
Chapter 13 | 1 

  

 

Part of the water supply for the Sasumua dam derives 
from the Aberdares and is of good quality once organic 

debris is filtered out. 
Photo: World Agroforestry Centre/Meine van Noordwijk 
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CHAPTER 13 
Business case for payments for watershed 
ecosystem services by a Kenyan water utility 
company 

Sara Namirembe, John Mwangi, Mwangi Gathenya, Fred Nyongesa, Keith 
Shepherd and Eike Luedeling 

Highlights 
• Insufficient information to formulate a business case for PES can prevent private-sector 

entities from engaging in PES. 

• A business case for the Nairobi City Water and Sewerage Company (NCWSC) supported 
a PES approach to reduce reservoir sedimentation. 

• An Applied Information Economics approach yielded a probabilistic risk return model 
predicting a high probability (74%) of positive Net Present Value (NPV) outcomes. 

• The NCWSC nevertheless did not decide to engage in PES due to policy and regulatory 
concerns, which had not been considered in the model. 

• Private profitability of PES, though an important consideration, is not a sufficient driver 
if policy and institutional constraints are not adequately addressed. 

 

13.1 Introduction 

Although clean and safe water and water resources are generally viewed as a basic right for 
all1,2,3, watershed management is a challenge in many African settings4,5,6. A combination of 
land uses under different sectors and jurisdictions7,8,9 determine access to water of adequate 
quality. Watershed management is a mandate of public entities in most countries10 with no 
regulatory requirement for private-sector participation besides payment of statutory levies. 
Private sector businesses that depend directly on watershed ecosystem services therefore 
often tend to treat these services as external to their business operations and make little or 
no voluntary financial contribution to their sustenance, despite the fact that they can incur 
substantial costs (e.g. for water treatment) if these ecosystem services are degraded through 
pollution. 

The private sector can, however, be motivated to participate in supporting ecosystem services, 
if business dependency on functioning of the ecosystem can be convincingly demonstrated. 
The concept of Payment for Ecosystem Services (PES) aims to establish a market-based 
linkage between ecosystem service providers and beneficiaries, where businesses internalize 
environmental values into their business model, thus obtaining better control over the quality 
of ecosystem services they depend on11. Businesses that rely on watershed services can 
achieve this outcome by entering into voluntary contractual agreements with upland 
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communities, which adopt land-use practices that reduce surface runoff and soil erosion, 
improve water infiltration or cause ground water recharge. For this to happen, private-sector 
and upland communities must have a clear perception of the potential value of such 
agreements. 

In the New York Catskills case in the USA, for example, the local utility company perceived a 
stronger business case for ensuring water purification through agreements with land owners 
in the uplands than with engineering options12. Although PES currently operates in a 
potentially business-like framework, evidence of its profitability to a private-sector investor is 
very scant, especially in Africa, where most pilot PES schemes have relied heavily on the 
support of non-governmental organizations (NGOs)13,14,15 and public finance. The implied 
business objectives of PES, especially in watershed management, have been mixed with those 
of seeking to address poverty challenges16,17. Where private-sector partnerships have been 
established, temporary financing commitments have been based more on relationships built 
with intermediary NGOs than with ES providers directly18. There is little evidence to suggest 
that such decisions have been based on consideration of PES as a viable business 
approach19,20 that can be sustained beyond NGO project cycles. Our case study investigated 
the potential of a PES scheme in Kenya to be profitable from the perspective of a private-
sector beneficiary of improved watershed ecosystem services. Our analysis sought to provide 
answers to the following questions: 

• Is PES profitable for the private-sector beneficiaries involved? 
• Is profitability a strong enough driver for PES adoption? 
• If evidence of profitability does not lead to adoption, what additional barriers exist? 

We investigated the case of the Sasumua reservoir catchment in Kenya located about 90 km 
north of Nairobi, where unsustainable land management practices in small-scale upland 
farms have resulted in soil erosion. This has in turn caused sedimentation and siltation of the 
Sasumua reservoir, which is operated by the Nairobi City Water and Sewerage Company 
(NCWSC). This has led to high water treatment costs incurred by NCWSC, a private company, 
licensed as the sole supplier of piped water in Nairobi City and its environs. 

