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A B S T R A C T

This paper examines whether longer training increases farm participation in community-managed water user
associations, in a context where assignment to training duration was not randomized and none of these in-
stitutions existed before training began. We also examine whether participation is affected when farm managers
migrate and leave farm operations to other workers, in a context where only managers have been directly
trained, almost all managers are male, and females are increasingly operating farms. We collected microdata
from 1855 farms in Southern Tajikistan, where farm managers in 40 subdistricts received longer training, while
those in the other 40 received shorter training. These ‘treatment’ and ‘control’ subdistricts were selected by
constructing propensity scores and matching without replacement to address observable selection effects that
may affect assignment to training duration. Farms were then selected from a census using a stratified random
sampling process. A difference-in-difference technique with right-hand-side covariates is employed, where both
sets of data were collected after training was completed. This choice of econometric methods controls against
farm-level selection effects, but introduces a potential bias due to measurement error. Longer training has a
causal effect on increasing participation in WUAs. Results also demonstrate that when male workers not directly
trained operate farms, participation is not affected; however, participation is negatively affected when female
workers operate farms. These results provide evidence for designing irrigation management programs to target
female workers directly, in order to strengthen institutions whose success depends on active farm participation.

1. Introduction

In Tajikistan, water user associations (WUAs) are legally mandated to
bring publicly provided irrigation water to the farm gate (Republic of
Tajikistan, 2006). WUAs in Tajikistan serve dehkan (meaning private) farms,
and legally, dehkan farms (not farmers) are eligible members of a WUA.
These WUAs are participatory institutions; this implies that the participation
and cooperation of representatives of member-farms is needed for WUAs to
perform their mandated duty of water delivery successfully (Beresford,
2010).1 The dehkan farm is headed by a manager—a legally recognized

position that is listed on the title of the dehkan farm. The farm title also lists
the workers of the farm; these are individuals with a legal claim to work on
the farm, who also have a stake in the outputs of the farm. The farm
manager and the listed workers typically belong to the same family, but not
necessarily the same household.2 The manager is the operator of the farm
and represents the farm at the WUAs, when physically in residence.3

The WUA Law (Republic of Tajikistan, 2006) specifies the roles of
the members. Dehkan farms are supposed to pay an irrigation service
fee (toward the expense of water provision), which is levied seasonally;
and a WUA membership fee (toward the expenses of WUA services
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1 Most irrigation management is participatory, globally. Authors such as Das (2014) have commented on the neo-liberal policy of the 1990s that encouraged the

transfer of irrigation management from state to non-state actors, namely farmer communities, due to issues around improving cost-recovery and performance of
systems.) Suhardiman and Giordano (2014) provide a succinct explanation around the beliefs and evidence that led to such devolution of responsibilities from the
state to farmer communities. These topics in participatory irrigation are acknowledged, but are beyond the scope of this paper.

2 A family is defined as a set of individuals related through blood or through marriage. A household is defined as a set of individuals who consume food cooked in
the same kitchen.

3 When the manager is physically present, he is the operator for the farm. When the manager is not physically present, this could be because either they are
deceased, or they have migrated to Dushanbe or overseas. In these cases, another member of the farm (listed on the title) became the operator. In cases of migration,
the name of the manager is not legally changed on the title of the farm.
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provided), which is levied annually. They are also expected to con-
tribute to (uncompensated) pre-irrigation season repair and main-
tenance of canals that is coordinated by the WUAs through the provi-
sion of labour of the workers of the farm (listed on the title) for the task.
Dehkan farms are encouraged to sign a contract with the WUA at the
start of the year. In the contract, water needs are stated for planning
purposes. Representatives of member-farms are encouraged to attend
WUA meetings. Participation can be assessed by examining these
member-mandated functions in WUAs (Yakubov, 2011).

Some WUAs in Tajikistan were created using longer and more gradual
training processes—20–24 months, in contrast to other WUAs that were
created with 3–6 months of training. Consequently the managers of the
farms served by such WUAs received longer training on how to participate
and cooperate with the WUA for more successful irrigation management
(only managers of farms were trained, irrespective of the length of
training). The institutional literature on farmer participation in commu-
nity-based participatory management organizations suggests that longer
training can increase the likelihood and extent of participation and co-
operation, which is needed for such organizations to function successfully
(Yap-Salinas, 1994; Kazbekov et al., 2009; Mukhtarov et al., 2015).

Estimating the impact of longer training using quantitative econo-
metric methods can provide important information to target efforts to
strengthen participation and functioning of new institutions.4 However,
conducting such evaluations in Tajikistan is challenging for at least two
important reasons. First, assignment to longer training was not random,
introducing potential selection bias. The second challenge pertains to the
establishment of a baseline. Dehkan farms were created in the mid 2000s
through the de-collectivization of the Soviet-era collectives. The govern-
ment enacted the WUA Law in 2006 and mandated WUAs to be re-
sponsible for delivering water to farms. Even so, there was no participatory
management irrigation organization in place until 2012. The process of
creating the WUAs only began in 2012 through coordinated international
assistance and government policy. At the start of the training, conse-
quently, WUAs were not functioning, and there were no functional WUAs
in which farms could participate. WUAs were established (and the man-
agers of the farms were trained) in gravity schemes in Southern Tajikistan,
the breadbasket of the country, by USAID and by the government, during
2012 and 2013. Managers of farms in WUAs created by USAID received
20–24 months of training, while those in WUAs created by the government
received three to six months of training (Balasubramanya et al., 2018).5

Training materials used to establish WUAs were developed by
USAID, in consultation with the government, and the same sets of
materials were used in all cases. The training covered topics pertaining
to: creating irrigation schedules; coordinating routine repair, cleaning
and maintenance of canals and water courses; setting, levying and
collecting WUA membership fees from dehkan farms, which is retained
by the WUA towards its operational costs; collecting irrigation fees from
dehkan farms and transferring them to the district irrigation depart-
ment; maintaining financial accounts; organizing and scheduling
meetings of members. All WUAs were imparted training in these topics
using the same set of materials; but the duration of time over which the
WUAs were trained in these topics significantly differed between WUAs
established by USAID and those established by the government, with
USAID WUAs receiving repeated sets of the same training at regular
intervals over the 20–24 month period. In all cases, the trainers were
male, and the trainees were dehkan farm managers (only managers
were trained). These trainings were conducted by bringing together
managers whose farms were in geographic proximity.

