for environmental purposes is recognized.  Water for environmental purposes shall be determined using the best scientific information available that considers both the temporal and spatial water supply needed to maintain the health and viability of riverine and estuarine ecosystems.




3.4 Agricultural and Livestock Policy (1997)



Agriculture Policy of 1997 recognizes the need to improve agricultural practices and to foster the adoption of new techniques in order to achieve higher productivity, and it is deemed that technologies that enhance agricultural labor productivity are a key to agricultural development. The overall goal of the Agriculture and Livestock Policy is to improve the wellbeing of the people whose principal occupation and way of life is based on agriculture. Most of these people are smallholder farmers and livestock keepers who do not produce surplus. Therefore the focus of the policy is to commercialize agriculture so as to increase income levels. Policy objectives include promotion of standards of living in rural areas through increased income generation from agricultural and livestock production, processing and marketing and promotion of integrated and sustainable management of natural resources such as land, soil, water, vegetation in order to conserve the environment.  



The government is committed to ensuring food security for all. Otherwise it will devote itself to creating an ‘enabling environment’ for agricultural development under the stimulus of market forces. The government’s monitoring and regulatory functions will ensure that trends can be recognized, and if necessary modified to meet the nation’s longer term expectations of social equity and conservation of resources.



3.5 Livestock Policy (2006)



The Livestock Policy was prepared after the Division of Livestock was incorporated into the new Ministry of Livestock Development and Fisheries. The overall objective of the National Livestock Policy is to develop a competitive and more efficient livestock industry that contributes to the improvement of the industry.



The task ahead is to establish an environment where opportunities for higher incomes and employment are created for resource-poor livestock farmers, including the commercial farming sector. To achieve this, three major goals for policy reform shall be implemented:



i. To encourage the development of commercially oriented, efficient, and internationally competitive livestock industry;

ii. To support the emergence of a more diverse structure of production with a large increase in the numbers of successful smallholder livestock producer enterprises; and

iii. To conserve livestock resources and put in place policies and institutions for sustainable resource development and use.



Constraints to environmental conservation in livestock production include low awareness among stakeholders, low priority accorded to allocation of land for livestock use, inadequate expertise, and inter-sectoral coordination. Thus to ensure that the environment is conserved for sustainable livestock production, the following policy statements on the environment have been issued: 



i. The Government will strengthen technical support services on environmental issues.

ii. Efforts will be undertaken to promote proper land use planning for livestock production.

iii. Efforts will be undertaken to strengthen inter-sectoral coordination on environmental issues



3.6 National Land Policy (1995)



Land in Tanzania is vested in the President as trustee on behalf of all. The National Land Policy of 1995 (Revised in 1997) was designed to promote and ensure a secure land tenure system, to encourage the optimal use of land resources and to facilitate broad-based social and economic development without upsetting or endangering the ecological balance of the environment. The policy recognizes the need for protecting environmentally sensitive areas. The policy emphasizes the protection of the environment and natural ecosystems from pollution, degradation and physical destruction.  In addition, the policy recognizes the importance of social services such as water, roads, energy, and solid waste management for environmental protection. It also identifies the need for conservation and preservation of prehistoric/historic sites and buildings. 



3.7 National Forest Policy (1998)



The policy goal is to enhance the contribution of the forest sector to the sustainable development of the nation through conservation and management of natural resources. To attain this goal the policy focuses on four main areas: land management, forest-based industries and products, ecosystem conservation and management, and institutional and human resources. It encourages community and private sector involvement in forest management through the establishment of VLFRs, individual, group and community forests over which they have full rights of ownership and management and JFM through joint management agreements with government where communities have user rights and management responsibilities. The national forest policy has three key policy statements that pertain to this study:



i. Policy statement (1): To ensure sustainable supply of forest products and services and environmental conservation, all types of forest reserves will be managed for production and/or protection based on sustainable management objectives defined for each forest reserve. The management of all types of forest reserves will be based on forest management plans.



ii. Policy statement (5): To enable sustainable management of forests on public lands, clear ownership for all forests and trees on those lands will be defined.  Forests and the responsibility for their management will be allocated to villages, private individuals, or to government. Central, local and village governments may demarcate and establish new forest reserves.



iii. Policy statement (15): New forest reserves for biodiversity conservation will be established in areas of high biodiversity value. Forest reserves with protection objectives of a national strategic importance may be declared as nature reserves. This statement allows for local governments to enforce protection on locally determined areas of importance for conservation or production.



3.8 Energy Policy of Tanzania (2003)



The objective of this policy is to provide input into the development process through the establishment of an efficient energy production, procurement, transportation, and distribution program that results in environmentally sound exploitation of available resources. 



The energy policy recognizes the critical role of energy in all sub-sectors of economy. It underscores the importance of sufficient energy supplies and efficient use of energy to realize sustainable development. 




3.9 National Beekeeping Policy (1998)



The policy supports conservation of natural resources and improvement of livelihood through beekeeping. Beekeeping plays a major role in socio-economic development and environmental conservation. Thus beekeeping also contributes to food security as honey is used as food. According to MNRT (2001), beekeeping is an eco-rehabilitative agro-based non-polluting activity which improves pollination of various cultivated and non-cultivated plants, thereby bringing about improved quality and quantity of fruits and other crops alleviating rural poverty. Pollination also contributes to biodiversity conservation. 



3.10 Tanzania Development Vision 2025



The Tanzania Development Vision 2025 is the guiding framework for national development until the year 2025. It aims to achieve a high quality livelihood for people of Tanzania that is characterized by sustainable and equitable growth. It also aims at attaining good governance through rule of law and the development of a strong and competitive economy by moving from a Least Developed Country (LDC) to a middle-income country by 2025.



3.11 National Strategy for Growth and Reduction of Poverty (NSGRP)



The National Strategy for Growth and Reduction of Poverty (NSGRP), better known by its Kiswahili acronym as MKUKUTA (Mkakati wa Kukuza Uchumi na Kuondoa Umaskini Taifa) was launched by the Tanzanian government in 2005. The strategy recognizes the contribution of all sectors towards growth and poverty reduction and stresses cross-sectoral collaboration and inter-sectoral linkages and synergies.



The MKUKUTA deliberately sets out to mainstream cross-cutting issues as integral to its predecessor, the Tanzania’s Poverty Reduction Strategy Paper (PRSP), which was launched in October 2000. A very important feature of the development of the review leading to MKUKUTA has been national ownership and the implementation of extensive consultation with a wide range of stakeholders on the content and focus of the strategy with the aim to make it a national strategy. The MKUKUTA is based on the achievement of three major clusters of broad outcomes for poverty reduction, namely: growth and reduction of income poverty; improved quality of life and social well being; and good governance and accountability. Environment and the conservation of natural resources feature as important development issues that crosscut the three clusters.



3.12 Legal Acts



There are a number of acts and regulatory frameworks that apply to resource utilization and management in the Lake Natron area. The following sub-sections present a brief description of a few of these legal acts and regulations.



3.12.1 Environmental Management Act No. 20 of 2004



The Environmental Management Act (EMA), No. 20 of 2004 substantively encapsulates the general policy on the management of all matters which impact on the environment. Although there are other legislations that deal with some specific aspects of the environment, the EMA is the blue print on all matters environmental and all such other legislation must be compliant with the environmental management principles set in the EMA. 



Section 2 of the EMA indicates that, “environment” covers all the physical attributes of the surroundings of human beings, including land, water, climate, micro-organisms, the biological factors of animals and plants, cultural resources and the social economic factor of aesthetics, including the natural and the built environment and their interaction. “Environmental management” requires the protection, conservation and sustainable use of the various elements of the environment. “Sustainable use” and “sustainable development” require the maintenance of the carrying capacity of supporting ecosystems through use or development of the environment without compromising the ability of future generations to meet their needs (section 2, EMA) .



3.12.2 Environmental Action Plans and Protected Areas



Environmental Action Plans at the national, sector and local authority levels are required in terms of Part IV of the EMA and this means that any anticipated developments must of necessity fit in with the action plans at all these levels. In areas that have been declared Environmental Protected Areas, Environmentally Sensitive Areas or Protected Wetlands, there are specific management, conservation and protection protocols prescribed under Part V of the EMA that must be observed in the environmental management of these areas. Section 52 of the EMA specifically specifies areas designated as prone to soil erosion or landslides, areas declared as sensitive by local authorities, arid and semi-arid lands, areas closed to livestock keeping, occupation, cultivation or other specified activity as constituting sensitive areas. 



Regardless of the provisions of any law, rivers and riverbanks can be declared protected areas for purposes of the EMA thus becoming subject to management prescribed for such areas and to the imposition of any protective restrictions considered necessary (section 52 of the EMA). The restrictions can be very wide-ranging and, subject to permission by way of an EIA, effectively severely curtail or prohibit activities that are detrimental (section 55 (2) of the EMA). Human activity that is detrimental to the integrity of riverbanks, dams or reservoirs is prohibited within 60 meters of these features. 



3.12.3 Scope of the Environmental Management Act



The EMA is essentially a framework, crosscutting piece of legislation that covers all aspects of the environment. It gives the Minister power to make declarations regarding the protection, conservation and preservation of various defined areas such as environmental protected areas or environmentally sensitive areas, wetlands, rivers and river banks, lakes, lake shores or shore-lines, declarations for reasons of natural features and beauty, flora and fauna of the area, unique or special geographical, physiological, ecological, historic and cultural features, scientific features, biological diversity, interests of local communities or international obligations. The sector-specific legislation mandated by the EMA governs the different sectors of the environment in more detail and where there is any conflict between any such legislation and the provisions and principles of the EMA, the EMA prevails. Land, water, forests, wildlife resources, fisheries and biological diversity, protection of the atmosphere, organic pollutants, hazardous chemicals and pesticides are all aspects on which the EMA, supplemented by sector-specific legislation, impose management, conservation and preservation controls. 






3.12.4 Water Resource Management Act No. 11 of 2009



This act provides the institutional and legal framework for the sustainable management and development of water resources within Tanzania.  Part I, Article 3 indicates that ‘reserve’ water is that required for: 



i. Satisfying basic human needs by securing a basic water supply for people who are now, or who shall in the reasonably near future be, relying upon or taking water from the relevant water resources; and



ii. Protecting aquatic ecosystems in order to secure ecologically sustainable development and use of the relevant water resources.



Further in Part II, Article 6, Clause (2), it is written that water allocation shall be in the following order of preference:



i. Domestic purposes;

ii. Environmental reserve; and

iii. Socio-economic activities depending on the availability of water resources.



The Water Resources Management Act (WRMA) No. 11 of 2009 introduced integrated water resources management (IWRM) principles into the management of the water resources of Tanzania. A widely accepted definition of IWRM is given by Global Water Partnership as “a process which promotes the coordinated development and management of water, land and related resources, in order to maximize the resultant economic and social welfare in an equitable manner without compromising the sustainability of vital ecosystems.” IWRM recognizes the inter-connected nature of the hydrological cycle and promotes a river catchment or basin perspective to the management of water resources, even where these cross administrative and international boundaries. Water resources management includes planning the development of water resources, implementing the plans and all measures for allocation, conservation and controlling the utilization of the water resource, all with the participation of the public. It calls for development without compromising the environment, seeking a balance that supports the natural systems and the social systems that define the ever-growing demand, disposal and pollution of water, and social sustainability. The WRMA implements these principles.



3.12.5 Forest Act 2002



The government of Tanzania enacted the Forest Act No. 14 of 2002 (Cap 323 R.E 2002) (URT, 2002) following the review of the National Forest Policy in 1998. The Act is the legal instrument to implement the National Forest Policy. It provides for implementation of Participatory Forest Management (PFM) in the form of CBFM and JFM.



3.12.6 The Wildlife Conservation Act No. 5 (2009)



This legislation was enacted to protect and ensure the conservation of wildlife species. The Act operates in accordance with the requirements of the Convention on International Trade in Endangered Species (CITES) and other related legislations.



3.12.7 Land Act No. 4 and Village Land Act No. 5 of 1999 



The Land Act seeks to control land use and clarify issues pertaining to ownership of land and land-based resources, transactions involving land, and land administration. This act identifies three categories of land—village, public, and general. It recognizes protected or restricted land (e.g. forest reserves, national parks, etc), and ensures that the tenure and rights of legitimate land users are considered and respected.

 

It stipulates that land sensitivity and potential environment impacts of proposed projects shall be considered in order to ensure that the land is not polluted and to allow for natural and rapid restoration of cleared vegetation or disturbed land. The Village Land Act provides the legal framework for the management and administration of village land. The Act empowers the Village Council to manage all village land.



There is however, a contradiction between the Village Land Act and the Water Act regarding the management of land within a river bank. While the Village Land Act specifies that cultivation is not allowed within 60 m of the banks, the Water Act specifies 200 m. It is therefore important that these acts are harmonized in order to remove the inconsistency and conflict. 



3.12.8 Land Use Planning Act No 6 of 2007



Before allocating land to any use, the Land Use Planning Act (LUPA) requires that land use plans that are prepared by the land use planning authorities at the national, district and village levels be adhered to.  This is in order to ensure national co-ordination and physical development within zonal land use frameworks. Under Part V, LUPA calls for co-ordination of various land use management activities undertaken by any lead agencies to get any land use considerations integrated into development policies, plans, programmes and projects. Because land use framework plans are subjected to EIA, inter and intra district and inter-sectoral co-ordination among lead agencies is required to enable coordinated physical development and systematic land use in each zone, region, district and village. 



Under section 71 of the EMA, the Minister responsible for the environment can give general or specific directions environmental and land-use planning directives to be incorporated or taken into account in the allocation of land to any use under LUPA.



3.12.9 Mining Act, 1998



The Mineral Act does not allow mining in forest reserves unless a written permit is given by authority which has a jurisdiction over the reserve. Section 95 (1) (c) of the Act states that “the holder of a mineral right shall not exercise any of his rights under his license or under the mining Act in a forest reserve” (URT, 1998). It is often presumed that the Act overrides the Forest Act by allowing mining in forest reserves including sensitive areas with high biodiversity and catchment values such Lake Natron and its catchment. 



3.13 International Agreements and Conventions



Tanzania is a party to many international agreements, conventions, and protocols that seek to protect biodiversity, the environment and ensure sustainable development. In recognition of the rights and obligations with respect to shared trans-boundary natural resources regionally and internationally, the country’s Environmental Management Act requires implementation of environmental management measures to avoid and reduce potential trans-boundary environmental impacts that are detrimental to the interests of other States and the environment. These obligations are imposed under Part XV of the EMA. Part XII of the WRMA imposes similar obligations with regard to water.



Relevant to the Lake Natron case include the international conventions and agreements on the conservation of migratory species wild animals and waterbirds. The Lesser Flamingo in particular, is classified “Near Threatened” in the 2008 IUCN Red List of Threatened Species, indicating that the species is considered likely to qualify for a threatened category in the near future. The international conventions and agreements relevant to Lesser Flamingo include, among others the following:



a) The Convention on the Conservation of Migratory Species of Wild Animals (CMS): The Lesser Flamingo is listed in Appendix II of the CMS. This Appendix refers to migratory species that have an unfavourable conservation status or would benefit significantly from international co-operation organized by tailored agreements. The Convention encourages the Range States to conclude global or regional Agreements for the conservation and management of individual species or, more often, of a group of species listed on Appendix II.

b) The Agreement on the Conservation of African-Eurasian Migratory Waterbirds (AEWA): This is a regional agreement negotiated and concluded in accordance with Article 4 of CMS. The Lesser Flamingo is listed in Annex II of this agreement, as well as Columns A and B of Table 1. Parties that are Range States of a migratory waterbird species listed in Column A shall endeavour to: 



i. Conserve and, where feasible and appropriate, restore those habitats of the species which are of importance in removing the species from danger

ii. Prevent, remove, compensate for, or minimize, as appropriate, the adverse effects of activities or obstacles that seriously impede or prevent the migration of the species; and

iii. To the extent feasible and appropriate, to prevent, reduce or control factors that are endangering or are likely to further endanger the species, including strictly controlling the introduction of, or controlling or eliminating, already introduced exotic species. 



A summary of other the international commitments and agreements that apply to Tanzania and relevant to the Lake Natron case are provided in Table 13.


Table 13: Summary of the key international commitments/Agreements and Tanzania

		S/N

		International Commitment/Agreement and Tanzania’s Participation 

		United Republic of Tanzania



		1

		The UN Framework Convention on Climate Change (New York, 1992)

		+



		2

		The World Meteorological Organization’s Convention (Washington, 11 October 1947)

		+



		3

		Convention for the Protection of the World Cultural and Natural Heritage (Paris, 1972)

		+



		4

		The Kyoto Protocol is a protocol aimed at fighting global warming.  The Protocol was initially adopted on 11 December 1997 in Kyoto, Japan and entered into force on 16 February 2005.

		+



		5

		Ramsar Convention for the Internationally Important Wetlands Especially as Waterfowl Habitats (1971)

		+



		6

		The Basel Convention on the Control of Transboundary Movements of Hazardous Waste and Their Disposal (Basel, 22 March 1989)

		+



		7

		Convention on the Environmental Impact Assessment in a Transboundary Context (EPS, Finland, 1991)

		+



		8

		Stockholm Convention on Persistent Organic Pollutants (22 May 2001; has not come into force yet)

		+



		9

		Convention on Biological Diversity (Rio de Janeiro, 1992)

		+



		10

		Convention on the Protection and Use of Transboundary Watercourses and International Lakes (Helsinki, 1992)

		+



		11

		Convention on International Trade in Endangered Species of Wild Flora and Fauna (Washington, 1973)

		+



		12

		Aarhus Convention on Access to Information, Public Participation in Decision-Making and Access to Justice in Environmental Matters (1998)

		+



		13

		Rio Declaration on Environment and Development (UN Conference, 1992)

		+





Key: “+” – signed and ratified; “+ -“– signed/not ratified. Source, BICO (2006), MTB/VPO/2004/2005/09











4.0 
GLOBAL SODA ASH PRODUCTION



4.1 Soda Ash Mining and User Industries



Soda ash is the trade name for sodium carbonate (Na2CO3), a chemical refined from the mineral trona[footnoteRef:10] or from sodium carbonate-bearing brines (both referred to as natural soda ash) and manufactured from one of several chemical processes (referred to as synthetic soda ash). Soda ash is produced in three main grades: light, intermediate, and dense. These differ only in physical characteristics, such as bulk density and particle size and shape (which affect flow characteristics and angle of repose). Other physical and chemical characteristics are common to all grades, whether in solid or liquid form.  [10:  The world’s largest natural deposit of trona was first discovered at Green River in USA by accident in January 1938 when the Mountain Fuel Supply Company was drilling for oil and gas, and core sample analysis verified the presence of trona. The Green River Basin trona deposit covers more than 3,50 km2 and is the result of repeated evaporation of Lake Gosiute, which is a freshwater lake that formed in the Eocene epoch (O’Driscoll, 2008).] 




Soda ash is mined using two different methods: underground trona mining, and solution mining. Underground trona mining is similar to coal mining. The most common methods are the room and pillar method and the long wall method. In both of these processes, the material is undercut, drilled, blasted, crushed, and then transported to the surface. After mining, trona is crushed, screened and then calcined in rotary, gas-fired kilns. The mineral is then dissolved in water and filtered. The resulting soda ash solution (sodium carbonate) is then evaporated and dried. Airborne particulate generated from mining and drying operations are reduced by control equipment such as bag filters and wet scrubbers. Airborne CO2 is generated from calcining operations. Solid wastes and water effluents generated during soda ash mining and production are recycled to the soda ash treatment processes, held in on-site evaporation ponds, or are returned to mine-shaft voids.



When conventional underground mines become flooded and unworkable, soda ash can be extracted using solution mining.[footnoteRef:11] Water is injected as a brine or salt and water solution. It is then circulated throughout the mine workings to dissolve soda ash and salt from the original piullars and walls. The brine is pumped to an evaporation pond. Submersible pumps are used, each pumping about 9,000 litres per minute (ibid). As the liquid cools, the soda ash and salt crystals settle to the bottom of the pond. The cool brine is then heated and re-injected into the mine to start dissolving soda ash again. The remaining soda ash in the ponds is removed with floating dredges and pumped to the mill.  [11:  Potash Corporation of Saskatchewan, Inc. www.porashcop.com ] 




Soda ash can also be produced synthetically via the Solvay process. The Solvay process uses salt, coke, limestone, with ammonia as a catalyst. But, synthetic soda ash is more expensive to produce than natural soda ash and also has high concentrations of calcium chloride and sodium chloride in the process effluent.



The key user industries of soda ash include the glass and detergent manufacturing (Figure 5). Soda ash also finds its application in the manufacturing of pulp and paper, water treatment, sodium silicate and various other chemicals. 





Figure 5: World soda ash demand, 2007 (Source: CMAI Europe, 2008)

   




4.2 World Soda Ash Production



Recent data by the United States Geological Survey (USGS) estimated the total world soda ash production for 2010 at 46 million tonnes including 11.7 million tonnes of natural soda ash, and 34.3 million tonnes of synthetic soda ash (Table 14). A list of major soda ash producers in the world is given in Table 15.



Table 14: World soda ash production and reserves (‘000 metric tons)

		

		Production

		Reserve (2010)**



		Natural:

		2005

		2006

		2007

		2008

		2007

		2008

		2009

		2010*

		



		     United States*** 

		11,000

		11,000

		11,50

		11,300

		11,50

		11,300

		9,310

		10,000

		23,000,000



		     Botswana

		250

		250

		250

		250

		250

		250

		250

		250

		400,000



		     Kenya

		360

		370

		370

		513

		370

		513

		405

		450

		7,000



		     Mexico

		-

		-

		-

		-

		-

		-

		-

		-

		200,000



		     Turkey

		-

		-

		-

		-

		-

		-

		1,000

		1,000

		200,000



		     Uganda

		NA

		NA

		NA

		NA

		NA

		NA

		NA

		NA

		20,000



		     Other countries

		-

		-

		-

		-

		-

		-

		-

		-

		260,000



		World total, natural (rounded)

		11,600

		11,600

		11,700

		12,50

		11,700

		12,50

		11,50

		11,700

		24,000,000



		World total, synthetic (rounded)

		30,400

		30,400

		33,300

		33,900

		33,300

		33,900

		33,000

		34,300

		NAP



		World total (rounded)

		42,000

		42,000

		45,000

		46,000

		45,000

		46,000

		44,000

		46,000

		NAP





Source: U.S. Geological Survey (USGS), Mineral Commodity Summaries 

(http://minerals.usgs.gov/minerals/pubs/commodity/soda_ash/)

*Estimated. E Net exporter

**The reported quantities are sodium carbonate only. About 1.8 tons of trona yields 1 ton of sodium carbonate.

***The reserves for United States (23,000,000) is from trona,l nahcolite, and dawsonite sources

NA = Not available

NAP = Not applicable



The total world reserve of natural soda ash (trona) was estimated at 24 billion tones with the largest deposit found in the Green River Basin of Wyoming. The primary method used in mining the Wyoming trona ore is the underground room-and-pillar mining, using conventional and continuous mining. The Wyoming trona resources are being depleted at the rate of about 15 million tons per year (8.3 million tons of soda ash). 



Natural soda ash production is confined to the USA, Africa, and China. In East Africa, the Magadi Soda Company (MSC), now called TaTa Chemicals Magadi Limited in Kenya, is the main producer of natural soda ash trona, currently producing about 365,000 tons per annum. However, it is important to note at this juncture that the plant at Lake Magadi produces only 365,000 tons per year and it stopped production in 2010 because high production costs and stringent competition from competitors in the world market, especially producers of synthetic soda ash. In Southern Africa, the Botswana Ash (Pty) Limited (based in Botswana) is also another important soda ash producer in the region using lake brines to produce soda ash, but is able to produce only 250,000 Tons soda ash per annum (Table 14).It is therefore important to note and emphasise here the implications for Lake Natron, not only in terms of the ability to compete with synthetic soda ash producers and other world competitors, as well the chances of it producing 1 million tons per year – the amount needed for it to be most profitable.



Soda ash is produced synthetically in Asia, Australia, Europe, Middle East, and South America. The available information however also suggests that the future of synthetic soda ash is not good, especially in India. Input costs are rising, especially coal and coke and producers are planning to shift to natural soda ash production (O’Driscoll, 2008). In addition to coal and coke, synthetic soda ash’s other main input costs are salt and limestone. Shortages in these two commodities were also a factor in pushing producers of synthetic soda ash towards options of producing natural soda ash. Nirma, for example has experienced a shortage of chemical grade limestone in Western India, and has to import some of its requirements from Oman. The situation with salt supply is that soda ash producers have to compete with the domestic chlor-alkali market which has increased its consumption of salt, thus squeezing salt supply (ibid). The major producers of natural and synthetic soda ash in the world are listed in Table 15. 



Table 15: Top ten world soda ash producers

		Company

		Location (s) of operation

		Soda ash source



		1) Solvay SA

		Europe

		Synthetic



		

		USA

		Trona



		2) TaTa Chemicals Ltd

		India

		Synthetic



		

		UK

		Synthetic



		

		Kenya

		Trona



		3) FMC Corp.

		USA

		Trona



		4) Nirma Ltd

		USA

		Lake brines



		

		India

		Synthetic



		5) Ciech SA

		Poland, Germany, Romania

		Synthetic



		6) JSC Soda

		Russia

		Synthetic



		7) Shandong Ocean Chemical Group

		China

		Synthetic



		8) Sisecam

		Bosnia, Turkey

		Synthetic



		9) Tangshan Sanyou Alkali Industry Co. Ltd

		China

		Synthetic



		10) General Chemical Soda Ash Partners

		USA

		Trona







5.0 
TOURISM INDUSTRY IN TANZANIA 



Tourism in Tanzania plays a vital role in the country’s economic development. It is one of the major sources of foreign exchange. The industry is also credited for being one that offers employment opportunities either directly or indirectly through its multiplier effect.



The sector directly accounts for about 16% of the GDP and nearly 25% of total export earnings. The available statistics indicate that, for the period from 2008 to 2010, revenues from tourism have ranged from the lowest of USD 1.2 to 2.9 billion per annum (Table 16).



Table 16: Number of tourists who visited Tanzania and respective foreign earnings, 2008 - 2010 

		 Year

		Number of Tourists

		Revenue (Billion USD) 



		2008

		770,376

		1.29



		2009

		714,367

		1.2



		2010

		794,000

		1.28





Source: http://www.e-travelafrica.com/single-news/article/tanzania-sees-13-26-pct-rise-in-tourist-arrivals.html)



The country’s major sources of tourists are Britain, Germany, USA, Italy, France, Spain, and the Scandinavian countries. The country also receives a sizeable number of tourists from South Africa and Kenya. Since 2006, the Country’s Tourist Board has been stepping up promotions in new emerging markets of China, Japan, Singapore, India and Russia by participating in tourism fairs and conducting road shows. The number of tourist arrivals from these emerging source markets is reported to be increasing (Table 17).


Table 17: Tourist arrivals from emerging source markets, 2006 - 2008 

		Country of Origin

		Number of Tourists



		

		2006

		2007

		2008



		China

		4,798

		6,353

		8,982



		Japan

		3,989

		4,021

		3,890



		Singapore

		320

		384

		347



		India

		13,020

		14,042

		17,530



		Russia

		1,415

		2,091

		2,224



		Total

		23,542

		26,855

		32,973





Source: Ministry of Natural Resources and Tourism, Dar es Salaam



The country also gets revenues from photographic tourism and hunting concessions. About 20,500 hunting days are sold annually to 1,370 client generating a gross income for the industry of over USD 27 million (Baldus and Cauldwell, 2004). In addition, many of the leasing companies have up to 40% mark-up on the trophy fees thus generating an additional USD 8.5 million (ibid). 



The hunting concessions are distributed throughout the country either in Game Reserves, Game Controlled Areas or Open Areas. The Wildlife Division leases the concessions on a five-year tenure to hunting outfitters that fulfil the requirements defined in a set of hunting regulations, and who have been authorised to guide foreign clients on big game hunting safaris.[footnoteRef:12] An Advisory Committee on Block Allocation appointed by the Minister of Natural Resources and Tourism screens applications by hunting outfitters and advises the Minister on the allocation of concessions. Each concession is allocated a quota of animals that can be hunted during the season (July to March). Outfitters must utilize the wildlife on quota to generate revenue not less than 40% of the value of the total quota allocated. Failing to do so, the outfitter is required to make a top-up payment to the Wildlife Division to meet the 40% minimum. The outfitter is further required to contribute to anti-poaching, road construction and community development. A professional hunter licensed by the Wildlife Division must guide clients on the hunt. [12:  The restrictions stipulated under CITES Appendix I apply for the limit of numbers of elephant (50), leopard (500) and crocodile (50) hunting trophies that can annually be exported from Tanzania and imported into other countries signatory to the CITES agreement. ] 




In addition to revenues from tourist hunting, the government also gets income from resident hunting which is restricted to open areas. Resident hunting permits are issued by District Game Officers for their own districts. Permits are issued for a variety of common game species such as Impala, Hartebeest, Topi, Buffalo and wild birds. Two fee structures apply for Tanzanian citizens and residents respectively. These fee structures are however very low and the income generated from resident hunting is minimal and do not reflect the marginal value of hunted animal trophies.



Table 18: Basic fees payable by tourist hunters and outfitters in Tanzania

		Type of fee

		Amount paid (USD)[footnoteRef:13] [13:  A similar fee structure is also reported in Baldus and Cauldwell (2004). ] 




		

		Hunting using 

Rifle and 

Shotgun 

		Hunting using 

Bow and 

Arrow



		Block fee (per hunting season)

		27,000

		NA



		Permit fee

		

		



		     10 days safari packages

		950

		950



		     More than 10 days safari package

		1,250

		1,250



		Conservation fee

		

		



		     Hunting client per day

		150

		150



		     Observer per day

		50

		50



		Professional hunter examination fee

		

		



		     Tanzanians

		50

		NA



		     Non-Tanzanians

		500

		NA



		Professional hunter license fee

		

		



		     Tanzanians

		1,000

		NA



		     Non-Tanzanians

		3,000

		NA



		Trophy handling fee

		

		



		     10 days safari packages

		400

		400



		     More than 10 days safari package

		500

		500





Source: Ministry of Natural Resources and Tourism, Dar Es Salaam, also available online at: http://www.mnrt.go.tz/index.php?option=com_content&view=article&id=138:basic-fees-for-tourist-hunting&catid=50:wildlife-utilzation&Itemid=153







6.0 
 A SYNTHESIS OF VIEWS FROM CONSULTATIONS



During the study, the views of different stakeholders on either to establish or not establish the soda ash mining plant in Lake Natron were gathered and the results of analysis indicated that about 84% of the interviewed individuals did not support the establishment of soda ash plant. About 10% supported the proposal and 6% were neutral (i.e. they neither supported the proposal nor opposed it).



For those who supported the proposal the main reason seemed to revolve around perceived benefits from the development. However, the majority of those who supported the proposal (about 80%) came from villages where tourism was not a main activity and its contribution to livelihoods was deemed as insignificant compared to other sources of livelihoods. The perceived benefits from the proposed soda ash facility were thought to accrue to:



i) Wages and salaries upon employment offered by the facility. However, the available statistics show limited prospect for a community-wide employment opportunity as the facility will need only 152 people employed as permanent staff, including technical and support staff. Only during the construction stage that 2,225 people will be temporarily employed as construction staff. It is reasonable to believe that local communities may lack credentials to take technical positions as they don’t have merits or experiences and skills that will allow them assume technical roles and/or responsibilities.  This means that many of the local people could probably be considered for construction and few luck ones for positions of support staff if they demonstrate their merits over other potential applicants from elsewhere in Tanzania and outside the country.



ii) Indirect benefits through a wide range of potential market or business opportunities resulting from the proposed infrastructural development (road, rail and soda-ash facility) in the area.  It was perceived that this development would accelerate economic growth in the area thereby making the area more urbanized and commercialized. While it is inevitable that these changes could be realized, respondents who supported the development of soda ash facility did not justify whether potential (economic, social and cultural) benefits resulting from this development would outweigh the investment along with other costs such as damages to the environmental, ecosystem and the society at large or not.



iii) Tax revenues accruing to local and central government.  It is worthy to note that apart from business license and fees on other permits, tax revenues can only be paid when the prospective investor realizes net profit.  As long as this idea is not based on profitability analysis it was premature to establish that the proposed business would generate substantial tax revenues.



The arguments presented above demonstrate a case where poverty, especially the possession of poor portfolio of assets and cash liquidity constraints are correlated with higher rates of time preference for utilizing natural resources. The mainstream literature shows that poor people are less likely to invest in environmental conservation as they have no reliable alternatives apart from exploiting the available natural resources in any way to meet their urgent social obligations, including feeding their families. For poor communities the institutionalization of private property rights may not guarantee sustainable resource use and management (Stein, Shiferaw and Wik; 1998). 



It is reasonable to believe that the perspectives presented here are based on people’s evaluation of real gains from conserving the nature in the basin vis-à-vis gains from other uses of such resources. Despite the evidence that their views are biased as they are more concerned with their poverty levels, it is necessary to institute effective ways of ensuring that the costs and benefits of biodiversity conservation and tourism are shared by all beneficiaries at all levels (local, national regional and international). Experience shows that harmonizing land development plans, wild conservation strategies, tourism development, compensation schemes and population requirements have been instrumental in motivating people to conserve fragile ecosystems and rare wild species (Fall and Jackson, 2002).



Stakeholders who opposed the proposal to establish the soda ash facility in Lake Natron testified that the basin is important for their livelihoods and they preferred that developments which compromise with goal sustainable management of the Lake Natron ecosystem should not be implemented. Furthermore, they were very cynical about the potential negative impacts of the proposed soda ash facility, especially on the ecosystem (wildlife/biodiversity), resource base (forests and water) and the indirect impacts on the livelihoods of local communities. They strongly opposed the establishment of the facility with major reasons and arguments being centred on the following:



i). Effluents from the facility may enter the lake if disposed carelessly, e.g. through seepage or leakages;

ii). People migrating to the basin, especially those seeking investment within the area or employment at the facility which could lead to increased pressure on the available natural resources (e.g. extra demands for water and firewood). Commercialization may also change the mindset of local communities from conserving to increased exploitation of natural resources for short-term financial gains. 

iii). Generation of more wastes and other pollutants (e.g. smoke), which may not be emitted and or disposed efficiently.

iv). The extraction of soda ash could potentially lead to reduced concentration of brine in the lake, which can interfere with the biology of the lake, through alteration of breeding or life cycle of the lake’s biota component, including the lesser flamingos and other wild species

v). Road construction will interfere with migration of wild animals;

vi). Some respondents felt that the proposed investment was also against the interest of many stakeholders and the international community that support the conservation of the area as a Ramsar site (i.e. the project would dilute the efforts of conservators like the Birds Life International, WCST, TNRF, RSPB, Wings Over Wetlands (WOW) and DANIDA, just to mention few)



Some of the stakeholders who opposed the soda ash proposal went further and suggested that, if their views would not be honoured (i.e. if the construction of the soda ash facility was inevitable), then efforts should be made such that pollution of the lake is minimized and the key life support services (e.g. water and cheap sources of energy) should be managed such that pressure on the available resources is reduced. They also strongly suggested that the soda ash facility should be located far from the lake vicinity and awareness campaigns be conducted to enhance the understanding of local communities and wise use of natural resources for the benefits of both current and future generations.



The consultations with various officials in the Central and Local Governments in Tanzania have largely proposed for a harmonized development, combining the two, that is, the development of soda ash facility and wildlife conservation/tourism. The common viewpoint was that such a combination of development, if well balanced, has potential for the government to earn more from tax and tourism income. Importantly, they suggested the need to invest in communication (e.g. advertisement) and modest upgrading of other utilities (modest hotels and camping sites) and road networks and infrastructure. 

7.0 
BENEFITS OF PROPOSED SODA ASH MINING PROJECT



This section presents the results of analysis of the benefits of proposed soda ash mining project in Lake Natron area in Tanzania. Specifically, the benefits of the project are estimated as potential net revenue to the investor, the Government and local communities. The revenues from sale of soda ash were calculated using current world market prices as of February 2011. In addition, a sensitivity analysis was done to assess the robustness and reliability of results, especially when there are substantial changes in prices. A quite optimistic market price increase of 34.47% was assumed, which leads to positive NPV for all scenarios at a social discount rate of 10%. The section winds up by presenting lessons drawn from similar projects in neighbouring countries (e.g. the Magadi Soda Company in Kenya) and elsewhere in the world. 



7.1 Potential Revenues to Investor



7.1.1 Important assumptions



The potential revenues to the investor were estimated based on the following basic assumptions: 



a) Costs calculated using a standard approach to the estimation of costs for a soda ash plant using an experience from India.[footnoteRef:14] Prices were adjusted to real present prices using Consumer Price Indices (CPIs) given in http://labourbureau.nic.in/indnum.htm. The present cost of the plant was estimated as equal to (Original cost) x (Present cost index)/(Past cost index). A current cost structure (including investment costs and annual production costs) for the proposed soda ash facility in Lake Natron was established as in Table 19. [14:  See http://www.sbioinformatics.com/design_thesis/Soda_ash/Soda-2520ash_Cost-2520Estimation&Economics.pdf for the approach adopted in estimation of cost of soda ash plant.] 



Table 19: Investment and production costs for proposed soda ash mining project

		COST ITEM

		USD

		% OF INVESTMENT COST*



		A) DIRECT COSTS (INITIAL-ONE TIME COSTS)

		

		



		Equipment costs

		29,220,000.00

		19.48



		Installation and painting

		12,120,000.00

		8.08



		Instrumentation and control

		5,850,000.00

		3.90



		Pipes

		11,685,000.00

		7.79



		Electricity

		7,305,000.00

		4.87



		Buildings, process and auxiliary

		17,520,000.00

		11.68



		Service facility and yard improvement

		11,685,000.00

		7.79



		Land

		1,755,000.00

		1.17



		TOTAL DIRECT COSTS

		97,140,000.00

		64.76



		B) INDIRECT COSTS (INITIAL-ONE TIME COSTS)



		Engineering and supervision

		9,675,000.00

		6.45



		Construction expenses and contractors’ fee

		9,675,000.00

		6.45



		Contingency

		14,025,000.00

		9.35



		TOTAL INDIRECT COST

		33,360,000.00

		22.24



		C) FIXED CAPITAL INVESTMENT (A + B)

		130,500,000.00

		87.00



		D)  WORKING CAPITAL

		19,500,000.00

		13.00



		E) TOTAL INVESTMENT COST (C + D)

		150,000,000.00

		50.00



		F) PRODUCT COSTS (PER ANNUM)



		Direct production costs

		93,915,000.00

		62.61



		Fixed charges (depreciation and insurance), loyalty/taxes excluded

		23,055,000.00

		15.37



		Plant overhead costs

		16,290,000.00

		10.86



		G) GENERAL EXPENSES (PER ANNUM)



		       Administrative costs

		7,680,000.00

		5.12



		       Distribution and selling

		23,055,000.00

		15.37



		       Research and development costs

		7,680,000.00

		5.12



		       Financing and interest

		6,495,000.00

		4.33



		F) TOTAL PRODUCT  COST (PER ANNUM) (F + G)

		178,170,000.00

		





*Costs calculated using an approach and cost structure given in http://www.sbioinformatics.com/design_thesis/Soda_ash/Soda-2520ash_Cost-2520Estimation&Economics.pdf. Prices of materials were adjusted using Consumer Price Index for September 2011 as given in http://labourbureau.nic.in/indnum.htm



b) A total investment cost that is reported in the ESIA report for direct and indirect costs of USD 150 million and a project working capital equivalent to 13% of the total investment capital were adopted.

c) Scenarios considering costs of rehabilitating the Arusha to Tanga railway and construction of the road from Longido/Mto-Wa-Mbu to the site of soda ash plant as either INCURRED or NOT INCURRED by the investor were established. In total eight soda ash investment and production scenarios were established and adopted in the analysis (Table 20)



Table 20: Description of soda ash investment and production scenarios

		A

		Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway INCURRED by the investor with annual production of soda ash at 500,000 metric tons throughout the project period of 50 years



		B

		Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway NOT INCURRED by the investor with annual production of soda ash at 500,000 metric tons throughout the project period of 50 years



		C

		Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway INCURRED by the investor with annual production of soda ash increasing annually by 2% from initial production of 500,000 and achieving maximum production of 1,000,000 metric tons per annum in year 38 of the project



		D

		Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway NOT INCURRED by the investor with annual production of soda ash increasing annually by 2% from initial production of 500,000 such that maximum production of 1,000,000 metric tons per annum is attained in year 38 of the project



		E

		Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway INCURRED by the investor with annual production of soda ash increasing annually by 5% from initial production of 500,000 such that the maximum production of 1,000,000 metric tons per annum is attained in year 17 of the project



		F

		Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway NOT INCURRED by the investor with annual production of soda ash increasing annually by 5% from initial production of 500,000 such that the maximum production of 1,000,000 metric tons per annum is attained in year 17 of the project



		G

		Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway INCURRED by the investor with annual production of soda ash at 1,000,000 metric tons throughout the project period



		H

		Construction/Rehabilitation costs of the road to plant and Tanga to Arusha railway NOT INCURRED by the investor with annual production of soda ash at 1,000,000 metric tons throughout the project period of 50 years





NOTE: Scenarios which indicate that the construction/rehabilitation costs of the road to plant and Tanga to Arusha railway as NOT INCURRED by the investor suggest that these will be replenished or topped up by the Government of Tanzania.



d) The costs of rehabilitating the Arusha to Tanga railway and construction of the road from Longido/Mto-Wa-Mbu to the site of soda ash plant were estimated at USD 60 million and USD 40 million respectively

e) Repair and maintenance of the railway and road from Longido/Mto-Wa-Mbu to the soda ash plant to be done after 10 years at 5% of the initial rehabilitation/construction costs 

f) The costs of environmental mitigation and monitoring (capital and recurrent annual) are estimated to be approximately USD 2.9 million for construction phase 

g) All direct investment costs (e.g. construction of the plant and associated houses, and rehabilitation of railway and road for scenarios which assume that the latter costs are incurred by the investor), are incurred in year 0 (50% of the cost) and year 1 (for the remainder 50%), except for land cost which is incurred in year 0

h) A depreciation rate of 5% for the equipment/machineries was adopted (i.e. the replacement of equipment/machinery is done after each 20 years)[footnoteRef:15]  [15:  Personal conservation with the Managing Director of TATA Chemicals – Magadi Ltd in Kenya indicated that machineries at the plant are replaced after 10 – 20 years, depending on the type of equipment/machinery.  ] 


i) Buildings, service facility, pipes, process and auxiliary were assumed to be rehabilitated after each 10 years at 5% of their respective initial investment costs 

j) In scenarios A and B, a production capacity specified in the ESIA report of 500,000 is assumed. In scenarios C and D a production capacity of 500,000 in year 2 is assumed to be increasing by 2% per annum in the consecutive years up to 50 years. For scenarios E and F the production capacity is assumed to be increasing by 5% per annum in the consecutive years up to 50 years. In the last two scenarios (G and H) a production capacity of 1,000,000 metric tons of soda ash per annum is assumed starting from year 2 after the end of construction and installation phase (year 0 and year 1) to year 50 

k) An optimistic current soda ash ex-factory/spot procurement price of USD 270 per ton is adopted (Table 21), which was increased by 34.47% to USD 412/ton for sensitivity analysis



Table 21: Soda ash prices at global market, February 2011

		System of marketing

		Selling price (USD/Ton)



		Ex-factory (Purchased under contract)

		212 – 244



		Ex-factory (Spot procurement )

		245 – 270





*Source: http://www.cmaiglobal.com/Marketing/Samples/SAS_Summary.pdf



l) Staffing level specified in the ESIA report, of 152 and 1,225 people for permanent and during construction stage is adopted  

m) Land requirement of 0.5 km2 for plant and works and 1 km2 for housing is adopted as given in the ESIA report

n) A road requirement of 7 m width of tar was adopted. This is required to enable transport of products and goods to and from the site to the nearest railhead



Other assumptions related to material requirements as specified in the ESIA report include:



a) Fresh brine from Lake Natron pumped at a rate of 561 m3/hour

b) Power requirement of 11.5 Megawatts at the plant

c) Coke, coal and limestone requirement for boilers (21 metric tons per hour)

d) Sulphuric acid requirement of 0.552 tons per day

e) Caustic Soda  requirement of 0.1 metric tons per day

f) Lubricants (145 litres per month)

g) Diesel for water pump (9 kg per hr) 

h) Diesel (Diesel Generator (DG) set for brine pumping) (9 kg per hour)

i) Pet Coke for the boiler (14 metric ton per hour)

j) South African Coal for the boiler (3.5 metric ton per hour)

k) Limestone for the boiler (3.5 metric ton per hour)

l) Lube oil for plant machines (145 Litres/month)



The sensitivity analysis was run to show how the final net benefit figure would change if there is an increase in price of soda ash.[footnoteRef:16] This was deemed important understanding that when there is supply squeeze which is caused by factors such as unfavourable weather conditions, prices may rise substantially for soda ash exports. For example, prices of Indian soda ash were reported to rise by a massive USD 60/ton towards the end of 2007 due to excessive rain and floods which disrupted Indian producers (O’Driscoll, 2008). Similar effects are reported for Botswana Ash (Pty) Limited in early 2008 (ibid). The available information also indicates that, the early 2008 harsh winter conditions caused delays in railcar deliveries in Wyoming, USA and wreaked havoc in China causing soda ash delivery problem and pushing prices up (ibid). Combined with buoyant market demand, contracts for soda were reported at USD 230 – 300/ton CFR Asia in early 2008 (ibid). According to O’Driscol (2008), Chinese spot prices for soda ash in mid March 2008 were in the order of USD 265 – 275/ton.[footnoteRef:17] [16:  Sensitivity analysis is usually required to support any conclusions suggesting that the costs are disproportionate to benefits of implementing the project.]  [17:  World market appeared to favour US producers, which were pretty much sold out. Chinese producers were becoming less competitive as domestic demand had risen and a 13% export tax rebate was abolished in mid-2007. Also China’s synthetic soda ash costs more to make than the natural soda ash produced in the USA. ] 




7.1.2 Choice of discount rates 



To make costs and benefits fully comparable, their values should be converted at various times to values at a single point in time using a discount rate that reflects the time preference of the reference group (TBCS, 1998). However, the choice of this discount rate has generally been contentious. Advocates of some projects have tended to argue against high discount rates because they make projects look bad (benefits tend to occur later than costs; therefore, high discount rates tend to decrease the benefits more than the costs).