13.1.1 The Sasumua reservoir catchment 

With a capacity of 15.9 million cubic metres, the Sasumua reservoir supplies the city of Nairobi 
with 15–20% of its water (or about 64,000 m3 per day). The reservoir’s catchment covers 
approximately 107 km2, lying partly inside a forest reserve and partly in cultivated areas. An 
area of 55 ha of this, owned by NCWSC, has been planted with grass and trees to act as a 
buffer zone around the reservoir21. However, uncontrolled grazing and trampling by animals 
in the uplands has caused increased surface runoff and soil erosion resulting in low water 
quality. Because of the short travel distance between the farmlands and the reservoir, most 
sediment, nutrients and other pollutants do not undergo natural filtration and hence end up 
in the reservoir.22 
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The Sasumua reservoir combines water sources from the Aberdares forest and an agriculturally used subcatchment, with 
chemical water treatment of the mixed source needed to meet the target of less than five NTU (nephelometric turbidity 
units). Photos: World Agroforestry Centre/Meine van Noordwijk 

The catchment, which is characterised by steep slopes, lies at an altitude of 2,200–3,850 m 
above sea level. It has a mean annual rainfall of 1000–1600 mm, which occurs in a bimodal 
pattern, with most rains falling from March to May and October to December23. The mean 
flow into the reservoir is 1.34 m3 per second or approximately 116,000 m3 per day. The 
reservoir receives about 33% of its water from the Aberdare Mountain Range forest reserve 
and 67% from the cultivated part of the catchment, heavily populated by low-resource small-
scale farmers (the average farm size is about 1 ha per household). Because of high demand 
for horticultural produce in nearby Nairobi City, farmers in the watershed are increasingly 
using agrochemicals to raise land productivity and have begun to expand cultivation into the 
steeper slopes, riparian areas and wetlands, despite being in violation of existing laws and 
regulations. 

Soil erosion hotspots in the catchment are predominantly located in the steeply sloping areas 
in the northwest and the flat flood-prone areas in the southwestern and central parts of the 
watershed, which are dominated by Planosols (Figure 13.1). These areas have no soil 
retention strategies (infrastructure) in place and are hence prone to soil erosion and flash 
flooding. This has reduced the flow buffering capacity of the watershed. During heavy rains, 
the reservoir is flushed regularly to remove accumulated sediments and to reduce potential 
damage of overspill water to communities living downstream. The sediment-laden water is 
returned to the river downstream of the reservoir24 causing sedimentation problems at the 
Ng’ethu water treatment works also operated by NCWSC. Water demand in Nairobi city 
outstrips production capacity25 by an estimated 170 m3 per day. Dry season water levels may 
be very low, forcing the company to ration water, especially in areas served by the Sasumua 
reservoir21. 

Establishment of grass strips and terraces in cultivated upland areas can improve water 
quality by reducing upland erosion and sediment flow into the reservoir21. An earlier 
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contingent valuation analysis for PES showed that about 91% of smallholder farmers in the 
catchment were willing to accept on average USD 938 per hectare per year, to establish and 
maintain the recommended soil and water conservation practices21. On the downstream side, 
40% of water consumers in Nairobi were willing to pay an extra USD 1.25–3.45 per month 
above their monthly water bill for improved watershed management26. However, NCWSC 
cannot access this money for use in PES, as it has no power to directly increase water tariffs, 
the mandate for which rests with the Water Services Regulatory Board (WASRB). Nevertheless, 
this information contributed to the input for developing a business case. 

 

Figure 13.1 Watershed of the Sasumua reservoir 

13.1.2 Public framework for watershed management in Kenya 

Water catchments in Kenya are managed through a publicly financed mechanism involving 
four key national water sector institutions: the Water Resources Management Authority 
(WRMA), the Water Services Trust Fund (WSTF), the Water Services Regulatory Board (WSRB), 
and catchment-level community entities known as Water Resource Users’ Associations 
(WRUAs) (Figure 13.2). The WRMA facilitates WRUAs to develop catchment management plans, 
which are then implemented with funding from the WSTF and other development partners. 
Water utility companies such as the NCWSC supply water mostly to urban centres through 
service provision agreements with service boards, which are licensed by the WASRB. The 
WASRB also monitors and regulates water utility companies, sets standards and guidelines 
and approves water tariffs22. As a water service provider, the NCWSC is required to pay 
abstraction fees to the WRMA and land rent to Kenya Forestry Services for water abstracted 
and intakes located inside forest reserves. Part of this money is intended for catchment 
conservation and management. 
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Figure 13.2 Institutional set-up for watershed management in Kenya under the Water Act 200227 

13.2 Materials and Methods 

13.2.1 Development of a business case for sediment reduction via PES 

Sedimentation and nutrient flows from upland soil erosion cause the NCWSC to incur high 
water treatment costs in terms of chemicals used and high back flushing frequency. Reservoir 
siltation may reduce reservoir storage capacity. During heavy rains, flooding may occur, which 
may cost the utility in terms of reconstruction, damage compensation costs and loss of 
goodwill among downstream communities. All these negative effects can be combatted with 
terraces and grass strips through PES. 

