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Cause 

 Severe erosion & land degradation in the highlands of Ethiopia 

≈ 1.5 billion metric tons per year (e.g. Sonneveld, 2002) 

 Unsustainable land use management, loss of productive land 
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Effect 

 Erosion results in major sedimentation and siltation of water 

courses downstream, in particular the Gezira irrigation scheme  

 Sediment deposition blocks water inlet pipes and gates, 

reduces irrigation canal flow capacity, cropped area and yield 

 Siltation of the canal systems is getting worse every year and 

the costs of keeping the irrigation canals open increases 

 Over the past 10 years 16.5 Mm3 of sediment was removed at 

a cost of more than US$ 12 million (Gismalla, 2009) 
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Scope for transboundary cooperation 

 Sustainable agricultural practices upstream, including soil 

conservation, are needed to protect downstream areas 

against sedimentation (Merrey and Gebreselassie, 2011) 

 Theoretically: WTP for improved irrigation water supply and 

WTA compensation for soil conservation measures 

 Hence, beneficiaries downstream compensate the water 

service providers upstream  

 Actual price paid somewhere between maximum WTP and 

minimum WTAC 
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Payments for watershed services 

Without With 
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What a decision maker needs to know is … 

WTA of upstream residents 

Hydrological & carbon assessment 

WTP of downstream beneficiaries 

Institutions &  financial mechanism 
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Empirical evidence 

 Assessment institutional-

economic design factors 

that drive and explain the 

performance of existing 

Payments for Watershed 

Services (PWS) schemes 
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Scheme characteristics 

• 50 schemes in total, covering 22 million ha of land 

 
Scale of operation PWS schemes 
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Conclusions (1) 

• Less than half of the schemes used quantifiable indicators and 

monitored conditionality (22 million ha land!) 
 

• In majority of these cases the indicators referred to efforts put into 

scheme implementation, not impacts and outcomes 
 

• Importance of user financed schemes (Wunder et al., 2008) 

confirmed in this study 
 

• Role of national schemes in ES provision (Daniels et al., 2010) 

could not be confirmed 
 

• Significant impacts scheme participation conditions on effectiveness 

ES provision: 
- Voluntary schemes significantly less likely to be successful 

- Community contracts have a positive effect 

 



11 

Conclusions (2) 

• Wide variety of selection criteria used in PWS schemes, only one 

scheme used ES provision effectiveness as primary condition 

 

• Multiple intermediaries are expected to increase transaction costs 

and hence undermine efficiency in ES provision 

 

• Caveats: 

- Robustness analysis depends crucially on reliability input variables; 

simple binary dependent variable> results have to be interpreted 

with the necessary care! 

- Proper monitoring additionality conditions essential 

- International monitoring guidelines needed for comparisons between 

PES designs 
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Transboundary research design 

 Choice experiment to assess willingness of upstream 

farmers in Ethiopian highlands to invest in soil conservation 

(n=750) 

 

 Choice experiment to assess willingness to pay higher water 

fees of downstream farmers in Gezira, Sudan to obtain 

improved irrigation water supply (n=200) 
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Upstream survey 

 Past top-down Gvt and NGO interventions ineffective largely 

due to lack of proper incentives (e.g. Shiferaw and Holden, 

1999; Bekele, 2004; Holden et al., 2009) 

 Contribute to the development of incentive-compatible contract 

design based on identification of institutional-economic 

conditions needed to be in place for farmers to invest in SCM  

 Estimate FHH demand for contractual agreements under 

different soil erosion and institutional-economic terms and 

conditions  

 Test farmer choice behavior under different cost (of measures) 

and price (of contracts) settings - ‘menu of contracts’ (Ferraro, 

2008) 
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Contract (1) 

 Incentive found in private gains for FHH if they invest in SCM 

(and sustaining water services in Blue Nile river basin)  

 

 Trade-off: invest in land conservation and sustain yield and 

income in long term versus not investing in SCM which will 

reduce yields further and increasing income losses  

 

