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Executive Summary 
 Achieving and maintaining food security and food price stability are major 
challenges for many of the developing countries in Asia and the Pacific. High, unstable 
food prices affect the poor in particular, because poor households must allocate a 
major share of their incomes to food purchases. Providing farmers with reliable 
irrigation systems boosts and stabilizes agricultural production by increasing the overall 
water supply for a country’s crops and reducing the uncertainties that result from 
variable rainfall patterns. This in turn reduces food prices and makes them less volatile. 
The exploitation of groundwater is a viable way to provide irrigation in areas that have 
ample groundwater and present challenges to the development of systems that use 
surface water. The share of groundwater extraction in overall global irrigation has been 
growing, because it requires less capital investment than other methods and raises 
relatively fewer concerns with respect to property rights. In 2010, 38% of the world’s 
irrigated areas were using groundwater rather than surface water. As countries strive to 
improve agricultural production, the demand for groundwater irrigation will remain 
strong. 
 
Context 
 

Nepal has exploited only a fraction of its tremendous groundwater resources. 
This is partly due to a government focus during the 1970s and 1980s on providing 
surface water irrigation and to inadequate efforts to make use of the country’s 
groundwater potential during the same period. Fluctuating weather patterns and a 
decline in the availability of water from rivers and streams, particularly during the dry 
seasons, led to greater emphasis by the government on groundwater irrigation in the 
mid-1990s. The 20-year Agricultural Perspective Plan (APP) that was approved in 1994 
with the support of the Asian Development Bank (ADB) recognized the expansion of 
groundwater-based irrigation as a priority input in agricultural development, along 
with such complementary improvements as construction of all-weather agricultural 
roads, electrification, greater use of fertilizers, and better marketing activities.  

 
The number of shallow tubewells (STWs) has rapidly increased as an integral 

part of the APP. The plan period ends in 2015, but, in the face of several constraints 
and in the absence of an enabling environment to complement groundwater irrigation 
expansion, the development of the agriculture sector has fallen far short of 
expectations. Working with other development partners, ADB is now helping Nepal 
formulate a new agricultural development strategy. This evaluation study by ADB’s 
Independent Evaluation Department (IED) provides lessons that will be useful in this 
effort. The findings will also inform ADB activities in its core area of operations in 
irrigation infrastructure and add to the overall knowledge base on the impacts of 
groundwater irrigation systems. 

  

The Project 
 
The evaluation drew on the experience of the ADB-supported Community 

Groundwater Irrigation Sector Project (CGISP), which was implemented during 1999–
2007. The project aimed to increase agricultural productivity on a sustainable basis and 
to raise the incomes of farmers with less than 1 hectare (ha) of land by developing 
group-based STW irrigation, improving farm-to-market access roads, and providing 



iv Shallow Tubewell Irrigation in Nepal: Impacts of the Community Groundwater Irrigation 
Sector Project 

 

 

agricultural extension services. The project covered 12 districts in the lowland Terai 
region of Nepal. It installed 10,870 STWs, constructed 300 kilometers of farm-to-
market roads, and delivered extension services to farmers by engaging nongovernment 
organizations. Water user groups (WUGs) formed with the support of the project took 
loans from approved public financial institutions for the purchase and installation of 
STWs.  

 
The project completion report (PCR) prepared by ADB in 2008 rated the project 

successful. The PCR also identified project benefits that were not envisaged in the 
report and recommendation of the President. These included improved food security 
and health care for project beneficiaries and a positive impact on women and 
disadvantaged groups. The PCR did not provide empirical evidence of these additional 
benefits, however. It also failed to report on the sustainability of the project WUGs. 

 

Objectives and Scope of Evaluation  
 

The main evaluation objectives were to quantify the economic and 
noneconomic impacts of STW irrigation as provided on a credit basis and without 
subsidy under the ADB-supported project, which also provided some roads and other 
limited complementary investments in 12 Terai districts in Nepal; and to review 
environmental impacts, if any, on the project's STW-provided households. 
The evaluation also took the opportunity to analyze the effectiveness and sustainability 
of WUGs supported by the project, as observed 5 years into its operational phase. 
The evaluation complements an economic impact analysis by an ex post economic 
reevaluation of the project based on actual project costs and benefits. The evaluation 
does not rely on a full-fledged review of the agriculture and irrigation sector of Nepal, 
and the findings and recommendations are only suggestive of what needs to be 
considered. It is hoped that the findings can be augmented by those of other studies in 
Nepal on the effects of STW irrigation with and without complementary measures and 
investments, so that the overall body of such findings becomes more robust. 

 

Methods and Data 
 

Nepal’s farmers do not keep farm records, and the evaluation was conducted in 
the absence of valid counterfactual baseline data. IED based its findings on the 
responses and the data collected in face-to-face interviews in March–June 2012 with a 
representative sample of farmers from 5 of the 12 project districts. When direct 
quantification of benefits was not possible, proxy variables were used. In addition to a 
control group of farmers who did not obtain access to irrigation, the evaluation also 
covered a group of beneficiaries of the government's APP program, which provided 
farmers with free STWs. This was done for purposes of comparison.  
  

The evaluation was based on a program theory and mixed-method approach 
and examined a causal chain from input to outputs, outcomes, and impacts. 
A conceptual model for this evaluation was derived from a combination of literature 
review, project documents, and inputs from key informants who were knowledgeable 
about the STW irrigation provided under the project. The quantitative estimates of 
project benefits were based on the average treatment effects on the treated, using the 
propensity score matching estimation method. Hence, only observable variables have 
been used in the analysis.  
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The evaluation relied on questionnaires filled out during the face-to-face 
interviews with 2,500 households—1,000 that benefited from the CGISP, 500 affected 
by the APP STW program, and 1,000 households that did not have access to irrigation. 
Semistructured interviews using a combination of closed- and open-ended questions 
were also held with 333 CGISP WUG executives. The evaluation process also included 
10 focus group discussions, several key informant interviews, and the use of water 
table monitoring data from the Groundwater Resources Development Board.  
 

The study recognizes a well-known methodological limitation of the propensity 
score matching method, which is that nonobservables are not addressed. This cannot 
be avoided in ex post impact evaluations that lack relevant counterfactual baseline 
data. The qualitative data and information used in the evaluation included inputs from 
the key informant interviews and the focus group discussions with current and 
potential irrigation beneficiaries. The qualitative results complemented quantitative 
findings for a better understanding of impacts associated with STW irrigation. This may 
well be the first impact evaluation of irrigated agriculture that combines the use of the 
propensity score matching technique with cost–benefit analysis, institutional analysis of 
WUGs, and environmental data on water tables. 
   

Key Findings 
 

Overall, the study supports the PCR’s findings that the CGISP benefitted the 
small farmers in the project areas. The evaluation confirmed that the STW investment 
was both financially and economically viable. It found the financial and economic 
internal rates of return for the project to be 12.9% and 13.6%, respectively—slightly 
above the 12% social discount rate. The evaluation results were much lower than the 
PCR estimates of 26% and 51%, respectively. The difference is due primarily to the 
evaluation’s finding of smaller differences between the crop yields and the per-hectare 
net revenues of the irrigated and nonirrigated farms. In addition, the study found that 
the area and production under STW irrigation did not expand to the extent projected 
by the PCR analysis. The supply of STWs therefore has not been able to lift small 
farmers significantly over the poverty line. 

 
The evaluation’s counterfactual analysis also suggests that farms receiving STW 

irrigation realized an average cropping intensity 26% greater than that of nonirrigated 
farms. This figure is much lower than the 79% reported in the PCR. STW-irrigated farms 
had 10% more crop diversity than nonirrigated farms, which this study deems a good 
outcome, because crop diversity reduces risk by allocating land to off-season crops. 
Access to the project’s STW irrigation led to per-hectare savings of almost 14% in 
paddy seeds, 13% in wheat seeds, and 17% in potato seeds due to better plant survival 
rates. 

 
Increases in per-hectare yield due to irrigation were statistically significant for 

two major crops: Irrigated land produced 12.6% more for paddy and 11.8% more 
wheat per cropping season than did nonirrigated farms. The yield increases were much 
smaller than originally anticipated, however. This illustrates the continuing constraints 
on achieving the full potential benefits of STW irrigation in Nepal resulting from low 
investments in fertilizer, seed, and extension services. STW irrigation cannot deliver the 
full increases possible in crop productivity on its own. Provision of a better enabling 
environment, including access to production inputs, a reliable energy source for 
groundwater extraction, improved extension services, and better market access, is 
equally important. The net value per hectare (revenue less expenses) was an equivalent 
of $95 higher for paddy and $64 higher for wheat on land under CGISP-supported STW 
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irrigation than on land that was not irrigated. The CGISP STW farmers derived net 
marketable surplus values per hectare that were $65 higher for paddy, $25 higher for 
wheat, $46 higher for maize, and $48 higher for red lentil than those achieved by 
households farming nonirrigated land.  

 
Overall, CGISP farmers derived an equivalent net value of $580 per hectare 

from irrigated farming; APP farmers, $500; and nonirrigated farmers, $377. 
The average farm size under the CGISP was 1.03 ha, compared with the average APP 
farm size of 0.87 ha and the average nonirrigated farm size of 0.53 ha. While the CGISP 
was to include only farm households with up to 1 ha, the survey established that 46% 
of the farms exceeded this limit. The survey, by its design, included only nonirrigated 
farms up to 1 ha; more than 60% of all farms in districts such as Jhapa and Rautahat 
were below such a size. Due to the differing farm sizes, the average CGISP household 
earned $598 net income equivalent per year from irrigated agriculture, and the APP 
farmer $415, whereas the average nonirrigated household earned $200 per year from 
its rainfed agriculture. 

 
The survey also showed that farming alone generally covered only a minor 

portion of household needs, and farmers in all categories sought—and were successful 
in finding—additional sources of income. Farming accounted for an average of 23.0% 
of CGISP household income, 17.6% of that of APP households, and only 11.2% of 
incomes of households depending on nonirrigated land. The average CGISP and APP 
STW beneficiary households earned in 2010–2011 an equivalent of $2,604 and $2,354 
from a variety of sources of income, respectively, compared with the $1,787 earned by 
households whose land lacked irrigation. Taking into account the size of the 
household, this meant that irrigated CGISP households were on average living around 
the international poverty line of $1.25 a day ($1.26 per day per capita), but not APP 
households (average of $1.08 per day per capita) and nonirrigated households 
($0.89 per day per capita). The supply of STWs therefore has not been able to lift small 
farmers significantly over the poverty line. 

 
The evaluation’s counterfactual analysis also concluded that access to STW 

irrigation has not dramatically changed the types of crops grown in the project area. 
The study assumes that this is because other production constraints have not been 
overcome. These include the limited availability of key production inputs and an energy 
shortage that has affected Nepal since the early 2000s. Many of the project farmers 
cannot find diesel for their irrigation pumps at important times and have had to pay 
rapidly rising prices when the fuel is available. Long, ever more frequent electricity 
outages have also helped make irrigated farming unreliable. This has particularly 
affected high-yield crops that need to be marketed. Only 48% of the project 
households using diesel and 32% of those using electric motorized pumps have been 
able to irrigate their entire cultivable area. Despite the project’s original expectations 
that vegetable cropping and production would grow significantly, these problems have 
forced farmers to stick mainly with their traditional cereal crops—paddy, wheat, and 
maize—and to limit the cultivation of vegetables to avoid the risks posed by the 
unreliability of the energy-dependent irrigation systems on which these crops depend. 
Production of vegetables for home consumption has increased slightly, however.  

 
The overall increase in household agricultural production that has nonetheless 

occurred appears to have had a positive impact on per capita household food 
consumption, which is reflected in a decreased share of household expenditures going 
to the purchase of food items. The study believes that this modestly improved 
household food security and nutrition. The project also led to an increase in livestock 
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assets equivalent to $80 per STW-irrigated household. Livestock is often considered a 
source of financial security in Nepal, because it can be used to raise funds to meet 
unforeseen needs.  

 
The evaluation found the project’s other noneconomic impacts to be limited. 

Although the share of expenditures by STW-provided households on education and 
health rose significantly compared with nonirrigated households, neither the number 
of sick days of household members nor child absenteeism from school declined. 
Household use of firewood as the primary energy source for cooking did not change 
significantly in either the project or the other two household groups. The study finds 
that this lack of change resulted from the smaller-than-expected increase in project 
household income, as well as the relative homogeneity in access to education and 
health in the Terai districts of Eastern and Central Nepal.  
 

The evaluation did not find evidence that the project had a negative 
environmental impact, either through overexploitation of groundwater or excessive use 
of fertilizer and plant protection chemicals. Water tables in the monitoring sites were 
either stable or had improved since 2001 in all five survey study districts. Insufficient 
supplies played a major role in keeping the fertilizer and chemical application rates well 
below recommended levels.  

 
WUGs were expected to be the primary vehicle for accessing loans for STW 

irrigation without collateral under the project, but only 52% of WUGs were fully or 
partly active at the time of the evaluation in 2012. The rest were virtually inactive, 
although farmers continued to irrigate their fields either individually or through 
informal arrangements among individual WUG members. STW-irrigated farms that fell 
under active or partly active WUGs had benefitted more in terms of production impact 
from the project than had farms whose WUGs had become inactive. The former, for 
example, had paddy yields 548 kilograms (kg) greater and wheat yields 258 kg larger 
than those of nonirrigated farms. The differentials for the inactive WUG farms were 
only 135 kg and 29 kg, respectively. The same pattern applied to agricultural income, 
which was 9% higher for CGISP farms under active or partly active WUGs than for 
nonirrigated farms. The gap was only 2% for inactive WUG farms. The share of food 
purchases in total household expenditure was 4% lower in active and partly active 
CGISP farm households than in households with nonirrigated land, but only 2% lower 
in inactive WUG farm households. These differences in impacts were repeated in other 
project outcomes, depending on whether a household was served by a WUG that was 
still fully or partly functioning or by one that had stopped its activities altogether.  

  
The study finds that a WUG’s sustainability, measured by its activity status and 

its repayment of its loan for STWs, is likely to be better if it (i) is small; (ii) has a regular 
monthly membership contribution; (iii) suffers from no internal conflicts over water 
allocation and group management; (iv) owns sizable but relatively few parcels of land; 
(v) believes in participatory group decisions; (vi) operates STWs with diesel pumps; 
(vii) borrows from a participating financial institution providing holistic services, such as 
social mobilization, credit, and technical services; and (viii) has clear provisions for 
punitive measures for nonrepayment of loans. The study finds that the gender 
composition of project WUGs is less important in irrigation than in forest users groups, 
because irrigation is an activity undertaken in the Terai mainly by males. An emphasis 
put by the project on including women in WUGs, which perhaps resulted from the 
effectiveness of female participation in microcredit groups, may have been misplaced. 
The representation of another disadvantaged group, the dalits, who are traditionally 
regarded as untouchables in Nepal and discriminated against, was less than 2%. 
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This was due largely to the fact that dalits tend to be landless wage earners and thus 
could not avail of the project’s irrigation benefits.  

 
A comparative analysis of the economic and noneconomic impacts of the ADB- 

supported project and of those of the government-subsidized APP schemes showed 
that CGISP farms achieved similar outcomes and impacts even though their STWs were 
not subsidized. A package of investments, supplies, and measures to complement the 
STWs—including a sufficient energy supply, timely availability of fertilizer and improved 
seeds, and agricultural extension—had more influence on the yield growth from STW 
irrigation than the lower cost of the STWs.  
 
Key Issues  
 

Four key issues emerged from this evaluation: First, the government policy to 
support STWs has not been effective. In 2009, the government reversed a previous 
policy of not subsidizing STW installation, but STW irrigation did not expand as much 
as expected, because the government lacked the ability to adequately fund the 
subsidies. While this left small farmers unable to adopt groundwater irrigation, the 
announcement of the policy reversal hurt STW loan recovery, particularly by rural 
development banks in the eastern and central regions. Many farmers who had 
previously paid the full price for STWs now hope that their outstanding unsubsidized 
loans will be written off one day. Hence, eagerness to repay the loan may drop further. 

 
Second, the irregular supply of electricity and increasing diesel prices have 

dampened farmer interest in using groundwater for irrigation, whether the STWs are 
subsidized or not. 

 
Third, the government has not been able to meet the demand and need of 

farmers for timely inputs and services to complement irrigation, including access to 
markets. Often, too little fertilizer is available when farmers need it. 

  
Fourth, the government’s subsidy policy does not help the poorest farmers. 

This is due to the general funding shortfall for the STW subsidy and the fact that 
medium- and large-scale farmers tend to take advantage of the subsidies that are 
available. In addition, weak targeting and the difficulty of reaching the smallest farmers 
were reflected in the evaluation interviews, which found that 46% of the CGISP sample 
households owned more than 1 ha of land. 

 
Emerging Lessons  
  

The evaluation produced key lessons. The impact of STW irrigation has been 
limited by insufficient support measures, including too little extension service; 
by inadequate production inputs, led by the energy needed to operate the STWs; and 
by the fact that fertilizer has not been available when needed. In addition, the project 
showed that surplus produce from increased agricultural production encourages 
greater food consumption at home and thereby reduces expenditure on purchased 
food items and helps to ensure household food security. The project also demonstrated 
that STW irrigation is viable without direct capital subsidies for the STWs. Nonetheless, 
complementary support is required to draw out the full potential benefits, and special 
measures need to be taken to ensure that farmers with the smallest land resources are 
not crowded out. The project’s support for STW irrigation aimed at small farmers 
without collateral has been shown to be justified, compared with past investments in 
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large surface irrigation schemes that have benefitted largely medium- and large-scale 
farmers. 

 
The project showed that continued effort is needed to groom WUGs and make 

them self-reliant, as well as to build on the benefits of irrigation. The introduction of 
STW irrigation is a starting point in agricultural development, but its impact can be 
improved if the government and the private sector meet the related needs for inputs, 
marketing, and an approach that improves agricultural value chains. Agricultural 
research in Nepal and other countries has been biased towards medium- and large-
scale farms. Research is needed into viable agricultural commodities, crop 
combinations, and cropping patterns that small farmers can adopt with confidence. 
Small farmers in Nepal have little appetite for risk taking when risks are significant, and 
they continue to concentrate on producing traditional cereal crops and some legumes. 
With production costs increasing, paddy, wheat, and maize may become less viable for 
these farmers in the future, and they need to expand to higher-value crops such as 
legumes, vegetables, spices, and oilseeds. These commodities are currently grown on a 
small scale and mostly for home consumption. Finally, this project showed that 
evaluators should adopt the mixed-method approach to impact evaluation, and, 
wherever possible, impact evaluation should be combined with ex post economic 
reevaluation. Such efforts need to be supported by good baseline data.  
 

Recommendations for Nepal and ADB 
 
 The evaluation recognizes the tremendous potential for STW irrigation in Nepal 
and provides four recommendations for ADB and the Government of Nepal:  

(i) The findings of this study suggest that the government is well advised 
to help make STW irrigation accessible to small farmers through a 
broad approach dealing with enabling conditions in several areas; ADB 
should support this.  

(ii) The government is advised to develop a unified groundwater irrigation 
policy that builds on the success of the project so that the financial 
burden on the government exchequer in the form of government 
subsidies for STW provision is minimized.  

(iii) When ADB supports increasing food production in a country, and the 
uplift of small farmers, it needs to take into account the links among 
food production, water and energy availability, marketing, and 
agribusiness. ADB should steer away from a fragmented approach that 
addresses only one or two elements of the food-water-energy nexus.  

(iv) ADB should collect, or support the government’s collection of, good 
baseline data for projects for which the impacts in the past have been 
highly variable for reasons not well understood, so that solid impact 
evaluations can be conducted after project completion.  

 
  





 

 

CHAPTER 1 

Introduction 

 
1. Irrigation for agriculture accounts for about 70% of all the world’s freshwater 
withdrawals and 90% of water consumption.1

1

 An estimated 301 million hectares (ha) 
of the world’s land is irrigated, and 38% of this total is equipped for irrigation with 
groundwater (footnote ).2 The countries with the largest land areas irrigated by 
groundwater are India (39 million ha), People’s Republic of China (19 million ha), and 
United States (17 million ha). Groundwater irrigation is growing both in terms of the 
land area served and as a percentage of overall irrigated land. This has led to problems 
in places where the rate of exploitation is greater than the rate at which groundwater is 
being replaced. The groundwater basin is a common resource, and excluding its 
multiple users is difficult and costly.3 Groundwater has often provided a regular and 
timely supply of water for irrigation. Studies indicate that farms irrigated by 
groundwater have higher crop yields than farms irrigated by surface water.4

 
 

2. Nepal has vast water resources,5 but its terrain allows cultivation of only 17.9% 
of its total land area (2,641,742 ha).6 Of the total cultivable area, 66.8% (1,765,840 ha) 
is suitable for irrigation, and 47.3% (1,251,406 ha) is actually irrigated—76.7% through 
surface water irrigation; 22.2% through groundwater irrigation, including 19.2% 
through shallow tubewells (STWs, here considered up to 25 meters deep) and 3.0% 
through deep tubewells; and the remaining 1.0% from other sources.7

 

 An STW is a well 
lined by a metal tube, drilled to extract groundwater through a pump. In Nepal, wells 
of 5–10 centimeters in diameter are drilled up to a depth of 25 meters to extract water 
by an electric or diesel-operated pump. Deep tubewells exceed the diameters and 
depth of STWs.  

3. The lowland Terai region of Nepal is considered the grain basket of the country. 
It produces paddy (rice with husk; 1.0 kilogram [kg] paddy ≈ 0.7 kg rice) , wheat, and 
maize, largely for domestic consumption. The Terai depends on both surface water and 
groundwater irrigation. Nepal’s 20-year Agriculture Perspective Plan (APP), approved in 
1994, recognized that year-round irrigation was a prerequisite for achieving the high 

                                                
 
1 S. Siebert, J. Burke, J.M. Faures, K. Frenken, J. Hoogenveen, P. Döll, and F.T. Portmann. 2010. Groundwater 

use for irrigation—a global inventory. Hydrology and Earth System Sciences. 14. pp. 1863–1880. 
2 In South Asia, the share of groundwater equipped irrigation is estimated to be 58%. See also H. Garduño 

and S. Foster. 2010. Sustainable Groundwater Irrigation Approaches to Reconciling Demand with 
Resources. World Bank Strategic Overview Series. No. 4. Washington: World Bank. 

3 V.R. Reddy. 2003. Costs of Resource Degradation Externalities: A Study of Groundwater Depletion in 
Andhra Pradesh. Center for Economic and Social Studies Working Paper No. 49. 

4 B.D. Dhawan. 1989. Studies in Irrigation and Water Management. New Delhi: Commonwealth Publishers. 
5 Nepal has more than 6,000 rivers and rivulets, with an annual runoff of 225 billion cubic meters. The rainy 

season from June to September accounts for 80% of annual rainfall. Surface runoff comprises 45% of the 
average annual flow of the Ganges River and around 70% of the Ganges River’s dry season flow.  

6 Nepal has three ecological belts: the lowland Terai (23% of total land area), hills (42%), and mountains 
(35%).  

7 Center for Engineering Research and Development. 2007. Development of Database for Irrigation 
Development in Nepal. Lalitpur, Nepal.  
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cropping intensities needed for rapid output growth.8 In 2002, the government 
approved a water resource strategy that called for further development of STWs. 
Farmers were to pay the operation and maintenance costs themselves, while the 
government would introduce the policy reforms needed to promote small irrigation 
systems managed by farmers.9

 

 A water plan that included this approach was approved 
in 2005. While several agencies are involved directly or indirectly in irrigation 
development, the Department of Irrigation (DOI) is the entity tasked with implementing 
irrigation development projects and programs. It does this in association with other 
stakeholders, including the private sector and nongovernment organizations (NGOs) in 
the country.  

A. Rationale, Objectives, and Scope of the Study  

4. Rationale. Water scarcity and the high cost of surface irrigation have 
encouraged exploitation of groundwater for irrigation to enhance crop productivity, 
increase cropping intensity, and ultimately raise the incomes of farming households 
and enable them to attain a better quality of life. The expansion of the groundwater-
irrigated areas in Nepal has been based largely on the use of STWs, rather than deep 
tubewells (footnote 7).10

 

 STWs are more appealing to small- and medium-scale farmers 
than deep tubewells or surface irrigation due to STWs’ comparatively low capital 
investment requirements and suitability for small-scale operations. Concerns have been 
raised globally over the risk of depleting groundwater resources in response to 
potentially unsustainable public demand by extracting water faster than aquifers can 
recharge. Another issue has been the high energy cost of groundwater extraction due 
to its diesel and electricity requirements. For the Terai farmers in Nepal, due to good 
aquifers in many locations, STWs are an attractive option in the absence of surface 
irrigation schemes and because of the much higher cost of deep tubewells. However, 
the absence of reliable supplies of both diesel and electricity for STW irrigation has 
become a real problem that has substantially constrained investments and hurt crop 
performance, particularly when STW pumps cannot operate due to blackouts or fuel 
shortages at critical stages of crop production.  

5. Objectives. The evaluation had five objectives: First, it sought to quantify the 
economic and noneconomic impacts on poor farmers of the STW irrigation provided 
through the Community Groundwater Irrigation Sector Project (CGISP),11

                                                
 
8 National Planning Commission. 1994. Nepal Agriculture Perspective Plan. Kathmandu. 

 which was 
financed in large part by the Asian Development Bank (ADB) and implemented during 
1999–2007. The economic impact was assessed though an economic reevaluation of 
the project. Second, it compared the impacts of STW irrigation under the unsubsidized 
conditions provided by the CGISP with impacts of STW irrigation provided through a 
government-subsidized program based on the 1994 APP. Under CGISP conditions, small 
farmers formed water user groups (WUGs) and were offered loans for establishing 
STWs and purchasing motorized irrigation pumps. Under APP conditions, small farmers 
formed WUGs and received government support for establishing STWs, while having to 
purchase their own motorized pumps without a loan. Third, the evaluation assessed 
the effectiveness of small WUGs as supported by loans provided by participating 

9 K. Thapa, 2009. New Thinking on Water Governance. Nepal Country Report. Singapore. Available: 
http://www.pacificwater.org/userfiles/file/New%20Thinking%20in%20Water%20Governance/Nepal.pdf  

10 At the end of July 2006, Nepal had 67,705 STWs irrigating 240,058 ha, and 711 deep tubewells irrigating 
38,100 ha (refer to footnote 7). 

11 ADB. 1998. Report and Recommendation of the President to the Board of Directors: Proposed Loan to 
Nepal for the Community Groundwater Irrigation Sector Project. Manila. 
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financial institutions (PFIs). Fourth, it analyzed the validity of emerging public concerns 
about depleting groundwater resources in Nepal for irrigation. Finally, it derived lessons 
from the case study conducted and identified key issues and recommendations for 
Nepal’s agricultural development strategy under preparation.  
 
6. The project completion report (PCR) prepared by ADB on the CGISP in 
December 2008 described several impacts, based on before-and-after scenarios and a 
small sample survey.12

 

 Because the project was implemented over a 9-year period, the 
outcomes may have been influenced by several factors, and the impacts observed 
during the PCR survey may not all have been attributable to the CGISP. Ideally, impact 
evaluation uses valid baseline data for the treatment (project) and control areas from 
before the project starts, as well as post-project with- and without-treatment effects.  

7. Previous attempts to quantify the impacts of STWs in Nepal have been largely 
limited to the economic impacts (on income) resulting from increases in cropping 
intensity and crop yields. The conventional approach is based on the computation of 
the economic internal rate of return (EIRR). Because this addresses only economic 
benefits and costs, noneconomic dimensions of project impact are not taken into 
account. By extending the analysis, this evaluation explored the welfare impacts 
resulting from increased income on the health, food consumption, and education of 
beneficiary households. This may well be the first evaluation that has taken a holistic 
approach to project impact, addressing the quantification of economic benefits, 
economic reevaluation of rates of return, welfare effects, institutional analysis, and 
environmental concerns.  
 
8. Scope and limitations. The evaluation covered 5 of the 12 project districts in 
Nepal’s Terai region. Since baseline data were not available, it adopted a mixed-method 
approach. The quantitative estimates of the project’s outcomes and welfare impacts 
were based on the econometric technique of propensity score matching, in which STW 
irrigation beneficiaries are compared with farmers without access to irrigation, with all 
other attributes being similar. Data for the study were collected for the 2010–2011 
crop year based on farm household recall during interviews, because farmers had no 
formal system of record keeping. The qualitative results complement quantitative 
findings for a better understanding of impacts of STW irrigation.  
 
9. Although the PCR reported substantive accomplishments and benefits, these 
could not be conclusively attributed to the project. A before-and-after analysis cannot 
rule out the possibility that other nonproject factors contributed to these outcomes. 
For example, other households in other areas could have experienced the same 
production increases without the project’s support. This would have been possible, for 
instance, if the policy environment for agriculture had changed favorably throughout 
the country. For this reason, the evaluation relied on a valid counterfactual to 
determine whether benefits could be attributed to the project interventions.  
 
10. The evaluation was subject to some limitations. First, the primary data sources 
were the household and WUG surveys and, therefore, were dependent on the 
recollection of the respondents. Second, the responses were relevant at the time of the 
interview and could not reflect progression over time. Third, where actual information 
could not be properly quantified (e.g., household income), alternative representative, 
proxy variables were used (e.g., asset formation, crop yields, and value of agricultural 

                                                
 
12 ADB. 2008. Completion Report: Community Groundwater Irrigation Sector Project in Nepal. Manila. 
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marketable surplus). Fourth, the propensity score matching technique takes into 
account only observed and observable covariates (e.g., educational attainment of 
household head and farm size). It does not take into account the well-known limitation 
of unobserved (hidden) selection bias, e.g., farmers participating in the program 
because of special motivation or abilities.  
 

B. Structure of the Report 

11. The report is organized into 10 chapters. Chapter 2, a brief description of the 
CGISP, is followed in Chapter 3 by a summary of the literature review. Chapter 4 
provides a discussion on methods and data. Results are presented in chapters 5–9. 
The final chapter summarizes key findings, issues, lessons, and recommendations for 
future irrigation development in Nepal. 



 

 

CHAPTER 2 

The Community 
Groundwater Irrigation 

Sector Project 

 
12. This chapter provides a brief description of the project, including the rationale 
and intended objectives, key features, implementation arrangements, as well as the 
findings and lessons reported in the PCR. 

 
A. Project Rationale and Objectives 

13. When the project was formulated in 1997, about 80% of Nepal’s people 
depended on agriculture. The majority of farmers were smallholders. The agriculture 
sector was widely regarded as performing below expectation, mainly due to the lack of 
reliable irrigation. This was particularly true in the Terai, even though it had 
tremendous potential for groundwater irrigation.13

 

 Despite favorable aquifer conditions 
and high groundwater quality, the promotion of STW irrigation in the Terai was limited 
by a lack of clear government policy, weak and fragmented institutional support (more 
than one agency was involved in providing STW irrigation), and a focus only on farmers 
who could present collateral for loans. STW irrigation was a priority investment in the 
agriculture sector for poverty reduction. Nepal’s APP, approved in 1994, was the first 
time the government emphasized the promotion of increased investment in STWs, and 
subsequent 5-year plans designated STW irrigation as a priority investment in the Terai. 
However, the APP did not call for STW irrigation to be subsidized as was later decided 
under a separate government program named after this 1994 plan. 