A probabilistic decision analysis model was used to evaluate the economic feasibility of a PES 
scheme for NCWSC by monetizing all costs and benefits involved in such a scheme. We 
followed the principles of Applied Information Economics28,29, a business analysis approach to 
support risky decisions under uncertainty. This approach is suitable in data-scarce situations, 
because it can substitute unknown factors with plausible ranges of the respective variables, 
and then simulate model outputs in full recognition of this uncertainty. This Bayesian 
approach can incorporate both data and expert knowledge. It uses Monte Carlo simulation for 
making ex-ante outcome projections for interventions, which are delivered in the form of 
probability distributions. The model computations depend on quantitative input values for 
costs, benefits and all other variables deemed important, which are defined as confidence 
intervals or probability distributions. 

For developing the business model for PES in the Sasumua reservoir, we followed a 
participatory model-building approach, involving a panel of four subject-matter experts (from 
the World Agroforestry Centre, Jomo Kenyatta University of Agriculture and Technology in 
Nairobi and WRMA) and three decision-modelling experts (from Hubbard Decision Research). 
This group developed a causal model that reflected the best of their knowledge on all costs, 
benefits and risks involved in the PES scheme, as well as their interrelationships. In producing 
the model, the group ensured that all important aspects of the scheme were included, 
regardless of data availability or ease of measurement. This included so-called intangible 
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variables, such as community goodwill or the probability of adoption for various practices. 
Where unknown variables were qualitative, we substituted them with the quantitative effects 
we expected them to have on the model. 

In parameterizing the model, we used published information where available. However, such 
information was often scarce and highly uncertain, as published numbers may not be directly 
applicable to the situation under study, and in many cases published figures do not accurately 
express the often inevitable uncertainty about them. For example, population information 
from a census several years ago may not accurately reflect the current population, and even 
at the time of the census, it only constituted an estimate, which should be supplied with an 
error estimate. To account for these error sources, and to enable us to include quantitative 
information on variables that had never been measured, we supplemented available 
information with prior knowledge and ‘calibrated estimates’. Calibrated estimates are 
probability distributions provided by experts that express their level of certainty about the 
value of a parameter. They can be informed by published information, but they can also be 
used as Bayesian priors in situations where no data is available. 

To enhance the credibility of such estimates, experts were trained to reduce estimation biases 
before providing distributions. Such training has been shown to greatly improve the ability of 
most people to provide accurate range estimates30. All experts were instructed in several 
techniques to reduce bias, including Klein’s pre-mortem analysis and the equivalent bet 
approach. When using Klein’s pre-mortem analysis, experts provide distribution estimates, 
but then assume they are wrong and look for reasons for their mistake31. After this critical 
assessment of their numbers, experts can adjust their estimates. In the equivalent bet 
approach, experts are asked for (e.g. 90%) confidence intervals for a particular variable28. They 
are then requested to choose between the chance that the true value of a variable is within 
this interval or the clearly defined odds of a simple numerical bet (e.g. a spinning wheel 
illustrating a 90% chance of winning a prize). Based on their subjective assessment of this 
comparison, they adjust their ranges, until they become indifferent between the two options. 
A third method for defining accurate confidence intervals for unknown variables is starting 
with unrealistically large intervals and gradually moving each of the interval bounds. Finally, 
experts are also exposed to their own biases by having the accuracy of their estimated 
distributions tested with trivia questions. Most experts start out by being overconfident, 
meaning that the real values of variables fall outside the confidence intervals they specify 
more often than they should, but most achieve significant improvements in their ability to 
estimate realistic ranges and distributions for uncertain values after being exposed to the 
mentioned estimation techniques. For highly uncertain variables, this guidance should lead to 
wide confidence intervals. More details on calibration procedures can be obtained from.28 

Each uncertain variable required specification of a probability distribution type to translate 
estimates of the lower and upper bounds of confidence intervals into continuous probability 
distributions32. These distributions were mostly assumed to be triangular for cost, benefit and 
percentage estimates, lognormal for weather data, binary for flood risk estimates and normal 
for quantity variables expressed as tonnes, hectares etc. Model input parameters are 
summarized in Table 1, with most values presented as ranges reflecting uncertainty as 90% 
confidence intervals. The model inputs are then used to describe the overall welfare which is 
often the profit arising from the decision alternatives, although the welfare function could also 
involve other measures of success, such as increases in land management sustainability or 
improved food security. 

