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A. Background 

1. Water scarcity and high cost of surface irrigation have encouraged exploitation of 
groundwater for enhancing crop productivity, increasing cropping intensity and ultimately raising 
income of farming households to enable them a better quality of life. The Independent 
Evaluation Department (IED) plans to conduct an impact evaluation of the Community 
Groundwater Irrigation Sector Project (CGISP) in Nepal (Loan 1609-NEP[SF]). The proposed 
study is expected to provide quantitative estimates of impact due to Asian Development Bank’s 
(ADB) assistance to Nepal’s agricultural productivity and poverty reduction efforts in the project 
area, and provide lessons for future irrigation sector operations in Nepal and elsewhere with 
similar agro-ecological conditions.  
 
2.  ADB approved the loan for the project in 1998, which became effective on 3 March 
1999. The project closed on 21 January 2008 after two extensions and about 30 months 
delays.1 The project completion report (PCR)2 rated the project performance successful and IED 
reconfirmed the PCR rating in its validation report.3 The validation report also noted that the 
project had significant impact but stated that the project did not give adequate attention to 
possible negative environmental impacts. However, it noted that the project increased income 
particularly for marginal and small farmers. According to the PCR, average net income per 
hectare (ha) increased from $90 at appraisal to $251 at project completion. Additional benefits 
such as food security, healthcare, and positive social impact on women and disadvantaged 
groups were also noted. There was, however, inadequate attention given to possible negative 
environmental impacts. The PCR stated that there were no adverse environmental impacts; 
40% of the installed shallow tubewells (STWs) were assessed and found to have arsenic 
content well below danger levels, fertilizer and pesticide use was lower than the recommended 
ceilings, and there were no complaints from downstream farmers. The report and 
recommendation of the President4 required (i) the establishment of an environmental unit, 
(ii) training in IPM and the proper use of agricultural chemicals, and (ii) monitoring of water 
quality and the groundwater table. However, there was no reporting of routine water quality and 
groundwater table. 
 

                                                 
1  For basic data on the project please refer to Appendix 1. 
2 ADB. 2008. Completion Report: Community Groundwater Irrigation Sector Project in Nepal. Manila. 
3  ADB. 2009. Validation Report: Community Groundwater Irrigation Sector Project in Nepal. Manila. 
4  ADB. 1998. Report and Recommendation of the President to the Board of Directors: Proposed Loan to Nepal for 

the Community Groundwater Irrigation Sector Project in Nepal. Manila. 
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B. Rationale for the Study 

3. The project impact stated in para. 2 provides estimates based on before and after 
scenario and a small sample survey results. It, however, was not all directly attributable to the 
project. The project was implemented over 9 years and several other factors could have 
potentially influenced the outcomes. In order to evaluate project impact systematically, there is a 
need to establish counterfactuals against which changes can be measured. Furthermore, the 
traditional approach to examining impact of irrigation projects often involves justification based 
on the computation of economic internal rate of return (EIRR), which in itself does not take into 
account noneconomic dimensions of project impact. By extending the analysis, the study will 
also contribute to a better understanding of welfare implications resulting from increased income 
on human health (through food security), education (affordability to send children to school), and 
empowerment of women and other vulnerable groups (through participation in community 
organizations and water user groups (WUGs) formed under the project). The study will 
contribute to the knowledge in ADB’s Strategy 20205 operations in infrastructure (irrigation) and 
two of the three strategic agenda—inclusive growth and environmentally sustainable growth. 
It will also support ADB’s Operational Plan for Sustainable Food Security in Asia and the 
Pacific.6

 

 The study will contribute to a better understanding of achievement of Millennium 
Development Goal 1 (halving food insecurity by 2015) in the project areas.   