Since 98% of dehkan farm managers are male (Food and Agriculture
Organization of the United Nations (FAO, 2018), this implies that
training in participatory irrigation was overwhelmingly provided to
males. Migration of (mostly) males to either urban areas or overseas is
rather common in Tajikistan. A study in 2013 estimated that 28% of
households had at least one migrant, with migration greater in locations
with rural and poorer households (Danzer et al., 2013). Another study,
with a study area matching that in this paper, estimated that in 2015,
48% of rural households in Southern Tajikistan had at least one migrant
(Buisson et al., 2016). A consequence of migration is that farm workers
who were not directly trained in participatory irrigation are increasingly
operating farms, with female farmers6 constituting an important share of
non-trained individuals operating farms. In this study, 21% of farms were
operated by women in 2014; which increased to 35% in 2016.

Whether training can increase participation in circumstances when
individuals not directly trained are managing the farm would depend
on the diffusion of information from those who were directly trai-
ned—the farm managers in this case—to those who were not trained
but are now taking on the role of operating the farm. The literature on
whether (and to whom) information diffuses from farmers directly
trained (and produces associated behavior changes), suggests that the
evidence is mixed and depends on farmer and farm characteristics of
trained and other farmers such as age, education, social status and
connections, land size and quality, and endowments (e.g. see Clausen
et al., 2017; Feder et al., 2004). 7 The diffusion of information to fe-
males to encourage participation is also likely to depend on pre-existing
differences in the endowments, capabilities and capacities of males and
female (e.g. see Agarwal, 2006); social structures around age, caste and
religion (e.g. Guijt and Shah, 1998); local power structures (e.g Cleaver,
1998); and bargaining power within the household (e.g. Meinzen-Dick
and Zwarteveen, 1998; Cleaver and Elson, 1995). However, the per-
ceived costs and benefits of participating are also important determi-
nants, and are often not given adequate attention (Van Koppen and
Hussein, 2007; Meinzen-Dick and Zwarteveen, 1998).

This paper examines whether longer training has a causal effect on
increasing the probability of member-farm participation in WUAs in a
context where no participatory organization existed before the training
began.8 The paper considers a sample of 1855 member-farms in 80
subdistricts9 irrigated by gravity irrigation schemes10 in Southern Ta-
jikistan, where member-farm managers in 40 subdistricts received
longer training (the treatment group) and those in the other 40 sub-
districts received shorter training (the control group). These 80 sub-
districts were selected from a population of subdistricts by constructing
propensity scores and conducting a 1:1 matching without replacement
to control against selection of observable confounders at the sub-district
level (Rosenbaum and Rubin, 1985). Member-farms in these matched
subdistricts were then selected from a census of member-farms through
a stratified random sampling process to arrive at a representative

4 While estimating the impact of longer training on water delivery is a worthy
question, the lack of gauges at inlets and outlets to measure water flows in
distributary canals and watercourses complicates addressing this question (for
examples of such work, see Fernández-Pacheco et al., 2015.

5 Training was directed only at the managers of the farms, not at the listed
members of the farm.

6 A study by the World Bank in 2016 estimated that 56% of the agricultural
work force in Tajikistan is female (Slavchevska et al., 2016).

7 This literature has focused on pest management, seed choice, and fertilizer
application.

8 A broader and worthy research question is “What are the factors that affect
participation in WUAs?” Papers such as Nagrah et al. (2016); Hu et al. (2014)
and Aydogdu et al. (2015) address this question. The current paper is not
equipped to answer this question. Since the aim of this paper is to identify the
effects of training and gender, the study was designed to ensure that subdistricts
served by WUAs created with longer and shorter training were selected in pairs,
matched on other factors that affect participation (see Section 5.2 for more
details). Consequently, the tradeoff is that identifying the effects of other factors
that also affect participation is beyond the scope of this paper.

9 In Tajikistan, a subdistrict is called a jamoat.
10 Tajikistan also has lift irrigation schemes. In these geographies, WUAs have

been established by the World Bank. WUAs in lift irrigation schemes are not
part of the current study.
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sample of farms in Southern Tajikistan. Since there was no organization
for member-farms to participate in before the end of the training,
controlling against selection effects at the farm level entailed using a
difference-in-difference (DID) technique with time-varying and time-
invariant right-hand-side covariates, with data collected in two time-
periods after the training of managers of member-farms was completed
(Balasubramanya et al., 2018).11 This approach introduces a potential
bias in the estimated effects of training due to measurement error, but
controls against selection effects (as demonstrated in Balasubramanya
et al., 2018, and explained further in the methodology section of this
paper).

The paper also considers whether participation is affected when the
farm is operated by a person who was not trained, and whether any effect
depends on the gender of that (non-trained) individual. This is motivated
by the observation that an increasing number of farms (˜ 50% in this
paper) are being operated by individuals (male and female) who were
not directly trained. To keep training costs low, most training programs
train lead farmers (managers in this paper) (Anderson and Feder, 2007),
who are often male (as is the case in this paper). However, diffusion of
information to vulnerable individuals in the community (e.g., see Alesina
and La Ferrara, 2000) and to females (e.g., see Kumar and Quisumbing,
2011; Beaman and Dillon, 2018) has often not been observed when lead
male farmers are trained, since women’s networks are often different
than men’s (Das, 2014; Mayoux, 1995; Agarwal, 2006, p. 284). In the
context of Tajikistan, almost everyone who was trained was male; irri-
gation was historically regarded as “a man’s job” ; the realities of high
male outmigration imply that those who were trained are decreasingly
managing their farms; and the agricultural workforce is getting ‘femin-
ized’ (Mukhamedova and Wegerich, 2018). In these circumstances, an
understanding of how participation is affected when untrained males and
females operate farms can provide information for redesigning training
in participatory irrigation to suit the needs of the workforce, and to
strengthen functioning of irrigation management.

The context of the participatory irrigation intervention renders the
application of other methods of establishing causal effects impossible.
Using a method of synthetic controls (Abadie and Gardeazabal, 2003)
was not possible due to the non-existence of data on participation from
before the starting of the training. Using experimental methods (Tellez
Foster et al., 2017) was not possible due to the non-strategic setting.
Since data on subdistricts were available, they were used to select
matched pairs of treatment and control clusters, in order to control for
selection on observable confounders. This modified DID technique with
the inclusion of time-varying right-hand-side covariates controls for
selection on time-invariant and time-variant unobservable confounders.

This paper contributes to the literature in three ways. First, rather
than using cross-sectional data (e.g., Nagrah et al., 2016; Qiao et al.,
2009); or conducting qualitative analysis (e.g., Aydogdu et al., 2015) to
analyze participation, panel data are used. These data control for sev-
eral types of selection effects and generate evidence needed for adap-
tive management and targeted investments in the early years of in-
stitutions whose success depends on member participation. The second
contribution is to understand how participation, and thus the func-
tioning of these participatory institutions, is likely to be affected as the
gender composition of the agricultural workforce changes due to labor
market adjustments. The third contribution is to contextualize the re-
sults presented in Balasubramanya et al. (2018) that examined the ef-
fects of longer training on WUAs’ performance of mandated functions.
That paper demonstrated that WUAs with longer training were able to
recover membership fees from 19% more members, and were 10%
more likely to hold meetings with members for planning purposes. The
current paper uses a different primary dataset that was collected using a

different study design that was specifically tailored for testing the ef-
fects of training duration and other determinants of farm participation
such as gender.