The Net Present Value of an investment by the NCWSC in grass strips and terraces in the 
uplands of the Sasumua catchment (over a 20-year period) was estimated for scenarios with 
and without PES, based on the annual cost incurred by the NCWSC for treatment of water 
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with excess sediment, including the costs of treatment chemicals, direct and indirect costs of 
cleaning filters, and loss of reservoir storage capacity over time. The analysis also included the 
cost of downstream flooding, which entailed both direct (flood mitigation, structural and crop 
damage) and indirect (public relations) aspects. Monte Carlo simulation enabled computing 
the various potential net present value outcomes of PES for the NCWSC based on different 
scenarios, from probability distributions (defined by 90% confidence intervals and distribution 
type) of input cost and benefit values. Benefits to upland farmers were positive externalities 
and therefore not included in cash flow calculations. 

Given uncertainty about all input variables, it is not unlikely that positive and negative 
outcomes will be included in the output distribution. In such a situation, a decision-maker may 
still not be totally clear on the best course of action and may want to gain more clarity by 
taking some measurements. Since research budgets are normally limited, a decision on the 
most appropriate variables to be measured is then needed. 

An additional output from our calculations was the value of information about uncertain 
variables28. This metric expresses the extent to which uncertainty about a variable limits our 
ability to decide whether the proposed PES scheme was profitable for the NCWSC. The 
technique determines the contribution of each variable in a model to uncertainty about the 
preferred decision alternative and quantifies this as the amount of money worth investing in 
uncertainty reduction for each variable.28 

This modelling approach had previously been applied to support a wide range of business 
and policy decisions28,33, especially in the private sector, but this is, to our knowledge, its first 
application for examining the economic feasibility of a PES scheme for a private-sector 
investor. We used the procedures included in the decision-support package34 for the R 
programming language35 for all simulations. 

 
Part of the slopes have adequate tree and grass cover, elsewhere open soil is visible (left); At the start of the analysis a 
common understanding of the landscape, maps and issues was essential (right). Photos: World Agroforestry 
Centre/Meine van Noordwijk 

Scenario I: cost estimates without PES intervention 

Rainfall inflow/outflow volume  

Rainfall inflow into the reservoir was estimated based on average rainfall values per season 
and the size of the catchment. The total area of the Sasumua reservoir catchment is 107 km2, 
of which the Sasumua sub-catchment covers 50–100 km2 (estimated at approximately 
67 km2). About two thirds of this sub-catchment are settled or bare ground (SB), and about 
one third is farm land (FL). The Sasumua reservoir also receives water channelled from the 
Kiburu (about 19 km2) and Chania (about 20 km2) sub-catchments, which are classified under 
forest or fallow (FF). Runoff volumes were estimated on the assumption that the fraction of 
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incident rainfall that infiltrates into the ground is 20–40%, 40–80% and 10–50% respectively for 
FL, FF and SB. Annual inflow into the reservoir was estimated at 15–50 million m3 with 
outflows of about 17 million m3 to Nairobi city, plus a small river and some occasional 
additional uses. 

Water treatment costs 

Sediment volumes at the reservoir inlet were simulated21 to be about 32,600 tonnes per year 
(Model input 10,000–60,000 tonnes per year), of which about 30–80% was assumed to get 
trapped and discharged, while the balance was assumed to contribute to reservoir siltation. 
Regarding chemicals needed to clear sediment contamination, In Kenya a price range for alum 
of US$ 100-750/t was based on price quotes of US$185-300/t if shipped from China and about 
US$ 150-200/t from India. For the price of soda ash, a value of about US$ 300/t from Tata, 
India (which also owns a plant in Magadi) was considered together with the price estimate for 
Kenya of about US$270-412/t for the model input of US$250-600/t.36 

Taking into consideration the uncertainty around the proportion of the volume of incident 
sediment removed and the price of water treatment chemicals used (alum, soda ash and 
chlorine) per year, sediment treatment costs were estimated at USD 1,292,336 per year. Using 
data on annual chemical usage obtained from the Sasumua water treatment plant (2005–
2010), Mwangi (2014)20 calculated annual water treatment chemical costs to be about USD 
382,500. Assuming an increase in fertilizer use to about 122–600% of the current rate of use in 
the next 20 years, this may lead to annual costs of about USD 9,758 for algae removal and 
about USD 200,000 for chemical reduction of phosphates and nitrates. However, if the 
ongoing sub-division of land continues, fertilizer use may not increase much, as this becomes 
uneconomical when farm sizes become too small. 

In addition, the NCWSC conducts backwashing of filters almost daily during the rainy seasons 
(8–24 weeks a year) and twice a week in the drier season (28–44 weeks in a year). This adds up 
to 144–224 backwashing events per year. Backwashing each time uses 4–10% of treated water 
and costs the company about USD 102,480 per year in foregone revenue. The NCWSC also 
spends about USD 50,000 per year to de-silt the Kiburu and Chania intakes.21 

Flooding costs 

Flooding probability was estimated by considering the amount of rainfall the reservoir can 
capture in one year before flooding occurs, by taking into consideration how much rain can 
flow into the reservoir, and how much flows out each year. Historically, the probability of 
flooding each year has been21 about 10–12%. Flooding costs were decomposed into cost units 
of infrastructure repair, compensation to downstream communities and loss of goodwill 
among the affected communities. 