14. At the government’s request, ADB approved a $30 million loan in 
February 1998 for the CGISP. The loan became effective only in March 1999 and was 
closed in January 2008, 2.5 years after its originally scheduled closing date. The project 
had two major objectives: (i) to increase agricultural productivity on a sustainable basis; 
and (ii) to improve incomes of small farmers holding less than 1 ha of land through 
participatory, demand-driven, and integrated group STW development. It had four 
components: (i) installation (including drilling) of 15,000 community STWs without 
subsidization, at full cost to farmers; (ii) provision of unsubsidized credit for the 
purchase of STW equipment and needed farm inputs, at the prevailing institutional 
lending rates; (iii) improvement of 600 kilometers (km) of farm-to-market roads; and 
(iv) implementation support and institutional strengthening. The project’s 12 Terai 

                                                
 
13 Nepal is divided into three distinct ecological regions: mountains, hills, and lowland plains. The lowland 

plains area is called the Terai. 
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districts were located in the country’s central and eastern development regions.14

 

 
Appendix 1 provides basic project data. 

15. The project was supported by a technical assistance (TA) grant equivalent to 
$3.4 million from the Canadian International Development Agency. The TA was to 
(i) build capacity of the project’s WUGs and water users associations (WUAs); 
(ii) strengthen DOI, the Nepal Rastra Bank (NRB), the Department of Agriculture (DOA), 
PFIs, and the private sector in providing services; (iii) establish and operate a 
participatory benefit monitoring and evaluation system; (iv) promote participatory 
project management, coordination, and monitoring skills; (v) strengthen the 
environmental section of DOI; and (vi) strengthen overall institutional arrangements for 
STWs. 
 
B. Unique Features in Project Design 

16. The project had four important design features:  
(i) Up to five farmers with each less than 1 ha of cultivable land would 

form a WUG. The WUG would obtain loan from a PFI for an STW 
without collateral.  

(ii) Loans for STWs were to be given to WUGs at the prevailing formal 
market interest rate set by PFIs, which would comprise rural 
development banks or NGOs accredited by NRB—i.e., the loans would 
not be directly subsidized.15

(iii) The project would assist small farmers in the project area who 
otherwise could not gain access to irrigation, as they did not own 
enough land to serve as collateral for a loan. The usual practice was 
that farmers with more land would be able to get credit for STW 
installation from banks after collateralizing their land (generally only 
10%–20% of farmers owned more than 2–3 ha of land and would then 
be of interest to banks). 

  

(iv) The project would introduce private contracted extension services to 
STW groups. 
 

C. Implementation Arrangements  

17. DOI had overall responsibility for project implementation and supervision. It 
was responsible for implementing three noncredit project components (supervision of 
installation of STWs, improvement of farm-to-market roads, and institutional assistance 
and implementation strengthening). DOI was to do this through a project management 
unit (PMU), centrally located in Janakpur, and four existing groundwater field offices 
(GFOs) in the project area. NRB implemented the third component (provision of credit) 
through rural development banks and PFIs operated by NGOs. DOA was to promote the 
use of improved varieties and technologies by project beneficiaries and participate in 
the feasibility studies and appraisals of subprojects. 

                                                
 
14 In the central development region were the districts of Bara, Chitwan, Dhanusha, Mahottari, Parsa, 

Rautahat, and Sarlahi, and in the eastern development region the districts of Jhapa, Morang, Saptari, 
Siraha, and Sunsari. 

15 Most other projects for small farmers either provided subsidies for STWs or gave them STW units outright. 
The ADB project also capitalized on a prevailing culture of shared community responsibilities by giving 
groups of households communal ownership of the STWs. The maintenance of these STWs and repayment 
of loans acquired to establish STW irrigation were also shared responsibilities. These two aspects made the 
project an important social intervention. 

The project was 
supported by a 
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18. The PMU facilitated project implementation and coordinated with other 
stakeholders. However, the formation of mobile support and monitoring teams in each 
GFO, which was required in the project design, did not materialize, because DOA and 
NRB lacked specialist staff. 
 
D. Project Performance 

19. The PCR rated the project successful, and the Independent Evaluation 
Department (IED) validated the PCR rating in its validation report.16

 

 The validation 
report stated that the project had significant impact but noted that the PCR did not 
give adequate attention to possible negative environmental impacts. It said the project 
increased household incomes, particularly for marginal and small farmers. According to 
the PCR, the EIRR for the project was 51%, and average net income per hectare 
increased from $90 at appraisal to $251 at project completion. Additional benefits such 
as better food security and health care and a positive social impact on women and 
disadvantaged groups were also noted.  

20. The PCR stated that the project had no adverse environmental impacts. 
It reported that 40% of the installed STWs were assessed and found that any arsenic 
content was well below danger levels (100 parts per billion), that fertilizer and pesticide 
use was lower than the recommended ceilings, and that no complaints were made by 
downstream farmers. ADB’s project approval document had required (i) the 
establishment of an environmental unit, (ii) training in integrated pest management 
and the proper use of agricultural chemicals, and (iii) monitoring of water quality and 
the groundwater table. However, the PMU provided no reporting on routine water 
quality and the groundwater table. According to the PCR, of the 39,334 farmers it said 
benefitted from the project, 60% were women and 33% were from disadvantaged 
groups, but it did not provide details on the composition of the disadvantaged groups. 
Additional details are in the PCR (footnote 12, paras. 36–38).  
 
21. According to the PCR, the project design was consistent with the strategic 
priorities of both the government and ADB at the time. It rated the project likely 
sustainable based on (i) the strength of WUAs and WUGs; (ii) revenues collected by 
communities from charges for the use of water from STWs, roads, and marketing 
centers; (iii) loan repayment rates by WUGs of almost 100%; (iv) communities’ 
commitment to maintenance of STWs and roads; (v) government commitments of staff 
and funding; and (vi) some replication of the STW irrigation systems in new areas.  
 

                                                
 
16 IED. 2009. Validation Report: Community Groundwater Irrigation Sector Project in Nepal. Manila: ADB.  
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CHAPTER 3 

Evidence from Literature on 
Impact of Irrigation 

 
22. The literature review conducted as part of the evaluation covered both 
empirical and methodological contexts. The conclusions were considered while 
developing the conceptual model for the study. Literature on the impact of STW 
irrigation is limited. Hence, literature on STWs, surface water, and other forms of 
irrigation was reviewed to identify knowledge gaps relevant to STW irrigation outcomes 
and impacts. The review showed that previous evaluation efforts had focused largely 
on measuring direct economic impacts, such as those on crop yields and income.  
 

A. Poverty Impacts  

23. Irrigation is often assumed to have significant direct and indirect poverty 
reduction effects. A 2004 report contended that access to good irrigation water 
contributes to uplifting rural communities and reducing poverty by (i) increasing 
production, (ii) increasing income and consumption, (iii) increasing employment, 
(iv) improving food security, and (v) enabling other social impacts.17 This review of 
experiences in several countries found that poverty incidence was 20%–30% lower in 
settings with irrigation than in those without irrigation. In Sri Lanka, the average 
treatment effect of shallow tubewells (ATT) showed that, when irrigation was available, 
per capita income rose by around 17.8%, and per capita food and nonfood 
consumption expenditures increased by 12.2% and 37.6%, respectively.18

 
  

B. Impact on Crop Diversity, Cropping Intensity, and Crop 
Productivity 

24. A 2008 World Bank study noted that access to irrigation in India reduced crop 
diversity because it permitted farmers to raise more than one crop of paddy.19

 

 Applying 
a double difference propensity score matching method, the study noted that cropping 
intensity increased by 38% in areas irrigated from canals. The increase in cropping 
intensity was associated with the increase in the number of growing seasons.  

                                                
 
17 I. Hussain and M. A. Hanjra. 2004. Irrigation and Poverty Alleviation: Review of the Empirical Evidence. 

Irrigation and Drainage. 53. pp. 1–15. 
18 Y. Sawada, M. Shoji, S. Saguaro, and N. Shank. 2010. The Role of Infrastructure in Mitigating Poverty 

Dynamics: A Case Study of an Irrigation Project in Sri Lanka. Tokyo: Japan International Cooperation 
Agency Research Institute.  

19  World Bank. 2008. An Impact Evaluation of India’s Second and Third Andhra Pradesh Irrigation Projects: 
A Case of Poverty Reduction with Low Economic Returns. Washington, D.C. 
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25. Gains in crop yields from irrigation have been quantified in several studies. They 
show a large variety of yield effects. A 2006 study observed significant variations in 
paddy yields on irrigated farms in two districts in the central and western regions of 
Nepal, although it was based on a small sample.20

19

 For example, paddy yields associated 
with STW irrigation were 3.9 tons per hectare (tpha), compared with only 2.1 tpha 
under rainfed (and very dry) conditions. However, a World Bank study in the state of 
Andhra Pradesh in India reported that the extent of increases in yields depended on the 
type of crops grown (footnote ). Yield increases of 20%–50% were reported in 
paddy, turmeric, and chili, compared with 80% in cotton. The study showed that yield 
growth varied significantly by season as well. For example, paddy yield increased by 
only 14% in the rainy season but 66% in the dry season.  
 
C. Impacts on Complementary Investments 

26. Studies have demonstrated that improved access to irrigation often leads to 
secondary benefits at the local, community, and regional levels.21

 

 Increased agricultural 
production resulting from irrigation stimulates both input and output markets. Areas 
with well-functioning irrigation systems attract other economic and physical 
infrastructure. The government tends to invest more in such things as credit facilities 
and farm-to-market roads if it understands the socioeconomic complementarities 
between public infrastructure and irrigation. This should eventually lead to market 
integration and robust output and input markets.  

D. Intervening Variables 

27. Removing institutional distortions. Public policy aimed at removing institutional 
distortions has been shown to enhance the effects of irrigation. For example, land 
reform policy can induce private investments in irrigation development, as well as 
motivate farmers to adopt modern agricultural technologies once irrigation is available. 
In India, a tenancy registration program increased the demand for irrigation 
groundwater from tenant farms after sharecropping distortions were reduced. This led 
to investments into the expansion of groundwater irrigation capacity through more 
tubewells, dug wells, and submersible pumps. The resulting fall in the price of 
groundwater ultimately led to agricultural growth for both tenants and nontenants.22

  

  

28. Management. Groundwater resources are often mismanaged by 
overexploitation or mining. When degradation becomes irreversible, irrigation systems 
become useless, and secondary negative impacts such as land subsidence and saltwater 
intrusion become evident.23 In many places, unsustainable extraction of groundwater 
through the proliferation of wells and conjunctive use of surface and groundwater has 
caused a progressive lowering of the water table, lower yields per tubewell, and higher 
capital and operating costs.24

                                                
 
20 H. Bhandari. and S. Pandey. 2006. Economics of Groundwater Irrigation in Nepal: Some Farm Level 

Evidences. Journal of Agricultural and Applied Economics 38 (1). 185–199. 

 Since groundwater is a common-pool resource, 

21 A. Dillon. 2010. Do Differences in the Scale of Irrigation Projects Generate Different Impacts on Poverty and 
Production? International Food Policy Research Institute Discussion Paper 01022. Washington, DC. 

22 P. Bardhan, D. Mookherjee, and N. Kumar. 2010. State-led or Market-led Green Revolution? Role of Private 
Irrigation Investment vis-a-vis Local Government Programs in West Bengal’s Farm Productivity Growth. 
Unpublished.  

23 H. Garduño and S. Foster. 2010. Sustainable Groundwater Irrigation Approaches to Reconciling Demand 
with Resources. World Bank Strategic Overview Series Number 4. Washington, D.C. 

24  E. Duflo and R. Pande. 2005. Dams. Economic Growth Center Discussion Paper no. 923. Yale University. 
Available: http://www.econ.yale.edu/~egcenter 
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consumption and production externalities are often not recognized by individual 
farmers. This leads to an undervaluation of the resource.  
  
29. Energy. Apart from expenditures for labor, the variable costs of tubewell 
operations are for energy—diesel or electricity to fuel the pumps. The availability and 
price of energy are important factors in efficient groundwater extraction and irrigation. 
A huge subsidy given to rural electricity has been a driving factor in the growing 
groundwater extraction in India’s Punjab state (footnote 24). An unreliable electricity 
supply in West Bengal forced farmers in that Indian state to switch from electricity to 
diesel for energy reliance to operate tubewells, but rising diesel prices resulted in a 
contraction of the groundwater market in 2006.25

 

 The availability of reliable energy also 
promotes efficiency of groundwater use for irrigation.  

30. Increasing power supply rates or reducing the power supply can reduce the 
exploitation of groundwater. Groundwater extraction in India has been regulated by 
power shortages (footnote 3). Although this has helped check the lowering of the 
water table in the short run, it is not an efficient long-term solution to the 
environmental risks. The advent of surplus power production and/or subsidized power 
prices could resume environmental degradation through groundwater depletion.  
 
31. Studies have demonstrated that an ineffective power sector reduces crop yields. 
One study showed that a lack of power in northern India has constrained production 
by agrarian households.26

 

 It demonstrated that a reliable electricity supply can improve 
yields by up to 10%, and that the incremental income is greater than the cost of the 
electricity used for irrigation. However, the electricity supply needs to be stable and 
priced in a way that groundwater extraction is responsive to farmers’ demand.  

32. Reforming a country’s power sector can provide reliable power for greater 
agricultural productivity and sustainable groundwater use. Experience from South 
Africa showed that increasing energy prices led farmers to switch from irrigation to 
rainfed agriculture, which produces low and uncertain crop yields. The country was a 
net exporter of food grains during 1985–2008 but became a net importer during 2009–
2010, when electricity tariffs were increased by 31%. The impact of improved road 
conditions and market access and quality on the productivity of irrigation has not often 
been studied, but can be assumed to be significant as well. 
 

E. Methodologies Adopted in Quantifying the Outcomes and 
Impacts of Irrigation 

33. Several of the irrigation impact evaluation studies reviewed for this report were 
qualitative in nature and often failed to clearly identify an appropriate control group. 
In addition, earlier studies were largely based on factual (before- and after-intervention) 
analysis rather than counterfactual analysis (with- and without-intervention). Paras. 34–
35 describe different methodologies applied in quantifying the outcomes and impacts 
of irrigation investments, with particular relevance to the relationship between 
irrigation and poverty. A list of studies reviewed is in Appendix 2. Some studies have 
dealt with tubewells and others with surface or canal irrigation. Analysis has been at 

                                                
 
25 A. Mukherji. 2007. The Energy-Irrigation Nexus and its Impact on Groundwater Markets in Eastern Indo-

Gangetic Basin: Evidence from West Bengal, India. Energy Policy 35, pp. 6413–6430. 
26  A. Banerji, G. Khanna, and J.V. Meenakshi. 2010. Social Contracts, Markets, and Efficiency: Groundwater 

Irrigation in North India. Center for Development Economics Working Paper no. 183. 
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the household, village, or district levels, with only one study using national data. Both 
cross-sectional and panel data have been used. 
  
34. In general, the propensity score matching method is used more often in this 
field. This eliminates the need for a before-project baseline. Although the ordinary least 
squares method has also been used in at least five studies, four did not fully address 
causality, discussing only the association between irrigation and outcomes instead.27

 

 
These four studies did not identify a valid counterfactual or a control group. 
Identification strategies, on the other hand, relied mostly on binary assignments 
between those served by irrigation projects or the treated (program beneficiaries) and 
those on farms without irrigation (the control group). Propensity score matching is 
commonly implemented to ensure similarities between treated and control groups 
under a common support. Using the example of this study, the method uses groups of 
households with access to STW irrigation, to “match” these with groups of households 
with similar characteristics but which do not have access to STW irrigation, to assess 
whether treatment effects are significant. 

35. The review suggested that identification strategies can be either supported by 
matching methods or implemented purposely through use of geographic information. 
However, matching methods alone may not solve biases that can arise in an impact 
evaluation, since they can only control for selection bias based on observed or 
observables but not on unobserved or unobservables. In the example of this study, 
households with STW irrigation may have differed in their motivation or abilities, and 
may have worked harder to avail of STW irrigation than households that did not have 
STW irrigation. In other words, the treatment group and the control group might not 
have randomly come about. On the other hand, identification based on geographic 
information may be useful only in cases of studies of canal irrigation, where the path of 
water flow is distinct.  
 

F. Summary 

36.  Overall, this short literature review showed that irrigation generally contributes 
to an increase in crop yields and household income from agriculture in the region. 
It also showed that the extent of the contribution varies significantly. There is, 
therefore, a need to account and control for intervening factors. In particular, impact 
evaluation should consider variations in agricultural support, cost of energy and inputs, 
climate, the quality of the irrigation, and institutional variables. These factors affect the 
degree and direction of the impacts of groundwater irrigation in terms of poverty 
reduction.  
 
37. The review of the methodologies for quantifying impacts confirmed the need to 
control for intervening variables.28

                                                
 
27 P. Bardhan et. al., 2009; H. Bhandari and S. Pandey, 2006; I. Hussain, 2004; and Q. Huang, D. Dawe, 

S. Rozelle, J. Huang, and J. Wang. 2005. Irrigation, Poverty and Inequality in Rural China. The Australian 
Journal of Agricultural and Resource Economics. 49. pp. 159–175. 

 In the absence of proper baseline data or spatial 

28 In particular, both selection on observables and unobservables should be accounted for if results are to 
have consistent estimates. Controlling for selection of the unobservables, however, will involve creativity in 
identification strategies and planned data collection. The use of panel data can partly correct for 
heterogeneity from time-invariant variables. However, the use of this technique can be precluded by the 
absence of baseline survey data. Thus, in the absence of baseline data, one recourse is the use of spatial 
information to correct for time-invariant unobservable variables. For instance, collecting plot-level 
information and using spatial difference in difference regression (i.e., using cross-plot information) can 
possibly account for household as well as village fixed effects. The prospect of this option is enhanced if 
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information, outcomes and impact can be estimated using the propensity score 
matching technique, although this method does not address unobserved variables.  
 
38. Finally, the review showed that potential control groups can be contaminated 
by community-level effects. For instance, the emergence of water markets and a robust 
labor market may lead to increased income for households that have no direct 
participation in groundwater irrigation users groups. Adequate care needs to be taken 
in selecting control groups for impact evaluations. Because of community-level effects, 
a control group—i.e., nonirrigated farming households—will not automatically be 
identical to a group not composed of program beneficiaries. 
 
39. The review found no references to the welfare impacts of STW irrigation. 
Hence, the extent of such impacts is largely unknown. This evaluation tried to fill this 
knowledge gap with the help of a conceptual framework for this study (figure). 
The framework shows pathways by which STW irrigation can affect poverty outcomes 
and impacts.  
 

                                                                                                                                
 

program (or tubewell) placement is based on program parameters and not on household preferences. In 
this case, program or eligibility rules can be used as over-identifying variables. 
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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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CHAPTER 4 

Methodology and Data 

 
40. Details of the conceptual framework, the estimation methods employed, and 
the data used for the evaluation are in Appendix 3. 
 

A. Conceptual Framework 

41. The conceptual framework for the study was based on the review of literature, 
the findings of the PCR, and inputs from key informants identified during the scoping 
mission for the study (figure in page 13). It follows a results chain of input, output, 
outcome(s), and impact(s), and uses the farm household as the unit of analysis. Access 
to STW irrigation is considered an input in production of farm outputs (crop yields). 
The project outcomes have four dimensions—economic, institutional, social, and 
environmental. The ultimate goal of the development intervention through investments 
in STWs for irrigation is considered to be to reduce poverty and provide households 
with a better quality of life.  
 
B. Evaluation Approach and Design 

42. The evaluation adopted a mixed-method approach, relying mainly on a large 
household questionnaire survey in order to conduct propensity score matching, and a 
series of interviews and focus group discussions (FGDs) with key informants. 
The proponents of the mixed-method approach argue that an evaluation using mixed 
methods combines the detailed insights and holistic understanding obtained from 
qualitative research with the ability to generalize about a wider population that is 
offered by quantitative data collection.29

 

 Thus, it allows for a more comprehensive 
analysis than any single method. Mixed-method designs can be employed to 
(i) strengthen validity, (ii) fine-tune sampling and instrumentation, (iii) extend the 
coverage of findings, (iv) conduct multilevel analysis, and (v) generate new and diverse 
insights. Qualitative tools employed in the method are FGDs and key informant 
interviews. Quantitative analysis is based on data collected from household, WUG, and 
community surveys.  

43. The impact evaluation includes counterfactual analysis, to address the question 
of what would have happened to those households having access to irrigation if they 
had not had access to it. While randomized control trials are considered the best way 
to carry out impact evaluation, this could not be done ex post for this project in the 
absence of valid initial baseline and continuous monitoring data from the households. 
Hence, the evaluation adopted a quasi experimental design that generated a 
comparison group by using propensity score matching and reflexive techniques to 

                                                
 
29 M. Bamberger, 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; and 
H. White. 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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quantify the project’s attribution. Under this design, intervention households were 
compared with non-intervention households by using statistical methods to account 
for differences between the two groups. The evaluation focused on estimating the 
project’s welfare impacts within the framework shown in the figure (page 13).  
 

1. Treatment Group 

44. The direct beneficiaries of the CGISP were considered the primary treatment 
group. These were the households that formed the project WUGs, which usually had  
3–5 members.30

  

 Each household in a WUG was supposed to have less than 1.0 ha of 
cultivable land, and the WUG was supposed to have a command area of at least 3.5 ha. 
The WUG’s application for STW installation was approved by FGDs after its technical 
feasibility had been established (this was dependent primarily on the presence of 
underground aquifers). After the approval of the STW installation, WUG members were 
able to obtain a group loan from a pre-identified PFI. The loan covered costs associated 
with drilling, tubewells, pumps and motors, pump houses, and polythene pipes for 
conveying water from the tubewell to the crop fields. The technology was reasonably 
simple. It relied on the installation of a 4-inch STW, using manual drilling as performed 
by skilled technicians, and a motorized water pump, typically with 5 horsepower 
capacity. Depending upon the location, the PFI was either an accredited NGO or a 
regional rural development bank such as Eastern Region Grameen Bikas Bank or Central 
Region Grameen Bikas Bank. The WUG members had shared access to STWs for 
irrigation purposes and were eligible for agricultural extension support from the district 
agricultural development office or a contracted NGO. 

45. According to the PCR, 10,870 STWs were installed by the end of the project in 
2007 (footnote 12). The average cost of STW development, including costs associated 
with the purchase of a pump and motor, the boring, a pump house, and conveyance, 
was $555 equivalent.31 This included $382 for the pump and motor (69%), $144 for 
the drilling and material cost of boring (26%), and $30 for conveyance and pump 
house costs (5%). Individual farmers were expected to construct any canals needed to 
convey water from the STWs to their farm plots for irrigation. On average, a CGISP STW 
was 7.9 years old at the end of 2011.32

 

 According to the key informants, a typical STW 
has an economic life of 15 years. The depth of boring ranged from 15 meters to 25 
meters, depending on the water aquifer levels. 

46. GFOs facilitated project implementation. The farmers associated with respective 
WUGs obtained loans from the PFIs. District agricultural development offices 
implemented agricultural programs. NGOs mobilized communities and implemented 
agricultural programs. Farmers selected and contracted private drillers and pump and 
motor suppliers. Farmers also benefitted from farm-to-market roads constructed under 
the project and received some training. 
 
47. In addition to the project’s 10,870 primary treatment groups, the high demand 
for STWs led other groups of farmers in the same areas—often neighbors of the CGISP 
groups—to form another 3,818 WUGs with the support of DOI. This was done outside 
                                                
 
30 As per the original project design, WUGs were required to have 15 members. However, because of the 

problems involved in mobilizing a large group, the requirement was reduced to five members. 
31 Development Vision Nepal (DVN). 2006. Shallow Tubewell Irrigation Impact Assessment Study. 

Kathmandu. Table 5.1. Based on a 31 December 2005 exchange rate of $1.00 = NRs72. 
32 Based on the weighted average age of STWs installed by the sample WUGs, which ranged from 5 to 

10 years old. The actual average STW age was 5.6 years for the entire project, according to data made 
available by DOI.   
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the context of the CGISP,33

 

 although the process followed some of the same WUG 
principles. These were often referred to as the APP groups. Unlike the project WUGs, 
the APP groups received a 60% capital cost subsidy for STW development from 
government resources covering the cost of drilling and tubes. The subsidy covered the 
cost of drilling and associated materials but not the motorized pumps, which the 
WUGs had to finance from their own sources (CGISP farmers received an unsubsidized 
loan package that included the cost of such pumps).  

48. An average APP STW installation cost $455, divided between the pump and 
motor (75%), drilling and pipes (22%), and conveyance and pump house (3%). This was 
18% less than the average CGISP cost, due primarily to the shorter distance to convey 
water from the STW to the plots, competition between drillers for APP group business, 
shallower wells, and the more modest type of pump house constructed. The majority of 
the APP group farmers were often unable to recall how long they had had the STWs, 
but according to DOI the CGISP and APP initiatives were launched at about the same 
time. The APP STW program covered all 24 Terai districts, while the ADB project STWs 
were installed in the 12 districts of the eastern and central Terai development regions. 
 
49. The APP groups are referred to as the secondary treatment groups in this study. 
They were formed with a minimum of three members and a command area of at least 
2.5 ha. The STWs provided under the APP group program used technology similar to 
those of ADB’s project. Drilling was generally done manually by private contractors, 
although machines were used in some cases. The STWs’ pumps had 5-horsepower 
motors. DOI, which implemented the scheme, provided only limited social mobilization 
assistance. It supplied all materials, but motorized pumps were purchased by the APP 
farmer groups. The situation at the time of the CGISP may well have been such that not 
all farmers could apply for the CGISP package at the same time, and some chose to join 
groups that opted to apply for the APP-based government program that provided 
subsidized drilling without a loan, rather than joining a group that chose the CGISP 
approach of unsubsidized drilling but with a large loan repayment commitment. 
 

2. Comparison Group (Counterfactuals) 

50. The comparison (control or counterfactual) group comprised households that 
were similar to the treatment group but did not have access to irrigation from 
groundwater or in any other form, either from the CGISP or the APP-related 
government program. The evaluation made sure to select households in the same areas 
and near the treatment group households, with similar landholding size (i.e., below 
1 ha) and ethnic composition.  
 

3.  Sampling Frame and Sample Selection 

51. The sampling frame for the evaluation was constructed using a four-step 
procedure: (i) listing of the project WUGs and corresponding beneficiaries, (ii) random 
selection of village development committees (VDCs) using a cluster approach, 
(iii) random selection of households that had been given STWs under the project or 
through the APP groups, and (iv) random selection of nonproject households with 
rainfed land below 1 ha and in the vicinity of the project households. The selection 
process ensured that the representation of project households was balanced with 
proportions receiving credit from the PFIs. Wherever possible, a WUG’s leader and up 

                                                
 
33 As per a 2006 survey conducted by DVN. 
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to two additional members were selected for face-to-face interview. The list of WUGs 
was obtained from PFIs for the CGISP and from GFOs for APP.34

 
 

52. The APP group program, which provided the secondary treatment group for 
the evaluation, can be considered to be influenced by the CGISP, since the ADB project 
established the norm and framework for STW provision to needy small farmers.35

 

 
The government APP program aimed to provide 20,000 STWs each year to Terai farmers 
during 2001–2005, although it actually averaged 8,000 annually during 2002–2008 
due to budgetary and institutional capacity constraints. A comparison of the project 
and APP treatment groups separately with nonirrigated households was used to 
measure any impact differences between those who received STWs through loans and 
those whose STWs were subsidized by the government. The project STWs were installed 
during 2001–2007, and those of the government’s APP program most likely during 
2002–2008.  

4. Impact Variables for Quantitative Analysis 

53. The framework in the figure (page 13) formed the basis for the impact 
evaluation, which looked at both outcomes and welfare impacts arising from the 
provision of STW irrigation. Table 1 shows outcome and welfare indicators and 
associated measures examined in the study. The project sought to increase crop 
production and yields, which would increase employment and income and translate 
into such welfare impacts as higher levels of consumption, greater asset formation, and 
better education and health. Because income estimates were difficult to properly 
quantify directly, additional proxy indicators were used. In addition, irrigation was 
assumed to stimulate demand for other services, inputs, and infrastructure facilities. 
Institutional impact was assessed based on the sustainability of the project WUGs, 
while environmental impact was evaluated on the basis of data on the water table 
levels in the sample project districts and per-hectare use of chemical fertilizers and 
plant protection chemicals.  
 
  

                                                
 
34 The local demand for STWs has been heavy. GFOs maintain a list of farmers fitting CGISP or APP eligibility 

criteria. The lists from GFOs in the project areas served as the sampling frame, and the field team randomly 
selected the participants for the comparison group. Adequate care was taken to ensure that none of the 
comparison group households had access to irrigation from any source. 

35 Some government officials state that the capital subsidy under the APP STW program is fair, in the sense 
that irrigation water is a public good and the government should provide the assistance that farmers need 
to access it. The government’s position is that the fixed cost of installing tubewells should not impose 
constraints on the farmers.  
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Table 1: Outcomes and Welfare Indicators and Their Measurements 
 
Indicators Measurement 
Economic Impact 

(i) Total crop production 
 

(ii) Cropping intensity 
(iii) Crop diversification index 

 
(iv) Crop yields 

 
(v) Net value of crop production  
(vi) Net value of marketed 

agricultural surplus 
 

 
(i) Yield (tpha) for major crops (paddy, maize, 

and wheat) 
(ii) % 
(iii) Simpson’s intrafarm crop diversity index 

scorea 
(iv) Per hectare production of major crops, value 

of production and sales ($) 
(v) Net value of crop production ($) 
(vi) Value of crop sale ($) 

Noneconomic Impact 
(i) Education 

 
 
 

(ii) Asset formation 
 
 

(iii) Food consumption 
 
 
 
 
 

 
(iv) Health 

 
 
 

 
(i) Absenteeism due to farm work for school-

age children (No.), school-age children 
enrolled, the share of household expenditure 
on children’s education 

(ii) Value of household assets ($), value of 
livestock assets 
 

(iii) Share of household expenditure on food (%), 
food expenditure per capita ($), food 
diversity (index value), consumption of 
agricultural production per capita (value in 
$), firewood consumption in bundles, weekly 
firewood use for cooking 
 

(iv) Share of household expenditure on health 
(%), household members getting sick by age 
group and sex (%), and absences from work 
due to sickness (No. of days) 

 
Sustainability of WUGs 

(i) STW loan repayment 
(ii) Status of WUG 

 
(i) STW loan fully repaid (yes/no) 
(ii) WUG (partly or fully active/non-active) 

 
Environmental Impact (i) Per hectare quantity of chemical fertilizer and 

plant protection chemical applied (kg) 
(ii) Groundwater table level (meter) 

STW = shallow tubewell, tpha = ton per hectare, WUG = water user group.  
a The index provides a clear dispersion of commodities in a geographical region. The index range is 0–1. If 

complete specialization exists, the index moves towards 0. The Simpson's intrafarm crop diversity index 
(SDI) is computed using the formula 

 
where, Ai is area allocated to crop i. The value of SDI falls between 0 and 1, and a high SDI implies a high 
level of diversity. 

Source: ADB Independent Evaluation Department. 
 
C. Analytical Methods 

54. Impact estimates. The lack of relevant baseline data for the STW intervention 
posed a challenge for the evaluation, which made ex post double difference estimation 
of project impact not feasible. Nevertheless, an impact evaluation needs to estimate the 
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impact of an intervention (treatment). If assignment of the treatment is conducted 
through randomized trials, it is sufficient to simply compare the outcomes of the 
treatment group (with intervention) with the outcomes of the control group (without 
intervention). A simple comparison of means is then sufficient to establish treatment 
effects. However, if assignment of the treatment is not random, the simple comparison 
of outcomes will yield a biased estimation of treatment effects.  
 