C. Objectives and Scope of the Study 

4. The study has four specific objectives. First, the study will review the performance of the 
project using relevance, effectiveness, efficiency, likely impact, and sustainability based on 
document reviews, analysis of available data, and interviews with key stakeholders. This would 
entail revalidation of EIRR computed at project completion. Second, it will undertake a rapid 
diagnostic review of literature on impact of groundwater irrigation and determine a set of 
pragmatic indicators for project impact evaluation. This would include both intermediate and 
final outcomes (or impact). Intermediate outcomes are likely to be cover cropping intensity, crop 
yields, marketable surplus, and increase in household income due to irrigation. Likewise, the 
final impact would entail assessment of project impact on food availability and nutrition, 
affordability for children’s education, physical environment in the community, and level of 
household wealth accumulation due to access to groundwater irrigation. These indicators could 
be adopted by ADB in future irrigation project designs. Third, the study will analyze household 
survey data to evaluate project impact using quantitative techniques. Findings from the analysis 
will be of significant importance in determining actual attribution of the project in addressing 
poverty reduction mission of ADB in project areas. Fourth, the study will provide a set of lessons 
and offer recommendations for future project design in similar development interventions in 
developing member countries. 
 
D. Conceptual Framework for the Impact Evaluation Study 

5. The conceptual framework for this study is guided by (i) review of literature,7

                                                
5  ADB. 2008. Strategy 2020: The Long-Term Strategic Framework of the Asian Development Bank 2008–2020. 

Manila. 

 (ii) subject 
matter knowledge, and (iii) assertions made in the PCR regarding project impact. It will be 
based on program theory linking inputs, outputs, outcomes, and impact. The project impact 

6  ADB. 2009. Operational Plan for Sustainable Food Security in Asia and the Pacific. Manila. 
7  The review will pay particular attention to the processes, pathways, and measurable outcomes of benefits from 

irrigation in Nepal and elsewhere.  
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would be economic, institutional, environmental, and social. An operational logic model adapted 
from previous IED impact evaluation studies is presented in Appendix 2 and an impact 
evaluation matrix in Appendix 3. The model is based on country context and irrigation sector 
knowledge and initial literature review focusing on impact of irrigation on poverty reduction. 
Project intervention is expected to have increased cropped area, crop yields, crop 
diversification, and marketable surplus agricultural commodities. In addition, formation of WUGs 
is expected to empower small and marginal farmers, as well as women in the project area.  
 
6. In terms of economic impact, increased crop production due to irrigation is expected to 
induce demand for other agricultural inputs such as capital (credit), labor, fertilizers and plant 
protection chemicals, as well as market prices of irrigated lands. At the same time increased 
production would have led to self-sufficiency in production of consumable farm produce such as 
vegetables, fruits, beans, and cereals. These, collectively, would contribute to increase both 
total and disposable household income. Institutional impact of the project would be evaluated by  
(i) assessing sustainability of WUGs in the project area, including their ability to effectively 
mobilize savings for productive purposes and other needs; (ii) reducing informal debt 
accumulated by households; and (iii) managing STWs effectively by attending to operation and 
maintenance requirements. Likewise, environmental impact are mostly expected to be stable 
water source for irrigation across all seasons and of acceptable quality of water for irrigation, 
without causing any adverse health impact from leaching of nutrients and chemicals in the soil. 
Social impact of the project would be improved wealth status permitting better affordability for 
children’s education and healthcare of household members, good quality housing, consumption 
of nutritious food, and reduced share of food in household expenditure.  
 
E.  Methodology and Data 

7. The proposed evaluation will adopt a mixed method approach. Bamberger, et al.8 and 
White (2008)9 argue that mixed-method evaluation combines the detailed insights and holistic 
understanding obtained from qualitative research with the ability to generalize to a wider 
population offered by quantitative data collection. Thus, it allows for a more comprehensive 
analysis. Mixed-method designs can be employed to strengthen validity, fine-tune sampling and 
instrumentation, extend the coverage of findings, conduct multi-level analysis, and generate 
new and diverse insights. A review of methodological approaches in impact evaluation literature 
suggests that the focus group discussions (FGDs) at the community level; and key informant 
interviews with local leaders and knowledgeable persons in the community would be 
appropriate qualitative tools for data collection and, hence, these would be used in the proposed 
study. 
 