Assuming a 5–30% chance of loss of goodwill where downstream communities work against 
the company by illegally tapping water or damaging water pipes, the company can incur a cost 
of about USD 5,000–50,000 in legal liabilities, mainly compensating for loss or damage of 
crops and rural dwellings. Blockage of intakes by communities can occur between 2 and 32 
times in a year, with each incident costing the company about USD 950 per year in lost 
revenue. The total amount of water abstracted per year to Nairobi is about 23 million m3, of 
which about 0.5–2 million m3 is lost due to pipeline puncture. Tapping is difficult due to the 
large size of the transmission pipe and the intensive patrols by NCWSC officials. 
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Scenario II: with PES implemented 

Adoption rates and soil erosion impacts of grass strips and terraces are considered separately 
for erosion hotspots (on approximately 22 km2) compared to less threatened areas 
(approximately 18 km2). The adoption level was assumed to be 0–30% in hotspots and 0–15% 
in less threatened areas. Establishment of grass strips and terraces was estimated to build up 
from about 22% in Year 1 to about 65% from Year 6 onwards in hotspots, and from 2% in Year 
1 to 30% in Year 6 in non-hotspots37. The area covered by these technologies was estimated 
at 4.9–14.3 km2 in hotspots and 0.44–5.40 km2 in non-hotspot areas. Since terraces and grass 
strips in FL can potentially increase infiltration by up to 20%21, this level of adoption can result 
in runoff reduction of up to 20,000,000 m3 per year. These impacts were assumed to build up 
after 1–3 years for grass strips and 1–4 years for terraces. Terraces established gradually from 
a fanya juu (soil embankments along contours, created from digging trenches downhill) take a 
shorter time, while effects from those established in one radical change may be delayed, 
especially if slopes are steep and deeper poorer soils are exposed. 

Based on this, sediment inflow into the reservoir was expected to decrease, which also 
reduces loss of the reservoir’s storage capacity. The frequency and therefore the costs related 
to de-silting intakes and back flushing are expected to decrease over time. 

In addition, PES will have a positive effect on relations with upland farmers, which is estimated 
to reduce costs related to intake blockages and the flow of fertilizer chemicals into the 
reservoir. These benefits are assumed to begin appearing about a year after the land-use 
benefits are observed. Costs of PES involve the one-time establishment costs of grass strips 
and terraces, recurrent maintenance costs, monitoring and evaluation costs and payments to 
qualified farmers. 

 
Impressions from the various landscape elements influencing water and soil fluxes in the catchment. Photos: World 
Agroforestry Centre/Meine van Noordwijk 
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Financial considerations 

Discount rates of 8–15% were applied for the NCWSC based on the estimated costs of 
borrowing money, or the opportunity cost of foregone investments if NCWSC does not issue 
paper (i.e. does not consistently borrow in the bond market). Inflation data from the past 15 
years was extrapolated for the next 20 years at 22–80% for general inflation and 35–165% for 
commodity inflation. 

Table 13.1 Model input variables 

Levels of uncertainty presented as ranges at 90% confidence level  

Variable Name Lower 
Bound 

Best 
Estimate 

Upper 
Bound 

Distribution 

Reservoir capacity (m3) 8,000,000 12,000,000 16,600,000 Triangular 

Average annual precipitation in long 
rainy season (mm) 

500 1000 1200 Lognormal 

Capacity for water inflows in one year 
before flooding occurs (m3) 

15,000,000 25,000,000 50,000,000 Triangular 

Annual full capacity (m3) 11,000,000 20,000,000 24,000,000 Normal 

Revenue ($/m3) 0.18 0.24 0.30 Triangular 

% of non-revenue water 38 39 40 Normal 

Capacity reduction in reservoir due to 
siltation (m3/year) 

7,000 20,000 60,000 Triangular 

Catchment erosion threat without 
intervention (tons/year) 

10,000 30,000 50,000 Triangular 

Sasumua basin size (ha) 10,000 12,000 15,000 Triangular 

Settled or bare ground /non-farm (ha) 500 1,000 1,500 Triangular 
Water infiltration ratio 30% 40% 50%  