55. Propensity score matching is a method that has been used to reduce this bias.36 
The idea is to match a project participant (treated) and a nonparticipant (untreated) 
with very similar characteristics. Both should have the same likelihood or propensity of 
obtaining the treatment. The difference in the value of the outcome variable between 
these two can then be attributed to the presence or absence of the treatment.37

 

 
Assuming conditional on observable covariates, the potential outcome is independent 
of the treatment assignment, hence, propensity score matching can be used to identify 
the ATT. The propensity score P( ) can be derived from the following equation: 

P(Pi) = Pr(Pi | eligibility criteria, demographic and socioeconomic variables, 
WUG variables and VDC variables) 
 

56. The propensity score required computation of the score or the conditional 
probability of being treated, based on program placement or institutional variables, 
as well as socioeconomic and community variables. The probability of being treated 
was estimated using a probit model. Matching between control and treatment was 
done using nearest neighbor, kernel, or radius matching methods. Robustness checks 
were done to see whether results were sensitive to the matching methods that were 
applied. However, the propensity score matching method can only control for observed 
variables, and therefore hidden or unobservable self-selection bias may still be present 
in the estimation (para. 10). An earlier IED evaluation study discussed this in detail.38

 
 

57. Economic reevaluation. The economic reevaluation comprised the computation 
of an EIRR and a financial internal rate of return (FIRR), based on cost–benefit analysis 
using the same methodology adopted for the PCR. The reevaluation used actual project 
cost figures and benefits, based on the survey data, rather than the projected data.  
 
58. Sustainability of WUGs. A combination of qualitative and quantitative data 
formed the basis for assessing the effectiveness of the project-supported WUGs. 
The evaluation employed a bivariate probit model to identify factors associated with 
the effectiveness and sustainability of the WUGs. The status of WUGs (partly and fully 
active, or inactive), and the status of loan repayment (repaid vs not yet fully repaid) 
were used as the proxy variables for sustainability of WUGs.  
 
59. Environmental impact. Monthly data on water tables recorded over 11 years 
(2001–2011) at various monitoring sites in the survey districts, along with data on the 
use of chemical fertilizer and plant protection chemicals in the 2010–2011 cropping 
year, formed the basis for environmental impact analysis.  
 

                                                
 
36  P.R. Rosenbaum and D.B. Rubin. 1983. The Central Role of the Propensity Score in Observational Studies 

for Causal Effect. Biometrika 70(1): pp. 41–55. 
37 S. Becker and A. Ichino. 2002. Estimation of Average Treatment Effects based on Propensity Scores. 

The Strata Journal 2(4): pp. 358–377. 
38 IED. 2010. Impact Evaluation Study: Asian Development Bank’s Assistance for Rural Electrification in 

Bhutan—Does Electrification Improve the Quality of Rural Life? Manila: ADB, pp. 77–82. 
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D. Sample Size and Sampling Strategy  

60. The household sample size for estimating project impact followed an 
established method.39 The evaluation used 2,500 questionnaire-based household 
surveys from 1,000 project beneficiary households, 500 households under the APP STW 
program, and 1,000 comparison (control) households that had no access to irrigation. 
The APP households40

 

 were included in the sample to compare the impacts on 
households whose STWs were subsidized (APP farmers) with those on households 
whose STWs were not (CGISP farmers). The study used a stratified random sampling 
method. Due to resource and time constraints, the IED evaluation team randomly 
selected 5 of the 12 ADB project districts, with a view to capturing different 
agroclimatic zones in the eastern and central Terai. The survey districts were Chitwan, 
Dhanusha, Jhapa, Rautahat, and Sunsari.  

61. The number of CGISP beneficiary households chosen to be interviewed in each 
district was proportional to the number of STWs installed in that district. To determine 
the sample VDCs in each district, the district VDCs were first classified according to 
program management, i.e., according to whether the NGOs and PFIs were managing 
the STW program in the VDC. Further stratification was undertaken to ensure adequate 
representation of modalities and to account for possible institutional differences in 
program implementation. The CGISP employed two modalities for implementation: 
The first was vertically integrated, under which both the social mobilization (the NGO 
role) and credit provision (the PFI role) were done by a single entity or organization. 
Under the second modality, the two activities were carried out by different 
organizations. The survey sample in each district was allocated proportionally to the 
chosen VDCs in proportion to the number of STWs installed in each VDC’s village. 
The sample size was computed using this stratification and proportional sampling 
(Appendix 3). 
 
E. Survey Instruments, Data Collection, and Database 

Management 

62. The evaluation was based on data from both primary and secondary sources. 
The primary sources included the face-to-face questionnaire survey with the 
representatives of 2,500 household, semistructured interviews with 333 CGISP-formed 
WUGs, and interviews with several key informants in different capacities at the 
national, district, and local levels. Secondary data sources were the water table 
monitoring data for the five sample districts from the Groundwater Resources 
Development Board and DOI. Sampling frame information was obtained from project 
implementers, including DOI, GFOs, NGOs, and PFIs. 
 
63. Both household and WUG survey instruments were developed based on 
feedback received from an IED scoping mission; discussions with several key 
informants, including technical specialists; and agencies involved in project 
implementation. The survey instruments were pretested in six households in nonproject 
villages in Morang and Sunsari districts for appropriateness and relevance to the local 
context, including flow of questions, ease of responses, wording of questions, and 

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

Rules of Thumb for Optimal Experimental Design. Carlo Alberto Notebooks No. 125. Turin. 
40 Several STWs are operating in the project areas under a credit scheme for Nepal’s Agricultural 

Development Bank. These are not directly comparable to APP or CGISP-supported STWs.  
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Nepali translation. The study team finalized the instruments by incorporating feedback 
from pretests. Because Nepal’s small farms do not keep written records of agricultural 
data, the evaluation study team took care to ensure that questionnaire and interview 
responses were recorded correctly and based on the respondents’ recall of information 
over the previous 12 months (2011 and early part of 2012). The study team also 
conducted three FGDs in each of the five districts covered by the survey. 
 



 

 

CHAPTER 5 

Survey Results: Difference-in-
Means Analysis 

 
64. The Institute for Integrated Development Studies (IIDS) based in Kathmandu 
undertook the data collection for the evaluation. IIDS provided national consultants, 
enumerators, and field supervisors; trained field teams; and conducted the surveys, 
FGDs, and key informant interviews. It was responsible for data entry, data cleaning, 
checking consistency, and providing clean data to IED for further analysis. The data 
collection was undertaken during March–June 2012. The data collection field teams 
received guidance and support from IED. 
 
65. Paras. 66–82 describe the household and WUG surveys. Respondents provided 
information about household characteristics, farming practices, estimates on the use of 
farm inputs, crop yields, WUGs, irrigation practices, etc. The situations respondents 
described during the interviews reflected the status at the time of the interviews and 
may not have been due solely to CGISP interventions. The attributes and outcomes 
estimated by the evaluation process are likely the product of multiple factors, including 
some independent of the project intervention, such as the households’ own initiatives. 
Paras. 81–82, nevertheless, provide the background context associated with 
respondents and CGISP WUGs. 
 

A. Socioeconomic Characteristics 

66. Table 2 provides a comparative view of the three groups of households 
examined in the evaluation. Attributes such as average household size, gender ratio, 
gender of household head, and dependency ratio for the CGISP households are 
statistically similar to those of the APP STW households and the households with no 
access to irrigation. The heads of CGISP households tended to be slightly older than 
those of the nonirrigated farm households, and age composition of household 
members also differed somewhat (with the exception of members 65 years of age or 
older). The CGISP households were somewhat more educated than the nonirrigated 
households. Officers of the GFOs told the IED study team that they granted farmers 
participation in the CGISP STW scheme on a first-come-first-served basis, subject to 
meeting eligibility criteria. If this was the case, this study finds it logical that the better 
educated farmers got into the ADB project ahead of others. It is likely that better 
educated household heads obtained project information ahead of those who were less 
educated. Nonetheless, most of the other socioeconomic attributes of the households 
that gained entry to the APP STW were similar to those in the nonirrigated farm 
comparison group.  
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Table 2: Socioeconomic Characteristics of Sample Households, Mean Values 
 

CGISP = Community Groundwater Irrigation Sector Project, No. = number.  
a Shows statistical difference between CGISP and nonirrigated farming households at the 1% level (p<0.01). 

b (% under 15)+(% over 65)/(% between 15 and 64). 
c (% under 15)/(% 15–64). 
d (% 65 and over)/(% 15–64). 
Source: Independent Evaluation Department computations, based on survey results. 

 

B. Agricultural Landholding 

67. The survey recorded new agricultural plot ownership based on the information 
provided by the survey respondents. The plots acquired before 2002 and after 2007 
were considered owned before and after the project, respectively. The salient features 
of the agricultural landholdings owned by the households in each of the three groups 
are presented in Table 3. A before-and-after comparison showed that average farm size 
increased after the project in all three categories. Increases were 2.0% for CGISP, 4.8% 
for APP, and 3.9% for nonirrigated farms. Similarly, the average number of plots and 
the size of the largest plot also increased after the project.41

 
  

Table 3: Agricultural Land Attributes of Sample Farm Households 
 

Land Attribute 

CGISP Beneficiary  APP Beneficiary  Nonirrigated 
Before 
CGISP 

After 
CGISP 

 Before 
CGISP 

After 
CGISP 

 Before 
CGISP 

After 
CGISP 

Farm area (ha) 1.01 1.03a  0.83 0.87a  0.51 0.53a 
Average plot size (ha) 0.62 0.62c  0.53 0.54  0.34 0.34 
No. of plots 1.61 1.66a  1.57 1.63a  1.52 1.58a 
Land fragmentation 
(index) 0.27 0.28a 

 
0.26 0.28a 

 
0.19 0.25a 

Largest plot size (ha) 0.70 0.71a  0.60 0.62b  0.38 0.38a 
Number of contiguous 
plots 3.83 3.82 

 
3.93 3.93 

 
3.75 3.75 

Travel time to plots from 
the motorable road 
(minutes) 7.65 7.66 

 

7.31 7.33 

 

8.26 8.23c 
APP = Agriculture Perspective Plan, CGISP = Community Groundwater Irrigation Sector Project, ha = hectare.  

Note: a, b, and c indicate statistical difference between the mean values between before and after situations 
at p<0.01, p<0.05, and p<0.10, respectively. 

Source: ADB Independent Evaluation Department computations based on household survey data. 

                                                
 
41 The increase in plot size was not necessarily solely due to the project. It may just as easily have been the 

result of the other substantial sources of income at the household level, and a natural process of gaining 
assets with age (farmers who died over the period would not be captured in the survey).  

Household Characteristic CGISP 
Beneficiary 

APP Beneficiary Nonirrigated 

Household size (no. of members) 5.65 5.95 5.53 
Gender ratio (female–male ratio) 0.87 0.87 0.87 
Age of household head (years) 49.20a 49.47 47.93 
Gender of household head (% male) 93 94 92 
Educational attainment of household head 

(years of schooling) 6.20a 4.84 4.26 
Household members 5–14 years old (No.) 1.53a 1.88 1.68 
Household members 15–64 years old (No.) 3.72a 3.78 3.58 
Household members 65 and above (No.) 0.36 0.29 0.26 
Total dependency ratio (%)b  51 57 54 
Child dependency ratio (%)c  41 50 57 
Elderly dependency ratio (%)d 10 8 7 

Average farm 
size increased 
after the project 
in all three 
categories  
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68. As Table 3 shows, the CGISP households had a larger average total farming 
areas and bigger plots. While the project was supposed to require that a project WUG 
member have less than 1 ha of land, the survey data established that in fact 46% of 
respondent households owned more than 1 ha land—38% owned 1.0–2.5 ha, and 8% 
owned more than 2.5 ha. This may imply that targeting the group of small-scale 
farming households the project aimed to support has not been fully effective. 
As discussed, the survey results showed that CGISP household heads were also 
somewhat more educated than those in the APP and comparison groups, and on 
average, 2 years older than the comparison group. These are all signs of selectivity in 
program entry—i.e., the households that obtained participation in the CGISP were 
better equipped than those in the control group.42

 
  

69. Farmers forming WUGs needed to have contiguous plots amounting to at least 
3.5 ha per STW under the CGISP, and 2.5 ha per STW under APP so that irrigation from 
the tubewells would be fully utilized. The survey data confirmed that, on average, there 
were about four contiguous plots in a WUG, adding up to 3.87 ha for a CGISP STW and 
3.26 ha for an APP STW. 
 

C. Income and Expenditure Patterns 

70. Based on survey results, the CGISP STW households had significantly higher 
cropping intensity, intrafarm crop diversity, and diverse food consumption than the 
nonirrigated farm control group households (Table 4). Agriculture contributed 23% of 
household income in the CGISP STW households, compared with only 12% in the 
nonirrigated farm households.  
 

Table 4: Income and Expenditure Patterns, Mean Values 
 

 Outcome/Impact CGISP           APP Nonirrigated 
Cropping intensity (%) 172a 145 140 
Index of intrafarm crop diversity 0.5a 0.5 0.5 
Share of agricultural income in total income (%) 23a 18 12 
Share of food expenditure in total expenditure (%) 51a 53 55 
Share of medical expenditure in total expenditure (%) 7c 6 6 
Share of school expenditure in total expenditure (%) 13a 11 11 
Index of food diversity 0.8b 0.8 0.8 
Per capita food consumption (previous 12 months) ($)d 204a 199 192 
Index of agricultural consumption diversity 0.4a 0.4 0.4 
Per capita value of agricultural output consumed 
($/person/year) 270a 270a 241 

Per capita amount of vegetable production consumed 
(kg/person/year) 9a 8 5 

Weekly firewood use per household (bundles) 118 101 108 
Years with toilet 5a 5 4 
APP = Agriculture Perspective Plan, CGISP = Community Groundwater Irrigation Sector Project, kg = kilogram. 
Notes: t-test CGISP vs Nonirrigated: a, b, and c refer to p<0.01, p<0.05, and p<0.10, respectively. 

d refers to ADB exchange rate between $ and NRs on 31 March 2012, that is, $1.00 = NRs81.51. 
Source: ADB Independent Evaluation Department estimates based on survey results. 

                                                
 
42 The nonirrigated farm households captured by the survey were selected based on the criterion of 

ownership of 1 ha of land or less and, therefore, it cannot be known with certainty if the group of 
nonirrigated farmers as a whole in the survey districts were more disadvantaged than irrigated households 
in terms of land ownership. Data known for Jhapa and Rautahat districts suggest that 60%–65% of farms 
owned below 1 ha in 2001, and another 15%–20% between 1 and 2 ha. If this indeed indicates that only 
35%–40% of farms owned landholdings larger than 1 ha (not 46%), then this would corroborate the thesis 
that the nonirrigated farm group contains the most disadvantaged households. 
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71. Expenditure patterns also varied considerably between the CGISP and 
nonirrigated farm households. For example, spending on food accounted for 40% of 
total project household expenditure (purchased goods), compared with 52% in 
nonirrigated farming households. Income and expenditures for the three farm 
household groups are summarized in Table 5. Partly due to larger farm size, and partly 
due to irrigation, the average CGISP household earned $598 net income equivalent per 
year from irrigated agriculture, whereas the average nonirrigated household earned 
$200 per year off its rainfed agriculture. The APP farmer earned $415 from its irrigated 
agriculture. Per hectare owned, CGISP farmers earned $580, APP farmers $500, and 
nonirrigated farmers $377. Off-farm income and other sources of income compensated 
for the large differences in farm income in part; CGISP farm households were estimated 
to have an overall income of $2,604 equivalent per year; and nonirrigated households 
an income of $1,787 equivalent. APP farm households took a middle position, with an 
average $415 derived from irrigated farming, and an overall annual income equivalent 
to $2,354. Taking into account the size of the household, this meant that irrigated 
CGISP households were on average living around the international poverty line of $1.25 
a day ($1.26 per day per capita), but not APP households (average of $1.08 per day per 
capita) and nonirrigated households ($0.89 per day per capita). 
 

Table 5: Farm Household Income and Expenditure 
 

    
Amount  

($ per household)   Percentage 

Income/Expenditure   
Irrigated–

CGISP 
Irrigated–

APP 
With No 
Irrigation   

Irrigated–
CGISP 

Irrigated–
APP 

With No 
Irrigation 

Income  
 

2,604a 2,354 1,787 
 

    
 Farm income  

 
598a 415 200 

 
23.0 17.6 11.2 

Off-farm and 
nonfarm income 

 
1,153a 972 824 

 
44.3 41.3 46.1 

Other sources of 
income 

 
852 967 763 

 
32.7 41.1 42.7 

Total expenditure  
 

2,229 2,093 1,859 
 

  
  Food expenditure 

 
1,032a 1,053 968 

 
39.7 50.3 52.1 

School expenditure 
 

392a 294 253 
 

17.6 14.1 13.6 
Health and medical 

expenditure 
 

189a 144 141 
 

8.5 6.9 7.6 
Other expenditure   616 601 497   23.6 28.7 26.7 

APP = Agriculture Perspective Plan, CGISP = Community Groundwater Irrigation Sector Project. 
Note: a, b, and c refer to statistical significance at p<0.01, p<0.05, and p<0.10, respectively, in comparison with 

nonirrigated farm households. The $ amount used is based on the 31 March 2012 ADB exchange rate between 
$ and NRs, that is, $1.00 = NRs81.51. 

Source: ADB Independent Evaluation Department household survey data.  
 

72. Probably as a result of the income differences, CGISP households also spent a 
greater share of household expenditure on their children’s education and household 
members’ health. The CGISP households consumed 9  kg of vegetables per year per 
capita, compared with 5 kg per year per capita in the nonirrigated farm households. 
This may indicate that the CGISP farmers produced more vegetables and used them for 
home consumption. This would have supported their proportionately lower spending 
on food items as a share of total household expenditure. Rising food prices in Nepal 
may have increased consumption of home-grown vegetables.  
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D. Input Use and Crop Performance 

73.  Although farmers produced more than 40 crops in the study areas, paddy, 
maize, wheat, red lentil, and potato stood out for meaningful analysis. The other crops 
were grown by very few farmers. Appendix 4 provides per-hectare mean input use and 
major crop outputs in quantity and value terms.  

  
74. On the basis of difference-in-means analysis, per hectare crop yields were a 
little higher for all three main cereal crops (paddy, maize, and wheat) on the CGISP 
farms than on the nonirrigated farms—6% higher for paddy, 13% for maize, and 3% 
for wheat. Crop yields were a little higher for all three main cereal crops (paddy, maize, 
and wheat) on the CGISP farms than on the nonirrigated farms—6% higher for paddy, 
13% for maize, and 3% for wheat. No significant yield differences were noted for red 
lentil and potato. The results fell short of the project design expectation that yields 
would be much higher due to STW irrigation. This may be explained by the fact that 
some farming methods employed by nonirrigated farmers may have been relatively 
more intensive than those of the project farmers, compensating in part for the lack of 
water. Furthermore, the CGISP farmers did not irrigate all of their farmland due to land 
fragmentation, the high energy costs of operating pumps, or other reasons (e.g., 
dysfunctional WUGs).  
 
75. The share of incremental paddy produced on-farm that was consumed by 
households was much higher in the nonirrigated farm household group (83%) than in 
the CGISP group (68%). The trend was the same for the other four main crops. This 
may be because the nonirrigated farms were smaller and thus produced smaller overall 
crop volumes from which household consumption was drawn. The farm production 
consumption data also suggest that very little farm produce on the rainfed farms was 
available for sale and other uses, such as for seed. Table 6 shows the distribution of 
crop use. The results of the difference-in-means analysis are presented in Appendix 5. 
They show that the differences in the production of major crops were slightly higher for 
wheat and maize on per hectare basis. Appendix 5 also contains the details on average 
quantities of crop sales, consumption, use of key inputs, and value of production and 
crop sales for the three farm types.  
 

Table 6: Utilization of Major Crops Produced—Project and Nonirrigated Farms 
 

 CGISP Farms  Nonirrigated Farms 

Crop Utilization Paddy Maize Wheat 
Red 

Lentil Potato  Paddy Maize Wheat 
Red 

Lentil Potato 
Consumption (%) 68 49  64  73  66   83  69  76  82  74  
Sale (%) 29 50 32 22 29  13 28 18 13 20 
Seeds/post-
harvest loss (%) 2 1 5 6 4  2 1 5 6 4 

CGISP = Community Groundwater Irrigation Sector Project, IED = Independent Evaluation Department.  
Source: ADB Independent Evaluation Department calculations based on survey data. 

 
76. The outcomes and impacts observed may stem from differences in initial 
resource endowments such as land size and educational attainment and age of 
household head (para. 66). To properly measure the impact of the project, observable 
differences need to be controlled, which was discussed in paras. 54–56. 
 

The CGISP 
farmers did not 
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E. Access to Energy 

77.  About two-thirds of the pumps for the STWs provided under the CGISP run on 
diesel, and the rest use electricity. Not all of the plots on land owned by STW 
beneficiaries were irrigable, either because these parcels of land were dispersed or due 
to unfavorable terrain. Only 48% of the households using diesel STWs and 32% of 
those using electric pumps stated that they had been able to irrigate their entire 
cultivable area. Of the 1,000 STWs in the survey sample households, 124 were operated 
privately by individuals as a result of no activities by the WUGs. 
 
78. Farmers with access to STW irrigation said that rising costs of diesel and erratic 
electricity supply had constrained their use of STWs and of those operated by the 
project WUGs. Diesel prices have been increasing in real terms since 2007 (Table 7). 
Real diesel prices rose by as much as 58% from 2007 to 2011, or at a rate of 12% per 
year. Petrol prices increased only 39% (or 8% per year) in real terms during the same 
period. This may have led to less use of STW irrigation and thereby to smaller increases 
in crop yields than the CGISP design originally envisaged. However, diesel and electricity 
costs still make up a relatively small proportion of the total cost of production per 
hectare. More significant was probably the effect that the irregular supply of electricity 
and diesel had on decisions not to irrigate parts of the land. 
 

Table 7: Nominal and Real Petrol and Diesel Prices, 2007–2012 
 

Year 
Petrol, Nominal  
(NRs per liter) 

Diesel, Nominal  
(NRs per liter) 

Petrol, Real 
(NRs per liter) 

Diesel, Real  
(NRs per liter) 

2012 117 87   
2011 101 72 101 87 

2010 82 63 82 70 

2009 78 57 78 57 

2008 87 63 87 56 

2007 73 55 73 55 
Source:  Nepal Oil Corporation (available: http://www.neaploil.com.np) for petrol and diesel prices; World Bank 

consumer price index for Nepal. 
 

79. The survey showed that intermittent and unreliable electricity supply, 
particularly during the dry season when the potential for increasing cropping intensity 
is high, was also considered a challenge by the project farmers. On average, the five 
survey sample districts received only 8.2 hours of electricity supply per day in the dry 
season. Even during the wet season, power was unavailable for 7–11 hours per day 
(Table 8). The problem was more pronounced in Dhanusha and Rautahat districts than 
in Jhapa, Sunsari, and Chitwan. 
 

Table 8: Average Numbers of Hours Electricity Available, by District and Season 
 

District 

No. of Hours of Electricity during 
Wet Season 
(Average) 

No. of Hours of Electricity during 
Dry Season 
(Average) 

Jhapa 17 8 
Sunsari 17 10 
Dhanusha 13 8 
Rautahat 13 7 
Chitwan 17 8 
Source: ADB Independent Evaluation Department evaluation study interviews with informants.  
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80. Rising diesel prices and the limited availability of electricity could have had an 
effect on the irrigation potential of the STWs installed under the CGISP by reducing the 
area actually irrigated due to higher operating costs and the limited number of hours 
of electricity available to run STW pumps. IED computations suggests that had all 
farmland been irrigated with more stable power and diesel supply, the average crop 
yield increase can be assumed to have been in the order of around 54% rather than 
12% on average. 
 

F. Water User Groups 

81. The WUG survey data indicated that of the 333 WUGs representing 1,000 
primary treatment households supported by the CGISP, 46% were all male and 13% 
were all female. Female membership varied widely in the remaining WUGs. For 
example, in 5% of the WUGs fewer than 25% of the members were women. Female 
membership was 26%–50% in 12% of the WUGs, and 50% to less than 100% in 24%. 
Fewer than 4% of the WUGs had members who were dalits. The members of 32% of 
the WUGs all belonged to the same ethnicity, 18% of the WUGs had more than one 
member from the same household, and 28% comprised members who were all from 
the same occupational group. In others, various occupations were represented. The 
level of education varied across WUG membership, and 89% of WUGs had members 
with different levels of education. Results from the WUG survey indicated that, at that 
time, 52% of the WUGs were either fully or partly functional and the rest were inactive. 
This was based on whether activities were being undertaken by the WUG members. 
 
82. In terms of group dynamics, 61% of WUGs held regular meetings (mostly 
monthly), 29% undertook decisions in a participatory manner with agreement of all 
members, and 53% made decisions in consultation with its members. The group 
chairpersons took unilateral decisions in 18% of the WUGs. Group leadership remained 
unchanged since their formation in 94% of the groups. Only 10% of the WUGs 
collected monthly membership dues on a regular basis. Only 5% of the groups reported 
that they encountered conflicts between members over water allocation. About 70% of 
the groups said that they had encountered no problem. Approximately, 14% 
complained about the high diesel price. The availability of STW irrigation water was 
rated mostly satisfactory, and only 4% of WUGs said they had experienced water 
shortages. The water allocation process was either participatory (46%) or guided by the 
irrigation requirements of WUG members (48%). In 5% of the groups, the group 
chairperson controlled water allocation decisions. In April 2012, 91% of the project 
STWs were deemed functional. The rest were not functioning due to problems 
associated with conflicts in water allocation, technical breakdowns, and other 
unexplained reasons. Generally, STWs worked properly. When mechanical failures did 
occur, farmers experienced downtime of 1–3 days. The WUGs were effective in 
allocating water between their members but their activities were otherwise limited, 
because their sole purpose had been the acquisition of STWs for irrigation. 
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CHAPTER 6 

Economic Impact 

 
83. The outcomes and economic impacts of the project were evaluated in two 
ways. The first approach was to conduct an ex post economic reevaluation (cost–
benefit analysis, paras. 84–86). The second was based on counterfactual analysis to 
quantify economic outcomes and impacts based on propensity score matching (paras. 
87–101).  
 
A. Economic Reevaluation 

84. The financial and economic reevaluation of the CGISP was based on data 
collected for this study. The reevaluation included all quantifiable benefits accruing to 
the beneficiaries. The direct benefits from the improvement of farm-to-market roads 
and the construction of six causeways, 20 culverts, and 35 river crossings have been 
assumed to be reflected in the input–output prices. Detailed assumptions and 
computations are in Appendix 6. 
 
85. The financial analysis revealed an FIRR for the project of 12.9% and a net 
present value (NPV) of $0.52 million, both at a 12% social discount rate, and based on 
actual increases in crop yields established. At the same social discount rate, the EIRR 
has been established at 13.6%, and the NPV at $0.89 million. The project remained 
viable, with positive NPVs and EIRRs above 12%. Sensitivity analysis suggested that the 
EIRR would remain above the social discount rate with (i) a 10% increase in costs, 
(ii) a 10% decrease in benefits, and (iii) up to 2-year project implementation delays. 
However, the EIRR would fall to 10.6% under a combined scenario of a 10% increase in 
costs and a 10% reduction in benefits. The FIRR was well above the weighted average 
cost of capital (0.3%). 
 
86. The reevaluation showed a lower rate of return on investment, largely due to 
changes in costs, reduced benefits, and crop diversification that was not achieved in 
the way envisaged at project approval but was assumed at project completion. Crop 
yields have been lower than projected for traditional cereal crops, and deviations in 
crop yields have not been as great as originally expected.  
 

B. Economic Impacts of STW Irrigation (Counterfactual Analysis)  

87. The literature on the impact of irrigation states that the most direct outcomes 
of irrigation projects tend to be changes in cropping diversity, cropping intensity, and 
crop yields. In addition, access to irrigation also exerts impacts on other production 
inputs, including seeds, fertilizers, farm chemicals, and labor. Farm-level impacts are 
considered intermediate outcomes that lead to improved farm income and human 
welfare.  
 
88. Although calculation and comparison of means can provide an understanding 
of the impacts and outcomes related to access to STW irrigation, this is not robust 
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against selection issues (paras. 66–72). For example, it is possible and, perhaps, likely 
that the households with more educated members and with relatively larger 
agricultural endowments may have been the first ones to gain participation in the 
CGISP STW project. These differences between the project and comparison group in 
land endowments, and ability could mask the actual impacts of STWs on production, 
with favorable outcomes and impacts attributed to the project when these factors were 
the actual drivers. This created a need to control for these observable differences and 
to ensure that attribution of changes in both agricultural outcomes and welfare due to 
access to STW irrigation was reliable. 
 
89. To address this problem, the evaluation adopted a propensity score matching 
technique. The estimations are summarized in Appendix 7. While different matching 
methods are discussed in the literature, the superiority of any particular matching 
method has not been established. The quantitative estimates are discussed based on 
results from the nearest neighborhood matching method.43

 

 The results from different 
matching methods are used to establish robustness of the estimates. The outcomes 
and welfare impacts are based on ATT, using propensity score matching from 
economic, social, institutional, and environmental perspectives.  

90. The project also had secondary impacts on the households living in and near 
the project areas. In response to high demand for STWs within and outside the project 
areas, the government began providing STWs to groups of small farmers in 24 districts 
of the Terai who met the same eligibility criteria as those set for the CGISP. These have 
been referred to as the APP STW groups (para. 52). The APP scheme was implemented 
by DOI and followed the same implementation modality as the CGISP, with one 
exception: The groups of APP STW farmers were given capital grants and were 
responsible for purchasing the pump equipment themselves without having been 
provided credit.44

  

 The study compared the relevant outcomes and impacts of the CGISP 
and APP STW projects.  

1. Intrafarm Crop Diversity and Cropping Intensity 

91. Access to STW irrigation gives farmers the opportunity to produce a higher 
number of crops, particularly in the dry season, and encourages them to farm more 
intensively. The results from the evaluation study survey suggested that there was not 
much variation in the types of crops farmers grew, although some farmers tried 
growing crops they had not produced before. In addition, some farmers were able to 
increase the area under vegetables. Paddy, maize, and wheat remained the dominant 
crops planted by the three groups of farmers (CGISP, APP, and rainfed), followed by 
potato and red lentil.  
 
92. The study examined intrafarm crop diversity by computing Simpson’s intrafarm 
crop diversity index (Table 9). The ATT estimates indicated that, as expected, both the 

                                                
 
43 The matching methods discussed in the literature are kernel matching, nearest neighborhood matching, 

stratification matching, and radius matching. The radius matching was also attempted but proved to be 
difficult for some of the variables and, hence, was dropped in the analysis. For robust results, all matching 
methods are expected to yield consistent findings. There is no consensus in the literature on the advantage 
of one method over another, but the nearest neighbor matching method is widely used in the literature. 
The results of the other methods were used as a consistency and robustness check. More confidence is 
placed on the results that are consistently confirmed by the different methods. 

44 The APP scheme aims to provide 20,000 STWs annually during 2001–2005 to groups of small farmers. 
According to DOI, due to budgetary constraints approximately 8,000 STWs have actually been provided in 
the Terai region.  
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CGISP and APP STW-irrigated farms had significantly greater intrafarm crop diversity 
than the nonirrigated farms. The CGISP and APP farms were 10% and 8% more diverse 
in crops produced than the rainfed comparison group farms (Table 9). The results were 
consistent and robust, based on the three matching methods. Intrafarm crop diversity 
was due largely to farmers taking up vegetables because of their access to STW 
irrigation, in combination with such traditional crops as paddy, wheat, and maize. 
 