The appropriate discount rate depends entirely on the point of view taken in the analysis, that is, if that of the investor, local people or the government, as the reference group. Research shows that if the members of the reference group are poor, the discount rate that reflects their time preference is likely to be high: they will highly value immediate benefits because they have basic needs that are unmet (TBSC, 1998). 



Unlike most individuals and organizations, governments frequently take two different points of view in assessing investments - the fiscal point of view (is the project a good one from the government’s narrow fiscal perspective?) and the social point of view (is the project a good one for the country?). The discount rates can be quite different from these two perspectives.



The fiscal discount rate is the government’s cost of borrowing. It is appropriate to use the actual cost of borrowing when the analysis is from the narrow fiscal point of view of the government and the marginal funds for the investment come from borrowing rather than from increased taxes. The fiscal discount rate tends to be low because governments are generally preferred borrowers (taxation is in the background as a guarantee of repayment).



The use of the fiscal point of view and thus of the fiscal discount rate is only appropriate when the proposed investment has few, if any, social implications (TBCS, 1998). If the project is large enough to matter to the general economy or if it has aspects that are of interest to the public, then the narrow fiscal point of view is probably inappropriate.



The social discount rate is roughly equal to the opportunity cost of capital, weighted according to the source of investment capital (ibid). If what the government’s investment is displacing and what the rates of return would have been for the displaced uses are known, then the opportunity cost can be calculated. 



Essentially, the argument is that the government must achieve a return on investment at least equivalent to what the money would earn if left in the private sector to justify taxing the private economy to undertake public-sector investments. If the government cannot achieve this it would be better for the country if the money is left untaxed in the private sector.



In general, the benefit-cost analysts have tended to use a social discount rate of 10% ‘real’ per annum, that is, a 10% discount rate applied to real dollars (constant, inflation-adjusted dollars). This rate was considered as stable one because it reflects an opportunity cost in the private sector where the average rate of return to investment (over the whole economy) changes very slowly over the years, if at all. 



In most governments the estimation of the social discount rate has been robust. Social discount rates as low as 7.5% real and as high as 12% real have been proposed and supported by various economists. There have emerged some challenges against the choice and use of 10% social discount rate with the only serious challenge being from those who argue that high discount rates unfairly devalue benefits to future generations, who have as much right to such streams of benefits as the current generation does. This argument for low discount rates in the public sector is not well based, however. A project with a high rate of return when all its costs and benefits are counted is better for the present generation and, through reinvestment, better for future generations as well. Only when benefits are nonrenewable and consumed rather than reinvested is there conflict across generations, with one generation paying and another benefiting. Manipulating the discount rate does not lessen this conflict. According to TBCS (1998) the conflict has to be addressed directly by intergenerational consumption analysis.



Overall, the major considerable confusion in benefit-cost analysis is seen as arising from analysts using different numeraires (the units of value). To avoid this, it is generally advised to use a ‘dollar of investment’ as the numeraire and 10% per annum real as the social discount rate (ibid). 

	

On the other hand, it is also possible (and perhaps theoretically more precise) to use a dollar of consumption as the numeraire (ibid). After all, investment is not a final value in the way consumption is. The social rate-of-time preference for consumption is normally taken to be about 4%. This is obviously a much lower discount rate than 10% and on the surface may seem more attractive to those who think that benefits in the distant future (say, general environmental benefits) should not be discounted too heavily (ibid). 



The choice of a discount rate is therefore extremely important. It has a strong (although hidden) influence on the direction of the investment. In this study, a social discount rate of 10% is adopted. The analysis is repeated using five other discount rates (i.e. r = 0.5%; 1%; 12; 15%, and 20%) to assess the sensitivity of results when lower and higher discount rate than the social discount rate of 10% are used. Of these five discount rates, the first two (0.5% and 1%) represent very low discount rates and the latter three (12%; 15%; 20%) represent high discounting rates. 



7.1.3 Benefits to investor BEFORE loyalty and Value Added Tax (VAT) 



The results of CBA for scenarios A to H using the six different discount rates (i.e. r = 0.5%; 1%; 10%; 12; 15%, and 20%) are provided in Table 22 through Table 24. These values are derived by assuming that the investor is fully exempted from paying loyalty and Value Added Tax (VAT) as a strategic decision to attract investors. The shaded cells indicate cases with positive Net Present Values (NPVs) (B/C ratios ≥ 1.0).


Table 22: Net Present Values (NPVs) for different soda ash investment and production scenarios BEFORE loyalty and VAT, at current price of USD 270/ton (t = 50 years) (USD)

		Scenario

		Discount Rates



		

		0.5%

		1%

		10%

		12%

		15%

		20%



		A

		-2,214,805,422

		-1,987,070,381

		-639,146,490

		-565,130,490

		-489,495,295

		-412,853,347



		B

		-2,097,460,422

		-1,872,028,881

		-540,902,490

		-468,387,990

		-394,593,795

		-320,386,347



		C

		1,089,167,343

		812,617,760

		-365,676,735

		-375,749,978

		-371,755,792

		-350,625,099



		D

		1,206,512,343

		927,659,260

		-267,432,735

		-279,007,478

		-276,854,292

		-258,158,099



		E

		2,510,371,469

		2,106,351,031

		-57,384,782

		-138,553,504

		-206,613,245

		-253,581,366



		F

		2,627,716,469

		2,221,392,531

		40,859,218

		-41,811,004

		-111,711,745

		-161,114,366



		G

		3,610,134,078

		3,170,712,619

		576,582,510

		435,422,010

		292,249,205

		149,610,653



		H

		3,727,479,078

		3,285,754,119

		674,826,510

		532,164,510

		387,150,705

		242,077,653







The results of CBA for scenarios A and B suggest that the costs of proposed soda ash mining are disproportionate to the benefits of implementing this project, for both low discount rates and high discount rates, even when the investor is exempted from paying loyalty and VAT. The project is therefore not worth undertaking at the present level of soda ash market price of USD 270 per ton and production level of 500,000 tons per annum. 



The NPVs for scenario A were negative for all discount rates. The project remained economically unjustifiable (not worth undertaking) even for scenario B when the investor is fully exempted from paying loyalty and VAT and incurring construction/rehabilitation of the road to plant and Tanga to Arusha railway. 



At a social discount rate (i.e. r = 10%), scenarios A to E are viewed as not economic to undertake because they yield negative NPVs or losses even when the investor is fully exempted from paying loyalty and VAT. Scenarios F, G and H yield positive NPVs at a social discount rate of 10%. However, the project costs for scenario F would become disproportionate to project benefits at discount rates equal to or higher than 12% (i.e. when r ≥ 12%). Thus, scenario F is also risky undertaking at a present level of price with annual production of 500,000 tons. 



Scenarios G and H are worth undertaking at all the six discount rates chosen in the analysis. However, the scenarios require that the project operates at the highest production capacity of 1,000,000 metric tons per annum throughout the project life. Experience from other similar soda ash plants, including the MSC or TaTa Chemicals Magadi Limited, suggests that this level of production is too brutal to be achieved at the present levels of demand, technology, prices and costs of production, especially for a newly established plant, like the proposed Lake Natron soda ash plant. Therefore, the feasibility for the plant to start with a full capacity of producing 1,000,000 tons per annum, right from the beginning or launch of the plant is wiry. The scenarios may also demand more resources in terms of labour, raw materials and finance the costs which would become disproportionate to the project benefits.



Using a social discount rate of 10% and current price of USD 270/ton while assuming that the investor is fully exempted from paying loyalty and VAT, the NPVs for scenarios G and H are estimated at about USD 576.6 million and 674.8 million respectively (Table 22). The respective B/C ratios for the two scenarios are 1.31 and 1.38 (Table 23). The Economic Internal Rates of Return (EIRRs) for the two scenarios were high, estimated at 51.5% and 81.7% respectively (Table 24).     



Table 23: Benefit-Cost (B/C) ratio for different soda ash investment and production scenarios BEFORE loyalty/taxes, at current price of USD 270/ton (t = 50 years) 

		Scenario

		Discount Rates



		

		0.5%

		1%

		10%

		12%

		15%

		20%



		A

		0.72

		0.72

		0.66

		0.64

		0.61

		0.58



		B

		0.74

		0.73

		0.69

		0.68

		0.66

		0.64



		C

		1.14

		1.11

		0.80

		0.76

		0.71

		0.64



		D

		1.15

		1.13

		0.85

		0.81

		0.76

		0.71



		E

		1.31

		1.29

		0.97

		0.91

		0.84

		0.74



		F

		1.33

		1.32

		1.02

		0.97

		1.33

		0.82



		G

		1.45

		1.44

		1.31

		1.28

		1.88

		1.15



		H

		1.47

		1.47

		1.38

		1.36

		2.03

		1.27








Table 24: Economic Internal Rate of Return (EIRR) for different soda ash investment and production scenarios BEFORE loyalty/taxes, at current price of USD 207/ton (t = 50 years) 

		

		Scenarios



		

		A

		B

		C

		D

		E

		F

		G

		H



		EIRR (%)

		-

		-

		7.2%

		8.0%

		9.8%

		11.0%

		51.5%

		81.7%







7.1.4 Benefits to investor AFTER paying loyalty and VAT 



When CBA was repeated after adding to the stream of costs the annual loyalty (5% of net revenue) and VAT (18% of net revenue), the NPVs decreased for all scenarios. For scenarios F, G and H, NPVs declined by about 30% from USD 40.86 million; 576.6 million and 674.8 million to USD 31.46 million; 443.97 million, and 519.61 million respectively, at a social discount rate of 10% (Table 25). The B/C ratios also decreased (compare Table 23 Vs Table 26).  



Table 25: NPVs for different soda ash investment and production scenarios AFTER loyalty and taxes, at current price of USD 270/ton (t = 50 years) (USD)

		Scenario

		Discount Rates



		

		0.5%

		1%

		10%

		12%

		15%

		20%



		A

		-1,705,400,175

		-1,530,044,193

		-492,142,797

		-435,150,477

		-376,911,377

		-317,897,077



		B

		-1,615,044,525

		-1,441,462,238

		-416,494,917

		-360,658,752

		-303,837,222

		-246,697,487



		C

		838,658,854

		625,715,675

		-281,571,086

		-289,327,483

		-286,251,960

		-269,981,327



		D

		929,014,504

		714,297,630

		-205,923,206

		-214,835,758

		-213,177,805

		-198,781,737



		E

		1,932,986,031

		1,621,890,294

		-44,186,282

		-106,686,198

		-159,092,199

		-195,257,652



		F

		2,023,341,681

		1,710,472,249

		31,461,598

		-32,194,473

		-86,018,044

		-124,058,062



		G

		2,779,803,240

		2,441,448,717

		443,968,533

		335,274,948

		225,031,888

		115,200,203



		H

		2,870,158,890

		2,530,030,672

		519,616,413

		409,766,673

		298,106,043

		186,399,793








Table 26: B/C ratio for different soda ash investment and production scenarios AFTER loyalty/taxes, at current price of USD 270/ton (t = 50 years) 

		Scenario

		Discount Rates



		

		0.5%

		1%

		10%

		12%

		15%

		20%



		A

		0.77

		0.77

		0.71

		0.70

		0.67

		0.64



		B

		0.78

		0.78

		0.74

		0.74

		0.72

		0.70



		C

		1.10

		1.09

		0.84

		0.80

		0.76

		0.70



		D

		1.11

		1.10

		0.88

		0.85

		0.81

		0.76



		E

		1.22

		1.21

		0.98

		0.93

		0.87

		0.79



		F

		1.24

		1.23

		1.02

		0.98

		0.93

		0.85



		G

		1.31

		1.31

		1.22

		1.20

		1.17

		1.11



		H

		1.33

		1.32

		1.27

		1.26

		1.24

		1.20







7.1.5 Sensitivity analysis of benefits to investor BEFORE paying loyalty and VAT



When a sensitivity analysis was run using an opportunistic export price of USD 412 per ton of soda ash (i.e. an increase of 34.47% from the current price of USD 270), while maintaining the assumption that the investor is loyalty and VAT exempted, the NPVs at discount rates equal to or greater than the social discount rate of 10% (i.e. r ≤ 10%) turned positive for all soda ash investment and production scenarios (Table 27). 



Table 27: NPVs for different soda ash scenarios at an optimistic market price of USD 412/ton BEFORE loyalty/taxes (t = 50 years) (USD)

		Scenario

		Discount  rate



		

		0.50%

		1%

		10%

		12%

		15%

		20%



		A

		848,681,278

		725,541,419

		236,910

		-38,913,990

		-78,355,595

		-117,038,947



		B

		966,026,278

		840,582,919

		98,480,910

		57,828,510

		16,545,905

		-24,571,947



		C

		5,890,298,979

		4,997,658,138

		417,531,499

		250,066,643

		101,306,165

		-22,083,251



		D

		6,007,643,979

		5,112,699,638

		515,775,499

		346,809,143

		196,207,665

		70,383,749



		E

		8,058,951,201

		6,971,799,277

		887,962,184

		612,010,892

		353,301,459

		125,998,297



		F

		8,176,296,201

		7,086,840,777

		986,206,184

		708,753,392

		448,202,959

		218,465,297



		G

		9,737,107,478

		8,595,936,219

		1,855,349,310

		1,487,855,010

		1,114,528,605

		741,239,453



		H

		9,854,452,478

		8,710,977,719

		1,953,593,310

		1,584,597,510

		1,209,430,105

		833,706,453







The NPVs for scenarios D, E, F, G and H were also positive for all the discount rates chosen in the analysis (i.e. r = 0.5%; 1%; 10%; 12%; 15% and 20%). At r ≥ 12%, the NPVs (Table 27) and B/C ratios (Table 28) remained incessantly negative for scenario A. The NPVs for scenarios A, B and C were also consistently negative at r ≥ 20%. The EIRRs increased from the lowest of 10.0% for scenario A to the highest of 99.9% for scenario H (compare Table 24 Vs Table 29).    



Table 28: B/C ratio for different soda ash scenarios at an optimistic market price of USD 412/ton BEFORE loyalty/taxes (t = 50 years) 

		Scenario

		Discount  rate



		

		0.50%

		1%

		10%

		12%

		15%

		20%



		A

		1.11

		1.10

		1.00

		0.98

		0.94

		0.88



		B

		1.12

		1.12

		1.06

		1.04

		1.01

		0.97



		C

		1.73

		1.70

		1.23

		1.16

		1.08

		0.98



		D

		1.76

		1.73

		1.29

		1.24

		1.17

		1.08



		E

		2.00

		1.98

		1.48

		1.39

		1.28

		1.13



		F

		2.03

		2.01

		1.56

		1.48

		2.03

		1.25



		G

		2.21

		2.20

		2.00

		1.95

		1.88

		1.76



		H

		2.24

		2.24

		2.11

		2.08

		2.03

		1.94







Table 29: EIRR for different soda ash scenarios at an optimistic market price of USD 412/ton, (t = 50 years) 

		

		Scenarios



		

		A

		B

		C

		D

		E

		F

		G

		H



		EIRR (%)

		10.0%

		17.0%

		19.1%

		34.0%

		34.0%

		43.4%

		77.2%

		99.9%







7.1.6 Sensitivity analysis of benefits to investor AFTER paying loyalty and VAT



When the sensitivity analysis was repeated using an opportunistic export price of USD 412 per ton of soda ash, assuming that the investor pays loyalty and VAT, there were overall decreases in NPVs (Table 30) and B/C ratios (Table 31).    


Table 30: NPVs for different soda ash scenarios at an optimistic market price of USD 412/ton AFTER loyalty and VAT (t = 50 years) (USD)

		Scenario

		Discount  rate



		

		0.50%

		1%

		10%

		12%

		15%

		20%



		A

		653,484,584

		558,666,893

		182,421

		-29,963,772

		-60,333,808

		-90,119,989



		B

		743,840,234

		647,248,848

		75,830,301

		44,527,953

		12,740,347

		-18,920,399



		C

		4,535,530,214

		3,848,196,767

		321,499,254

		192,551,315

		78,005,747

		-17,004,103



		D

		4,625,885,864

		3,936,778,722

		397,147,134

		267,043,040

		151,079,902

		54,195,487



		E

		6,205,392,424

		5,368,285,443

		683,730,881

		471,248,387

		272,042,124

		97,018,689



		F

		6,295,748,074

		5,456,867,398

		759,378,761

		545,740,112

		345,116,279

		168,218,279



		G

		7,497,572,758

		6,618,870,889

		1,428,618,969

		1,145,648,358

		858,187,026

		570,754,379



		H

		7,587,928,408

		6,707,452,844

		1,504,266,849

		1,220,140,083

		931,261,181

		641,953,969







Table 31: B/C ratio for different soda ash scenarios at an optimistic market price of USD 412/ton AFTER loyalty and VAT (t = 50 years) 

		Scenario

		Discount  rate



		

		0.50%

		1%

		10%

		12%

		15%

		20%



		A

		1.08

		1.08

		1.00

		0.98

		0.95

		0.90



		B

		1.09

		1.09

		1.04

		1.03

		1.01

		0.98



		C

		1.48

		1.46

		1.16

		1.12

		1.06

		0.98



		D

		1.50

		1.48

		1.21

		1.17

		1.12

		1.06



		E

		1.63

		1.61

		1.33

		1.28

		1.20

		1.10



		F

		1.64

		1.63

		1.38

		1.33

		1.27

		1.18



		G

		1.73

		1.73

		1.63

		1.60

		1.56

		1.50



		H

		1.74

		1.74

		1.68

		1.67

		1.64

		1.60







7.2 Potential Revenue to Government



The estimation of potential revenue to the Government in this study was done based on the following assumptions:



e) The investor pays a loyalty fee of 5% of net revenues from soda ash mining

f) The investor pays a Value Added Tax (VAT) of 18% of net revenue from soda ash mining

g) The costs of construction and rehabilitation of the road to plant and the Tanga to Arusha railway are subtracted from values of potential revenues to the Government for scenarios which indicate that these costs are not incurred by the investor (i.e. scenarios B, D, F, and H)

h) Soda ash is sold at an ex-factory/spot procurement price of USD 270 per ton and then increased by 34.47% to USD 412/ton during sensitivity analysis.  



The results of analysis of potential revenues to the government for different scenarios and discount rates are summarized in Table 32. The cells shaded in black indicate the amount of potential revenue to the Government. The un-shaded cells indicate cases with potential losses to the Government.    



Table 32: Potential revenues to the government for different soda ash investment and production scenarios, at current price of USD 270/ton (t = 50 years) (discounted values in USD)

		Scenario

		Discount Rates



		

		0.5%

		1%

		10%

		12%

		15%

		20%



		A

		N/A

		N/A

		N/A

		N/A

		N/A

		N/A



		B

		N/A

		N/A

		N/A

		N/A

		N/A

		N/A



		C

		250,508,489

		625,715,675

		N/A

		N/A

		N/A

		N/A



		D

		277,497,839

		714,297,630

		N/A

		N/A

		N/A

		N/A



		E

		577,385,438

		1,621,890,294

		N/A

		N/A

		N/A

		N/A



		F

		604,374,788

		1,710,472,249

		9,397,620

		N/A

		N/A

		N/A



		G

		830,330,838

		2,441,448,717

		132,613,977

		100,147,062

		67,217,317

		34,410,450



		H

		857,320,188

		2,530,030,672

		155,210,097

		122,397,837

		89,044,662

		55,677,860





N/A: Net Present Values were negative



At a social discount rate of 10%, the NPV of revenues to the Government were estimated at USD 9.4 million; 132.6 million or 155.2 million for scenarios F; G; or H respectively. NPVs of revenue to the Government are positive for scenarios G and H at all the six discount rates chosen in the analysis. 



The results in Table 32 suggest that, for the project to yield the highest net revenues, at a social discount rate of 10% and current price of USD 270/ton of soda ash, scenario H should be adopted.  The NPVs of Government revenue for this scenario were estimated at USD 155.2 million. This however requires that the proposed project operates at a full production capacity of 1,000,000 metric tons of soda ash per annum throughout its life. Same question arises: is this scenario realistic given the present levels of price, demand, technology and costs of production, especially when a newly established plant is considered? 



Using an opportunistic price of USD 412 per ton, the NPVs of revenues to the Government were positive for all scenarios at discount rates equal to or lower than the social discount rate of 10% (r ≤10%). At a social discount rate of 10%, the NPVs of benefit to the Government range from the lowest of USD 54,489 for scenario A to the highest of USD 449.3 million for scenario H (Table 33). The NPVs of revenues to the Government were estimated at USD 22.65 million for scenario B – a scenario which suggests that soda ash production is continuously kept at 500,000 per annum and that the investor is loyalty and VAT exempted. In addition, the scenario also suggests that the investor does not pay for the construction and rehabilitation of road to plant and Tanga to Arusha railway. 



Table 33: Potential net revenues to the government for different soda ash investment and production scenarios, at selling price of USD 412/ton (t = 50 years) (discounted values in USD)

		Scenario

		Discount  rate



		

		0.50%

		1%

		10%

		12%

		15%

		20%



		A

		195,196,694

		166,874,526

		54,489

		N/A

		N/A

		N/A



		B

		222,186,044

		647,248,848

		22,650,609

		13,300,557

		3,805,558

		N/A



		C

		1,354,768,765

		3,848,196,767

		96,032,245

		57,515,328

		23,300,418

		N/A



		D

		1,381,758,115

		3,936,778,722

		118,628,365

		79,766,103

		45,127,763

		16,188,262



		E

		1,853,558,776

		5,368,285,443

		204,231,302

		140,762,505

		81,259,336

		28,979,608



		F

		1,880,548,126

		5,456,867,398

		226,827,422

		163,013,280

		103,086,681

		50,247,018



		G

		2,239,534,720

		6,618,870,889

		426,730,341

		342,206,652

		256,341,579

		170,485,074



		H

		2,266,524,070

		6,707,452,844

		449,326,461

		364,457,427

		278,168,924

		191,752,484





N/A: Net Present Values were negative



7.3 Potential Revenue to Local Communities



Experiences from similar soda ash projects in Africa (e.g. Magadi Soda Company in Kenya, and SUA pans in Botswana) suggest little benefits to the local communities. Such benefits are very often connected to community development supports and provision of some social services like health facilities, water for domestic uses and other.  



While data to enable a comprehensive analysis of the spill-over effects of the soda ash mining project at the community level were scant, attempts were done to come up with some estimates using the following assumptions:



a) Local communities will benefit from gross income of casual labouring during the construction phase (10% of fixed capital investment, equivalent to USD13,050,000)

b) Construction will be done in the first 2 years

c) Twenty percent of gross income from casual labouring (USD 2,610,000) is spent as daily costs related to casual labouring, thus net benefits from casual labouring during the construction phase were estimated at USD 10,440,000 for both construction staff sourced from within and outside Lake Natron area 

d) Of the total 1,225 construction staff to be employed by the Lake Natron soda ash project about 80% (980 staff) will be sourced from within Lake Natron and 20% will come from areas far away or outside Lake Natron. Thus, net benefits from casual labouring during the construction phase of two years for staff sourced locally, from villages within Lake Natron are estimated at USD 8,352,000.



With the daily manpower of 980 mandays the total manpower for two years of infrastructure construction equals 715,400 mandays. Taking the total value of income for construction staff sourced locally (i.e. USD 8,352,000), and dividing it by the total number of mandays for the two years (i.e. 715,400) a unit price of labour close to USD 11.67 per manday is obtained. This may look so high but huge differences in wages also exist elsewhere in the country, especially where there is a new plant or similar infrastructure constructed by an investor, e.g. in the mining sector. So it was considered as not surprising to come up with a labour price of USD 11.67 per manday (equivalent to net income of USD 4,261.22 per annum per staff) in the soda ash scenario, versus USD 1 per manday in the “business as usual scenario”. Obviously, the opportunity cost of labour in the “business as usual” scenario (USD 1 per manday, which is equivalent to about TZS 1,500 per manday) is extremely low – but that is the value which was reported by the interviewees in the study area and sounds realistic in a pastoral community, like that of Lake Natron.



In the Lake Natron case, the ESIA report provided some examples of positive socio-economic benefits at the local level which arise from improved road infrastructure. The project, especially the road infrastructure is considered to have spill over effects in terms of reduced time to travel to health services. The ESIA report suggests that accessibility to health facilities is currently estimated to average at 22 kilometres, with the longest distance being 162 km which is by far different from the recommended distance of 0 to 5 kilometres for the Ngorongoro District. Giving an example of the Alaililai village where there was no medical facility, the ESIA report indicates that villagers in that village have to walk 60 to 65 kilometres to Gelai Bomba for treatments. Based on this information additional assumptions were made related to reduced travel time to health services.



a) Time travelled to health services will be cut by 50% after the improvement of road infrastructure following the establishment of the soda ash facility. Using the current estimate of accessibility to health facilities of 22 kilometres as given in the ESIA report, accessibility to health facilities will reduced to an average of 11 kilometres

b) On average, households in Lake Natron area are assumed as currently spending 30 man-days per annum for accessing social services, including health services, shops, church, and water just to mention few. Following the improvement in road infrastructure and construction of a health centre the travel time to access health services by local communities, especially those living in the wards of Gelai Lumbwa and Gelai Meirugoi in Longindo District, will be cut down by 50% (i.e. an average household will spent only 15 mandays per annum in the soda ash scenario versus 30 mandays in the Business as Usual scenario). Using an opportunity cost of labour of USD 1 per manday, the value of time and labour saved from reduced travel to access social services was estimated at USD 15 per household per annum. Since the health centre would be placed either at Wosi Wosi (the original point where the plant was to be built) or Matale (the new proposal of plant location), then the beneficiaries will be the local people residing in the wards of Gelai Lumbwa and Gelai Meirugoi (with total households estimated at 2,951 in 2010). The total benefits from improved road infrastructure and health services at the local level were estimated at USD 44,262 per annum, equivalent to NPV of USD 483.1 thousand at a social discount rate of 10% (Table 34). 



Table 34: NPV of time saved from improved road infrastructure and access to social services (discounted values, t = 50 years) 

		Discount rate (r)

		0.50%

		1%

		10%

		12%

		15%

		20%



		NPV

		          1,998,242 

		1,779,272 

		483,130 

		411,859 

		339,083 

		265,577 





8.0 
ECONOMIC COSTS/IMPACTS OF SODA ASH MINING PROJECT



The economic costs of developing a soda ash mining plant in Lake Natron area can best be understood by analysing the benefits that will be foregone or the opportunity costs of implementing the project. This entails an analysis of the benefits under the business as usual scenario and the evaluation of potential impacts and costs at the local, national, regional and international levels. In the subsequent sub-section the results of analysis of the potential economic impacts and opportunity costs at the local level are presented, followed by an analysis of the trans-boundary and related impacts at the international level. 



8.1 Potential Economic Impacts at the Local Level



At the local level potential economic impacts of the proposed soda ash plant may relate to reduced income from crop production; pastoralism; tourism and cultural benefits, as well as benefits foregone from direct use of natural resources. The Lake Natron ecosystem provides both use and non-use values which trigger the development of tourism industry in the area, the revenues from which industry contribute significantly to the local economy. Its wide range of wildlife supports both consumptive and non-consumptive uses. 



According to the Wildlife Policy of Tanzania, 2007 and the Wildlife Conservation Act No.5 of 2009) the consumptive wildlife uses include the taking-off of wildlife goods (e.g. tourist hunting, resident hunting, live-animal trade, wildlife farming; ranching; Game sanctuary and Zoo).[footnoteRef:18] The non-consumptive wildlife uses do not involve taking-off of the wildlife and they include recreational and commercial activities such as commercial photographing/filming/cinematograph, rafting, canoeing and balloon flight, camping (in established camp sites), special camp sites or fly camp sites, game viewing, sport fishing, motor boat safari and night game drive). [18:  Tourist hunting is a type of wildlife utilization intended for visitors who prefer to obtain animal trophies. It is conducted in Game Reserves (GRs), Game Controlled Areas (GCAs), Open Areas (OAs), Forest Reserves (FR) and Wildlife Management Areas (WMAs) which are divided into hunting blocks. Resident hunting is a form of consumptive use of wildlife whereby residents and residents non – citizens are given legal access to wildlife use at a subsidized fees. Resident hunting is conducted in Game Controlled Areas and open Areas. Tourist hunting is regulated by the Wildlife Conservation Act (Tourist Hunting Regulations No. 243 of 2010) and the period for runs from 1st July to 31st March.] 




The establishment of soda ash mining in Lake Natron area will impact many of these consumptive and non-consumptive uses and will affect the performance of many sectors including crop production, pastoralism, water and tourism just to mention few. In the following sub-sections we present the estimates of loss of benefits in different sectors and uses. These were estimated by assuming annual decreases of benefits that accrue in the initial year of the project - estimated at 2% and 5% for the “low” and “high” impact scenarios respectively. These rates were applicable in crop production, pastoralism and other direct uses of natural resources. For use values which rely on wildlife conservation, such as hunting and tourism, the impacts were expected to be huge, and were therefore estimated using higher rates, namely; 5% and 10% for the low and high impact scenarios respectively. 

 

8.1.1 Impact on crop production



Crop production is one of the important economic activities that are currently undertaken by local communities in Lake Natron area. A mixture of rainfed and irrigated arable agriculture is practiced on the river delta soils of the Pinyinyi and Monic rivers and from fresh water springs near Engare Sero.   The crops grown include paddy, maize, groundnuts, beans, sweet potatoes as well as vegetables. Vegetables include onions, cabbages and tomatoes. Some of the villages grow permanent crops, especially banana. Production is primarily for subsistence with few villages producing surplus for sale. Maize and beans are major cash crops in the area especially for small scale farmers.  



Extensive and intensive irrigated agriculture as well as stock rearing which is based on the perennial flows of rift valley Rivers entering the valley floor in Lake Natron area is common in some areas and can be traced back from the over 600 years ago (ibid). These are reported to have occurred at Engaruka on the waters of the Engare Sero and possibly the Pinyinyi and Monic (5,000ha). These developments have ended about three hundred years ago and they have been replaced largely by the Masai pastoralists (NORCONSULT, 2007).



The available information suggests that currently, about 15% of the population in Lake Natron area is involved in irrigated agriculture with the majority being found in Sale division (NORCONSULT, 2007). Farming is also being intensified by immigrants, especially at and around Townships like Loliondo. Pinyinyi is one of the wards in the division of Sale which are actively involved in irrigation.[footnoteRef:19] Making reference to the 2000 - 2001 landsat images, the ESIA report indicates that there are about 340 ha of irrigation north of the Pinyinyi River and a further 113 – 200 ha north of the Monic River and that there are also large areas of rainfed lands on the Pinyinyi, Mugure/Benini and Monic delta soils. These estimates, however seem to be at a lower side as the informal discussions with representatives of villagers, leaders and key informants in Pinyinyi and Oldonyo Sambu suggested an irrigated area of more than 1 000 ha in the two villages.  [19:  Irrigation is predominant along the Pinyinyi River where cultivation is done both during the dry and wet seasons using traditional irrigation canals.] 




The establishment of the soda ash plant in Lake Natron area will impact negatively on crop production at the local level, especially by directly increasing pressure and competition over existing fresh water resource, part of which is used by the local communities for irrigation, especially during the dry season. This will in turn result in reduced crop yields and income. Land under crop production might also be reduced significantly as a result of land take due to road and plant construction. This is likely to result in significant negative impacts on income from crop production understanding that on average farm sizes and crop productivity are low.[footnoteRef:20] [20:  NORCONSULT (2007) indicates that farm sizes per household for finger millet range from 1 – 1.5 acres, which produce 5 to 20 bags of 50 kilogram per sack. On average 1 acre produces only 8 bags, this is below normal production. It is furthermore indicated that rice has a smaller farm area that is 0.25 – 0.5 acres per household. The report also indicates low farm land for maize per household (1.5 acre) and harvest of between 5 to 7 bags per acre which is a low level of yield because generally 1 acre should yield 20 to 25 bags.] 




The average land holdings and yields for different crops as estimated using the primary data which were collated during the household survey conducted in August 2011 are as given in Table 35. The NPV of income from crop production for the Lake Natron households were estimated by extrapolating the 2010 estimates of total households in the area (15,789), farm size and yields as reported during the survey. Current prices were used to value both inputs and outputs (sold, consumed domestically, and given out in-kind) using information collected during the household survey.[footnoteRef:21] The results of analysis are summarized in Table 36. [21:  The total net income from all crops was then discounted using different discount rates (t = 50 years). It should also be noted that increases in global agricultural prices may mean that these services are worth even more over the next 50 years.] 




Table 35: Size of agricultural land holding and crop production in the study area (n = 86) 

		Crop 

		Frequency 

(HHs)

		 % of HHs 

		Average Farm 

Size (ha) 

		Average Quantity 

Produced 

(kg) 

		 Yield 

(kg/ha) 



		Maize

		9

		10.5

		                         0.63 

		                      832.2 

		              1,321.0 



		Rice

		1

		1.2

		                         0.25 

		                      381.0 

		              1,524.0 



		Finger millet

		11

		12.8

		                         0.51 

		                      413.6 

		                  811.0 



		Bean

		4

		4.7

		                         0.10 

		                         91.2 

		                  912.0 



		Groundnut

		2

		2.3

		                         0.15 

		                      101.9 

		                  679.0 



		Sweet potato

		8

		9.3

		                         0.10 

		                      612.5 

		              6,125.0 



		Cabbage

		2

		2.3

		                         0.15 

		                   1,171.7 

		              7,811.0 



		Banana

		2

		2.3

		                         0.10 

		                      911.1 

		              9,111.0 



		Onion

		2

		2.3

		                         0.15 

		                   1,098.3 

		              7,322.0 



		Tomato

		1

		1.2

		                         0.10 

		                      741.1 

		              7,411.0 







Table 36: Estimates of net income from crop production in the study area 

		Crop 

		 % 

HHs 

		Number 

of

HHs

		 Average

Farm Size 

(ha) 

		 Yield 

(kg/ha) 

		Annual 

Net 

Income/HH 

		 Net Income 

for 

all HHs 

		Equivalency 

in USD



		Maize

		10.5

		        1,652 

		0.63

		1,321.00

		190,455.20

		314,696,213.67

		         209,797.48 



		Rice

		1.2

		           184 

		0.25

		1,524.00

		99,212.40

		18,214,704.46

		           12,143.14 



		Finger millet

		12.8

		        2,020 

		0.51

		811

		77,758.68

		157,035,462.60

		         104,690.31 



		Bean

		4.7

		           734 

		0.1

		912

		63,566.40

		46,681,390.21

		           31,120.93 



		Groundnut

		2.3

		           367 

		0.15

		679

		24,172.40

		8,875,767.99

		             5,917.18 



		Sweet potato

		9.3

		        1,469 

		0.1

		6,125.00

		131,687.50

		193,415,250.00

		         128,943.50 



		Cabbage

		2.3

		           367 

		0.15

		7,811.00

		321,227.40

		117,950,219.04

		           78,633.48 



		Banana

		2.3

		           367 

		0.1

		9,111.00

		208,641.90

		76,610,394.40

		           51,073.60 



		Onion

		2.3

		           367 

		0.15

		7,322.00

		756,728.70

		277,860,219.63

		         185,240.15 



		Tomato

		1.2

		           184 

		0.1

		7,411.00

		362,397.90

		66,533,726.08

		           44,355.82 



		Total

		1,277,873,348.08

		851,915.57







As depicted in Table 36, the net income from crop production in Lake Natron area was estimated at USD 851.9 thousand per annum, which is equivalent to NPV of about USD 9.3 million when discounted using a social discount rate of 10% (for t = 50 years). The NPV of economic impacts on crop production as measured from loss of income were estimated at USD 1.5 million and USD 3.5 million for the low and high impact scenarios respectively.



Table 37: NPVs and estimates of loss of income from crop production in Lake Natron area (t = 50 years) (USD)

		Discount rate

		0.50%

		1%

		10%

		12%

		15%

		20%



		NPV of crop income

		38,457,769 

		34,243,513 

		9,298,232 

		7,926,563 

		6,525,929 

		5,111,238 



		Loss: low impact scenario

		752,117 

		667,832 

		168,926 

		141,493 

		113,480 

		85,186 



		Loss: high impact scenario

		1,880,293 

		1,669,580 

		422,316 

		353,732 

		283,701 

		212,966 







8.1.2 Pastoralism



Based on the results of household survey which was conducted in the study area in August 2011, about 65% of total households in the Lake Natron area (equivalent to 10,247 households according to the 2010 estimates) own livestock with average number of 15 cattle and 37 sheep/goats (Table 38). 



Table 38: Livestock units in the sample villages (n = 86) 

		Sample Village

		Sample 

Households

		Households 

Owning 

Livestock

		Average 

Number of 

Cattle 

		 Average 

Number of 

Sheep/Goats 



		Engare-Sero

		18

		12

		                     16.0 

		                     32.0 



		Pinyinyi

		14

		10

		                       9.0 

		                     28.0 



		Oldonyo-Sambu

		14

		9

		                     16.0 

		                     41.0 



		Digodigo

		12

		7

		                     13.0 

		                     37.0 



		Gelai-Bomba

		6

		4

		                     21.0 

		                     42.0 



		Gelai Lumbwa

		6

		4

		                     15.0 

		                     37.0 



		Aleililai

		8

		4

		                     14.0 

		                     30.0 



		Matale A

		8

		6

		                     16.0 

		                     49.0 



		TOTAL

		86

		56

		15.0

		37.0







The local communities in Lake Natron area are currently earning significant incomes from sale of livestock and livestock products, such as, milk, hides and skins and other livestock products and by-products. On average, livestock keepers are earning net income of about USD 1,126 per household per annum from sale of livestock products and by-products (Table 39). For all households owning livestock in Lake Natron area, annual net income was estimated at USD 11.5 million. When discounted using a social discount rate of 10% (t = 50) this amounts to NPV of USD 125.9 million (Table 40)  

  

Table 39: Average annual income from livestock keeping in the sample villages (n = 86) 

		Village

		All 

Households

		Households 

Owning Livestock

		 Gross 

Income

(TZS) 

		 Variable 

Costs 

(TZS) 

		 Net Income 

(TZS) 

		Net Income

(USD)



		Engare-Sero

		18

		12

		2,546,229.00

		999,488.80

		1,546,740.20 

		1,031.16 



		Pinyinyi

		14

		10

		1,787,737.40

		202,337.90

		1,585,399.50 

		1,056.93 



		Oldonyo-Sambu

		14

		9

		2,789,310.90

		987,489.10

		1,801,821.80 

		1,201.21 



		Digodigo

		12

		7

		1,960,065.10

		396,709.64

		1,563,355.46 

		1,042.24 



		Gelai-Bomba

		6

		4

		3,004,720.60

		895,453.15

		2,109,267.45 

		1,406.18 



		Gelai Lumbwa

		6

		4

		2,434,156.20

		853,895.91

		1,580,260.29 

		1,053.51 



		Aleililai

		8

		4

		2,103,147.10

		530,302.73

		1,572,844.37 

		1,048.56 



		Matale A

		8

		6

		2,654,145.00

		898,756.11

		1,755,388.89 

		1,170.26 



		Total: Sample

		86

		56

		2,409,938.91 

		720,554.17 

		1,689,384.75 

		1,126.26 



		Total: Lake Natron

		15,789

		10,247

		

		17,306,147,830.53 

		11,537,431.89 







Assuming a low impact scenario (i.e. 2% annual decrease in net income) the costs or impact of proposed soda ash project on livestock keeping is estimated at NPV of about 2.3 million, when discounted using a social discount rate of 10% (Table 40). For the high impact scenario (i.e. 5% annual decrease in net income) the NPV of costs were estimated at about 5.7 million (at r = 10% and t = 50). 



Table 40: NPVs and estimates of loss of income from livestock keeping (t = 50 years) (USD)

		Discount rate

		0.50%

		1%

		10%

		12%

		15%

		20%



		NPV of livestock income

		520,830,826 

		463,757,458 

		125,925,300 

		107,348,881 

		88,380,189 

		69,221,130 



		Loss: low impact scenario

		10,185,868 

		9,044,401 

		2,287,757 

		1,916,229 

		1,536,855 

		1,153,674 



		Loss: high impact scenario

		25,464,670 

		22,611,001 

		5,719,393 

		4,790,572 

		3,842,138 

		2,884,185 







The productivity of the livestock sub-sector in Lake Natron area will be reduced for many reasons: firstly due to increased pressure on grazing land resources as a result of land take for housing and transport.[footnoteRef:22] Secondly, reduced productivity will also arise as a result of increased competition over other resources, including forage and water resources. The forage below the rift valley escarpment, for example, constitutes an important resource for both livestock and wild animals, especially at the height of the dry season. The forage is limited to the Cyperus laevigatus sedgelands surrounding the sodic springs and the river deltas. Just as important, the Pinyinyi delta functions as a swamp providing good forage late into the dry season (approximately 760 ha of which at least 620 ha are used for grazing) (NORCONSULT, 2007). According to NORCONSULT (2007), the construction of an access road along the eastern side of Lake Natron will impact on 400 ha of dry season grazing which is presently used at a stocking rate of at least 2.5 TLUs/ha in dry season. [22:  NORCONSULT (2007) estimated grazing land loss due to land take and permanent loss of grazing at of approximately 300 ha, which equates to 60 TLUs based on the district average carrying capacity.] 




Therefore the loss of grazing and disturbance or disruption of grazing systems in the dry season refuge areas and increased competition over other resources will result into decline in productivity of the livestock sub-sector, which will in turn result in reduced quality of life. It should however, be noted at this juncture that the estimated impact on livestock production as established in this study disagree to a large extent with those provided by NORCONSULT (2007) who estimated the direct loss in livestock production resulting to be in the order of US$ 50,000/annum, based on the average value of US$ 150/TLU. According to NORCONSULT (2007), this loss of benefits is attributed to total disruption of the dry season forage and is viewed in this study as just a part of the whole story. 



The difference in estimates of loss of benefits in the livestock sub-sector between the two studies is emanating largely from the dissimilarity in the study approaches that were used. The NORCONSULT (2007) study used an approach which considered degradation of forage and resulting impact on the Carrying Capacity (CC) of the area – considering the overall loss as resulting from the reduction of CC multiplied by a unit price per TLU. In the current study, the estimates of loss of income were established based on the Net income or Productivity Approach using the primary data which were collected using a household questionnaire. The first stage in the analysis was therefore the calculation of average net income from livestock production in the BAU scenario. The net incomes for each of the sample households owning livestock were calculated by subtracting variable costs from gross revenues in the livestock enterprise. The Change in Net Productivity approach was then used to estimate the losses in earning from livestock production using the “low” and “high” impact scenarios as established in this study (i.e. decrease of net income of 2% and 5% respectively. This was deemed important to achieve consistence in comparison of benefits and losses along different use and non-use values in the Lake Natron ecosystem.  



8.1.3 Direct use values from collection of ecosystem goods  



Besides the use values covered in the previous sub-sections, the local communities in Lake Natron also benefit from an assortment of other goods and services, including goods which are directly collected from the ecosystem, such as, fuelwood, charcoal, building poles, ropes, soda ash (trona) blocks and salt, thatch grass, medicinal plants and roots, and wild foods, just to mention few. The valuation of benefits accruing from use of these goods by local communities was done using the results of household survey which was conducted in the study area using a sample size of 86 households. The aggregate value for the Lake Natron area was estimated by using an estimated total number of households of 15,789 and total human population of 72,368 as per the 2010 projections as previously given in Table 12. 