 Contract aims to facilitate and support this private investment 

decision 
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Contract (2) 

 Principal (Govt) offers contracts on voluntary basis to wide 

variety of agents (farmers) and provides necessary financial 

means to invest in SCM in return for right to ascertain certain 

LUM conditions and secure rights over public benefits (water 

services)  

 Private value (sustainable income from yield) falls upon 

farmers entering the contract  

 Most important source of uncertainty in investment decision 

is removed through the allocation of land use certificates 

 Payment mechanism is credit provided by principal, 

provision costs of which are borne by farmers and paid from 

increase in income due to SCM  
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Contract (3) 

 Significant deviation from existing PES literature where 

farmers are typically compensated for environmental 

services provided (avoid risk of free riding)  

   

 Participation constraints are tested for poorer farmers who  

      -live in the most erosion sensitive areas  

      -take no soil conservation measures  

      -have no or limited access to credit facilities  
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Sampling 

 Study site = Gedeb watershed 

 Elevation 1,500 – 4,000 masl  

 Area size: 871 km2  

 Population: 495 thousand 
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Choice experiment 
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Results (1) 

 Positive demand for contractual agreements: < 10% not 

willing to conclude a contract  

 Contracts 

- provided by local PA  

- offering additional credit, land use security, extension services 

   can be an effective means to increase the share of farmers 

implementing SCM  

 Despite the fact that most farmers already have a land use 

certificate, this attribute is valued highly by all farmers 
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Results (2) 

 Important reasons: 

- Farmer experiences with a long history of land redistribution 

- Lack of trust that certificates will guarantee future use rights  

 Contracts appeal most to target group most in need 

of taking action: 
- Farmers who already take measures less likely to participate 

- Poorer farmers with no access to credit, facing higher soil 

erosion rates are more likely to participate 

- Rational behavior: participation if contract price is lower than 

income loss from soil erosion  

 

 

 ositive demand for contractual agreements: < 10% 

not willing to conclude a contract  

 Contracts 

- provided by local PA  

- offering additional credit, land use security, 

extension services 

   can be an effective means to increase the share of 

farmers implementing SCM  

 Despite the fact that most farmers already have a 

land use certificate, this attribute is valued highly by 

all farmers 
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Downstream survey 

 First valuation study of irrigation water supply in an 

international, transboundary setting 

 Only recently has economic valuation of irrigation water 

been placed in a broader institutional-economic context of 

water rights and irrigation water governance (e.g. Speelman 

et al., 2010; Veettil et al., 2011) 

 Estimation of farmers' demand for improved irrigation water 

supply focusing on two possible solutions: 

- A local one where irrigation water supply is guaranteed through 

enhanced management of irrigation water channels in Gezira 

- An international one where irrigation water supply is guaranteed 

through transboundary cooperation between the governments of 

Sudan and Ethiopia, who share the same river: the Blue Nile 
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Research question 

 To what extent are Sudanese farmers downstream willing to 

pay for sustainable soil conservation measures upstream in 

Ethiopia as an alternative to paying for the sediment 

dredging costs through their irrigation fee? 
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Sampling 

 Study area: Gezira 

 Largest irrigation                       

scheme in the world 

 Area size: 882 thousand hectares 

 Gravity irrigation 

 Population: > 100 thousand tenants 

 2300 km main irrigation channels 

 8000 km minor channels 

 Mean rainfall 200-400 mm/year  

 Temperatures: 50 C - 460 C 
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Choice experiment 

Main characteristics  
Levels 

Local or international 
solution 

Dredging 
Soil conservation 

Increase in irrigation 
frequency 

1time more 
2 times more 
3 times more 
4 times more 

Irrigation technology Surface irrigation 
Sprinkler 

Increase in irrigation 
fee 

10 SDG 
20SDG 
30SDG 
50SDG 
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Survey implementation 

 200 farmers in the Gezira scheme interviewed in April 2012 

 Farmer sampling following a randomized block design 

 The Gezira scheme was divided in 4 parts:  