The results in this paper demonstrate that dehkan farms whose
managers received longer training are 8% more likely to pay their
membership fees; 20% more likely to sign a water contract with the
WUA, and 9% more likely to attend the WUA meetings. Dehkan farms
whose managers received longer training contributed seven more
person-days of labor towards routine pre-irrigation repair and main-
tenance of canals. Participation was not affected when the farm was
operated by a male worker who was not directly trained. However,
participation was negatively affected when the farm was operated by a
female, with such farms 9% less likely to pay their membership fees
than farms operated by males, 11% less likely to sign a water contract,
and 3% less likely to attend the WUA meetings.

A limitation of the paper is that it is not possible to test formally
whether participation outcomes for farms with longer and shorter
training would have changed in the absence of the intervention. This is
because participatory organizations, with longer and shorter training,
came into existence at the same time (2012), which coincides with the
commencement of the intervention under consideration in this paper.
Before 2012, no participatory water management institutions existed,
and consequently, pre-2012 participation data do not exist. The choice
of methods in the paper is based on the observation that standard
methods to control for selection effects cannot be readily employed on
this context.

The remainder of the paper is organized as follows. Section 2 pro-
vides a context for how participatory WUAs evolved in Tajikistan.
Section 3 presents a conceptual framework and reviews literature
concerning length of training and participation in WUAs globally and in
Central Asia, along with literature on the diffusion of information from
trained to other farmers. Section 4 describes the methodology, while
Section 5 presents the study design and Section 6 contains details on
data. Summary statistics and results are presented in Section 7. Section
8 aggregates the results and discusses them in relation to the existing
literature and the evaluation of participatory institutions.

2. Evolution of participatory water user associations in Tajikistan

Within the former Soviet Union, Tajikistan was designated as
Central Asia’s main hub of cotton cultivation, which was practiced on
collective farms (Food and Agriculture Organization of the United
Nations (FAO, 2012). Only 4% of the land in Tajikistan is agricultural,
with 95% of crop cultivation on irrigated land (Food and Agriculture
Organization of the United Nations (FAO, 2012). Southern Tajikistan is
the most populous part of the country, where cotton and wheat pro-
duction are dominant.

WUAs were created in Tajikistan in response to the de-collectiviza-
tion of the collective farms into dehkan (private) farms, which began in
the mid-2000s. With the departure of Russian irrigation specialists and
the lack of Soviet subsidies, irrigation departments—called vodkho-
zes—were not able to deal with the challenge of providing water to
thousands of private farms (Gunchinmaa and Yakubov, 2009; Shahriari,
2009). The government enacted the WUA Law (Republic of Tajikistan,
2006) and named the WUA as the institution responsible for delivering
water to the farms. International assistance for creating these organiza-
tions was requested. WUAs were piloted by several international orga-
nizations and a countrywide program to create new WUAs gained mo-
mentum in 2011. More than 300 WUAs are now functional in Tajikistan,
with the service area typically in the range of 1400 ha to 1600 ha
(Balasubramanya et al., 2016). All WUAs require their member-farms’
participation and cooperation for irrigation service delivery.

Participatory governance and civic engagement are not new to
Tajikistan (Cieslewska, 2010). For instance, even though state-directed
institutions dominated the agriculture and water sectors during the
Soviet era (O’Hara, 2000), traditional neighbourhood (mahalla)

11 This is in contrast to the standard DID approach, where one set of ob-
servations would have been collected at the time the training commenced, and
the other after the training was completed.
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councils, which were elected by the households in the neighbourhood,
played an important, though informal, role in addressing local problems
(including water-related disputes) in the community. Such neighbour-
hood councils continue to play an important role today.

3. Conceptual framework

3.1. Participation in community-managed resource systems

Key among Ostrom (1990) eight principles for managing subtractable
common pool resources is the concept of participation, and the ar-
rangements that facilitate such participation. Participation is viewed as a
way of reconnecting disengaged citizens with the decision-making pro-
cess in contexts of ‘democratic deficit’ (Pratchett, 1999: 619), as well as
improving the quality of those decisions (Martin, 2009). Beyond mere
participation, Gurung (1992: 32) states how it is important that users
‘abide by the terms of agreement before, during, and after the im-
plementation process of the participatory management program.’ The
collective management of common pool resources such as water criti-
cally depends on users continuously following the rules (Cleaver, 1999).

Among decentralized participatory institutions such as WUAs, ex-
ternal professionals may deploy an enabling logic, but the users in fact
perform the service task for themselves (Bovaird et al., 2015). For ex-
ample, WUAs coordinate routine cleaning and repair of irrigation ca-
nals before the start of the irrigation season, but member-farms must
contribute labour (of the workers of the farm) in order to improve ir-
rigation service delivery for all member-farms. Accordingly, users may
be viewed as being in partnership with their organizations, as they
participate to co-produce services (Beresford, 2010).

3.2. Training members in participatory management

In the literature on institutional reform and service provision, it has
become widely accepted that participation of users is required for in-
stitutions to be fully effective (Bovaird et al., 2015). However, when
newly established, members of participatory institutions, such as
managers of member-farms in the case of WUAs, may need training to
comprehend how they need to participate and cooperate with the in-
stitution (Nagrah et al., 2016).

Since these (new) water users may be constrained in participating
and cooperating effectively due to a lack of knowledge (Hu et al., 2014),
the length of the training period provided can be an important variable
determining user participation (Yap-Salinas, 1994). For example, Nagrah
et al. (2016) note that without a sufficiently long period of training,
‘farmers in Pakistan may not be ready or even interested in the task’ of
participating in a WUA and following its rules. In Turkey, Aydogdu et al.
(2015) found that ‘farmers lacked sufficient knowledge regarding WUAs’
and needed more training to perform the WUA functions independently.
In contrast, a ‘high degree of understanding about water user associa-
tions’ was found to be an important factor determining respondents’
satisfaction based on surveys in Inner Mongolia (Qiao et al., 2009: 822).

Concerning post-Soviet states with a similar recent history to
Tajikistan, service user satisfaction and willingness to pay among
Armenian WUAs was compromised by insufficient, unreliable and un-
timely delivery of water, due in part to inadequate training of WUAs
and their users (Alaverdyan and Houston, 2004: 11). In Kyrgyzstan,
improved water delivery was brought about after a lengthy four-year
period of training ‘encouraged member participation’ (Johnson and
Stoutjesdijk, 2008: 311). By contrast, training time was limited or
nonspecific in Uzbekistan, leading to poor rates of payment of fees and
participation in WUA governance (Wegerich, 2000).