The valuation of these goods was done by asking each of the respondents in the household survey to identify and list all the goods and services that the households in the study area obtain or benefit from the Lake Natron ecosystem. This was followed by a question which asked them to provide estimates of quantities they utilize during a particular period, using units which they were familiar with, including local units. Fortunately, the majority of respondents were also familiar with some metric units, like the kilogramme. Using this together with their knowledge of bird species, for example, the respondents together with the researchers were able to come up with reasonable estimates of weights and gross values. Where possible, attempts were made by the researchers to undertake actual measurement for some of the local units (e.g. one head load of firewood). 



To enable a more realistic estimation of quantities of goods collected and utilized by the households, reference was made to a relatively shorter periods (e.g. on a weekly basis) and then calculate the corresponding quantities on an annual basis. 



The time and manpower spent in the collection of each of the ecosystem goods were recorded along with corresponding quantities, which were used to calculate the total number of mandays used. The mandays were then converted into monetary value using an opportunity cost of labour in the study area, which was estimated at 1 USD per manday. Together with other costs, the opportunity cost of labour spent in collection of these goods was subtracted from the gross values of collection. The prevailing or current market prices for the goods, as they were reported during the household survey, were used to estimate both the gross and net values. Fortunately, all of the ecosystem goods which were identified during the survey had at least some market prices pegged to them, though may have not been determined in competitive markets. The average values for all of the sample households, who reported to utilize the goods were then used to estimate the net value for all households in Lake Natron area - using estimates of human population for 2010. The results of valuation are presented in Table 41. 



The timber products (e.g. firewood, charcoal, building poles, ropes) and non-timber goods such as insects, mushrooms, honey and others were reported to be collected from the remnant woodlands in the villages of Matale A, Gelai Bomba, Gelai Lumbwa, Oldonyo Sambu, Digodigo and in patches of woodlands located in the Pinyinyi village. The woodlands, grasslands and wooded grasslands and shrubs located close to Matale A, WosiWosi, and Gelai Bomba in particular, maybe seriously affected by deforestation or bush clearing during the construction phase of the soda ash facility and road infrastructure or through increased demand for woodland products (e.g. charcoal, and fuelwood) resulting from increasing human population triggered by this development. 



The total net use value for all households in the wards surrounding Lake Natron was estimated at USD 13.25 million per annum. It should however be noted that this value considers direct use values only. It excludes indirect use values and benefits which accrue from ecological services, such as water purification, carbon sequestration and other indirect ecological services. These were estimated using the CVM approach and reported together with the intrinsic values.


Table 41: Net Economic Value from direct utilization of goods and services of Lake Natron ecosystem

		Goods*

		% 

HHs

		Unit

		Average 

Qty per

Hh

		 Unit price (TZS) 

		 Equiv in USD 

		 Value/

Hh/yr 

(USD) 

		 Number of 

HHs



		 Total 

Value for all HHs 

(USD/yr) 



		Firewood

		100.0

		Head load (0.5 m3)

		140

		              3,500.00 

		                    2.33 

		                  326.67 

		                15,789 

		                        5,157,740.00 



		Charcoal

		11.6

		Debe

		52.8

		              2,600.00 

		                    1.73 

		                    91.52 

		                  1,832 

		                          167,621.08 



		Building pole

		83.7

		Number

		825

		                850.00 

		                    0.57 

		                  467.50 

		                13,215 

		                        6,178,196.23 



		Ropes

		77.9

		Bunch of 1 kg

		5.6

		                550.00 

		                    0.37 

		                     2.05 

		                12,300 

		                            25,255.24 



		Soda ash/trona  blocks/salt*

		34.9

		Number/1lt bottles

		51.5

		                500.00 

		                    0.33 

		                    17.17 

		                  5,510 

		                            94,594.53 



		Thatch grass

		83.7

		Head load (20 kg)

		7.2

		              3,200.00 

		                    2.13 

		                    15.36 

		                13,215 

		                          202,988.44 



		Medicinal plants/roots

		67.4

		Bunch of 1 kg

		18.4

		              1,400.00 

		                    0.93 

		                    17.17 

		                10,642 

		                          182,754.94 



		Wild fruits

		25.6

		Bunch of 1 kg

		24.3

		              1,010.00 

		                    0.67 

		                    16.36 

		                  4,042 

		                            66,134.94 



		Wild vegetables

		70.9

		Bunch of 0.25 kg

		155.8

		                500.00 

		                    0.33 

		                    51.93 

		                11,194 

		                          581,362.56 



		Wild roots and tubers

		23.3

		Bunch of 1 kg

		14.5

		              1,100.00 

		                    0.73 

		                    10.63 

		                  3,679 

		                            39,118.30 



		Insects

		11.6

		Lot of 0.25 kg

		12.9

		                800.00 

		                    0.53 

		                     6.88 

		                  1,832 

		                            12,600.89 



		Honey

		9.3

		Litres

		31.2

		              3,200.00 

		                    2.13 

		                    66.56 

		                  1,468 

		                            97,735.17 



		Bush meat**

		5.8

		Kg

		78.9

		              1,100.00 

		                    0.73 

		                    57.86 

		                     916 

		                            52,985.99 



		Wild bird**

		9.3

		Kg

		34.1

		              1,400.00 

		                    0.93 

		                    31.83 

		                  1,468 

		                            46,733.55 



		Mushrooms

		8.1

		Kg

		11.5

		              1,040.00 

		                    0.69 

		                     7.97 

		                  1,279 

		                            10,197.17 



		Water for domestic use

		100.0

		m3

		22.3

		              1,425.00 

		                    0.95 

		                    21.19 

		                15,789 

		                          334,581.39 



		Total

		 

		 

		 

		 

		 

		               1,208.66 

		 

		             13,250,600.40 



		Net Economic Value per Household per Annum

		839.23





* The Masai communities have traditionally extracted the trona from Lake Natron for sale and use by livestock. This is an activity carried out by women and provides significant input to the household income. 

**Traditionally, the Maasai people, who are the majority in Lake Natron, do not eat bush meat, the statistics provided here mainly refer to other ethnic groups living in the areas. 



Water for domestic uses was valued at USD 334.6 thousand per annum respectively. The consumption of water in this sector was estimated using both primary and secondary information. The ESIA report, for example, estimated domestic water use per household in Lake Natron area to be less than 80 litres per day per 6 people (which is low than the recommended 25 litres per day per person). Elsewhere in the Pangani River basin Turpie et al. (2003) estimated domestic water use of 18 – 70 m3/person per annum. In the current study, domestic water use of about 13.3 litres per person per day was adopted which is equivalent to 22.3 m3 per household per annum when the household size of 4.6 for the study area is considered.[footnoteRef:23]   [23:  1m3 is equivalent to 1,000 litres.] 




When the total direct use values for all households (i.e. USD 13.25 million per annum) were discounted to get the equivalent NPVs at discount rates of 0.5%; 1%; 10%, 12%, 15% and 20% (t = 50 years), the NPVs ranged from the lowest of about USD 79.5 million (for r = 20%) to the highest of USD 598.17 million (for r = 0.5%). Using a social discount rate of 10% the NPV of direct use value specified in Table 41, for all households in Lake Natron was estimated at USD 144.6 million (Table 42).



Table 42: NPVs and estimates of loss of benefits from direct uses of natural resources (t = 50 years) (USD) 

		Discount rate

		0.50%

		1%

		10%

		12%

		15%

		20%



		NPV from direct uses

		598,167,879 

		532,619,809 

		144,623,678 

		123,288,886 

		101,503,574 

		79,499,627 



		Loss: low impact scenario

		11,698,346 

		10,387,384 

		2,627,462 

		2,200,766 

		1,765,059 

		1,324,981 



		Loss: high impact scenario

		29,245,864 

		25,968,460 

		6,568,654 

		5,501,914 

		4,412,649 

		3,312,451 







In the low impact scenario the loss of benefits from direct use of natural resource at the local level was estimated at NPV of about 23.5 million, when discounted using a social discount rate of 10% (Table 42). For the high impact scenario the NPV of loss of income from direct use of natural resources by the local communities were estimated at about 47.5 million (at r = 10% and t = 50). 



8.1.4 Economic impacts on tourism at the local level



The analysis of economic impacts on tourism at the local level benefited from the available secondary data on the numbers of tourists visiting Lake Natron, obtained from the Game Officer in Pinyinyi Ward, and the District Natural Resource Offices in Loliondo (Ngorogoro District) and Longido District. It was learnt during the study that most tourists use the Mto-wa-Mbu and Serengeti – Loliondo routes when visiting the Lake Natron area. In both routes, the tourists pass through the Engare Sero gate and a good number of them also get accommodated in camps or lodges found in the southern end of the Lake around Engare Sero.  The trend and number of tourists who visited Lake Natron via the Engare Sero gate for the past four years are depicted in Figure 6.[footnoteRef:24]  [24:  The statistics used to generate this figure were obtained from the Pinyinyi Ward Game Office at Engare Sero village.] 






Figure 6: Number of tourists who visited Lake Natron via the Engare Sero gate 



The study also evaluated the distributional weights of different attractions within Lake Natron ecosystem using the questionnaire survey conducted to 86 sample households in Lake Natron area and 37 tourists who visited the area during the study. The respondents were asked to rank the major tourist attraction sites and resources in the study area and the results of ranking are given in Table 43. 



As indicated in Table 43 and Figure 7 the major tourist attractions in Lake Natron area include the lake itself and its flocks of Lesser Flamingos; Mountain Oldonyo Lengai (the highest active volcano in Africa);[footnoteRef:25] walks up the Engare Sero River to the waterfalls; Maasai cultural bomas; hot springs, and foot prints. A number of tourists are also interested in walking safaris from the escarpment to the lake; bird watching safaris (high end tourism); walking safaris to Gelai and archaeological visits to Engaruka agricultural artefacts. The Oldonyo Mountains/Engaruka ruins attract many tourists during the high season. The Maasai also use the Oldonyo Mountains to conduct traditional ceremonies. Hot alkaline springs also constitute an important attraction.[footnoteRef:26]  [25:  Lake Natron is surrounded in the north, east and south by five Plio-Pleistocene volcanoes: Oldoinyo Sambu (2045 m), Shombole (1565 m), Gelai (2942 m), Oldoinyo Lengai (2878 m) and Embagai (3048 m).]  [26:  There are about 28 hot alkaline springs flowing into Lake Natron (Guest and Steven, 1951 – cited in NORCONSULT, 2007)] 




Table 43: Major Lake Natron’s tourist attractions as ranked during the household survey (weighted %) 

		Attraction

		%



		a) Lake Natron and its flocks of Lesser Flamingos

		31.0



		b) Mountain Oldonyo Lengai

		21.0



		c) Hunting blocks

		12.0



		d) Water falls

		11.0



		e) Cultural experience and visit to the cultural village/Cultural bomas

		9.0



		f) Hot springs along the way from Engare-Sero  to Pinyinyi

		7.0



		g) Foot prints

		6.0



		h) Walking safaris from the escarpment of the Rift Valley to the Lake

		3.0



		Total

		100.0













Data source: Tanzania Natural Resources Information Centre (TANRIC) and Field Data; Coordinate System: Geographic, WGS1984

Figure 7: Map showing some important tourist sites in Lake Natron area 



The local economy of Lake Natron villages and districts therefore benefits from many tourism related activities, ranging from sale of souvenirs or mementos by villagers to resident and tourist hunting and photographing.[footnoteRef:27] These activities are likely to be impacted significantly by the establishment of soda ash facility in Lake Natron area.  [27:  The tourists buy a number of souvenirs from the locals such as arrow spears, beads from women and take Masai photos.] 




The Ngorongoro District Council has two hunting blocks: the Loliondo Game Controlled Area (LGCA) and Lake Natron Game Controlled Area (LNGCA). The former is operated by a company known as Ottelo Business Cooperation (OBC) and the latter by the Tanzania Wildlife Cooperation (TAWICO) for the Ministry of Natural Resources and Tourism (MNRT). The hunting quotas for different animals in the district for 2010/11 hunting season are given in Table 44.    



Table 44: Hunting quota for Ngorongoro District, 2010/11

		Type of game/bird

		Initial 

Quota

		Additional 

Quota

		Total 

Quota

		Actual 

Number 

Hunted



		Buffalo (Nyati/Mbogo)

		5

		2

		7

		7



		Eland (Pofu)

		5

		3

		8

		5



		Impala (Swala paa)

		10

		10

		20

		20



		Hartebeest - coke's (Kongoni)

		5

		3

		8

		8



		Thomson Gazelle (Swala toni) 

		5

		10

		15

		14



		Grant Gazelle (Swala granti)

		7

		8

		15

		15



		Wildebeest (Nyumbu)

		18

		10

		28

		27



		Warthog (Ngiri)

		5

		8

		13

		4



		Dik dik (Digidigi)

		10

		0

		10

		5



		Guinea fowls (Kanga)

		20

		20

		40

		0



		Francolin (Kwale)

		0

		20

		20

		0



		Pigeon (Njiwa)

		0

		20

		20

		0







The local communities in the Lake Natron area also receive shares of revenues from tourist hunting and photographic tourism via the TH (Trophy Hunting) and CITES (Convention on International Trade in Endangered Species of Wild Fauna and Flora) office in Arusha. Photographic and Eco-tourism is generally restricted to the southern end of the Lake around Engare Sero. 



Personal conversation with village leaders and the Ward Game Officers at the Engare Sero village revealed that in 2010 and 2011, tourist photographers paid TZS 850,000 and 500,000 per person to the village government for a 5 days safari (equivalent to USD 567 and 333 per person respectively). The hunting camps paid to the village a total of TZS 1,635,000 per annum. For the Ngorongoro District Council, the shares paid through the TH and CITES office in Arusha amounted to TZS 225 million per annum in 2008 and 2009 (equivalent to USD 150 thousand per annum). 



For 2010/11 the Ngorongoro District’s Annual Game Report indicated that the district received revenues from resident and tourist hunting amounting to TZS 2,721,375 (equivalent to USD 1,814.25) for 120 game and 80 birds hunting quotas (Ngorongoro District Game Office Report, 2011). The available statistics from the District Game Office in Ngorongoro District suggest that from 2006/07 to 200/10 the district has earned revenues from tourist activities averaging at USD 270,782 per annum (Table 45). 

 

Table 45: Revenue received by the Ngorongoro District Council from Tourism related activities, 2006/07 – 2009/10 

		Source

		Years

		Average (TZS)

 

		Equiv USD

 



		

		2006/07

		2007/08

		2008/09

		2009/10

		

		



		Hunting block fee

		          111,744,587 

		            139,155,500 

		        123,657,593 

		       137,017,737 

		     127,893,854 

		            85,262.57 



		20% Central Government Hunting 

		            12,135,840 

		              10,898,064 

		0

		         51,629,226 

		        24,887,710 

		            16,591.81 



		Cleins Camp

		            23,704,290 

		              42,533,993 

		          43,669,410 

		0

		        36,635,898 

		            24,423.93 



		NCAA

		            96,251,043 

		            175,000,000 

		0 

		         10,000,000 

		        93,750,348 

		            62,500.23 



		Ngare Sero Gate Fee

		            29,623,583 

		              72,420,972 

		          63,360,553 

		         53,583,298 

		        54,747,102 

		            36,498.07 



		Forestry Produce

		              1,377,400 

		                    588,800 

		                397,750 

		               314,900 

		             669,713 

		                  446.48 



		Local Hunting

		              4,363,900 

		                 5,091,700 

		             1,066,150 

		               817,350 

		          2,834,775 

		              1,889.85 



		Photographic and Hunting

		            33,223,440 

		            125,482,597 

		          57,148,684 

		         43,162,651 

		        64,754,343 

		            43,169.56 



		Grand Total

		          312,424,083 

		            571,171,626 

		        289,300,140 

		       296,525,162 

		     406,173,742 

		               270,782 







Villages also get revenues in form of royalty from operators of tourist lodges and camps located at the southern end of the Lake around Engare Sero. The available accommodation facilities include campsites with facilities for up to 70 campers, tented accommodation, luxury tented accommodation and guest houses. For camp sites, there are no special royalty agreements in place; the owners claim the entire fee for camping. With the tented camps there are agreements with the village for royalties to be paid. The campsites which were operational in the Engare Sero village during the survey included the Anderson Adventure, Wildland Safari, Oldonyo-Lengai World View Campsite, Mikuyu Campsite and Waterfall Campsite. 



As for Ngorongoro District, the Longido District Council also gets revenue from tourist and resident hunting. The hunting blocks in district are operated by the Wengert Windrose Safari (WWS)/Tanzania Game Trackers (TGT) and TAWICO for the LNGCA, and Old Nyika Safari (ONS) and Northern Hunting Enterprises (NHE) for the Enduimet Wildlife Management Area (WMA).  The respective animal hunting quotas for the 2010/11 hunting season were as given in Table 46. 


Table 46: Type and number of animals hunted by resident and tourist hunters in Longido District, 2010/11 

		Game/Bird Type

		Number by Tourist Hunting Company

		Resident 

Hunting

		Grand total



		

		NHE

		ONS

		TAWICO

		Total

		

		



		Lesser Kudu (Tandala ndogo)

		6

		6

		7

		19

		0

		19



		Grant Gazelle (Swala granti)

		11

		12

		9

		32

		46

		78



		Buffalo (Nyati/Mbogo)

		0

		0

		1

		1

		1

		2



		Impala (Swala pala)

		7

		0

		3

		10

		28

		38



		Gerenuk (Swala twiga)

		8

		7

		7

		22

		0

		22



		Thomson Gazelle (Swala tomi)

		8

		10

		8

		26

		28

		54



		Robert Gazelle (Swala robeti)

		0

		0

		2

		2

		0

		2



		Leopard (Chui)

		0

		1

		1

		2

		0

		2



		Oryx (Choroa)

		5

		2

		5

		12

		0

		12



		Dikdik (Digidigi/Suguya)

		5

		3

		5

		13

		10

		23



		Zebra (Pundamilia)

		5

		5

		7

		17

		0

		17



		Eland (Pofu/Mbunju)

		0

		0

		2

		2

		10

		12



		Reed buck (Tohe ndope)

		0

		0

		1

		1

		0

		1



		Bush buck (Pongo/Mbwawala)

		0

		0

		2

		2

		0

		2



		Hartebeest (Kongoni)

		0

		0

		0

		0

		2

		2



		Stein-buck (Dondoro)

		0

		0

		0

		0

		4

		4



		Jackal (Bweha)

		3

		0

		0

		3

		0

		3



		Wildebeest (Nyumbu)

		4

		7

		4

		15

		38

		53



		Baboon (Nyani)

		0

		0

		1

		1

		0

		1



		Hyena (Fisi/Kingugwa)

		1

		0

		2

		3

		0

		3



		Warthog (Ngiri)

		0

		0

		0

		0

		5

		5



		Ostrich (Mbuni)

		1

		1

		1

		3

		0

		3



		Genet (Kala/Kanu)

		1

		0

		0

		1

		0

		1



		Sand Grouse (Firigogo)

		4

		97

		8

		109

		20

		129



		Doves (Tetere/Pugi/Kipura/Hua/Kuyu)

		0

		155

		2

		157

		0

		157



		Francolin (Kwale)

		0

		52

		11

		63

		25

		88



		Pigeon (Njiwa)

		0

		3

		0

		3

		20

		23



		Guinea fowl (Kanga)

		0

		13

		7

		20

		45

		65



		Spur-fowl (Kereng’ende)

		0

		46

		0

		46

		0

		46



		Crested Francolin (Kwale kishungi)

		0

		25

		0

		25

		0

		25



		Quail (Tombo)

		0

		1

		0

		1

		0

		1





Source: Longido District Game Office, 2011



The Longido District Council gets 20% of the total revenues from hunting activities in the Lake Natron ecosystem through the TH and CITES office in Arusha. For the period from July 2010 to December 2010 the Longido District Council had received revenues from tourist related activities amounting to TZS 94.8 million, equivalent to USD 63,226 (Table 45). In 2010/11 season the available information indicated that the district council received shares of revenues from tourist related activities of about TZS 43 million (equivalent to USD 28,667). 



Table 47: Shares of revenue received by the Longido District Council from tourism related activities in Lake Natron area, July – December, 2010 

		Recipient 

		July - August 

2010

		Sept - Oct 

2010

		Nov - Dec 

2010

		Total (TZS)

		Equiv USD



		Gelai Meirugoi village

		            515,413.33 

		              136,800.00 

		          449,439.76 

		      1,101,653.09 

		                734.44 



		Engikaret village

		-

		-

		          233,475.20 

		         233,475.20 

		                155.65 



		Olkejuloongishu village

		            515,413.33 

		              225,150.00 

		-

		         740,563.33 

		                493.71 



		Noondoto

		            115,091.20 

		-

		-

		         115,091.20 

		                  76.73 



		Kiserian village

		            201,115.08 

		              515,413.33 

		-

		         716,528.41 

		                477.69 



		Kimokouwa village

		-

		           1,858,200.00 

		-

		      1,858,200.00 

		            1,238.80 



		Longido village

		         1,682,328.00 

		           3,273,937.50 

		       1,602,423.85 

		      6,558,689.35 

		            4,372.46 



		Gelai Bomba village

		-

		              225,150.00 

		-

		         225,150.00 

		                150.10 



		Enduiment WMA

		      35,682,676.00 

		           5,652,618.75 

		     20,022,687.23 

		    61,357,981.98 

		          40,905.32 



		Longido District council

		      11,650,635.05 

		           4,293,168.75 

		5988009.42

		    21,931,813.22 

		          14,621.21 



		Total (July – Dec. 2010)*

		      50,362,671.99 

		         16,180,438.33 

		     28,296,035.46 

		    94,839,145.78 

		          63,226.10 



		Est. (July 210- Mar. 2011)**

		

		

		

		

		       94,839.15





Source: Office Records, Longido District Game Office, 2011

*Total for six months (July – December 2010)

**Total for hunting season (July 2010 – March 2011), obtained by multiplying the monthly average for July – December 2010 by 9 months of the full hunting season starting from January 2010 to March 2011 (i.e. USD 10,537.68 x 9 Months)  



On average the Longido district had received a monthly earning from TH and CITES office in Arusha of USD 10,537.68 for the period from 1st July – 31st December 2010.Thus, the district’s revenue from TH and CITES can be estimated at USD 94,839.15 for the whole hunting season of 2010/11 which started on 1st July 2010 and ended on 31st March 2011 (Table 47).  



For the two districts (Ngorongoro and Longido) revenues from TH and CITES in 2010/11 amounted to USD 365,621 which is equivalent to NPV of about USD 4.0 million at r= 10% and t = 50 years (Table 48). This estimate is relatively higher than the one given in the ESIA report. The report estimated income from the Lake Natron hunting blocks to average at US$ 58,000 per year. As noted in the report and these returns were low, especially in the 2002 - 2004 periods due to security concerns and appeared to be growing at about 8% on average. Overall, the total returns generated from hunting at the local level would be far higher than the lease fee as the hunting companies also participate in supporting development projects in their areas of operation and they are also required to pay tax and license fees. ESIA estimated the direct returns to the District at about US$ 70,000 (i.e. 25% of fee plus developments similar to total fee charged) and US$ 120,000 to the nation (as remaining fee, licenses and taxes), which is again relatively lower than the estimate obtained in this study.



Table 48: NPVs and estimates of loss of revenue from TH and CITES office in Arusha for the Ngorongoro and Longido Districts (t = 50 years) (USD) 

		Discount rate

		0.50%

		1%

		10%

		12%

		15%

		20%



		NPV of revenues

		16,505,126 

		14,696,471 

		3,990,572 

		3,401,885 

		2,800,768 

		2,193,617 



		Loss: low impact scenario

		806,975 

		716,543 

		181,248 

		151,813 

		121,757 

		91,400 



		Loss: high impact scenario

		1,613,950 

		1,433,085 

		362,495 

		303,626 

		243,515 

		182,800 







The NPVs of revenue from TH and CITES for the Ngorongoro and Longido Districts as well as the estimated loss of revenues following the establishment of the soda ash plant in Lake Natron are provided in Table 48 for the different discount rates used in the study. 



For operators of lodges/camps; and tour operators the estimation of net income benefited from both primary and secondary information gathered during the field survey in the study area. The average net incomes for summer and winter were estimated using the MINTAB software by subtracting running costs from the gross revenues and divided by number of tourists who were served by the facilities or tour companies. The secondary information on the average number of tourists visiting Lake Natron per annum (2,721) was then used to estimate total net income per annum for summer and winter (Table 49) and Table 50 respectively).  

 


Table 49: Estimation of net income for operators of accommodation facilities (lodges and camps) in Lake Natron area  

		Period 

		Average 

Rate /tourist

		Average No. 

Nights /tourist

		Average

 Net income/tourist

		Total 

Number of

 Tourist/annum

		Total

 Net income

/annum (USD) 



		 Summer (June to February) (50% occupancy rate)

		360.26

		                     3.7 

		170.79

		                            1,905.0 

		                1,203,610.67 



		 Winter (September - January) (50% occupancy rate)

		180.12

		                     4.5 

		163.83

		                               816.0 

		                   601,805.33 



		 Total 

		270.19

		                     4.1 

		167.31

		                           2,721.0 

		                1,805,416.00 







Table 50: Estimation of net income for tour operators in Lake Natron area  

		Period 

		Average 

rate /tourist

		Average No. 

days /tourist

		Average

 Net income/tourist

		Total 

Number of

 Tourist/annum

		Total

 Net income

/annum (USD) 



		 Summer (June to February) 

		                    288.31 

		                    3.6 

		                      108.37 

		                            1,905.0 

		                   743,193.34 



		 Winter (September - January) 

		                    269.23 

		                    4.5 

		                      101.20 

		                               816.0 

		                   371,596.66 



		 Total 

		278.77

		4.1

		                      101.16 

		                            2,721.0 

		                1,114,790.00 







In general, the tourism sector is likely to face relatively huge impacts as a result of the establishment of the soda ash facility in Lake Natron area. The associated significant development in infrastructure may leave a big footprint on the wildlife of the area, especially given the migratory corridor that comes up from the south towards Engare Sero at the base of the Lake. Assuming that anything between 1 – 5 percentage declines in benefits is considered low; and more than 10% as high, then the losses of revenues from TH and CITES office in Arusha that were estimated to amount to NPV of USD 181.2 thousand and USD 362.5 thousand for the low and high impact scenarios respectively, r = 10% and t = 50 years (Table 48).



Losses resulting from shrinking revenues from tourists due to declining number of visitors are also expected to be enormous. Considering the average number of tourists who visited Lake Natron from 2007 – 2010 via the Engare Sero gate of 2,721 and assuming an occupancy of 50% for the available facilities in the high tourism season (June - February) and 25% occupancy in the low (September – January and January - March), for 2010/2011 rates gross revenue received by operators of accommodation facilities (camps and lodges) was estimated at USD 1,805,416 per annum - equivalent to NPV of about USD 19.7 million at r = 10% and t = 50 years (Table 51). The net revenue for tour operators were estimated at USD 1,114,790 per annum, which is equivalent to NPV of about USD 12.2 million at r = 10% and t = 50 years (Table 52).

 

Table 51: NPVs and estimates of loss of benefits for operators of camp sites and lodges (t = 50 years) (USD) 

		Discount rate

		0.50%

		1%

		10%

		12%

		15%

		20%



		NPV for campsite/lodges

		81,501,353 

		72,570,321 

		19,705,213 

		16,798,313 

		13,830,028 

		10,831,954 



		Loss: low impact scenario

		3,984,797 

		3,538,245 

		894,990 

		749,645 

		601,231 

		451,327 



		Loss: high impact scenario

		7,969,594 

		7,076,490 

		1,789,980 

		1,499,290 

		1,202,461 

		902,654 







Using the social discount rate of 10% for t = 50 years, the losses of income for operators of campsites and lodges were estimated to amount to NPV of about USD 895 thousand and USD 1.7 million for the low and high impact scenarios respectively (Table 51). For tour operators, the losses were estimated at NPV of about USD 713 and USD 1.0 million for the low and high impact scenarios respectively (Table 52). 



Table 52: NPVs and estimates of loss of benefits for tour operators (t = 50 years) (USD) 

		Discount rate

		0.50%

		1%

		10%

		12%

		15%

		20%



		NPV for tour operators

		50,324,631 

		44,809,987 

		12,167,375 

		10,372,452 

		8,539,626 

		6,688,406 



		Loss: low impact scenario

		3,341,127 

		2,960,885 

		712,969 

		590,004 

		464,812 

		339,061 



		Loss: high impact scenario

		4,745,272 

		4,207,853 

		1,029,488 

		855,341 

		677,874 

		499,302 







These losses are anticipated to occur because of loss of value for the Lake Natron Game Control Area (LNGCA) and tourism related to professional hunting which occurs to the east of the Lake in the TGT and other hunting concession will be affected. The establishment of soda ash plant and its associated roads, rail, lights, and noise will change the wilderness value of Lake Natron. It will lead to increased human settlements which will in turn negatively impact on tourist related activities including the hunting activity. 



Other impacts will relate to the disruption of wildlife ungulate movements in the Manyara - Natron migratory corridor and in the Lake Natron – Kenya. Wildebeast, elephants and Zebra move to Kenya via the foot of Oldonyo Sambu which is adjacent to Lake Natron. The construction of soda ash facility and associated infrastructure as well as the transportation of products with high numbers of trucks travelling to and from the plant will potentially disrupt the traditional wildlife migratory corridors, and thus impact on tourism through reduced movement of animals which currently attract tourists. The ESIA report provided an estimate of 2 - 400 trucks of 20 - 40 ton capacity using the road daily and high levels of domestic traffic. These will disrupt game movement and affect tourism in Lake Natron area.



The concerns regarding the establishment of Lake Natron soda ash project adds to the already existing concerns among conservationists concerning the major commercial highway across the Serengeti National Park - a 171.5 km road which is part of the bigger plan to connect the proposed new port at Tanga to Musoma on Lake Victoria via Arusha and Lake Natron’s shores to be funded by the Tanzania Government.[footnoteRef:28] The road will directly cross the Wildebeest Migratory Route and is considered to have negative impact on biodiversity due to increased road kills of large mammals and attendant scavengers, including the Ruppell’s vulture, a species which has seen recent massive declines in West Africa with the Serengeti ecosystem thought to hold up to a third of the remaining populations of this species.  [28:  The section from Serengeti to Musoma is estimated to cost £ 144 million.] 




The road project will critically affect the mammals that inhabit the Serengeti National Park and could potentially disrupt the renowned wildebeest migration between Serengeti and Maasai Mara in Kenya. Recent calculations from the Frankfurt Zoological Society show that if wildebeest were cut off from vital dry season areas, it is likely the population would decline from 1.3 million animals to about 200,000. This would mean a collapse to far less than a quarter of its current population and most likely the end of the great migration.



The impacts on tourism, not only at the local level, but also at the national and regional levels will; relate mainly to loss of values due to declining quality of the Lake Natron environment and overall biodiversity. The establishment of soda ash plant is likely to degrade the environment and cause loss of biodiversity. The soda ash plant, for example will return depleted brine to the lake, estimated at a rate of 476 metric tons per hour the impact of which on the chemistry of the lake, while not known with certainty, might be significant. Other by-products and pollutants to be generated by the plant include: mud slurry (93 metric ton per hour); fly ash from boilers (5 metric ton per hour); sewerage water (10 m3 per hour); and unknown amounts of SO2 and particulate emissions from power generation. 



Importantly, the Lesser Flamingo which breeds successfully in only three locations: the Sua pan in Southern Africa, Lake Natron in East Africa, and the Rann of Kachchh in India will also be affected. The species requires a network of sites in order to respond to changing environmental conditions.[footnoteRef:29] In order to stimulate nuptial display and thus breeding for example, the species forms flocks ranging in several 500’s which carry out an elaborate display. These display grounds tend to be in specific locations and not specifically in breeding areas. Lake Nakuru, for instance, is known to be an important display ground but no breeding has occurred there for 45 years. At Lake Natron, egg laying tends to occur at the end of the dry season between August and November and possibly into December, if rains are late and extend the dry season. Usually one egg is laid (in rare cases 2). The important point to note here is that Lake Natron is not the only breeding site for Lesser Flamingo because of one reason but for a combination of factors, both biotic and abiotic, many of which are not fully understood.   [29:  Lesser Flamingo are known to move several hundred kilometres between saline (rift valley) lakes in East Africa, and between salt pans in southern Africa.] 




The Lake Natron ecosystem is also an important area for other species of avifauna and fauna in general. A survey of African Spoonbill Platalea alba indicated that there are only four known breeding sites for this species in Tanzania, one of which is Lake Natron. In addition, more than 80% of the population of Chestnut-banded Sandplover Charadrius pallidus of the East African race C. p. venustus (a highly restricted species) inhabits the shoreline of Lake Natron (ibid). There are many other bird species which are found in the area, including the Cape Teal Anas capensis which has seen it’s northern with an estimated population of approximately 7,000 birds.



In a nut shell, the establishment of a soda ash plant on Lake Natron may have significant impact on the suitability of the lake as a breeding site for Lesser Flamingo. The available information suggests that water abstraction from the Lake Natron inflows may reduce the extent of the perennial lagoons that act as a deterrent to predators (or visitors) disturbing flamingo nesting sites and as many as 50,000 nests can be abandoned due to a single incident. 

8.1.5 Indirect use values, non-use values and other impacts at the local level  



The indirect use values/use values not covered elsewhere in the preceding subsections and the non-use values/intangible values (e.g. the existence or intrinsic value) were valued using the CVM.[footnoteRef:30] The respondents were asked to state their WTP and WTAC for sustainable management of the Lake Natron ecosystem. The questions were set such that each respondent was asked to state both the WTP and WTAC. All the sample households stated their WTAC and only 11.6% were not willing to pay for conservation of Lake Natron.  The stated WTP and WTAC were considered as equal to the non-use value that the respondent places or tags to the Lake Natron ecosystem. To avoid the risk of double counting the use-values of tourism, the enumerators took some minutes to describe to the respondents that the value they state as their WTAC should not encompass any of the direct use values (e.g. benefits from tourism, agriculture, livestock production, collection of ecosystems goods, like fuelwood and building poles just to mention few) which were already covered in the previous questions.   [30:  Market prices for intangibles often are absent and this forces more indirect valuation methods to be used (e.g. the Contingent Valuation Method (CVM) and the Travel Cost Method (TCM)).] 




The enumerators started by describing the valuation process (CVM) to the respondent using the following two scenarios: the “pro-soda ash facility scenario” which suggested that the facility be developed so that the government gets revenues; and the “counterargument scenario” which was advocating for conservation and promotion of ecotourism and sustainable use of natural resources in Lake Natron (existence/intrinsic value).



The two scenarios were then redefined such that the first one was suggesting a possibility for the owner of the soda ash facility to compensate the society/people for the loss of intrinsic value that would be caused by the development and operation of the facility. Again an emphasis was made to remind the respondents that the use values covered in the previous questions should not be considered in this case. The second scenario was redefined as suggesting that when the facility is not developed there will be foregone revenues that the government would wish to recover using alternative sources. The most likely source was described as the introduction of a special “recovery mechanism” and/or “annual conservation payment” for promotion of ecotourism and sustainable use of natural resources which would be charged as part of income tax for all citizens and taxpayers. 



In case the respondent opted for the first scenario then he/she was asked to state his/her WTAC per annum and if opted for the second scenario he/she was asked to state his/her maximum WTP for the special “annual conservation payment.” A cross-check question then followed where the respondent was asked to provide another value for the counter scenario so that the respondent had to provide answers for both scenarios. The average values of WTP and WTAC for the sample households were used to scale up or obtain the overall value for the whole of the Lake Natron area by multiplying these averages with the number of households, estimated for 2010.



In this case, both values were reported though the best practice is to use the more conservative of the two values. There are good reasons to believe that the WTA is still valid but WTP is the more commonly used (and still usually rather large) value. The reasoning is that whilst WTA is a theoretically valid measure, people tend to overstate it rather massively. In basic neo-classical economics WTP should be equal to WTAC though human preferences do not work like that. However since WTP is believed to be less biased than WTA analysts tend to use it because it provides a conservative estimate which can be defended more solidly. The results of analysis of the WTP and WTAC are summarized in Table 53.



Table 53: Indirect use and Intrinsic values of Lake Natron Ecosystem, estimated using CVM (n = 86) 

		Value/HH

		Minimum (TZS/Yr)

		Maximum (TZS/Yr)

		Average (TZS/Yr)

		Std Deviation



		WTAC

		500 000.00

		9 000 000.00

		2 150 698.00

		1 892 870.58



		WTP

		0.00

		60 000.00

		19 674.42

		14 612.00







The average WTP and WTAC for the sample households were TZS 19,674 (USD 13.12) and 2,150,698 (1,433.80) respectively. For all households in the wards of Lake Natron, the annual indirect use and non-use/intrinsic values were estimated based on the WTAC and WTP at USD 22.63 million and USD 207,092.94, equivalent to NPVs of USD 247.0 million and 2.26 million respectively at r = 10% and t = 50 (Table 54). It should however be noted that this value does not include the indirect use and intrinsic values by communities and people living outside the wards of Lake Natron. Due to methodological and time limitations, the CVM in this study was applied to the sample villages of Lake Natron area and not elsewhere in Tanzania and/or outside the country. If these other areas are taken into consideration, the indirect use and non use values can be enormous. 



Based on the WTP, the losses of values of indirect use and intrinsic/non-use values at the local level were estimated at NPVs of USD 102.66 thousand and USD 205.32 thousand for the “low” and “high” impact scenarios respectively. Using the data of WTAC, the losses were relatively higher estimated at USD 11.22 million and USD 22.44 million for the “low” and “high” impact scenarios respectively.



Table 54: NPVs of indirect uses and intrinsic value of Lake Natron area and loss of value at the local level (t = 50 years) 

		Discount rate

		0.50%

		1%

		10%

		12%

		15%

		20%



		a) NPV (WTP)

		9,348,734 

		8,324,287 

		2,260,316 

		1,926,876 

		1,586,394 

		1,242,496 



		   Loss: Low impact scenario

		457,082 

		405,860 

		102,661 

		85,989 

		68,965 

		51,770 



		   Loss: High impact scenario

		914,164 

		811,719 

		205,322 

		171,978 

		137,930 

		103,540 



		b) NPV (WTAC)

		1,021,951,600 

		909,964,719 

		247,085,149 

		210,635,307 

		173,415,765 

		135,822,691 



		   Loss: Low impact scenario

		49,965,668 

		44,366,324 

		11,222,345 

		9,399,853 

		7,538,876 

		5,659,222 



		   Loss: High impact scenario

		99,931,335 

		88,732,647 

		22,444,690 

		18,799,706 

		15,077,752 

		11,318,444 







8.1.6 Opportunity cost of water



The amount of water required for operating the proposed soda ash facility is huge. NORCONSULT (2007) estimated water requirement for the soda ash complex in Lake Natron at 129 m3 per hour, including 80.89; 25; and 22.68 m3 per hour as process; fire; and domestic water respectively. The total annual water requirement for the proposed soda ash complex was estimated at 1,130,040 m3 (Table 55).  



Table 55: Water demand for proposed soda ash mining project 

		Use

		 m3/hour

		 m3/annum



		Fresh water for plant operation

		106

		            928,560 



		Fresh water for domestic use

		23

		            201,480 



		Total

		129

		         1,130,040 







While little is known about the exact sources of water for the proposed soda ash plant and actual impacts of abstracting water from these sources, especially on the integrity of Lake Natron ecosystem, it can generically be argued that the establishment of the plant will result in intensified conflicts and competition for water resources in Lake Natron area.[footnoteRef:31] The available water resources in Lake Natron area are already under stress and could best be viewed as economically scarce. Water shortage, especial in the dry season is already rampant.[footnoteRef:32] The available water resource in Lake Natron are unlikely to meet additional huge water demands without compromising adequate supply to meet demands of present uses, notably water for use by local communities and wildlife. Ground water could be an option; unfortunately there are no adequate empirical findings to justify its use in soda ash production.  [31:  NORCONSULT (2007) indicates that the original plan was to obtain this water from the eastern side of Lake Natron utilizing local seasonal surface water flows, ground water and piped water from neighboring catchments.]  [32:  Existing sources of natural water system in Lake Natron include the Ewaso Ngiro, Pinyinyi, Monic and Engare-Sero Rivers, and small springs such as the Ndalalani, Enjorro Olormukune, Leshuta, Monie, Engoug’u Olopiro and Takano springs. There are also many other saline springs at the vicinity of Lake Natron, but these are just important for maintaining the chemistry of the lake but not suitable for use in the proposed soda ash facility.
] 




Important to note is the Ewaso Ngiro River which originates in Kenya. This is the major source of water entering the Lake Natron. The mean annual flows (MAF) and mean monthly flows (MMF) for the river as recorded in the Kenyan side starting from 1947 to 1990 are presented in Figure 8 and Figure 9 respectively. 





Figure 8: Mean annual flows for the Ewaso Ngiro River for the period 1947 to 1990





Figure xx: Mean monthly flow for Ewaso Nyiro River during the period 1947-1990 and the estimated Facility water requirement

Figure 9: Mean monthly flow for the Ewaso Ngiro River for the period 1947 – 1990 and estimated water requirement for the proposed soda ash plant



Generally there is variation in daily flows due to rainfall fluctuations in the Kenyan catchment. The long term mean monthly flows (Figure 9) show that the high flow months are April and May while the low flow months are from October to March. Generally the long term MMFs vary from 21.25 m3/s in May to 4.92 m3/s in January. The long term recorded MAF for the period 1947 to 1990 is about 9.74 m3/s.



While recent information on river flows to enable a detailed analysis of the current hydrological condition of Lake Natron was generally lacking, the study team solicited some observations collected by the IDB Lake Natron study through spot discharge measurements which were done for all the rivers, springs and streams which discharge water into the lake in June 2010 (Table 56). According to these measurements the Ewaso Ngiro River contributed over 70% of all the inflows into Lake Natron (i.e. 18.58 m3/s out of 25.245 m3/s) which suggests that the river is an important component of the lake’s hydrology. Other significant contributors were the Endalekinyiro spring (1.995 m3/s); Engare Sero River (1.208 m3/s); Penyinyi River (0.938 m3/s), and Ngongoremi spring (0.789 m3/s). 


Table 56: Spot discharge measurements in various rivers, springs and streams draining into Lake Natron, June 2010

		Source Name

		Coordinates

		Altitude (amsl)

		Observed flow (m3/s)



		

		Easting

		Northing

		

		



		Wosi wosi spring

		0175702

		9728645

		607

		0.109



		Wosi wosi springs

		0175902

		9728919

		610

		0.007



		Ngongoremi spring

		0171202

		9720550

		605

		0.789



		Ngongoremi spring

		0171148

		9720681

		606

		0.216



		Endalekinyiro spring

		0167782

		9713400

		621

		1.995



		Endalekinyiro spring

		0167792

		9713438

		624

		0.201



		Merwe River

		0833500

		9710422

		611

		0.542



		Engare Sero River

		0899940

		9708734

		713

		1.208



		Ndalalani Stream

		0820139

		9710515

		661

		0.069



		Moinik River

		0820971

		9722429

		631

		0.040



		Engongu loviro stream

		0820898

		9784153

		621

		0.016



		Unknown  spring name

		0821173

		9725081

		619

		0.031



		Engong’uwasi spring

		0821175

		9725919

		614

		0.156



		Penyinyi River

		0826778

		9745441

		639

		0.938



		Penyinyi River u/s abstraction

		0826762

		9745492

		637

		0.344



		Ewaso Ngiro River

		0179140

		9789289

		647

		18.584



		Total

		

		

		

		25.245







Source: IDB, Lake Natron field study (2010)



In general, any new development in Lake Natron area which demands huge amount of water is likely to add more pressure and competition over the available water resource. The proposed soda ash mining facility, for example, will require about 106 m3/hour (0.029 m3/s) of freshwater for plant operations and 23 m3/hour (0.006 m3/s) for domestic use (Table 57), all summing up to a total water demand of 129 m3/hour (equivalent to 0.0358 m3/s or 35.83 l/s). Annually, the facility will require 0.93 Mm3 for plant operations and 0.2 Mm3 for domestic use. The total annual requirement of freshwater will be 1.13 Mm3.



Table 57: Water requirement for the proposed soda ash facility in Lake Natron area

		Description



		Water Requirements



		

		m3/hour

		Mm3/year

		m3/s

		l/s



		Fresh water for plant operation

		106

		0.9286

		0.0294

		29.44



		Fresh water for domestic use

		23

		0.2015

		0.0064

		6.39



		Total

		129

		1.1300

		0.0358

		35.83







Comparing the total water requirements for the soda ash facility with the mean monthly flows for Ewaso Ngiro River (Table 58) and recent spot discharge measurements taken by the IDB one may consider the plant water requirement as insignificant but its overall impact especially with respect to increasing pressure and competition over water in the basin can be huge. 