Table 9: Shallow Tubewell Impacts on Intrafarm Crop Diversity and Cropping Intensity, 

(Average Treatment Effects of Shallow Tubewells) 
 

 
Nearest Neighbor Matching Method 

  Nearest Neighbor    Stratification    Kernel  

Outcome 

CGISP 
Beneficiary 

vs 
Nonirrigated 

APP 
Beneficiary 

vs  
Nonirrigated   

CGISP 
Beneficiary 

vs  
Nonirrigated 

APP 
Beneficiary 

vs 
 Nonirrigated   

CGISP 
Beneficiary  

vs  
Nonirrigated 

APP 
Beneficiary 

vs 
Nonirrigated 

Intrafarm crop 
diversity 
(index) 0.05a 0.04a 

 
0.04a 0.04a 

 
0.04a 0.04a 

Cropping 
intensity (%) 26a 22b   21b 18b   20a 19b 

APP = Agriculture Perspective Plan, CGISP = Community Groundwater Irrigation Sector Project, STW = shallow tubewell.  
Note:  a and b refer to statistical difference between the treatment (STWs) and control (nonirrigated farms) groups at p<0.01 and 

p<0.05, respectively. 
Source: ADB Independent Evaluation Department estimates based on evaluation study household survey data. 
 
93. Difference-in-means analysis estimated cropping intensity to be 172%, 145%, 
and 140% on CGISP STW, APP STW, and nonirrigated farms, respectively (Table 4). 
The counterfactual analysis confirmed that access to STW irrigation increased cropping 
intensity, but to a smaller extent, by 26% and 22% on CGISP and APP farms, 
respectively (Table 8). The change in cropping intensity is far less than what was 
reported in the PCR (79%) and what was targeted at project appraisal (50%). The 
results indicate that farmers may not have been able to exploit the full benefits of STW 
irrigation due to constraints involving energy costs and availability, technology, 
markets, or other production inputs.  
 

2. Input Application, Outputs, and Revenue per Hectare 

94. Greater cropping intensity is expected to require more production inputs and 
result in potentially higher crop yields. However, because irrigation better ensures crop 
survival, the use of some inputs (e.g., seeds) may decline. The ATT analysis was limited 
to the five major crops grown by farmers—paddy, wheat, maize, potato, and red 
lentil.45

 

 It concentrated on purchased inputs—seeds, chemical fertilizer, compost, 
insecticides, and hired labor (both in terms of physical quantities and monetized 
values). The ATT results for major crop inputs, outputs, and revenues are summarized in 
Table 10. 

  

                                                
 
45  Analysis was done for additional crops such as onion, sugarcane, oilseeds, and cauliflower. However, due 

to the very small sample size and unstable or unreliable estimates, the results for other crops are not 
reported in this study. 
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Table 10: Shallow Tubewell Impacts: Agricultural Inputs and Outputs 
(Average Treatment Effect of Shallow Tubewells) 

 
  Nearest Neighbor Matching Method 

 
CGISP vs Nonirrigated Households 

 
APP vs Nonirrigated Households 

Item  Paddy Wheat Maize 
Red 

Lentil Potato 
 

Paddy Wheat Maize 
Red 

Lentil Potato 
A. Input use/ha 

       
 

   Improved/hybrid 
seed (kg) -3a -2b -0.2 0.05 -6a 

 
-3a -0.6 -0.5 -0.05 -1 

Traditional seed 
(kg) 1 2 -0.4 0.34 -3c 

 
0.5 3 -1 -2b 2 

Commercial 
fertilizer (kg) 1 2 11a -0.97 0.2 

 
3 4 16a 8c 8c 

Compost 
fertilizer (kg) 22 -21 -0.5 18 14 

 
2 10 -5 -10 26 

Insecticides (kg) 0 0 0 0.51 -0.02c 
 

0 0 0 -0.8 0.03 
Insecticides 
(liter) 0 -0.02 0.01 0.02 0.01 

 
0.03b 0.1a 0 0.06b 0.03a 

Hired laborers 
(number) 0.7 0.3 0.2 0.52 0.3 

 
2a 3a 2c 4a 2b 

B. Total 
production 
(kg/ha) 358a 220a 67 -1 13 

 
370a 202b -148 223a -50 

C. Output sold 
(kg/ha) 269a 95 313a 38 129 

 
122 78 37 116a -225 

D. Net value of 
production 
($/ha) 87.77a 63.67a -3.66 89.68 -19.45 

 
107.31a 50.41a 67.87b 273.48a 52.78 

E. Net value of 
marketed 
surplus ($/ha) 69.68a 25.16a 45.83a 48.15 29.85   40.90b 27.44a -4.53 134.95a -37.91 

APP = Agriculture Perspective Plan, CGISP = Community Groundwater Irrigation Sector Project, ha = hectare, kg = kilogram.  
Notes: a, b, c refer to statistical difference between the treatment (STW) and control (nonirrigated farms) groups at p<0.01, p<0.05, 

and p<0.10, respectively. The $ amount used is based on the 31 March 2012 ADB exchange rate between $ and NRs, that 
is, $1.00 = NRs81.51. 

Source: ADB Independent Evaluation Department estimates based on evaluation study household survey data. 
 
95. Input application. The main findings support the view that STW irrigation had a 
problematic cost structure, probably because of diesel and electricity costs, and did not 
lead to optimal input application. These findings include the following: 

(i) The average improved or hybrid seed application per hectare was 
significantly lower on the CGISP farms than on the nonirrigated farms 
in the case of paddy (3 kg less), wheat (2 kg less), and potato (6 kg 
less). However, in the case of the irrigated APP group farms, the 
significant difference was limited to paddy seeds (3 kg less per 
hectare). The reduction in the use of improved seeds is attributable to 
better plant survival rates under STW-irrigated conditions. 

(ii) The application of commercial fertilizer was significantly higher 
compared with nonirrigated farms only in the case of maize, that is, 
11 kg more per hectare for CGISP farms.46

                                                
 
46  The respondents could not provide any breakdown of types of fertilizer used. Total quantities refer to a 

combination of fertilizers commonly available in Nepal, which include urea (nitrogen), diammonium 
phosphate or triple super phosphate (phosphorus), and muriate of potash (potassium). 

 APP group farms applied 
more chemical fertilizer in producing maize, red lentil, and potato than 

The reduction in 
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did nonirrigated farms. The respective quantities are 16 kg (maize) and 
8 kg (red lentil and potato) per hectare. 

(iii) The CGISP farmers used 20 grams less of solid form plant protection 
chemical than their counterparts on nonirrigated farms, most likely for 
seed treatment or as a basal application. However, the use of plant 
protection chemicals in liquid form was significantly higher on APP STW 
farms than on the nonirrigated farms, particularly in paddy, wheat, red 
lentil, and potato fields. The use of chemicals in liquid form is more 
likely to be for pest and/or plant disease control than for basal 
application. 

(iv) While the use of hired labor on the CGISP farms did not differ 
significantly from that on the nonirrigated farms, the APP farms 
employed more hired laborers than the other two groups, with an 
incremental paid labor per hectare range of 2–4 person-days per 
hectare. 

(v) The ATT results for quantities of these inputs (i–iv) were consistent with 
the monetized values.  

 
96. Crop yields. The ATT results on crop yields presented in Table 10 indicate the 
following:  

(i) Per hectare paddy and wheat yields were 358 kg (12.6%) and 220 kg 
(11.8%) higher on the CGISP farms than on the nonirrigated farms, 
(average total yields per hectare being 3,196 kg for paddy and 2,079 kg 
for wheat), while no significant yield differences were found for the 
other three crops examined.  

(ii) APP farms showed significantly greater yields than nonirrigated farms 
of paddy, wheat, and red lentil, with yields being 370 kg (13.0%), 
202 kg (10.9%), and 223 kg (34.9%) higher, respectively. The total yield 
per hectare was 3,208 kg for paddy, 2,061 kg for wheat, and 861 kg 
for red lentil. 

(iii) Even with access to STW irrigation, CGISP and APP farmers continued 
to emphasize production of paddy, followed by wheat, red lentil, and 
potato. Some crops tended to be location specific. Farmers tended to 
be risk averse. They tried to reduce risks associated with pest and plant 
diseases by planting less area with potato. 

(iv) The lack of reliable markets and complementary inputs such as 
technical knowledge may constrain the yields of small farmers 
undertaking new crops involving considerable risk. Production of 
cereals and pulses partly addresses food security concerns for the 
households, as these commodities can be stored for a reasonable 
period of time, either for home consumption or for sale. 

 
97. Net value of crop production per hectare. The ATT values associated with per 
hectare net value of crop production indicated the following:  

(i) Paddy and wheat provided $88 (15%) and $64 (27%) higher net 
revenue per hectare for the CGISP farms in crop year 2010–2011 than 
they did for the nonirrigated farms. For the other three crops, there 
was no significant difference in the value between the STW-irrigated 
farms and nonirrigated farms. The APP farms generated significantly 
higher net values of production for paddy, wheat, and red lentil, 
generating $107, $50, and $273 differential net revenues, representing 
19%, 22%, and 46% increases, respectively.  

Farmers tended 
to be risk averse  
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(ii) The APP farmers producing maize generated $68 per hectare (20%) less 
net value in production than the nonirrigated farms. The negative 
results for maize were largely due to lower crop yields and higher costs, 
particularly for fertilizer, plant protection chemicals, and hired labor. 

(iii) While the incremental value of production of lentil appeared quite 
high, compared with other crops, farmers often allocated only a small 
portion of land to this crop, partly due to the emphasis put on the food 
security provided by cereal crops in most households. The output price 
of the crop may have been driven up during the last cropping season 
by high demand for red lentil within Nepal and from India.  
 

98. Crop sales. The share of crops sold varied by households, depending on 
consumption needs and the crops each grew. The ATT values associated with the 
quantity of crop sales indicated the following:  

(i) The CGISP farms produced 358 kg more paddy per hectare than the 
nonirrigated farms, and 75% of this differential production was sold in 
the market.47

(ii) While the differential production of maize on the CGISP farms was only 
67 kg per hectare (3%) higher than that of nonirrigated farms, the 
quantity sold in markets was substantially higher (313 kg or 16% of 
total production per hectare). This may have resulted from different 
household consumption preferences—project farm households may 
have favored paddy or wheat for consumption over maize.  

  

(iii) Although the CGISP farm sales of wheat, red lentil, and potato were 
higher than those of the nonirrigated farms, the differences were not 
statistically significant. 

(iv) The differences in the quantity of crop sales between the APP STW 
farms and the nonirrigated farms were not significant for four of the 
five main crops. The only exception was red lentil. APP farms sold 52% 
of their incremental production in the market. 

  
99. Value of marketed agricultural surplus. The value of marketable surplus takes 
into account quantity sold and prevailing crop prices in the local market. The estimated 
per hectare values of respective crops’ marketable surplus were subjected to propensity 
score matching. The ATT values suggested the following:  

(i) The net value of marketed surplus was significantly higher for the 
CGISP farms than for the nonirrigated farms. The differential net values 
per hectare were $70 (97%), $25 (94%), $46 (53%), and $48 (92%) for 
paddy, wheat, maize, and red lentil, respectively. The $30 (26%) per 
hectare differential value for potato was statistically insignificant.  

(ii) Overall, the CGISP STW beneficiary households were more market 
oriented than the nonirrigated farm households due to variations in 
their output composition; crop yields; and, to some extent, crop 
diversity. While the causal link may not appear direct, there was an 
indication that varying input composition and improved farm 
management supplemented by access to irrigation would have led to 
increased marketable surplus per hectare at the household level. 
Another reason for the greater marketing of surplus production by 
CGISP households was the fact that input and fuel expenses for STW 

                                                
 
47  The market was not identified but could have been in the village, at the farmgate, or at regular bazaars. 
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irrigation had risen, and these surpluses needed to be marketed to 
recoup costs. 

(iii) The differential value of per hectare marketable surplus for the APP 
STW group farms was significant only for paddy, wheat, and red 
lentil—$41, $27, and $135, respectively. This could mean that most of 
the yield increases of APP STW farmers went to consumption and that 
these household had suffered a food deficit before they gained access 
to irrigation. This, along with the increases in irrigation and input 
expenditures, could account for why the APP farmers had a lower 
increase in the value of marketed surplus than the CGISP beneficiaries. 

 
100. In summary, given the small landholding size of the farms and greater focus on 
traditional crops such as paddy, wheat, and maize, income from farming alone is not 
sufficient to sustain household requirements. The difference-in-means survey data for 
this study (Table 5) indicate that farm income accounts for only 23%, 18%, and 11% 
for the CGISP, APP, and nonirrigated households. Increasingly, remittances from family 
members working in cities or abroad have gained importance for a majority of the 
small farmers. Farmers with smaller landholding also opt for income from raising 
livestock (e.g., pigs, goats, buffaloes) and poultry. Nevertheless, the counterfactual 
analysis confirms that the impact of CGISP support to farmers has been positive, with 
yield increases of 12.6% and 11.8% in paddy and wheat production, respectively. 
The results analyzed in terms of crop yield, net value of crop production, and net value 
of crop sales for CGISP are consistent with those obtained for the APP STW farmers, 
with gains from access to irrigation concentrated on three major crops—paddy, wheat, 
and maize. The income impact of CGISP is comparable to the tubewells distributed to 
farmers under the APP program.  
 
101. The extent of the increase in yields is limited, as farmers continue to focus on 
traditional crops and to avoid the risks involved in production of higher value crops in 
light of uncertain supply of inputs such as fertilizer and electricity or diesel needed for 
tubewell operations. Moreover, not all farmers are able to irrigate all their land, due 
largely to irregular supply of energy and, perhaps, to the fragmentation of their plots. 
It is likely that when such conditions are addressed, the potential gains of STWs will be 
larger.  
 

Most of the 
yield increases 
of APP STW 
farmers went to 
consumption  

The extent of 
the increase in 
yields is limited, 
as farmers 
continue to 
focus on 
traditional crops  



 

 

CHAPTER 7 

Noneconomic Impacts 

 
102. As household incomes increase, more resources are expected to be available for 
other household needs, including investments in the health of household members, the 
education of children, housing, and other amenities to improve quality of life. However, 
measuring income of the farming group households surveyed for the evaluation was 
difficult in the absence of proper record keeping. Self-reported income tends to be 
understated and less than reliable. In addition, households derive income from multiple 
on- and off-farm sources, which makes linking changes in income precisely to project 
intervention and agricultural production a challenge.  
  
103. The evaluation survey indicated that agricultural income comprised 23%, 18%, 
and 12% of the total household incomes of the CGISP STW, APP STW, and nonirrigated 
farm households, respectively. This was consistent with the fact that the nonirrigated 
farmers had smaller landholdings than the project and APP group farmers. The survey 
attempted to obtain from the respondents a reasonable approximate estimate of their 
incomes, by source. Estimated overall incomes of CGISP households were at $2,604 per 
year; 10.6% higher than those of APP households (at $2,354 per year), and 46.7% 
higher than those of nonirrigated households (at $1,787 per year). The evaluation also 
estimated selected noneconomic impacts based on the context-specific proxy measures 
presented in Table 1. These include education, health, consumption, asset formation, 
and use of firewood for cooking. 
  

A. Education  

104. The evaluation estimated the impact of STWs on education by using two 
parameters—school absenteeism and the share of household expenditure on 
education. School absenteeism is common in rural areas, partly due to demand for 
household farm labor, particularly on small and marginal farms. The evaluation study 
calculated that access to STW irrigation could have two plausible impacts: (i) access to 
STW irrigation might free up farm labor normally required for different operations and, 
in turn, allow children to attend school who might not have done so otherwise; and 
(ii) STW irrigation might encourage farmers to farm more intensively, requiring more 
hands, including those of household children, and thereby restricting children’s 
attendance at school.48

 

 The impact of STW installation on education could also be 
reflected by an increase in expenditure on schooling if a share of incremental 
household income from irrigation-generated agricultural production increases was 
allocated to children’s education. The ATT values of STW irrigation impact on education 
are summarized in Table 11.  

  

                                                
 
48 A counter argument may be that increased income from STWs may lead to replacing family labor 

(particularly child labor) with hired labor. Whether this actually happens or not is unclear. 
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Table 11: Shallow Tubewell Impact on School Absences Due to Farm Work, and Expenditure 
Share on Education 

(Average Treatment Effect of Shallow Tubewells) 
 

  Matching Method 

 
Nearest Neighborhood 

 
Stratification 

 
Kernel 

 Impact 

CGISP 
Beneficiary  

vs  
Nonirrigated 

APP 
Beneficiary 

vs 
Nonirrigated 

 

CGISP 
Beneficiary  

vs 
Nonirrigated 

APP 
Beneficiary 

 vs 
Nonirrigated   

CGISP 
Beneficiary 

 vs 
Nonirrigated 

APP 
Beneficiary  

vs 
Nonirrigated 

Male 
   

 
    6 −15 yrs. old 0.2 -0.7 

 
0.5 -1 

 
0.5 -1 

16−25 yrs. old 0.2 -0.7 
 

0.5 -1 
 

0.5 -1 
Female 

   
 

    6−15 yrs. old -0.7 -1 
 

-0.6 -1 
 

-0.6 -1 
16 −25 yrs. old -0.7 -1 

 
-0.6 -1 

 
-0.6 -1 

Whole household 
   

 
    6−15 yrs. old 0.1 -0.1 

 
0.1 -0.6 

 
0.1 -0.6 

16−25 yrs. old 0.1 -0.1 
 

0.1 -0.6 
 

0.1 -0.6 
HH expenditure on education 

  
 

      (% difference over           
nonirrigated farms) 2.0a 2.0 

 
2.0b 1.0   1.0 1.0 

APP = Agriculture Perspective Plan, CGISP = Community Groundwater Irrigation Sector Project, HH = household, STW = shallow 
tubewell. 
Note: a and b refer to statistical difference between the treatment (STWs) and control (nonirrigated farms) groups at p<0.01 and 

p<0.05, respectively. 
Source: ADB Independent Evaluation Department estimates based on household survey data for the study. 

 
105. The findings from ATT estimates indicated the following:  

(i) No evidence was found that the CGISP STW undertaking had any effect 
on child school absenteeism, no matter the gender or the age group. 
Key informants stated that school attendance and absences due to 
farm work were similar in both the treatment (CGISP and APP group) 
and comparison (nonirrigated farm) households. Generally, farm 
households were aware of the importance of children’s education, 
despite their socioeconomic status. Access to education is considered 
reasonably good in the Terai, particularly at the primary and secondary 
levels. 

(ii) Although school absenteeism was not affected by access to STW 
irrigation, the CGISP-supported STW households reported allocating 2% 
more of their total household expenditure to their children’s education 
than nonirrigated households. The APP group households, however, 
did not spend more. The primary reason was that the educational 
attainment of children in APP households was more homogeneous 
than that of the children in the CGISP households. The children in the 
CGISP households may have started with higher and more costly levels 
of education such as private or boarding schools than those in the 
other two groups, even before the project.  

(iii) If a greater share of household expenditure on education is correlated 
with the quality of education, then it could be argued that the parents 
in the CGISP households were able to afford better education for their 
children and that this could be partly the result of potentially higher 
incomes derived from STW irrigation. However, it is likely that the 
general leveling effect of important alternative sources of income for 
APP farm households and nonirrigated households compensated for 
the much lower farm income and had a positive effect on school 
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attendance of children of those groups. Had these alternative sources 
not been available, surely farm income would have correlated more 
strongly with children’s school attendance. 

  

B. Health 

106. The evaluation considered it similarly conceivable that increased agricultural 
income due to STW irrigation could lead to better health outcomes for household 
members, especially the young and elderly. This could occur when household members 
were able to afford better health care services and had access to adequate, nutritious 
food. Improved health can lead to increased productivity and thereby deliver long-term 
economic and social impacts. The study adopted three proxy indicators to represent the 
project’s impact on health: (i) the percentage of household members who got sick in 
the previous 12 months (disaggregated by age and gender), (ii) the number of days 
children were absent from school due to sickness in the previous 12 months, and 
(iii) the share of total household expenditure on health care. The disaggregation for the 
household sickness variable was done to further explore variations in health between 
the CGISP and the nonirrigated farm households across age and gender. The results are 
in Tables 12 and 13.  
 

Table 12: Percentage of Household Members Reporting Sickness 
(Average Treatment Effect of Shallow Tubewells) 

 
  Matching Method 

 
Nearest Neighborhood 

 
Stratification 

 
Kernel 

 Impact 

CGISP  
Beneficiary  

vs 
Nonirrigated 

APP  
Beneficiary  

vs 
Nonirrigated   

CGISP 
Beneficiary  

vs 
Nonirrigated 

APP 
Beneficiary  

vs 
Nonirrigated   

CGISP 
Beneficiary  

vs 
Nonirrigated 

APP 
Beneficiary  

vs 
Nonirrigated 

Male (%) -3 -2 
 

1 -1 
 

    
<5 yrs. old -1 -0.3 

 
-1 0.6 

 
-0.2 -2 

6−15 yrs. old -3 -2 
 

1 -1 
 

-1 0.6 
16−25 yrs. old -3 -2 

 
1 -1 

 
-0.2 -2 

26−45 yrs. old -3 -2 
 

1 -1 
 

-0.2 -2 
> 45 yrs. old -10a -5 

 
-4 -3 

 
-4 -3 

Female (%) 3 2 
 

-1 1 
 

0.2 2 
<5 yrs. old -0.1 -1 

 
-1 -0.7 

 
-1 -0.2 

6−15 yrs. old 3 2 
 

-1 1 
 

0.2 2 
16−25 yrs. old 3 2 

 
-1 1 

 
0.2 2 

26−45 yrs. old 3 2 
 

-1 1 
 

0.2 2 
> 45 yrs. old -0.1 2 

 
-3 1 

 
-2 1 

Whole household 
(%) 6a 2   4b 1   2 1 

APP = Agriculture Perspective Plan, CGISP = Community Groundwater Irrigation Sector Project, STW = shallow tubewell, yrs = years.  
Note: a and b refer to statistical difference between the treatment (STWs) and control (nonirrigated farms) groups at p<0.01 and 

p<0.05, respectively. 
Source: ADB Independent Evaluation Department estimates based on household survey data for the study. 
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Table 13: Shallow Tubewell Impact: Days of Absence from School Due to Sickness 
(Average Treatment Effects of Shallow Tubewells) 

 
  Matching Method 

 
Nearest Neighborhood 

 
Stratification 

 
Kernel 

Impact 

CGISP 
Beneficiary 

vs 
Nonirrigated 

APP 
Beneficiary 

vs 
Nonirrigated 

 

CGISP 
Beneficiary 

vs 
Nonirrigated 

APP 
Beneficiary 

vs 
Nonirrigated 

 

CGISP 
Beneficiary 

vs 
Nonirrigated 

APP 
Beneficiary 

vs 
Nonirrigated 

Male 
        6 −15 yrs. old 0.2 -0.7 

 
0.5 -1 

 
0.3 -0.8 

16−25 yrs. old 0.2 -0.7 
 

0.5 -1 
 

0.3 -0.8 
Female 

        6−15 yrs. old -0.7 -1 
 

-0.6 -1b 
 

-0.7 -1b 
16−25 yrs. old -0.7 -1 

 
-0.6 -1 

 
-0.7 -1 

Whole Household 
        6 −15 yrs. old 0.1 -0.1 

 
0.1 -0.6 

 
-0.04 -0.5 

16−25 yrs. old 0.1 -0.1 
 

0.1 -0.6 
 

-0.04 -0.5 
HH expenditure on 
healthcare 

        (% difference between 
STW and nonirrigated 
households) 1a -0.2   1a 0.2   -0.1 -0.1 

APP = Agriculture Perspective Plan, CGISP = Community Groundwater Irrigation Sector Project, STW = shallow tubewell.  
Note: a and b refer to statistical difference between the treatment (STWs) and control (nonirrigated farms) groups at p<0.01 and 

p<0.05, respectively. 
Source: ADB Independent Evaluation Department estimates based on household survey data for the study. 
 
107. The estimated ATT values presented in Tables 12 and 13 revealed the following: 

(i) No conclusive basis exists to suggest that access to STW irrigation as 
such and its effects on farm income significantly reduced the reporting 
of sickness by household members, irrespective of gender and age 
group.  

(ii) The extent of school absences due to sickness was not influenced by 
household access to STWs either, even though the CGISP group spent a 
little more, proportionately, of their total household expenditures on 
health care than the comparison group of households on the 
nonirrigated farms. There is general reluctance among rural Terai 
people to spend more on healthcare unless household members are 
very sick. They tend to seek advice from local medical shops for minor 
ailments. Furthermore, there is no certainty that households would 
spend more on healthcare even if more funds were available through 
increased income. 

(iii) As they did in the area of child education, the CGISP households used a 
greater part (1% more) of household expenditures for health services 
than the rainfed farm households did. However, even though this was 
on average 33% more in nominal amounts, it may have been too little 
extra cash to influence health outcomes or reduce school absences for 
children due to sickness. 

(iv) Unlike the CGISP households, the households of the APP STW-recipient 
farms showed no significant difference in health care spending 
proportions from the nonirrigated farm households. Household 
sickness reporting and child school absences for this group were also 
similar. The same conclusion derived for education effects applies in 
this case: Had nonirrigated farm households relied only on farming 
income, a greater (negative) effect on child health might have been 
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observed. As it is, the relatively high income derived from other sources 
may have improved the children’s health condition to a similar 
condition as those of CGISP farm households. 

  

C. Consumption 

108. A consumption impact due to STW irrigation can come in several forms. 
The most direct would be increased household consumption of agricultural production 
on a household farm and greater diversity in food consumed. Both would affect the 
level of food and nutrition security of the household members. An increase in income 
due to the introduction of STW irrigation would likely lead to a decline in the share of 
overall household expenditures used to purchase food. This could be partly due to a 
substitution effect—if household members personally consumed some of the increased 
food production on the household farm. The possibility of increased consumption of 
vegetables could improve the nutrition in the household as well. The evaluation used 
five measures to estimate the impact of STW irrigation on consumption by the CGISP 
and APP STW households, using comparisons with the survey results from the control 
rainfed farm households: (i) an index of food diversity, (ii) per capita food expenditure, 
(iii) value of per capita agricultural output consumed, (iv) per capita vegetable 
consumption, and (v) the share of household expenditure on food. The ATT results are 
summarized in Table 14. 
 

Table 14: Shallow Tubewell Impact on Consumption 
(Average Treatment Effect of Shallow Tubewells) 

 
  Matching Method 

 
Nearest Neighborhood 

 
Stratification 

 
Kernel 

 Outcome/Impact 

CGISP 
Beneficiary 

vs 
Nonirrigated 

APP 
Beneficiary 

vs 
Nonirrigated   

CGISP 
Beneficiary 

vs 
Nonirrigated 

APP 
Beneficiary 

vs 
Nonirrigated   

CGISP 
Beneficiary 

vs 
Nonirrigated 

APP 
Beneficiary 

vs 
Nonirrigated 

Simpson’s index of food 
diversity 0.003 0   0.004 0   0.003 0 

Per capita food 
expenditure ($) 2.08 11.74b 

 
5.87 8.11c 

 
5.75 6.36 

Per capita value of 
agricultural output 
consumed ($/person) 53.4a 53.0b  

 
40.1a  64.7b 

 
48.1a  48.1a  

Per capita amount of 
vegetable production 
consumed (kg/person) 2c 1 

 
2 1 

 
1 1 

Share of food in total 
        household expenditure 

(%) -4a -2   -4a -2a   -2a -2a 
APP = Agriculture Perspective Plan, ATT = average treatment effect of shallow tubewells, CGISP = Community Groundwater 
Irrigation Sector Project, kg = kilogram, STW = shallow tubewell. 
Notes: a, b, c refer to statistical difference between the treatment (STWs) and control (nonirrigated farms) groups at p<0.01, 

p<0.05, and p<0.10, respectively. The $ amount used is based on the 31 March 2012 ADB exchange rate between 
$ and NRs, that is, $1.00 = NRs81.51. 

Source: ADB Independent Evaluation Department estimates based on study household survey data.  
 
109. The key findings, based on ATT values, are the following:  

(i) There was no significant difference in the food diversity index in the 
three groups of households, consistent with the fact that overall 
household income differences among the three groups are far smaller 
than the differences among the farm incomes of the three groups.  

The possibility 
of increased 

consumption of 
vegetables 

could improve 
the nutrition in 
the household  
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(ii) Although the per capita food expenditure was higher for households 
with STW irrigation than for those without irrigation, the difference 
was not statistically significant. 

(iii) Compared with the nonirrigated farming households, the CGISP 
households consumed a greater share of their farm production on a 
per capita basis. The nonirrigated farming households most likely 
would have had to sell a significant share of their agricultural produce 
to meet other consumption needs. 

(iv) No statistical difference was found between households with STW 
irrigation and those without irrigation with respect to the value of per 
capita home-produced vegetables. 

(v) The share of spending on food in total household expenditures was 
significantly less for the households with STW irrigation than the share 
in those households without irrigation—2% less for APP STW group 
households and 4% less in CGISP households.  

(vi) An increase in agricultural production was likely partly allocated for 
consumption or food security in the CGISP households. This would not 
have been possible without irrigation. This is consistent with a smaller 
share of food in total household expenditure. It is not surprising that 
food diversity has not changed in the farming households now served 
by irrigation. The people in the project districts generally have similar 
items in their food consumption basket and a set menu for most of the 
year.  
 

D. Asset Formation 

110. The evaluation considered it possible that increased income generated by STW 
irrigation could be converted into other assets, including land and livestock. Livestock is 
viewed by farming households in the project districts as insurance against any 
unforeseen needs. The evaluation analyzed two measures of asset formation: total 
assets and livestock owned by households. Table 15 shows the ATT estimates based on 
analysis of the evaluation survey data. 
 

Table 15: Shallow Tubewell Impact on Value of Asset Formation 
(Average Treatment Effect of Shallow Tubewells) 

 

 
Matching Method 

 
Nearest Neighbor 

 
Stratification  

 
Kernel 

 Outcome/Impact 

CGISP 
Beneficiary 

vs 
Nonirrigated 

APP 
Beneficiary 

vs 
Nonirrigated   

CGISP 
Beneficiary 

vs 
Nonirrigated 

APP 
Beneficiary 

vs 
Nonirrigated   

CGISP 
Beneficiary 

vs 
Nonirrigated 

APP 
Beneficiary 

vs 
Nonirrigated 

Value of 
household assets 
($) 266b -353 

 
231b -317   197 -130 

Value of 
livestock assets 
($) 80b -25 

 
103a 41   107a 79 

APP = Agriculture Perspective Plan, CGISP = Community Groundwater Irrigation Sector Project, STW = shallow tubewell.  
Note:  a and b refer to statistical difference between the treatment (STWs) and control (nonirrigated farms) groups at p<0.01 

and p<0.05, respectively. The $ amount used is based on the 31 March 2012 ADB exchange rate between $ and NRs, 
that is, $1.00 = NRs81.51. 

Source: ADB Independent Evaluation Department estimates based on household survey data for the study. 
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111. The key findings related to asset formation are the following: 
(i) The CGISP households obtained $258 more in assets than the 

households without irrigation access in cropping year 2010–2011. 
The APP-supported households and the nonirrigated farm households 
experienced declines in their asset values. These declines were not 
significantly different. This could have been because APP households 
sold assets to meet their household needs. The fact that the APP 
households had a smaller average cultivable land area (0.87 ha) than 
the CGISP households (1.03 ha) could also have had a bearing. 