3.3. Gender and irrigation

The inclusion on women in water policy emerged as part of a
broader change in neoliberal policy that called for local approach and

people’s participation in water planning and management, in part to
increase cost recovery of projects and improve design and delivery of
services (Zwarteveen et al., 2012; Das, 2014; Whittington, 1998).

In the domestic water sector, the rational for females participating was
that women stood to gain from reductions in time and effort spent col-
lecting water for domestic purposes (Najlis and Edwards, 1991). The
empirical evidence on women’s participation in rural water supply
schemes has been mixed. For example, Narayan (1995) found that only
17% of 121 such projects in 47 developing countries had achieved a high
level of female participation. Reasons for low female participation in-
cluded pre-existing differences in endowments, social norms, perceptions,
local power structures, and division of labor and bargaining power within
the household (e.g. see Agarwal, 2006; Guijt and Shah, 1998; Cleaver,
1998; Meinzen-Dick and Zwarteveen, 1998; Singh et al., 2005; Das, 2014).

In the irrigation sector, Meinzen-Dick and Zwarteveen (1998) have
noted that women’s participation in WUAs in South Asia was rather
low, despite being heavily involved in agricultural activities. Reasons
for low participation included membership rules (often based on land
ownership, which is usually in the man’s name) and high opportunity
costs of women’s time. Van Koppen and Hussein (2007) have pointed
that women’s involvement in irrigation depends on whether the system
is a dual/female farming system, or a male farming system (where men
are the breadwinners); and whether irrigation projects incorporate
multiple uses of water (to include drinking and domestic water use).

While not the focus of this paper, these factors suggest that women’s
participation varies across geographies and cases, and is dependent on
the perceived costs and benefits from participation,

3.4. Migration, agriculture and gender

Rapid changes in the gender composition of the agricultural work
force can change the roles of women in agriculture specifically pertaining
to labor allocation and decision-making. These changes occur due to
changes in household labor availability and cash income sources
(Zimmerer, 1993; Taylor and Dyer, 2006; Gray, 2009). For example, Van
Rooij (2000) finds that migration improved the purchasing power of
households to hire labor, thus reducing women’s effort. In contrast,
Sadiqi and Ennaji (2004) found that women in migrant households in
Morocco reported an increase in workloads. The same authors found
improvements in female autonomy and decision-making by expanding
the set of roles; as did Taylor et al. (2007) in Guatemala. However, Paris
et al. (2005) found reduced autonomy and decision making among mi-
grant households in India due to increased burden of work. The effects of
the roles of women depend on the type of migration, type of household,
access to land and livestock holdings, family structures and size of re-
mittances (Maharjan et al., 2012; Paris et al., 2005; Desai and Banerji,
2008; Gray, 2009). For example, Maharjan et al. (2012) note that in
households with high remittances, women experienced reductions in
physical burden and improvements in decision-making, while those in
households with low remittances experienced the opposite effects.

In contexts such as Tajikistan, where cotton/wheat systems were his-
torically “male” systems (van Koppen and Hussein, 2007), a rapid and
drastic feminization of the dehkan farm production system due to high rates
of male outmigration presents an interesting case. Mukhamedova and
Wegerich (2018) found that despite dehkan farms being “male” systems,
gender-based occupational segregation were being challenged in Tajikistan,
with women stepping into roles that men traditionally performed, in-
cluding irrigation, despite the high opportunity costs of women’s time and
the pre-existing cultural barriers that might hinder such changes.

3.5. Diffusion of information from trained farmers to other men and women

Farmer-training programs are typically designed to improve per-
formance by providing technical information to increase human capital
(Anderson and Feder, 2004). Since farmers often rely on other farmers
for information about agricultural practices (Rees, 2000); such
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programs usually train head farmers or village heads, who in turn share
that technical information with other farmers (Anderson and Feder,
2007). This also keep costs of programs low (Feder et al., 2004).

The literature on whether information diffuses from directly trained
farmers to other farmers and encourages changes in behaviors usually
regards farmers as ungendered12, and the evidence on diffusion is
mixed. For example, Feder et al. (2004) found that while Indonesian
farmers directly trained in pest management reduced pesticide use,
farmers not directly trained did not experience an improvement in ei-
ther knowledge or a reduction in pesticide use. In contrast, in Uganda,
Clausen et al. (2017) found that farmers directly trained in pest man-
agement were also able to reduce the pesticide use of neighboring
farmers. These differences in diffusion of information, and associated
changes in behaviors, are likely to depend on several factors. The
complexity of the knowledge to be shared (e.g., Rola et al., 2002), and
the strength of interpersonal networks (e.g., Tripp et al., 2005) are two
such factors. Also important are the social status of persons chosen for
training (e.g., see Pemsl et al., 2006); and idiosyncratic characteristics
of farmers and their farms (e.g., Fuglie and Kascak, 2001).

In addition to the factors discussed in 3.3 and 3,4, diffusion of in-
formation to women is likely to depend upon whether those who were
trained are part of women’s networks, which are often distinct from
men’s networks (Mayoux, 1995; Das, 2014). Using low cost options to
diffuse information, which often involves using pre-existing networks,
may have unfortunate distributional consequences for diffusion of in-
formation to women. For example, Beaman and Dillon (2018) find that
when the information on composting is spread using existing social
networks in Mali (where networks are among lead male farmers) less
influential farmers and female farmers, in particular, lose out on re-
ceiving valuable information. Within a household, the diffusion of in-
formation is likely to depend on factors that were discussed in Section
3.3. Male migration could change the information that is shared within
the household with women, if the roles of women are likely to change.
However, the same factors (such as family structures, relative bar-
gaining power, social norms and power structures) may prevent women
from gaining information, even when they need to have it in order to
undertake new roles.

3.6. Hypotheses

The paper considers member-mandated functions as specified in the
WUA Law (Republic of Tajikistan, 2006), and introduces a number of
hypotheses regarding the effects of longer training on these indicators.
A list of indicators is provided in Table 1.

a) Irrigation fees: Longer training is expected to increase the prob-
ability of a farm paying the seasonal irrigation fees.

b) WUA membership fees: Longer training is expected to increase the
probability of a farm paying its annual membership fees

c) Participation in pre-irrigation cleaning of canals: Longer training is
expected to increase the number of person-days of labor that the
member-farm contributes towards cleaning.

d) Legal relations: Longer training is expected to increase the prob-
ability of a farm signing a contract with a WUA; and is expected to
increase the probability of the manager or (listed) worker of a farm
attending a WUA meeting.