Table 58: A comparison of water requirement for the proposed soda ash facility in Lake Natron area and mean monthly flows of the Ewaso Ngiro River 

		Month



		Mean Monthly Flow

(m3/s)

		Facility water requirement  

(m3/s)

		Water requirement as

% of river flow



		Jan

		4.92

		0.036

		0.73



		Feb

		3.09

		0.036

		1.16



		Mar

		5.57

		0.036

		0.64



		Apr

		16.42

		0.036

		0.22



		May

		21.25

		0.036

		0.17



		Jun

		9.78

		0.036

		0.37



		Jul

		9.09

		0.036

		0.39



		Aug

		12.39

		0.036

		0.29



		Sep

		13.69

		0.036

		0.26



		Oct

		7.32

		0.036

		0.49



		Nov

		6.60

		0.036

		0.54



		Dec

		6.73

		0.036

		0.53







Importantly however, is the major concern related to the likely changes in the water chemistry of the Lake as a result of water abstraction and discharge by the plant and the fact that the environmental water requirements for the ecosystem itself, including the rivers, streams, springs and the lake are not known. At the same time, the National Water Policy of 2002 and the Water Resources Management Act of 2009 stipulate that the environmental flows should be evaluated and reserved before any abstractions other than domestic uses are made. Since this has not been done, it is hard to justify water abstractions for the proposed facility.



It is also important note that due to paucity of information, the characterization of river flow data has been made based on not only relatively few but also old historical mean monthly flow data for the Ewaso Ngiro River, which may not provide a realistic picture of the variation in flows, especially for a disaggregated daily scale. Just as important, the June 2010 spot discharge measurements by the IDB’s field study coincided with the recession limb of the flow hydrograph following rainfall cessation in the Lake catchments at the time of measurement. Therefore, these also may not provide a realistic portray of the flow situation during the dry season.



Water resources of Lake Natron ecosystem are important for the local community and for biodiversity conservation. Therefore, it is imperative that any decision to establish additional developments in the area should be reached after a thorough analysis of possible impacts on the ecosystem as well as the livelihoods and biodiversity it supports. It is also important to note that, unfortunately many proposals to introduce developments, especially in many fragile ecosystems like that of Lake Natron, have failed to tag any value on water which is needed by the developments. In so doing, these proposals have ignored the opportunity costs of water.[footnoteRef:33] The same water could be used for different other uses at the local, national or regional levels (e.g. hydropower generation, irrigation or even wildlife conservation just to mention few). The opportunity cost or put different, the benefits foregone by using this water for soda ash mining and not for other alternative uses can be significant.  [33:  Any decision that involves a choice between two or more options has an opportunity cost. This is normally expressed in relative price, that is, the price of one choice relative to the price of another. Scarcity of resources such as water necessitates trade-offs, and trade-offs result in an opportunity cost. While the cost of a good or service often is thought of in monetary term, the opportunity cost of a decision is based on what must be given up (the next best alternative) as a result of the decision. ] 




In this sub-section we present the results of analysis of the opportunity cost of water in its different alternative uses. Where site specific input data were not available, the analysis of opportunity costs of water has benefited from secondary information reported by previous studies done elsewhere in Tanzania and in other countries with similar environmental and economic set up. An important first step in the analysis entailed the establishment of unit values of water in alternative uses and a brief review of these values is presented in the following paragraphs. The estimates of opportunity cost of water in irrigation, hydropower, and livestock production are presented and discussed in sub-sections 8.1.6.1 through 8.1.6.3. 



In agriculture, different studies have come up with different unit values of water for different uses. Perry (2001) estimated the value of water for Sub-Saharan Africa as ranging from USD 0.05 – 0.90 per m3, with the majority of observations in the range of USD 0.10 – 0.20 per m3. In the Great Ruaha River Catchment (GRRC), in Tanzania, Kadigi et al., (2008) estimated the net values of water in irrigated paddy at USD 0.01 and 0.04 per m3 for abstracted and net consumed water respectively. The values were the highest in high value crops like tomatoes ranging from USD 0.21 to 0.29 per m3 (Kadigi, 2006; Kadigi et al., 2008). In their preliminary economic assessment of water resources of the Pangani River Basin in Tanzania Turpie et al. (2003) estimated the average gross income per unit of water used in irrigation as ranging from TZS 50 to 1400 m3 (equivalent to USD 0.07 – 0.93, using the current exchange rate of TZS 1,500 per USD).



In hydropower generation, the net values of water for the Mtera – Kidatu system in Tanzania were estimated at USD 0.08 and 0.21 for water flowing through the turbines and net water consumed through evaporation in reservoirs (Kadigi et al., 2008). For domestic uses, brick making and livestock production the net values of water were estimated at USD 52.10; 0.77; and 1.11 per m3 respectively (Kadigi, 2006). 



The unit values presented in the preceding paragraphs formed an important input in the estimation of opportunity costs of water in the study. The unit values of water in the GRRC were estimated using the Residual Imputation Approach (RIA) which falls under the category of conventional market based approach and has been widely used to derive the economic value of water, particularly in irrigation (Hussain et al., 2001; Renwick, 2001; Young, 1996). The method involves identification of the incremental contribution of each input to the value of total output. Water values in the Pangani River Basin were estimated by studying in detail the water allocation and uses ascertained based on data for 300 water user rights which were categorized for different uses as specified in the Water Utilization Act, 1999 and summarized in Table 59. 


Table 59: Water use fees in Tanzania 

		Type of use

		 Fee (TZS) 

		 Fee (USD) *



		1) Water rights application for domestic/livestock, 

small scale irrigation/fish farming

		                   40,000.00 

		                   26.67 



		2) Water rights application for large scale irrigation/

power generation/industrial/commercial

		                 150,000.00 

		                50.00 



		3) All other applications 

		                   40,000.00 

		                   26.67 



		4) On every appeal to the Minister

		                   70,000.00 

		                   46.67 



		5) Economic water use fees

		 

		 



		           a) Domestic/livestock/fish farming for every 50 m3

		 

		 



		              All abstractions less than 37 litres/second, flat rate

		                   35,000.00 

		                   23.33 



		              All abstractions equal or above 37 litres/second for 50 m3

		                           35.00 

		                     0.02 



		          b) Irrigation

		 

		 



		          i) Small scale

		 

		 



		               All abstractions less than 3.7 litres/second, flat rate

		                   35,000.00 

		                   23.33 



		              All abstractions equal or above 3.7 litres/second for 1,000 m3

		                           35.00 

		                     0.02 



		          ii) Large scale for every

		 

		 



		               All abstractions less than 18.5 litres/second, flat rate

		                   35,000.00 

		                   23.33 



		               All abstractions equal or above 18.5 litres/second for 1,000 m3

		                           70.00 

		                     0.05 



		          iii) Business (e.g. flower export0 for every 1,000 m3

		                     1,000.00 

		                     0.67 



		6) TANESCO power Royalty Fees

		         165,500,000.00 

		        110,333.33 



		7) Industrial for every

		                         50.00 

		                     0.07 



		              All abstractions less than 1.11 litres/second, flat rate

		                   35,000.00 

		                   23.33 



		              All abstractions equal or above 1.11 litres/second for 1,000 m3

		                           35.00 

		                     0.02 



		8) Institutional/Regional centres

		 

		 



		              All abstractions less than 1.4 litres/second, flat rate

		                   35,000.00 

		                   23.33 



		              All abstractions equal or above 1.4 litres/second for 50 m3

		 

		 



		               Urban Water and Sewerage Authorities

		 

		 



		                       Category A for every 50 m3

		                         120.00 

		                     0.08 



		                       Category B for every 90 m3

		                         50.00 

		                     0.07 



		9) Commercial for every

		 

		 



		              All abstractions less than 0.94 litres/second, flat rate

		                   35,000.00 

		                   23.33 



		              All abstractions equal or above 0.94 litres/second for 50 m3

		                         150.00 

		                     0.10 



		10) Mining for every 50 m3

		                         170.00 

		                     0.11 





Source: URT (1999). Water Utilization Act, 1999. Dar es Salaam, Tanzania.

Fees in TZS converted using an exchange rate in August 2011 of USD 1 = TZS 1,500





Opportunity cost of water in irrigation



Using the unit value of water in irrigation for high value crops of 0.29 per m3 which was estimated for GRRC in Tanzania, and annual water demand of about 1.13 Mm3 per annum for the soda ash mining, the opportunity cost of water was estimated at about USD 327,711.6 per annum (equivalent to USD 3.6 million when discounted using a social discount rate of 10%, assuming a project life of 50 years) (Table 60).



Table 60: Opportunity costs of water in irrigation (discounted values, t = 50 years) 

		Discount rate (r)

		0.50%

		1%

		10%

		12%

		15%

		20%



		USD

		14,793,786 

		13,172,663 

		3,576,808 

		3,049,160 

		2,510,631 

		1,966,171 







Opportunity cost of water in hydropower generation



As also pointed out in the ESIA report, there have been some proposals for hydropower projects using water from Ewaso Ngiro River, which is the main source of water for irrigation in Pinyinyi village and supplying fresh water in Lake Natron. Examples of these projects include the Ewaso Ngiro River (South) Multipurpose Project in Kenya, which consisted of hydropower plant and agricultural developments. The plan was prepared for the Kenyan Power Company by a consortium of companies in 1993. However, the project did not continue due to concerns raised by Tanzania.[footnoteRef:34]  [34:  During consultations with different stakeholders in Tanzania and Kenya, concerns were raised that the construction of the soda ash plant in Lake Natron may trigger decisions to reconsider and implement the Ewaso Ngiro (South) Multipurpose Project in Kenya. Such developments will create additional impacts on Lake Natron and its wildlife.  ] 




A similar proposal was made on the Tanzania side by TANESCO and a pre-feasibility study was conducted to assess the possibility of developing the waters of the Pinyinyi River for a 30 megawatt power station, a development which was considered to have secondary infrastructure requirements as well, such as power lines and others. 



In both projects there have been necessary trade-off decisions that were made and which implied some benefits being forgone as the result of the decisions. As for the previous development proposals the proposal for establishing a soda ash facility in Lake natron area and using water in soda ash mining implies some benefits foregone. Using the value of water in HEP production of USD 0.21 per m3 of consumed water as established for the Mtera – Kidatu Hydropower system in GRRC, the opportunity cost of water in HEP production is estimated at USD 237,308 per annum (equivalent to USD 2.6 million when discounted using a social discount rate of 10%, t = 50 years) (Table 61).



Table 61: Opportunity costs of water in HEP generation (discounted values, t = 50 years) 

		Discount rate (r)

		0.50%

		1%

		10%

		12%

		15%

		20%



		USD

		10,712,724 

		9,538,809 

		2,590,098 

		2,208,009 

		1,817,850 

		1,423,777 







Opportunity cost of water in livestock production



Using a unit value of water in livestock production of USD 1.11 per m3 adopted from a study conducted in GRRC, Tanzania (Kadigi et al., 2006) and an annual water demand of 1.13 Mm3 for the proposed Lake Natron soda ash facility, the opportunity cost of water or benefits foregone in livestock production was estimated at USD 1.25 million per annum (equivalent to about USD 13.7 million when discounted using a social discount rate of 10%, assuming a project life of 50 years).



Table 62: Opportunity costs of water in livestock production (discounted values, t = 50 years) 

		Discount rate (r)

		0.50%

		1%

		10%

		12%

		15%

		20%



		USD

		56,624,493 

		50,419,502 

		13,690,542 

		11,670,922 

		9,608,654 

		7,525,690 







8.2 Potential Economic Impacts on Tourism at the National Level



Official records in Ngorongoro and Longido District Councils indicated that in 2009/2010 revenues which accrued to Central Government from hunting alone amounted to TZS 51,629,226 and TZS 32,897,720 respectively. For these two Lake Natron districts revenue from tourism amounted to TZS 84,526,946 (USD 56,351.30) for the Lake Natron area, which is equivalent to NPV of USD 615,046 at r = 10% and t = 50).




Table 63: NPVs and loss of revenue from tourism in Lake Natron area at the national level (t = 50 years) 

		Discount rate

		0.50%

		1%

		10%

		12%

		15%

		20%



		NPV from Tourism/National

		2,543,850 

		2,265,091 

		615,046 

		524,315 

		431,668 

		338,091 



		Loss: low impact scenario

		124,375 

		110,437 

		27,935 

		23,398 

		18,766 

		14,087 



		Loss: high impact scenario

		248,750 

		220,874 

		55,869 

		46,796 

		37,532 

		28,174 







At 10% discount rate (t = 50 years) the loss of revenue from tourism at the national level was estimated to amount to about USD 27.9 thousand and USD 55.9 thousand for the low and high impact scenarios respectively.



The exact magnitudes of economic impacts on the tourism industry are difficult to estimate with certainty because the reaction of the wildlife to the development is unknown. Yet, the results of analysis in this study suggest that there could be a huge impact that may affect, for example, the migratory roots, habits and populations of the lesser flamingos, and other Natron species, making the impacts huge for countries across East and South Africa. Part of the justification for rejecting the soda ash plant proposal is a precautionary approach to the vast amount of tourism in the region dependent on the wildlife and ecosystems of which Natron forms a big part.



8.3 Trans-boundary Issues and Potential Economic Impacts at the Regional Level



Lake Natron constitutes an important node linking a network of wildlife conservation systems in Eastern and Southern Africa. It is part of the major migratory route that facilitates movement of wildlife across the border to and from Kenya to and from other countries in the network. The Lake Natron ecosystem therefore, provides benefits related to biodiversity conservation by facilitating or linking wildlife movement from one ecological system to another within the Eastern and Southern Africa wildlife conservation network. This enables other countries to share the benefits of wildlife conservation, for example through collection of revenues accruing from tourism. Taking into consideration the total number of tourists who visit the different parks and reserves in this network, the loss of benefits resulting from reduced number of tourists due to deteriorating condition of parks and reserves can be significant. For Kenya only, the numbers of tourists who have visited the country’s national parks and reserves for the period from 2006 to November 2010 are given in Table 64.  The trend of annual revenues for the period from 2000/01 to 2010/11 is shown in Figure 10 and the shares of revenue by type of park or reserve are depicted in Figure 11.



Annual revenues from the Parks and Reserves in Kenya have average at KSH 1.46 billion (equivalent to about USD 25.3 per annum).[footnoteRef:35] The highest annual revenues were recorded in 2010/2011 amounting to about KSH 2.38 billion or USD 51.1 million. Of all the parks and reserves, the Sanctuaries, Premium Parks and Wilderness Parks have contributed the largest share of total revenues from tourism (about 76%). [35:  Exchange rate: USD 1 = KSH 83.8708.] 



Table 64: Number of visitors in Parks and Game Reserves of Kenya, 2006 – November 2010 

		 

		2006

		2007

		2008

		2009

		2010

		Jan-Nov 2011



		Premium Parks 



		     Amboseli National Park 

		153,193

		156,430

		84,680

		133,594

		208,999

		153,609



		      Lake Nakuru National Park 

		327,005

		346,795

		137,683

		197,037

		240,747

		222,655



		Urban Safari 



		     Nairobi National Park 

		101,751

		92,708

		91,232

		105,674

		120,817

		117,756



		Wilderness Parks  



		     Aberdare National Park 

		54,535

		50,426

		26,240

		37,882

		42,798

		43,134



		     Tsavo East National Park 

		223,330

		237,059

		110,871

		205,030

		264,728

		211,907



		     Tsavo West National Park 

		130,864

		134,794

		71,240

		110,826

		138,125

		85,080



		     Meru National Park 

		10,170

		11,403

		15,300

		14,431

		18,856

		16,768



		     Chyulu Hills National Park 

		249

		205

		137

		416

		359

		160



		Mountain Parks



		     Mt. Kenya National Park 

		39,110

		36,759

		19,896

		25,723

		26,866

		25,566



		Scenic & Special Interest Parks 



		     Hell's Gate National Park 

		36,915

		72,048

		69,061

		79,063

		98,271

		102,167



		     Mt. Elgon National Park 

		4,951

		5,213

		4,084

		5,340

		5,261

		4,782



		     Shimba Hills National Reserve

		19,528

		21,488

		13,221

		18,889

		20,318

		11,570



		     Arabuko Sokoke Forest Reserve 

		4,448

		3,491

		2,132

		2,158

		978

		71



		     Ndere Island National Park 

		146

		130

		39

		368

		1448

		1206



		     Kakamega National Park 

		4,409

		4,482

		3,496

		4,898

		7,743

		6,308



		     Mt. Longonot National Park 

		17,988

		21,670

		21,475

		26,551

		33,263

		35,782



		     Ol Donyo Sabuk National Park

		3,450

		5,224

		7,605

		5,717

		8,480

		6,217



		     Mwea National Reserve 

		285

		618

		574

		299

		796

		780



		     Saiwa Swamp National Park 

		1,727

		2,394

		2,014

		2,983

		2,740

		2,665



		     Ruma National Park 

		1,466

		2,097

		1,379

		1,368

		2,462

		2,871



		     Marsabit National Reserve 

		1,170

		1,843

		1,680

		979

		1,200

		 



		     Sibiloi National Park 

		620

		368

		439

		445

		961

		744



		     South & Central Island National Parks 

		239

		281

		42

		49

		276

		199



		Marine Parks 



		     Kisite Mpunguti Marine National Park 

		66,261

		59,706

		28,055

		40,999

		47,995

		47,228



		     Kiunga Marine National Reserve 

		777

		1,271

		761

		1,858

		3,108

		1,653



		     Watamu Marine Park & Reserve

		40,845

		32,193

		17,394

		19,370

		25,388

		31,795



		     Mombasa National Park & Reserve 

		33,189

		39,153

		26,592

		29,311

		37,896

		32,598



		     Malindi Park & Reserve 

		38,284

		40,298

		29,738

		41,659

		46,851

		41,940



		Sanctuaries 



		     Nairobi Animal Orphanage 

		227,920

		256,219

		277,909

		327,010

		490,152

		354,717



		     Kisumu Impala Sanctuary 

		80,128

		71,860

		77,530

		113,834

		193,360

		147,814



		     Nairobi Safari Walk 

		156,795

		191,621

		196,875

		210,503

		200,728

		159,866



		     STH

		 

		 

		 

		 

		5,556

		 



		TOTAL

		1,781,748

		1,900,247

		1,339,374

		1,764,264

		2,297,526

		1,869,608











Figure 10: Annual revenues from visitors in Parks and Game Reserves of Kenya (KSH ‘000) (Source: KWS Office records, 2012)







Figure 11: Shares of annual revenues from visitors by type of Kenyan Parks and Reserves for the period 2000/01 – 2010/11 (KSH ‘000) (Source: KWS Office records, 2012)



It is important to note that tourist revenues accruing to most of these national parks might be affected significantly if the proposed soda ash mining facility is constructed in Lake Natron area mainly due to the anticipated increase in human activities and blockage of the Lake Natron wildlife corridors.



For example, Government revenues from tourism at Lake Nakuru, Lake Bogoria and Lake Elementaita in Kenya are largely dependent on Flamingo tourism. These lakes together with Lake Magadi and Lake Logipi are renowned as important areas for Flamingo tourism in Kenya.  



Lake Nakuru forms part of Lake Nakuru National Park with its major attraction being the abundance of flamingos. Although the flamingo population fluctuates as they migrate up and down the Rift Valley to breed, the available information indicates that there are also about 400 other recorded species of birds on the lake shores and in surrounding park making it second only to Lake Baringo as the most prolific ornithological site in Kenya.[footnoteRef:36]  [36:  http://www.tourism.go.ke] 




Lake Bogoria is a Ramsar site and has been a protected National Reserve since November 29, 1973. It is shallow (about 10 m depth), and is about 34 km long by 3.5 km wide, with a drainage of 700 km2 (ibid) The soda waters of the lake contain the blue-green algae which tend to attract massive flocks of flamingos seasonally. The lake has also the highest number of true geysers in Africa. It has around 200 hot springs at three onshore sites while the other hot springs discharge directly from the lake floor.



Lake Elementaita was profiled as a Ramsar site and a wetland of international importance in 2005. The lake is an important area for flamingo and other bird species tourism. It is a stop-over for over 350 bird species with a population of 200,000 flamingos though the numbers increase when environmental conditions like food resource base are limited in other saline lakes.[footnoteRef:37] [37:  http://www.enhols.com/kenya_safari/lake/elementaita.aspx] 




Because of their importance, Lake Bogoria, Lake Nakuru and Lake Elementaita have of recent been added to the UNESCO World Heritage List by an international panel of government representatives during its annual meeting in Paris, France held on June 26, 2011.[footnoteRef:38] The lakes are located in the basins on the floor of the Great Rift Valley, which runs on a north-south line through Kenya and they are an integral part of one of the largest bird migratory routes in the world sustaining 75 percent of the global population of the lesser flamingo, supporting one of the major breeding colonies of the great white pelicans and providing a vital wintering ground for over 50 species of migratory birds (ibid). [38:  The sites have been added to the UNESCO World Heritage List as extraordinary natural areas in Kenya, together with others in Australia, Japan and Germany that deserve the highest level of protection (http://www.ens-newswire.com/ens/jun2011/2011-06-26-01.html).] 




Of all the lesser flamingo-based tourist sites in Kenya, Lakes Nakuru and Bogoria are the most important ones. The trend of number of tourists who visited the sites for the period 2000 to 2009 is shown in Figure 12.[footnoteRef:39] [39:  Data obtained from http://www.tourism.go.ke/ministry.nsf/pages/facts_figures
] 






Figure 12: Number of tourists who visited Lakes Nakuru and Bogoria for the period 2000 - 2009 ('000)



Visitors at Lake Nakuru and Lake Bogoria for the period from 2000 – 2009 have averaged at 304,500 people per annum. Taking the average revenue per tourist, calculated from the average number of tourists for the period from 2006 to 2010, the total revenues from lake Nakuru and Lake Bogoria were estimated to average at USD 4.24 million per annum. 



Table 65: NPVs and loss of Government revenue from flamingo related tourism in Lake Nakuru and Lake Bogoria (t = 50 years) 

		Discount rate

		0.50%

		1%

		10%

		12%

		15%

		20%



		NPV from flamingo tourism

		191,481,113 

		170,498,346 

		46,295,871 

		39,466,334 

		32,492,580 

		25,448,837 



		Loss: low impact scenario

		9,361,971 

		8,312,833 

		2,102,709 

		1,761,232 

		1,412,545 

		1,060,358 



		Loss: high impact scenario

		18,723,943 

		16,625,666 

		4,205,419 

		3,522,465 

		2,825,089 

		2,120,715 







For the low impact scenario, annual loss of Government revenue from flamingo-related tourism in Kenya via the Lake Nakuru and Bogoria was estimated at NPV of USD 2.1 million, for r = 10% and t = 50 years. Using the high impact scenario, the annual loss of Government revenue for the two sites were estimated at NPV of about USD 4.2 million, for r = 10% and t = 50%. There will also be loss of benefits accruing to tourism dependent activities (e.g. tourist lodges and camps). Assuming the average number of days stayed by tourists in Lake Natron area as obtained using the travel cost approach in Lake Natron (of 4.1 days) and average amount of money spent for accommodation and meals (USD 664 per tourist), and net income of 40% of the gross revenues, the average net income accruing to operators of lodges, hotels and camps from tourists visiting Lakes Nakuru and Bogoria was estimated at USD 80,875,200 per annum.[footnoteRef:40] This is equivalent to NPV of USD 882.7 million at a social discount rate of 10% and t = 50 years (Table 66). [40: Average daily rates for hotels and lodges found around Lake Nakuru were reported to range from USD 200 to 250 (http://www.tourism.go.ke/dir_ministry.nsf/ministryaccommodation?OpenView&Start=55&Count=10).] 




Table 66: NPVs and loss of benefits to operators of lodges, hotels and camps in Lake Nakuru and Lake Bogoria (t = 50 years) 

		Discount rate

		0.50%

		1%

		10%

		12%

		15%

		20%



		NPV current scenario

		3,650,924,891 

		3,250,851,452 

		882,712,370 

		752,495,211 

		619,528,295 

		485,226,937 



		Loss: low impact scenario

		178,502,485 

		158,498,813 

		40,091,859 

		33,581,001 

		26,932,655 

		20,217,587 



		Loss: high impact scenario

		357,004,969 

		316,997,625 

		80,183,717 

		67,162,001 

		53,865,309 

		40,435,174 







For the low impact scenario, annual loss of benefits to operators of lodges, hotels and camps in the Lake Nakuru and Bogoria areas was estimated to amount to NPV of USD 40.1 million, for r = 10% and t = 50 years. For the high impact scenario, the annual loss of benefits for operators of lodges, hotels and camps in the two sites were estimated at NPV of USD 80.2 million, for r = 10% and t = 50%. 



It should however be noted that, the losses of benefits estimated in this case relate only to losses of benefits from shrinking of flamingo related tourism for Lakes Nakuru and Bogaria. Expectedly, the total losses will be higher than the values estimated here if all other spill-over costs and impacts (in all countries that are part of the Eastern and Southern Africa conservation network) are taken into consideration. Due to paucity of information, the values for the latter costs and impacts were not estimated in this study. 



8.4 Loss of Ecosystem Value to International Visitors



Tourism is one of the important use values in the Lake Natron ecosystem. The assessment of the impact of soda ash plant on tourism involved the identification and analysis of benefits, which accrue from tourism in the business as usual or current situation scenario and the evaluation of likely rate of loss of these benefits when the soda ash plant is established. 



The analysis of loss of use value to international visitors used the primary data which were collected using a structured question administered to 37 tourists which visited the Lake Natron area during the study. The questions were designed to enable the estimation of consumer surplus for the Lake Natron international visitors using the Travel Cost Method. The method is used to estimate economic use values associated with ecosystems or sites that are used for recreation. The basic premise of the method is that the time and travel cost expenses that people incur to visit a site represent the price of access to the site or their willingness to pay to visit the site. 



The results of analysis of the costs that tourists incur in visiting the Lake Natron area and its associated network of attractions under the business as usual scenario were estimated to average at USD 1,799.50 - per trip per tourist (Table 67). This cost includes the costs transport/fare, accommodation and other costs, excluding the entrance fees. Using the average number of tourist entering the Lake Natron through the Engare Sero gate from 2007 to 2010 of 2,721 (Figure 6), the total travel cost for these tourists can be estimated at USD 4,896,439.5  per annum.  Taking into account the distributional weights for the various areas which are visited by tourists an average tourist was willing to pay USD 435.48 to visit the Lake Natron area (see Table 68 for the weighted percentages of distributional weights). Using an average number of 2,721 tourists per annum, the total travel costs for tourists entering Lake Natron area through the Engare Sero gate was estimated at USD 1,184,938.36. This is equivalent to the net present travel cost of about USD 12.9 million at r = 10% and t = 50 years (Table 69).



Table 67: Results of travel cost analysis for Lake Natron tourists (n = 37)  

		Variable

		Mean

		Median

		StDev

		SE Mean



		Number of trips for the past 10 years

		2.0

		2.0

		1.889

		0.174



		Average number of days stayed

		4.1

		4.0

		1.131

		0.179



		Fare/transport per trip (USD)

		1,037.9

		1,005.0

		101.200

		16.000



		Accommodation and meals (USD)

		664.0

		500.0

		359.400

		56.800



		Other costs (USD) per trip (USD)

		97.6

		52.5

		94.900

		15.000



		Total travel costs per trip (USD)*

		1,799.5

		1,655.0

		413.000

		69.700





*This excludes the fee which is paid by tourists when entering Lake Natron



Table 68: Sites visited by Lake Natron tourists, weighted % (n = 37)  

		Site

		%



		Serengeti National Park and Ngorongoro Conservation Area

		33.5



		Mountain Kilimanjaro (Kilimanjaro National Park)

		26.7



		Lake Natron area (including Oldonyo Lengai Mountain and other Lake Natron sites)

		24.2



		Tarangire and Arusha National Parks

		8.9



		Lake Victoria, Bagamoyo, Kilwa and Zanzibar

		4.5



		Other attraction sites and national parks, including Ruaha and Mikumi National Parks and others

		2.2



		Total

		50.0







Table 69: NPVs and estimates of value loss for international visitors to Lake Natron area (t = 50 years) (USD)

		Discount rate

		0.50%

		1%

		10%

		12%

		15%

		20%



		NPV of Lake Natron/International

		53,491,317 

		47,629,664 

		12,933,010 

		11,025,140 

		9,076,983 

		7,109,275 



		Loss: low impact scenario

		2,615,319 

		2,322,236 

		587,404 

		492,010 

		394,602 

		296,217 



		Loss: high impact scenario

		5,230,638 

		4,644,473 

		1,174,807 

		984,020 

		789,204 

		592,434 







The loss of value for international visitors was estimated to amount to NPV of about 587.4  thousand and USD 1.17 - million for the low and high impact scenarios respectively, at r = 10% and t = 50 years. It should however be mentioned that the estimation of losses of value in this case recognized the fact that removing one attraction from a suite of attractions is likely to cause uncertain levels of damage due to interconnections through the market as infrastructure in one area relies on that in others. It is also likely to cause uncertain levels of damage due to disruption of ecosystem interconnections as damaging Lake Natron might also damage the other attractions. The valuation also acknowledged the fact that there are also uncertainties that relate to the consumer decision making as the options available change. This renders to the broader difficulty of estimating the costs of the plant. This difficulty notwithstanding, the study assumed a 5% and 10% loss for the worse and worst cases respectively.  



9.0 
BENEFITS AND COSTS OF SUSTAINABLE MANAGEMENT



9.1 Sustainable Eco-tourism as an Alternative



To great extent, the results of CBA in this study support the adoption of sustainable eco-tourism as the best alternative use of Lake Natron resources. It is therefore imperative that the funds which were meant to support the investment in soda ash mining in the Lake Natron area be spent in developing a sustainable ecotourism industry in Lake Natron area. This implies the development of an ecotourism industry which will support existing livelihood benefits while ensuring biodiversity conservation and other benefits including the delivery of ecosystem services.



Ecotourism is “the practice of low-impact, educational, ecologically and culturally sensitive travel that benefits local communities and host countries” (Honey, 1999). The funds can be used to support ecotourism projects that meet these standards. 



It is important to note that Lake Natron is an important but fragile ecosystem requiring careful management. Adopting the Precautionary Principle in managing the Lake Natron area is deemed as the best option because of the irreversible nature of likely negative impacts when the development of soda ash mining is opted for. Sustainable tourism development is advocated, especially in vulnerable ecosystems and habitats of major importance for biological diversity and protected areas.[footnoteRef:41] Lake Natron should be viewed as part of an important network of ecosystems rather than a separate entity. It important that the Lake Natron area is managed wisely by introducing livelihood initiatives linked to survival of wildlife, including the survival of the lesser flamingo. Sustainable ecotourism is one of such initiatives as it does not dilute, but adds value to conservation efforts and livelihoods. [41:  See http://www.cbd.int/tourism/guidelines.shtml?page=8 for details on international guidelines for activities related to sustainable tourism development in vulnerable ecosystems and habitats of major importance for biological diversity and protected areas.] 




Ecotourism has spill-over benefits, extending beyond the local and national boundaries to reach beneficiaries at regional and international levels. As for benefits the costs of developing sustainable eco-tourism in Lake Natron can be shared by different stakeholders through negotiations with regional and global partners for more resources. In Kenya, the “Parks beyond Park” approach implemented by the South Rift Association of Land Owners (SORALO) is one of the successful arrangements where the game parks are effectively managed by local communities. The African Conservation Centre (ACC) has assisted communities in the South Rift to develop their own eco-lodges within conservancies where wildlife numbers continue to grow (e.g. the Loisiijo Lodge and Sampu camp). Income goes directly to the communities who are the custodians of heritage. 



Part of the fund can be spent in facilitating the establishment of grassroots institutions. Again, the SORALO, Amboseli Tsavo Group Ranches Association, the Maasai Mara Management Association in Kenya are good examples of grassroots institutions. Personal conversations with the ACC officials in Kenya indicated that in peak season, the Shompole Lodge has charged up to USD 1,000 per room. The lodge has 14 rooms making a daily earning of USD 14,000 (approximately KSH 1.3 Million) per day in peak seasons.[footnoteRef:42] In addition, tourists also pay USD 40 – 80 per person per day to the communities. The number of employees for the four facilities was almost the same as that of MSC (reported at around 200 people) and the employees in these four facilities were relatively highly paid compared to the MSC employees.  [42:  The revenues that the communities are earning from the Shombole lodge are comparably higher than annual levy paid by the Magadi Soda Company (10 Million KSH).] 




9.2 NPVs under the Sustainable Eco-tourism Scenario



The NPVs for different ecosystem uses under the sustainable eco-tourism were estimated using two major scenarios, that is, the “low impact” and “high impact” scenarios based on increase and growth in annual net income of 5% and 10% respectively, as suggested in Tisdell (1995) and Honey (1999). Elsewhere in the literature, FEDICT (2011) also adopted similar tourism growth rates when preparing a sustainable tourism master plan for the tourism industry of the Government of Aguilla. In addition, FEDICT (2011) added a medium growth scenario for the industry, assuming a growth rate of 7.5% per annum. The current study adopted the same growth rates when estimating annual income from sustainable eco-tourism (i.e. “low” and “high” tourism growth rates of 5% and 10% respectively). The net annual incomes from tourism related activities were therefore assumed to increase by 5% or 10% in the “sustainable eco-tourism scenario” over those in the “business as usual” or “current” scenario. For activities or ecosystems uses which do not directly depend on tourism (e.g. pastoralism and crop production) the changes in net income were assumed to be relatively lower – assumed at 2% or 5% for the “low” and “high” increase scenarios respectively. The net incomes with the percentage increases assumed only for the initial year, were then discounted using the discount rates selected in this study to get the respective NPV as summarized in Table 70.  At a social discount rate of 10%, the TEVs were estimated at USD 4.7 Billion and 7.0 Billion for the “low impact” and “high impact” scenarios respectively. 



Table 70: Estimates of NPVs under the sustainable eco-tourism scenario (values discounted using different discount rates, t = 50 years) (USD)

		Type of value

		Discount rates



		

		0.50%

		1%

		10%

		12%

		15%

		20%



		I) Crop production



		     Low increase/growth scenario

		39,209,886

		34,911,345

		9,467,159

		8,068,056

		6,639,409

		5,196,424



		     High increase/growth scenario

		40,338,062

		35,913,093

		9,720,548

		8,280,296

		8,280,296

		5,324,204



		II) Pastoralism



		     Low increase/growth scenario

		531,016,694

		472,801,859

		128,213,058

		109,265,110

		89,917,045

		70,374,804



		     High increase/growth scenario

		546,295,496

		486,368,460

		131,644,694

		112,139,454

		92,222,327

		72,105,315



		III) Other direct uses of natural resources



		     Low increase/growth scenario

		609,866,224

		543,007,193

		147,251,140

		125,489,652

		103,268,634

		80,824,608



		     High increase/growth scenario

		627,413,743

		558,588,269

		151,192,332

		128,790,801

		105,916,223

		82,812,079



		IV) Tourism revenue via TH & CITES



		     Low increase/growth scenario

		16,827,916

		14,983,088

		4,063,071

		3,462,611

		2,849,471

		2,230,177



		     High increase/growth scenario

		17,312,101

		15,413,014

		4,171,820

		3,553,699

		2,922,525

		2,285,017



		V) Campsite and lodges



		     Low increase/growth scenario

		83,095,272

		73,985,619

		20,063,209

		17,098,171

		14,070,520

		11,012,485



		     High increase/growth scenario

		85,486,150

		76,108,566

		20,600,203

		20,600,203

		14,431,259

		11,283,281



		VI) Tour operation



		     Low increase/growth scenario

		51,308,827

		45,683,891

		12,388,427

		10,557,605

		8,688,123

		6,799,878



		     High increase/growth scenario

		52,785,123

		46,994,747

		12,720,005

		10,835,335

		8,910,868

		6,967,086



		VIIa) Indirect use and non-use/intrinsic value (WTP)



		     Low increase/growth scenario

		9,531,567

		8,486,631

		2,301,380

		1,961,271

		1,613,980

		1,263,204



		     High increase/growth scenario

		9,805,817

		8,730,147

		2,362,977

		2,012,865

		1,655,359

		1,294,266



		VIIb) Indirect use and non-use/intrinsic value (WTAC)



		     Low increase/growth scenario

		1,041,937,867

		927,711,248

		251,574,087

		214,395,248

		176,431,315

		138,086,380



		     High increase/growth scenario

		1,071,917,267

		954,331,042

		258,307,494

		220,035,160

		180,954,641

		141,481,914



		VIII) National level: Revenue from tourism in Lake Natron



		     Low increase/growth scenario

		2,593,600

		2,309,266

		626,220

		533,674

		439,174

		343,726



		     High increase/growth scenario

		2,668,225

		2,375,528

		642,981

		547,713

		450,434

		352,178



		IX) Regional level: Government revenue from flamingo tourism



		     Low increase/growth scenario

		195,225,902

		173,823,479

		47,136,955

		40,170,827

		33,057,597

		25,872,981



		     High increase/growth scenario

		200,843,085

		178,811,179

		48,398,580

		41,227,566

		33,905,124

		26,509,195



		X) Regional level: Lodges, hotels and camps



		     Low increase/growth scenario

		3,722,325,885

		3,314,250,977

		898,749,114

		765,927,611

		630,301,356

		493,313,972



		     High increase/growth scenario

		3,829,427,376 

		3,409,350,264 

		922,804,229 

		786,076,211 

		646,460,949 

		505,444,524 



		XI) International level (Travel Costs to Lake Natron)



		     Low increase/growth scenario

		54,537,444

		48,558,558

		13,167,971

		11,221,945

		9,234,824

		7,227,761



		     High increase/growth scenario

		54,537,444

		48,558,558

		13,167,971

		11,221,945

		9,234,824

		6,516,841



		NPVs for low increase scenario (+WTP)

		5,315,539,217

		4,732,801,906

		1,283,427,704

		1,093,756,533

		900,080,133

		704,460,020



		NPVs for high increase scenario (+WTP)

		5,466,912,622

		4,867,211,825

		1,317,426,340

		1,125,286,088

		924,390,188

		720,893,986



		NPVs for low increase scenario (+WTAC)

		6,347,945,517

		5,652,026,523

		1,532,700,411

		1,306,190,510

		1,074,897,468

		841,283,196



		NPVs for high increase scenario (+WTAC)

		6,529,024,072

		5,812,812,720

		1,573,370,857

		1,343,308,383

		1,103,689,470

		861,081,634







9.3 Economic Costs of Sustainable Eco-tourism



9.3.1 Costs and fiscal impact on the Government 

	

The fiscal impacts on the government were considered as the tax revenues forgone as a result of adopting sustainable eco-tourism instead of developing the soda ash mining plant. Using the social discount rate of 10% and current price level of USD 270/ton, the soda ash project was considered as not worth undertaking because it will be making loss for scenarios A through E. The government will therefore not earn any revenue from taxing the investor of soda ash plant in these scenarios. However, there will be tax revenues forgone for scenarios F, G, and H. These were estimated to amount to NPVs of USD 9.4 million; 426.7 million; and 449.3 million respectively (Table 32). When an opportunistic price of USD 412/.ton is assumed, the tax revenues foregone at a social discount rate of 10% were estimated to range from the lowest of USD 54.4 thousand (for scenario A) to the highest of USD 449.3 million (for scenario H) (Table 33).




9.3.2 Costs to Local Communities 



Generally, the benefits of sustainable eco-tourism should outweigh its costs. Special care may need to be taken to make sure that local communities do in fact benefit from a profitable eco-tourism development. The local communities may become losers if the eco-tourism development is poorly planned and implemented. The economic costs to the local communities may either relate to exclusion of locals from ecotourism areas with an ultimate impact of reduction in income, employment and resources available to locals, or loss of control of eco-tourist business and resources. The costs may also result from consequent disruption of the social fabric of the local community. We did not attempt to quantify such costs because they are a result of failure of planning and instituting appropriate norms and mechanisms for achieving sustainable eco-tourism, which may vary depending on the political will and support from the government and other partners.  



A well planned and implemented eco-tourism development is more likely to result in economic benefits to local communities due to increased local employment and more regular employment and income throughout the year. Sustainable ecotourism development also results in increased diversification of economic activities, thereby reducing economic risks. It also provides opportunities for locally controlled eco-tourist – related businesses. 



10.0 
CONCLUSION AND RECOMMENDATIONS



10.1 Conclusion



Lake Natron is a very fragile but important ecosystem for biodiversity conservation. Different proposals to develop alternative economic opportunities other than tourism have often faced stringent criticisms and furore. There are several reasons for such criticisms and furore but most of which are centred on the realization that Lake Natron is an important Ramsar wetland and bird area, internationally. There are concerns that many characteristics of the Lake Natron ecosystem may be altered by alternative developments. In addition, the impacts of these ecological alterations are not known with certainty, especially the likely changes in water chemistry of the lake when water is pumped either from or into the lake. Nevertheless, the existing link between the lake’s saline and fresh water ecosystems is not well understood. Unless these links and dynamics are understood with certainty, other economic developments may have serious negative impacts on the integrity of Lake Natron ecosystem. 



Adding to this dilemma is the whole problem of paucity of information to guide decision making, especially with regard to the total economic value of the Lake Natron ecosystem versus the costs and benefits of other alternative uses. Where available, such information has often underestimated the values provided by the ecosystem with some key ecological services being not valued at all rendering this important ecosystem to receive inadequate attention to decision makers. This report attempts to estimate these “missing values” and compare them with the costs and benefits of the proposed soda ash plant.  



The results of Lake Natron CBA study indicate that, at the present levels of soda ash prices and investment costs the benefits of sustainable management of natural resources or eco-tourism are likely to outweigh that of soda ash mining. The NPVs for soda ash scenarios A through E were negative (at a social discount rate of 10%, t = 50 years) implying that the soda ash facility will be making loss and therefore not worth undertaking. For scenarios F, G, and H, the NPVs of the soda ash facility were estimated at about USD 31.5 million, USD 444.0 million, and 519.6 million respectively. The soda ash scenario F assumes that the construction/rehabilitation costs of the road to plant and Tanga to Arusha railway will not be incurred by the investor with annual production of soda ash increasing annually by 5% from the initial production of 500,000 such that the maximum production of 1,000,000 metric tons per annum is attained in year 17 of the project. The soda ash scenario G assumes that the construction/rehabilitation costs of the road to plant and Tanga to Arusha railway will be incurred by the investor with annual production of soda ash at 1,000,000 metric tons throughout the project period. The soda ash scenario H assumes that the construction/rehabilitation costs of the road to plant and Tanga to Arusha railway will not be incurred by the investor with annual production of soda ash at 1,000,000 metric tons throughout the project period of 50 years. 



The NPV of benefits from improved road infrastructure and health services at the local level were estimated at NPV of USD 483.1 thousand at a social discount rate of 10%. Adding this to the NPV from labouring during the construction phase, for both the staff sourced within Lake Natron area (USD 8,352,000) and outside the area (USD 2,088,000), the total NPVs for the soda ash scenarios F, G, and H were estimated at about USD 42.4 million, USD 454.9 million, and USD 530.5 million respectively.   



The NPVs of benefits in the soda ash scenario can be compared with that of the sustainable eco-tourism and BAU. In the sustainable eco-tourism option the NPVs of benefits were estimated to amount to approximately USD 1.28 billion and USD 1.32 billion for the “low” and “high” impact scenarios, when WTP values were used in the valuation of indirect use and intrinsic values at a social discount rate of 10%, t = 50 years. When the WTAC values were used, the NPVs for the sustainable eco-tourism scenario were estimated at about USD 1.53 billion and USD 1.57 billion for the “low” and “high” impact scenarios respectively. 



The NPVs or TEV of the Lake Natron ecosystem in the Business As Usual (BAU) scenario were estimated at about USD 1.50 billion and USD 1.26 billion when the indirect use and intrinsic values were valued using the WTAC and WTP approach respectively, at a social discount rate of 10%, t = 50 years. The NPVs in both the BAU and sustainable eco-tourism are significantly higher than the benefits from soda ash mining.



The results of quantitative analysis in this study are also supported by the qualitative information gathered during consultations with stakeholders in Longido, Ngorongoro, and Monduli Districts and other stakeholders consulted in Arusha region. About 84% of consulted people in these areas opposed the development of soda ash facility; 10% supported; and 6% were neutral. This finding is particularly important as it clearly illustrates the perspective of the local communities, who are a “stakeholder number one” of the Lake Natron ecosystem. Importantly also, are the potential environmental costs or damages which relate to loss of biodiversity and deterioration of rural livelihoods in Lake Natron area following the development of soda ash facility in the area. Most of these, especially the environmental damages are described as irreversible. The major driver for the proposal to develop a soda ash facility in Lake Natron area was “money” or nicely labelled as “economic development.” But, money cannot buy everything: when the flamingo ceases to breed and exist in Lake Natron, there will be no replacement for the species. Here, the common sense reminds us as humankind to adopt a precautionary principle to address this dilemma. 