Forest or Fallow/non-farm (ha)  4,706.8 9,413.6 14,120  

Water infiltration ratio 70% 85% 90%  

Farmland (ha)  4,000   

Water infiltration ratio 50% 60% 70%  
Hot Spot (ha) 1,500 2,200 3,000 Triangular 
• Average soil erosion hotspot 

(tons/hectare/year) 
10 15 20 Triangular 

• Average soil erosion non-
hotspot (tons/hectare/year) 

3 5 8 Triangular 

Adoption of terraces/grass strips     

Hot Spot Adoption     

Years to 90% adoption 3 5 15 Triangular 

% of population that adopts 
intervention at peak 

30 65 80  

% Effectiveness of reducing soil 
erosion 

10 30 45  

% of Hectares taken up by 
terraces 

8 18 28  

Non-Hot Spot Adoption     
Years to 90% adoption 7 10 20 Triangular 

% of population that adopts 
intervention at peak 10 30 45  

% Effectiveness of reducing soil 
erosion 

0 5 15  
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Variable Name 
Lower 
Bound 

Best 
Estimate 

Upper 
Bound Distribution 

% of Hectares taken up by Grass 
Strips 10 20 30  

Project Cancellation Rate (%) 2.0 8.5 15.0  

%Increase in water infiltration, 
farmland because of intervention 

5 20 40  

Years to grass strip effectiveness after 
adoption 1 2 3 Triangular 

Years to terrace effectiveness after 
adoption 

1 3 4 Triangular 

Costs of Intervention     

Costs of Terracing ($ per hectare)     

One-time Initial support costs  500 800 1,000 Triangular 

Annual payments as a function of 
implementation  

50 80 120 Triangular 

Annual costs of monitoring  10 20 30 Triangular 
Costs of Grass Strip ($ per hectare)     

Initial support costs 200 420 500 Triangular 
Annual payments as a function of 
implementation  

30 60 90 Triangular 

Annual costs of monitoring  10 20 30 Triangular 

Sediment Removal costs      

Average sediment runoff per 
year (tons) 10,000 32,600 60,000 Triangular 

% Sediment removed by 
treatment 30 50 80  

% Sediment collecting on bottom  50   
Chemicals cost of sediment removal     

Tons of alum needed to remove 
1 ton of sediment 0.020 0.028 0.050 Triangular 

• Cost/ton of Alum ($) 100 200 1,000 Triangular 
Soda ash (tons) needed to offset 
1 ton of alum (to neutralize pH) 0.10 1.55 3.00 Triangular 

• Cost/ton of Soda Ash ($) 250 400 600 Triangular 

Tons/year of Chlorine used 100 200 450  

• Cost/ton of Chlorine ($) 2500 3,000 5000 Triangular 
• % of Chlorine use due to 

sedimentation 
10 45 80  

Filter Flushing     

% Reduction of capacity (used in 
backwash to clean filters) 

4 8 10  

% Increase in capacity over no 
intervention case - assuming max 
adoption 

2 4 5  

Flooding costs     

Fixed cost of flood ($) 2,000 20,000 100,000 Triangular 
Size of flood that results in 
maximum liability and damages 
(m3) 

10,000,000 25,000,000 50,000,000 Triangular 

Compensation to downstream 
communities ($) 

5,000 20,000 50,000 Triangular 
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Variable Name 
Lower 
Bound 

Best 
Estimate 

Upper 
Bound Distribution 

Cost of replacing destroyed 
property ($) 1,000 50,000 200,000 Lognormal 

Maximum Liability and Damages 
suffered by Utility in a Flood Total 
($) 

 70,000  Triangular 

Goodwill Variables     
Size of flood that results in 
maximum loss of goodwill (m3) 

20,000,000 50,000,000 100,000,000 Triangular 

% Loss of goodwill downstream, 
max flood 5 10 30  

Legal liabilities     

Frequency per year - 2 5  

Cost per incident ($) 5,000 15,000 40,000 Triangular 
% Reduction of frequency due to 
intervention 

5 25 50  

Blocking of intakes     

Frequency per year 2 16 32 Triangular 
Water lost per incident (m3) 1000 3,000 6,000 Triangular 
% Reduction of frequency due to 
intervention 10 20 60  

Non-Revenue/tapping into pipeline 
downstream 

    

Volume per year (m3) 500 1250 2000 Triangular 

% Reduction of frequency due to 
intervention 

0 0.01 0.02  

Water Quality - Cost of Fertilizer 
Runoff 

    

Net cost of removing algae 
growth $/year 5,000 9,758 100,000 Triangular 

Increase in use of fertilizer over 
twenty years (% of current use) 122 250 600  

Fertilizer use past which algae 
growth occurs (%) 175 300 600  

Cost of chemically reducing 
phosphates/nitrogen from water 
($) 