Training in Tajikistan was imparted to managers (lead farmers),
almost all of whom are male. Irrigation was historically viewed as a
“man’s job” especially on cotton/wheat cultivating dehkan farms. Since
migration has led to the departure of males, and females have expanded

their roles, intra-household sharing of information may have changed
to equip women to execute the job that men were traditionally un-
dertaking. However, the fact that all those who were trained were male,
coupled with pre-existing social norms and women’s relative socio-
economic status, may hamper the extent to which such information is
transferred from men, and received by women. Consequently, partici-
pation is not expected to be affected when non-trained males operate
the farm. But participation is expected to be lower when females op-
erate the farm.

4. Methodology

Consider the following equation:

= + + + × + +Y µ S t S t X( )jt j j jt jt (1)

where Yjt refers to a participation indicator for farm j at time t . Sj is a
categorical variable that denotes the treatment status of farm j, with

=S 1j if the farm manager received longer training, and =S 0j if the
manager received shorter training. The variable reports the causal
effect of longer training on participation. Xjt refers to a set of farm-
specific covariates at time t that might also influence Yjt. jt is the error
term.13

The difference-in-difference (DID) technique identifies the causal
effect of longer training by comparing the average change in partici-
pation over a time period for the treatment group to that for the control
group, while controlling for differences at the starting points and
common time trends. Typically, the DID technique would be executed
by collecting data on participation and other covariates from farms,
first at the start of the training (i.e., when =t 0), and again at some time

>t 0 after training was completed, thus creating a panel dataset.
Therefore, the standard DID technique assumes that both treatment and
control groups were participating even before the training began (that
is Y 0jt when t 0), allowing for a pre-training comparison of trends
in outcomes between the two groups. Under this condition (called the
standard condition), the DID technique eliminates time-invariant un-
observable selection effects (µ in Eq. (1))—such as any farm-specific,
area-specific, or agency-specific fixed effects that are constant over time
but may drive differences in level of participation—and provides an
unbiased estimate of .

However, if participation indicators take values of zero in the pre-
intervention period ( =Y t0 0jt ), then there are no pre-interven-
tion trends to compare. In the case of Tajikistan, there were no parti-
cipatory institutions for farms to participate in, before training began in
the area under study. If the DID technique were implemented by col-
lecting the first set of data on participation and covariates at the start of
the training (when =Y 0j0 for all farms), and by collecting the next set
of data at some time >t 0 for all farms (where Y 0jt for all farms);

Table 1
Participation and satisfaction indicators.

Irrigation Fees
Fees were paid for both irrigation seasons in the year
Farm owed arrears in irrigation fees in the calendar year

WUA membership fees
Membership fees were paid for the calendar year

Participation in pre-irrigation cleaning of canals
# of days donated by farm towards cleaning
# of people from the farm who participated

Legal relations
Farm signed a contract with the WUA
Farm member(s) attended WUA meetings

12 This might be because these farming systems are predominantly single sex;
however, gender roles in agiculture are changing across the globe (World Bank,
2016).

13 The error structure is assumed to follow: =E S t S t( | , ) 0jt j j ). This is
because the identifying assumption is that, by explicitly accounting for, the
errors are uncorrelated with St and t .
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then this would mathematically be equivalent to using cross-sectional
data, rather than panel data. Under this condition, the DID-technique
would not be able to eliminate the time-invariant unobservable selec-
tion effects µ( ), and would provide a biased estimate of .

Since the case of Tajikistan imposes the condition, where for all
farms, =Y t0 0jt ; the difference-in-difference estimator is used in
a modified setting, where both the first and the second sets of data are
collected in time periods after the training was completed. This mod-
ification of standard practice eliminates bias in the estimation of due
to time-invariant unobservable selection effects µ( ), but introduces a
potential bias due to measurement error. However, the magnitude of
any bias due to measurement error is reduced to zero as the first set of
data is collected closer to the time when training commenced (i.e.
closer to =t 0). Therefore, collecting the first set of data as close as
possible to =t 0 would minimize bias due to this measurement error,
while also eliminating bias due to time-invariant unobservable selection
effects (µ). A mathematical proof of the elimination of bias due to these
unobservable selection effects (µ) and a minimization of the bias due to
measurement error as the first set of data is collected closer to the time
when training commences can be found in Balasubramanya et al.
(2018).

Apart from time-invariant unobservable selection effects, there may
be time-varying unobservable selection effects that also bias the esti-
mation of . These are controlled for by including a host of farm-spe-
cific time-varying covariates (Xjt) on the right-hand-side of the modified
DID equation, as demonstrated in Balasubramanya et al. (2018).

5. Study design

5.1. Determining sample size, number of clusters and number of
observations per cluster

A WUA usually provides water to member-farms in one or two
subdistricts14, enabling each subdistrict to be classified as either a
treatment subdistrict (where farm managers received longer training)
or a control subdistrict (where farm managers received shorter
training). Power calculations were conducted to determine the number
of treatment and control subdistricts, the number of observations
within a subdistrict, and the sample size. The minimum detectable ef-
fect (MDE) size was calculated using the formula:

= + + +MDE R
a b a b a a

2.487 (1 ) (1 ) 1 1 1 1
y

t t c c t c

2

(2)

In Eq. (2), ac and at represent the number of control and treatment
subdistricts; and bc and bt represent the number of member-farms per
subdistrict. The variable y is the standard deviation of the outcome
variable; and the variable refers to the intra-subdistrict correlation
associated with that outcome variable. R2 is the coefficient of de-
termination. Outcome variables and their means, standard deviations
( )y , and intra-subdistrict correlations ( ) were taken from the Tajiki-
stan Living Standards Measurement Survey (T-LSMS) (World Bank,
2003).15 The coefficient of determination and the level of confidence
were set at (conventional) rates of 0.8 and 0.95 respectively. Two
outcome variables from the T-LSMS database were used as proxies for
the range of indicators to be assessed. These were: proportion of farms
that irrigated their agricultural plot; and proportion of farms that be-
lieved their plot received adequate water supply.