8. Impact evaluation is conducted to answer a key question—what would have happened 
to those household having access to irrigation if they did not have had access to it. It is possible 
to observe same households with and without irrigation, but it is important to develop 
counterfactual similar to the project supported households, but without irrigation. While 
randomized control trials are considered a gold standard in conducting impact evaluation, it is 
not possible to do so ex post and in absence of initial baseline and continuous monitoring of 
households. Hence, it is proposed that impact evaluation be conducted using quasi-
experimental method, which takes into account observable differences. Quasi-experimental 

                                                 
8  Bamberger, M., J. Rugh, and L. Mabry. 2006. Mixed-Method Evaluation. Real World Evaluation: Working Under 

Budget, Time, Data and Political Constraints: Chapter 13. Sage Publications. California. 
9  White, H. 2008. Of Probit and Participation: The Use of Mixed Methods in Quantitative Impact Evaluation. Network 

of Networks on Impact Evaluation Working Paper No. 6. World Bank. Washington, D.C. 
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design involves developing a comparison groups by using matching and reflexive techniques. 
Under such design, intervention sites are compared with non-intervention sites by using 
statistical methods to account for differences between the two groups.  
 
9. Formulation of an empirical strategy for impact evaluation begins with understanding the 
manner the program was implemented. To be eligible for the project, households should either 
be tenants or landowners that own less than a hectare of land. Because of the community 
based orientation of the project, beneficiaries were required to form five member WUGs before 
being given a loan for the installation of a STW. The loan would was expected to be repaid by 
the group with no subsidy from the government. These arrangements called for a great deal of 
group cohesion. Thus, one would expect that groups of households that are more cohesive are 
more likely to participate in the project because project eligibility rules implicitly requires a high 
degree of cooperation. This leads to a potential sample selection problem in the evaluation. 
That is, program participation becomes endogenous and maybe correlated with unobserved 
characteristics of households. With this in mind, the appropriate econometric model should 
address this self selection problem.  
 
10. One econometric model that can achieve this is the treatment effects model. Consider 
first, the following general specification of the outcome equation: 
 

Yi = α + βXi +θDi + εi

where
Yi  represents an outcome variable
Xi  is a vector of exogenous variables, that may include household characteristics,
     plot level characteristics, as well as economic variables such as prices and input use
Di  is an indicator whether the household participated 
     in the program (Di  =1) or not (Di  =0)   

 
11. Since participation in the program is endogenous, the sample selection mechanism can 
be represented using the following latent variable framework: 
 
 

 
12. One of the crucial aspects in implementing this econometric model is the identification of 
the Z variable or the instrumental variable. This variable should have the property that it is highly 
correlated with the decision to participate in the project, but does not affect the outcome variable 
Y. The latent variable C* on the other hand, can be viewed as the potential gain the respondent 
perceives from cooperating with other households in constructing and maintaining a communal 
STW. Given this formulation the expected gain from being a participant (also referred as an 
average treatment effect in the literature) can be calculated as (Greene, 2003):10

                                                
10 Green. 2003. Econometric Analysis. Prentice Hall. 

 

Ci
* = ϑ +δXi + γ Zi + µ   

and
Di = 1 if Ci

* > 0
Di = 0 otherwise
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E Yi Di = 1  − E Yi Di = 0  = θ + ρσ
φ ϑ +δXi + γ Zi( )

Φ ϑ +δXi + γ Zi( ) 1− Φ ϑ +δXi + γ Zi( ) 











where
φ  is a standard normal density function
Φ is the cumulative distribution function of a standard normal
ρ is the correlation between µ  and ε
σ  is the variance of the outcome error ε  

 
The model is usually estimated using a two-step estimator. In the first step, a probit regression 
on the selection equation is carried out. Second, the predicted probability of participating is then 
used in lieu of the dummy variable D in the outcome equation and this equation is estimated 
using ordinary least squares. 
 
13. There are two econometric issues that would be addressed during the conduct of the 
impact evaluation: 
 

(i) Identification of an appropriate instrumental variable Z. One possible 
variable is the presence of neighboring or contiguous lands that sum to 3.5 ha. 
Project eligibility rules require WUG members to have contiguous lands that sum 
up to at least 3.5 ha. The PCR emphasizes that this eligibility rule is one of the 
main constraints that limited household participation in the project. This eligibility 
rule can potentially affect the participation decision but not the outcome 
variables.  