50,000 200,000 500,000 Triangular 

Financial Variables     

General inflation (average dollar 
terms over 20 years) 

1% 2% 3%  

Inflation of commodity costs 
(Alum, soda ash, chlorine) 1.5% 2.5% 5.0%  

Discount rate/cost of capital for 
NWC 

8% 11% 15%  

* Financial values given as average of 2013 US$ equivalent 

 
  



Chapter 13 | 13 

13.3 Results and Discussion 

13.3.1 Business case for investment in PES by NCWSC 

The Net Present Value (NPV) outcomes of investing in PES ranged from a loss of USD 1.2 
million to a gain of USD 9.2 million with an annual average gain of about USD 380,000 over a 
twenty-year period for the NCWSC (Figure 13.3). The 90% confidence interval for the NPV was 
USD -390,000 to USD 1.5 million. The chance of making a loss (NPV less than zero) was about 
26%. An investment in PES could result in a reduction in chemical use and costs of water 
treatment (Figure 13.4), leading to potential annual savings building up to USD 143,000–
738,000 per year from Year 10 to Year 20 (based on 90% confidence intervals). The negative 
net returns in the beginning are partly due to the delayed benefit onset. The intervention 
preserves about 1% of dam capacity in 20 years. The risk of floods, which result from overflow 
of the reservoir, is also predicted to decrease due to preserved reservoir storage capacity. By 
Year 20, the reservoir would have an increased water-holding capacity of about 208,958 m3 
with a PES intervention compared to without. Therefore, a strong business case exists for the 
NCWSC to invest in PES if in addition to monetary aspects, non-monetary values, which are 
often externalized, are taken into consideration. In addition to potential downstream benefits, 
grass strips and terraces can provide financial benefits at farm level starting from Year 2 and 
from Year 6 respectively, according to the Soil and Water Conservation Manual for Kenya.38 

 
Figure 13.3 Net present value in USD of the decision by the NCWSC to invest in PES through terracing and 

grass strips for reducing sediment inflow from the Sasumua catchment into the Sasumua reservoir 
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Figure 13.4 Cash flow for the NCWSC over a 20-year period from investing in PES to promote terracing 

and grass strips to reduce sediment flow into the Sasumua reservoir. Lines show the median values from 

the Monte Carlo simulations, and shaded areas correspond to 50% (dark shade) and 90% (lighter shade) 

confidence intervals 

13.3.2 Information values 

The key variables with information value were the rate of sediment runoff and effectiveness of 
erosion reduction in hotspots, based on which the estimates indicate a higher chance of the 
project working out (positive NPV) than for the status-quo scenario. Current sediment runoff 
estimates are, however, quite uncertain as they span a sixfold difference between upper and 
lower bounds (10,000–60,000 tonnes per year) and reducing this uncertainty (e.g. through 
further measurements) would increase confidence in deciding whether to implement the PES 
scheme. Information values of reducing uncertainty are over USD 7000 for sediment runoff 
and just over USD 1000 for the effectiveness of reducing soil erosion in hotspots. 
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Figure 13.5 Importance of variables in explaining model outputs, as measured by the Variable Importance 

in the Projection (VIP) statistic of Partial Least Squares (PLS) regression 

Model input variables were also scored according to their influence on the NPV estimate 
(Figure 13.5), using the Variable Importance in the Projection (VIP) metric of Partial Least 
Squares regression39,40,41. In Figure 13.5, variables positively correlated to the NPV estimate 
are coded as green; those negatively correlated as red. Parameters that received VIP scores 
below a threshold of 0.836 were considered relatively unimportant to the model estimate 
(shown in grey). 

13.3.3 Presentation of results to NCWSC 

The business case was presented to NCWSC’s technical officers in two meetings also attended 
by other relevant stakeholders in the landscape, including government, WRUA community 
leaders and NGOs. The NCWSC however expressed various reservations to the applicability of 
the PES scheme within the current policy and institutional framework. First, the PES approach 
seemed to duplicate what the fees and levies paid to WRMA and KFS were intended for. 
Without explicit policy provisions for private-sector application of PES in catchment 
management, the company had no confidence22 to experiment with it as it would risk harming 
its reputation with regulatory bodies if PES created any confusion in the implementation of 
government-led catchment management plans. 