A sensitivity analysis was subsequently carried out by varying the

number of control and treatment subdistricts (respectively ac and at),
the number of member-farms per subdistrict (bc and bt) and the sample
size. Results using the proportion of farms that irrigated their agri-
cultural plot are reported in Figs. 1 and 2. For a given sample size, the
MDE is smaller as the number of clusters in the sample increases
(Fig. 2), and as the number of observations per cluster in the sample
decreases (Fig. 2). A study design of 40 treatment and 40 control sub-
districts, with 25 farms per subdistrict, emerged suitable; the MDE for
this study design is an increase of 10% in the proportion of households
irrigating their plots; and an increase of 6% in the proportion of
households that felt that their plots had adequate water. For the design
of 40 treatment and 40 control clusters, the MDE falls as the sample size
increases (i.e., the number of observations per cluster increases), but
the change in the MDE is rather small (Fig. 3).16

5.2. Selecting the clusters

Since assignment to longer training was not random, treatment and
control subdistricts to be sampled in this assessment were selected by
constructing propensity scores, and then using a 1:1 matching process
without replacement to select matched pairs of treatment and control
subdistricts. A pre-sampling survey of all subdistricts where irrigated
cultivation of wheat and cotton was practiced (164 of the 406 sub-
districts) was conducted. Of the164 subdistricts, 116 were in Khatlon
Province, 21 in Sughd Province and 27 in DRS Province. Information on
demographic attributes, agricultural practices, land use and farm at-
tributes, and irrigation infrastructure was collected. Propensity scores
were constructed to calculate the probability of each subdistrict being
treated (i.e., where farm managers received longer training). A com-
plete list of attributes that were used to construct the propensity scores
and the model of treatment can be found in Table 2.17

Using the propensity scores, subdistricts with farms whose man-
agers received longer training were matched (using a caliper size of
0.12) to subdistricts with farms whose managers received shorter
training, without replacement to their nearest neighbor (1:1 match), to
select 40 subdistricts of each type. The differences between the sub-
district attributes for unmatched and matched subdistricts is displayed
in Table 3. When unmatched, treatment and control subdistricts dis-
played significant differences on a number of attributes; these differ-
ences did not emerge for the matched pairs.

5.3. Selecting Dehkan farms

Records of the population of dehkan farms were not available in any
government office at the national level. Therefore, a census of all
dehkan farms in the 80 selected subdistricts was undertaken by the
research team. Information on the name of the farm, and the name of
the manager of the farm was collected. In addition, farms were cate-
gorized on two key variables: the type of canal from which the farm was
irrigated (primary, secondary or tertiary); and the farm’s location on
that canal (head, middle, or tail). These two variables affect water
availability at the farm level and may influence participation. For ex-
ample, managers of farms located on the tail of a tertiary canal may be
more inclined to attend WUA meetings because their access to water is
deeply dependent on the actions of farmers at the head. On the other
hand, these managers may be less likely to pay the irrigation fees if they

14 It is unlikely that a dehkan farm is not a member of a WUA. WUAs have
been created across all gravity schemes in Southern Tajikistan, and data col-
lected from WUAs in a separate study demonstrate that all farms in the com-
mand area are member-farms (Balasubramanya et al., 2016)

15 The T-LSMS (2003) was preferred to the T-LSMS from 2007 and 2009 due
to a larger sample of rural households in the agricultural provinces.

16 Results from using the proportion of households that believed their plot
received adequate water supply are also similar.

17 The propensity score also takes into account ethnic composition of sub-
districts, the number of rural health centers and schools, and the number of
agricultural markets in the subdistrict. It also takes into account whether land
reforms have been completed, and the number of years of tenure of the current
subdistrict leader. These could affect selection into treatment, and hence were
accounted for while selecting the treated and control groups.
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perceive that they are unlikely to receive water anyway. A stratified
random sampling method using these two characteristics was used to
select 25 dehkan farms from each of the 80 selected subdistricts, to-
taling 2000 farms. This process randomly selects the nine types of farms
in proportion to their numbers in the population, producing a

representative sample of farms in each subdistrict.

5.4. Clustering

The sample was selected by first selecting clusters (subdistricts) and
then selecting farms within each cluster. Consequently, the econometric
analysis of the data in the paper has been conducted by clustering re-
sults at the sub-district level, to account for the fact than two farms
within the same cluster are likely to be more similar than two farms in
different clusters.

6. Data

A panel data set was collected through surveys conducted with the
2000 farms. The first survey was conducted in 2015 to collect in-
formation on the 2014 calendar year. The second survey was conducted
in 2017 to collect information about the 2016 calendar year.

6.1. Respondent

Both surveys were targeted at the farm-managers, since they are the
operators of the farms and had received the training. However, this was
often not possible, due to overseas or rural-to-urban male migration. For
the first survey, if the manager had not migrated and was in residence
during 2014–2015, the manager was interviewed18 . If the manager was
not in residence during 2014–2015, the (listed) worker of the farm who
had taken on the operations of the farm was interviewed. For the second
survey, if the respondent of the first survey was still in residence, they were
interviewed.19 If the respondent of the first survey had migrated, then the
person who had taken on the operations of the farm was interviewed. In-
terviews were scheduled in advance to check whether the person who had
answered the first survey was available, and to coordinate with the new
operator when needed. Data were also collected on the gender of the re-
spondent (who was the operator of the farm for that calendar year).

6.2. Attrition between first and second survey

In the first survey, respondents from 1957 of the 2000 member-
farms agreed to participate in the study and were consequently inter-
viewed. The second survey was answered by 1855 of the 1957 member-
farms. Using data collected from the first survey, no statistically sig-
nificant differences were observed between farms in the treatment and
control group within the subsample of 102 member-farms that did not
answer the second survey. The primary reason that these member-farms
could not be surveyed again was because production on these dehkan
farms had ceased after the first survey and before the implementation of
the second survey most often due to male migration.

6.3. Final sample

Data pertaining to 1855 member-farms are used in the analysis, with
933 farms whose managers received longer training (treatment group)
and 922 farms whose managers received shorter training (control group).

6.4. Left-hand-side variables

Indicators pertaining to member-farm participation were con-
structed to reflect the roles as delineated in the WUA Law of 2006.
Respondents were asked if the farm has paid its irrigation fees and its
WUA membership dues for the calendar year. Respondents were also

Fig. 1. Relationship between Minimum Detectable Effect and number of clus-
ters for a given sample size.

Fig. 2. Relationship between MDE and number of observations per cluster for a
given sample size.

Fig. 3. Relationship between MDE and sample size (n > = 2000).

Table 2
Constructing propensity scores.

Logit
Treatment Subdistrict

Population of the subdistrict in 2014 0.00 (0.00)
Number of villages 0.033 (0.05)
Total area of the subdistrict 0.00 (0.00)***
Majority of population Tajik (dummy) −0.69 (0.54)
Number of secondary schools in subdistrict 0.07 (0.08)
Number of rural health centers in the subdistrict −0.54 (0.19)***
Number of agricultural markets in the subdistrict 0.40 (0.29)
Chairman born in the subdistrict (dummy) 0.16 (0.64)
Number of years of election of the chairman −0.07 (0.07)
Elevation of the subdistrict (m ASL) 0.00(0.00)
Sandy soil (dummy) 0.00 (0.55)
Deep groundwater level (dummy) −0.81 (0.52)
Land reform completed (dummy) 2.54 (0.69)***
Cotton main crop of the subdistrict (dummy) 2.84 (0.66)***
Subdistrict irrigated by gravity system (dummy) 0.61 (0.67)
Constant −3.89 (1.49)***
Pseudo R2 0.402
Sample size 164

18 We did not find any case where the manager who was trained was in re-
sidence but was not the operator of the farm.

19 We did not find any cases where the respondent of the first survey was still
in residence and was not the prime operator of the farm.
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asked to report on the number of (listed) workers of the farm who had
participated in canal cleaning and the number of days of labor each of
those workers had contributed, in order to calculate person-days of
labor that the farm had contributed towards repair and maintenance.
Finally, respondents were asked if the farm had a signed a contract with
the WUA for the calendar year, and if the farm had been represented at
the WUA planning meetings in the calendar year. Data on these in-
dicators were collected in both surveys.