(ii) The CGISP households also saw a significantly higher gain in the value 
of livestock assets (cattle, goats, and poultry) than did the nonirrigated 
farm households. In fact, the increase in livestock asset value accounted 
for 30% of the total household asset gains of the CGISP households.  

 

E. Firewood Consumption  

112. Rural households in Nepal’s Terai rely heavily on firewood for cooking. The 
evaluation considered it conceivable that households would alter their firewood 
consumption pattern if their income from greater agricultural production under STW 
irrigation grew. They might do this either by using efficient stoves that reduced 
firewood consumption or adopting alternate energy sources (e.g., liquefied petroleum 
gas). Weekly consumption of bundles of firewood was used to estimate the impact of 
STW irrigation. The ATT estimates are summarized in Table 16. 
 

Table 16: Shallow Tubewell Impact on Weekly Firewood Consumption 
(Average Treatment Effect of Shallow Tubewells) 

 

 
Matching Method 

  Nearest Neighbor    Stratification   Kernel 

Outcome 

CGISP 
Beneficiary 

vs 
Nonirrigated 

APP 
Beneficiary  

vs 
Nonirrigated   

CGISP 
Beneficiary  

vs 
Nonirrigated 

APP 
Beneficiary 

vs 
Nonirrigated   

CGISP 
Beneficiary 

vs 
Nonirrigated 

APP 
Beneficiary 

vs 
Nonirrigated 

Weekly 
firewood use 
(bundles) -2 -2 

 
-1 -1 

 
-2 -0.5 

APP = Agriculture Perspective Plan, CGISP = Community Groundwater Irrigation Sector Project.  
Source: ADB Independent Evaluation Department estimates based on household survey data for the study. 

 
113. The analysis, based on ATT values, showed the following.  

(i) The weekly consumption of firewood was two bundles less in the CGISP 
and APP group households with STW irrigation than the consumption 
in the comparison group of nonirrigated farm households, but this 
difference is not statistically significant.  

(ii) A reduction in firewood consumption could also reflect the general 
shortage of firewood in the Terai, a result of deforestation. It is equally 
likely that some households have used alternate sources such as dried 
dung cakes mixed with straw rather than firewood. Some of the well-
off households may have opted to use liquefied petroleum gas for part 
of their cooking fuel needs, particularly in areas close to urban centers. 
This would apply to all three farm household groups, irrespective of 
their access to irrigation, a finding again consistent with the fact that 

The CGISP 
households 

obtained $258 
more in assets  
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differences in overall income among the three groups were far smaller 
than the differences in farm income obtained. 



 

 

CHAPTER 8 

Effectiveness and 
Sustainability of Water User 
Groups 

 
114. Under the CGISP’s design, the WUGs were to be the institutional backbone and 
the basic unit of governance of the project STW irrigation system, and they were an 
integral part of the evaluation. An average of five small-scale farmers formed each 
WUG. The WUGs received loans for installing the STWs from designated PFIs with no 
collateral required. The WUGs sought technical advice from either an NGO or a district-
level agricultural extension office operating under DOA. WUG members received 
training on a wide range of topics. 
 
115. The sustainability of the WUGs was seen to depend on effective management, 
group dynamics, timely repayment of credit, water allocation mechanisms, financial 
management, and bookkeeping, among other things. The field data collection teams 
could not locate any executive members of WUGs who were associated with the APP-
supported STW program. Most of the CGISP’s WUGs had maintained no records. 
This meant that only limited data were collected in the interviews with the 333 WUG 
executives affiliated with CGISP STWs. The evaluation analyzed only the ADB-supported 
project WUGs.  
 

A. General Attributes of the Project’s Water User Groups 

116. Coverage. The 1,000 CGISP household representatives interviewed in the 
evaluation study survey were associated with 333 WUGs. These WUGs were divided 
among the districts in the same proportion as the STWs installed: 128 WUGs in Jhapa, 
66 in Sunsari, 46 in Dhanusha, 69 in Rautahat, and 24 in Chitwan. These WUGs were 
formed during 2002–2007, and 41% were established in 2003 alone.  
  
117. Representation and inclusiveness. An average WUG had fewer than five 
members, and overall membership was 63% female and 37% male.49 Dalits, 
the disadvantaged minority group traditionally discriminated against as untouchables, 
made up less than 2% of the WUGs’ membership.50

                                                
 
49 Two WUGs had an unusually high number of members, 20 and 29. These were formed toward the end of 

the project. 

 Nearly one-third of WUGs were 
homogeneous in ethnic composition, 18% had more than one member from the same 
household, and 28% were composed of members who all had the same occupation. 
Educational attainments of members varied substantially, which the evaluation believes 
reflected diversity in their capabilities. 

50 An earlier survey conducted in 2005 by DVN reported that the participation by dalits was 3.9%.  
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118. Activity status. In March–June 2012, 52% of the WUGs were deemed to remain 
active or partly active—that is, engaged in some form of group activities. The rest were 
inactive, had become dormant, or had ceased to operate. The CGISP attempted to 
deliver services to project participants in two ways. The first modality involved 
engaging one agency for credit disbursement and another to provide such services as 
social mobilization and agricultural extension, which included training for WUG 
members under a contract with NGOs. Under the second modality, the same agency 
under took both responsibilities. The survey data shows that 68% of the sample WUGs 
were formed under the first modality, and the remaining 32% under the second.51

 
  

119. Loan repayment. Of the 333 WUGs, 305 responded to questions about their 
STW loans and 28 did not. The PFIs said these 28 had defaulted on their loans. This and 
the results of the WUG survey indicated that 77% of WUGs had paid off their loans, 
and the remaining 23% either intended not to repay or were holding off in the hope, 
based on the statements of some officials, that the government would forgive the 
loans.52

 
 

B. Effectiveness of Water User Groups  

120. Although 48% of the WUGs had become inactive in March–June 2012, CGISP 
farmers continued to irrigate their agricultural fields with the project-supported STWs. 
However, the households under the active or partly active status of the WUGs had 
greater differentials over the nonirrigated farm group households than did the CGISP 
households whose WUGs had stopped operating. For example, differential paddy and 
wheat yields were 548 kg and 258 kg for the active and partly active WUG farms, 
respectively, compared with only 135 kg and 29 kg, respectively, for inactive WUG 
farms. Similarly, the share of food in total household expenditure for the active and 
partly active WUG project farms was 4% lower than the share on the nonirrigated 
farms, but only 2% lower in the inactive WUG households. The impact differences in 
other dimensions, based on WUG status, were consistent with these findings. Results of 
the impact estimates (ATT values) are in Appendix 8. 
 

C. Sustainability of Water User Groups 

121. The sustainability of WUGs was assessed based on two parameters: status of 
credit repayment and functional status. These variables capture many WUG-associated 
features, including group dynamics and group cohesiveness. The evaluation assumes 
that a cohesive and dynamic WUG will function well and fulfill all of its responsibilities, 
including loan repayment and other activities. The evaluation defined loan status as a 
binary variable—paid and unpaid. WUG status was categorized as either fully or partly 
functional or nonfunctional.53

 

 The two outcome variables were considered necessary 
conditions, while their joint probability leads to sustainability.  

122. The two outcome variables were econometrically estimated using a bivariate 
probit regression analysis.54

                                                
 
51 The two modalities were introduced under the project to provide efficient delivery of services to the project 

WUGs. The commercial and rural development banks did not have adequate reach to serve potential 
beneficiaries. 

 Table 17 presents the results of three probit models—WUG 

52 If the 28 nonrespondents to loan-related questions were not factored in, the default rate would be 15%. 
53 It was expected that if the WUGs functioned well, the members would repay their STW loan within the 

given repayment period. 
54 The bivariate probit model controls more factors that may determine the outcomes. 
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status (column 2), credit status (column 3), and the marginal effects for simultaneous 
success of the status and credit repayment (i.e., WUG is fully or partly active and STW 
loan is repaid) (column 4).55 A log-likelihood ratio test rejected the hypothesis that the 
error terms in both regressions were uncorrelated.56

 
  

Table 17: Determinants of Joint Probability of Water User Group Sustainability 
 

Determinants 

Status 
(coefficient) 
Active/partly 

active=1; inactive=0 

Credit 
(coefficient) 

Credit cleared=1; 
otherwise=0 

Marginal Effects 
P(Status=1, 
Credit=1) 

% females in WUG -0.900b 0.318 -0.245c 
No. of members in WUG -1.271 -0.135 -0.403b 
No. of members In WUG (squared) 0.161c 0.009 0.050a 
Members in same ethnic group 
(Yes=1, No=0) -0.381 0.205 -0.104 

Members are mostly from same 
family (Yes=1, No=0) 0.094 -0.25 -0.001 

Members have the same education 
level (Yes=1, No=0) 0.256 0.766b 0.130 

Members pay regular fees (Yes=1, 
No=0) 0.701c 0.51 0.278b 

Supply of water from tube adequate 
during dry season (Yes=1, No=0) 0.379 0.294 0.151 

Conflict in water allocation (Yes=1, 
No=0) -0.885b -0.551 -0.340a 

No. of parcels of members irrigated 
with STW -0.116 -0.243b -0.060b 

No. of parcels of members irrigated 
with STW (squared) 0.003 0.009b 0.002b 

Decisions made by group (Yes=1, 
No=0) 0.587b -0.147 0.149b 

Members punished for errant 
behavior (Yes=1, No=0) 0.501b -0.747b 0.126 

Diesel pump (Yes=1, No=0) 0.834a 0.089 0.269a 
Sunsari District (Yes=1, No=0) 0.284 0.518 0.128 
Dhanusha District (Yes=1, No=0) -1.159b 1.341b -0.354c 
Rautahat District (Yes=1, No=0) 0.605 0.873 0.236 
Chitwan District (Yes=1, No=0) 0.608 -0.065 0.144 
Credit obtained from NGO (Yes=1, 
No=0) 0.899b 0.237 0.289b 

Credit and social mobilization are 
not done by government entities 
(Yes=1, No=0) -0.519c 0.152 -0.145 

Creditor has punishment for 
nonrepayment (Yes=1, No=0) 0.432 1.012a 0.263a 

WUG member received financial 
management training (Yes=1, 
No=0) 0.243 -0.172 0.053 

Constant 0.997 0.973   
Observations 304 304   

NGO = nongovernment organization, No. = number, P= probability, STW = shallow tubewell, WUG = water 
user group. 

Note:  a, b, c refer to statistical difference between the treatment (STWs) and control (nonirrigated farms) 
groups at p<0.01, p<0.05, and p<0.10, respectively. 

Source: ADB Independent Evaluation Department analysis of WUG survey data, 2012. 
 

                                                
 
55 The estimates on marginal effects for the joint probability indicate the percentage change in the 

probability emanating in a unit increase in each of the explanatory variables (or from moving from 0 to 1 
for discrete variables). 

56 This means that there were gains in efficiency by running a bivariate probit for both decisions.  
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123. Key findings from the analysis can be summarized as follows: 
(i) The WUGs tended to be stable if there were clearly defined incentives 

and disincentives. For example, WUGs with punitive measures to 
correct errant behavior of members—regarding repayment of loans on 
schedule, for example—tended to be partly or fully active. Having rules 
to avoid potential conflict within the organization also enhanced group 
life. Unabated conflict over water allocation, which can be avoided 
through clear organizational rules, inevitably led to inefficiency and 
dissolution of WUGs. 

(ii) Democratic and participative governance also improved the stability of 
WUGs. The likelihood of the WUGs remaining active or partly active was 
significantly influenced in a positive way by collective decision making 
rather than unilateral decisions by the WUG leader.  

(iii) The stability and sustainability of WUGs was also dependent on the 
gender composition of the group, the modality of program 
implementation, and the type of STW pump owned by the group. 
Normally, greater participation by women in WUGs would be expected 
to improve group sustainability. However, the results suggested the 
opposite—that is, that the groups with more women members tended 
to become inactive. This may be due to the other demands on women 
for time for regular household chores and childcare. It may also be 
explained by the traditional dominance of men in irrigation-related 
activities in Nepal. Irrigation is usually considered to fall within the 
domain of men, who traditionally perform farming activities. According 
to key informants, NGOs involved in social mobilization encouraged 
women from enrolling in WUGs whether these women were committed 
to WUGs or not. Women members may not have been given an 
opportunity to be heard in group decision making. In some cases, 
women were enrolled in WUGs as a formality but were deprived of a 
part in making WUG decisions. In Nepal, groups such as WUGs tend to 
be dominated by members of the community who are already 
influential. 

(iv) WUGs were more likely to be sustainable if they accessed credit from 
NGOs rather than a development bank. This is not surprising, as NGOs 
are active drivers in social mobilization and would have had a greater 
interest than a development bank in supporting the functioning of a 
group whose members also borrow from the PFIs operated by the 
NGOs.  

(v) WUGs whose STW pumps ran on diesel were more likely to be 
sustainable than those with electric pumps. WUG members were able 
to purchase diesel in the open market when they needed it, but the 
owners of electric pumps had no way to avoid irrigation downtime 
when electricity supply became erratic and during long blackouts. 
This was especially damaging during the dry winter months, when 
irrigation was needed most and was a direct effect of a serious energy 
crisis in Nepal.  

(vi) A WUG’s location also influenced sustainability. For example, WUGs in 
Dhanusha District were less likely to be sustainable than those in Jhapa. 
The evaluation team observed that WUGs in Jhapa were more active 
and more cohesive than those in other districts. However, no significant 
difference in sustainability was evident between the WUGs in Jhapa 
and the WUGs in the three other districts (Sunsari, Rautahat, and 
Chitwan).  
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(vii) Group size mattered: Larger groups were less likely to be sustainable. 
An increase in group size by one member resulted in a 40% reduction 
in the probability of a group making its loan repayment and staying 
active. 

(viii) Having sound organizational rules also increased the likelihood of 
success in repayment and WUG activity. Clear conflict resolution 
mechanisms, especially in irrigation allocation among members, 
increased the probability of overall success by 34%, while having 
members pay a membership fee increased the probability by 28%. 
Program modality, specifically having NGOs deliver credit, increased the 
joint probability of success by 29%. Likewise, in terms of technology, 
adoption of diesel pumps increased the probability by 27%, because 
diesel was more reliably available than electricity.  

(ix) WUGs whose members had the same educational level had a higher 
likelihood of repaying their loan.  

(x) The likelihood of WUG sustainability decreased at a decreasing rate 
with the increase in the number of WUG members. This is proven by 
the negative sign on this variable and a significantly negative 
coefficient for the square of the variable. 

(xi) An inverted U relationship exists between the probability of repayment 
and the number of land parcels owned by WUG members. This implies 
that there is a minimum scale (as measured by number of parcels) by 
which there would be an observed increasing probability of credit 
repayment.  

(xii) A perceived threat of sanctions from the PFI also increased the 
probability of repayment. Thus, enforcement could be improved 
through effective punitive measures.  
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CHAPTER 9 

Environmental Impacts 

 
124. STW irrigation raises two main environmental concerns: First, some farmers in 
the project area believe that expanding groundwater extraction for irrigation, including 
the use of STWs, is lowering the groundwater level, and that it is taking longer to 
irrigate a piece of land as a result. This claim has not been validated. Second, some 
urban consumers contend that farmers are using excessive quantities of fertilizer and 
chemicals in irrigated agriculture including that by STW. Based on a DOI assessment, 
the PCR stated that water from the sample project STWs contained arsenic levels far 
below 100 parts per billion, which is considered the maximum safe level for irrigation 
water. It also stated that the use of chemical fertilizers and pesticides in the project 
area was lower than the recommended ceilings and was unlikely to have damaged 
aquatic ecosystems and wildlife. However, it did not provide an empirical basis for the 
conclusion on the use of fertilizer and pesticides. Paras. 125–136 discuss the questions 
of declining water levels and use of chemical fertilizers and plant protection chemicals. 
The evaluation used water table data collected by the district GFOs57

 

 in the study 
districts to ascertain any trend in the level of groundwater depletion. The fertilizer and 
plant protection chemical use data collected for this study were used to determine the 
safety of the application rates.  

A. Groundwater Extraction 

125. Literature on groundwater extraction has highlighted overexploitation in 
several countries, drawing significant public attention. Managing extraction of the 
groundwater sustainably is paramount in ensuring its long-term use for three related 
reasons: Groundwater is not a fully renewable resource, because the hydrological cycle 
takes a long time to completely recharge groundwater sources. Underground aquifers 
are common-property resources, and because of this, incentives to conserve them are 
hard to formulate. Finally, regulation is often challenging, because extraction is difficult 
to monitor. The use of the kind of metering system commonly used for drinking water 
supply is hard to carry out for irrigation in rural areas. Because STW irrigation is often 
used by relatively poor farmers, any system to charge for its groundwater use would 
encounter political opposition. 
 
126. Household perception of groundwater levels. The evaluation survey of project 
WUGs asked respondents for their perception of the historical trend in the 
groundwater level (water table) in the CGISP areas. The responses indicated that 29 of 
the 333 WUGs (9%) felt that water pressure had declined over last 5 years and that it 
now took longer than before to irrigate a piece of land. However, this perception was 
not shared by WUGs in all districts. Other farmers with access to STW irrigation 
perceived that the water table was stable. Overall, the farmers were satisfied with the 
flow and water pressure in the STWs. 

                                                
 
57 The GFOs collect water table data on a monthly basis from several monitoring sites located throughout the 

districts. The data are stored but not analyzed by DOI or the Groundwater Resources Development Board. 
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127. Cycles and trends in groundwater levels. The study also analyzed monthly 
water table monitoring data collected by GFOs in the five survey districts selected for 
the study.58

  

 The results of an autoregressive model to examine the cyclical patterns of 
groundwater level data of the monitoring STWs in the five districts are summarized in 
Table 18. 

Table 18: Cyclical Patterns of Groundwater Levels in Study Districts 
 

Lag Rautahat Chitwan Jhapa Sunsari 
Dhanusha 

(Public) 
Dhanusha 
(Private) 

1-month lag 0.430a 0.431a 0.825a 0.682a 0.908a 0.933a 
2-month lag 0.057 0.042 -0.037 0.155 -0.034 -0.129 
3-month lag -0.162c -0.157 0.025 0.011 -0.026 -0.061 
4-month lag -0.230b 0.027 -0.139 -0.019 -0.028 -0.089 
5-month lag -0.001 -0.163c -0.056 -0.058 -0.056 0.222c 
6-month lag -0.153 -0.069 0.082 -0.201c 0.113 -0.052 
7-month lag -0.088 -0.127 -0.225c 0.147 -0.19 -0.024 
8-month lag -0.129 -0.064 0.15 0.138 0.252a 0.067 
Constant 3.035a 3.751a 0.617b 0.439c 0.162 0.133 
  no. of 
observations 136 136 88 124 136 136 

R-squared 0.53 0.39 0.63 0.66 0.78 0.72 
Note:  a, b, c refer to statistical difference between the treatment (STWs) and control (nonirrigated farms) 

groups at p<0.01, p<0.05, and p<0.10, respectively. 
Source:  ADB Independent Evaluation Department analysis of data obtained from DOI and the Groundwater 

Resources Development Board, Nepal. 
 
128. The results suggest that the recharge cycle varied in the different districts. 
Some of the predicted cycle coincided with the wet and dry seasons in Nepal. 
In Rautahat District, the recharge cycle roughly followed a 3–4-month cycle, with 
negative coefficients associated with the 3- and 4-month lag variables. The Chitwan, 
Sunsari, and Jhapa districts had longer cycles of 5, 6, and 7 months, respectively.  
 
129. To get a clearer picture of the general direction of the water level, a trend line 
for the water level data was estimated using regression analysis and using the monthly 
water table level data with a time variable. The results of the ordinary least square 
regressions estimation for the trend line were then plotted against the water level data 
to graphically show the trend compared with the cyclical changes in the groundwater 
level. The results of the estimation showed a significant uptrend in the water levels in 
Sunsari and Jhapa districts. The uptrend was more dramatic for Sunsari, where the 
water level has been increasing at a rate of 20.0 centimeters per year since 2002. The 
Jhapa district groundwater level has been increasing at a slower rate of 9.6 centimeters 
per year. There was no statistically significant change in the groundwater levels in 
Rautahat and Chitwan. These results are consistent with the perceptions of the 
technical specialists.59

 
  

                                                
 
58 Each GFO monitors the water table through monitoring sites in its district. These are spread over a larger 

area than was covered by the project. 
59 An interview with Groundwater Resources Development Board staff also supported the findings of 

increasing water table levels in the Terai. 
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130. Empirical evidence suggests that the water table has actually been rising in 
Jhapa, Sunsari, and Dhanusha, although the reason has not been established. This is 
despite the fact that the three districts account for 32% of the 10,870 STWs established 
during the CGISP. Annual rainfall patterns tend to be much higher in the Terai’s eastern 
region districts, followed by the central region districts. 
 
131. The potential for groundwater irrigation in Nepal is tremendous. Of the Terai’s 
total land area of 1.36 million ha, 65% is considered irrigated. However, only 41% of 
the irrigated area is irrigated year-round.60

60

 This amounts to only 27.5% of the 
potentially irrigable land. It is well recognized by irrigation experts in Nepal that, 
despite considerable investments in infrastructure development and a well-trained 
cadre of technicians for their design, operation, and maintenance, public sector 
irrigation schemes (largely surface irrigation) have performed below expectations. 
The efficiency of surface irrigation is estimated to be around 30%, and, hence, 
a significant portion of irrigation goes to waste. Furthermore, crop productivity is 
stagnant or marginally increasing but much below potential (footnote ). This leaves a 
tremendous opportunity to fill the gap by sustainably using groundwater resources for 
irrigation, because irrigation water is utilized in a better way. 
 

B. Use of Chemical Fertilizers 

132. The evaluation household survey data indicate that 97% of farmers used some 
chemical fertilizers, whether their land was irrigated or not.61

 

 The fertilizers were 
usually a combination of nitrogen-phosphorus-potassium (N-P-K) nutrients, but the 
type depended to a large extent on what was available in the market at the time it was 
needed. Fertilizer was generally used (i) during planting time as a basal dose for paddy, 
wheat, and maize; and (ii) for topdressing with urea. The amount used varied widely, 
according to the farmer’s access to credit or availability of cash for the input purchase. 
Farmers in the project and APP STW irrigation groups used more fertilizer per hectare 
on average than did the comparison group of farmers on rainfed land (Table 19).  

Table 19: Use of Chemical Fertilizers and Plant Protection Chemicals  
by Survey Households 

(2010–2011) 
 
Input Use CGISP Farms APP Farms Nonirrigated Farms 
Chemical fertilizer 
 Farmers using (%) 

Quantity (kg/ha) 

N=974 
97.4 
250 

N=487 
97.4 
204 

N=970 
97.0 
133 

Plant protection chemicals  
Farmers using (%) 
Cost ($/ha) 

N=735 
74 

15.56 

N=349 
70 

13.38 

N=632 
63 

10.71 
APP = Agriculture Perspective Plan, CGISP = Community Groundwater Irrigation Sector Project, ha = hectare, 
kg = kilogram, N = number of respondents. 
Note: The $ amount used is based on the 31 March 2012 ADB exchange rate between $ and NRs, that is, 

$1.00 = NRs81.51. 
Source: ADB Independent Evaluation Department estimates based on study household survey data.  
 

                                                
 
60 Data on year-round irrigated area available at: http://www.wec.gov.np/downloadfile/water_recource_clima 

te_change_1320235677.pdf 
61 Farmers could not recall the type of fertilizer they had used, and hence it was difficult to ascertain nutrient 

application. 
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133. The survey data indicated that the CGISP and APP farmers applied 88% and 
54% more fertilizer per hectare, respectively, in the 2010–2011 cropping season than 
did the nonirrigated land farmers.62

 

 According to technical experts consulted during 
the evaluation, these quantities were below the dose of fertilizer recommended by 
DOA, and it was unlikely that this fertilizer use would have damaged the environment. 
Nepal’s farmers typically use fertilizer conservatively and judiciously, particularly for 
major crops such as paddy, wheat, and maize. In addition, farmers in the Terai often 
cannot obtain fertilizer when the crops most need it, and, although an informal cross-
border trade in fertilizer with India exists, the fertilizer acquired through this channel is 
usually of poor quality. 

134. The ATT estimates in Table 10 provide additional insight into environmental 
impact due to fertilizer use in agricultural production. Based on a counterfactual 
analysis, the fertilizer application rate was significantly higher for maize production on 
CGISP farms—11 kg more per hectare—than for maize on the comparison group 
nonirrigated farms. Higher fertilizer application rates were found for maize, red lentil, 
and potato, at 16 kg, 8 kg, and 8 kg per hectare higher than the nonirrigated areas, 
respectively, on APP STW irrigated farms. Data on nutrient leaching was not available, 
and the evaluation study could not determine whether this use of additional fertilizer 
caused nutrient run-off or environmental damage. The bunded paddy cultivation 
system in the Terai makes it unlikely that there would be much nutrient run-off to 
watercourses. Most fertilizer loss tends to be through leaching, which leads to fertilizer 
entering aquifers near the land surface. This water may be available to downstream 
users. Based on the area allocated to maize cultivation, 47% of CGISP, 49% of APP, and 
39% of the nonirrigated farm households produced maize during the 2010–2011 
season, allocating 14.3%, 14.4%, and 11.8% of their land to the crop, respectively. 
Hence, only limited damage to the environment is likely to occur, if any. 
 

C. Plant Protection Chemicals 

135. Farmers in Nepal tend to use plant protection chemicals not as a preventive but 
as a curative measure. They use the chemicals only when they see their crops infested 
with pests and/or suffering from plant diseases.63

 

 According to the survey data 
(Table 18), nearly 24% of the CGISP, 30% of APP, and 37% of nonirrigated land farmers 
did not use chemicals during the cropping year. On a per-hectare basis, the CGISP and 
APP STW farmers spent 45% and 25% more than their comparison group counterparts 
on rainfed land. According to technical experts in Nepal, plant protection chemical 
applications vary widely over seasons and years, based on the unpredictable patterns of 
pest infestation and plant disease. Generally, however, irrigated crops are seen to suffer 
more from pests and plant disease than nonirrigated ones.  

136. The ATT estimates (Table 9) from counterfactual analysis suggest no significant 
difference between CGISP and nonirrigated farm households in their use of plant 

                                                
 
62 Nepal does not produce chemical fertilizer. Imports tend to vary significantly in terms of type of fertilizer 

available, depending on several factors. These include government allocation for imports by the 
Agricultural Inputs Corporation and the cross-border supply and price differential. The types of commercial 
fertilizer imported also vary across the years, but urea tends to dominate the total import. Government 
statistics indicate that Nepal imported 174,038 tons of fertilizer in 1998–1999. This dropped to 10,240 
tons in 2008–2009. Due to the open border with India, a significant quantity of fertilizer also enters Nepal 
through informal channels. In Nepal, the fiscal year runs from mid-July to mid-July. 

63 The high unit price of chemicals also discourages farmers from building up supplies to store for an 
extended period. 
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protection chemicals in solid or liquid forms for the five crops examined (paddy, wheat, 
maize, red lentil, and potato). This makes it likely that no incremental adverse 
environmental impact has resulted from the CGISP through the use of plant protection 
chemicals. However, evidence shows that APP STW farms used significantly more plant 
protection in liquid form on paddy, potato, and red lentil than nonirrigated farms. 
The liquid chemicals would likely have been used to control pests and plant diseases 
after planting. Despite these differences, the actual quantity applied was far below the 
level recommended by DOA. 
 



 

 

CHAPTER 10 

Key Findings, Issues, Lessons, 
and Recommendations 

 
137. The evaluation has provided interesting findings concerning ADB’s support for 
CGISP and the government’s financing of the APP STWs. Overall, the ADB project was 
successful in delivering the intended agricultural outcomes of higher cropping intensity, 
greater intrafarm crop diversity, and better yields of traditional commodities (paddy 
and wheat, in particular). Several issues and lessons also emerged that would be of 
significant interest to policy makers in Nepal and other countries with potential for STW 
irrigation. The study provides four recommendations for the Management of ADB and 
the Government of Nepal.  
 
A. Key Findings 

138. The gains from the CGISP have been sustained or are sustainable. The PCR, 
completed in 2008, said that CGISP beneficiaries realized increases in agricultural 
productivity and incomes. Even 5 years after project completion, the evaluation 
confirmed that these gains continued to be realized and, hence, are likely to be 
sustained. The rigor of the econometric procedures allowed the evaluation study to 
assess impacts or changes that can be attributed solely to the program or STW 
initiatives. Simple comparison of means may lead to overestimation of attribution of all 
changes to the program.  
 
139. Agricultural outcomes. The CGISP aimed to increase agricultural productivity on 
a sustainable basis and to improve the income of farmers with less than 1 ha of 
landholding by helping them access STW irrigation. The findings, based on 
counterfactual analysis using propensity score matching, showed that these stated aims 
have been achieved. Cropping intensity under the CGISP was significantly higher (26%) 
than on nonirrigated farms in the 2010–2011 cropping season64

 

 and was also higher 
than on the APP STW farms. Intrafarm crop diversity was also significantly higher under 
the project than on the comparison group of nonirrigated farms. The evaluation found 
that increased cropping intensity and intrafarm crop diversity led to increased 
production, at least for the two main crops grown in the Terai—paddy and wheat.  

140. The CGISP and the nonirrigated farm households achieved almost identical net 
value of agricultural production per hectare for all five major crops (Appendix 5). 
This was largely a reflection of high cost of fertilizer, energy, and other production 
inputs incurred by the CGISP farmers. However, the CGISP farms, on average, were 
nearly two times larger than the nonirrigated farms but had almost the same number 
of members in the household (Tables 2 and 3). The project households were, however, 
successful in deriving significantly greater net value of marketable surplus than the 
                                                
 
64 The difference in cropping intensity, based on factual data, is 32%. 
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nonirrigated farms for paddy, wheat, maize, and red lentil. The difference ranged from 
47% in potato to 129% in paddy. This was not, however, a reflection of profitability of 
crop production. It might have been associated with improved market connectivity 
resulting from selected farm-to-market road construction under the project for project 
farmers.65

  
  

141. Farmers who acquired STWs under the government’s APP program also 
benefited broadly in the same way but to a smaller extent than the CGISP farmers. 
For example, using counterfactual analysis, cropping intensity increased under the APP 
STW program by 22% over nonirrigated farms. While increased market orientation was 
observed for both CGISP and APP farm households, when compared counterfactually 
against the nonirrigated farms, the CGISP households sold 75% of incremental 
production, while the APP households sold only 52% of incremental production. 
Nevertheless, the study finds that increased income from both sources of STWs led to 
higher income, mainly from increased production. 
 
142. Income. On average, the CGISP households earned an equivalent of $2,304 
from 1 April 2011 to 31 March 2012, with 23% coming from farming, 44% from off-
farm and nonfarm sources, and another 33% from other sources.66

 

 Farming accounted 
for an even lower percentage of total income for APP households (18%) and 
nonirrigated households (11%). Nonirrigated households depended largely on incomes 
from wage earnings, livestock raising, and remittances from household members 
working elsewhere. The CGISP household income was 10.6% higher than the APP, and 
45.7% higher than the nonirrigated households. Income and expenditure estimates 
revealed that the nonirrigated households spent more than their incomes warranted 
and, as a result, were likely to become indebted. Food alone accounted for 52% of total 
household expenditure in nonirrigated households compared with 40% in CGISP 
households.  