The Lake Natron ecosystem provides enormous use and non-use values at the local, regional and international levels, including values related to biodiversity and cultural based tourism. The total economic value of the site (TEV) should therefore be viewed widely as ranging from benefits accruing at the local, regional and international levels. This is particularly important because Lake Natron is not an island but part of a huge network of interdependent ecosystems. The lake also benefits in a number of ways from the network. An obvious and perhaps the most important example is the huge amount of water contributed by the Wosi Ngiro River which originates from Kenya. The Kenyan Shompole swamp also filters the water which enters Lake Natron. It is therefore important for the government of Tanzania to ensure that a mutual way of working together with other partners is forged through bilateral agreements. Ignoring this will trigger severe furores from partners either through their institutions or governments trying to “fight’ projects which threaten the existence of such ecosystem network. 



While important to learn from experiences from similar project, e.g. the Lake Magadi Soda Ash plant, our review of literature and discussion with different stakeholders suggest that such experience may not be wholly relevant to the Lake Natron situation. The MSC plant for example, was built during the colonial era: it is more than 100 years old now and its experience is pre-dated by any concerns on environmental and biodiversity issues today. It is by large not a good example to learn from. During its establishment it was irrelevant to weigh the costs and benefits of its implementation against any other option. The socio-political environment cannot be similar to that of the proposed Lake Natron soda ash plant. Just as important, the MSC soda ash plant uses a different technology from that which is planned for use in Lake Natron (i.e. dredging or digging out from the top for MSC versus sucking brine in LN). Yet the plant is faced by a number of problems, including the failure to compete with producers of synthetic soda ash. Soda ash prices are low and have caused the plant to even close production for some months, e.g. in the production season of 2010. 



10.2 Recommendations



Based on the findings of this study the following key recommendations are drawn:



a) Lake Natron is very important for Tanzanians, especially the local communities.  It is also important for the countries at regional scale as well as the international community as a whole. There are therefore both trans-boundary and international issues that need to be considered before the decision to alter the current uses of Lake Natron ecosystem is reached. Especially, the decisions that compromise with the goal of sustainable biodiversity conservation. It is important that the government, through its appropriate machinery undertakes adequate stakeholder consultations prior to making decisions to implement projects which threaten the integrity of the Lake Natron ecosystem. Stakeholders at all levels need to be not only consulted but effectively consulted. This is also in line with the East African Community Trans-boundary Ecosystem Bill 2010 which was passed on 31 January 2012 during the East African Legislative Assembly (EALA)’s Third meeting of the Fifth session in Kampala, Uganda. The new regional framework is set to benefit trans-boundary ecosystems like Lake Natron and Serengeti National Park which, in the recent past, have drawn global attention as a result of proposed large scale development project. It aims to enhance the quality of the environment and ensuring sustainable utilisation of shared natural resources in the five-nation East African Community (EAC) namely, Tanzania, Kenya, Uganda, Rwanda and Burundi. 



b) Adequate support from the government and global partners is needed to develop a sustainable ecotourism industry in Lake Natron, increase the contribution of local communities to locally managed ecotourism and maintain potential ecotourism attractions, such as the lake itself and its lesser flamingos, water springs, cultural sites and mountain Oldonyo Lengai, just to mention few.



c) Capacity building and awareness campaigns are key to the successful management of the Lake Natron resources. Starting from the grassroots to the national, regional and international levels, these campaigns should also reflect on issues and capacity to implement regional and international policies and conventions, like the AEWA Action Plan, Ramsar Convention and Protocols.
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A comparative Cost Benefit Analysis comparing Soda Ash mining with  promoting ecotourism and sustainable use of natural resources in the Lake Natron basin, Tanzania



Terms of Reference



Preamble



Since 2006, there has been a proposal by the Government of Tanzania to construct a soda ash plant at Lake Natron in Northern Tanzania. The initial proposal was put forward by the Government of Tanzania, and Tata Chemicals Ltd of Mumbai which jointly formed the Lake Natron Resources Ltd, to implement the plan.  Following intense opposition to the soda ash proposal by concerned organisations, Tata Chemicals Ltd withdrew from the project in 2008.  However, the Government, through the National Development Corporation, maintained notable interest. 



Recent developments prove that the Government is firmly interested in developing the soda ash factory.  The new push for the soda ash factory suggests that it will be built “away” from the lake without specifying the location.  In the initial proposal, a US $ 450 million plant capable of producing 500,000 tonnes of soda ash per year was to be built at Wosi Wosi on the Eastern part of the Lake.  The plant would pump 561m3 of concentrated brine per hour from the lake and convert into calcified soda ash (sodium bicarbonate) crystals for export.  In the process, it would utilise approximately 129,000 litres of water per hour for both industrial and domestic use. 



During plant construction, approximately 1,225 workers would be employed and 152, permanently upon completion.  



Importance of Lake Natron



Lake Natron and the surrounding ecosystem are extremely important for biodiversity conservation, ecosystem services and for supporting the livelihoods of the local communities, which depend on pastoralism, eco and culture tourism, and small scale irrigation.  Notably, Lake Natron is a Ramsar site designated as such in 2001 and is an Important Bird Area.  The lake is the only known breeding site for the Lesser Flamingos in Eastern Africa, which accounts for 75% of the global population of this near threatened species.



An Environmental and Social Impact Assessment (EISA) for the proposed development was submitted to the National Environmental Management Council (NEMC), Tanzania for evaluation and approval.  The NEMC subjected the report to a Technical Advisory Committee evaluation and a Public Hearing and in both processes, the document was found to be grossly inadequate.  However, NEMC could give its recommendations to the Minister of Environment in the Vice President’s Office, Tata Chemicals Industries withdrew the document.



Some of issues that did not come out clearly in the ESIA are the benefits and costs associated with the proposed soda ash project.  The report identified some of the benefits to come from the soda ash mining as “several million US dollars” in revenue to the Government of Tanzania and for the local community, 152 permanent jobs.  However, the report was categorical that the jobs would mainly be skilled jobs and so the local people would not be eligible.



The report also failed to capture the current and potential benefits that the natural resources (ecological, biological, cultural and social) of Lake Natron basin confer on the local, national, regional and international community.  Essentially, the “missing costs” of the proposed project directly arise from the loss of current and potential benefits.    In effect, the proposed projects treats existing ecosystem services, culture and the community livelihoods derived from the ecosystem as free goods. 



Capturing the true value of resources at Lake Natron



The true value of the benefits from soda ash production can only be known if the costs that soda ash mining would inflict on current and potential tourism activities, various forms of biodiversity (including Lesser Flamingos,) the Maasai community livelihood system and culture are taken into account.  More importantly, critical ecosystem services such as provision of dispersal habitats for wildlife, flood control, carbon sequestration, nutrient cycling and livestock pasture must be brought to the equation.  Moreover, all these costs and benefits need to be looked at from three levels: local, national and regional.  The global perspective should also be considered.

  

This consultancy will bridge the existing gaps by carrying out a Cost Benefit Analysis of the soda ash mining component, laying emphasis on the missing costs, especially ecosystem goods and services provided by the ecosystem currently and potentially.  Far from being a conventional one, this study will draw from the Total Economic Value (TEV) concept where goods and services that are not tradable in the market and yet have a value will be taken into account.  The cost benefit analysis will also be accompanied with an analysis of alternative (land use) options.



BirdLife International would like to undertake a consultancy to address the above issues. The Royal Society of Protection of Birds (BirdLife Partner in UK) and the Lake Natron Consultative Group (a coalition of 53 institutions who wish to see the integrity of the Lake Natron maintained) also interested in the outcome of the study.



The consultancy will draw information from the project’s Feasibility and ESIA study reports, review of existing reports for the Lake Natron basin, a field visit, personal interviews, and consultations with key institutions and any other relevant sources of information.



Objectives 



The objectives of the Cost Benefit Analysis are to compare the net benefits of sustainable management regime for Lake Natron with management based on the development of Soda Ash facility as currently proposed.  The comparisons will adopt an ecosystem service approach. The analysis will look at the net impacts in terms of:

a) The nation.  What is the total economic value associated with existing livelihoods and ecosystem services   compared with the economic returns associated with soda ash development

b) The government.  

c) Local communities. 



1. Determine the benefits of the proposed soda ash mining project – potential revenue to the investor, Government of Tanzania and local communities based on current market price of soda ash. Lessons and comparisons should be made with other countries, including the neighbouring Magadi Soda in Kenya should be applied.

2. Determine the economic costs of the plant – likely and potential economic impacts on local people, and tourism, pastoralism and other livelihood sources and culture.

3. Determine the benefits of sustainable management to the Government of Tanzania and local communities. This will take into consideration existing livelihood benefits, biodiversity benefits and the delivery of ecosystem services. This also needs to take into consideration such things as the tourism value or potential of all sites in Tanzania and other countries in the region where Lesser Flamingos are seen.  

4. Determine the economic costs of sustainable management.

5. Examine the fiscal impact on the Government in form of tax revenues forgone, economic incentives to the developer and alternative application of these funds for the benefit of Tanzanians at Lake Natron.

6. Taking into consideration the Precautionary Principle, recommend the best and most suitable use options for the Lake Natron considering long term environmental and rural livelihoods and sustainability in the area 

7. Make recommendations to policy and decision makers, especially the government of Tanzania what needs to be done to promote sustainable livelihoods for local communities without jeopardizing the integrity of the resource. 








Specific Terms of Reference



The Cost-Benefit Analysis must take into consideration the total costs and benefits of the proposed project, including direct and indirect effects.  The project costs must take into consideration the additional infrastructure needed to export – roads/railway/port development at Mwambani Bay in Tanga/provision of water and electricity.  It must also consider all external costs – such as impacts on lake water quality and volumes.

From local, national and regional perspectives, the consultant will undertake (but not limited to) the tasks below to meet the above objectives.  



1. Review of existing literature on the proposed soda ash development, including the withdrawn ESIA report and any Feasibility studies.

2. Review existing literature on other aspects of Lake Natron basin – the biology, culture, and ecological functions and values.

3. Conduct a field visit, collect field data on social, cultural, ecological and economic values and other aspects of the study and talk to relevant stakeholders.

4. Contact relevant institutions and experts at all levels to consolidate and validate view points.

5. Prepare the CBA report with a clear analysis of the respective options.

6. Present the draft report for initial feedback to BirdLife International and to a wider audience if need be.

7. Finalise the report and submit to BirdLife International after input and comments



For the purposes of these TORs, local means Lake Natron basin Ramsar Site and the surrounding landscape, national means within the United Republic of Tanzania; Regional means Tanzania, Uganda, Kenya, Ethiopia, Djibouti, and any other countries whose economies and peoples are likely to be adversely or otherwise affected by soda ash mining at Lake Natron.   



Format of the Final Report



The final report will include but not limited to:



1. Executive Summary

2. Introduction

3. The proposed Soda Ash project 

4. Biophysical characteristics of Lake Natron basin

5. Scope of the assignment

6. Methods & Analytical frameworks 

7. Soda ash production economic values, benefits and costs

8. Total Economic Value (TEV) of the Lake Natron ecosystem

9. Comparative analysis/Discussions

a. Soda ash mining option

b. Conservation of biodiversity and community livelihoods option

10. Conclusions

11. Recommendations

12. References

13. Appendices  and Annexes (of supporting information, tables and arguments)










































Appendix 2: Survey Instruments




































A COMPARATIVE COSTS BENEFIT ANALYSIS COMPARING SODA ASH MINING WITH PROMOTION OF ECOTOURISM AND SUSTAINABLE USE OF NATURAL RESOURCES IN THE LAKE NATRON BASIN, TANZANIA



   August 2011   

SURVEY INSTRUMENT FOR GATHERING PRIMARY DATA/INFORMATION



NOTES TO ENUMERATORS: Start the interview by introducing yourself and the aim of the interview as well as how the results of interviews will be used. Where the respondent wishes to be ensured about the confidentiality of the interview process, please do so.



SECTION 1: IDENTIFICATION PARTICULARS, STAFF & SURVEY TIME DETAILS  



		1.  DISTRICT:



		2.  DIVISION:



		3.  WARD:



		4.  VILLAGE:



		5. STAKEHOLDER CATEGORY/OCCUPATION (e.g. farmer, tour operator etc): 





		7. STAKEHOLDER CODE:

		

		

		

		



		8. NAME OF RESPONDENT (Optional):



		9. SEX OF RESPONDENT:

		1) MALE, 

2) FEMALE

		___ 

___ 



		

10. NAME OF INTERVIEWER: ________________________________________________





		

11. DATE OF INTERVIEW



		DD

		MM

		YYYY

		

		

		



		12. 

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		



		

		

		

		

		



		

13. STARTING TIME



		

		

		:

		

		

		Hours : minutes



		

		

		

		

		

		

		



		14. ENDING TIME



		

		

		:

		

		

		Hours: minutes










SECTION 2: HOUSEHOLD DEMOGRAPHICS



NOTES TO ENUMERATORS: This section is meant for stakeholders residing and making living through the use of natural resources in Lake Natron basin. The aim is to gather information related to demographic characteristics that will constitute a useful package of information in the CBA of Lake Natron. Stakeholders not residing in Lake Natron basin (e.g. tourists/visitors) will not be asked to provide household demographic information).  



2-1: If the respondent’s family resides in Lake Natron basin, ASK him/her to make a complete list of his/her household members.  For the purpose of this survey, a household is defined as persons eating under the same roof three or more days per week for at least six months out of the past year.



		Person ID

		Name

		Sex



1= M

2= F

		How old is [NAME] in completed years?

		What is the relationship of [NAME] to head of the household?



1= Head

2= Spouse

3= Son/daughter

4= Grandchild

5= Step child

6= Parent of head or spouse

7= Sister/Brother of head or spouse

8= Nephew/Niece

9= Other relative

10= Servant

11= Non-relative

12= Other (specify)



		During the past 12 months, how many months did [NAME] live in this household?





WRITE 12 IF ALWAYS PRESENT OR IF AWAY LESS THAN A MONTH

		What is the highest grade of school that [NAME] completed?



		

		

		

		

		

		

		

0= none

N = nursery

1= P1

2= P2

3= P3

4= P4

5= P5

6= P6



		

7=   P7

8=  S1 or P8

9=  S2 or P9

10= S3

11= S4

12= S5

13= S6



		

		

		

		

		

		

		

14= Post primary specialized training or certificate

15= Post secondary specialized training or diploma

16= Completed degree

17= Don’t know





		1

		2

		3

		4

		5

		6

		7



		01

		

		

		

		

		

		



		02

		

		

		

		

		

		



		03

		

		

		

		

		

		



		04

		

		

		

		

		

		



		05

		

		

		

		

		

		



		06

		

		

		

		

		

		



		07

		

		

		

		

		

		



		08

		

		

		

		

		

		



		09

		

		

		

		

		

		



		10

		

		

		

		

		

		



		11

		

		

		

		

		

		



		12

		

		

		

		

		

		



		13

		

		

		

		

		

		







SECTION 3: UNDERSTANDING OF LAKE NATRON ECOSYSTEM SERVICES AND ISSUES    



NOTES TO ENUMERATOR: The aim of this section is to ascertain if the respondent is aware of the issues and ecosystem services provided by the Lake Natron ecosystem. Whether the respondent is familiar with them and whether and how he/she values the ecosystem and the services it provides. This is an important stage before the actual valuation questions are asked.



3.1 ASK the respondent to identify the benefits and services provided by the Lake Natron’s ecosystem while providing a wide range of individuals and groups these benefits accrue to (on and offsite). 



		Types of Ecological Services/Goods

		Key/special features of the services/goods

		Groups benefiting (indicate if the poor and women benefit, if not explain why)



		





		

		



		





		

		



		

		





		



		

		





		



		

		





		



		

		





		



		

		





		







3-2: Ask about the location and characteristics of the most important ecological sites in the basin, the uniqueness of species that have important habitat there, and whether there are any substitute sites elsewhere in the basin which provide/may provide similar habitats.

		Important ecological sites

		Unique characteristics for the site 

		Names of other sites with similar features/characteristics 



		

		



		



		

		



		



		

		



		



		

		



		



		

		



		







3-3 If not mentioned elsewhere in the previous questions, ask the respondent to provide detailed information that highlights the importance of the area as a critical habitat for the different species of wildlife like lesser flamingos and the need to conserve it.



		Important sites for game and bird population

		Species of game/birds seen 

		Period of the year (months) 

		Justification for conservation



		



		

		

		



		



		

		

		



		



		

		

		



		



		

		

		



		



		

		

		







3-4: If not mentioned elsewhere in the previous questions, ask the respondent if he/she is aware that the Lake Natron area is listed as a Tanzania’s second Ramsar site since 2001: AWARE …………..  NOT AWARE: ………….



3-5: Ask the respondent if he/she is AWARE of the proposal to establish a Soda Ash facility at Lake Natron and/or if has been CONSULTED before by anybody to provide his/her views. If yes, ask when that consultation was made and by whom: 



		Whether aware of facility establishment



		Whether consulted to provide own views

		Consulted by who 

		When consulted (year)



		

AWARE ………………



NOT AWARE ……….



		

CONSULTED ……………….



		

		



		

		NOT CONSULTED ………...

		

		



































3-6: Ask to the respondent if is AWARE of the possible positive and negative impacts of the proposed Soda Ash facility (i.e. whether the development of the soda ash facility and its associated infrastructure is an appropriate or controversial use of the site). 



		POSITIVE IMPACTS AS PERCEIVED BY THE RESPONDENT

		NEGATIVE IMPACTS AS PERCEIVED BY THE RESPONDENT



		





		



		







		



		







		



		







		



		







		



		







		



		





		



		





		



		





		



		





		







7







3-7: After the respondent has listed the impacts, please take time to discuss with him/her the likely impacts as identified during literature review. A checklist is provided at the end of this survey instrument (After SECTION 6).



SECTION 4: QUANTIFICATION OF NON-USE VALUES (EXISTENCE, BEQUEST, OPTION; AND QUASI-OPTION VALUES)



NOTE TO ENUMERATORS: NON-USE VALUES refer to the values given to the existence of ecological or environmental services provided by an ecosystem - even though are not currently used. These are less tangible since they arise from ecological/environmental preferences rather than direct use. This section is intended to gather information that will be used in the Contingent Valuation. The Contingent Valuation Method (CVM) is used to value both use and non-use values. Examples of use value which will be estimated using the information gathered in this section include values like the cultural values of Lake Natron ecosystem.[footnoteRef:43] The enumerator should emphasis to the respondent that the CVM questions asked here refer to intrinsic values of the ecosystem only and not use values. [43:  Cultural values encompass those values which are delivered by the ecosystem, which relate to the sum total of the social life of the community/society (embracing beliefs, customs, rituals, values, artefacts, symbols, appearance, dress, food and eating habits, gender role, time and time consciousness, just to mention few)] 




STEPS:



4-1: Describe the valuation process (CVM) to the respondent using the following two scenarios: 

· The first scenario: the “pro-soda ash facility scenario” which suggests that the facility be developed so that the government gets revenues. 



· The second scenario: a “counterargument scenario” which advocates for conservation and promotion of ecotourism and sustainable use of natural resources in Lake Natron.



4-3: Redefine the first scenario to the respondents as suggesting a possibility for the owner of the soda ash facility to compensate the society/people for the loss of intrinsic/non-use values that will be caused by the development and operation of the facility. 



4-5: Redefine the second scenario as suggesting that when the facility is not developed there will be foregone revenues that the government would wish to recover using alternative sources. The most likely source is the introduction of a special “recovery mechanism” and/or “annual conservation payment” for promotion of ecotourism and sustainable use of natural resources in Lake Natron basin” which would be charged as part of income tax for all citizens and taxpayers. 



4-6: If the respondent OPTS for the first scenario ask him/her to state his/her Willingness To Accept Compensation (WTAC): ....................................... (Tshs per year) 



4-7: If the respondent OPTS for the second scenario ask him/her to state his/her maximum Willingness To Pay (WTP) for the special “annual conservation payment”: ......................... (Tshs per year)



4-8: Ask a cross-check question using the counter scenario so that the respondent provides answers for both scenarios. 



Cross-check WTAC value: …………………………………… (Tshs per year)



Cross-check WTP value: …………………………………… (Tshs per year)





SECTION 5: IDENTIFICATION AND QUANTIFICATION OF USE VALUES (DIRECT AND INDIRECT USE VALUES)



NOTES TO ENUMERATORS: Use Values are those values an individual derive from DIRECTLY/INDIRECTLY using the different resources/goods provided by an ecosystem. They are associated with activities such as collection of firewood, fruits, and medicinal plants, collection of building material, and viewing of nature where the individual comes into direct contact with the ecosystem. They also include commercial uses of ecosystems or environmental resources, such as fishing, and consumptive uses, such as drinking water.



5A: GENERAL QUESTIONS ABOUT USE VALUES



5A-1: Ask the respondent to identify and ascertain the important economic use values of the Lake Natron Ecosystem



5A-2: Ask about the ecosystem products which the respondent’s family sources directly or indirectly from the wild both for own use and/or sell 

		Type of Good

		Name of

Source/

Area

		Distance ( Km) / time

Spent

Walking (minutes)

Where applicable

		Acquisition Means

1 = Family labour

2 = Purchase

3 = Other (specify) 



		Raw material for salt-making

		 

		 

		



		Clay soil for pot making

		 

		 

		 



		Grass for roofing/pasture

		 

		 

		 



		Reeds (matete)

		 

		 

		 



		Sedge (malilingwa)

		 

		 

		 



		Medicinal plants

		 

		 

		 



		Food plants/wild fruits and vegetables

		 

		 

		 



		Milala

		 

		 

		 



		Ukindu

		 

		 

		 



		Firewood

		 

		 

		 



		Charcoal

		 

		 

		 



		Poles

		 

		 

		 



		Timber

		 

		 

		 



		Wood for furniture making

		 

		 

		 



		Wood for carvings and for making other small wood products

		 

		 

		 



		Fish

		 

		 

		 



		Game meat

		 

		 

		 



		Wild Birds

		 

		 

		 



		Honey

		 

		 

		 



		 Water for domestic use

		 

		 

		 



		Water for irrigation

		

		

		



		 Other (specify)

		 

		 

		 









5A-3: Ask about the use of ecosystem products which the respondent’s family sources directly or indirectly from the wild and the respective amount collected, made, sold, purchased, current prices as well as number of man-days per week spent in acquiring or offering the products 

		Good/Activity

		Collected or made

		Sold

		Purchased



		

		Unit

		Qty/

Week

		Qty/

Yr**

		Mandays/week

		Qty/

Week

		Qty/Yr**

		Qty/

Week

		Qty/

Year

		Current Unit Price (Tshs) 



		Salt-making

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Pottery

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Grass harvesting 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Reeds (matete) harvesting

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Sedge (malilingwa) harvesting

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Medicinal plant harvesting

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Food plant harvesting

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Milala harvesting

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Milala harvesting

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Ukindu harvesting

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Ukindu products

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Firewood harvesting

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Charcoal making

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Pole cutting

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Timber  cutting

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Furniture making

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Carvings

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Other small wood products

		

		

		

		

		

		

		

		

		



		Fishing

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Game hunting

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Bird hunting

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Honey collecting

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Other (specify)

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 

		 

		 

		 

		 

		 

		 

		 

		 

		 







NB: ** Means that information will be computed during data coding 


5B: SECTOR SPECIFIC QUESTIONS ABOUT USE VALUES





5B-1: FORESTRY: 



Ask the respondent to RANK the different WOOD/TIMBER species according to preference and availability starting with the most to the least preferred and available ones 

		Species preference rank

		Availability rank



		1.

		1.



		2.

		2.



		3.

		3.



		4.

		4.



		5.

		5.



		6.

		6.



		7.

		7.







5B-2: FISHING: 



Ask the respondent to RANK the different FISH species according to preference and availability starting with the most to the least preferred and available ones 

		Species preference rank

		Availability rank



		1.

		1.



		2.

		2.



		3.

		3.



		4.

		4.



		5.

		5.



		6.

		6.



		7.

		7.







5B-3: HUNTING: 



5B-3-1: Ask the respondent to RANK the different GAME/BIRD species according to preference and availability starting with the most to the least preferred and available ones 

		Species preference rank

		Availability rank



		1.

		1.



		2.

		2.



		3.

		3.



		4.

		4.



		5.

		5.



		6.

		6.



		7.

		7.








5B-3-2: If the stakeholder is involved in professional or other hunting businesses ask about the hunting quota/actual number of wild game/bird hunted, gross revenue and costs and provide details of estimates on an annual basis

		Type of Wild Animal

		Quota

(No.)

		Actual

No./yr

( last year)

		Source

Area

		Purpose

1 = sale

2 = own cons.

3 = Other

		Market

Location

if sold

		Unit

Price

if sold



		Wild Game

		

		

		

		

		

		



		     Buffalo 

		

		

		 

		 

		 

		 



		     Pofu

		

		

		 

		 

		 

		 



		    Wildebeest

		

		

		 

		 

		 

		 



		    Warthog

		

		

		 

		 

		 

		 



		    Bush pig

		

		

		 

		 

		 

		 



		    Impala (Swalapala)

		

		

		 

		 

		 

		 



		    Pongo

		

		

		 

		 

		 

		 



		    Konzi

		

		

		 

		 

		 

		 



		    Nsya

		

		

		 

		 

		 

		 



		    Other wild game (specify)

		

		

		

		

		

		



		

		

		

		

		

		

		



		

		

		

		

		

		

		



		

		

		

		

		

		

		



		Wild Birds

		

		

		

		

		

		



		   Kwale

		

		

		 

		 

		 

		 



		   Kanga

		

		

		 

		 

		 

		 



		   Other birds (specify)

		

		 

		 

		 

		 

		 



		 

		

		 

		 

		 

		 

		 



		

		

		

		

		

		

		





NOTES: Consider all types of hunting including resident and tourist hunting. In addition consult the District Game Officer for secondary data regarding government revenues from sales of bush meat in butchery shops if any, resident hunting, tourist hunting/sales of hunting quota, levies from forest products, and related revenues, including training fee, and contribution from hunting companies (e.g. fund contributed for patrol, uniform etc.) 





























5B-4: TOURISM: 



NOTES TO ENUMERATORS: Where appropriate the questions in this sub-section should be asked to both respondents in the study area and foreign tourists visiting the area. Foreign visitors should respond to this sub-section and LAST section ONLY. The answers in this sub-section are intended to provide information on the Tourists Travel Costs which will constitute an important input to the valuation processes. The LAST section of the survey instrument provides an opportunity for the Tourist, as one of the Stakeholders, to provide his/her views regarding the proposal to construct a Soda Ash facility in Lake Natron Basin and likely impacts. 



5B-4-1: Ask the respondents to LIST and RANK the most attractive SITES – CULTURAL and ECOLOGICAL and other ATTRIBUTES of the Lake Natron basin as preferred by Tourists and provide reasons for preference 



		SITE preference rank

		Preference

Proportion (%)

(must sum to 50%)

		Reasons for preference

		Estimate number of  NATIONAL TOURISTS per Week

		Estimate number of  FOREIGN TOURISTS per Week



		

		

		

		High season

		Low season

		High season

		Low season



		1.

		

		

		

		

		

		



		2.

		

		

		

		

		

		



		3.

		

		

		

		

		

		



		4.

		

		

		

		

		

		



		5.

		

		

		

		

		

		



		6.

		

		

		

		

		

		



		7.

		

		

		

		

		

		









5C: PRODUCTIVITY/NET INCOME ENHANCING VALUES 



NOTES TO ENUMERATORS: This sub-section is intended to collect information that will inform the calculation of the net factor income or derived values, i.e. the economic value of ecosystem products or services that contribute to the production of commercially marketed goods. 



5C1: CROP ENTERPRISES:



5C1-1: Ask the respondents if is engaged in crop farm. …………….. (YES/NO)



5C1-2: If yes, ask about the types of crops grown and for each crop provide information on input used, output (both sold and consumed at home), and prices




		Types of crop 

		Cost stream

		Revenue (Output) stream



		

		Fixed or Overhead costs:  both Cash and Non-cash: - for machinery, equipments and building constructed as part of the crop enterprise provide additional info about year of purchased and purchasing price that year and current price

		Variable Costs (on annual basis – preferably the last season). Include crop loss due to animal destruction, if any

		Provide a summary of information on quantities and unit prices for the past season – use current market prices. Show total production, quantity sold, consumed and given in-kind to relatives or friend or other people – last season or for the past 12 months.



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		









 5C2: LIVESTOCK ENTERPRISES



5C2-1: Ask the respondents if is engaged in livestock keeping. …………….. (YES/NO)



5C2-2: If yes, ask about the types of animal kept the respondent is involved in and for each animal sub-enterprise provide information on input used, output (both sold and consumed at home), and prices



		Types of livestock 

		Cost stream

		Revenue (Output) stream



		

		Fixed or Overhead costs:  both Cash and Non-cash: - for machinery, equipments and building constructed as part of the ANIMAL enterprise provide additional information about year of purchased and purchasing price that year and current price

		Variable Costs (on annual basis – preferably the last season). Include LIVESTOCK loss due to animal destruction, if any

		For each LIVESTOCK product/good provide a summary on quantities produced, sold, consumed at home, given in kind and the unit prices for the past 12 months-use current market prices.



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		
















5C3: TOURISM RELATED INTERPRISES 



NOTES TO ENUMERATORS: The questions in this subsection will be asked ONLY to stakeholders engaged in provision and sale of tourism related services and goods (e.g.  Tour Operators, Tour Guiding, Camp sites, Tourist Shops, Hotels etc).



5C3-1: Ask about the types of Tourism-related enterprises that the respondent owns or operates and for each enterprise provide information on costs and revenues



		Types of TOURISM enterprise 

		Cost stream

		Revenue (Output) stream



		

		Fixed or Overhead costs:  both Cash and Non-cash: - for each TOURISM enterprise-including information about investments and year of respective investments

		Variable Costs (on annual basis – preferably the last 12 months). 

		For each TOURISM service/goods, provide a summary of information on sales and the unit prices/rates for the past 12 months-use current market prices



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		





5C3-2: Ask the respondent how changes in the quantity or quality of the natural resources in the Lake Natron ecosystem will affect the costs of production for the final good, supply and demand for the final good and supply and demand for other factors of production following the development of the soda ash facility.

 

5C4: OTHER ENTERPRISES NOT SPECIFIED ABOVE



5C4-1: Gather information on the cost and revenue stream for other enterprises not specified above, if any. 



		Types of TOURISM enterprise 

		Cost stream

		Revenue (Output) stream



		

		Fixed or Overhead costs: Provide information on both Cash and Non-cash for each enterprise-including investment /capital, years effected and cost of purchasing the different components of the enterprise 

		Variable Costs (on annual basis – preferably the last 12 months). 

		For each enterprise provide a summary of information on sales and the unit prices/rates for the past 12 months-use current market prices



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		







5C4-2: Ask the respondent how changes in the quantity or quality of the natural resources in the Lake Natron ecosystem will affect the costs of production for the final good, supply and demand for the final good and supply and demand for other factors of production following the development of the soda ash facility.



5C5: SALARIES AND WAGES FROM TOURIST RELATED ACTIVITIES



5C5-1: If the respondent or member of his family is permanently or temporally employed by a Tourist or conservation related firm/company/agency/organization in Lake Natron basin ask him/her to provide information on monthly salary/wage and number of days or months worked for the past 12 months. 



NOTES TO ENUMERATORS: Each household member who has earned income from tourism or conservation related firm/company/agency/organization in Lake Natron basin during the past year should be interviewed. For example, if there are more than one HH members who have earned wages and salaries from such employments then fill in this section of the survey instrument one for each person. 



		Type of work

		Name of household member involved

		Amount Earned Last Month (Tsh)*

		Amount Earned Past Year (Tsh)**

		Place of Work

		Remarks



		Wages – Seasonal

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		Wages – Regular

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		Salary



		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		





*Enter earnings for past month. For regular pay this should equal daily pay x number of days worked per month

**Enter earnings for year up to date of interview. For regular earnings, this should equal monthly x 12



5C5-4: Ask the respondent how changes in the quantity or quality of the natural resources in the Lake Natron ecosystem may affect his employment conditions following the development of the soda ash facility.

















SECTION 6: PERSONAL VIEWS AND SUGGESTIONS



6-1: As you wind up the interview, ASK the respondent to provide his overall VIEWS and conclusions regarding the proposal to construct a Soda Ash facility in Lake Natron Basin. NOTE: All respondents should be given an opportunity to present their views regarding this proposal.





		Response

		Reasons



		1. Do not support the proposal

		























		2. I support the proposal

		























		3. I am indifferent (neutral) about the proposal

		





















		4. No informed response

















		







6-2: Lake Natron has been declared as Ramsar site and establishing a Soda Ash Facility in this internationally recognized site means violating the international agreement. In your opinion what will be the consequences if this facility is established?



6-3: If he/she supports the proposal ask him to suggest MITIGATION MEASURES for both direct and indirect adverse impacts that can result from the implementation of the proposal



		Impact

		Proposed Mitigation Measures



		

		









		

		









		

		









		

		









		

		









		

		













6-4: Suppose the government will decide NOT to proceed with the implementation of the project and that there are likely to be revenues foregone from this decision, then ASK the respondent to suggest the alternative application of the project funds that would benefit the Tanzanians at Lake Natron.



6-5: Suppose the BUSINESS AS USUAL (EXISTING) SCENARIO is adopted for utilization and management of natural resources in Lake Natron basin, ASK the respondent what are the socio-economic activities will threaten the integrity of the ecosystem and sustainability of livelihoods of local communities and what should be done to address them?





		Threats

		Examples of Critical Areas/Attributes of the Ecosystem that are under threat

		Proposed solutions*



		

		

		









		

		

		









		

		

		









		

		

		









		

		

		









		

		

		









		









		

		





*Ask the respondent to suggest the best and most suitable solutions or use options for the Lake Natron resources considering long-term environmental and rural livelihoods and sustainability in the basin.



CHECK LIST OF LIKELY DIRECT AND INDIRECT IMPACT OF THE SODA ASH PROJECT





		

3-7A: CHECKLIST OF LIKELY POSITIVE IMPACTS



· GoT and the local community will benefit from revenues resulting from the operation of soda ash mining (“several million US dollars”) 



· Employment (about 52 permanent jobs (mainly skilled labour and potential short term employment which may lead to change in local wage labour income/opportunities) 



· Improved access to health care facilities which may result from good road link: NOTE THAT: Additional infrastructure will be needed to export the product (e.g. the roads, railway, and costs of developing a port at Mwambani Bay in Tanga and provision of water and electricity)



· Improved road access may also lead to increasing economic activities and tourism may increase – BUT, likely to be a change in type of tourism client due to the project



· Promoting local investment and growth



· Other positive impacts as they emerge during the discussion with respondent










		

3-7B: CHECKLIST OF LIKELY ADVERSE IMPACTS



· Changes to the biological/ecological environment; social and cultural impacts; and economic impacts

· Change in water quality following the operation of the soda ash plant – i.e. changes in water composition due to removal of soda ash or changes of fresh water inflows which may threaten the viability of endemic fish populations

· The emissions of carbon and SO2 from boiler flue stack and fly-ash deposited in lake may negatively change the quality of water which supports present life forms

· Decline in number of rare wildlife species such as gerenuk and Coir bustard and local extinction of rhino and Oryx which may be caused by increased pressure on grazing resources and increased poaching; 

· Disturbance or loss of critical dry season habitat used by the resident ungulate population and high disturbance levels or change to habitat that may reduce the value of the Lake to Lesser Flamingo and result to long term decline in flamingo populations.

· Impacts on lake water quality and volumes, potential economic impacts on local people and tourism, pastoralism and other livelihood sources and culture will be considered.

· The possibility of losing the Lake Natron Ramsar status if the facility is developed

· The possibility for groundwater pollution and loss of aquifer/depletion of fresh groundwater which may result from water abstraction for plant and housing

· Loss of grazing land and critical dry season grazing along south east shores of Lake Natron 

· Changes to lake water quality due to soda ash abstraction – the removal of soda ash from the Lake will alter the chemical composition. The abstraction of surface water from the Wosi Wosi River is also likely to change water flows in the river 

· Loss of biodiversity - the change in water composition due to removal of soda ash or changes of fresh water inflows will affect the lesser flamingo populations change the fish composition and thus affect the viability of endemic fish populations. Flamingos are highly specialised feeders and sensitive to changes in their food source the loss and/or contamination of habitat may seriously affect their populations. In addition, there will be a disturbance or loss of critical dry season habitat used by the resident ungulate population which may result from the construction of access road along east side of the Lake – the construction of site and transportation of products and the associated high numbers of trucks travelling to and from the plant will disrupt wildlife ungulate movements in the Manyara - Natron migratory corridor

· Changes to the conservation status of Lake Natron due to industrial development and settlement may impact on ecosystem processes and lead to loss of wilderness value and reduced conservation value

· Changes involving loss of cultural and archaeological heritage: A large number of hominin remains have been identified in the Humbo formation to the west of the Lake. It is thought that this formation also occurs to the east of the Lake. The Lake is one of the most important archaeological sites in East Africa 

· There are a number of tourist camp sites and eco-tourism activities that occur in the southern end of the Lake, These could be both negatively (through visual impacts) and positively (improved access) impacted upon - Negative visual impact on natural value, wilderness value and tourism and loss of existing tourism infrastructure investment (camps and marketing) 

· Industrial development and increased human settlement will negatively impact on professional hunting which occurs to the east of the Lake., and 

· Others as identified together with the respondent














A COMPARATIVE COSTS BENEFIT ANALYSIS COMPARING SODA ASH MINING WITH PROMOTION OF ECOTOURISM AND SUSTAINABLE USE OF NATURAL RESOURCES IN THE LAKE NATRON BASIN, TANZANIA



   August 2011   

SURVEY INSTRUMENT FOR GATHERING DATA/INFORMATION FROM TOURITS AND VISITORS



SECTION ONE: GENERAL INFORMATION

1-1: Name of the respondent (optional) …………………………………………………………



1.2: Sex of the respondent: ………………………………………………………………………..



SECTION TWO: TOURISM INFORMATION

2-1: If the TOURIST/VISITOR has visited some of the attractions in Lake Natron ask him/her about the distance or his/her origin, other areas visited/to be visited, fees and total costs of visiting  



		Origin or Distance

		No. of Trips for the PAST 10 yrs

		Fees paid

		Travel cost (indicate currency)

		Accommodation

(indicate currency)



		Meals

(indicate currency)

		Other costs

(specify &

indicate currency)

		Other areas visited during the trip



		

		

		

		

		

		

		







		



		

		

		

		

		

		

		

		







		



		

		

		

		

		

		

		











SECTION 3: PERSONAL VIEWS AND SUGGESTIONS



3-1: As you wind up the interview, ASK the respondent to provide his overall VIEWS and conclusions regarding the proposal to construct a Soda Ash facility in Lake Natron Basin. NOTE: All respondents should be given an opportunity to present their views regarding this proposal.






		Response

		Reasons



		5. Do not support the proposal

		























		6. I support the proposal

		























		7. I am indifferent (neutral) about the proposal

		





















		8. No informed response

















		







3-2: Lake Natron has been declared as Ramsar site and establishing a Soda Ash Facility in this internationally recognized site means violating the international agreement. In your opinion what will be the consequences if this facility is established?










3-3: If he/she supports the proposal ask him to suggest MITIGATION MEASURES for both direct and indirect adverse impacts that can result from the implementation of the proposal



		Impact

		Proposed Mitigation Measures



		

		









		

		









		

		









		

		









		

		









		

		













3-4: Suppose the government will decide NOT to proceed with the implementation of the project and that there are likely to be revenues foregone from this decision, then ASK the respondent to suggest the alternative application of the project funds that would benefit the Tanzanians at Lake Natron.



3-5: Suppose the BUSINESS AS USUAL (EXISTING) SCENARIO is adopted for utilization and management of natural resources in Lake Natron basin, ASK the respondent what are the socio-economic activities will threaten the integrity of the ecosystem and sustainability of livelihoods of local communities and what should be done to address them?
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		Threats

		Examples of Critical Areas/Attributes of the Ecosystem that are under threat

		Proposed solutions*



		

		

		









		

		

		









		

		

		









		

		

		









		

		

		









		

		

		











*Ask the respondent to suggest the best and most suitable solutions or use options for the Lake Natron resources considering long-term environmental and rural livelihoods and sustainability in the basin.






CHECKLIST OF LIKELY DIRECT AND INDIRECT IMPACT OF THE SODA ASH PROJECT





		

3-7A: CHECKLIST OF LIKELY POSITIVE IMPACTS



· GoT and the local community will benefit from revenues resulting from the operation of soda ash mining (“several million US dollars”) 



· Employment (about 52 permanent jobs (mainly skilled labour and potential short term employment which may lead to change in local wage labour income/opportunities) 



· Improved access to health care facilities which may result from good road link: NOTE THAT: Additional infrastructure will be needed to export the product (e.g. the roads, railway, and costs of developing a port at Mwambani Bay in Tanga and provision of water and electricity)



· Improved road access may also lead to increasing economic activities and tourism may increase – BUT, likely to be a change in type of tourism client due to the project



· Promoting local investment and economic growth



· Other positive impacts as they emerge during the discussion with respondent










		

3-7B: CHECKLIST OF LIKELY ADVERSE IMPACTS



· Changes to the biological/ecological environment; social and cultural impacts; and economic impacts

· Change in water quality following the operation of the soda ash plant – i.e. changes in water composition due to removal of soda ash or changes of fresh water inflows which may threaten the viability of endemic fish populations

· The emissions of carbon and SO2 from boiler flue stack and fly-ash deposited in lake may negatively change the quality of water which supports present life forms

· Decline in number of rare wildlife species such as gerenuk and Coir bustard and local extinction of rhino and Oryx which may be caused by increased pressure on grazing resources and increased poaching; 

· Disturbance or loss of critical dry season habitat used by the resident ungulate population and high disturbance levels or change to habitat that may reduce the value of the Lake to Lesser Flamingo and result to long term decline in flamingo populations.

· Impacts on lake water quality and volumes, potential economic impacts on local people and tourism, pastoralism and other livelihood sources and culture will be considered.