6.5. Right-hand-side variables

Data on farm membership size and demographics, cotton acreage,
and cultivation of other crops were collected. These data were also
elicited in both surveys. Table 4 provides summary statistics for these
key variables.

In 2014, a male who was not directly trained operated 30% of farms
in the treatment group and 35% of farms in the control group. In 2016,
males who were not directly trained operated 29% of farms in the
treatment group and 31% of farms in the control group. Regarding the
gender of the farm operator, females operated 10% of the treatment
group farms and 11% of the control group farms in 2014. For 2016,
these values changed to 16% and 19% for treatment group and control
group respectively. The number of (listed) workers of the farm did not
change significantly within and between groups across years; they fell
from ˜ 7 workers to ˜6 workers for the treatment group and from ˜8

workers to ˜7 workers for the control group.
The gender composition of the workers of the farm listed on the

farm-title changed within and between groups; while 46% and 48% of
listed farm-workers in the treatment and control groups during 2014
were female, 53% and 51% of listed farm-workers in the treatment and
control groups during 2016 were female. Their difference-in-difference
((53-46) – (51-48)) is 4%, and is significant at 5%. The share of workers
of the farm listed on the farm-title spending the majority of their
working time on the farm increased within both groups but not between
groups. While 79% of listed farm-workers in the treatment group and
72% of listed farm-workers in the control group worked a majority of
their time on the farm during 2014, these increased later to 87% and
82% for the treatment and control groups, respectively. The number of
households associated with the member-farms did not change, staying
at around three households for both groups during both surveys. The
area of land covered by the title of the member-farms also did not
change much between the two surveys for both groups. This is because
rental markets for land are not well-developed in Tajikistan.20

The cultivated area of the member-farms did not significantly
change within and between the two groups over the two surveys. In
2014, the treatment group cultivated 4.19 ha per member-farm on

Table 3
Differences between treatment and control group for unmatched and matched sample.

Treatment - Control

Unmatched Matched
Mean (Std Dev) Mean (Std Dev)

Population of the subdistrict in 2014 797.18 (1446.5) −845.48 (2000.07)
Number of villages −1.34 (1.08) −0.775 (1.45)
Total area of the subdistrict 2770.21 (2888.16) 1537.04 (3992.63)
Majority of population Tajik (dummy) −0.13 (0.07)* −0.1 (0.09)
Number of secondary schools in subdistrict 0.51 (0.69) −0.125 (0.98)
Number of rural health centers in the subdistrict −1.03 (0.33)*** −0.125 (0.28)
Number of agricultural markets in the subdistrict 0.09 (0.15) −0.125 (0.22)
Chairman born in the subdistrict (dummy) 0.05 (0.07) −0.1 (0.09)
Number of years of election of the chairman 0.12 (0.62) 0.4 (0.81)
Elevation of the subdistrict −178.22 (56.08)*** −56.48 (70.73)
Sandy soil (dummy) 0.04 (0.07) −0.025 (0.1)
Deep groundwater level (dummy) −0.23 (0.08)*** −0.11 (0.11)
Land reform completed (dummy) 0.34 (0.08)*** 0.125 (0.09)
Cotton main crop of the subdistrict (dummy) 0.48 (0.08)*** 0.17 (0.11)
Subdistrict irrigated by gravity system (dummy) 0.06 (0.07) −0.025 (0.09)
Number of observations 164 80

Table 4
Summary statistics for first and second survey data.

First Survey 2014 Second Survey 2016

Treatment Control Treatment Control Difference-in Difference

N Mean (Std Err) N Mean (Std Err) N Mean (Std Err) N Mean (Std Err) Mean (Std Err)

Farm operated by non-trained male 933 0.30 (0.02) 922 0.35 (0.02) 933 0.29 (0.02) 922 0.31 (0.02) −0.02 (0.02)
Farm operated by female 933 0.10 (0.02) 922 0.11 (0.01) 933 0.16 (0.02) 922 0.19 (0.02) 0.00 (0.02)
Number of members 928 6.71 (0.47) 908 7.84 (0.70) 928 6.07 (0.39) 908 6.96 (0.46) 0.24 (0.60)
Share of members that were female 910 0.46 (0.01) 875 0.48 (0.01) 910 0.53 (0.01) 875 0.51 (0.01) 0.04 (0.01)**
Share of members spend majority of time 911 0.79 (0.02) 833 0.72 (0.02) 911 0.87 (0.01) 883 0.82 (0.02) −0.03 (0.03)
Number of households 931 3.18 (0.26) 911 3.20 (0.31) 931 3.06 (0.27) 911 3.17 (0.22) −0.09 (0.29)
Area with official title (ha) 933 5.15 (0.44) 921 5.33 (0.71) 933 4.53 (0.29) 911 5.38 (0.90) −0.65 (0.54)
Cultivated area (ha) 932 4.19 (0.25) 918 4.43 (0.54) 932 4.01 (0.26) 918 4.48 (0.55) −0.23 (0.29)
Irrigated area (ha) 933 4.15 (0.24) 917 4.05 (0.51) 933 3.95 (0.25) 917 4.18 (0.47) −0.32 (0.29)
% farms cultivating cotton 929 0.67 (0.03) 919 0.47 (0.06) 929 0.70 (0.03) 919 0.49 (0.05) 0.01 (0.02)
Area under cotton cultivation (ha) 545 3.27 (0.29) 382 3.95 (0.73) 545 3.18 (0.29) 382 3.81 (0.84) 0.05 (0.27)

20 In the first survey, the per-farm land rented was 0.14 ha for the treatment
group and 0.13 ha for the control group. In the second survey, these numbers
were 0.15 ha and 0.09 ha for the treatment and control group respectively.
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average, and the control group cultivated 4.43 ha; these changed to
4.01 ha and 4.48 ha in 2016 for the treatment and control group re-
spectively. Irrigated area of the member-farms also did not significantly
change within and between the two groups. In 2014, the treated group
irrigated 4.15 ha and the control group irrigated 4.05 ha on average;
these changed to 3.95 ha and 4.18 ha in 2016. The share of member-
farms cultivating cotton remained the same within each group; in 2014,
67% of treatment member-farms and 47% of control member-farms
cultivated cotton, and in 2016, these changed to 70% of treatment
member-farms and 49% of control member-farms. The area under
cotton cultivation also remained the same between both within and
between the groups. In 2014 the treatment member-farms cultivated
3.27 ha of cotton on average and the control member-farms cultivated
3.95 ha of cotton on average. In 2016, the treatment member-farms
were cultivating 3.18 ha of cotton while the control member-farms were
cultivating 3.81 ha of cotton, on average.