143. Demand for factor inputs. Access to irrigation through STWs helped project 
households use less seed per hectare than nonirrigated households. The results were 
significant for paddy, maize, and potato and support the hypothesis that reliable 
irrigation ensures better plant survival. For paddy, irrigation can remove the 
uncertainties associated with monsoon and rainfall patterns, and it allows for timely 
transplanting. The lower seeding rate should mean lower overall seed costs. APP STW 
farm households, on the other hand, applied more chemical fertilizers and liquid 
insecticides than the nonirrigated farming households and hired labor for most major 
crops. Higher levels of input use led to larger increases in output per hectare of paddy 
and wheat than on the CGISP farms. They may have had more timely access to these 
inputs or more available cash to purchase them. APP STW households appeared better 
prepared for input purchases than the CGISP households. APP STW households had a 
comparative advantage over the project group farms because they received a 60% 
capital cost subsidy for their STWs, although they had to generate cash for the 
remaining 40% of the cost from other sources.  
 
144. Rate of return. The economic reevaluation of the CGISP, which was based on 
the evaluation survey data, revealed that both FIRR and EIRR remained above the 
threshold of the 12% social discount rate. This was achieved despite implementation 
delays and such challenges as the high expense and intermittent supply of energy to 

                                                
 
65 Only half of the planned farm-to-market road length was completed during project implementation. 
66  Other income sources include rental of agricultural land, pensions, remittances, interest earnings, other 

cash receipts, gifts, etc. 
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run the motorized STW pumps, and the limited availability of such production inputs as 
fertilizer. This means that, more than 5 years after completion, the project remained 
economically viable. The FIRR was higher than the weighted average cost of capital 
(12.9% vs. 0.3%). 
 
145. Noneconomic impacts: consumption, health, education, and asset 
accumulation. The analysis suggested that increased production from access to STW 
irrigation helped food consumption from the project farms’ own production. 
The finding was consistent based on the fact that the share of food spending in 
household expenditures was significantly lower for STW-irrigated households than for 
households on the nonirrigated comparison group farms. The results may mean that 
nonirrigated farm households suffer from food deficits and/or have to purchase from 
the market at a higher price. No significant difference in food diversity was found 
across the three household groups. Project households may have used extra income 
from marketable surplus for other household needs, but spent less on food purchase.  
 
146. The evaluation assumed that when household income increased due to 
irrigation, the additional income could be spent on other necessities such as health, 
education, and clean energy sources. While the incremental household expenditures on 
education and health were significantly higher for CGISP households, no direct link was 
established to indicate that the increased expenditures were the result of any increase 
in income due to STW irrigation. The findings confirmed that the project tended to 
have positive social impacts on the CGISP households, but that these were not 
statistically significant. The study presumes that the small increased household 
expenditures allocated to health, education, and alternate cooking energy were not 
enough to have a significant positive impact. Other factors may be playing a role, such 
as Nepal’s universal education and health programs. The fact that the main sources of 
income for all three farmer groups were off-farm employment opportunities and other 
sources rather than farm income is most likely the main reason for the muted effect of 
the benefit of STW irrigation on family health, children’s education, and the use of 
alternate cooking energy. 
 
147. Increased crop productivity and farm income may have been a factor in CGISP 
households owning more household assets, particularly in the form of livestock. 
While project households did not realize significant changes in total household assets, 
the results were robust for livestock assets owned by CGISP beneficiaries. 
 
148. Water user groups. The fact that almost half of the project WUGs are no longer 
active raises some concerns about sustaining project benefits (paras. 81–82). 
The findings show that establishing clear rules within WUGs enhances the probability 
that the groups will stay active and meet their credit obligations. Clear rules and 
enforcement of the financial obligations of each member are especially necessary. 
WUGs also a need a pragmatic mechanism for conflict resolution and democratic 
procedures to maintain stability and cohesion. WUG size also matters, and, optimally, 
one should not have fewer than five members. It is more effective to deliver credit 
services to these WUGs through an agency, such as an NGO, that is responsible for 
holistic tasks of social mobilization, technical support, and credit disbursement and 
collection. While 37% of the project WUG members were women, gender 
representation alone was not sufficient to deliver equity or even fairness in 
participation. Sustained efforts are required to strengthen WUG members to ensure 
institutional sustainability of WUGs. The project did does adequately serve the dalits, 
who are among the most socially disadvantaged and economically deprived minorities 
in the country: Dalits accounted for less than 2% of WUG membership.  
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149. Environment. The study finds that groundwater extraction using STWs under 
the project did not exhibit any adverse impacts on common underground water 
resources. The analysis, based on monthly water table data, confirmed that extraction 
is not an issue in the Terai. In fact, Nepal utilizes only a small fraction of total 
groundwater resources available for irrigation. Hence, there is scope for further 
expansion of STW irrigation. 
 
150. No evidence exists to suggest that STW irrigation under the project encouraged 
heavy use of chemical fertilizer and plant protection chemicals. Overall, no significant 
difference in environmental impact was observed between the STW-irrigated and the 
nonirrigated areas (paras. 132–136). 
 

B. Issues  

151. Clarity in policy for shallow tubewell irrigation. Demand for STWs for irrigation 
is very strong in the Terai, where farmers have seen that access to irrigation boosts crop 
yields. The government has not been able to meet this demand due to lack of clarity in 
its policy on how to increase the use of STWs for irrigation. The STWs in the project 
areas have been established by multiple groups and under several plans and projects, 
including the Agricultural Development Bank of Nepal (ADBN), the APP, ADB’s CGISP, 
NGOs, and a grant from the Indian embassy for STWs to a small number of farmers.  
 
152. Under the CGISP, STWs were provided without collateral through loans to 
WUGs, for which members were collectively responsible. The STWs distributed to 
groups of farmers under the APP program for tubewell construction were provided on 
a 60% capital grant basis, with the proviso that the group members would be 
responsible for the purchase of diesel or electric pumps. STW distribution under the 
APP program has gained momentum, and the government aims to provide 20,000 
STWs annually over next 5 years. Due to budgetary constraints, however, only about 
8,000 were distributed during 2008–2010. This has been too small to meet farmer 
demand, according to knowledgeable informants interviewed during the evaluation.  
 
153. Only the CGISP- and ADBN-supported STWs have been provided through loans. 
Some senior government officials have stated that farmers have the right to free access 
to underground water resources in the same way that they should have free access to 
education or health. For this reason, some of the officials believe that the government 
needs to provide capital subsidies for STWs. Such statements, combined with a 
government decision in 2009 to waive ADBN loans for STWs under $368, have created 
a complicated situation by generating the belief among many farmers that the 
government will also waive the remaining repayments of CGISP loans provided by the 
regional development banks for STWs. This would lead to unsatisfactory repayment 
rates. This does not, in any way, rule out ADB’s future support for STW expansion in the 
Terai. However, the government needs to come up with a clear policy for future STW 
irrigation development. The government subsidy of capital equipment under the 
current APP scheme is not sustainable, but room exists for an equity-based approach to 
help farmers who can genuinely be considered smallholders and marginal. In the past, 
huge subsidies provided for most large and expensive government-built surface 
irrigation systems have benefitted mostly medium- and large-scale farmers. 
 
154. The eastern and central region rural development banks are struggling to 
balance their books and have taken new steps to recover default loans from WUG 
members. In addition to making more frequent visits to the areas where loans are 
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outstanding, these banks have also collaborated with district land revenue offices to 
block transactions concerning land owned by the borrowers. This has led to strong 
resentment in local communities toward discriminatory policies adopted by the 
government towards CGISP farmers and WUGs that have to repay loans for their STWs 
compared with APP and other STW program farmers whose STWs were subsidized.  
 
155. Policy on groundwater extraction. The government is now formulating a 
groundwater extraction policy. This is largely a response to an acute shortage of 
drinking water in urban areas due to overexploitation of groundwater. The IED 
evaluation team was told that the policy would cover groundwater use for irrigation, 
but it is not yet clear how it may impact agriculture. It would be difficult to monitor 
private extraction of groundwater by farms or to institute required corrective measures, 
but water tables need to be monitored continually to detect and address any 
significant changes.  
  
156. Access to reliable energy. A reliable, affordable supply of diesel fuel or 
electricity to run their motorized pump to extract water through STWs is a major 
concern for farmers who are using STW irrigation. The CGISP farmers reported that 
erratic electricity supply had reduced their reliance on electricity for STW operations. 
Farmers had experienced powers cuts averaging up to 16 hours per day during the dry 
seasons, which is the time that STW irrigation is needed the most and when outages do 
the most damage to production. Increases in diesel prices also constrained the STW 
operations that use diesel pumps. In real terms, diesel prices increased by 58% during 
2007–2011. This equates to roughly 12% per year, higher than the 8–10% inflation 
rates during the same period. The diesel price increases were greater than those of 
petrol, which rose by 39%, or 8% per year. Higher diesel prices have increased the cost 
of irrigation and thereby reduced the area farmers can afford to irrigate with available 
cash. Unreliable electricity service and shortened power supply hours also led to a 
reduction in the area irrigated by STWs on project and APP STW farms using electric 
pumps. 
 
157. Availability of fertilizer input. The impact of irrigation is maximized when it is 
used in conjunction with such complementary inputs as fertilizer and improved seeds, 
as well as with effective crop management practices. Nepal’s farmers suffer from acute 
shortage of basic N-P-K fertilizer every year due to supply constraints and/or 
distribution problems. The problem intensifies during the critical application times for 
major crops like paddy, wheat, and maize, and fertilizer is therefore used at levels far 
below those recommended. Some farmers surveyed try to fill the deficit by applying 
organic manure, but this depends on their access to large ruminant livestock. 
The survey data show that organic manure application often meets only a small 
fraction of plant nutrient requirements, and only in basal form. As a result, crop yield 
remained much lower on the project’s STW-irrigated farms than expected.  
 
158. Targeting and water user group formation. The norms set to limit the project’s 
provision of STW irrigation to very small farm households, with holdings of less than 
1 ha of land, were not followed during project implementation. The evaluation survey 
indicated that 46% of the participating households had more than 1 ha land. 
Participant landholding size ranged up to 6 ha. The project NGOs were responsible for 
social mobilization and WUG formation and for ensuring that participant farming 
households met the landholding criteria for project support. They apparently did not 
exercise the required due diligence. In addition, while the group size requirement for 
the project was set at five members per WUG, 10.3% of WUGs have more than five 
members. In Chitwan district, one group had 29 members and two groups had 20.  
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C. Lessons 

159. A mixed-method approach in conducting impact evaluation helps to triangulate 
results and provides additional evidence in many areas. The evaluation used propensity 
score matching to estimate CGISP’s results, while economic reevaluation confirmed the 
economic viability of the project. Often, impact evaluations do not take into account 
project costs, which are tackled in economic analysis. In addition, time series water 
table data and WUG survey results allowed for analysis of the environmental and 
institutional dimensions of the project. 
 
160. Providing STW irrigation infrastructure alone was not sufficient to generate 
tangible welfare impacts. The project design realized that rapid STW development 
required (i) emphasis on group STWs; (ii) a favorable policy environment; (iii) access to 
credit, fertilizers, improved seeds, and extension services; (iv) connectivity from 
production centers to markets; (v) private sector participation; and (vi) technological 
choices. It did not factor in the key requirement for reliable energy to operate the STW 
pumps. Access to fertilizer remained a problem throughout project implementation and 
beyond. The government reversed an earlier policy decision by reintroducing capital 
subsidies for STW equipment under its parallel APP STW scheme. This has created 
confusion among farmers. Extension services arranged under the TA support were later 
withdrawn due to lack of funding. Cropping intensity is low—172% on average. 
The main benefit of STWs is their capacity to provide year-round irrigation—with the 
potential for high-value crop production in the dry season—and extension efforts 
through the district agriculture development offices and NGOs need to support this 
approach. Successful STW WUGs can achieve cropping intensity in the range of 250%–
300%. It is important that adequate consideration be given to complementary and 
support inputs and services while encouraging further development of STW-based 
irrigation in the Terai. 
 
161. Access to irrigation through group-managed STWs can spur agricultural 
development and growth, ensure food security, and enable households to build assets 
to better insure themselves against unexpected shocks. The CGISP not only increased 
agricultural production and incomes, but it has also put the project-supported farms on 
the path to commercialization and market orientation. Increased agricultural 
production leads to increases in livestock assets (often considered as good insurance 
for meeting unforeseen needs) and reduces the share of expenditure on purchased 
food, freeing up extra cash for other household needs. The APP STW households 
increased their hiring of labor, which shows that STW irrigation can also spur the local 
agricultural labor market as a secondary but important community-level impact of STW 
provision. To achieve all of these results, however, requires that support for STW 
irrigation is accompanied by complementary investments and services.  
 
162. Providing STWs to groups with no subsidies is a viable way to deliver and 
manage irrigation. Overall, the outcomes and impacts under the unsubsidized CGISP 
approach were similar or, in some cases, even better that those achieved under the 
subsidized APP STW program. Loans for STWs do not inhibit incremental production 
per hectare. Instead, they increase asset accumulation at the household level. By 
providing credit effectively through efficient PFIs, the fiscal burden of STW irrigation 
expansion on the government can be reduced significantly. The government need not 
subsidize STWs, because they are viable on their own, given the right inputs, output 
markets, and support services. 
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163. The success of the zero-subsidy group approach, however, depends heavily on 
the stability of WUGs, which formed the CGISP’s primary institutional structure. 
Institutional stability is enhanced by a strong organizational structure based on clear 
rules and a clear understand of the members obligations. This means that WUGs should 
be formed not only to satisfy program or project requirements but also to sustain 
governance and solidarity within these groups.  
 
164. Although STW irrigation can play a central role in agricultural development in 
the Terai, emerging threats could reduce the level and sustainability of its impacts. 
Irrigation is necessary for agricultural development and poverty reduction but cannot 
achieve these goals alone. Its efficacy as an intervention is also affected by the broader 
economic, social, and political conditions in the Terai and throughout Nepal. 
The evaluation discussions with key informants and focus groups suggested that the 
current economic environment is not favorable to agriculture. This is largely due to an 
imbalance in production costs and revenues, stemming from the rapid rise in energy 
costs; the lack of production inputs when they are needed; and increases in farm labor 
costs that have resulted from outmigration of young population from the rural areas to 
urban centers and overseas in search of better income opportunities. In addition, 
improved management practices can potentially increase crop yield by 50%–80% with 
similar cost structure, and this may be required to keep the production cost under 
control. This is important because Terai farmers face stiff competition from cross-
border farmers in India, who receive a heavy government subsidy. 
 
165. Smallholder agriculture is still lagging behind other farmers. The evaluation 
findings suggest that, despite the provision of access to irrigation through STWs, 
farmers continue to be risk averse and to overly emphasize cultivation of traditional 
crops. They are largely reluctant to try producing new agricultural commodities, unless 
these are proven to be economically rewarding and have guaranteed markets. While 
some small-scale farmers under the CGISP have tried to grow more vegetables, market 
constraints in terms of either poor access or competition from imported produce have 
dampened their enthusiasm. To help smallholders accept new higher-return crops, 
investment is needed in research and development that has the dual goal of ensuring 
food security and enhancing agricultural income. The challenge is to find the right 
balance in land use between crops for food production to ensure food security and 
crops for increasing household income. 
  

D. Recommendations  

166. The evaluation recognizes that Nepal has tremendous potential for increasing 
irrigated areas by expanding STW irrigation by at least an additional 0.5 million ha in 
the Terai. This would boost agricultural production while ensuring food security, and 
thereby would provide a better quality of life for rural households dependent on 
agriculture. Groundwater resources are not a constraint, but their use for irrigation 
requires judicious management supported by a clear groundwater irrigation policy, 
rules and regulations, and an enabling support environment. This evaluation provides 
four recommendations for ADB and the Government of Nepal. 
 
167. First, the findings of this study suggest that the government is well advised to 
help make STW irrigation accessible to small farmers through a broad approach, 
dealing with enabling conditions in several areas. ADB should support this. Efforts are 
needed to provide irrigation in combination with a broader package of agricultural and 
economic reforms. The CGISP was largely a stand-alone project that aimed to increase 
the irrigated crop area in the Terai region. It was connected only loosely to the overall 
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agricultural development agenda in Nepal. An effort to demonstrate the viability of an 
unsubsidized approach to providing STWs was a key feature of the project. However, 
this could not be sustained due to the political decision to reintroduce capital subsidies 
for STWs. The reforms that are necessary for a comprehensive approach include the 
restructuring of input markets so that they become more competitive, improvements to 
ensure a more reliable and affordable supply of energy (diesel and electricity), 
the promotion of farming technologies that are relevant to small farmers, control of 
inflationary pressures, and a revisiting of the government decision to provide subsidies 
for STWs. Nepal is currently formulating an agricultural development strategy with 
support from ADB and other development partners, and this process should consider 
this study’s findings.  
  
168. Second, the government is advised to develop a unified groundwater irrigation 
policy that builds on the success of the CGISP so that the financial burden on the 
government exchequer in the form of government subsidy for STW provision is 
minimized. The CGISP’s impacts are at least as good as those of the subsidized APP 
STW program. The unsubsidized CGISP model can be replicated throughout the Terai 
with no additional fiscal burden on government, with the following provisions: 

(i) ADB needs to remain engaged in supporting Nepal’s effort to 
formulate a clear groundwater irrigation policy so that investment in 
STW development remains viable and sustainable. 

(ii) Project development needs to have a longer initial phase than the 
CGISP for social preparation and beneficiary mobilization. This should 
aim to develop WUGs as self-sustaining organizations of about five 
members that can craft and implement rules, access services from other 
agencies (including technical training), consolidate the members’ 
commitment to capital investment in STWs, and subsequently federate 
into viable water users associations at the VDC and district levels. 

(iii) Due diligence will have to be exercised in targeting group formation for 
credit and support services delivery. This may require giving small 
farmers access to production credit in addition to the credit for STWs. 

(iv) Due diligence will have to be exercised in selecting the right farmers to 
be included in a project environment. If providing preferential access by 
small farmers (below 1 or 2 ha landholding) is a concern for the 
government, then a rigorous check will need to be applied to ascertain 
the landholdings’ sizes. 

(v) The capacity of PFIs performing the dual duties of social mobilization 
and credit delivery requires further strengthening with technical 
support to make service delivery more efficient. These PFIs need to be 
directly linked to the private sector. Under the CGISP, such PFIs have 
shown promising results. 

(vi) Where the water table is a concern, GFOs should continue to regularly 
monitor water table levels and water quality if irrigation incentives 
result in negative environmental externalities. Although no threat of 
this now exists, it may appear with substantial increases in STW 
irrigation. Consideration will have to be given to establishing and 
strengthening community-based water level monitoring system in each 
district with the support of GFOs and the Groundwater Resources 
Development Board. The board could then solicit help of communities 
through participatory methods that have low technological 
requirements.  

(vii) PFI credit delivery mechanisms for STWs need to be simplified so that 
anomalies surrounding different initiatives can be avoided. This would 
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mean standard uniform costing (adjusted for location), community 
and/or group contribution, interest rate, and repayment schedule. 

 
169. Third, when ADB supports increasing food production in a country and the 
uplift of small farmers, it needs to take into account the links among food production, 
water and energy availability, marketing, and agribusiness. It should steer away from a 
fragmented approach that addresses only one or two elements of the food-water-
energy nexus. A more comprehensive approach connecting the dots is needed, not only 
for irrigation but also for other support structures, mechanisms, and policy reforms. 
The global concern regarding the impact of climate change on food security and rising 
food prices will most likely intensify in the future. Investing in finding appropriate 
agricultural technologies for smallholders will remain a challenge for developing 
member countries seeking to lift subsistence farmers out of poverty.  
 
170. Fourth, ADB should collect, or support the government’s collection of, good 
baseline data for projects for which the impacts in the past have been highly variable 
for reasons not well understood, so that solid impact evaluations can be conducted 
after project completion. Having valid counterfactual data from before a development 
intervention begins makes impact estimates afterwards stronger and more reliable. 
A clear road map when preparing a project that outlines a results chain and identifies 
outcomes and impact variables at the outset can provide the basis on which baseline 
information can then be collected through a survey or through other means. It will also 
enable better impact evaluation later. FGDs and key informant interviews can guide 
program implementers and evaluators in designing survey questions and analyzing 
results gained through surveys. A mixed-method approach to impact evaluation adds 
richness to the findings and conclusions beyond quantitative estimates. Economic and 
financial reevaluation can further strengthen the robustness of impact evaluation 
findings and, hence, should be encouraged in all impact evaluations. 
 
 
 
 



 

 

Appendixes 

 



 

 

APPENDIX 1. BASIC DATA: COMMUNITY GROUNDWATER IRRIGATION 
SECTOR PROJECT 

 
 

DMC Nepal 
Executing Agency  Department of Irrigation 

 
Key Project Data  As per ADB Loan Documents 

(in $ million) 
Actual 

(in $ million) 
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 
 
Mission Data   
Type of Mission No. of Missions No. of Person-Days 
Inception  1 7 
Special Loan Administration 4 47 
Project Administration   

Review 12 204 
Midterm 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. 

 
 
 
 



 
 

 

APPENDIX 2. SELECTED EMPIRICAL LITERATURE ON THE IRRIGATION–POVERTY NEXUS 
 
 

 
CLAD = Censored Least Absolute Deviation, IED = Independent Evaluation Department, OLS = Ordinary Least Squares. 
Source: ADB Independent Evaluation Department review of literature. 
 

Author Year Location
Type of Irrigation Fac ility  

Analyzed
Unit of 

Analysis Empirical Method Used Treatment Variable

Identification Strategy for 
Treatment and Control 

Group Outcome Variables
Bardhan et. al. 2009 West Bengal, 

India
Private Investments on Shallow 
Tubewells and Dug Wells

Household 
(Panel Data)

Orindary Least Squares; 
Instrumental Variables

Level of Private 
Expenditure on Irrigation

Rice Output, Total Value of Output 
(Production Function Approach)

Bhandari and 
Pandey

2006 Nepal Shallow Tubewells Household 
(Cross Section)

Ordinary Least Squares Type of Shallow Tubewell 
Ownership

Yield (Production Function Approach)

Datar and del 
Carpio

2009 Peru Canal Irrigation Districts (Panel 
Data)

Difference in Difference 
Estimation

Access to Irrigation 
(Binary Variable)

Treatment and Control identified 
through Geographic Location 
(Spatial Discontinuity Approach)

Total Value of Output per Capita, Total 
Agro Profit per Capita, Export Crop 
Production,  Industrial Crop Production, 
Staple Production, Number Export Crop 
Cultivations, Number Industrial Crop 
Cultivations, Number Staple Crop 
Cultivations, Hired Workers, HH Head 
worked in Manual Labor, Total 
Expenditures per Capita, Total Income per 
Capita, Dependent (Wage) Income per 
Capita, Independent (Non-wage) Income 
per Capita

Dillon 2010 Mali Large Scale vs. Small Scale 
Community Level Irrigation

Household 
(Cross Section)

Propensity Score Macthing Access to Irrigation 
(Binary Variable)

Irrigated vs. Rainfed Production per ha., Annualized 
Consumption per Capita, Agricultural 
income

Duflo and 
Pande

2005 India Dams Districts (Panel 
Data)

Orindary Least Squares; 
Instrumental Variables

Number of Dams in A 
District

Treatment and Control identified 
through Geographic Location 
(River Gradient)

Head Count Ratio, Agricultural 
Production

Haile 2008 Ethiopia Deepwell and Shallow Tubewells Household 
(Cross Section)

Propensity Score Matching Access to Irrigation 
(Binary Variable)

Irrigated vs. Rainfed Average Annual Adult Consumption 

Hossain 2009 Bangladesh Shallow Tubewells National Data Ordinary Least Squares None (Compares Post 
and Pre Market 
Liberalization)

Rice Yield

Huang et. al. 2005 China Canal Irrigation Household 
(Cross Section)

OLS; CLAD Area of Irrigated Land Poverty Incedence, Annual Cropping 
Income, Off-Farm Income, Other Income, 
Total Income

Sawada et. al. 2010 Sri Lanka Large Scale Irrigation Project Household 
(Panel Data)

Propensity Score Matching Access to Irrigation 
(Binary Variable)

 Irrigated vs. Rain Fed; “Natural 
experiment”: Lands that were 
eventually irrigated were 
acquired through state lottery

Monthly Income, Food Consumption, 
Non-Food Consumption, Creit Constraints

World Bank 2008 Andhra 
Pradesh, India

Rehabilitation of Canal Irrigation Village (Panel 
Data)

Propensity Score Macthing; 
Single and Double 
Difference Estimates

Access to Irrigation 
(Binary Variable)

“Pipeline Approach”; Considered 
expansion households as control 
(i.e.  villages not receiving canal 
irrigation yet, but scheduled to 
receive it in the near future )

Yield (prodn/ ha.), Cropping Pattern, 
Cropping Intensity, Household Level 
Employment Effects



 

 

APPENDIX 3. METHODOLOGY AND DATA 
 
 

1. The evaluation study of shallow tubewell (STW) irrigation in Nepal adopted a mixed-method 
approach and used a combination of qualitative and quantitative data collected from both primary and 
secondary sources. The primary sources included the evaluation’s surveys of 2,500 households and 333 
water user groups (WUGs) established under the Asian Development Bank’s Community Groundwater 
Irrigation Sector Project. In addition, the evaluation team acquired records from the nongovernment 
organizations (NGOs), public financial institutions (PFIs) and district field offices (DFOs) involved in the 
project as well. Table A3.1 summarizes the approaches taken for different parts of the evaluation, 
which are outlined in Table 1 in the main text.  

 
Table A3.1: Evaluation Approach for Shallow Tubewell Irrigation Study 

 
Coverage of the Study Data and Information Source Analytical Method Used 

Economic impacts 
 
 
Economic reevaluation 
 

Household survey, focus group 
discussions, key informant interviews 
 
Household survey (benefits), project 
costs (PCR) and secondary data 
(prices) 

Propensity score matching 
 
 
Benefit–cost analysis, computation 
of EIRR and FIRR 

Noneconomic impacts Household survey, focus group 
discussions, key informant interviews 
 

Propensity score matching 
 

Environmental impact 
 
Water extraction 
 
 
 
Use of chemical fertilizers and 
plant protection chemicals 

 
 
Water level data collected by 
Groundwater Field Offices at various 
sites in the survey districts 
 
Household survey, focus group 
discussions, key informant interviews 
 

 
 
Trend analysis based on 11-year 
monthly water level data 
 
 
Propensity score matching  
 

Effectiveness and sustainability 
of WUGs 

Survey of 333 WUGs established by 
CGISP 
Household survey, focus group 
discussions, key informant interviews 

Bivariate probit analysis 
 
Propensity score matching  
 

CGISP = Community Groundwater Irrigation Sector Project, EIRR = economic internal rate of return, FIRR = financial internal 
rate of return, PCR = project completion report, WUG = water user group. 
Source: ADB Independent Evaluation Department. 

 
A. Sample Size and Sampling Strategy 

2. To determine the sample size for the survey, the study followed a well established method.1

 

 
According to the authors, the sample size for an experiment with a dichotomous treatment and 
continuous outcome variable when the conditional variance of the outcome variable is the same for 
both treatment and control (i.e., homogeneous treatment effects) can be calculated using the 
following formula. 

 

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

Optimal Experimental Design. Carlo Alberto Notebooks No. 125. Turin. 
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where 
nT is the sample size for the treatment group 
nC is the sample size for the control group 
ta
2
 is the t statistics for a significance level of α 

tβ is the t statistics for a probability β for committing a type II error 
σ is the standard deviation of the outcome variable 
δ is the minimum detectable difference in the means of the 

outcome variable between treatment and control 
  
3. As seen from the equation, there would be an equal number of respondents coming from the 
treatment and comparison groups.2 The formula requires prior information on the variance of the 
outcome variable and the minimum detectable difference between the mean of the outcome variable 
for the treatment and control variables. For this purpose, the evaluation study used variables. 
Table A3.2 shows total family income computed from an earlier survey conducted for the Community 
Groundwater Irrigation Sector Project (CGISP).3

 

 Using the assumptions from Table A3.2 along with a 
5% significance level and a power of 80%, the approximate total sample size would be 2,200 
households (or 1,100 households with STWs and an equal number of households on farmland that was 
not irrigated).  

Table A3.2: Household Income from Farms with Shallow Tubewell Irrigation and Farms Without 
Irrigation in Nepal 

 ($) 
 

ADBN 
STW Farms 

CGISP STW 
Farms 

APP STW 
Farms 

Nonirrigated 
Farms 

Minimum Effect— 
CGISP, NonIrrigated 

Standard Deviation of 
Income 

1879 985 972 938 48 397 
ADBN = Agricultural Development Bank, Nepal; APP = Agricultural Perspective Plan; CGISP = Community Groundwater Irrigation 
Sector Project; STW = shallow tubewell. 
Note: ADB exchange rate between $ and NRs on 31 December 2005, that is, $1.00 = NRs73.00. 
Source:  Development Vision Nepal. 2006.  
 
4. The effects of other modalities of STW intervention were compared with that of the CGISP. 
The other comparable intervention, which was under the government’s Agricultural Perspective Plan 
(APP), had a subsidy component. Using the average family incomes from the CGISP and APP 
interventions, the minimum effect would be 4,989. This means that the required sample size would be 
528 households. Ideally, a sample size of 2,728 would have been desired. However, due to data 
collection cost considerations, a total of 1,000 CGISP, 1,000 comparison/control (no irrigation access), 
and 500 APP STW-recipient households, was adopted for the study, for a total of 3,500 households. 
The APP STW program had adopted a targeting approach similar to the CGISP’s, but with capital 
subsidy for STWs (not for the pumps). Both STW groups could be compared with the synthetic 
counterfactual group, that is, comparison (control) group. 
 
B. Sampling Strategy 

5. A stratified sampling was employed in the study. First, five districts representing agroclimatic 
variations in the Terai Region were selected. These were Jhapa, Sunsari, Dhanusha, Rautahat, and 
Chitwan (in geographical order from east to west). The number of CGISP beneficiary households for 
face-to-face interviews was determined in proportion to the number of STWs installed in the district. 
The next administrative unit in a district is a village development committee (VDC). The VDCs were 
selected in each district based on the modality of STW program intervention. This comprised those 

                                                
 
2  Comparison group and control group are used interchangeably in this report. 
3  Development Vision Nepal. 2006. Shallow Tubewell Irrigation Impact Assessment Study. Final Report. Kathmandu. 
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supported solely by NGOs for technical and social support in conjunction with the loan for STWs, and 
others supported by different agencies for the loans and other (social and technical) services. Given 
that the survey area was prone to frequent labor strikes with virtually little notice during the scheduled 
survey period, cost, safety and mobility considerations affected the choice of VDCs for the survey.  
 
6. The allocation of the sample household number was made at the VDC level in proportion to 
number of STWs installed by the IED study team. A field survey team comprising a senior member, 
a supervisor, and 3–5 enumerators obtained a list of households using CGISP and APP-supported STWs 
from Groundwater Field Offices, PFIs, and NGOs. Table A3.3 shows the sample distribution of 
households by district and VDC.  
  