 
(ii) Possibility of combining matching based on observables with the treatment 

effects model. This would ensure that the selection both on observables and 
unobservables are addressed in the estimation. This would imply the use of 
propensity score matching (PSM) in addition to other estimation procedures. The 
use of PSM is quite popular in recent impact evaluation studies.11

 
  

14. The study will involve four steps: (i) preparation, (ii) data collection, (iii) data analysis, 
and (iv) report writing. The preparation step will entail: (i) a comprehensive literature review of 
evaluation methodologies and impact of groundwater irrigation projects implemented by 
selected development partners; (ii) development of detail research methodology, and 
determination of counterfactuals, sample size, and analytical methods; (iii) identification of 
indicators, and preparation of qualitative and quantitative data collection instruments; and 
(iv) pre-testing of data collection instruments. The data collection step will involve: (i) collection 
of secondary data at the village level; (ii) conduct of FGDs and key informant interviews; 
(iii) household-level data based on face-to-face interviews with responsible household male and 
female members; and (iv) data entry, verification, triangulation, and preparation for data 
                                                
11 The PSM method calculates for both treated (with irrigation) and untreated (without irrigation) samples, the 

probability of treatment or irrigation as a function of household or village characteristics from a logit or probit model. 
This probability of adopting irrigation, calculated for households both with and without irrigation, is called propensity 
score. The outcomes of households with irrigation are then compared with those of unirrigated households. 
The PSM method, however, only controls for selection bias due to observed characteristics but not for unobserved 
characteristics or endogeneity. 
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analysis. The data analysis step will require subjecting data to appropriate qualitative and 
quantitative analysis. Report writing will involve preparation of draft report based on data 
analysis and information gathered, peer reviews, interdepartmental reviews, and independent 
external reviews. Relevance of the ADB assistance in groundwater irrigation will be evaluated 
on the basis of (i) relevance at the time of project design, in terms of ADB and government 
policy and strategy; (ii) relevance of project design; (iii) relevance during implementation; and 
(iv) relevance at project completion and evaluation. Effectiveness will be assessed in terms of 
process, as well as implementation arrangements. An updated EIRR assessment measure will 
provide an indication of efficiency. Sustainability will be analyzed based on institutional, 
financial, as well as other enabling environment factors. 
 
15. The study will use data from both primary and secondary sources. Structured 
questionnaires will be developed to gather village and household data.12

 

 Since rural 
respondents do not keep records, responses to household surveys will rely on the recall 
method. The primary data will come from a household survey. This survey will gather socio-
economic information from both the treatment and comparison group households. Socio-
economic data will include households characteristics such as age, gender, primary occupation, 
secondary occupation, number of trainings attended (initiated by the program and others), 
assets, housing, credit obtained for STW, membership and role in WUG, proximity to market 
and service centers as well crop area and production data. Local market prices will be used to 
compute crop revenues.  

16. The study team will make use of secondary data maintained by the Department of 
Irrigation’s field offices, and WUGs. At the village level, a set of guiding questions by focus area 
will be used in all FGDs. Similarly, key informant interviews will be issue-specific and will be 
guided by open-ended guiding questions. This will also include documents such as subproject 
feasibility studies. Information that will be collected include details of specific trainings that were 
conducted for the program, data that can identify the exact location of road networks that were 
maintained and constructed and, geographic and hydrologic information such as ground water 
levels. Some of these information can also be collected from the key informant interviews (KII) 
and FGDs. Secondary information can also help in the construction of the household and village 
questionnaire. 
 
17. The study team will provide training to enumerators, as well as field supervisors, so that 
consistency in data collection is maintained. Following training, the questionnaires will be pre-
tested in the field (outside project area) and with required modifications, these will be finalized. 
 
18. A stratified sampling will be employed. First, 5 of the 12 CGISP districts will be randomly 
chosen. Then, based on the distribution of WUGs, a proportionate number of WUGs will be 
randomly selected within each sample districts. Households for interviews will be randomly 
chosen from these WUG. The number of households that will be selected will depend on the 
district’s share of beneficiaries. An equal number of non-participating households with similar 
attributes of project supported households but without groundwater irrigation will also be 
interviewed in the same districts. The study team will carefully plan selection of villages for 
representative sampling. In all, 2,400 (1,200 each treatment and comparison group), following 

                                                
12 Structured questionnaires are expected to standardize the information gathering and minimize non-sampling 

errors. 



         7 

 
List, Sadoff, and Wagner (2009).13

  

 The sample size includes an allowance of 10% for non-
respondents and incomplete responses. 