Second, although a survey26 amongst Nairobi water consumers indicated a willingness to pay 
(WTP) on average an additional USD 3.45 per month per household for improved reliability of 
water supply, the NCWSC could not access this potential revenue to finance PES. This is in the 
first place because PES is more likely to deliver improvements in water quality than quantity, 
and in the second place because the authority to increase water tariffs rests only with the 
Water Services Regulatory Board42. Company decisions to engage or not seemed to depend 
on two options between the business case of PES for the profitability on the one hand, and 
whether actions required under PES were compliant within the mandate provided for private-
sector participation in watershed management. 
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Third, a lack of legal provisions for entering into payment arrangements with private 
landowners poses an investment risk to the NCWSC. In hindsight, these legal and institutional 
costs could have been quantified and included in the model to contribute to the business 
case. The NCWSC however views the issue PES addresses (reduction of water treatment cost) 
as a sunk cost and therefore a small challenge compared to its other management problems 
such as low revenue collection due to high non-revenue water, old and dilapidated water 
infrastructure and poor distribution network. 

13.4 Discussion 

The NPV values in this analysis are from a full cost accounting perspective (integrating social 
and private values) yet the decision is expected to be made by the private-sector buyer. A 
more realistic reflection of the company’s business interests would eliminate all social 
considerations, focusing only on those inputs that are normally considered by the company 
(e.g. price factors, image/reputation, potential to achieve regulatory demands, company staff 
capacity to implement etc.). Besides profitability, decisions can be driven by other hidden cost-
benefit considerations not necessarily reflected in prices43, such as watershed access 
permits44. Likewise, from the perspective of potential ES sellers, motivations or rewards 
beyond financial benefits need to be considered45. Profitability, therefore, may not necessarily 
drive decisions towards greener options. Other examples have been published46,47 where PES 
adoption did not seem to conform to profitability interests on the side of sellers and buyers, 
but on other factors. 

Potential legal and institutional demands were key considerations for the NCWSC. Similarly, in 
the case of Vittel-Nestle Water in France, feasibility of PES depended, besides a on strong 
business case, on supportive policy and institutional provisions, among other 
considerations48. Similarly, in the Catskills case, regulatory arrangements were key 
considerations for the feasibility of PES49. Regulations were cited as key also in the Lombok 
and Lampung watersheds in Indonesia50. Other potential limitations to private-sector 
adoption of PES include limited capacity or mandate to account for environmental integrity, 
path dependencies (people sticking to the culture and tradition they are used to) and risks 
associated with uncertainties of future contractual arrangements. 

The potential to use PES for improving water quality by reducing sedimentation was of less 
concern to the NCWSC than ensuring reliable flow. Water quantity (sufficiency) is a greater 
challenge elsewhere. For example in Guinea, a declining water table was the greater concern 
of the Coyah Bottling Company than soil erosion.51 

In retrospect, because the generation of the business case for PES focused mainly on the 
hard-wired actions required, some of the ‘softer’ aspects that could contribute to decisions 
were omitted, although they would not be directly under the control of the project. Local 
community mobilization, for example, can be quite costly if PES is to develop as a purely 
private scheme. Fortunately, in this case, operational WRUAs had already been formed 
through public financing. Capacity building in financial as well as management and 
coordinating skills could enable WRUAs to run a PES scheme independently. Additionally, 
beyond just payments, motivating adoption of grass strips and terraces could require 
clarification of land tenure rights, which has gender implications for decision making at 
household level. 
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13.5 Conclusion 

This analysis developed decision-support information and then investigated the decision 
process itself. In doing so, we found that strong evidence of profitability, assumed to be a key 
consideration in user-financed PES schemes52, was not enough to drive decisions without 
policy and institutional support. Reducing uncertainty on the profitability of PES forms only 
part of a broad range of concerns in assessing the feasibility of the PES approach. In this case, 
policy and institutional compliance were major concerns, because the company is a licensed 
government institution, with possibly limited flexibility in trying out innovative approaches. We 
recommend that such factors be included in PES business models. 

The PES approach shifts watershed ecosystem services from what has been traditionally 
considered to be public goods to private goods53. It also shifts practices to deliver these ES 
(such as terracing and grass strips) from public interest practices, supported through public 
systems, to privately motivated actions. How these other concerns operate within existing 
structures may sometimes become more important than profitability. A business case, on the 
other hand, can also provide a basis for private-sector entities to lobby for improvements in 
legal and institutional provisions and may even lead to public-sector co-investment. For 
example in the case of Costa Rica, private-sector contracts for PES catalysed government to 
commit a percentage of water tax to PES.54 

The Sasumua case study is an example of a relatively small watershed where the changes 
needed in the uplands can be handled by a single entity, in this case the NCWSC. In larger 
watersheds, however, the substantial threshold scale needed to create observable changes 
may transcend what can be managed through an individual private deal51,55 and co-
investment may offer options to minimize investment risk56. Currently, the NCWSC along with 
other private-sector companies partners with The Nature Conservancy to set up the Nairobi 
Water Fund, which aims to address watershed challenges through a portfolio of approaches. 
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