Table A3.3: Household Sample Size Distribution for the Impact Evaluation Study 
 

District VDCs 

Sample Households 

CGISP 
Nonirrigated 

(Control Group) APP 
Chitwan Patihani 23 23 11 
 Bharatpur NP 11 11 5 
 Shivanagar 36 36 18 
  Total 70 70 35 
Dhanusha Phulgama 46 46 23 
  Sugamadhukari 28 28 14 
  Yagyabhumi 19 19 9 
  Ghodghans 25 25 12 
  Dhabauli 22 22 11 
  Total 140 140 70 
Rautahat Bhalohiya 64 64 32 
  Hathiyahi 69 69 34 
  Sakhuhawa 43 43 22 
  Fatuwa Maheshpur 38 38 19 
  Total 214 214 107 
Sunsari Narsing 33 33 17 
  Gautampur 35 35 17 
  Amdubba 41 41 21 
  Dumraha 43 43 21 
  Jalpapur 40 40 20 
  Total 192 192 96 
Jhapa Dangibari 49 49 25 
  Gherabari 45 45 23 
  Arjundhara 75 75 38 
  Dharampur 60 60 30 
  Surunga 55 55 28 
  Saranamati 45 45 23 
  Goldhap 53 53 27 
  Total 384 384 192 

Total   1,000 1,000 500 
APP = Agricultural Perspective Plan, CGISP = Community Groundwater Irrigation Sector Project, VDC = village development 
committee. 
Source: ADB Independent Evaluation Department.  
 

C. Empirical Strategy  

7. Formulation of an empirical strategy for impact evaluation begins with understanding the way 
the program was implemented. To be eligible for the project, the households were expected to be 
either tenants or landowners cultivating less than a hectare of land. Because the project was targeted 
at groups of small-scale farmers, beneficiaries were to be required to form WUGs of five members each 
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before being given a loan for the installation of the STWs.4

 

 The assumption was that the group would 
collectively repay the loan without a subsidy from the government.  

8. Based on these clear rules, the evaluation study could have used three possible econometric 
models to identify treatment effects of the CGISP STW intervention. These were propensity score 
matching, the correlated random coefficient model (which is a variant of the instrumental variable 
approach), and the regression discontinuity model. The final choice of the econometric model using 
propensity score matching method was dictated by the adequacy and quality of the survey data. 
 
9. While there are merits in each of the three approaches, data limitation did not permit use of 
the regression discontinuity or instrumental variable approach. This made adoption of the propensity 
score matching method the only option for estimating the project’s outcome and welfare impacts. 
Focus group discussions and key informant interviews, for instance, revealed that the eligibility rules 
regarding farm size and the size of the WUGs were only loosely followed. Forty six percent of 
households with land holdings larger than one hectare were granted STWs under the CGISP Programs. 
Furthermore, since selection into the program was largely based on landholding size, the simplest way 
to capture the goals of the study would be propensity score matching and the evaluation employed 
this method. An earlier Independent Evaluation Department study and a 2009 paper discussed theory 
in the choice of methodology.5 Technical discussions are covered elsewhere.6

 
 

10. Propensity score matching. In any impact assessment, the intention is to be able to estimate 
the impact of an intervention (treatment) on a participant’s outcome. If assignment of the treatment is 
conducted through randomized trials, it is sufficient to simply compare the outcomes of the treatment 
group (with intervention) with the outcomes of the control group (without intervention). A simple 
comparison of means is then sufficient to establish treatment effects. However, if assignment of the 
treatment is not random, the simple comparison of outcomes will yield a biased estimation of 
treatment effects. Propensity score matching was proposed as a method to reduce this bias.7 The idea 
is to match a project participant (treated) and a nonparticipant (untreated) with very similar 
characteristics. Both will have the same likelihood or propensity of obtaining the treatment. 
The difference in the value of the outcome variable between these two individuals can then be 
attributed to the presence or absence of the treatment.8

 

 Assuming that, conditional on observable 
covariates, the potential outcome is independent of the treatment assignment, then propensity score 
matching could be used to identify the average treatment effect on the treated. The propensity score 
P( ) could be derived from the following equation: 

                          eligibility y criteria, demographic variables, WUG variables, VDC 
variables) 

 
11. The score or the conditional probability of being treated based on project placement or 
institutional variables was computed, as well as demographic and community variables. The probability 
of being treated was estimated using either a logit or probit model. Matching between control and 
treatment was done either through nearest neighbor, kernel, or radius matching. Robustness checks 
were done to see if results were sensitive to the matching method that was to be used. However, 

                                                
 
4  Originally, each WUG was to have up to 15 members. Due to slow update, the requirement was reduced to 5 members 

instead. 
5  IED. 2010. Impact Evaluation Study of Asian Development Bank’s Assistance for Rural Electrification in Bhutan—Does 

Electrification Improve the Quality of Rural Life?: pages 77–82. Manila. 
6  Woolridge, J.M. 2003. Further Results on Instrumental Variables Estimation of Average Treatment Effects in the Correlated 

Random Coefficient Model. Economics Letters 79, May 2003: pages 185–191. 
7  Rosenbaum, P.R. and D.B. Rubin. 1983. The Central Role of the Propensity Score in Observational Studies for Causal Effect. 

Biometrika 70(1): pages 41–55. 
8 Becker, S. and A. Ichino, 2002. Estimation of the Average Treatments Effects Based on Propensity Scores. Stata Journal 2 (4): 

pages 358–377.  
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it should be noted that the propensity score matching method can only control for observed variables, 
hence hidden self-selectivity bias may still be present in the estimation. 
 
12. Respondents from the treatment group were matched with respondents from the control 
group, on the basis of the propensity scores. The various matching methods mentioned in para. 11 are 
ways to measure how close the propensity scores of the treatment and the control group respondent 
households are. The resulting propensity scores should also satisfy the conditional independence or 
unconfoundness and common support.  
 
13. Conditional independence assumption means that first the set of covariates (upon which 
treatment is conditioned) is observable to the researcher. Furthermore, these covariates, once included 
or controlled for in the analysis, should lead to the state where the potential outcomes are 
independent on the treatment status, i.e., 

 

where 
Y1 = outcome under treatment 
Y0 = outcome when there is no 
treatment 
Τ  = treatment 
Χ  = covariates 

 
14. In the context of propensity score matching, the conditional independence assumption can be 
restated as 

 
where 
Y1 = outcome under treatment 
Y0 = outcome when there is no treatment 
Τ  = treatment 
Ρ(X)= propensity score whose estimation was described earlier 

 
15. The common support condition is also known as the overlap condition. This simply means that 
there is a sufficient overlap between the propensity scores of the treatment and control groups. 
This condition is intuitive in the sense that the scores are used to find “clones” of the treated 
respondents from the control group. If there is no sufficient overlap in the scores, then this means that 
there is no sufficient number of counterfactuals with which the analysis can work with. 
 
16. These two assumptions should lead to the property of balancedness. This means that, after 
conditioning and matching based on the propensity scores, there should be no difference in the means 
of the covariates X that were used in estimating P(X). This also leads to a practical test of whether the 
model specified for the propensity score estimation satisfies the assumptions of the propensity score 
matching. 
 

D. Counterfactuals 

17. Nepal’s district-level data on irrigated areas shows that a vast cultivable area exists that could 
be irrigated by STWs. The majority of the households that would benefit from access to STW irrigation 
are small and marginal. In on-the-ground discussions with NGOs, groundwater field offices (GFOs) at 
the district level and other key informants, it became clear that the GFOs had collected a list of 
applications for STWs for future distribution under APP or other similar programs. Many of those on 
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the list were still awaiting STW approvals and were, in effect, pipeline households. In the absence of 
any other reliable data source, this list obtained from GFOs served as a basis for selecting the 
households for interviews as the comparison group. These households had less than one hectare of 
irrigable land, which matched the (partly met) requirements of the CGISP participants, and resembled 
most of demographic and socioeconomic characteristics of the ADB project and APP-supported 
households. In most areas where the survey was to be undertaken, however, the number of pipeline 
households was insufficient to meet the computed sample size for the control group. In these areas, 
the survey team also interviewed other households that had no irrigation access and had not yet 
applied for a STW. The survey team made an extra effort to ensure that these supplementary 
comparison households without irrigation came from the same VDC and had characteristics similar to 
the pipeline households.  
 
E. Data Collection, Verification, and Management 

18. ADB’s Independent Evaluation Department developed draft survey instruments for household, 
community, and WUG interviews. The questionnaires were translated into the Nepali language and 
refined in consultation with the survey team, which was based at the Institute for Integrated 
Development Studies (IIDS). The team pretested the instruments in six non-project villages in Morang 
and Sunsari districts and finalized them, taking into account feedback from respondents. The field 
supervisors ensured that the survey forms were properly completed before they were brought to the 
IIDS office in Kathmandu for data entry. The statisticians at IIDS checked consistency of data before 
forwarding it to the Independent Evaluation Department. A combination of SPSS® and STATA® 
programs were used for data analysis. 

 



  
 

 

APPENDIX 4. PER HECTARE CROP INPUTS AND OUTPUTS, BY FARM TYPE, MEAN VALUES 
(2010–2011 Season) 

 CGISP  APP  Nonirrigated 

Item Paddy Maize Wheat 
Red 

Lentil Potato  Paddy Maize Wheat 
Red 

Lentil Potato  Paddy Maize Wheat 
Red 

Lentil Potato 
A.  Input use                  

Hybrid seed (kg/ha) 22a 9a 24a 10 29a  22a 9 25 10 32  25 9 27 10 34 
Traditional seed 
(kg/ha) 52a 44b 52b 30 44a  52a 44 53 29 47  55 47 54 30 47 
Fertilizer commercial 
(kg/ha) 92 84 109 69 83  92 86 110 72 89b  92 85 106 69 82 
Compost fertilizer 
(kg/ha) 701a 723b 816a 458 301  705b 712 842c 492 302  752 753 912 496 302 
Insecticides (kg/ha) 0.6 0.5a 0.8 6 0.6c  0.6 0.5 0.8 5 0.6  0.6 0.5 0.8 5 0.6 
Insecticides (liter/ha) 0.4a 0.3a 0.6 0.4 0.2,b  0.4a 0.3 0.6 0.4c 0.2a  0.4 0.3 0.6 0.4 0.1 
Hired labor (No./ha) 30a 3 35b 33b 30  31b 33 37 35 30  31 32 36 34 29 

B.  Input expenditure ($/ha)                 
Hybrid seeds  11.78a 11.37a 10.81a 13.04a 11.78a  11.90b 11.61 11.25a 13.40c 11.80  14.13 12.54 12.35 14.33 12.10 
Traditional seeds 17.68a 9.03a 17.70a 14.56 17.68a  17.78a 9.03 17.99b 14.48 8.54  19.02 9.67 19.04 15.00 8.81 
Fertilizer (chemical) 29.89 22.76 25.32 30.12 29.89  29.82 23.38 25.19 29.47 31.20  30.56 23.60 25.19 30.92 30.01 
Fertilizer (compost) 12.61a 14.33a 7.61a 5.93 12.61a  12.86a 14.42 7.89c 6.49 6.37  13.91 15.79 8.54 6.51 6.38 
Insecticide (solid) 4.27c 2.80b 4.90 2.40 4.27c  4.22 2.82 4.74b 2.02 2.58  4.32 2.83 4.91 2.20 2.60 
Insecticide (liquid) 3.30a 2.39a 4.20 2.87 3.30a  3.52a 2.48 4.64 2.96b 2.07b  3.55 2.69 4.42 2.76 1.86 
Hired labor 103.39b 95.53 104.90a 85.38a 103.39b  108.67a 99.51 111.88a 92.33 95.85  105.80 96.45 107.47 91.66 94.25 

C. Total production (kg/ha) 3,002a 2,181a 1,957c 614 2,524  3,030 2,054 1,934 685 2,351c  2,838 1,952 1,859 638 2,611 
D.  Output sold (kg/ha) 884a 1,085a 617a 133,b 744b  725a 833 524a 184b 449  374 548 340 80 531 

%  29  50  32  22  29   24  41  27  27  19   13  28  18  13  20  
E.  Output consumed 

(kg/ha) 2,045a 1,066a 1,247a 447b 1671b  2,229b 1,194 1,332 463 1,820  2,359 1,350 1,404 520 1,931 
% 68  49  64  73  66   74  58  69  68  77   83  69  76  82  74  

F.  Seed allocation and post harvest loss                
% 2  1  5  6  4   3  1  4  6  3   2  1  5  6  4  

G. Net value of production ($/ha)                
 584 341 227 601 565  597 325 218 638 579  577 342 233 596 565 

H.  Net value of marketed surplus ($/ha)                
 164a 156a 56a 99b 170b  140 b 121 42 b 154 b 110  72 86 27 52 115 

APP = Agriculture Perspective Plan, CGISP = Community Groundwater Irrigation Sector Project, ha = hectare, IED = Independent Evaluation Department, kg = kilogram, NRs = Nepalese 
Rupee. 
Notes:  a, b, c Refer to p<0.01, p<0.05, and p<0.10, respectively for statistical differences between CGISP and nonirrigated mean values based on t-test. 
 d, e, f Refer to p<0.01, p<0.05, and p<0.10, respectively for statistical differences between APP and nonirrigated mean values based on t-test. 
Source: IED estimates based on evaluation study household survey data.  

 



 

 

APPENDIX 5. CROP LEVEL INPUT USE AND PRODUCTION PER HECTARE 
 
 

    Farm Type 
Item   CGISP APP Nonirrigated 
A. Yield (kg/ha) 

    Paddy 
 

3,002c 3,030 2,838 
Wheat 

 
1,957c 1,934 1,859 

Maize 
 

2,180c 2.054 1,952 
Potato 

 
2,254 2,351c 2,611 

Red lentil 
 

614 685 638 
B. Production sold (kg/ha) 

    Paddy 
 

884a 725a 374 
Wheat 

 
617c 524a 340 

Maize 
 

1,085a 833 548 
Potato 

 
744b 449 531 

Red lentil 
 

133c 184a 80 
C. Production consumed (kg/ha) 

    Paddy 
 

2,045a 2229a 2,359 
Wheat 

 
1,247a 1,332 1,404 

Maize 
 

1,066c 1,194 1,350 
Potato 

 
1,671b 1,820 1,931 

Red lentil 
 

447b 463 520 
D. Hybrid seeds (Kg /ha) 

    Paddy 
 

22a 22a 25 
Wheat 

 
24a 25a 27 

Maize 
 

9b 9 9 
Potato 

 
29b 32 34 

Red lentil 
 

10 10 10 
E. Chemical fertilizer use (kg/ha) 

    Paddy 
 

92 92 92 
Wheat 

 
109 110 106 

Maize 
 

84 86 85 
Potato 

 
83c 89c 82 

Red lentil 
 

69 72 69 
F. Insecticides (kg/ha) 

    Paddy 
 

0.6 0.6 0.6 
Wheat 

 
0.8 0.8 0.8 

Maize 
 

0.5a 0.5 0.5 
Potato 

 
0.6c 0.6 0.6 

Red lentil 
 

6b 5 5 
G. Insecticides (L/ha) 

    Paddy 
 

0.4b 0.4a 0.4 
Wheat 

 
0.6b 0.6c 0.6 

Maize 
 

03a 0.3 0.3 
Potato 

 
0.2 0.2a 0.1 

Red lentil 
 

0.4 0.4c 0.4 
H. Hired labor (days) 

    Paddy 
 

30a 31a 31 
Wheat 

 
35a 37b 36 

Maize 
 

33 33 32 
Potato 

 
30 30 29 

Red lentil 
 

33a 35 34 
I. Value of crop production ($/ha) 

    Paddy 
 

584 597 577 
Wheat 

 
227 218 233 

Maize 
 

341 325 342 
Potato 

 
565 579 565 
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    Farm Type 
Item   CGISP APP Nonirrigated 

Red lentil 
 

601 638 596 
J. Value of crop Sale ($)/ha 

    Paddy 
 

164 b 140 72 
Wheat 

 
56 a 42 27 

Maize 
 

156 a 121 86 
Potato 

 
170 c 110 115 

Red lentil 
 

99 c 154 a 52 
APP = Agriculture Perspective Plan, CGISP = Community Groundwater Irrigation Sector Project, 
ha = hectare, kg = kilogram.  
Note:   a, b, c refer to p<0.01, p<0.05, and p<0.10, respectively in comparison to nonirrigated 

households. 
Source: Household survey data collected for the study. 

 
 



 

 

APPENDIX 6. FINANCIAL AND ECONOMIC REEVALUATION 
 
 

1. Introduction. This financial and economic reevaluation was conducted to support the impact 
evaluation study of the Community Groundwater Irrigation Sector Project. The project was rated 
successful by the project completion report (PCR) and rating was validated by the Independent 
Evaluation Department (IED) through its validation report. The reevaluation relied heavily on the 
evaluation study survey. Its 2,500 respondents comprised representatives of 1,000 Community 
Groundwater Irrigation Sector Project beneficiary households, 1,000 households with nonirrigated 
farms (the control group), and 500 households that benefitted from another shallow tubewell (STW) 
irrigation scheme supported by the government under its Agriculture Perspective Plan (APP). The PCR, 
the results of focus group discussions (particularly those involving water users associations), and 
interviews with key informants were also utilized to justify the assumptions used in the analysis. 
The economic analysis generally utilized the same approach at appraisal and at project completion, 
although there were variations in the assumptions used, based on survey results and field visits and 
discussions. The reevaluation included all possible quantifiable benefits except the potential benefits 
from the road component of the project, which was not quantified at project completion.  
  
2. The basic methodology follows the Guidelines for the Economic Analysis of Projects of the 
Asian Development Bank (ADB)1 and the Independent Evaluation Department (IED) Guidelines 
Preparing Performance Evaluation Reports for Public Sector Operations.2 The assumed economic life of 
the project was 23 years from the start of its implementation in 1999 to the completion of 
implementation in 2008. The project was evaluated through 2021, allowing a 15-year period after the 
last batch of shallow tubewells (STWs) was installed in 2007.3

 

 The project cost and benefits were 
quantified and evaluated on the basis of a comparison between with- and without-project situations. 
Illustrative farm models covering major crops were used, with the costs and benefits based on the 
survey results and supplemented by information from official government statistics and other 
publications. All project costs and benefits were in constant 2011 prices.  

3. Estimation of costs. The economic costs consist of capital and operations and maintenance 
costs. This was derived from the project financial costs flow. All costs were accounted annually from 
1999 to 2007. The foreign and local currency costs contributions were also adjusted based on IED 
guidelines (footnote 2). All costs were converted to constant 2011 prices. A standard conversion factor 
of 0.9 was applied to convert financial costs to economic prices.4 The capital costs contribution from 
the government, the Canadian International Development Agency, private financial institutions, and 
beneficiaries were assumed to be spread across the period from start of the project implementation in 
1999 until 2007. Maintenance costs were assumed to be 10% of annual investment until 2015, rising 
to 20% from 2016, 15 years after the installation of the first STWs in 2001.5

3

 Replacement costs, which 
were considered every 7 years in the PCR evaluation, were excluded from the analysis based on field 
visits, interviews, and literature (footnote ). 
 
4. Economic prices and costs. Project costs and benefits were converted to constant 2011 prices 
using (i) a gross domestic product deflator for all local currency costs and benefits, and (ii) the G-15 

                                                
 
1 ADB. 1997. Guidelines: Economic Analysis of Projects. Manila. 
2 IED. 1996. Guidelines: Preparing Performance Evaluation Reports for Public Sector Operations. ADB. Manila. 
3 Bandari and Pandey. 2006. Economics of Groundwater Irrigation in Nepal. The study put the average life-span of a diesel STW 

pump at 19 years and that of an electric STW pump at 14 years. This reevaluation assumed a 15-year life-span for STWs, with 
no replacement. The assumption was also based on IED field visits and farmer interviews. 

4 This was the estimate for Nepal based on ADB. 2004. Shadow Exchange Rates for Project Economic Analysis: Towards 
improving Practice at the Asian Development Bank. Economics and Research Department Technical Note 11. Manila. 

5 A major portion of the operating costs is already subsumed in the farm models as variable costs in operating the STW in the 
with-project scenario. 
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manufacturer’s unit value index for all foreign exchange costs.6

 

 To estimate the net present value and 
the economic internal rate of return (EIRR), the exchange rate applied was $1.00 = NRs84.97, which 
was the average ADB book rate for 2011, and the discount rate applied was 12%. As in the PCR 
reevaluation, economic prices for major traded commodities such as outputs (paddy, wheat, and 
maize) and chemical fertilizer inputs, were derived by considering quality adjustment, international 
freight charges for border pricing, and local transport and handling costs. (Tables A6.1–A6.4).  

5. The IED survey collected financial prices for various farm inputs and outputs, including local 
wage rates at the different stages of the farming cycle.7

 

 A standard conversion factor of 0.9 was used 
to express financial prices of nontraded goods in economic prices. A shadow wage rate factor of 0.85 
was applied to unskilled wage rates to reflect the relative abundance of unskilled labor in the country. 
Transfer payments such as taxes and duties were excluded from economic costs, as appropriate.  

6. Quantifiable project benefits. The project’s anticipated benefits were mainly to be derived from 
incremental production of STW irrigation, to be shown by comparison of the with- and without-project 
scenarios. The without-project scenario adopted the yields and other relevant information obtained 
from the survey of nonirrigated farms households, which served as the control group in the study’s 
impact analysis. The cropping area of 84,390 hectares (ha) under the without-project scenario in the 
PCR served as the baseline. The total incremental area was based on the cropping intensity calculations 
from the survey. The total incremental area (32%, or 27,005 ha) was distributed based on the area 
share of each crop as per the IED survey. The increments in cropping intensity and consequently crop 
yields in this reevaluation were much lower than the PCR estimates.8

 

 This can be explained by 
information gathered in the survey that showed that potential yields and cropping intensity were 
constrained by (i) an intermittent and unreliable supply of electricity to operate STW pumps, 
particularly during the dry months; (ii) high fuel prices that constrained diesel-powered STW 
operations; (iii) limited availability of chemical inputs, particularly at peak planting periods; and (iv) the 
fact that yields from the nonirrigated control group farms were much higher than the PCR without-
project scenario had assumed (Table A6.5). 

7. Per hectare farm models were developed for each crop and were similar to those of the PCR.9

 

 
The farms models were populated by information from the IED evaluation study survey, government 
statistics, and other relevant publications. The IED survey revealed that obtaining access to STW 
irrigation led to increases in cropping intensity and crop production, particularly for crops that are 
highly dependent on and influenced by the availability of water. Nonetheless, control group farmers 
with nonirrigated farms had continued during the period covered by the survey questionnaire to adopt 
new technologies and practices that had also led to improvements in crop yields—i.e., through the use 
of chemical fertilizers and plant protection chemicals, among other measures.  

8. Unquantifiable project benefits. Neither this reevaluation nor the PCR quantified the benefits 
from the improvement of 300 kilometers of farm-to-market roads, and construction of six causeways, 
20 culverts, and 35 river crossings. The PCR did not explain why potential benefits from this component 
were not quantified. These benefits are usually measured and come in the form of savings in terms of 
vehicle operating costs, reduced travel times, and access to markets and social services, among other 
things. This reevaluation agrees with the PCR that this infrastructure has enhanced road conditions in 
subproject areas and improved market connectivity. The PCR stated that an estimated 2,830 person-
years of employment were generated during project implementation, along with 3,170 person-years of 
                                                
 
6 The G-15 manufactures unit value index replaces an earlier version, the manufactures unit value (5) index, which was based on 

the export prices of only five countries, instead of the current fifteen. 
7 The financial labor cost was estimated as the average of the wage rates paid to hired labor at different stages of the 

production cycle. 
8 The PCR calculated a cropping intensity increase of 74%, compared with the evaluation study’s estimate of 32%; and an 

additional cropping area of 37,297 ha, compared with 27,005 ha. 
9 The reevaluation, however, came up with only the main paddy and maize, as per the survey.  
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on-farm employment in 2007. More importantly, strengthening the capacity of the WUGs formed by 
the household farmers was expected to reduce the burden of the government in the operations and 
maintenance of STWs and the roads. The IED survey, however, revealed that only 52% of the WUG 
remained active at the time of the survey in 2012. The sustainability of these WUGs hinged primarily on 
their level of governance and financial performance. Theoretically, these unquantified benefits are seen 
to improve the overall economic viability of the project.  
 
9. Financial analysis. The investment and operating and maintenance costs of the project were 
adjusted, based on the relative share of the foreign and local currencies. They were also adjusted to 
constant 2011 prices. A cost-benefit analysis was conducted for each of the eight major crops, using 
survey and government data. The costs and benefits under the with- and without-project scenarios of a 
1-hectare farm were also adjusted to constant 2011 prices. The net benefit per crop (gross profit at 
farm gate) was then multiplied by the corresponding incremental cropping area and the cumulative 
percent of STWs installed per year from 2001 to 2007. As such, beginning 2007–2021, a factor of 1 (or 
100%) was used in determining the total financial contribution of each crop for the period.10

  

 
The financial analysis revealed a financial internal rate of return of 12.9% and a net present value (NPV) 
of $0.52 million at a 12% social discount rate. The results of the financial analysis are summarized in 
Table A6.6. 

10. Economic analysis. The investment and operation and maintenance costs derived from the 
financial analysis were multiplied by the standard conversion factor of 0.9 to obtain the economic 
prices. The same methodology in estimating the financial cost-benefit analysis was applied for the 
economic analysis, except for the use of the additional methodologies and the assumptions discussed 
in paras. 4–5). Land and water taxes were not included in the economic cost-benefit analysis. At a 
social discount rate of 12%, the NPV of the project was $0.89 million, with an EIRR of 13.6%. The EIRR 
for this reevaluation is lower than that calculated in the PCR due to changes in assumptions, the 
recalculation of the project cost to reflect the local and foreign exchange components under 2011 
constant prices, and the factors discussed in para. 6, which constrained potential yields (Table A6.7).  
 
11. Sensitivity analysis. The sensitivity of the project to changes in assumptions and parameters was 
estimated. The four scenarios used in the PCR were applied in this  
reevaluation, focusing on the economic analysis as the base case. A scenario that combined the effects 
of a 10% reduction in benefits and a 10% increase in costs was also estimated. The results are 
summarized in Table A6.8. These results revealed that the project remained viable under the four 
original scenarios, with positive NPVs and EIRRs above 12%. However, the combined effects of the 
additional scenario rendered a negative NPV and an EIRR of only 10.6%. 

 

                                                
 
10 For instance, by the end of 2002, a cumulative total of 465 STWs were already installed (83 in 2001 and 382 in 2002). This 

represented 4% of the 10,870 STWs installed during the project. The 4% was multiplied by the incremental net benefit per 
crop per hectare and the incremental cropping area of each crop.  
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Table A6.1: Derivation of Economic Prices for Major Tradeable Grains 
(Actual) 

 
    Year 
Item Unit 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 
A. Paddy                         

World market price FOBa                         
Constant 2005 $b $/t 203.7 227.6 219.1 244.7 286.3 298.4 300.7 555.3 507.7 432.9 441.5 
Constant 2011 $b $/t 140.5 156.0 160.6 193.2 232.7 247.8 265.4 528.6 451.2 397.5 441.5 
Less quality adjustmentc 30% 42.2 46.8 48.2 58.0 69.8 74.4 79.6 158.6 135.4 119.2 132.4 
Quality adjusted FOB $/t 98.4 109.2 112.5 135.2 162.9 173.5 185.8 370.0 315.8 278.2 309.0 
International freightd $/t 60.2 59.8 64.0 68.9 71.0 72.5 77.1 83.1 77.6 80.1 87.3 
Calcutta CIF price $/t 158.6 169.0 176.5 204.2 233.9 246.0 262.8 453.1 393.4 358.4 396.3 
Transport and handling to                          
  Nepal border (Birgunj) $/t 24.1 24.0 25.7 27.6 28.5 29.1 30.9 33.3 31.1 32.1 35.0 
Nepal border CIF price $/t 182.7 193.0 202.1 231.8 262.3 275.1 293.7 486.4 424.5 390.5 431.3 
CIF price in Nrse NRs/t 15,523.3  16,399.4  17,173.8  19,696.0  22,289.5  23,372.3   24,955.5  41,328.7  36,070.5  33,179.4  36,647.8  
Freight to and from mill NRs/t (172.4) (171.3) (183.3) (197.4) (203.2) (207.6) (220.7) (238.0) (222.2) (229.5) (250.0) 
Processing rate NRs/t 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 
Processing cost NRs/t (172.4) (171.3) (183.3) (197.4) (203.2) (207.6) (220.7) (238.0) (222.2) (229.5) (250.0) 
Freight to farmgate  NRs/t 413.8 411.2 439.9 473.7 487.8 498.3 529.6 571.1 533.3 550.8 600.0 
Economic farmgate price  NRs/t 10,219.4  10,788.1  11,300.4  12,950.4  14,640.6  15,347.7   16,386.5  27,042.1  23,612.5  21,738.8  24,008.6  

B. Wheat                         
World market price FOBf                         
Constant 2005 $b $/t 149.5 175.6 162.0 161.5 152.4 188.0 235.1 278.5 205.0 198.0 257.1 
Constant 2011 $b $/t 103.1 120.4 118.8 127.5 123.9 156.1 207.5 265.0 182.2 181.8 257.1 
Less quality adjustment 30% 30.9 36.1 35.6 38.3 37.2 46.8 62.2 79.5 54.6 54.5 77.1 
Quality adjusted FOB $/t 72.2 84.3 83.2 89.3 86.7 109.3 145.2 185.5 127.5 127.2 180.0 
International freight $/t 60.2 59.8 64.0 68.9 71.0 72.5 77.1 83.1 77.6 80.1 87.3 
Calcutta CIF price $/t 132.4 144.1 147.2 158.2 157.7 181.8 222.3 268.6 205.1 207.4 267.3 
Transport and handling to                          
  Nepal border $/t 24.1 24.0 25.7 27.6 28.5 29.1 30.9 33.3 31.1 32.1 35.0 
Nepal border CIF price $/t 156.5 168.1 172.8 185.8 186.1 210.9 253.2 301.9 236.2 239.5 302.3 
CIF price in NRs NRs/t 13,297.7  14,281.8  14,685.0  15,790.0  15,814.2  17,916.6   21,511.6  25,655.1  20,069.8  20,350.5  25,683.3  
Freight to farmgate  NRs/t 413.8 411.2 439.9 473.7 487.8 498.3 529.6 571.1 533.3 550.8 600.0 
Economic farmgate price  NRs/t 13,711.5  14,693.0  15,124.9  16,263.8  16,302.0  18,415.0   22,041.1  26,226.2  20,603.0  20,901.3  26,283.3  

C. Maize                         
World market price FOBg                         
Constant 2005 $b $/t 105.67 117.75 116.83 115.11 98.67 119.26 150.74 190.56 151.39 164.63 237.13 
Constant 2011 $ $/t 72.9 80.7 85.7 90.9 80.2 99.1 133.1 181.4 134.5 151.1 237.1 
Less quality adjustment 20% 14.6 16.1 17.1 18.2 16.0 19.8 26.6 36.3 26.9 30.2 47.4 
Quality adjusted FOB $/t 58.3 64.6 68.5 72.7 64.2 79.2 106.4 145.1 107.6 120.9 189.7 
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    Year 
Item Unit 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

International freight $/t 60.2 59.8 64.0 68.9 71.0 72.5 77.1 83.1 77.6 80.1 87.3 
Calcutta CIF price $/t 118.5 124.4 132.5 141.6 135.1 151.8 183.5 228.2 185.2 201.1 277.0 
Transport and handling to                          
  Nepal border $/t 24.1 24.0 25.7 27.6 28.5 29.1 30.9 33.3 31.1 32.1 35.0 
Nepal border CIF price $/t 142.6 148.4 158.2 169.3 163.6 180.8 214.4 261.5 216.3 233.2 312.0 
CIF price in NRs NRs/t 12,119.8  12,607.6  13,441.4  14,382.7  13,900.3  15,364.4   18,215.9  22,220.2  18,381.5  19,813.4  26,509.6  
Freight to farmgate  NRs/t 413.8 411.2 439.9 473.7 487.8 498.3 529.6 571.1 533.3 550.8 600.0 
Economic farmgate rice  NRs/t 12,533.5  13,018.8  13,881.3  14,856.5  14,388.1  15,862.7   18,745.4  22,791.3  18,914.8  20,364.2  27,109.6  

FOB = free on board; CIF = cost, insurance, and freight; mt = metric ton.  
Note: The price deflator, the World Bank manufacturing unit value (MUV) Index, was revised in October 2011 to include 15 countries, from 5 previously. Inflation index measured by the MUV 

unit value index. The MUV for each year based on 2011 prices was considered. 
a Price for Thai white, 5% broken, FOB in Bangkok. 
b Constant 2005 prices are derived from the World Bank’s commodity price data sheet and projections for 2012–2025. 
c Quality adjustments are from the report and recommendation of the President.  
d A 20-foot container contains 24 tons and costs $2,095 at 2011 prices. For details refer to http://www.doingbusiness.org/data/exploreeconomies/Nepal 
e Average exchange rate in 2011 was $1.00 = NRs84.968 based on ADB data source. 
f Wheat, United States of America, hard red winter wheat (HRW). 
g Price for the United States, No. 2 yellow, FOB, United States Gulf ports. 
 