19. The study will generate four key outputs: (i) an impact evaluation report, (ii) baseline 
data for future impact evaluation of CGISP, and a panel study on impact of irrigation; and (iii) a 
set of indicators for monitoring and evaluation of irrigation projects. Key findings from the study 
will be disseminated through various means, including water community of practice and external 
web links. 
 
20. Limitations and Opportunities. As discussed earlier, in the absence of verifiable 
household level baseline data, the proposed evaluation is likely to be restricted to adopt only 
single difference method of analysis for evaluating impact of the project. However, the data 
generated by the study will serve as a foundation for conducting a more robust impact 
evaluation using a panel data and applying double difference method in the future. A second 
limitation of the study is that the actual number of usable respondents from the household 
surveys may be less than the proposed 2,400 households (1,200 treatment, and 1,200 
comparison) due to usual problems associated with non-respondents and incomplete 
questionnaires. To address this problem, the survey sample size will be increased by 20% and 
hence 2,400 households is planned.  
 
21. Risks and Flexibilities. One of the moderate risks is that political unrest and or strikes 
(bands/hartal) may arise at the time of data collection work. Another moderate risk envisaged is 
that the monsoon may start earlier than expected. Both risks require flexibility in fielding teams 
and relatively a longer time period for data collection. No other major risks are foreseen at this 
stage. IED management will be kept informed regularly on the progress with the study.  
 
 
attachment:  Appendix 1:  CGISP basic data 
 Appendix 2: Logic Model to Evaluate the impact of groundwater irrigation on 

human welfare 
Appendix 3:  Impact Evaluation Matrix 

                                                
13  List, J., S. Sadoff, and M. Wagner. 2009. So You Want to Run an Experiment, Now What? Some Simple Rules of 

Thumb for Optimal Experimental Design. CERP Working Paper 94/10. 
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LOAN 1609-NEP: COMMUNITY GROUNDWATER IRRIGATION SECTOR PROJECT 
 
 

BASIC DATA 
 

KEY PROJECT DATA (in $ million) As per ADB Loan Documents Actual 
Total Project Cost   42.80 17.94 
Foreign Exchange Cost   15.40 6.16 
Local Currency Cost 27.40 11.78 
   
KEY DATES Expected Actual 
Appraisal  10–22 September 1997 
Loan Negotiations  29 October 1997 
Board Approval  26 February 1998 
Loan Agreement  17 November 1998 
Loan Effectivity 15 February 1999 3 March 1999 
Loan Closing 31 July 2005 21 January 2008 

 
DMC Nepal 
Executing Agency  Department of Irrigation 

 
       
MISSION DATA No. of Missions No. of Person-Days 
Type of Mission   
Inception   1 7 
Special Loan Administration 4 47 
Project Administration   

Review 12 204 
Mid-term 1 7 

Project Completion Review 1 10 
      

 
PROJECT PERFORMANCE REPORT RATINGS 
Implementation Period Development Objective Implementation Progress 
31 December 1998 - 31 December 2008 S S 

DMC = developing member country, S = satisfactory. 
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LOGIC MODEL TO EVALUATE THE IMPACT OF GROUNDWATER IRRIGATION ON HUMAN WELFARE 

• Increase in household income 
• Increase in disposable 

income 
 

• Increased cropped area 
• Increased cropping 

intensity 
• Increased demand for 

labor, capital, and other  
complementary inputs 

• Crop diversification 
• Increased crop yields 
 

Economic 

• WUAs established 
• Loan repaid on time 
• Savings mobilized 
• Regular meetings and 

high attendance rate 

Poverty R
eduction and Better Q

uality of Life for R
ural Population  

• Improved household level 
wealth status 

• Reduced share of food in 
total household expenditure 

• Improved housing conditions 

• Self-sustaining WUGs 

• Stable water table 
• Improved water quality for 

irrigation 
 

Output 

• No water supply 
disruption 

• No run-off farm 
chemicals and fertilizers 

• Improved affordability in 
sending children to 
school and healthcare of 
household members 

• Consumption of 
nutritious food 
 

Institutional 

Environmental 

Social 

Irrigation through shallow
 tube w

ells 
 

C
rop production 

Em
pow

erm
ent 

Input Outcomes  

 

ADB = Asian Development Bank, WUA = water users association, WUG = water user group. 
Source: Adapted from ADB. 2010. Asian Development Bank's Assistance for Rural Electrification in Bhutan—Does Electrification Improve Quality of Rural Life? 