· The possibility of losing the Lake Natron Ramsar status if the facility is developed

· The possibility for groundwater pollution and loss of aquifer/depletion of fresh groundwater which may result from water abstraction for plant and housing

· Loss of grazing land and critical dry season grazing along south east shores of Lake Natron 

· Changes to lake water quality due to soda ash abstraction – the removal of soda ash from the Lake will alter the chemical composition. The abstraction of surface water from the Wosi Wosi River is also likely to change water flows in the river 

· Loss of biodiversity - the change in water composition due to removal of soda ash or changes of fresh water inflows will affect the lesser flamingo populations change the fish composition and thus affect the viability of endemic fish populations. Flamingos are highly specialised feeders and sensitive to changes in their food source the loss and/or contamination of habitat may seriously affect their populations. In addition, there will be a disturbance or loss of critical dry season habitat used by the resident ungulate population which may result from the construction of access road along east side of the Lake – the construction of site and transportation of products and the associated high numbers of trucks travelling to and from the plant will disrupt wildlife ungulate movements in the Manyara - Natron migratory corridor

· Changes to the conservation status of Lake Natron due to industrial development and settlement may impact on ecosystem processes and lead to loss of wilderness value and reduced conservation value

· Changes involving loss of cultural and archaeological heritage: A large number of hominin remains have been identified in the Humbo formation to the west of the Lake. It is thought that this formation also occurs to the east of the Lake. The Lake is one of the most important archaeological sites in East Africa 

· There are a number of tourist camp sites and eco-tourism activities that occur in the southern end of the Lake, These could be both negatively (through visual impacts) and positively (improved access) impacted upon - Negative visual impact on natural value, wilderness value and tourism and loss of existing tourism infrastructure investment (camps and marketing) 

· Industrial development and increased human settlement will negatively impact on professional hunting which occurs to the east of the Lake., and 

· Others as identified together with the respondent















































Appendix 3: List of Consulted Individuals


























































LIST OF CONSULTED INDIVIDUALS



		NAME

		OCCUPATION/ORGANIZATION

		CONTACT INFORMATION



		Ms. Victoria Ferdinand

		Advocacy Officer, Wildlife Conservation Society of Tanzania

		vickywcst@gmail.com,  Box 70919, DSM, Tel: +255 22 211 2518



		Mr. Stephen Mmassy

		Policy and Advocacy Officer, Wildlife Conservation Society of Tanzania

		s.mmassy@yahoo.com, Box 70919, DSM, Cell: +255 786 348 010



		Mr. Emmanuel B. Musamba

		Ministry of Natural Resources & Tourism, Wildlife Division, Dar Es Salaam, Tanzania

		E_musamba@yahoo.co.uk, Cell: +255 717 187 156



		Dr. Julius Arinaitwe

		Regional Director for Africa, BirdLife Africa Partnership, Secretariat, icipe Campus, Nairobi Kenya

		julius.arinaitwe@birdlife.org, Tel: +254 20 2473259/8068314, Cell: +254 722 200 538/734 600 905



		Mr. Ken Mwathe

		BirdLife Africa Partnership Secretariat, icipe Campus, Nairobi Kenya 

		ken.mwathe@birdlife.org, Mob: +254 733 926191



		Mr. Paul Morling

		Royal Society of Protection of Birds (RSPB), London, UK

		Paul.morling@rspb.org



		Ms. Jane

		BirdLife Africa Partnership Secretariat, icipe Campus, Nairobi Kenya 

		



		Mr. Paul K. Ndang’ang’a

		BirdLife Africa Partnership Secretariat, icipe Campus, Nairobi Kenya

		kariuki.ndanganga@birdlife.org, Tel: +254 20 2473259 



		Ms. Rodah Owako

		BirdLife Africa Partnership, icipe Campus, Nairobi Kenya 

		rodah.owako@birdlife.org, Mob: +254 728-989977



		Mr. Ademola Ajagbe

		Regional Science and IBA Manager, BirdLife Africa Partnership Secretariat, icipe Campus, Nairobi Kenya 

		ademola.ajagbe@birdlife.org, Tel: +254 20 2473259/20 8068314, Cell: +254 722 200 538/+254 734 600 905 



		Mr. John Salehe

		WWF-ESAPO Nairobi, Kenya 

		+25473723-786188



		Ms. Serah Munguti

		Community and Advocacy Manager, NATURE KENYA, Nairobi 

		advocacy@naturekenya.org, Mob: +254724-281986



		Mr. Paul Matiku

		Executive Director, NATURE KENYA, Nairobi 

		matiku@naturekenya.org, Mob: +254 722 800394



		Mr. Erustus M. Kanga

		Assistant Director of Ecosystems and Landscapes, Kenya Wildlife Service (KWS)

		



		Mr. Michael Odera

		Managing Director, TaTa Chemicals Madadi Ltd, Kajiado, Kenya

		modera@tatachemicals.com, +254 20 6999000 extn 201 (Dir) 6999201, Mob: +254 722 204792-5



		Mr. Bernard Opaa

		Wetland Officer, National Environment Management Authority (NEMA), Nairobi, Kenya 

		benopaa@yahoo.com, +254720-563430



		Mr. Baraza Wangwe

		Principal Officer, Coastal, Marine and Wetlands, NEMA, Nairobi, Kenya 

		bwangwe@nema.go.ke, barazawangwe@yahoo.com, +254 20 6005522/6/7, 6001945, Mob: +254 728 325 648



		Ms. Betty Buyu

		Director, African Conservation Centre (ACC), Nairobi, Kenya

		Betty.buyu@acc.or.ke 



		Mr. John Komanga

		Project Coordinator, South Rift Association of Land Owners (SORALO), Nairobi, Kenya

		soralo@acc.or.ke, Tel: +254 20 2512439, Mob: +254 722 709514



		Ms. Catherine Yaa

		Coordinator, Kenya Wetlands Forum, Nairobi, Kenya

		wetlands@eawildlife.org,

020-2537974



		Mr. Patrick Muraguri

		Kenya Water Partnership

		P_muruguri@yahoo.com, 0722-489830



		Mr. James Mwang’ombe Mwamondenyi

		Kenya Forest Service, Senior Assistant Director (Head, Biodiversity Management)

		jmwangombe@kenyaforestservice.org, +254 20 3754904/5/6, Cell: +254 733 849103/722266449



		Mr. Stephen Runana

		Principal Engineer for Lake Natron, National Development Cooperation (NDC), Dar es Salaam, Tanzania

		stephenrunana@yahoo.com, Tel: +255 22 2111460/3, Mob: +255 767 335455/713 335455



		Mr. Stephen L. Laizer

		Senior Game Warden, Longido District

		+255 784 430727



		Mr. Nestory Dagharo

		District Livestock Officer, Longido

		+255 717 061488/+255 782 749201



		Mr. Peter Kimotonge

		Village Extension Officer, Alaililai

		+255 783 511018



		Mr. Kipara Moloimiet

		Member, Ward Council of Culture & Tradition, Gelai-Lumbwa

		+255 682 679574



		Mr. Philipo L. Mollel

		Member, Village Council, Alaililai

		+255 787 486670



		Mr. Naimutie Joseph

		Farmer, Alaililai

		+255 789 172147



		Mr. Pelo Musee

		Village chairperson, Ilchangit – Sapukin

		+255 787 064022



		Ms. Dorice Ngaboli

		Member, Village Council, Alaililai

		+255 685 499864



		Mr. Moses Koliwo

		Member, Village Council, Ilchangit – Sapukin

		Ilchangit – Sapukin Village



		Mr. Steven Losievu

		Village chairperson, Gelai-Lumbwe

		+255 786 703469



		Hon. Simon Qitesoi

		Ward Councillor, Gelai-Lumbwa

		+255 783 333322



		Mr. Osidai Joseph

		Sub-village Chairperson, Gelai-Lumbwa

		+255 688 507077



		Mr. Lekeni Kaika

		Farmer, Gelai-Lumbwa

		Gelai-Lumbwa Village



		Mr. Yohana M. Laizer

		Village Chairperson, Engaresero

		Engaresero Village



		Mr. Elias Ndurway

		Sub-Village Chairperson, Engaresero

		+255 785 126530



		Mr. William Mepichano

		Sub-Village Chairperson, Leparkash

		Engaresero Village



		Hon. Ibrahim Sakay

		Ward Councillor, Pinyinyi 

		Pinyinyi Ward



		Hon. Elizabeth Lemakongo

		Ward Councillor, Special seats, Pinyinyi

		Pinyinyi Ward



		Mr. Salei Olembamaye

		Traditional leader, Engaresero

		Engaresero Village



		Mr. Joshua Lasoi

		Community Development Officer, Engaresero, Pinyinyi Ward

		+255 684 684280



		Mr. Joseph Meng’onu

		Game Officer, Engaresero, Pinyinyi Ward

		+255 784 761869



		Mr. Loshipa Sadira Lyang’iri

		Village Executive Officer, Engaresero

		+255 787 382908



		Mr. Kisiongo Ngaiyeni

		Traditional leader, Engaresero

		Engaresero Village



		Mr. Moses Lekero

		Traditional leader, Engaresero

		Engaresero Village



		Ms. Nooseiya Ole mborio

		Farmer, Engaresero

		Engaresero Village



		Ms. Shinyafi Elias

		Farmer, Engaresero

		Engaresero Village



		Mr. Saibulu Muriet

		Farmer, Engaresero

		Engaresero Village



		Mr. Ndoros Naata

		Farmer, Engaresero

		Engaresero Village



		Mr. Matoipiro King’eri

		Farmer, Engaresero

		Engaresero Village



		Mr. Marias Kingi

		Farmer, Engaresero

		Engaresero Village



		Ms. Sophia Ndakar

		Farmer, Engaresero

		Engaresero Village



		Mr. Zacharia Siatoi

		Farmer, Engaresero

		Engaresero Village



		Mr. Rombaro Mosoni

		Farmer, Engaresero

		Engaresero Village



		Ms. Mary Saigurani

		Farmer, Engaresero

		Engaresero Village



		Ms. Sinyati Elias

		Farmer, Engaresero

		Engaresero Village



		Mr. Shangwa Leina

		Farmer, Engaresero

		Engaresero Village



		Mr. Moses Kingi 

		Farmer, Engaresero

		Engaresero Village



		Mr. Komoi Simango

		Farmer, Engaresero

		Engaresero Village



		Mr.Mbardau Lemagil

		Farmer, Engaresero

		Engaresero Village



		Mr. Kilarita Sumulek

		Farmer, Engaresero

		Engaresero Village



		Mr. Olendwaa Maju

		Farmer, Engaresero

		Engaresero Village



		Mr. Salupe Koileken

		Livestock Field Officer

		Pinyinyi Ward



		Ms. Nemoshi Kutanya

		Farmer, Pinyinyi

		Pinyinyi Village



		Mr. Joseph Kirei

		Farmer, Pinyinyi

		Pinyinyi Village



		Mr. Thomas Isaye

		Farmer, Pinyinyi

		Pinyinyi Village



		Mr. Loiruko Pombo

		Farmer, Pinyinyi

		Pinyinyi Village



		Mr. Simayo Ndikere

		Farmer, Pinyinyi

		Pinyinyi Village



		Mr. Daniel Siang’au

		Farmer, Pinyinyi

		Pinyinyi Village



		Ms. Esther Paulo

		Farmer, Pinyinyi

		Pinyinyi Village



		Mr. Ezekiel Dotunoti

		Farmer, Pinyinyi

		Pinyinyi Village



		Mr. Thomas Sambeki

		Farmer, Pinyinyi

		Pinyinyi Village



		Mr. Pashile Mayaka

		Farmer, Pinyinyi

		Pinyinyi Village



		Mr. Peter Motokaa

		Farmer, Pinyinyi

		Pinyinyi Village



		Mr. Tooko Lesirico

		Farmer, Pinyinyi

		Pinyinyi Village



		Mr. Sailepu Lekipa

		Farmer, Pinyinyi

		Pinyinyi Village



		Mr. John Mukero

		Village Chairperson, Pinyinyi

		+255 787 522320/+254 719 105860



		Mr. Madekwe Charles

		Village Extension Officer, Pinyinyi

		+255 782 019597/+255 757 8552031



		Mr. Kipara Ndorko

		Farmer, Pinyinyi

		Pinyinyi Village



		Mr. Samwel Madekwe

		Farmer, Pinyinyi

		Pinyinyi Village



		Mr. Solomon Katikash

		Farmer, Pinyinyi

		Pinyinyi Village



		Mr. John Maseto

		Farmer, Pinyinyi

		Pinyinyi Village



		Mr. Raphael Kilusu

		Farmer, Pinyinyi

		Pinyinyi Village



		Mr. Christopher Oloju

		Ward Executive Officer, Oldonyo-Sambu

		+255 784 834394



		Mr. Gerlad Phillip

		Secretary, Ward Land Committee, Oldonyo-Sambu

		+255 683 166120



		Mr. Richard N. Mrageria

		Village Chairperson, Olonyo-Sambu 

		Oldonyo-Sambu



		Mr. Joseph N. Kaserian

		Sub-village chairperson, Oldonyo-Sambu - Centre

		Oldonyo-Sambu



		Mr. Solomon Kabogwa

		Sub-village chairperson, Oldonyo-Sambu - Katoregani

		Oldonyo-Sambu



		Mr. Linus Kasadi

		Sub-village chairperson, Oldonyo-Sambu - Jema

		Oldonyo-Sambu



		Mr. Linus Mebongi

		Sub-village chairperson, Oldonyo-Sambu - Ndelane

		Oldonyo-Sambu



		Mr. Elias N. Ntemi

		Ward Chancellor, Oldonyo-Sambu

		Oldonyo-Sambu



		Mr. Abraham Gibeni Marosecky

		Member, Village Council, Oldonyo-Sambu

		Oldonyo-Sambu



		Mr. John Kurumbe Marosecky

		Member, Village Council, Oldonyo-Sambu

		+255 683 393412 



		Ms. Mary Suga

		Member, Environment Committee, Oldonyo-Sambu

		Oldonyo-Sambu



		Mr. Daniel Notie

		Farmer, Oldonyo-Sambu 

		Oldonyo-Sambu Village



		Mr. Denison Nkumbe

		Farmer, Oldonyo-Sambu 

		Oldonyo-Sambu Village



		Mr. Christopher Netie

		Farmer, Oldonyo-Sambu 

		Oldonyo-Sambu Village



		Mr. William Kanyutia

		Farmer, Oldonyo-Sambu 

		Oldonyo-Sambu Village



		Ms. Mary Joseph

		Farmer, Oldonyo-Sambu 

		Oldonyo-Sambu Village



		Mr. Elisha Lekoyo

		Farmer, Oldonyo-Sambu 

		Oldonyo-Sambu Village



		Mr. Ketiya Sunduli

		Farmer, Oldonyo-Sambu 

		Oldonyo-Sambu Village



		Mr. James banney

		Village Extension Officer, Digodigo

		+255 684 145844



		Mr. Leonard Michael

		Sub-village chairperson, Ndilane - Digodigo

		+255 789 569572



		Mr. Jamal Sindare

		Village Chairperson, Digodigo

		+255 782 015541



		Mr. Lucas Gibuse

		Farmer, Digodigo

		Digodigo Village



		Mr. Aminiel Mbosa

		Farmer, Digodigo

		Digodigo Village



		Mr. Bashiru Ndinige

		Farmer, Digodigo

		Digodigo Village



		Ms. Evelyn John

		Farmer, Digodigo

		Digodigo Village



		Ms. Elina Ray

		Farmer, Digodigo

		Digodigo Village



		Mr. John Baradayo

		Farmer, Digodigo

		Digodigo Village



		Mr. Daniel Mbarakweni

		Village Chairperson, Gelai-Bomba

		+255 782 769935



		Mr. Moses Makaroti Laizer

		Ag. Village Executive Officer, Magadini

		+255 783 957804



		Mr. Ngaraposho Lepere

		Village Chairperson, Magadini

		+255 785 181161



		Mr. Hassan Ismail Kololeli

		Sub-village chairperson, Gelai-Bomba Madukani

		Gelai-Bomba Village



		Hon. Lemomo S. Laambala

		Ward Chancellor, Gelai-Meirugoi Ward

		+255 784 144221



		Mr. Saruni Kugopiyo

		Ag. Village Executive Officer, Loondorwo-Esima

		+255 686 825877



		Mr. Julius Sipira-Mellau

		Community Development Officer, Gelai-Meirugoi Ward 

		+255 782 377855



		Mr. Matata Olooleshuro

		Farmer, Gelai-Bomba

		Gelai-Bomba Village



		Mr. Julius Sipira

		Farmer, Gelai-Bomba

		Gelai-Bomba Village



		Mr. Salune Rwitore

		Farmer, Gelai-Bomba

		Gelai-Bomba Village



		Mr. Sangau Lalayo

		Farmer, Alaililai

		Alaililai Village



		Mr. Motika Olemati

		Farmer, Alaililai

		Alaililai Village



		Mr. Mboset Mbororo

		Farmer, Alaililai

		Alaililai Village



		Ms. Dina Mereu

		Farmer, Alaililai

		Alaililai Village



		Mr. Kesoi Supeti

		Farmer, Gelai-Lumbwa

		Gelai-Lumbwa Village



		Mr. Elias Nebira

		Farmer, Gelai-Lumbwa

		Gelai-Lumbwa Village



		Mr. Seka Kalakala

		Farmer, Gelai-Lumbwa

		Gelai-Lumbwa Village



		Mr. Oleishirwa Lenairo

		Farmer, Matali A

		Matali A Village



		Mr. Rafael Nonkinokop

		Farmer, Matali A

		Matali A Village



		Mr. Joseph Nyida

		Farmer, Matali A

		Matali A Village



		Mr. Kanjoli Sendai

		Farmer, Matali A

		Matali A Village



		Mr. Mirumu Naangari

		Farmer, Matali A

		Matali A Village



		Mr. Ngarapoko Leben  

		Village chairperson - Magadini

		Magadini Village, Mob: +255 785 181161



		Mr. Kevin Swai

		Supervisor, TAWICO Hunting camp, Ngaresero 

		TAWICO Hunting Camp



		Mr. Elirehema Matulo

		Tanzania Cultural Tourism Board

		Arusha



		Ms. Jassie Davie

		Tanzania Natural Resource Forum

		Arusha



		Mr. Basso

		Ramsar Site Manager, Lake Natron

		Cell: +255 784 400 004



		Mr. Kazungu: 

		Ramsar Site Staff – Lake Natron

		Cell: +255 784 400 004



		Mr. Marc Baker

		Director of Ecological Initiatives, Arusha

		Arusha



		Mr. David

		Directors of Dorobo Tours

		Cell: +255 784 465 874



		Mr. Thadeo

		Directors of Dorobo Tours

		Cell: +255 784443639



		Mr. Ibrahimu Matovu 

		District Executive Director-Longido

		Cell: +255 783 591 358



		Peter Ndereko: 0787074818

		Farmer, Matale A

		Cell: +255 787 074 818



		Raphael Noonginokop

		Farmer, Matale A

		Cell: +255 785 091 411



		Lekibele Paiha

		Farmer, Matale A

		Cell: +255 686 024 493



		Njeijei Leongushu

		Farmer, Matale A

		Matale A










































Appendix 4: Calculation of NPVs and loss of benefits at the local level following the construction of soda ash facility in Lake Natron area (r = 10%; t = 50%), USD























































I: Calculation of NPVs and loss of benefits in Crop production (r = 10%; t = 50 years), USD



		Year

		Discounting Factor (10%)

		Value of net income - BAU (USD)

		Net Present Value of income- BAU (USD)

		Value of income after 2% decrease

		Value of income after 5% decrease

		NPV of income after 2% decrease

		NPV of income after 5% decrease



		0 

		       1.0000 

		              851,915.57 

		                     851,915.57 

		             851,915.57 

		             851,915.57 

		           851,915.57 

		           851,915.57 



		                 1 

		       0.9091 

		              851,915.57 

		                     774,476.44 

		             834,877.26 

		             809,319.79 

		           758,986.92 

		           735,752.62 



		                 2 

		       0.8264 

		              851,915.57 

		                     704,023.03 

		             834,877.26 

		             809,319.79 

		           689,942.57 

		           668,821.88 



		                 3 

		       0.7513 

		              851,915.57 

		                     640,044.17 

		             834,877.26 

		             809,319.79 

		           627,243.28 

		           608,041.96 



		                 4 

		       0.6830 

		              851,915.57 

		                     581,858.33 

		             834,877.26 

		             809,319.79 

		           570,221.17 

		           552,765.42 



		                 5 

		       0.6209 

		              851,915.57 

		                     528,954.38 

		             834,877.26 

		             809,319.79 

		           518,375.29 

		           502,506.66 



		                 6 

		       0.5645 

		              851,915.57 

		                     480,906.34 

		             834,877.26 

		             809,319.79 

		           471,288.21 

		           456,861.02 



		                 7 

		       0.5132 

		              851,915.57 

		                     437,203.07 

		             834,877.26 

		             809,319.79 

		           428,459.01 

		           415,342.92 



		                 8 

		       0.4665 

		              851,915.57 

		                     397,418.61 

		             834,877.26 

		             809,319.79 

		           389,470.24 

		           377,547.68 



		                 9 

		       0.4241 

		              851,915.57 

		                     361,297.39 

		             834,877.26 

		             809,319.79 

		           354,071.45 

		           343,232.52 



		               10 

		       0.3855 

		              851,915.57 

		                     328,413.45 

		             834,877.26 

		             809,319.79 

		           321,845.18 

		           311,992.78 



		               11 

		       0.3505 

		              851,915.57 

		                     298,596.41 

		             834,877.26 

		             809,319.79 

		           292,624.48 

		           283,666.59 



		               12 

		       0.3186 

		              851,915.57 

		                     271,420.30 

		             834,877.26 

		             809,319.79 

		           265,991.89 

		           257,849.29 



		               13 

		       0.2897 

		              851,915.57 

		                     246,799.94 

		             834,877.26 

		             809,319.79 

		           241,863.94 

		           234,459.94 



		               14 

		       0.2633 

		              851,915.57 

		                     224,309.37 

		             834,877.26 

		             809,319.79 

		           219,823.18 

		           213,093.90 



		               15 

		       0.2394 

		              851,915.57 

		                     203,948.59 

		             834,877.26 

		             809,319.79 

		           199,869.62 

		           193,751.16 



		               16 

		       0.2176 

		              851,915.57 

		                     185,376.83 

		             834,877.26 

		             809,319.79 

		           181,669.29 

		           176,107.99 



		               17 

		       0.1978 

		              851,915.57 

		                     168,508.90 

		             834,877.26 

		             809,319.79 

		           165,138.72 

		           160,083.45 



		               18 

		       0.1799 

		              851,915.57 

		                     153,259.61 

		             834,877.26 

		             809,319.79 

		           150,194.42 

		           145,596.63 



		               19 

		       0.1635 

		              851,915.57 

		                     139,288.20 

		             834,877.26 

		             809,319.79 

		           136,502.43 

		           132,323.79 



		               20 

		       0.1486 

		              851,915.57 

		                     126,594.65 

		             834,877.26 

		             809,319.79 

		           124,062.76 

		           120,264.92 



		               21 

		       0.1351 

		              851,915.57 

		                     115,093.79 

		             834,877.26 

		             809,319.79 

		           112,791.92 

		           109,339.10 



		               22 

		       0.1228 

		              851,915.57 

		                     104,615.23 

		             834,877.26 

		             809,319.79 

		           102,522.93 

		             99,384.47 



		               23 

		       0.1117 

		              851,915.57 

		                       95,158.97 

		             834,877.26 

		             809,319.79 

		             93,255.79 

		             90,401.02 



		               24 

		       0.1015 

		              851,915.57 

		                       86,469.43 

		             834,877.26 

		             809,319.79 

		             84,740.04 

		             82,145.96 



		               25 

		       0.0923 

		              851,915.57 

		                       78,631.81 

		             834,877.26 

		             809,319.79 

		             77,059.17 

		             74,700.22 



		               26 

		       0.0839 

		              851,915.57 

		                       71,475.72 

		             834,877.26 

		             809,319.79 

		             70,046.20 

		             67,901.93 



		               27 

		       0.0763 

		              851,915.57 

		                       65,001.16 

		             834,877.26 

		             809,319.79 

		             63,701.13 

		             61,751.10 



		               28 

		       0.0693 

		              851,915.57 

		                       59,037.75 

		             834,877.26 

		             809,319.79 

		             57,856.99 

		             56,085.86 



		               29 

		       0.0630 

		              851,915.57 

		                       53,670.68 

		             834,877.26 

		             809,319.79 

		             52,597.27 

		             50,987.15 



		               30 

		       0.0573 

		              851,915.57 

		                       48,814.76 

		             834,877.26 

		             809,319.79 

		             47,838.47 

		             46,374.02 



		               31 

		       0.0521 

		              851,915.57 

		                       44,384.80 

		             834,877.26 

		             809,319.79 

		             43,497.11 

		             42,165.56 



		               32 

		       0.0474 

		              851,915.57 

		                       40,380.80 

		             834,877.26 

		             809,319.79 

		             39,573.18 

		             38,361.76 



		               33 

		       0.0431 

		              851,915.57 

		                       36,717.56 

		             834,877.26 

		             809,319.79 

		             35,983.21 

		             34,881.68 



		               34 

		       0.0391 

		              851,915.57 

		                       33,309.90 

		             834,877.26 

		             809,319.79 

		             32,643.70 

		             31,644.40 



		               35 

		       0.0356 

		              851,915.57 

		                       30,328.19 

		             834,877.26 

		             809,319.79 

		             29,721.63 

		             28,811.78 



		               36 

		       0.0323 

		              851,915.57 

		                       27,516.87 

		             834,877.26 

		             809,319.79 

		             26,966.54 

		             26,141.03 



		               37 

		       0.0294 

		              851,915.57 

		                       25,046.32 

		             834,877.26 

		             809,319.79 

		             24,545.39 

		             23,794.00 



		               38 

		       0.0267 

		              851,915.57 

		                       22,746.15 

		             834,877.26 

		             809,319.79 

		             22,291.22 

		             21,608.84 



		               39 

		       0.0243 

		              851,915.57 

		                       20,701.55 

		             834,877.26 

		             809,319.79 

		             20,287.52 

		             19,666.47 



		               40 

		       0.0221 

		              851,915.57 

		                       18,827.33 

		             834,877.26 

		             809,319.79 

		             18,450.79 

		             17,885.97 



		               41 

		       0.0201 

		              851,915.57 

		                       17,123.50 

		             834,877.26 

		             809,319.79 

		             16,781.03 

		             16,267.33 



		               42 

		       0.0183 

		              851,915.57 

		                       15,590.05 

		             834,877.26 

		             809,319.79 

		             15,278.25 

		             14,810.55 



		               43 

		       0.0166 

		              851,915.57 

		                       14,141.80 

		             834,877.26 

		             809,319.79 

		             13,858.96 

		             13,434.71 



		               44 

		       0.0151 

		              851,915.57 

		                       12,863.93 

		             834,877.26 

		             809,319.79 

		             12,606.65 

		             12,220.73 



		               45 

		       0.0137 

		              851,915.57 

		                       11,671.24 

		             834,877.26 

		             809,319.79 

		             11,437.82 

		             11,087.68 



		               46 

		       0.0125 

		              851,915.57 

		                       10,648.94 

		             834,877.26 

		             809,319.79 

		             10,435.97 

		             10,116.50 



		               47 

		       0.0113 

		              851,915.57 

		                         9,626.65 

		             834,877.26 

		             809,319.79 

		               9,434.11 

		               9,145.31 



		               48 

		       0.0103 

		              851,915.57 

		                         8,774.73 

		             834,877.26 

		             809,319.79 

		               8,599.24 

		               8,335.99 



		               49 

		       0.0094 

		              851,915.57 

		                         8,008.01 

		             834,877.26 

		             809,319.79 

		               7,847.85 

		               7,607.61 



		               50 

		       0.0085 

		              851,915.57 

		                         7,241.28 

		             834,877.26 

		             809,319.79 

		               7,096.46 

		               6,879.22 



		Total

		

		

		 9,298,232.49 

		

		

		9,129,306.15 

		8,875,916.64 



		Loss

		

		

		

		

		

		168,926.34

		422,315.85








II: Calculation of NPVs and loss of benefits in livestock production (r = 10%; t = 50 years), USD



		Year

		Discounting Factor (10%)

		Value of net income - BAU (USD)

		Net Present Value of income- BAU (USD)

		Value of income after 2% decrease

		Value of income after 5% decrease

		NPV of income after 2% decrease

		NPV of income after 5% decrease



		0 

		         1.0000 

		             11,537,431.89 

		                   11,537,431.89 

		           11,537,431.89 

		           11,537,431.89 

		         11,537,431.89 

		         11,537,431.89 



		                 1 

		         0.9091 

		             11,537,431.89 

		                   10,488,679.33 

		           11,306,683.25 

		           10,960,560.29 

		         10,278,905.74 

		           9,964,245.36 



		                 2 

		         0.8264 

		             11,537,431.89 

		                     9,534,533.71 

		           11,306,683.25 

		           10,960,560.29 

		           9,343,843.04 

		           9,057,807.03 



		                 3 

		         0.7513 

		             11,537,431.89 

		                     8,668,072.58 

		           11,306,683.25 

		           10,960,560.29 

		           8,494,711.13 

		           8,234,668.95 



		                 4 

		         0.6830 

		             11,537,431.89 

		                     7,880,065.98 

		           11,306,683.25 

		           10,960,560.29 

		           7,722,464.66 

		           7,486,062.68 



		                 5 

		         0.6209 

		             11,537,431.89 

		                     7,163,591.46 

		           11,306,683.25 

		           10,960,560.29 

		           7,020,319.63 

		           6,805,411.89 



		                 6 

		         0.5645 

		             11,537,431.89 

		                     6,512,880.30 

		           11,306,683.25 

		           10,960,560.29 

		           6,382,622.69 

		           6,187,236.29 



		                 7 

		         0.5132 

		             11,537,431.89 

		                     5,921,010.04 

		           11,306,683.25 

		           10,960,560.29 

		           5,802,589.84 

		           5,624,959.54 



		                 8 

		         0.4665 

		             11,537,431.89 

		                     5,382,211.98 

		           11,306,683.25 

		           10,960,560.29 

		           5,274,567.74 

		           5,113,101.38 



		                 9 

		         0.4241 

		             11,537,431.89 

		                     4,893,024.86 

		           11,306,683.25 

		           10,960,560.29 

		           4,795,164.37 

		           4,648,373.62 



		               10 

		         0.3855 

		             11,537,431.89 

		                     4,447,679.99 

		           11,306,683.25 

		           10,960,560.29 

		           4,358,726.39 

		           4,225,295.99 



		               11 

		         0.3505 

		             11,537,431.89 

		                     4,043,869.88 

		           11,306,683.25 

		           10,960,560.29 

		           3,962,992.48 

		           3,841,676.38 



		               12 

		         0.3186 

		             11,537,431.89 

		                     3,675,825.80 

		           11,306,683.25 

		           10,960,560.29 

		           3,602,309.28 

		           3,492,034.51 



		               13 

		         0.2897 

		             11,537,431.89 

		                     3,342,394.02 

		           11,306,683.25 

		           10,960,560.29 

		           3,275,546.14 

		           3,175,274.32 



		               14 

		         0.2633 

		             11,537,431.89 

		                     3,037,805.82 

		           11,306,683.25 

		           10,960,560.29 

		           2,977,049.70 

		           2,885,915.53 



		               15 

		         0.2394 

		             11,537,431.89 

		                     2,762,061.19 

		           11,306,683.25 

		           10,960,560.29 

		           2,706,819.97 

		           2,623,958.13 



		               16 

		         0.2176 

		             11,537,431.89 

		                     2,510,545.18 

		           11,306,683.25 

		           10,960,560.29 

		           2,460,334.28 

		           2,385,017.92 



		               17 

		         0.1978 

		             11,537,431.89 

		                     2,282,104.03 

		           11,306,683.25 

		           10,960,560.29 

		           2,236,461.95 

		           2,167,998.83 



		               18 

		         0.1799 

		             11,537,431.89 

		                     2,075,584.00 

		           11,306,683.25 

		           10,960,560.29 

		           2,034,072.32 

		           1,971,804.80 



		               19 

		         0.1635 

		             11,537,431.89 

		                     1,886,370.11 

		           11,306,683.25 

		           10,960,560.29 

		           1,848,642.71 

		           1,792,051.61 



		               20 

		         0.1486 

		             11,537,431.89 

		                     1,714,462.38 

		           11,306,683.25 

		           10,960,560.29 

		           1,680,173.13 

		           1,628,739.26 



		               21 

		         0.1351 

		             11,537,431.89 

		                     1,558,707.05 

		           11,306,683.25 

		           10,960,560.29 

		           1,527,532.91 

		           1,480,771.70 



		               22 

		         0.1228 

		             11,537,431.89 

		                     1,416,796.64 

		           11,306,683.25 

		           10,960,560.29 

		           1,388,460.70 

		           1,345,956.80 



		               23 

		         0.1117 

		             11,537,431.89 

		                     1,288,731.14 

		           11,306,683.25 

		           10,960,560.29 

		           1,262,956.52 

		           1,224,294.58 



		               24 

		         0.1015 

		             11,537,431.89 

		                     1,171,049.34 

		           11,306,683.25 

		           10,960,560.29 

		           1,147,628.35 

		           1,112,496.87 



		               25 

		         0.0923 

		             11,537,431.89 

		                     1,064,904.96 

		           11,306,683.25 

		           10,960,560.29 

		           1,043,606.86 

		           1,011,659.72 



		               26 

		         0.0839 

		             11,537,431.89 

		                       967,990.54 

		           11,306,683.25 

		           10,960,560.29 

		             948,630.72 

		             919,591.01 



		               27 

		         0.0763 

		             11,537,431.89 

		                       880,306.05 

		           11,306,683.25 

		           10,960,560.29 

		             862,699.93 

		             836,290.75 



		               28 

		         0.0693 

		             11,537,431.89 

		                       799,544.03 

		           11,306,683.25 

		           10,960,560.29 

		             783,553.15 

		             759,566.83 



		               29 

		         0.0630 

		             11,537,431.89 

		                       726,858.21 

		           11,306,683.25 

		           10,960,560.29 

		             712,321.04 

		             690,515.30 



		               30 

		         0.0573 

		             11,537,431.89 

		                       661,094.85 

		           11,306,683.25 

		           10,960,560.29 

		             647,872.95 

		             628,040.10 



		               31 

		         0.0521 

		             11,537,431.89 

		                       601,100.20 

		           11,306,683.25 

		           10,960,560.29 

		             589,078.20 

		             571,045.19 



		               32 

		         0.0474 

		             11,537,431.89 

		                       546,874.27 

		           11,306,683.25 

		           10,960,560.29 

		             535,936.79 

		             519,530.56 



		               33 

		         0.0431 

		             11,537,431.89 

		                       497,263.31 

		           11,306,683.25 

		           10,960,560.29 

		             487,318.05 

		             472,400.15 



		               34 

		         0.0391 

		             11,537,431.89 

		                       451,113.59 

		           11,306,683.25 

		           10,960,560.29 

		             442,091.32 

		             428,557.91 



		               35 

		         0.0356 

		             11,537,431.89 

		                       410,732.58 

		           11,306,683.25 

		           10,960,560.29 

		             402,517.92 

		             390,195.95 



		               36 

		         0.0323 

		             11,537,431.89 

		                       372,659.05 

		           11,306,683.25 

		           10,960,560.29 

		             365,205.87 

		             354,026.10 



		               37 

		         0.0294 

		             11,537,431.89 

		                       339,200.50 

		           11,306,683.25 

		           10,960,560.29 

		             332,416.49 

		             322,240.47 



		               38 

		         0.0267 

		             11,537,431.89 

		                       308,049.43 

		           11,306,683.25 

		           10,960,560.29 

		             301,888.44 

		             292,646.96 



		               39 

		         0.0243 

		             11,537,431.89 

		                       280,359.59 

		           11,306,683.25 

		           10,960,560.29 

		             274,752.40 

		             266,341.62 



		               40 

		         0.0221 

		             11,537,431.89 

		                       254,977.24 

		           11,306,683.25 

		           10,960,560.29 

		             249,877.70 

		             242,228.38 



		               41 

		         0.0201 

		             11,537,431.89 

		                       231,902.38 

		           11,306,683.25 

		           10,960,560.29 

		             227,264.33 

		             220,307.26 



		               42 

		         0.0183 

		             11,537,431.89 

		                       211,135.00 

		           11,306,683.25 

		           10,960,560.29 

		             206,912.30 

		             200,578.25 



		               43 

		         0.0166 

		             11,537,431.89 

		                       191,521.37 

		           11,306,683.25 

		           10,960,560.29 

		             187,690.94 

		             181,945.30 



		               44 

		         0.0151 

		             11,537,431.89 

		                       174,215.22 

		           11,306,683.25 

		           10,960,560.29 

		             170,730.92 

		             165,504.46 



		               45 

		         0.0137 

		             11,537,431.89 

		                       158,062.82 

		           11,306,683.25 

		           10,960,560.29 

		             154,901.56 

		             150,159.68 



		               46 

		         0.0125 

		             11,537,431.89 

		                       144,217.90 

		           11,306,683.25 

		           10,960,560.29 

		             141,333.54 

		             137,007.00 



		               47 

		         0.0113 

		             11,537,431.89 

		                       130,372.98 

		           11,306,683.25 

		           10,960,560.29 

		             127,765.52 

		             123,854.33 



		               48 

		         0.0103 

		             11,537,431.89 

		                       118,835.55 

		           11,306,683.25 

		           10,960,560.29 

		             116,458.84 

		             112,893.77 



		               49 

		         0.0094 

		             11,537,431.89 

		                       108,451.86 

		           11,306,683.25 

		           10,960,560.29 

		             106,282.82 

		             103,029.27 



		               50 

		         0.0085 

		             11,537,431.89 

		                         98,068.17 

		           11,306,683.25 

		           10,960,560.29 

		               96,106.81 

		               93,164.76 



		Total

		

		

		125,925,300.33 

		

		

		123,637,542.96 

		120,205,906.91 



		Loss

		

		

		

		

		

		2,287,757.37

		5,719,393.42








III: Calculation of NPVs and loss of benefits from other direct uses of natural resources (r = 10%; t = 50 years), USD



		Year

		Discounting Factor (10%)

		Value of net income - BAU (USD)

		Net Present Value of income- BAU (USD)

		Value of income after 2% decrease

		Value of income after 5% decrease

		NPV of income after 2% decrease

		NPV of income after 5% decrease



		0 

		         1.0000 

		             13,250,600.40 

		                   13,250,600.40 

		           13,250,600.40 

		           13,250,600.40 

		         13,250,600.40 

		         13,250,600.40 



		                 1 

		         0.9091 

		             13,250,600.40 

		                   12,046,120.82 

		           12,985,588.39 

		           12,588,070.38 

		         11,805,198.41 

		         11,443,814.78 



		                 2 

		         0.8264 

		             13,250,600.40 

		                   10,950,296.17 

		           12,985,588.39 

		           12,588,070.38 

		         10,731,290.25 

		         10,402,781.36 



		                 3 

		         0.7513 

		             13,250,600.40 

		                     9,955,176.08 

		           12,985,588.39 

		           12,588,070.38 

		           9,756,072.56 

		           9,457,417.28 



		                 4 

		         0.6830 

		             13,250,600.40 

		                     9,050,160.07 

		           12,985,588.39 

		           12,588,070.38 

		           8,869,156.87 

		           8,597,652.07 



		                 5 

		         0.6209 

		             13,250,600.40 

		                     8,227,297.79 

		           12,985,588.39 

		           12,588,070.38 

		           8,062,751.83 

		           7,815,932.90 



		                 6 

		         0.5645 

		             13,250,600.40 

		                     7,479,963.93 

		           12,985,588.39 

		           12,588,070.38 

		           7,330,364.65 

		           7,105,965.73 



		                 7 

		         0.5132 

		             13,250,600.40 

		                     6,800,208.13 

		           12,985,588.39 

		           12,588,070.38 

		           6,664,203.96 

		           6,460,197.72 



		                 8 

		         0.4665 

		             13,250,600.40 

		                     6,181,405.09 

		           12,985,588.39 

		           12,588,070.38 

		           6,057,776.98 

		           5,872,334.83 



		                 9 

		         0.4241 

		             13,250,600.40 

		                     5,619,579.63 

		           12,985,588.39 

		           12,588,070.38 

		           5,507,188.04 

		           5,338,600.65 



		               10 

		         0.3855 

		             13,250,600.40 

		                     5,108,106.45 

		           12,985,588.39 

		           12,588,070.38 

		           5,005,944.33 

		           4,852,701.13 



		               11 

		         0.3505 

		             13,250,600.40 

		                     4,644,335.44 

		           12,985,588.39 

		           12,588,070.38 

		           4,551,448.73 

		           4,412,118.67 



		               12 

		         0.3186 

		             13,250,600.40 

		                     4,221,641.29 

		           12,985,588.39 

		           12,588,070.38 

		           4,137,208.46 

		           4,010,559.22 



		               13 

		         0.2897 

		             13,250,600.40 

		                     3,838,698.94 

		           12,985,588.39 

		           12,588,070.38 

		           3,761,924.96 

		           3,646,763.99 



		               14 

		         0.2633 

		             13,250,600.40 

		                     3,488,883.09 

		           12,985,588.39 

		           12,588,070.38 

		           3,419,105.42 

		           3,314,438.93 



		               15 

		         0.2394 

		             13,250,600.40 

		                     3,172,193.74 

		           12,985,588.39 

		           12,588,070.38 

		           3,108,749.86 

		           3,013,584.05 



		               16 

		         0.2176 

		             13,250,600.40 

		                     2,883,330.65 

		           12,985,588.39 

		           12,588,070.38 

		           2,825,664.03 

		           2,739,164.11 



		               17 

		         0.1978 

		             13,250,600.40 

		                     2,620,968.76 

		           12,985,588.39 

		           12,588,070.38 

		           2,568,549.38 

		           2,489,920.32 



		               18 

		         0.1799 

		             13,250,600.40 

		                     2,383,783.01 

		           12,985,588.39 

		           12,588,070.38 

		           2,336,107.35 

		           2,264,593.86 



		               19 

		         0.1635 

		             13,250,600.40 

		                     2,166,473.17 

		           12,985,588.39 

		           12,588,070.38 

		           2,123,143.70 

		           2,058,149.51 



		               20 

		         0.1486 

		             13,250,600.40 

		                     1,969,039.22 

		           12,985,588.39 

		           12,588,070.38 

		           1,929,658.44 

		           1,870,587.26 



		               21 

		         0.1351 

		             13,250,600.40 

		                     1,790,156.11 

		           12,985,588.39 

		           12,588,070.38 

		           1,754,352.99 

		           1,700,648.31 



		               22 

		         0.1228 

		             13,250,600.40 

		                     1,627,173.73 

		           12,985,588.39 

		           12,588,070.38 

		           1,594,630.25 

		           1,545,815.04 



		               23 

		         0.1117 

		             13,250,600.40 

		                     1,480,092.06 

		           12,985,588.39 

		           12,588,070.38 

		           1,450,490.22 

		           1,406,087.46 



		               24 

		         0.1015 

		             13,250,600.40 

		                     1,344,935.94 

		           12,985,588.39 

		           12,588,070.38 

		           1,318,037.22 

		           1,277,689.14 



		               25 

		         0.0923 

		             13,250,600.40 

		                     1,223,030.42 

		           12,985,588.39 

		           12,588,070.38 

		           1,198,569.81 

		           1,161,878.90 



		               26 

		         0.0839 

		             13,250,600.40 

		                     1,111,725.37 

		           12,985,588.39 

		           12,588,070.38 

		           1,089,490.87 

		           1,056,139.10 



		               27 

		         0.0763 

		             13,250,600.40 

		                     1,011,020.81 

		           12,985,588.39 

		           12,588,070.38 

		             990,800.39 

		             960,469.77 



		               28 

		         0.0693 

		             13,250,600.40 

		                       918,266.61 

		           12,985,588.39 

		           12,588,070.38 

		             899,901.28 

		             872,353.28 



		               29 

		         0.0630 

		             13,250,600.40 

		                       834,787.83 

		           12,985,588.39 

		           12,588,070.38 

		             818,092.07 

		             793,048.43 



		               30 

		         0.0573 

		             13,250,600.40 

		                       759,259.40 

		           12,985,588.39 

		           12,588,070.38 

		             744,074.21 

		             721,296.43 



		               31 

		         0.0521 

		             13,250,600.40 

		                       690,356.28 

		           12,985,588.39 

		           12,588,070.38 

		             676,549.16 

		             655,838.47 



		               32 

		         0.0474 

		             13,250,600.40 

		                       628,078.46 

		           12,985,588.39 

		           12,588,070.38 

		             615,516.89 

		             596,674.54 



		               33 

		         0.0431 

		             13,250,600.40 

		                       571,100.88 

		           12,985,588.39 

		           12,588,070.38 

		             559,678.86 

		             542,545.83 



		               34 

		         0.0391 

		             13,250,600.40 

		                       518,098.48 

		           12,985,588.39 

		           12,588,070.38 

		             507,736.51 

		             492,193.55 



		               35 

		         0.0356 

		             13,250,600.40 

		                       471,721.37 

		           12,985,588.39 

		           12,588,070.38 

		             462,286.95 

		             448,135.31 



		               36 

		         0.0323 

		             13,250,600.40 

		                       427,994.39 

		           12,985,588.39 

		           12,588,070.38 

		             419,434.51 

		             406,594.67 



		               37 

		         0.0294 

		             13,250,600.40 

		                       389,567.65 

		           12,985,588.39 

		           12,588,070.38 

		             381,776.30 

		             370,089.27 



		               38 

		         0.0267 

		             13,250,600.40 

		                       353,791.03 

		           12,985,588.39 

		           12,588,070.38 

		             346,715.21 

		             336,101.48 



		               39 

		         0.0243 

		             13,250,600.40 

		                       321,989.59 

		           12,985,588.39 

		           12,588,070.38 

		             315,549.80 

		             305,890.11 



		               40 

		         0.0221 

		             13,250,600.40 

		                       292,838.27 

		           12,985,588.39 

		           12,588,070.38 

		             286,981.50 

		             278,196.36 



		               41 

		         0.0201 

		             13,250,600.40 

		                       266,337.07 

		           12,985,588.39 

		           12,588,070.38 

		             261,010.33 

		             253,020.21 



		               42 

		         0.0183 

		             13,250,600.40 

		                       242,485.99 

		           12,985,588.39 

		           12,588,070.38 

		             237,636.27 

		             230,361.69 



		               43 

		         0.0166 

		             13,250,600.40 

		                       219,959.97 

		           12,985,588.39 

		           12,588,070.38 

		             215,560.77 

		             208,961.97 



		               44 

		         0.0151 

		             13,250,600.40 

		                       200,084.07 

		           12,985,588.39 

		           12,588,070.38 

		             196,082.38 

		             190,079.86 



		               45 

		         0.0137 

		             13,250,600.40 

		                       181,533.23 

		           12,985,588.39 

		           12,588,070.38 

		             177,902.56 

		             172,456.56 



		               46 

		         0.0125 

		             13,250,600.40 

		                       165,632.51 

		           12,985,588.39 

		           12,588,070.38 

		             162,319.85 

		             157,350.88 



		               47 

		         0.0113 

		             13,250,600.40 

		                       149,731.78 

		           12,985,588.39 

		           12,588,070.38 

		             146,737.15 

		             142,245.20 



		               48 

		         0.0103 

		             13,250,600.40 

		                       136,481.18 

		           12,985,588.39 

		           12,588,070.38 

		             133,751.56 

		             129,657.12 



		               49 

		         0.0094 

		             13,250,600.40 

		                       124,555.64 

		           12,985,588.39 

		           12,588,070.38 

		             122,064.53 

		             118,327.86 



		               50 

		         0.0085 

		             13,250,600.40 

		                       112,630.10 

		           12,985,588.39 

		           12,588,070.38 

		             110,377.50 

		             106,998.60 



		Total

		

		

		 144,623,678.07 

		

		

		 141,996,216.51 

		 138,055,024.18 



		Loss

		

		

		

		

		