Table A6.2: Derivation of Economic Prices for Major Tradeable Grains 
(Projected) 

 
    Year 
Item Unit 2012 2013 2014 2015 2016 2017−2021 
A. Rice               

World market price FOBa               
Constant 2005 $b $/t 443.0 414.0 400.0 386.0 378.0 370.0 
Constant 2011 $b $/t 447.1 422.9 414.8 406.6 404.6 402.7 
Less quality adjustmentc 30% 134.1 126.9 124.4 122.0 121.4 120.8 
Quality adjusted FOB $/t 313.0 296.0 290.3 284.6 283.2 281.9 
International freightd $/t 88.1 89.2 90.5 92.0 93.5 95.0 
Calcutta CIF price $/t 401.1 385.2 380.9 376.6 376.7 376.9 
Transport and handling to                
  Nepal border (Birgunj) $/t 35.3 35.8 36.3 36.9 37.5 38.1 
Nepal border CIF price $/t 436.4 420.9 417.2 413.4 414.2 415.0 
CIF price in Nrse NRs/t 37,078.6  35,767.2  35,445.3  35,128.2  35,191.0      35,260.4  
Freight to and from mill NRs/t (252.3) (255.4) (259.2) (263.3) (267.6) (272.1) 
Processing rate NRs/t 0.7 0.7 0.7 0.7 0.7 0.7 
Processing cost NRs/t (252.3) (255.4) (259.2) (263.3) (267.6) (272.1) 
Freight to farmgate  NRs/t 605.5 612.9 622.2 632.0 642.3 653.0 
Economic farmgate price  NRs/t 24,290.3  23,440.2  23,233.9  23,030.8  23,074.9      23,123.3  
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    Year 
Item Unit 2012 2013 2014 2015 2016 2017−2021 
B. Wheat               

World Market Price FOBf               
Constant 2005 $b $/t 226.0 219.0 212.0 205.0 202.0 199.0 
Constant 2011 $b $/t 228.1 223.7 219.8 215.9 216.2 216.6 
Less quality adjustment 30% 68.4 67.1 65.9 64.8 64.9 65.0 
Quality adjusted FOB $/t 159.7 156.6 153.9 151.2 151.4 151.6 
International freight $/t 88.1 89.2 90.5 92.0 93.5 95.0 
Calcutta CIF price $/t 247.8 245.8 244.4 243.1 244.8 246.6 
Transport and handling to                
  Nepal border $/t 35.3 35.8 36.3 36.9 37.5 38.1 
Nepal border CIF price $/t 283.1 281.5 280.7 280.0 282.3 284.7 
CIF price in NRs NRs/t 24,053.1  23,920.0  23,850.5  23,788.7  23,985.2      24,191.2  
Freight to farmgate  NRs/t 605.5 612.9 622.2 632.0 642.3 653.0 
Economic farmgate price  NRs/t 24,658.6  24,532.9  24,472.6  24,420.7  24,627.5      24,844.2  

C. Maize               
World Market Price FOBg         

 
    

Constant 2005 $b $/t      226.0       207.0       200.0       193.0       188.0           184.0  
Constant 2011 $ $/t 228.1 211.4 207.4 203.3 201.2 200.3 
Less quality adjustment 20% 45.6 42.3 41.5 40.7 40.2 40.1 
Quality Adjusted FOB $/t 182.5 169.2 165.9 162.6 161.0 160.2 
International Freight $/t 88.1 89.2 90.5 92.0 93.5 95.0 
Calcutta CIF Price $/t 270.6 258.3 256.4 254.6 254.5 255.2 
Transport and handling to                
  Nepal border $/t 35.3 35.8 36.3 36.9 37.5 38.1 
Nepal border CIF price $/t 305.9 294.1 292.7 291.5 291.9 293.3 
CIF price in NRs NRs/t 25,991.0  24,987.6  24,872.5  24,764.2 24,803.8      24,921.8  
Freight to farmgate  NRs/t 605.5 612.9 622.2 632.0 642.3 653.0 
Economic farmgate rice  NRs/t 26,596.5  25,600.5  25,494.7  25,396.2  25,446.1      25,574.8  

FOB = free on board; CIF = cost, insurance, and freight; mt = metric ton.  
Note: The price deflator, the World Bank manufacturing unit value (MUV) Index, was revised in October 2011 to include 15 
countries, from 5 previously. Inflation index measured by the MUV unit value index. The MUV for each year based on 2011 
prices was considered. 
a Price for Thai white, 5% broken, FOB in Bangkok. 
b Constant 2005 prices are derived from the World Bank’s commodity price data sheet and projections for 2012–2025. 
c Quality adjustments are from the report and recommendation of the President.  
d A 20-foot container contains 24 tons and costs $2,095 at 2011 prices. For details refer to 

http://www.doingbusiness.org/data/exploreeconomies/Nepal 
e Average exchange rate in 2011 was $1.00 = NRs84.968 based on ADB data source. 
f Wheat, United States of America, hard red winter wheat (HRW). 
g Price for the United States, No. 2 yellow, FOB, United States Gulf ports. 
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Table A6.3: Derivation of Economic Prices of Fertilizers 
(Actual) 

 
    Year 
Item Unit 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 
A. Urea                         

World market price FOBa 
            Constant 2005 $b $/t 127.3 143.4 161.6 182.0 205.0 231.0 260.2 293.1 330.2 256.0 342.0 

Constant 2011 $b $/t 87.8 98.3 118.5 143.7 166.7 191.8 229.7 279.0 293.5 235.0 342.0 
International freight $/t 60.2 59.8 64.0 68.9 71.0 72.5 77.1 83.1 77.6 80.1 87.3 
Calcutta CIF price $/t 148.0 158.1 182.5 212.6 237.7 264.4 306.7 362.1 371.1 315.2 429.3 
Transport and handling to  

              Nepal border $/t 42.76 42.49 45.46 48.95 50.40 51.50 54.72 59.01 55.10 56.92 62.00 
Nepal border CIF price $/t 190.8 200.6 227.9 261.6 288.1 315.9 361.4 421.1 426.2 372.1 491.3 
CIF price in NRsc NRs/t 16,207.7  17,045.7  19,365.4          22,226.1  24,475.4  26,837.3  30,711.3  35,782.3  36,212.8  31,615.0  41,743.8  
Transport and handling to  

              wholesaler  NRs/t      517.2       514.0       549.9               592.2       609.7       622.9       662.0       713.9       666.6       688.5       750.0  
Wholesaler's margin  20%   3,345.0   3,511.9   3,983.1            4,563.7   5,017.0    5,492.0   6,274.7    7,299.2    7,375.9    6,460.7    8,498.7  
Transport and handling to  

              farmgate  NRs/t 448.3  445.5  476.6  513.2  528.4  539.9  573.7  618.7  577.7  596.7  650.0  

Retailer's margin  10%   2,051.8    2,151.7    2,437.5  
           

2,789.5    3,063.0   3,349.2    3,822.2    4,441.4    4,483.3    3,936.1    5,164.2  
Economic farmgate price  NRs/t 22,570.0  23,668.8  26,812.4          30,684.7  33,693.5  36,841.4  42,043.8  48,855.5  49,316.2  43,297.1  56,806.7  

B. Diammonium Phosphate 
           World market price FOBd 

            Constant 2005 $b $/t 200.0 231.2 267.3 309.0 357.2 413.0 477.5 552.0 638.1 443.0 503.0 
Constant 2011 $b $/t 137.9 158.5 196.0 244.0 290.4 343.0 421.4 525.4 567.1 406.7 503.0 
International freight $/t 60.2 59.8 64.0 68.9 71.0 72.5 77.1 83.1 77.6 80.1 87.3 
Calcutta CIF price $/t 198.1 218.3 260.0 312.9 361.4 415.5 498.5 608.5 644.7 486.8 590.3 
Transport and handling to  

              Nepal border $/t 42.76 42.49 45.46 48.95 50.40 51.50 54.72 59.01 55.10 56.92 62.00 
Nepal border CIF price $/t 240.9 260.8 305.4 361.9 411.8 467.0 553.2 667.5 699.8 543.8 652.3 
CIF price in NRsc NRs/t 20,467.7  22,158.9  25,952.7          30,747.1  34,989.1  39,682.7  47,003.5  56,715.0  59,462.5  46,201.7  55,423.3  
Transport and handling to  

              wholesaler  NRs/t      517.2       514.0       549.9               592.2       609.7       622.9       662.0       713.9       666.6       688.5       750.0  

Wholesaler's margin  20%   4,197.0    4,534.6    5,300.5  
           

6,267.9    7,119.8    8,061.1   9,533.1  11,485.8  12,025.8    9,378.1  11,234.7  
Transport and handling to  

              farmgate  NRs/t 448.3  445.5  476.6  513.2  528.4  539.9  573.7  618.7  577.7  596.7  650.0  

Retailer's margin  10%   2,563.0    2,765.3    3,228.0  
           

3,812.0    4,324.7    4,890.7   5,777.2    6,953.3    7,273.3    5,686.5    6,805.8  
Economic farmgate price  NRs/t 28,193.2  30,418.2  35,507.6          41,932.3  47,571.7  53,797.2  63,549.5  76,486.7  80,005.8  62,551.6  74,863.7  
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    Year 
Item Unit 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 
C. Muriate of Potash 

            World Market price FOBe 
            Constant 2005 $b $/t 152.7 170.2 189.7 211.4 235.7 262.7 292.8 326.3 363.7 294.0 354.0 

Constant 2011 $b $/t 105.3 116.6 139.1 166.9 191.6 218.2 258.4 310.6 323.3 269.9 354.0 
International freight $/t 60.2 59.8 64.0 68.9 71.0 72.5 77.1 83.1 77.6 80.1 87.3 
Calcutta CIF price $/t 165.5 176.5 203.1 235.9 262.6 290.7 335.5 393.7 400.9 350.0 441.3 
Transport and handling to  

              Nepal border $/t 42.76 42.49 45.46 48.95 50.40 51.50 54.72 59.01 55.10 56.92 62.00 
Nepal border CIF price $/t 208.3 219.0 248.5 284.8 313.0 342.2 390.2 452.7 456.0 407.0 503.3 
CIF price in NRsc NRs/t 17,696.1  18,605.7  21,118.8          24,201.2  26,591.8  29,074.5  33,154.2  38,467.0  38,742.4  34,579.2  42,763.4  
Transport and handling to  

              wholesaler  NRs/t      517.2       514.0       549.9               592.2       609.7       622.9       662.0       713.9       666.6       688.5       750.0  

Wholesaler's margin  20%   3,642.7    3,823.9    4,333.7  
           

4,958.7    5,440.3    5,939.5    6,763.2    7,836.2    7,881.8    7,053.5   8,702.7  
Transport and handling to  

              farmgate  NRs/t 448.3  445.5  476.6  513.2  528.4  539.9  573.7  618.7  577.7  596.7  650.0  

Retailer's margin  10%   2,230.4    2,338.9    2,647.9  
           

3,026.5    3,317.0    3,617.7    4,115.3    4,763.6    4,786.8    4,291.8    5,286.6  
Economic farmgate price  NRs/t 24,534.6  25,728.1  29,126.8          33,291.8  36,487.2  39,794.4  45,268.4  52,399.3  52,655.2  47,209.7  58,152.6  

FOB = free on board; CIF = cost, insurance, and freight; mt = metric ton. 
Notes: The values for 2005 constant prices for 2001–2009 were intrapolated from growth rates for 2000–2010 using actual data from the World Bank data. Values for 2012–2017 were 

from World Bank forecast. The price deflator, the World Bank manufacturing unit value (MUV) Index, was revised in October 2011 to include 15 countries, from 5 previously.  
 Inflation index measured by the MUV unit value index. The MUV for each year based on 2011 prices was considered. 

a Price is for bulk, FOB, East Europe. 
b Constant 2005 prices are derived from World Bank commodity price data sheet and projections for 2012–2025. 
c Average exchange rate in 2011 was $1.00 = NRs84.968 based on ADB data source. 
d Bulk spot, FOB, US Gulf. 
e Standard grade, spot, FOB, Vancouver.  
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Table A6.4: Derivation of Economic Prices of Fertilizers 
(Projected) 

 
    Year  
Item Unit 2012 2013 2014 2015 2016 2017−2021 
A. Urea               

World market price FOBa 
       Constant 2005 $b $/t 362.0 310.0 290.0 270.0 262.0          253.0  

Constant 2011 $b $/t 365.3 316.7 300.7 284.4 280.5 275.4 
International freight $/t 88.1 89.2 90.5 92.0 93.5 95.0 
Calcutta CIF price $/t 453.4 405.8 391.2 376.4 373.9 370.4 
Transport and handling to  

         Nepal border $/t 62.57 63.33 64.29 65.31 66.37 67.48 
Nepal border CIF price $/t 516.0 469.2 455.5 441.7 440.3 437.8 
CIF price in NRsc NRs/t 43,844.3  39,863.8  38,705.2  37,526.7  37,410.4      37,202.3  
Transport and handling to  

         wholesaler  NRs/t      756.9       766.1       777.7       790.0       802.9         816.3  
Wholesaler's margin  20%   8,920.2    8,126.0    7,896.6    7,663.3    7,642.6       7,603.7  
Transport and handling to  

         farmgate  NRs/t 656.0  664.0  674.0  684.7  695.8  707.4  
Retailer's margin  10%   5,417.7    4,942.0    4,805.4    4,666.5    4,655.2       4,633.0  
Economic farmgate price  NRs/t 59,595.2  54,361.9  52,858.9  51,331.2  51,206.9     50,962.7  

B. Diammonium Phosphate 
      World market price FOBd 

       Constant 2005 $b $/t 419.0 398.0 384.0 370.0 363.0 355.0 
Constant 2011 $b $/t 422.9 406.5 398.2 389.7 388.6 386.4 
International freight $/t 88.1 89.2 90.5 92.0 93.5 95.0 
Calcutta CIF price $/t 511.0 495.7 488.7 481.7 482.0 481.4 
Transport and handling to  

         Nepal border $/t 62.57 63.33 64.29 65.31 66.37 67.48 
Nepal border CIF price $/t 573.5 559.1 553.0 547.0 548.4 548.9 

CIF price in NRsc NRs/t 48,732.1  47,501.6  46,987.3  46,476.6  46,597.0      46,634.7  
Transport and handling to  

         wholesaler  NRs/t      756.9       766.1       777.7       790.0       802.9          816.3  
Wholesaler's margin  20%   9,897.8    9,653.5    9,553.0    9,453.3    9,480.0       9,490.2  
Transport and handling to  

         farmgate  NRs/t 656.0  664.0  674.0  684.7  695.8  707.4  
Retailer's margin  10%   6,004.3    5,858.5    5,799.2    5,740.5    5,757.6       5,764.9  
Economic farmgate price  NRs/t 66,047.1  64,443.7  63,791.2  63,145.0  63,333.2      63,413.4  

C. Muriate of Potash 
       World Market price FOBe 
       Constant 2005 $b $/t 383.0 358.0 321.0 293.0 285.0 276.0 
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    Year  
Item Unit 2012 2013 2014 2015 2016 2017−2021 

Constant 2011 $b $/t 386.5 365.7 332.9 308.6 305.1 300.4 
International freight $/t 88.1 89.2 90.5 92.0 93.5 95.0 
Calcutta CIF price $/t 474.6 454.9 423.4 400.6 398.5 395.4 
Transport and handling to  

         Nepal border $/t 62.57 63.33 64.29 65.31 66.37 67.48 
Nepal border CIF price $/t 537.2 518.2 487.7 465.9 464.9 462.9 
CIF price in NRsc NRs/t 45,645.1  44,029.9  41,436.5  39,585.2  39,502.4      39,329.3  
Transport and handling to  

         wholesaler  NRs/t      756.9       766.1       777.7       790.0       802.9          816.3  
Wholesaler's margin  20%   9,280.4    8,959.2    8,442.8    8,075.0    8,061.0       8,029.1  
Transport and handling to  

         farmgate  NRs/t 656.0  664.0  674.0  684.7  695.8  707.4  
Retailer's margin  10%   5,633.8    5,441.9    5,133.1    4,913.5    4,906.2       4,888.2  
Economic farmgate price  NRs/t 61,972.2  59,861.0  56,464.2  54,048.4  53,968.3      53,770.2  

FOB = free on board; CIF = cost, insurance, and freight; mt = metric ton. 
Notes: The values for 2005 constant prices for 2001–2009 were intrapolated from growth rates for 2000–2010 using 
actual data from the World Bank data. Values for 2012–2017 were from World Bank forecast.  
 The price deflator, the World Bank manufacturing unit value (MUV) Index, was revised in October 2011 to include 15 
countries, from 5 previously. Inflation index measured by the MUV unit value index. The MUV for each year based on 2011 
prices was considered. 
a Price is for bulk, FOB, East Europe. 
b Constant 2005 prices are derived from World Bank commodity price data sheet and projections for 2012–2025. 
c Average exchange rate in 2011 was $1.00 = NRs84.968 based on ADB data source. 
d Bulk spot, FOB, US Gulf. 
e Standard grade, spot, FOB, Vancouver.  
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Table A6.5: Crop Area, Production, and Yields, Without and With Project 
 

  Without Project (Nonirrigated)   With Project (Irrigated)   Incremental 

 
  Cropping Total  

  
Cropping Total  

   
Cropping Total  

 
Yield Area Production 

 
Yield Area Production 

 
Yield Area Production 

Crop (tpha) (ha) (t)   (tpha) (ha) (t)   (tpha) (%) (ha) (%) (t) (%) 
Paddy 3.50 52,380 183,540 

 
3.75   66,154     248,012  

 
0.25 7.0 13,774    26.3      64,473  35.1 

Wheat 2.13 9,312 19,807 
 

2.45   15,510       37,938  
 

0.32 15.0 6,198    66.6      18,132  91.5 
Maize 2.46 2,910 7,162 

 
2.87     6,797       19,515  

 
0.41 16.7 3,887  133.6      12,353  172.5 

Sugarcane 25.50 2,328 59,364 
 

30.50     3,172       96,740  
 

5.00 19.6 844    36.2      37,376  63.0 
Pulses/legumes 0.61 8,730 5,308 

 
0.82   10,008         8,227  

 
0.21 35.2 1,278    14.6        2,919  55.0 

Oilseeds 0.95 8,148 7,700 
 

1.26     8,442       10,594  
 

0.31 32.8 294      3.6        2,895  37.6 
Potatoes 8.25 305 2,516 

 
9.86        694         6,839  

 
1.61 19.5 389  127.4        4,323  171.8 

Vegetables 8.33 277 2,306 
 

12.95        618         8,003  
 

4.62 55.5 341  123.1        5,697  247.0 
Total  

 
   84,390          287,702  

  
 111,395     435,868  

   
27,005  

 
  148,166  

 Total Cropping Area    84,390  
   

 111,395  
  

Total Yield Increase 
 

52% 
 Cropping Intensity 140%       172%     Cropping Intensity Increase 32%   

CGISP = Community Groundwater Irrigation Sector Project, ha = hectare, IED = Independent Evaluation Department, t = ton, tpha = ton per hectare. 
Note:  The without-project scenario used the yields obtained from the survey of nonirrigated areas while the total incremental area was based on the cropping intensity 

calculations from the survey (32%). The total incremental area was distributed based on the area share of each crop, based on the evaluation study survey data. 
Average exchange rate in 2011 was $1.00 = NRs84.968 based on ADB data source. 

Source: ADB Independent Evaluation Department computations based on household survey data. 
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Table A6.6: Financial Cash Flow 
($, constant 2011 prices) 

 
  Total Project Total Total Net Incremental    

 
Cost O&M Costa Costs Crop Benefit Net Benefit 

Fiscal ($) ($) ($) ($) ($) 
Year (a) (b) (c) = (a+b) (d) (e) = (d-c) 
1999         1,146,466        114,647  1,261,112  - (1,261,112) 
2000            962,640           96,264  1,058,904  - (1,058,904) 
2001            816,714           81,671  898,385       21,119   (877,266) 
2002            904,008           90,401  994,408  118,319   (876,089) 
2003         1,286,314        128,631  1,414,945  254,959  (1,159,986) 
2004         1,790,121        179,012  1,969,133     593,378  (1,375,754) 
2005         2,125,341        212,534  2,337,875  1,167,673  (1,170,202) 
2006         3,106,869        310,687  3,417,556  1,781,153  (1,636,404) 
2007         2,219,587        221,959  2,441,545  2,765,875  324,330  
2008            820,168           82,017  902,185  2,765,875  1,863,690  
2009 

 
         82,017  82,017  2,765,875  2,683,859  

2010 -          82,017  82,017  2,765,875  2,683,859  
2011 -          82,017  82,017  2,765,875  2,683,859  
2012 -          82,017  82,017  2,765,875  2,683,859  
2013 -          82,017  82,017  2,765,875  2,683,859  
2014 -          82,017  82,017  2,765,875  2,683,859  
2015 -          82,017  82,017  2,765,875  2,683,859  
2016 -       164,034  164,034  2,765,875  2,601,842  
2017 -       164,034  164,034  2,765,875  2,601,842  
2018 -       164,034  164,034  2,765,875  2,601,842  
2019 -       164,034  164,034  2,765,875  2,601,842  
2020 -       164,034  164,034  2,765,875  2,601,842  
2021 -       164,034  164,034  2,765,875  2,601,842  

Total      15,178,227     3,076,143  18,254,370  45,424,734  27,170,364  

    
 NPV @ 12% $  521,889  

    
BCR = 2.49 

        FIRR = 12.93% 
BCR = benefit-cost ratio, EIRR = economic internal rate of return, NPV = net present value, O&M = 
operation and maintenance. 
Notes:  The bulk of the operating cost is already imputed in the with-project scenario in the form of pump 

use.  
 Replacement cost was not considered, although it was in the PCR. The feedback from farmers 

indicated that the average life-spans of shallow tubewell pumps were 19 years for diesel and 14 
years for electric. This reevaluation assumed a 15-year life-span for STW systems with no 
replacement. The assumption is consistent with the finding from Independent Evaluation 
Department field visits and farmer interviews. The average exchange rate in 2011 was $1.00 = 
NRs84.968 based on ADB data source. 

a O&M cost was calculated at 10% of total investment annually, increasing to 20% in the 16th year.  
Source: ADB Independent Evaluation Department computations. 
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Table A6.7: Economic Cash Flow 

($, constant 2011 prices) 
 

  Total Project Total Total Net Incremental     

 
Cost O&M Costa Costs Crop Benefit Net Benefit 

Fiscal ($) ($) ($) ($) ($) 
Year (a) (b) (c) = (a+b) (d) (e) = (d-c) 
1999         1,031,819        103,182  1,135,001  - (1,135,001) 
2000            866,376           86,638  953,014  -  (953,014) 
2001            735,042           73,504  808,546  14,598   (793,949) 
2002            813,607           81,361  894,968  95,243   (799,725) 
2003         1,157,683        115,768  1,273,451  183,491  (1,089,959) 
2004         1,611,109        161,111  1,772,219  446,422  (1,325,797) 
2005         1,912,806        191,281  2,104,087  896,584  (1,207,503) 
2006         2,796,182        279,618  3,075,801  1,449,323  (1,626,477) 
2007         1,997,628        199,763  2,197,391  2,362,621  165,230  
2008            738,152           73,815  811,967  2,921,946  2,109,980  
2009 

 
         73,815  73,815  2,576,397  2,502,582  

2010 -          73,815  73,815  2,575,992  2,502,176  
2011 -          73,815  73,815  2,865,211  2,791,396  
2012 -          73,815  73,815  2,831,438  2,757,623  
2013 -          73,815  73,815  2,790,047  2,716,232  
2014 -          73,815  73,815  2,785,687  2,711,871  
2015 -          73,815  73,815  2,780,789  2,706,974  
2016 -       147,630  147,630  2,788,353  2,640,722  
2017 -       147,630  147,630  2,798,286  2,650,656  
2018 

 
      147,630  147,630  2,851,489  2,703,859  

2019 
 

      147,630  147,630  2,798,286  2,650,656  
2020 

 
      147,630  147,630  2,798,286  2,650,656  

2021 
 

      147,630  147,630  2,798,286  2,650,656  
Total      13,660,404     2,768,529  16,428,933  44,408,777  27,979,845  

    
 NPV @ 12% $  889,141  

    
BCR= 2.70 

        EIRR = 13.64% 
BCR = benefit-cost ratio, EIRR = economic internal rate of return, NPV = net present value, O&M = 
operation and maintenance. 
Notes:  The bulk of the operating cost is already imputed in the with-project scenario in the form of pump 

use.  
 Replacement cost was not considered, although it was in the PCR. The feedback from farmers 

indicated that the average life-spans of shallow tubewell pumps were 19 years for diesel and 14 
years for electric. This reevaluation assumed a 15-year life-span for STW systems with no 
replacement. The assumption is consistent with the finding from Independent Evaluation 
Department field visits and farmer interviews. Average exchange rate in 2011 was $1.00 = 
NRs84.968 based on ADB data source.  

a O&M cost was calculated at 10% of total investment annually, increasing to 20% in the 16th year. 
Source: ADB Independent Evaluation Department computations. 
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Table A6.8: Economic Sensitivity Analysis 
 

Parameters NPV  EIRR  BCR 
Base case 889,141  13.6 2.70 
Cost increase by 10% 90,881  12.2 2.46 
Benefits decline by 10% 1,967  12.0 2.43 
Benefits delayed by 1 year 878,751  13.6 2.70 
Benefits delayed by 2 year 818,222  13.5 2.70 
Cost increase by 10%  

     and benefits decline by 10% (796,294) 10.6 2.21 
  at (12% discount rate)       

BCR = benefit cost ratio, EIRR = economic internal rate of return, 
NPV = net present value.  

   Source: ADB Independent Evaluation Department computations. 
 



 

 

APPENDIX 7. PROPENSITY SCORE ESTIMATES FOR IMPACT EVALUATION 
OF SHALLOW TUBEWELLS 

 
 

Community Ground Water STWs   Agricultural Perspective Plan STWs 
Variable Coefficient   Variable Coefficient 

Age of household head 0.008a  Age of household head -0.001 
 -0.003   -0.003 
Years of schooling of household head -0.003a  Gender of household head -0.11 
 -0.001   -0.144 
Household head size -0.027c  Years of schooling of household head 0 
 -0.014   -0.001 
Dependency ratio 0.02  Household size -0.08 
 -0.049   -0.055 
Land fragmentation 0.986a  Square of household size 0.007b 
 -0.117   -0.004 
% of land area irrigated  -0.007  Dependency ratio 0.055 
 -0.007   -0.062 
Mean number of contiguous plots for 
plots acquired before CGISP 0.028 

 Land fragmentation 
0.979a 

 -0.032   -0.144 
Mean distance (in minutes) from home 
of plots acquired before CGISP -0.011a 

 % of land area irrigated  
0.005 

 -0.004   -0.01 
Mean plot size before CGISP 

1.340a 
 Mean distance (in minutes) from 

home of plots acquired before CGISP -0.012b 
 -0.11   -0.005 
Type of roofing material 

-0.063 
 Mean plot size of plots acquired 

before CGISP 1.535a 
 -0.04   -0.184 
NGO also PFI 

-0.179 
 Square of mean plot size of plots 

acquired before CGISP -0.185a 
 -0.139   -0.069 
Same institution acts as PFI and NGO 0.103  NGO also PFI 1.984a 
 -0.117   -0.417 
Constant -0.107  Same institution acts as PFI and NGO -2.009a 
 -0.714   -0.408 
 

 
 Constant -1.36 

 
 

  -1.056 
Observations 1,976   Observations 1,486 

APP = Agriculture Perspective Plan, CGISP = Community Groundwater Irrigation Sector Project, NGO = nongovernment 
organization, PFI = partner financial institution, STW = shallow tubewell. 
Notes: Figures underneath the coefficients are standard errors. 
 t-test CGISP vs Nonirrigated: a, b, and c refer to p<0.01, p<0.05, and p<0.10, respectively. 
Source: ADB Independent Evaluation Department estimates based on study household survey data. 
 



 

 

APPENDIX 8. IMPACT ESTIMATES BY STATUS OF WATER USER GROUPS, 
ATT VALUES—NEAREST NEIGHBOR MATCHING METHOD 

 
 

Outcome/Impact 

  CGISP Status 

 

Active/Partly Active 
WUGs 

vs Nonirrigated  
Inactive WUGs vs 

Nonirrigated 
   Households Households 

A. Cropping intensity (%)   30 20 
B. Intrafarm diversity (Index) 

 
0.05a 0.05a 

C. Net value of crop production ($) 
   Paddy 
 

160.43 c 2.45 
Wheat 

 
51.98 a 32.47 

Maize 
 

-9.89 -0.02 
Red lentil 

 
12.44 -25.47 

Potato 
 

163.17 c 40.58 
D. Net value of marketable crops surplus ($) 

   Paddy 
 

93.76 a 16.37 
Wheat 

 
31.49 b 16.42 

Maize 
 

30.43 c 16.62 
Red lentil 

 
20.14 14.12 

Potato 
 

-26.77 -56.34 
E. Production (kg/ha) 

   Paddy 
 

548a 135 
Wheat 

 
259a 29 

Maize 
 

24 24 
Red lentil 

 
-82 -3 

Potato 
 

-90 36 
F. Quantity sold (kg/ha) 

   Paddy 
 

374a 122 
Wheat 

 
259a 29 

Maize 
 

203c 178 
Red lentil 

 
-26 39 

Potato 
 

60 171 
Index of food diversity 

 
0.004 -0.004 

Per capita food consumption (kg/year) 
 

793 1,040 
Index of consumption diversity 

 
0.03b 0.05a 

Imputed value of per capita 
   Agricultural output consumed ($/year) 
 

57.29a 47.71a 
Share of agricultural income in total (%) 

 
8a 3 

Share of food in total expenditure (%) 
 

-5a -2c 
Share of medical in total expenditure (%) 

 
1a 1 

Share of education in total expenditure (%)   2a 1 
ATT = average treatment effect of shallow tubewells, CGISP = Community Groundwater Irrigation Sector 
Project, ha = hectare, kg = kilogram.  
Note: a, b, and c refers to statistical significance at p<0.01, p<0.05, and p<0.10, respectively. 
Source: ADB Independent Evaluation Department computations based on household survey data for the 

evaluation. 
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