Manila. 
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IMPACT EVALUATION MATRIX 
 

Evaluation Question Information Required Information Source Data Source and Method 
A. Economic Impact    
1.a.  Did irrigation increase household 

income? 
 
1.b.  If yes, what was the contribution 

of irrigation towards household 
income increase? 

Cropping pattern, cropping intensity, 
crop yields, cropped area, types of 
crops grown, marketable quantity of 
farm production, cost of irrigation, use 
of farm inputs,  
  

Household respondents in project and 
comparison (control) households, 
agricultural extension workers, village 
leaders  

KIIs, FGDs, and household surveys 
based on recall method 
  

2.a.  Did irrigation access lead to new 
investments? 

 

  
 

  
  
 

  

 2b. If yes, what kind of investment? 
 
  

Inventory of new investment due to 
increase in income arising from 
irrigation 

Household, focus group and key 
informants/respondents 

Household surveys, FGDs, KIIs 

 
B. Environmental Impact 

   

1.a.  Did irrigation lead to any negative 
or positive environmental impact? 

 
1.b.  If yes, to what extent and in what 

ways?  

Farm chemical use, chemical fertilizer 
use, presence of arsenic in water,  
 
  

Household, focus group and key 
informants/respondents 

KIIs, FGDs, and household surveys  
 
 
  

 
C. Institutional Impact  

   

1.a.  Did access to irrigation 
strengthen WUGs? 

 
 
1.b.  If yes, in what ways? 
 
2 a.  Are WUGs effective for O&M of 

irrigation tube wells? 
 
2 b.  If yes, in what ways?  
 
 
D. Social Impact 
 
1a.  Did increase in income from 

irrigated agriculture enable 
attendance of children in 
schools? 

 

Perception about effectiveness of 
WUGs 
 
 
Financial sustainability of WUGs 
 
Financial records of WUGs and use of 
funds for O&M 
 
 
 
 
 
 
Consumption and expenditure 
patterns of households, information on 
assets accumulated due to income 
from irrigation 
 

Household, focus group and key 
informants/respondents 
  
 
 
 
WUG records 
 
 
 
 
 
 
 
Household, focus group and key 
informants/respondents 
 
 
 

KIIs, FGDs and household surveys  
 
 
 
WUG executive committees 
 
 
 
 
 
 
 
 
 
KIIs, FGDs, and household surveys  
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1b. If yes, in what ways? 
 
2a. Did increase in income enable 
household members to seek better 
health services? 
 
2b. If yes, in what ways? 
 
3a. Did increase in income contribute 
to changes in consumption pattern, 
including food? 
 
3b. If yes, in what ways? 
 
4a. Did increase in income contribute 
to changes in household expenditure 
pattern? 
 
4b. If yes, in what ways? 
 
5a. Did increase in income contribute 
to better housing conditions? 
 
5b. If yes, in what ways? 
 
6a. Did increase in income contribute 
to other wealth indicators? 
 
6b. If yes, in what ways? 

 
 
Consumption and expenditure 
patterns of households, information on 
assets accumulated due to income 
from irrigation 
 
 
Consumption pattern of households,  
 
 
 
 
 
Expenditure patterns of households  
 
 
 
 
 
Expenditure pattern on housing 
improvement 
 
 
 
Expenditure pattern of households, 
information on assets accumulated 
due to income from irrigation 
 

 
 
Household, focus group and key 
informants/respondents 
 
 
 
 
Household, focus group and key 
informants/respondents 
 
 
 
 
Household, focus group and key 
informants/respondents 
 
 
 
 
Household, focus group and key 
informants/respondents 
 
 
 
Household, focus group and key 
informants/respondents 
 

 
 
KIIs, FGDs, and household surveys  
 
 
 
 
 
KIIs, FGDs, and household surveys  
 
 
 
 
 
KIIs, FGDs, and household surveys  
 
 
 
 
 
KIIs, FGDs, and household surveys  
 
 
 
 
KIIs, FGDs, and household surveys  
 
 

FGD = focus group discussion, KII = key informant interview, O&M = operation and maintenance, WUG = water user group. 
Source: Independent Evaluation Department Study Team. 
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