		 2,627,461.55 

		 6,568,653.88 








IV: Calculation of NPVs and loss of benefits from tourism revenue via TH and CITES (r = 10%; t = 50 years), USD



		Year

		Discounting Factor (10%)

		Value of net income - BAU (USD)

		Net Present Value of income- BAU (USD)

		Value of income after 5% decrease

		Value of income after 10% decrease

		NPV of income after 5% decrease

		NPV of income after 10% decrease



		0 

		         1.0000 

		                 365,621.15 

		                       365,621.15 

		             365,621.15 

		             365,621.15 

		             365,621.15 

		             365,621.15 



		                 1 

		         0.9091 

		                 365,621.15 

		                       332,386.19 

		             347,340.09 

		             329,059.04 

		             315,766.88 

		             299,147.57 



		                 2 

		         0.8264 

		                 365,621.15 

		                       302,149.32 

		             347,340.09 

		             329,059.04 

		             287,041.85 

		             271,934.39 



		                 3 

		         0.7513 

		                 365,621.15 

		                       274,691.17 

		             347,340.09 

		             329,059.04 

		             260,956.61 

		             247,222.05 



		                 4 

		         0.6830 

		                 365,621.15 

		                       249,719.25 

		             347,340.09 

		             329,059.04 

		             237,233.28 

		             224,747.32 



		                 5 

		         0.6209 

		                 365,621.15 

		                       227,014.17 

		             347,340.09 

		             329,059.04 

		             215,663.46 

		             204,312.75 



		                 6 

		         0.5645 

		                 365,621.15 

		                       206,393.14 

		             347,340.09 

		             329,059.04 

		             196,073.48 

		             185,753.83 



		                 7 

		         0.5132 

		                 365,621.15 

		                       187,636.77 

		             347,340.09 

		             329,059.04 

		             178,254.94 

		             168,873.10 



		                 8 

		         0.4665 

		                 365,621.15 

		                       170,562.27 

		             347,340.09 

		             329,059.04 

		             162,034.15 

		             153,506.04 



		                 9 

		         0.4241 

		                 365,621.15 

		                       155,059.93 

		             347,340.09 

		             329,059.04 

		             147,306.93 

		             139,553.94 



		               10 

		         0.3855 

		                 365,621.15 

		                       140,946.95 

		             347,340.09 

		             329,059.04 

		             133,899.61 

		             126,852.26 



		               11 

		         0.3505 

		                 365,621.15 

		                       128,150.21 

		             347,340.09 

		             329,059.04 

		             121,742.70 

		             115,335.19 



		               12 

		         0.3186 

		                 365,621.15 

		                       116,486.90 

		             347,340.09 

		             329,059.04 

		             110,662.55 

		             104,838.21 



		               13 

		         0.2897 

		                 365,621.15 

		                       105,920.45 

		             347,340.09 

		             329,059.04 

		             100,624.42 

		               95,328.40 



		               14 

		         0.2633 

		                 365,621.15 

		                         96,268.05 

		             347,340.09 

		             329,059.04 

		               91,454.65 

		               86,641.24 



		               15 

		         0.2394 

		                 365,621.15 

		                         87,529.70 

		             347,340.09 

		             329,059.04 

		               83,153.22 

		               78,776.73 



		               16 

		         0.2176 

		                 365,621.15 

		                         79,559.16 

		             347,340.09 

		             329,059.04 

		               75,581.20 

		               71,603.25 



		               17 

		         0.1978 

		                 365,621.15 

		                         72,319.86 

		             347,340.09 

		             329,059.04 

		               68,703.87 

		               65,087.88 



		               18 

		         0.1799 

		                 365,621.15 

		                         65,775.24 

		             347,340.09 

		             329,059.04 

		               62,486.48 

		               59,197.72 



		               19 

		         0.1635 

		                 365,621.15 

		                         59,779.06 

		             347,340.09 

		             329,059.04 

		               56,790.11 

		               53,801.15 



		               20 

		         0.1486 

		                 365,621.15 

		                         54,331.30 

		             347,340.09 

		             329,059.04 

		               51,614.74 

		               48,898.17 



		               21 

		         0.1351 

		                 365,621.15 

		                         49,395.42 

		             347,340.09 

		             329,059.04 

		               46,925.65 

		               44,455.88 



		               22 

		         0.1228 

		                 365,621.15 

		                         44,898.28 

		             347,340.09 

		             329,059.04 

		               42,653.36 

		               40,408.45 



		               23 

		         0.1117 

		                 365,621.15 

		                         40,839.88 

		             347,340.09 

		             329,059.04 

		               38,797.89 

		               36,755.89 



		               24 

		         0.1015 

		                 365,621.15 

		                         37,110.55 

		             347,340.09 

		             329,059.04 

		               35,255.02 

		               33,399.49 



		               25 

		         0.0923 

		                 365,621.15 

		                         33,746.83 

		             347,340.09 

		             329,059.04 

		               32,059.49 

		               30,372.15 



		               26 

		         0.0839 

		                 365,621.15 

		                         30,675.61 

		             347,340.09 

		             329,059.04 

		               29,141.83 

		               27,608.05 



		               27 

		         0.0763 

		                 365,621.15 

		                         27,896.89 

		             347,340.09 

		             329,059.04 

		               26,502.05 

		               25,107.20 



		               28 

		         0.0693 

		                 365,621.15 

		                         25,337.55 

		             347,340.09 

		             329,059.04 

		               24,070.67 

		               22,803.79 



		               29 

		         0.0630 

		                 365,621.15 

		                         23,034.13 

		             347,340.09 

		             329,059.04 

		               21,882.43 

		               20,730.72 



		               30 

		         0.0573 

		                 365,621.15 

		                         20,950.09 

		             347,340.09 

		             329,059.04 

		               19,902.59 

		               18,855.08 



		               31 

		         0.0521 

		                 365,621.15 

		                         19,048.86 

		             347,340.09 

		             329,059.04 

		               18,096.42 

		               17,143.98 



		               32 

		         0.0474 

		                 365,621.15 

		                         17,330.44 

		             347,340.09 

		             329,059.04 

		               16,463.92 

		               15,597.40 



		               33 

		         0.0431 

		                 365,621.15 

		                         15,758.27 

		             347,340.09 

		             329,059.04 

		               14,970.36 

		               14,182.44 



		               34 

		         0.0391 

		                 365,621.15 

		                         14,295.79 

		             347,340.09 

		             329,059.04 

		               13,581.00 

		               12,866.21 



		               35 

		         0.0356 

		                 365,621.15 

		                         13,016.11 

		             347,340.09 

		             329,059.04 

		               12,365.31 

		               11,714.50 



		               36 

		         0.0323 

		                 365,621.15 

		                         11,809.56 

		             347,340.09 

		             329,059.04 

		               11,219.08 

		               10,628.61 



		               37 

		         0.0294 

		                 365,621.15 

		                         10,749.26 

		             347,340.09 

		             329,059.04 

		               10,211.80 

		                 9,674.34 



		               38 

		         0.0267 

		                 365,621.15 

		                           9,762.08 

		             347,340.09 

		             329,059.04 

		                 9,273.98 

		                 8,785.88 



		               39 

		         0.0243 

		                 365,621.15 

		                           8,884.59 

		             347,340.09 

		             329,059.04 

		                 8,440.36 

		                 7,996.13 



		               40 

		         0.0221 

		                 365,621.15 

		                           8,080.23 

		             347,340.09 

		             329,059.04 

		                 7,676.22 

		                 7,272.20 



		               41 

		         0.0201 

		                 365,621.15 

		                           7,348.99 

		             347,340.09 

		             329,059.04 

		                 6,981.54 

		                 6,614.09 



		               42 

		         0.0183 

		                 365,621.15 

		                           6,690.87 

		             347,340.09 

		             329,059.04 

		                 6,356.32 

		                 6,021.78 



		               43 

		         0.0166 

		                 365,621.15 

		                           6,069.31 

		             347,340.09 

		             329,059.04 

		                 5,765.85 

		                 5,462.38 



		               44 

		         0.0151 

		                 365,621.15 

		                           5,520.88 

		             347,340.09 

		             329,059.04 

		                 5,244.84 

		                 4,968.79 



		               45 

		         0.0137 

		                 365,621.15 

		                           5,009.01 

		             347,340.09 

		             329,059.04 

		                 4,758.56 

		                 4,508.11 



		               46 

		         0.0125 

		                 365,621.15 

		                           4,570.26 

		             347,340.09 

		             329,059.04 

		                 4,341.75 

		                 4,113.24 



		               47 

		         0.0113 

		                 365,621.15 

		                           4,131.52 

		             347,340.09 

		             329,059.04 

		                 3,924.94 

		                 3,718.37 



		               48 

		         0.0103 

		                 365,621.15 

		                           3,765.90 

		             347,340.09 

		             329,059.04 

		                 3,577.60 

		                 3,389.31 



		               49 

		         0.0094 

		                 365,621.15 

		                           3,436.84 

		             347,340.09 

		             329,059.04 

		                 3,265.00 

		                 3,093.15 



		               50 

		         0.0085 

		                 365,621.15 

		                           3,107.78 

		             347,340.09 

		             329,059.04 

		                 2,952.39 

		                 2,797.00 



		Total

		

		

		 3,990,572.04 

		

		

		 3,809,324.50 

		 3,628,076.95 



		Loss

		

		

		

		

		

		 181,247.54 

		 362,495.09 








V: Calculation of NPVs and loss of benefits for operators of campsites and lodges (r = 10%; t = 50 years), USD



		Year

		Discounting Factor (10%)

		Value of net income - BAU (USD)

		Net Present Value of income- BAU (USD)

		Value of income after 5% decrease

		Value of income after 10% decrease

		NPV of income after 5% decrease

		NPV of income after 10% decrease



		0 

		         1.0000 

		              1,805,416.00 

		                     1,805,416.00 

		             1,805,416.00 

		             1,805,416.00 

		           1,805,416.00 

		           1,805,416.00 



		                 1 

		         0.9091 

		              1,805,416.00 

		                     1,641,303.69 

		             1,715,145.20 

		             1,624,874.40 

		           1,559,238.50 

		           1,477,173.32 



		                 2 

		         0.8264 

		              1,805,416.00 

		                     1,491,995.78 

		             1,715,145.20 

		             1,624,874.40 

		           1,417,395.99 

		           1,342,796.20 



		                 3 

		         0.7513 

		              1,805,416.00 

		                     1,356,409.04 

		             1,715,145.20 

		             1,624,874.40 

		           1,288,588.59 

		           1,220,768.14 



		                 4 

		         0.6830 

		              1,805,416.00 

		                     1,233,099.13 

		             1,715,145.20 

		             1,624,874.40 

		           1,171,444.17 

		           1,109,789.22 



		                 5 

		         0.6209 

		              1,805,416.00 

		                     1,120,982.79 

		             1,715,145.20 

		             1,624,874.40 

		           1,064,933.65 

		           1,008,884.51 



		                 6 

		         0.5645 

		              1,805,416.00 

		                     1,019,157.33 

		             1,715,145.20 

		             1,624,874.40 

		             968,199.47 

		             917,241.60 



		                 7 

		         0.5132 

		              1,805,416.00 

		                       926,539.49 

		             1,715,145.20 

		             1,624,874.40 

		             880,212.52 

		             833,885.54 



		                 8 

		         0.4665 

		              1,805,416.00 

		                       842,226.56 

		             1,715,145.20 

		             1,624,874.40 

		             800,115.24 

		             758,003.91 



		                 9 

		         0.4241 

		              1,805,416.00 

		                       765,676.93 

		             1,715,145.20 

		             1,624,874.40 

		             727,393.08 

		             689,109.23 



		               10 

		         0.3855 

		              1,805,416.00 

		                       695,987.87 

		             1,715,145.20 

		             1,624,874.40 

		             661,188.47 

		             626,389.08 



		               11 

		         0.3505 

		              1,805,416.00 

		                       632,798.31 

		             1,715,145.20 

		             1,624,874.40 

		             601,158.39 

		             569,518.48 



		               12 

		         0.3186 

		              1,805,416.00 

		                       575,205.54 

		             1,715,145.20 

		             1,624,874.40 

		             546,445.26 

		             517,684.98 



		               13 

		         0.2897 

		              1,805,416.00 

		                       523,029.02 

		             1,715,145.20 

		             1,624,874.40 

		             496,877.56 

		             470,726.11 



		               14 

		         0.2633 

		              1,805,416.00 

		                       475,366.03 

		             1,715,145.20 

		             1,624,874.40 

		             451,597.73 

		             427,829.43 



		               15 

		         0.2394 

		              1,805,416.00 

		                       432,216.59 

		             1,715,145.20 

		             1,624,874.40 

		             410,605.76 

		             388,994.93 



		               16 

		         0.2176 

		              1,805,416.00 

		                       392,858.52 

		             1,715,145.20 

		             1,624,874.40 

		             373,215.60 

		             353,572.67 



		               17 

		         0.1978 

		              1,805,416.00 

		                       357,111.28 

		             1,715,145.20 

		             1,624,874.40 

		             339,255.72 

		             321,400.16 



		               18 

		         0.1799 

		              1,805,416.00 

		                       324,794.34 

		             1,715,145.20 

		             1,624,874.40 

		             308,554.62 

		             292,314.90 



		               19 

		         0.1635 

		              1,805,416.00 

		                       295,185.52 

		             1,715,145.20 

		             1,624,874.40 

		             280,426.24 

		             265,666.96 



		               20 

		         0.1486 

		              1,805,416.00 

		                       268,284.82 

		             1,715,145.20 

		             1,624,874.40 

		             254,870.58 

		             241,456.34 



		               21 

		         0.1351 

		              1,805,416.00 

		                       243,911.70 

		             1,715,145.20 

		             1,624,874.40 

		             231,716.12 

		             219,520.53 



		               22 

		         0.1228 

		              1,805,416.00 

		                       221,705.08 

		             1,715,145.20 

		             1,624,874.40 

		             210,619.83 

		             199,534.58 



		               23 

		         0.1117 

		              1,805,416.00 

		                       201,664.97 

		             1,715,145.20 

		             1,624,874.40 

		             191,581.72 

		             181,498.47 



		               24 

		         0.1015 

		              1,805,416.00 

		                       183,249.72 

		             1,715,145.20 

		             1,624,874.40 

		             174,087.24 

		             164,924.75 



		               25 

		         0.0923 

		              1,805,416.00 

		                       166,639.90 

		             1,715,145.20 

		             1,624,874.40 

		             158,307.90 

		             149,975.91 



		               26 

		         0.0839 

		              1,805,416.00 

		                       151,474.40 

		             1,715,145.20 

		             1,624,874.40 

		             143,900.68 

		             136,326.96 



		               27 

		         0.0763 

		              1,805,416.00 

		                       137,753.24 

		             1,715,145.20 

		             1,624,874.40 

		             130,865.58 

		             123,977.92 



		               28 

		         0.0693 

		              1,805,416.00 

		                       125,115.33 

		             1,715,145.20 

		             1,624,874.40 

		             118,859.56 

		             112,603.80 



		               29 

		         0.0630 

		              1,805,416.00 

		                       113,741.21 

		             1,715,145.20 

		             1,624,874.40 

		             108,054.15 

		             102,367.09 



		               30 

		         0.0573 

		              1,805,416.00 

		                       103,450.34 

		             1,715,145.20 

		             1,624,874.40 

		               98,277.82 

		               93,105.30 



		               31 

		         0.0521 

		              1,805,416.00 

		                         94,062.17 

		             1,715,145.20 

		             1,624,874.40 

		               89,359.06 

		               84,655.96 



		               32 

		         0.0474 

		              1,805,416.00 

		                         85,576.72 

		             1,715,145.20 

		             1,624,874.40 

		               81,297.88 

		               77,019.05 



		               33 

		         0.0431 

		              1,805,416.00 

		                         77,813.43 

		             1,715,145.20 

		             1,624,874.40 

		               73,922.76 

		               70,032.09 



		               34 

		         0.0391 

		              1,805,416.00 

		                         70,591.77 

		             1,715,145.20 

		             1,624,874.40 

		               67,062.18 

		               63,532.59 



		               35 

		         0.0356 

		              1,805,416.00 

		                         64,272.81 

		             1,715,145.20 

		             1,624,874.40 

		               61,059.17 

		               57,845.53 



		               36 

		         0.0323 

		              1,805,416.00 

		                         58,314.94 

		             1,715,145.20 

		             1,624,874.40 

		               55,399.19 

		               52,483.44 



		               37 

		         0.0294 

		              1,805,416.00 

		                         53,079.23 

		             1,715,145.20 

		             1,624,874.40 

		               50,425.27 

		               47,771.31 



		               38 

		         0.0267 

		              1,805,416.00 

		                         48,204.61 

		             1,715,145.20 

		             1,624,874.40 

		               45,794.38 

		               43,384.15 



		               39 

		         0.0243 

		              1,805,416.00 

		                         43,871.61 

		             1,715,145.20 

		             1,624,874.40 

		               41,678.03 

		               39,484.45 



		               40 

		         0.0221 

		              1,805,416.00 

		                         39,899.69 

		             1,715,145.20 

		             1,624,874.40 

		               37,904.71 

		               35,909.72 



		               41 

		         0.0201 

		              1,805,416.00 

		                         36,288.86 

		             1,715,145.20 

		             1,624,874.40 

		               34,474.42 

		               32,659.98 



		               42 

		         0.0183 

		              1,805,416.00 

		                         33,039.11 

		             1,715,145.20 

		             1,624,874.40 

		               31,387.16 

		               29,735.20 



		               43 

		         0.0166 

		              1,805,416.00 

		                         29,969.91 

		             1,715,145.20 

		             1,624,874.40 

		               28,471.41 

		               26,972.92 



		               44 

		         0.0151 

		              1,805,416.00 

		                         27,261.78 

		             1,715,145.20 

		             1,624,874.40 

		               25,898.69 

		               24,535.60 



		               45 

		         0.0137 

		              1,805,416.00 

		                         24,734.20 

		             1,715,145.20 

		             1,624,874.40 

		               23,497.49 

		               22,260.78 



		               46 

		         0.0125 

		              1,805,416.00 

		                         22,567.70 

		             1,715,145.20 

		             1,624,874.40 

		               21,439.32 

		               20,310.93 



		               47 

		         0.0113 

		              1,805,416.00 

		                         20,401.20 

		             1,715,145.20 

		             1,624,874.40 

		               19,381.14 

		               18,361.08 



		               48 

		         0.0103 

		              1,805,416.00 

		                         18,595.78 

		             1,715,145.20 

		             1,624,874.40 

		               17,666.00 

		               16,736.21 



		               49 

		         0.0094 

		              1,805,416.00 

		                         16,970.91 

		             1,715,145.20 

		             1,624,874.40 

		               16,122.36 

		               15,273.82 



		               50 

		         0.0085 

		              1,805,416.00 

		                         15,346.04 

		             1,715,145.20 

		             1,624,874.40 

		               14,578.73 

		               13,811.43 



		Total

		

		

		19,705,212.93 

		

		

		18,810,223.09 

		 17,915,233.24 



		Loss

		

		

		

		

		

		             894,989.85 

		 1,789,979.69 








VI: Calculation of NPVs and loss of benefits for tour operators (r = 10%; t = 50 years), USD



		Year

		Discounting Factor (10%)

		Value of net income - BAU (USD)

		Net Present Value of income- BAU (USD)

		Value of income after 5% decrease

		Value of income after 10% decrease

		NPV of income after 5% decrease

		NPV of income after 10% decrease



		0 

		         1.0000 

		              1,114,790.00 

		                     1,114,790.00 

		             1,114,790.00 

		             1,114,790.00 

		           1,114,790.00 

		           1,114,790.00 



		                 1 

		         0.9091 

		              1,114,790.00 

		                     1,013,455.59 

		             1,092,494.20 

		             1,059,050.50 

		             993,186.48 

		             962,782.81 



		                 2 

		         0.8264 

		              1,114,790.00 

		                       921,262.46 

		             1,037,869.49 

		             1,006,097.98 

		             857,695.35 

		             831,439.37 



		                 3 

		         0.7513 

		              1,114,790.00 

		                       837,541.73 

		             1,037,869.49 

		             1,006,097.98 

		             779,751.35 

		             755,881.41 



		                 4 

		         0.6830 

		              1,114,790.00 

		                       761,401.57 

		             1,037,869.49 

		             1,006,097.98 

		             708,864.86 

		             687,164.92 



		                 5 

		         0.6209 

		              1,114,790.00 

		                       692,173.11 

		             1,037,869.49 

		             1,006,097.98 

		             644,413.17 

		             624,686.23 



		                 6 

		         0.5645 

		              1,114,790.00 

		                       629,298.96 

		             1,037,869.49 

		             1,006,097.98 

		             585,877.33 

		             567,942.31 



		                 7 

		         0.5132 

		              1,114,790.00 

		                       572,110.23 

		             1,037,869.49 

		             1,006,097.98 

		             532,634.62 

		             516,329.48 



		                 8 

		         0.4665 

		              1,114,790.00 

		                       520,049.54 

		             1,037,869.49 

		             1,006,097.98 

		             484,166.12 

		             469,344.71 



		                 9 

		         0.4241 

		              1,114,790.00 

		                       472,782.44 

		             1,037,869.49 

		             1,006,097.98 

		             440,160.45 

		             426,686.15 



		               10 

		         0.3855 

		              1,114,790.00 

		                       429,751.55 

		             1,037,869.49 

		             1,006,097.98 

		             400,098.69 

		             387,850.77 



		               11 

		         0.3505 

		              1,114,790.00 

		                       390,733.90 

		             1,037,869.49 

		             1,006,097.98 

		             363,773.26 

		             352,637.34 



		               12 

		         0.3186 

		              1,114,790.00 

		                       355,172.09 

		             1,037,869.49 

		             1,006,097.98 

		             330,665.22 

		             320,542.81 



		               13 

		         0.2897 

		              1,114,790.00 

		                       322,954.66 

		             1,037,869.49 

		             1,006,097.98 

		             300,670.79 

		             291,466.58 



		               14 

		         0.2633 

		              1,114,790.00 

		                       293,524.21 

		             1,037,869.49 

		             1,006,097.98 

		             273,271.04 

		             264,905.60 



		               15 

		         0.2394 

		              1,114,790.00 

		                       266,880.73 

		             1,037,869.49 

		             1,006,097.98 

		             248,465.96 

		             240,859.86 



		               16 

		         0.2176 

		              1,114,790.00 

		                       242,578.30 

		             1,037,869.49 

		             1,006,097.98 

		             225,840.40 

		             218,926.92 



		               17 

		         0.1978 

		              1,114,790.00 

		                       220,505.46 

		             1,037,869.49 

		             1,006,097.98 

		             205,290.59 

		             199,006.18 



		               18 

		         0.1799 

		              1,114,790.00 

		                       200,550.72 

		             1,037,869.49 

		             1,006,097.98 

		             186,712.72 

		             180,997.03 



		               19 

		         0.1635 

		              1,114,790.00 

		                       182,268.17 

		             1,037,869.49 

		             1,006,097.98 

		             169,691.66 

		             164,497.02 



		               20 

		         0.1486 

		              1,114,790.00 

		                       165,657.79 

		             1,037,869.49 

		             1,006,097.98 

		             154,227.41 

		             149,506.16 



		               21 

		         0.1351 

		              1,114,790.00 

		                       150,608.13 

		             1,037,869.49 

		             1,006,097.98 

		             140,216.17 

		             135,923.84 



		               22 

		         0.1228 

		              1,114,790.00 

		                       136,896.21 

		             1,037,869.49 

		             1,006,097.98 

		             127,450.37 

		             123,548.83 



		               23 

		         0.1117 

		              1,114,790.00 

		                       124,522.04 

		             1,037,869.49 

		             1,006,097.98 

		             115,930.02 

		             112,381.14 



		               24 

		         0.1015 

		              1,114,790.00 

		                       113,151.19 

		             1,037,869.49 

		             1,006,097.98 

		             105,343.75 

		             102,118.94 



		               25 

		         0.0923 

		              1,114,790.00 

		                       102,895.12 

		             1,037,869.49 

		             1,006,097.98 

		               95,795.35 

		               92,862.84 



		               26 

		         0.0839 

		              1,114,790.00 

		                         93,530.88 

		             1,037,869.49 

		             1,006,097.98 

		               87,077.25 

		               84,411.62 



		               27 

		         0.0763 

		              1,114,790.00 

		                         85,058.48 

		             1,037,869.49 

		             1,006,097.98 

		               79,189.44 

		               76,765.28 



		               28 

		         0.0693 

		              1,114,790.00 

		                         77,254.95 

		             1,037,869.49 

		             1,006,097.98 

		               71,924.36 

		               69,722.59 



		               29 

		         0.0630 

		              1,114,790.00 

		                         70,231.77 

		             1,037,869.49 

		             1,006,097.98 

		               65,385.78 

		               63,384.17 



		               30 

		         0.0573 

		              1,114,790.00 

		                         63,877.47 

		             1,037,869.49 

		             1,006,097.98 

		               59,469.92 

		               57,649.41 



		               31 

		         0.0521 

		              1,114,790.00 

		                         58,080.56 

		             1,037,869.49 

		             1,006,097.98 

		               54,073.00 

		               52,417.70 



		               32 

		         0.0474 

		              1,114,790.00 

		                         52,841.05 

		             1,037,869.49 

		             1,006,097.98 

		               49,195.01 

		               47,689.04 



		               33 

		         0.0431 

		              1,114,790.00 

		                         48,047.45 

		             1,037,869.49 

		             1,006,097.98 

		               44,732.18 

		               43,362.82 



		               34 

		         0.0391 

		              1,114,790.00 

		                         43,588.29 

		             1,037,869.49 

		             1,006,097.98 

		               40,580.70 

		               39,338.43 



		               35 

		         0.0356 

		              1,114,790.00 

		                         39,686.52 

		             1,037,869.49 

		             1,006,097.98 

		               36,948.15 

		               35,817.09 



		               36 

		         0.0323 

		              1,114,790.00 

		                         36,007.72 

		             1,037,869.49 

		             1,006,097.98 

		               33,523.18 

		               32,496.96 



		               37 

		         0.0294 

		              1,114,790.00 

		                         32,774.83 

		             1,037,869.49 

		             1,006,097.98 

		               30,513.36 

		               29,579.28 



		               38 

		         0.0267 

		              1,114,790.00 

		                         29,764.89 

		             1,037,869.49 

		             1,006,097.98 

		               27,711.12 

		               26,862.82 



		               39 

		         0.0243 

		              1,114,790.00 

		                         27,089.40 

		             1,037,869.49 

		             1,006,097.98 

		               25,220.23 

		               24,448.18 



		               40 

		         0.0221 

		              1,114,790.00 

		                         24,636.86 

		             1,037,869.49 

		             1,006,097.98 

		               22,936.92 

		               22,234.77 



		               41 

		         0.0201 

		              1,114,790.00 

		                         22,407.28 

		             1,037,869.49 

		             1,006,097.98 

		               20,861.18 

		               20,222.57 



		               42 

		         0.0183 

		              1,114,790.00 

		                         20,400.66 

		             1,037,869.49 

		             1,006,097.98 

		               18,993.01 

		               18,411.59 



		               43 

		         0.0166 

		              1,114,790.00 

		                         18,505.51 

		             1,037,869.49 

		             1,006,097.98 

		               17,228.63 

		               16,701.23 



		               44 

		         0.0151 

		              1,114,790.00 

		                         16,833.33 

		             1,037,869.49 

		             1,006,097.98 

		               15,671.83 

		               15,192.08 



		               45 

		         0.0137 

		              1,114,790.00 

		                         15,272.62 

		             1,037,869.49 

		             1,006,097.98 

		               14,218.81 

		               13,783.54 



		               46 

		         0.0125 

		              1,114,790.00 

		                         13,934.88 

		             1,037,869.49 

		             1,006,097.98 

		               12,973.37 

		               12,576.22 



		               47 

		         0.0113 

		              1,114,790.00 

		                         12,597.13 

		             1,037,869.49 

		             1,006,097.98 

		               11,727.93 

		               11,368.91 



		               48 

		         0.0103 

		              1,114,790.00 

		                         11,482.34 

		             1,037,869.49 

		             1,006,097.98 

		               10,690.06 

		               10,362.81 



		               49 

		         0.0094 

		              1,114,790.00 

		                         10,479.03 

		             1,037,869.49 

		             1,006,097.98 

		                 9,755.97 

		                 9,457.32 



		               50 

		         0.0085 

		              1,114,790.00 

		                           9,475.72 

		             1,037,869.49 

		             1,006,097.98 

		                 8,821.89 

		                 8,551.83 



		Total

		

		

		                   12,167,375.46 

		

		

		         11,454,406.38 

		         11,137,887.51 



		Loss

		

		

		

		

		

		             712,969.07 

		           1,029,487.94 








VIIa: Calculation of NPVs and loss of benefits from indirect use and non-use or intrinsic value, estimated using the WTP (r = 10%; t = 50 years), USD



		Year

		Discounting Factor (10%)

		Value of net income - BAU (USD)

		Net Present Value of income- BAU (USD)

		Value of income after 5% decrease

		Value of income after 10% decrease

		NPV of income after 5% decrease

		NPV of income after 10% decrease



		0 

		         1.0000 

		              207,092.94 

		                       207,092.94 

		               207,092.94 

		                207,092.94 

		             207,092.94 

		             207,092.94 



		                 1 

		         0.9091 

		              207,092.94 

		                       188,268.19 

		               196,738.29 

		                186,383.65 

		             178,854.78 

		             169,441.37 



		                 2 

		         0.8264 

		              207,092.94 

		                       171,141.61 

		               196,738.29 

		                186,383.65 

		             162,584.53 

		             154,027.45 



		                 3 

		         0.7513 

		              207,092.94 

		                       155,588.93 

		               196,738.29 

		                186,383.65 

		             147,809.48 

		             140,030.03 



		                 4 

		         0.6830 

		              207,092.94 

		                       141,444.48 

		               196,738.29 

		                186,383.65 

		             134,372.25 

		             127,300.03 



		                 5 

		         0.6209 

		              207,092.94 

		                       128,584.01 

		               196,738.29 

		                186,383.65 

		             122,154.81 

		             115,725.61 



		                 6 

		         0.5645 

		              207,092.94 

		                       116,903.96 

		               196,738.29 

		                186,383.65 

		             111,058.77 

		             105,213.57 



		                 7 

		         0.5132 

		              207,092.94 

		                       106,280.10 

		               196,738.29 

		                186,383.65 

		             100,966.09 

		               95,652.09 



		                 8 

		         0.4665 

		              207,092.94 

		                         96,608.86 

		               196,738.29 

		                186,383.65 

		               91,778.41 

		               86,947.97 



		                 9 

		         0.4241 

		              207,092.94 

		                         87,828.12 

		               196,738.29 

		                186,383.65 

		               83,436.71 

		               79,045.30 



		               10 

		         0.3855 

		              207,092.94 

		                         79,834.33 

		               196,738.29 

		                186,383.65 

		               75,842.61 

		               71,850.90 



		               11 

		         0.3505 

		              207,092.94 

		                         72,586.08 

		               196,738.29 

		                186,383.65 

		               68,956.77 

		               65,327.47 



		               12 

		         0.3186 

		              207,092.94 

		                         65,979.81 

		               196,738.29 

		                186,383.65 

		               62,680.82 

		               59,381.83 



		               13 

		         0.2897 

		              207,092.94 

		                         59,994.82 

		               196,738.29 

		                186,383.65 

		               56,995.08 

		               53,995.34 



		               14 

		         0.2633 

		              207,092.94 

		                         54,527.57 

		               196,738.29 

		                186,383.65 

		               51,801.19 

		               49,074.81 



		               15 

		         0.2394 

		              207,092.94 

		                         49,578.05 

		               196,738.29 

		                186,383.65 

		               47,099.15 

		               44,620.24 



		               16 

		         0.2176 

		              207,092.94 

		                         45,063.42 

		               196,738.29 

		                186,383.65 

		               42,810.25 

		               40,557.08 



		               17 

		         0.1978 

		              207,092.94 

		                         40,962.98 

		               196,738.29 

		                186,383.65 

		               38,914.83 

		               36,866.69 



		               18 

		         0.1799 

		              207,092.94 

		                         37,256.02 

		               196,738.29 

		                186,383.65 

		               35,393.22 

		               33,530.42 



		               19 

		         0.1635 

		              207,092.94 

		                         33,859.70 

		               196,738.29 

		                186,383.65 

		               32,166.71 

		               30,473.73 



		               20 

		         0.1486 

		              207,092.94 

		                         30,774.01 

		               196,738.29 

		                186,383.65 

		               29,235.31 

		               27,696.61 



		               21 

		         0.1351 

		              207,092.94 

		                         27,978.26 

		               196,738.29 

		                186,383.65 

		               26,579.34 

		               25,180.43 



		               22 

		         0.1228 

		              207,092.94 

		                         25,431.01 

		               196,738.29 

		                186,383.65 

		               24,159.46 

		               22,887.91 



		               23 

		         0.1117 

		              207,092.94 

		                         23,132.28 

		               196,738.29 

		                186,383.65 

		               21,975.67 

		               20,819.05 



		               24 

		         0.1015 

		              207,092.94 

		                         21,019.93 

		               196,738.29 

		                186,383.65 

		               19,968.94 

		               18,917.94 



		               25 

		         0.0923 

		              207,092.94 

		                         19,114.68 

		               196,738.29 

		                186,383.65 

		               18,158.94 

		               17,203.21 



		               26 

		         0.0839 

		              207,092.94 

		                         17,375.10 

		               196,738.29 

		                186,383.65 

		               16,506.34 

		               15,637.59 



		               27 

		         0.0763 

		              207,092.94 

		                         15,801.19 

		               196,738.29 

		                186,383.65 

		               15,011.13 

		               14,221.07 



		               28 

		         0.0693 

		              207,092.94 

		                         14,351.54 

		               196,738.29 

		                186,383.65 

		               13,633.96 

		               12,916.39 



		               29 

		         0.0630 

		              207,092.94 

		                         13,046.86 

		               196,738.29 

		                186,383.65 

		               12,394.51 

		               11,742.17 



		               30 

		         0.0573 

		              207,092.94 

		                         11,866.43 

		               196,738.29 

		                186,383.65 

		               11,273.10 

		               10,679.78 



		               31 

		         0.0521 

		              207,092.94 

		                         10,789.54 

		               196,738.29 

		                186,383.65 

		               10,250.07 

		                 9,710.59 



		               32 

		         0.0474 

		              207,092.94 

		                           9,816.21 

		               196,738.29 

		                186,383.65 

		                 9,325.40 

		                 8,834.58 



		               33 

		         0.0431 

		              207,092.94 

		                           8,925.71 

		               196,738.29 

		                186,383.65 

		                 8,479.42 

		                 8,033.14 



		               34 

		         0.0391 

		              207,092.94 

		                           8,097.33 

		               196,738.29 

		                186,383.65 

		                 7,692.47 

		                 7,287.60 



		               35 

		         0.0356 

		              207,092.94 

		                           7,372.51 

		               196,738.29 

		                186,383.65 

		                 7,003.88 

		                 6,635.26 



		               36 

		         0.0323 

		              207,092.94 

		                           6,689.10 

		               196,738.29 

		                186,383.65 

		                 6,354.65 

		                 6,020.19 



		               37 

		         0.0294 

		              207,092.94 

		                           6,088.53 

		               196,738.29 

		                186,383.65 

		                 5,784.11 

		                 5,479.68 



		               38 

		         0.0267 

		              207,092.94 

		                           5,529.38 

		               196,738.29 

		                186,383.65 

		                 5,252.91 

		                 4,976.44 



		               39 

		         0.0243 

		              207,092.94 

		                           5,032.36 

		               196,738.29 

		                186,383.65 

		                 4,780.74 

		                 4,529.12 



		               40 

		         0.0221 

		              207,092.94 

		                           4,576.75 

		               196,738.29 

		                186,383.65 

		                 4,347.92 

		                 4,119.08 



		               41 

		         0.0201 

		              207,092.94 

		                           4,162.57 

		               196,738.29 

		                186,383.65 

		                 3,954.44 

		                 3,746.31 



		               42 

		         0.0183 

		              207,092.94 

		                           3,789.80 

		               196,738.29 

		                186,383.65 

		                 3,600.31 

		                 3,410.82 



		               43 

		         0.0166 

		              207,092.94 

		                           3,437.74 

		               196,738.29 

		                186,383.65 

		                 3,265.86 

		                 3,093.97 



		               44 

		         0.0151 

		              207,092.94 

		                           3,127.10 

		               196,738.29 

		                186,383.65 

		                 2,970.75 

		                 2,814.39 



		               45 

		         0.0137 

		              207,092.94 

		                           2,837.17 

		               196,738.29 

		                186,383.65 

		                 2,695.31 

		                 2,553.46 



		               46 

		         0.0125 

		              207,092.94 

		                           2,588.66 

		               196,738.29 

		                186,383.65 

		                 2,459.23 

		                 2,329.80 



		               47 

		         0.0113 

		              207,092.94 

		                           2,340.15 

		               196,738.29 

		                186,383.65 

		                 2,223.14 

		                 2,106.14 



		               48 

		         0.0103 

		              207,092.94 

		                           2,133.06 

		               196,738.29 

		                186,383.65 

		                 2,026.40 

		                 1,919.75 



		               49 

		         0.0094 

		              207,092.94 

		                           1,946.67 

		               196,738.29 

		                186,383.65 

		                 1,849.34 

		                 1,752.01 



		               50 

		         0.0085 

		              207,092.94 

		                           1,760.29 

		               196,738.29 

		                186,383.65 

		                 1,672.28 

		                 1,584.26 



		Total

		

		

		                 2,260,315.89 

		

		

		       2,157,654.75 

		       2,054,993.60



		Loss

		

		

		

		

		

		           102,661.15 

		         205,322.30








VIIb: Calculation of NPVs and loss of benefits from indirect use and non-use or intrinsic value, estimated using the WTAC (r = 10%; t = 50 years), USD



		Year

		Discounting Factor (10%)

		Value of net income - BAU (USD)

		Net Present Value of income- BAU (USD)

		Value of income after 5% decrease

		Value of income after 10% decrease

		NPV of income after 5% decrease

		NPV of income after 10% decrease



		0 

		       1.0000 

		         1.0000 

		         22,638,247.15 

		                   22,638,247.15 

		           22,638,247.15 

		           22,638,247.15 

		         22,638,247.15 



		                 1 

		       0.9091 

		         0.9091 

		         22,638,247.15 

		                   20,580,430.48 

		           21,506,334.79 

		           20,374,422.44 

		         19,551,408.96 



		                 2 

		       0.8264 

		         0.8264 

		         22,638,247.15 

		                   18,708,247.44 

		           21,506,334.79 

		           20,374,422.44 

		         17,772,835.07 



		                 3 

		       0.7513 

		         0.7513 

		         22,638,247.15 

		                   17,008,115.08 

		           21,506,334.79 

		           20,374,422.44 

		         16,157,709.33 



		                 4 

		       0.6830 

		         0.6830 

		         22,638,247.15 

		                   15,461,922.80 

		           21,506,334.79 

		           20,374,422.44 

		         14,688,826.66 



		                 5 

		       0.6209 

		         0.6209 

		         22,638,247.15 

		                   14,056,087.66 

		           21,506,334.79 

		           20,374,422.44 

		         13,353,283.27 



		                 6 

		       0.5645 

		         0.5645 

		         22,638,247.15 

		                   12,779,290.52 

		           21,506,334.79 

		           20,374,422.44 

		         12,140,325.99 



		                 7 

		       0.5132 

		         0.5132 

		         22,638,247.15 

		                   11,617,948.44 

		           21,506,334.79 

		           20,374,422.44 

		         11,037,051.02 



		                 8 

		       0.4665 

		         0.4665 

		         22,638,247.15 

		                   10,560,742.30 

		           21,506,334.79 

		           20,374,422.44 

		         10,032,705.18 



		                 9 

		       0.4241 

		         0.4241 

		         22,638,247.15 

		                     9,600,880.62 

		           21,506,334.79 

		           20,374,422.44 

		           9,120,836.59 



		               10 

		       0.3855 

		         0.3855 

		         22,638,247.15 

		                     8,727,044.28 

		           21,506,334.79 

		           20,374,422.44 

		           8,290,692.06 



		               11 

		       0.3505 

		         0.3505 

		         22,638,247.15 

		                     7,934,705.63 

		           21,506,334.79 

		           20,374,422.44 

		           7,537,970.34 



		               12 

		       0.3186 

		         0.3186 

		         22,638,247.15 

		                     7,212,545.54 

		           21,506,334.79 

		           20,374,422.44 

		           6,851,918.26 



		               13 

		       0.2897 

		         0.2897 

		         22,638,247.15 

		                     6,558,300.20 

		           21,506,334.79 

		           20,374,422.44 

		           6,230,385.19 



		               14 

		       0.2633 

		         0.2633 

		         22,638,247.15 

		                     5,960,650.47 

		           21,506,334.79 

		           20,374,422.44 

		           5,662,617.95 



		               15 

		       0.2394 

		         0.2394 

		         22,638,247.15 

		                     5,419,596.37 

		           21,506,334.79 

		           20,374,422.44 

		           5,148,616.55 



		               16 

		       0.2176 

		         0.2176 

		         22,638,247.15 

		                     4,926,082.58 

		           21,506,334.79 

		           20,374,422.44 

		           4,679,778.45 



		               17 

		       0.1978 

		         0.1978 

		         22,638,247.15 

		                     4,477,845.29 

		           21,506,334.79 

		           20,374,422.44 

		           4,253,953.02 



		               18 

		       0.1799 

		         0.1799 

		         22,638,247.15 

		                     4,072,620.66 

		           21,506,334.79 

		           20,374,422.44 

		           3,868,989.63 



		               19 

		       0.1635 

		         0.1635 

		         22,638,247.15 

		                     3,701,353.41 

		           21,506,334.79 

		           20,374,422.44 

		           3,516,285.74 



		               20 

		       0.1486 

		         0.1486 

		         22,638,247.15 

		                     3,364,043.53 

		           21,506,334.79 

		           20,374,422.44 

		           3,195,841.35 



		               21 

		       0.1351 

		         0.1351 

		         22,638,247.15 

		                     3,058,427.19 

		           21,506,334.79 

		           20,374,422.44 

		           2,905,505.83 



		               22 

		       0.1228 

		         0.1228 

		         22,638,247.15 

		                     2,779,976.75 

		           21,506,334.79 

		           20,374,422.44 

		           2,640,977.91 



		               23 

		       0.1117 

		         0.1117 

		         22,638,247.15 

		                     2,528,692.21 

		           21,506,334.79 

		           20,374,422.44 

		           2,402,257.60 



		               24 

		       0.1015 

		         0.1015 

		         22,638,247.15 

		                     2,297,782.09 

		           21,506,334.79 

		           20,374,422.44 

		           2,182,892.98 



		               25 

		       0.0923 

		         0.0923 

		         22,638,247.15 

		                     2,089,510.21 

		           21,506,334.79 

		           20,374,422.44 

		           1,985,034.70 



		               26 

		       0.0839 

		         0.0839 

		         22,638,247.15 

		                     1,899,348.94 

		           21,506,334.79 

		           20,374,422.44 

		           1,804,381.49 



		               27 

		       0.0763 

		         0.0763 

		         22,638,247.15 

		                     1,727,298.26 

		           21,506,334.79 

		           20,374,422.44 

		           1,640,933.34 



		               28 

		       0.0693 

		         0.0693 

		         22,638,247.15 

		                     1,568,830.53 

		           21,506,334.79 

		           20,374,422.44 

		           1,490,389.00 



		               29 

		       0.0630 

		         0.0630 

		         22,638,247.15 

		                     1,426,209.57 

		           21,506,334.79 

		           20,374,422.44 

		           1,354,899.09 



		               30 

		       0.0573 

		         0.0573 

		         22,638,247.15 

		                     1,297,171.56 

		           21,506,334.79 

		           20,374,422.44 

		           1,232,312.98 



		               31 

		       0.0521 

		         0.0521 

		         22,638,247.15 

		                     1,179,452.68 

		           21,506,334.79 

		           20,374,422.44 

		           1,120,480.04 



		               32 

		       0.0474 

		         0.0474 

		         22,638,247.15 

		                     1,073,052.91 

		           21,506,334.79 

		           20,374,422.44 

		           1,019,400.27 



		               33 

		       0.0431 

		         0.0431 

		         22,638,247.15 

		                       975,708.45 

		           21,506,334.79 

		           20,374,422.44 

		             926,923.03 



		               34 

		       0.0391 

		         0.0391 

		         22,638,247.15 

		                       885,155.46 

		           21,506,334.79 

		           20,374,422.44 

		             840,897.69 



		               35 

		       0.0356 

		         0.0356 

		         22,638,247.15 

		                       805,921.60 

		           21,506,334.79 

		           20,374,422.44 

		             765,625.52 



		               36 

		       0.0323 

		         0.0323 

		         22,638,247.15 

		                       731,215.38 

		           21,506,334.79 

		           20,374,422.44 

		             694,654.61 



		               37 

		       0.0294 

		         0.0294 

		         22,638,247.15 

		                       665,564.47 

		           21,506,334.79 

		           20,374,422.44 

		             632,286.24 



		               38 

		       0.0267 

		         0.0267 

		         22,638,247.15 

		                       604,441.20 

		           21,506,334.79 

		           20,374,422.44 

		             574,219.14 



		               39 

		       0.0243 

		         0.0243 

		         22,638,247.15 

		                       550,109.41 

		           21,506,334.79 

		           20,374,422.44 

		             522,603.94 



		               40 

		       0.0221 

		         0.0221 

		         22,638,247.15 

		                       500,305.26 

		           21,506,334.79 

		           20,374,422.44 

		             475,290.00 



		               41 

		       0.0201 

		         0.0201 

		         22,638,247.15 

		                       455,028.77 

		           21,506,334.79 

		           20,374,422.44 

		             432,277.33 



		               42 

		       0.0183 

		         0.0183 

		         22,638,247.15 

		                       414,279.92 

		           21,506,334.79 

		           20,374,422.44 

		             393,565.93 



		               43 

		       0.0166 

		         0.0166 

		         22,638,247.15 

		                       375,794.90 

		           21,506,334.79 

		           20,374,422.44 

		             357,005.16 



		               44 

		       0.0151 

		         0.0151 

		         22,638,247.15 

		                       341,837.53 

		           21,506,334.79 

		           20,374,422.44 

		             324,745.66 



		               45 

		       0.0137 

		         0.0137 

		         22,638,247.15 

		                       310,143.99 

		           21,506,334.79 

		           20,374,422.44 

		             294,636.79 



		               46 

		       0.0125 

		         0.0125 

		         22,638,247.15 

		                       282,978.09 

		           21,506,334.79 

		           20,374,422.44 

		             268,829.18 



		               47 

		       0.0113 

		         0.0113 

		         22,638,247.15 

		                       255,812.19 

		           21,506,334.79 

		           20,374,422.44 

		             243,021.58 



		               48 

		       0.0103 

		         0.0103 

		         22,638,247.15 

		                       233,173.95 

		           21,506,334.79 

		           20,374,422.44 

		             221,515.25 



		               49 

		       0.0094 

		         0.0094 

		         22,638,247.15 

		                       212,799.52 

		           21,506,334.79 

		           20,374,422.44 

		             202,159.55 



		               50 

		       0.0085 

		         0.0085 

		         22,638,247.15 

		                       192,425.10 

		           21,506,334.79 

		           20,374,422.44 

		             182,803.85 



		Total

		