   - head, tail, middle part and extension (Managil) 

 In each of these parts, 2 villages were randomly sampled and 

within each village 25 farmers were interviewed  
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Results: Problem perception 
 Water shortage perception and Blue Nile hydro-solidarity 

 Water shortage identified as most important farming proble 

 More upstream farmers and farmers living in the middle part of 

the scheme mentioned sedimentation as the most important 

reason for water shortages (65% and 60% respectively) 

 Sedimentation is considered a big problem by a majority of all 

farmers upstream, downstream and in the middle part of the 

irrigation scheme (varying between 57% and 73%) 

 One third blame farmers upstream in Ethiopia for 

sedimentation while just over half (53%) blamed the current 

management of the irrigation scheme 
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Results: Hydrosolidarity 

- Farmers do not consider themselves responsible for the 

sedimentation problems  

- Farmers feel very connected to each other, especially in 

terms of sharing irrigation water during times of shortage 

- When asked about their sense of transboundary solidarity, 

i.e. how connected they feel to farmers upstream in Ethiopia, 

a majority of 64 % report not to feel any connection 

- Almost all farmers (97%) would be in favor of increased 

transboundary cooperation in the Blue Nile Basin to secure 

future water supply 
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Results: Choice experiment 

 Farmers value transboundary cooperation to reduce siltation 

of the irrigation canals significantly higher than improving 

local irrigation water canal management 

 As expected, increase in irrigation frequency valued 

positively 

 Sprinkler irrigation preferred over current flood irrigation 

 Negative disposition towards higher irrigation water fees 

 Significant positive alternative specific constant (ASC) 

implying that farmers prefer some change to no change from 

the current situation 
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Results: Differences between farmers 

 Farmers value an increase in irrigation water availability less 

if they already have more frequent access to irrigation water 

(measured by the interaction between the attribute increase 

in irrigation frequency and current baseline irrigation 

frequency) 

 Farmers living in the western extension of the Gezira 

scheme value an increase in irrigation frequency less than 

farmers living at the head of the scheme  

 Farmers who use water more efficiently value an increase in 

irrigation water supply higher than farmers who use water 

less efficiently 
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Results: Differences between farmers 

 No significant anchoring of choices on current price levels 

farmers pay for the cash crops they grow in the area 

 Current prices do not seem to be in any way related to water 

use efficiency, scarcity costs or cost recovery of the 

operation and maintenance costs of the irrigation canals 

 Water use efficiency no impact on interest in new irrigation 

technology 

 Education, age or farming experience levels also did not 

have any effect on the choices farmers made during the 

choice experiment 
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Willingness to pay  

 Farmers are willing to pay on average US$ 1.6 per hectare for 

every extra time they are allowed to flood their land 

 Farmers are WTP less than one dollar per hectare to change 

from flood to more efficient sprinkler irrigation 

 Farmers are WTP US$ 1.2 per hectare more for transboundary 

cooperation than improving local irrigation water governance 

 Compared to the average price farmers pay for irrigating the  

main cash crops in the area (groundnuts, cotton, wheat, 

sorghum) this implies an extra charge of no more than 4% for 

one extra time of flood irrigation  
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Conclusions 

 Transboundary RBM and provision of water services typically 

defined in economic terms of downstream WTP and upstream WTA 

 Direct user schemes appear most effective in water service 

delivery, increasing numbers of intermediaries increase transaction 

costs, need for international monitoring guidelines  

 Important to first investigate (1) private incentives for sustainable 

land use management instead of immediately offering 

compensation (2) applicability of guiding principles such as PPP 

and BPP 

 In this study we find scope for transboundary cooperation,  

important question remains of course how to organize this           

>> political decision-making process 
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Thank you for your attention 
r.brouwer@vu.nl 