		

		                 247,085,148.52 

		

		

		       235,862,803.45 

		       224,640,458.38 



		Loss

		

		

		

		

		

		           11,222,345.07 

		         22,444,690.14 










VIII: Calculation of NPVs and loss of benefits at the national level: government revenues accruing from tourism in Lake Natron (r = 10%; t = 50 years), USD



		Year

		Discounting Factor (10%)

		Value of net income - BAU (USD)

		Net Present Value of income- BAU (USD)

		Value of income after 5% decrease

		Value of income after 10% decrease

		NPV of income after 5% decrease

		NPV of income after 10% decrease



		0 

		         1.0000 

		                   56,351.30 

		                         56,351.30 

		                 56,351.30 

		                 56,351.30 

		               56,351.30 

		               56,351.30 



		                 1 

		         0.9091 

		                   56,351.30 

		                         51,228.97 

		                 53,533.74 

		                 50,716.17 

		               48,667.52 

		               46,106.07 



		                 2 

		         0.8264 

		                   56,351.30 

		                         46,568.71 

		                 53,533.74 

		                 50,716.17 

		               44,240.28 

		               41,911.84 



		                 3 

		         0.7513 

		                   56,351.30 

		                         42,336.73 

		                 53,533.74 

		                 50,716.17 

		               40,219.90 

		               38,103.06 



		                 4 

		         0.6830 

		                   56,351.30 

		                         38,487.94 

		                 53,533.74 

		                 50,716.17 

		               36,563.54 

		               34,639.14 



		                 5 

		         0.6209 

		                   56,351.30 

		                         34,988.52 

		                 53,533.74 

		                 50,716.17 

		               33,239.10 

		               31,489.67 



		                 6 

		         0.5645 

		                   56,351.30 

		                         31,810.31 

		                 53,533.74 

		                 50,716.17 

		               30,219.79 

		               28,629.28 



		                 7 

		         0.5132 

		                   56,351.30 

		                         28,919.49 

		                 53,533.74 

		                 50,716.17 

		               27,473.51 

		               26,027.54 



		                 8 

		         0.4665 

		                   56,351.30 

		                         26,287.88 

		                 53,533.74 

		                 50,716.17 

		               24,973.49 

		               23,659.09 



		                 9 

		         0.4241 

		                   56,351.30 

		                         23,898.59 

		                 53,533.74 

		                 50,716.17 

		               22,703.66 

		               21,508.73 



		               10 

		         0.3855 

		                   56,351.30 

		                         21,723.43 

		                 53,533.74 

		                 50,716.17 

		               20,637.25 

		               19,551.08 



		               11 

		         0.3505 

		                   56,351.30 

		                         19,751.13 

		                 53,533.74 

		                 50,716.17 

		               18,763.57 

		               17,776.02 



		               12 

		         0.3186 

		                   56,351.30 

		                         17,953.52 

		                 53,533.74 

		                 50,716.17 

		               17,055.85 

		               16,158.17 



		               13 

		         0.2897 

		                   56,351.30 

		                         16,324.97 

		                 53,533.74 

		                 50,716.17 

		               15,508.72 

		               14,692.47 



		               14 

		         0.2633 

		                   56,351.30 

		                         14,837.30 

		                 53,533.74 

		                 50,716.17 

		               14,095.43 

		               13,353.57 



		               15 

		         0.2394 

		                   56,351.30 

		                         13,490.50 

		                 53,533.74 

		                 50,716.17 

		               12,815.98 

		               12,141.45 



		               16 

		         0.2176 

		                   56,351.30 

		                         12,262.04 

		                 53,533.74 

		                 50,716.17 

		               11,648.94 

		               11,035.84 



		               17 

		         0.1978 

		                   56,351.30 

		                         11,146.29 

		                 53,533.74 

		                 50,716.17 

		               10,588.97 

		               10,031.66 



		               18 

		         0.1799 

		                   56,351.30 

		                         10,137.60 

		                 53,533.74 

		                 50,716.17 

		                 9,630.72 

		                 9,123.84 



		               19 

		         0.1635 

		                   56,351.30 

		                           9,213.44 

		                 53,533.74 

		                 50,716.17 

		                 8,752.77 

		                 8,292.09 



		               20 

		         0.1486 

		                   56,351.30 

		                           8,373.80 

		                 53,533.74 

		                 50,716.17 

		                 7,955.11 

		                 7,536.42 



		               21 

		         0.1351 

		                   56,351.30 

		                           7,613.06 

		                 53,533.74 

		                 50,716.17 

		                 7,232.41 

		                 6,851.75 



		               22 

		         0.1228 

		                   56,351.30 

		                           6,919.94 

		                 53,533.74 

		                 50,716.17 

		                 6,573.94 

		                 6,227.95 



		               23 

		         0.1117 

		                   56,351.30 

		                           6,294.44 

		                 53,533.74 

		                 50,716.17 

		                 5,979.72 

		                 5,665.00 



		               24 

		         0.1015 

		                   56,351.30 

		                           5,719.66 

		                 53,533.74 

		                 50,716.17 

		                 5,433.67 

		                 5,147.69 



		               25 

		         0.0923 

		                   56,351.30 

		                           5,201.22 

		                 53,533.74 

		                 50,716.17 

		                 4,941.16 

		                 4,681.10 



		               26 

		         0.0839 

		                   56,351.30 

		                           4,727.87 

		                 53,533.74 

		                 50,716.17 

		                 4,491.48 

		                 4,255.09 



		               27 

		         0.0763 

		                   56,351.30 

		                           4,299.60 

		                 53,533.74 

		                 50,716.17 

		                 4,084.62 

		                 3,869.64 



		               28 

		         0.0693 

		                   56,351.30 

		                           3,905.15 

		                 53,533.74 

		                 50,716.17 

		                 3,709.89 

		                 3,514.63 



		               29 

		         0.0630 

		                   56,351.30 

		                           3,550.13 

		                 53,533.74 

		                 50,716.17 

		                 3,372.63 

		                 3,195.12 



		               30 

		         0.0573 

		                   56,351.30 

		                           3,228.93 

		                 53,533.74 

		                 50,716.17 

		                 3,067.48 

		                 2,906.04 



		               31 

		         0.0521 

		                   56,351.30 

		                           2,935.90 

		                 53,533.74 

		                 50,716.17 

		                 2,789.11 

		                 2,642.31 



		               32 

		         0.0474 

		                   56,351.30 

		                           2,671.05 

		                 53,533.74 

		                 50,716.17 

		                 2,537.50 

		                 2,403.95 



		               33 

		         0.0431 

		                   56,351.30 

		                           2,428.74 

		                 53,533.74 

		                 50,716.17 

		                 2,307.30 

		                 2,185.87 



		               34 

		         0.0391 

		                   56,351.30 

		                           2,203.34 

		                 53,533.74 

		                 50,716.17 

		                 2,093.17 

		                 1,983.00 



		               35 

		         0.0356 

		                   56,351.30 

		                           2,006.11 

		                 53,533.74 

		                 50,716.17 

		                 1,905.80 

		                 1,805.50 



		               36 

		         0.0323 

		                   56,351.30 

		                           1,820.15 

		                 53,533.74 

		                 50,716.17 

		                 1,729.14 

		                 1,638.13 



		               37 

		         0.0294 

		                   56,351.30 

		                           1,656.73 

		                 53,533.74 

		                 50,716.17 

		                 1,573.89 

		                 1,491.06 



		               38 

		         0.0267 

		                   56,351.30 

		                           1,504.58 

		                 53,533.74 

		                 50,716.17 

		                 1,429.35 

		                 1,354.12 



		               39 

		         0.0243 

		                   56,351.30 

		                           1,369.34 

		                 53,533.74 

		                 50,716.17 

		                 1,300.87 

		                 1,232.40 



		               40 

		         0.0221 

		                   56,351.30 

		                           1,245.36 

		                 53,533.74 

		                 50,716.17 

		                 1,183.10 

		                 1,120.83 



		               41 

		         0.0201 

		                   56,351.30 

		                           1,132.66 

		                 53,533.74 

		                 50,716.17 

		                 1,076.03 

		                 1,019.40 



		               42 

		         0.0183 

		                   56,351.30 

		                           1,031.23 

		                 53,533.74 

		                 50,716.17 

		                   979.67 

		                   928.11 



		               43 

		         0.0166 

		                   56,351.30 

		                             935.43 

		                 53,533.74 

		                 50,716.17 

		                   888.66 

		                   841.89 



		               44 

		         0.0151 

		                   56,351.30 

		                             850.90 

		                 53,533.74 

		                 50,716.17 

		                   808.36 

		                   765.81 



		               45 

		         0.0137 

		                   56,351.30 

		                             772.01 

		                 53,533.74 

		                 50,716.17 

		                   733.41 

		                   694.81 



		               46 

		         0.0125 

		                   56,351.30 

		                             704.39 

		                 53,533.74 

		                 50,716.17 

		                   669.17 

		                   633.95 



		               47 

		         0.0113 

		                   56,351.30 

		                             636.77 

		                 53,533.74 

		                 50,716.17 

		                   604.93 

		                   573.09 



		               48 

		         0.0103 

		                   56,351.30 

		                             580.42 

		                 53,533.74 

		                 50,716.17 

		                   551.40 

		                   522.38 



		               49 

		         0.0094 

		                   56,351.30 

		                             529.70 

		                 53,533.74 

		                 50,716.17 

		                   503.22 

		                   476.73 



		               50 

		         0.0085 

		                   56,351.30 

		                             478.99 

		                 53,533.74 

		                 50,716.17 

		                   455.04 

		                   431.09 



		Total

		

		

		                       615,046.26 

		

		

		             587,111.52 

		             559,176.77 



		Loss

		

		

		

		

		

		               27,934.75 

		               55,869.50 












IX: Calculation of NPVs and loss of benefits at the regional level: government revenues accruing from flamingo tourism (r = 10%; t = 50 years), USD



		Year

		Discounting Factor (10%)

		Value of net income - BAU (USD)

		Net Present Value of income- BAU (USD)

		Value of income after 5% decrease

		Value of income after 10% decrease

		NPV of income after 5% decrease

		NPV of income after 10% decrease



		0 

		       1.0000 

		           4,241,685.00 

		                  4,241,685.00 

		          4,241,685.00 

		          4,241,685.00 

		        4,241,685.00 

		        4,241,685.00 



		                 1 

		       0.9091 

		           4,241,685.00 

		                  3,856,115.83 

		          4,029,600.75 

		          3,817,516.50 

		        3,663,310.04 

		        3,470,504.25 



		                 2 

		       0.8264 

		           4,241,685.00 

		                  3,505,328.48 

		          4,029,600.75 

		          3,817,516.50 

		        3,330,062.06 

		        3,154,795.64 



		                 3 

		       0.7513 

		           4,241,685.00 

		                  3,186,777.94 

		          4,029,600.75 

		          3,817,516.50 

		        3,027,439.04 

		        2,868,100.15 



		                 4 

		       0.6830 

		           4,241,685.00 

		                  2,897,070.86 

		          4,029,600.75 

		          3,817,516.50 

		        2,752,217.31 

		        2,607,363.77 



		                 5 

		       0.6209 

		           4,241,685.00 

		                  2,633,662.22 

		          4,029,600.75 

		          3,817,516.50 

		        2,501,979.11 

		        2,370,295.99 



		                 6 

		       0.5645 

		           4,241,685.00 

		                  2,394,431.18 

		          4,029,600.75 

		          3,817,516.50 

		        2,274,709.62 

		        2,154,988.06 



		                 7 

		       0.5132 

		           4,241,685.00 

		                  2,176,832.74 

		          4,029,600.75 

		          3,817,516.50 

		        2,067,991.10 

		        1,959,149.47 



		                 8 

		       0.4665 

		           4,241,685.00 

		                  1,978,746.05 

		          4,029,600.75 

		          3,817,516.50 

		        1,879,808.75 

		        1,780,871.45 



		                 9 

		       0.4241 

		           4,241,685.00 

		                  1,798,898.61 

		          4,029,600.75 

		          3,817,516.50 

		        1,708,953.68 

		        1,619,008.75 



		               10 

		       0.3855 

		           4,241,685.00 

		                  1,635,169.57 

		          4,029,600.75 

		          3,817,516.50 

		        1,553,411.09 

		        1,471,652.61 



		               11 

		       0.3505 

		           4,241,685.00 

		                  1,486,710.59 

		          4,029,600.75 

		          3,817,516.50 

		        1,412,375.06 

		        1,338,039.53 



		               12 

		       0.3186 

		           4,241,685.00 

		                  1,351,400.84 

		          4,029,600.75 

		          3,817,516.50 

		        1,283,830.80 

		        1,216,260.76 



		               13 

		       0.2897 

		           4,241,685.00 

		                  1,228,816.14 

		          4,029,600.75 

		          3,817,516.50 

		        1,167,375.34 

		        1,105,934.53 



		               14 

		       0.2633 

		           4,241,685.00 

		                  1,116,835.66 

		          4,029,600.75 

		          3,817,516.50 

		        1,060,993.88 

		        1,005,152.09 



		               15 

		       0.2394 

		           4,241,685.00 

		                  1,015,459.39 

		          4,029,600.75 

		          3,817,516.50 

		           964,686.42 

		           913,913.45 



		               16 

		       0.2176 

		           4,241,685.00 

		                     922,990.66 

		          4,029,600.75 

		          3,817,516.50 

		           876,841.12 

		           830,691.59 



		               17 

		       0.1978 

		           4,241,685.00 

		                     839,005.29 

		          4,029,600.75 

		          3,817,516.50 

		           797,055.03 

		           755,104.76 



		               18 

		       0.1799 

		           4,241,685.00 

		                     763,079.13 

		          4,029,600.75 

		          3,817,516.50 

		           724,925.17 

		           686,771.22 



		               19 

		       0.1635 

		           4,241,685.00 

		                     693,515.50 

		          4,029,600.75 

		          3,817,516.50 

		           658,839.72 

		           624,163.95 



		               20 

		       0.1486 

		           4,241,685.00 

		                     630,314.39 

		          4,029,600.75 

		          3,817,516.50 

		           598,798.67 

		           567,282.95 



		               21 

		       0.1351 

		           4,241,685.00 

		                     573,051.64 

		          4,029,600.75 

		          3,817,516.50 

		           544,399.06 

		           515,746.48 



		               22 

		       0.1228 

		           4,241,685.00 

		                     520,878.92 

		          4,029,600.75 

		          3,817,516.50 

		           494,834.97 

		           468,791.03 



		               23 

		       0.1117 

		           4,241,685.00 

		                     473,796.21 

		          4,029,600.75 

		          3,817,516.50 

		           450,106.40 

		           426,416.59 



		               24 

		       0.1015 

		           4,241,685.00 

		                     430,531.03 

		          4,029,600.75 

		          3,817,516.50 

		           409,004.48 

		           387,477.92 



		               25 

		       0.0923 

		           4,241,685.00 

		                     391,507.53 

		          4,029,600.75 

		          3,817,516.50 

		           371,932.15 

		           352,356.77 



		               26 

		       0.0839 

		           4,241,685.00 

		                     355,877.37 

		          4,029,600.75 

		          3,817,516.50 

		           338,083.50 

		           320,289.63 



		               27 

		       0.0763 

		           4,241,685.00 

		                     323,640.57 

		          4,029,600.75 

		          3,817,516.50 

		           307,458.54 

		           291,276.51 



		               28 

		       0.0693 

		           4,241,685.00 

		                     293,948.77 

		          4,029,600.75 

		          3,817,516.50 

		           279,251.33 

		           264,553.89 



		               29 

		       0.0630 

		           4,241,685.00 

		                     267,226.16 

		          4,029,600.75 

		          3,817,516.50 

		           253,864.85 

		           240,503.54 



		               30 

		       0.0573 

		           4,241,685.00 

		                     243,048.55 

		          4,029,600.75 

		          3,817,516.50 

		           230,896.12 

		           218,743.70 



		               31 

		       0.0521 

		           4,241,685.00 

		                     220,991.79 

		          4,029,600.75 

		          3,817,516.50 

		           209,942.20 

		           198,892.61 



		               32 

		       0.0474 

		           4,241,685.00 

		                     201,055.87 

		          4,029,600.75 

		          3,817,516.50 

		           191,003.08 

		           180,950.28 



		               33 

		       0.0431 

		           4,241,685.00 

		                     182,816.62 

		          4,029,600.75 

		          3,817,516.50 

		           173,675.79 

		           164,534.96 



		               34 

		       0.0391 

		           4,241,685.00 

		                     165,849.88 

		          4,029,600.75 

		          3,817,516.50 

		           157,557.39 

		           149,264.90 



		               35 

		       0.0356 

		           4,241,685.00 

		                     151,003.99 

		          4,029,600.75 

		          3,817,516.50 

		           143,453.79 

		           135,903.59 



		               36 

		       0.0323 

		           4,241,685.00 

		                     137,006.43 

		          4,029,600.75 

		          3,817,516.50 

		           130,156.10 

		           123,305.78 



		               37 

		       0.0294 

		           4,241,685.00 

		                     124,705.54 

		          4,029,600.75 

		          3,817,516.50 

		           118,470.26 

		           112,234.99 



		               38 

		       0.0267 

		           4,241,685.00 

		                     113,252.99 

		          4,029,600.75 

		          3,817,516.50 

		           107,590.34 

		           101,927.69 



		               39 

		       0.0243 

		           4,241,685.00 

		                     103,072.95 

		          4,029,600.75 

		          3,817,516.50 

		             97,919.30 

		             92,765.65 



		               40 

		       0.0221 

		           4,241,685.00 

		                       93,741.24 

		          4,029,600.75 

		          3,817,516.50 

		             89,054.18 

		             84,367.11 



		               41 

		       0.0201 

		           4,241,685.00 

		                       85,257.87 

		          4,029,600.75 

		          3,817,516.50 

		             80,994.98 

		             76,732.08 



		               42 

		       0.0183 

		           4,241,685.00 

		                       77,622.84 

		          4,029,600.75 

		          3,817,516.50 

		             73,741.69 

		             69,860.55 



		               43 

		       0.0166 

		           4,241,685.00 

		                       70,411.97 

		          4,029,600.75 

		          3,817,516.50 

		             66,891.37 

		             63,370.77 



		               44 

		       0.0151 

		           4,241,685.00 

		                       64,049.44 

		          4,029,600.75 

		          3,817,516.50 

		             60,846.97 

		             57,644.50 



		               45 

		       0.0137 

		           4,241,685.00 

		                       58,111.08 

		          4,029,600.75 

		          3,817,516.50 

		             55,205.53 

		             52,299.98 



		               46 

		       0.0125 

		           4,241,685.00 

		                       53,021.06 

		          4,029,600.75 

		          3,817,516.50 

		             50,370.01 

		             47,718.96 



		               47 

		       0.0113 

		           4,241,685.00 

		                       47,931.04 

		          4,029,600.75 

		          3,817,516.50 

		             45,534.49 

		             43,137.94 



		               48 

		       0.0103 

		           4,241,685.00 

		                       43,689.36 

		          4,029,600.75 

		          3,817,516.50 

		             41,504.89 

		             39,320.42 



		               49 

		       0.0094 

		           4,241,685.00 

		                       39,871.84 

		          4,029,600.75 

		          3,817,516.50 

		             37,878.25 

		             35,884.66 



		               50 

		       0.0085 

		           4,241,685.00 

		                       36,054.32 

		          4,029,600.75 

		          3,817,516.50 

		             34,251.61 

		             32,448.89 



		Total

		

		

		                   46,295,870.93 

		

		

		         44,193,161.64 

		         42,090,452.34 



		Loss

		

		

		

		

		

		           2,102,709.30 

		           4,205,418.59 










X: Calculation of NPVs and loss of benefits at the regional level: operators of lodges, hotels and camps (r = 10%; t = 50 years), USD



		Year

		Discounting Factor (10%)

		Value of net income - BAU (USD)

		Net Present Value of income- BAU (USD)

		Value of income after 5% decrease

		Value of income after 10% decrease

		NPV of income after 5% decrease

		NPV of income after 10% decrease



		0 

		         1.0000 

		             80,875,200.00 

		                   80,875,200.00 

		           80,875,200.00 

		           80,875,200.00 

		         80,875,200.00 

		         80,875,200.00 



		                 1 

		         0.9091 

		             80,875,200.00 

		                   73,523,644.32 

		           76,831,440.00 

		           72,787,680.00 

		         69,847,462.10 

		         66,171,279.89 



		                 2 

		         0.8264 

		             80,875,200.00 

		                   66,835,265.28 

		           76,831,440.00 

		           72,787,680.00 

		         63,493,502.02 

		         60,151,738.75 



		                 3 

		         0.7513 

		             80,875,200.00 

		                   60,761,537.76 

		           76,831,440.00 

		           72,787,680.00 

		         57,723,460.87 

		         54,685,383.98 



		                 4 

		         0.6830 

		             80,875,200.00 

		                   55,237,761.60 

		           76,831,440.00 

		           72,787,680.00 

		         52,475,873.52 

		         49,713,985.44 



		                 5 

		         0.6209 

		             80,875,200.00 

		                   50,215,411.68 

		           76,831,440.00 

		           72,787,680.00 

		         47,704,641.10 

		         45,193,870.51 



		                 6 

		         0.5645 

		             80,875,200.00 

		                   45,654,050.40 

		           76,831,440.00 

		           72,787,680.00 

		         43,371,347.88 

		         41,088,645.36 



		                 7 

		         0.5132 

		             80,875,200.00 

		                   41,505,152.64 

		           76,831,440.00 

		           72,787,680.00 

		         39,429,895.01 

		         37,354,637.38 



		                 8 

		         0.4665 

		             80,875,200.00 

		                   37,728,280.80 

		           76,831,440.00 

		           72,787,680.00 

		         35,841,866.76 

		         33,955,452.72 



		                 9 

		         0.4241 

		             80,875,200.00 

		                   34,299,172.32 

		           76,831,440.00 

		           72,787,680.00 

		         32,584,213.70 

		         30,869,255.09 



		               10 

		         0.3855 

		             80,875,200.00 

		                   31,177,389.60 

		           76,831,440.00 

		           72,787,680.00 

		         29,618,520.12 

		         28,059,650.64 



		               11 

		         0.3505 

		             80,875,200.00 

		                   28,346,757.60 

		           76,831,440.00 

		           72,787,680.00 

		         26,929,419.72 

		         25,512,081.84 



		               12 

		         0.3186 

		             80,875,200.00 

		                   25,766,838.72 

		           76,831,440.00 

		           72,787,680.00 

		         24,478,496.78 

		         23,190,154.85 



		               13 

		         0.2897 

		             80,875,200.00 

		                   23,429,545.44 

		           76,831,440.00 

		           72,787,680.00 

		         22,258,068.17 

		         21,086,590.90 



		               14 

		         0.2633 

		             80,875,200.00 

		                   21,294,440.16 

		           76,831,440.00 

		           72,787,680.00 

		         20,229,718.15 

		         19,164,996.14 



		               15 

		         0.2394 

		             80,875,200.00 

		                   19,361,522.88 

		           76,831,440.00 

		           72,787,680.00 

		         18,393,446.74 

		         17,425,370.59 



		               16 

		         0.2176 

		             80,875,200.00 

		                   17,598,443.52 

		           76,831,440.00 

		           72,787,680.00 

		         16,718,521.34 

		         15,838,599.17 



		               17 

		         0.1978 

		             80,875,200.00 

		                   15,997,114.56 

		           76,831,440.00 

		           72,787,680.00 

		         15,197,258.83 

		         14,397,403.10 



		               18 

		         0.1799 

		             80,875,200.00 

		                   14,549,448.48 

		           76,831,440.00 

		           72,787,680.00 

		         13,821,976.06 

		         13,094,503.63 



		               19 

		         0.1635 

		             80,875,200.00 

		                   13,223,095.20 

		           76,831,440.00 

		           72,787,680.00 

		         12,561,940.44 

		         11,900,785.68 



		               20 

		         0.1486 

		             80,875,200.00 

		                   12,018,054.72 

		           76,831,440.00 

		           72,787,680.00 

		         11,417,151.98 

		         10,816,249.25 



		               21 

		         0.1351 

		             80,875,200.00 

		                   10,926,239.52 

		           76,831,440.00 

		           72,787,680.00 

		         10,379,927.54 

		           9,833,615.57 



		               22 

		         0.1228 

		             80,875,200.00 

		                     9,931,474.56 

		           76,831,440.00 

		           72,787,680.00 

		           9,434,900.83 

		           8,938,327.10 



		               23 

		         0.1117 

		             80,875,200.00 

		                     9,033,759.84 

		           76,831,440.00 

		           72,787,680.00 

		           8,582,071.85 

		           8,130,383.86 



		               24 

		         0.1015 

		             80,875,200.00 

		                     8,208,832.80 

		           76,831,440.00 

		           72,787,680.00 

		           7,798,391.16 

		           7,387,949.52 



		               25 

		         0.0923 

		             80,875,200.00 

		                     7,464,780.96 

		           76,831,440.00 

		           72,787,680.00 

		           7,091,541.91 

		           6,718,302.86 



		               26 

		         0.0839 

		             80,875,200.00 

		                     6,785,429.28 

		           76,831,440.00 

		           72,787,680.00 

		           6,446,157.82 

		           6,106,886.35 



		               27 

		         0.0763 

		             80,875,200.00 

		                     6,170,777.76 

		           76,831,440.00 

		           72,787,680.00 

		           5,862,238.87 

		           5,553,699.98 



		               28 

		         0.0693 

		             80,875,200.00 

		                     5,604,651.36 

		           76,831,440.00 

		           72,787,680.00 

		           5,324,418.79 

		           5,044,186.22 



		               29 

		         0.0630 

		             80,875,200.00 

		                     5,095,137.60 

		           76,831,440.00 

		           72,787,680.00 

		           4,840,380.72 

		           4,585,623.84 



		               30 

		         0.0573 

		             80,875,200.00 

		                     4,634,148.96 

		           76,831,440.00 

		           72,787,680.00 

		           4,402,441.51 

		           4,170,734.06 



		               31 

		         0.0521 

		             80,875,200.00 

		                     4,213,597.92 

		           76,831,440.00 

		           72,787,680.00 

		           4,002,918.02 

		           3,792,238.13 



		               32 

		         0.0474 

		             80,875,200.00 

		                     3,833,484.48 

		           76,831,440.00 

		           72,787,680.00 

		           3,641,810.26 

		           3,450,136.03 



		               33 

		         0.0431 

		             80,875,200.00 

		                     3,485,721.12 

		           76,831,440.00 

		           72,787,680.00 

		           3,311,435.06 

		           3,137,149.01 



		               34 

		         0.0391 

		             80,875,200.00 

		                     3,162,220.32 

		           76,831,440.00 

		           72,787,680.00 

		           3,004,109.30 

		           2,845,998.29 



		               35 

		         0.0356 

		             80,875,200.00 

		                     2,879,157.12 

		           76,831,440.00 

		           72,787,680.00 

		           2,735,199.26 

		           2,591,241.41 



		               36 

		         0.0323 

		             80,875,200.00 

		                     2,612,268.96 

		           76,831,440.00 

		           72,787,680.00 

		           2,481,655.51 

		           2,351,042.06 



		               37 

		         0.0294 

		             80,875,200.00 

		                     2,377,730.88 

		           76,831,440.00 

		           72,787,680.00 

		           2,258,844.34 

		           2,139,957.79 



		               38 

		         0.0267 

		             80,875,200.00 

		                     2,159,367.84 

		           76,831,440.00 

		           72,787,680.00 

		           2,051,399.45 

		           1,943,431.06 



		               39 

		         0.0243 

		             80,875,200.00 

		                     1,965,267.36 

		           76,831,440.00 

		           72,787,680.00 

		           1,867,003.99 

		           1,768,740.62 



		               40 

		         0.0221 

		             80,875,200.00 

		                     1,787,341.92 

		           76,831,440.00 

		           72,787,680.00 

		           1,697,974.82 

		           1,608,607.73 



		               41 

		         0.0201 

		             80,875,200.00 

		                     1,625,591.52 

		           76,831,440.00 

		           72,787,680.00 

		           1,544,311.94 

		           1,463,032.37 



		               42 

		         0.0183 

		             80,875,200.00 

		                     1,480,016.16 

		           76,831,440.00 

		           72,787,680.00 

		           1,406,015.35 

		           1,332,014.54 



		               43 

		         0.0166 

		             80,875,200.00 

		                     1,342,528.32 

		           76,831,440.00 

		           72,787,680.00 

		           1,275,401.90 

		           1,208,275.49 



		               44 

		         0.0151 

		             80,875,200.00 

		                     1,221,215.52 

		           76,831,440.00 

		           72,787,680.00 

		           1,160,154.74 

		           1,099,093.97 



		               45 

		         0.0137 

		             80,875,200.00 

		                     1,107,990.24 

		           76,831,440.00 

		           72,787,680.00 

		           1,052,590.73 

		             997,191.22 



		               46 

		         0.0125 

		             80,875,200.00 

		                     1,010,940.00 

		           76,831,440.00 

		           72,787,680.00 

		             960,393.00 

		             909,846.00 



		               47 

		         0.0113 

		             80,875,200.00 

		                       913,889.76 

		           76,831,440.00 

		           72,787,680.00 

		             868,195.27 

		             822,500.78 



		               48 

		         0.0103 

		             80,875,200.00 

		                       833,014.56 

		           76,831,440.00 

		           72,787,680.00 

		             791,363.83 

		             749,713.10 



		               49 

		         0.0094 

		             80,875,200.00 

		                       760,226.88 

		           76,831,440.00 

		           72,787,680.00 

		             722,215.54 

		             684,204.19 



		               50 

		         0.0085 

		             80,875,200.00 

		                       687,439.20 

		           76,831,440.00 

		           72,787,680.00 

		             653,067.24 

		             618,695.28 



		Total

		

		

		                 882,712,370.40 

		

		

		       842,620,511.88 

		       802,528,653.36 



		Loss

		

		

		

		

		

		         40,091,858.52 

		         80,183,717.04 










XI: Calculation of NPVs and loss of benefits for international visitors: estimated using the travel cost method (r = 10%; t = 50 years), USD



		Year

		Discounting Factor (10%)

		Value of net income - BAU (USD)

		Net Present Value of income- BAU (USD)

		Value of income after 5% decrease

		Value of income after 10% decrease

		NPV of income after 5% decrease

		NPV of income after 10% decrease



		0 

		       1.0000 

		           1,184,938.36 

		                  1,184,938.36 

		          1,184,938.36 

		          1,184,938.36 

		        1,184,938.36 

		        1,184,938.36 



		                 1 

		       0.9091 

		           1,184,938.36 

		                  1,077,227.46 

		          1,125,691.44 

		          1,066,444.52 

		        1,023,366.09 

		           969,504.72 



		                 2 

		       0.8264 

		           1,184,938.36 

		                     979,233.06 

		          1,125,691.44 

		          1,066,444.52 

		           930,271.41 

		           881,309.75 



		                 3 

		       0.7513 

		           1,184,938.36 

		                     890,244.19 

		          1,125,691.44 

		          1,066,444.52 

		           845,731.98 

		           801,219.77 



		                 4 

		       0.6830 

		           1,184,938.36 

		                     809,312.90 

		          1,125,691.44 

		          1,066,444.52 

		           768,847.25 

		           728,381.61 



		                 5 

		       0.6209 

		           1,184,938.36 

		                     735,728.23 

		          1,125,691.44 

		          1,066,444.52 

		           698,941.82 

		           662,155.40 



		                 6 

		       0.5645 

		           1,184,938.36 

		                     668,897.70 

		          1,125,691.44 

		          1,066,444.52 

		           635,452.82 

		           602,007.93 



		                 7 

		       0.5132 

		           1,184,938.36 

		                     608,110.37 

		          1,125,691.44 

		          1,066,444.52 

		           577,704.85 

		           547,299.33 



		                 8 

		       0.4665 

		           1,184,938.36 

		                     552,773.74 

		          1,125,691.44 

		          1,066,444.52 

		           525,135.06 

		           497,496.37 



		                 9 

		       0.4241 

		           1,184,938.36 

		                     502,532.36 

		          1,125,691.44 

		          1,066,444.52 

		           477,405.74 

		           452,279.12 



		               10 

		       0.3855 

		           1,184,938.36 

		                     456,793.74 

		          1,125,691.44 

		          1,066,444.52 

		           433,954.05 

		           411,114.36 



		               11 

		       0.3505 

		           1,184,938.36 

		                     415,320.90 

		          1,125,691.44 

		          1,066,444.52 

		           394,554.85 

		           373,788.81 



		               12 

		       0.3186 

		           1,184,938.36 

		                     377,521.36 

		          1,125,691.44 

		          1,066,444.52 

		           358,645.29 

		           339,769.23 



		               13 

		       0.2897 

		           1,184,938.36 

		                     343,276.64 

		          1,125,691.44 

		          1,066,444.52 

		           326,112.81 

		           308,948.98 



		               14 

		       0.2633 

		           1,184,938.36 

		                     311,994.27 

		          1,125,691.44 

		          1,066,444.52 

		           296,394.56 

		           280,794.84 



		               15 

		       0.2394 

		           1,184,938.36 

		                     283,674.24 

		          1,125,691.44 

		          1,066,444.52 

		           269,490.53 

		           255,306.82 



		               16 

		       0.2176 

		           1,184,938.36 

		                     257,842.59 

		          1,125,691.44 

		          1,066,444.52 

		           244,950.46 

		           232,058.33 



		               17 

		       0.1978 

		           1,184,938.36 

		                     234,380.81 

		          1,125,691.44 

		          1,066,444.52 

		           222,661.77 

		           210,942.73 



		               18 

		       0.1799 

		           1,184,938.36 

		                     213,170.41 

		          1,125,691.44 

		          1,066,444.52 

		           202,511.89 

		           191,853.37 



		               19 

		       0.1635 

		           1,184,938.36 

		                     193,737.42 

		          1,125,691.44 

		          1,066,444.52 

		           184,050.55 

		           174,363.68 



		               20 

		       0.1486 

		           1,184,938.36 

		                     176,081.84 

		          1,125,691.44 

		          1,066,444.52 

		           167,277.75 

		           158,473.66 



		               21 

		       0.1351 

		           1,184,938.36 

		                     160,085.17 

		          1,125,691.44 

		          1,066,444.52 

		           152,080.91 

		           144,076.66 



		               22 

		       0.1228 

		           1,184,938.36 

		                     145,510.43 

		          1,125,691.44 

		          1,066,444.52 

		           138,234.91 

		           130,959.39 



		               23 

		       0.1117 

		           1,184,938.36 

		                     132,357.61 

		          1,125,691.44 

		          1,066,444.52 

		           125,739.73 

		           119,121.85 



		               24 

		       0.1015 

		           1,184,938.36 

		                     120,271.24 

		          1,125,691.44 

		          1,066,444.52 

		           114,257.68 

		           108,244.12 



		               25 

		       0.0923 

		           1,184,938.36 

		                     109,369.81 

		          1,125,691.44 

		          1,066,444.52 

		           103,901.32 

		             98,432.83 



		               26 

		       0.0839 

		           1,184,938.36 

		                       99,416.33 

		          1,125,691.44 

		          1,066,444.52 

		             94,445.51 

		             89,474.70 



		               27 

		       0.0763 

		           1,184,938.36 

		                       90,410.80 

		          1,125,691.44 

		          1,066,444.52 

		             85,890.26 

		             81,369.72 



		               28 

		       0.0693 

		           1,184,938.36 

		                       82,116.23 

		          1,125,691.44 

		          1,066,444.52 

		             78,010.42 

		             73,904.61 



		               29 

		       0.0630 

		           1,184,938.36 

		                       74,651.12 

		          1,125,691.44 

		          1,066,444.52 

		             70,918.56 

		             67,186.01 



		               30 

		       0.0573 

		           1,184,938.36 

		                       67,896.97 

		          1,125,691.44 

		          1,066,444.52 

		             64,502.12 

		             61,107.27 



		               31 

		       0.0521 

		           1,184,938.36 

		                       61,735.29 

		          1,125,691.44 

		          1,066,444.52 

		             58,648.52 

		             55,561.76 



		               32 

		       0.0474 

		           1,184,938.36 

		                       56,166.08 

		          1,125,691.44 

		          1,066,444.52 

		             53,357.77 

		             50,549.47 



		               33 

		       0.0431 

		           1,184,938.36 

		                       51,070.84 

		          1,125,691.44 

		          1,066,444.52 

		             48,517.30 

		             45,963.76 



		               34 

		       0.0391 

		           1,184,938.36 

		                       46,331.09 

		          1,125,691.44 

		          1,066,444.52 

		             44,014.54 

		             41,697.98 



		               35 

		       0.0356 

		           1,184,938.36 

		                       42,183.81 

		          1,125,691.44 

		          1,066,444.52 

		             40,074.62 

		             37,965.43 



		               36 

		       0.0323 

		           1,184,938.36 

		                       38,273.51 

		          1,125,691.44 

		          1,066,444.52 

		             36,359.83 

		             34,446.16 



		               37 

		       0.0294 

		           1,184,938.36 

		                       34,837.19 

		          1,125,691.44 

		          1,066,444.52 

		             33,095.33 

		             31,353.47 



		               38 

		       0.0267 

		           1,184,938.36 

		                       31,637.85 

		          1,125,691.44 

		          1,066,444.52 

		             30,055.96 

		             28,474.07 



		               39 

		       0.0243 

		           1,184,938.36 

		                       28,794.00 

		          1,125,691.44 

		          1,066,444.52 

		             27,354.30 

		             25,914.60 



		               40 

		       0.0221 

		           1,184,938.36 

		                       26,187.14 

		          1,125,691.44 

		          1,066,444.52 

		             24,877.78 

		             23,568.42 



		               41 

		       0.0201 

		           1,184,938.36 

		                       23,817.26 

		          1,125,691.44 

		          1,066,444.52 

		             22,626.40 

		             21,435.53 



		               42 

		       0.0183 

		           1,184,938.36 

		                       21,684.37 

		          1,125,691.44 

		          1,066,444.52 

		             20,600.15 

		             19,515.93 



		               43 

		       0.0166 

		           1,184,938.36 

		                       19,669.98 

		          1,125,691.44 

		          1,066,444.52 

		             18,686.48 

		             17,702.98 



		               44 

		       0.0151 

		           1,184,938.36 

		                       17,892.57 

		          1,125,691.44 

		          1,066,444.52 

		             16,997.94 

		             16,103.31 



		               45 

		       0.0137 

		           1,184,938.36 

		                       16,233.66 

		          1,125,691.44 

		          1,066,444.52 

		             15,421.97 

		             14,610.29 



		               46 

		       0.0125 

		           1,184,938.36 

		                       14,811.73 

		          1,125,691.44 

		          1,066,444.52 

		             14,071.14 

		             13,330.56 



		               47 

		       0.0113 

		           1,184,938.36 

		                       13,389.80 

		          1,125,691.44 

		          1,066,444.52 

		             12,720.31 

		             12,050.82 



		               48 

		       0.0103 

		           1,184,938.36 

		                       12,204.87 

		          1,125,691.44 

		          1,066,444.52 

		             11,594.62 

		             10,984.38 



		               49 

		       0.0094 

		           1,184,938.36 

		                       11,138.42 

		          1,125,691.44 

		          1,066,444.52 

		             10,581.50 

		             10,024.58 



		               50 

		       0.0085 

		           1,184,938.36 

		                       10,071.98 

		          1,125,691.44 

		          1,066,444.52 

		               9,568.38 

		               9,064.78 



		Total

		

		

		                   13,933,009.73 

		

		

		         12,345,606.16 

		         11,758,202.59 



		Loss

		

		

		

		

		

		             587,403.57 

		           1,174,807.14 









Flat glass	Container glass	Other glass	Soaps 	&	 detergents	Metal 	&	 mining	Pulp 	&	 paper	Chemicals	Others	20	24	6	16	5	1	10	18	2007	2008	2009	2010	1678	3117	2757	3330	MAF for Ewaso Nyiro River (1947-1990)

Mean annual flows	1947	1948	1949	1950	1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	15.441666666666666	4.3249999999999797	3.2583333333333342	4.7	12.950000000000006	12.158333333333331	1.6249999999999998	7.3666666666666671	6.2	9.0333333333333332	11.258333333333335	4.3083333333333433	5.75	7.3149999999999826	17.031666666666691	18.45	23.34166666666669	16.791666666666668	2.2316666666666669	6.2649999999999855	7.0583333333333433	15.533333333	333333	3.3166666666666567	17.908333333333143	12.033333333333331	4.3666666666666671	2.4833333333333352	14.25	9.8333333333333357	2.2583333333333342	13.466666666666718	19.541666666666668	12.033333333333331	4.5500000000000007	10.533333333333333	6.6166666666666671	9.2750000000000004	1.3666666666666665	9.6250000000000018	4.2583333333333515	4.7049999999999965	19.650000000000031	12.008333333333333	21.974999999999987	Years



Mean Annual Flow (m3/s)



Mean monthly flow for Ewaso Nyiro River (1947-1990)

Mean monthly flow	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	4.9227272727272675	3.0909090909090908	5.567727272727252	16.421818181818235	21.254545454545454	9.7804545454545497	9.0909090909091006	12.390909090909124	13.688636363636364	7.3159090909090887	6.5977272727272656	6.7272727272727284	Facility water requirement	5.3750000000000013E-2	5.3750000000000013E-2	5.3750000000000013E-2	5.3750000000000013E-2	5.3750000000000013E-2	5.3750000000000013E-2	5.3750000000000013E-2	5.3750000000000013E-2	5.3750000000000013E-2	5.3750000000000013E-2	5.3750000000000013E-2	5.3750000000000013E-2	Mean monthly flow (m3/s)



Revenue (KSH '000)	2000/2001	2001/2002	2002/2003	2003/2004	2004/2005	2005/2006	2006/2007	2007/2008	2008/2009	2009/2010	2010/2011 	1219177	1316436	1416287	1224633	1496442	1793796	1356775	1285889	1185079	1421275	2376490	Premium Parks 	Urban Safari 	Wilderness Parks 	Mountain Parks	Scenic 	&	 Special Interest Parks 	Marine Parks 	Sanctuaries 	23.133301308121546	6.0439020530713154	21.486012504997802	1.8169407983774648	7.0268904254830513	9.1321824353128687	31.360770474635864	Lake Nakuru	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	193.3	209.4	229.8	216.7	257	344.6	327	346.8	137.69999999999999	189.3	Lake Bogoria	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	56.1	59.6	18.7	64.7	64.7	65.7	68.7	64.900000000000006	50.8	79.5	
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Together for birds and people 