The following variables were only measured during the first survey,
because they either changed at the same rate over time for both groups,
or were time-invariant. Treatment and control member-farms were of
the similar age, with treatment member-farms ˜4.83 years old (standard
deviation (sd) = 0.32) in 2015 and control member-farms around 5.63
years old in 2015 (sd = 0.47). The average treatment member-farm was
˜1.75 km away from the nearest road (sd = 0.27), while the average
control member-farm was 2.03 km away (sd = 0.33). The age of the
member-farm manager was similar for both groups, with managers
around 48 years of age in 2015 (standard deviation of 0.43 and 0.48 for
the treatment and control group respectively). The treatment group had
a slightly higher share of member-farm managers who had completed
secondary education, with 29% as compared to 24% for the control
group. These variables were also included on the right-hand-side of the
difference-in-difference estimating equations but the estimated coeffi-
cients are not reported in the paper because, being time-invariant, they
are eliminated by the difference-in-difference technique during esti-
mation.

7. Results

7.1. Causal effects of longer training on participation and cooperation

Member-farms whose managers were provided with longer training
were 8% more likely to pay their membership fees than member-farms
whose managers were provided with shorter training (p < 0.10)
(Table 5). Member-farms receiving longer training contributed seven
more person-days of labor per member-farm (p < 0.01) towards pre-
irrigation season cleaning of canals, were 19% more likely to have
signed a contract with their WUAs (p < 0.01) and 9% more likely to
attend the WUA meetings (p < 0.05).

The coefficients of determination (R-squared) in these regressions
are low, because these are not ordinary least squares regressions with
cross-sectional data. Since these regressions are difference-in-differ-
ences (fixed effects) using panel data which is clustered at the sub-
district, the F-statistic is a more reliable indicator of explanatory power.
These values are below 0.1 for the regressions where the effect of
training is positive and significant at the usual levels.

7.2. Effect on participation when farm was operated by non-trained male
worker

The likelihood of a farm paying its irrigation fees, WUA membership
fees, signing a contract with the WUA and being represented at WUA
planning meetings was not affected when the farm was operated by a
non-trained male worker (Table 5).

However, when the farm was operated by a male worker who had
not been directly trained, that farm contributed two fewer man-days of
labor than when the farm was operated by the manager who had been
directly trained (p < 0.1; Table 5). While shortages of labor may be an

explanation, a negative effect is not observed when farms are operated
by females (which usually happens when males migrated; see Section
7.3 below).21

7.3. Effect on participation when farm was operated by non-trained female
worker

The gender of the operator of the farm was significant in de-
termining participation. As seen in Table 5, a farm operated by a female
worker (who were not trained, because only managers were trained and
almost all managers are male) was 9% less likely to pay its membership
fees (p < 0.01); 11% less likely to sign a contract (p < 0.05); and 3%
less likely to attend WUA meetings (p < 0.1). 22

8. Discussion

In countries such as Tajikistan, formal participatory institutions for
irrigation are being newly developed after the state-control era of the
Soviet Union. Participatory irrigation required members to participate,
so that irrigation services can be generated for all; if an important share
of members do not participate, that compromises the delivery of irri-
gation services even for those who do participate, a classic collective-
action problem. While training in participation is usually provided to
lead farmers who are often male (managers in the case of Tajikistan),
larger macroeconomic and labor-market forces are changing gender-
based roles in agriculture. Understanding the role of the length of
training in enhancing participation in WUAs, and examining whether
participation is lower when farms are managed by (non-trained) female
workers is important to understand whether program design and pol-
icymaking can have a role to play in increasing participation, so that
the irrigation system can continue to function and deliver services for
all members.

Such evidence is often hard to generate due to methodological
challenges. Quantitative assessments of participation in newly created
community management institutions is challenging because control
groups and baselines are often difficult to identify. Selection into par-
ticipatory organizations is not random, complicating the isolation of
causal effects from observable and unobservable confounders. Further,
when participatory institutions are created for the first time, all parti-
cipation variables take values of zero at baseline because the inter-
vention also created the notion of membership, further complicating
the elimination of unobservable confounders.

In this paper, these methodological challenges were addressed using
quasi-experimental methods to construct a control group; a modified
baseline after the newly created institutions started functioning to
control for time-invariant unobservable confounders; and a difference-
in-difference approach with a range of right-hand-side indicators to also
control for time-varying confounders. Though there is a potential bias
in the results due to measurement error, the bias due to selection effects
is controlled for, and the results can provide evidence for programming
and decision-making.

The results demonstrate that farms that had longer training had a
higher probability of paying their membership fees, signing a water
contract, and attending WUA meetings. Information on participation
diffused from trained male managers to untrained male workers, but

21 All regressions, including the one pertaining to contribution of man-days of
labor include the number of farm members, the share of members that work
permanently on the farm, and the share of members that are female, to control
for changes in labor and gender composition. None of these is significant in
column 3 of Table 5.

22 The negative effect of female farm management on participation does not
depend on the length of training. Interacting the female operator variable with
longer training, and including it in all regressions does not appear significant at
10%; and the magnitude and significance on the longer training variable re-
mains the same whether this interaction term is included or not.
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not from trained male managers to female workers. This is demon-
strated by the absence of a significant effect on participation when
farms were operated by male workers who were not directly trained,
and by the presence of a significantly lower effect on participation
when farms were operated by female workers.

Such evidence is useful for programming purposes. Since longer
training produces greater participation, supplemental or refresher-
training modules can be designed to provide targeted training in areas
where shorter training was provided. If more female workers are likely
to operate farms, then investing in the human capital of female workers
by directly training them in participatory management may be needed,
rather than relying on traditional methods of training (male) lead
farmers and expecting diffusion to other farmers across gender lines. In
addition, in the current context where most migrants are males, the
functioning of young participatory organizations such as WUAs may be
enhanced if knowledge is housed with female workers. These new
trainees are economically less mobile, and have to continue farming to
feed their families even while males are absent.

Training female farmers directly will require changing the design of
training programs. Trainings may need to be conducted by bringing
together a male and female representative from each farm, and bringing
together members of geographically proximate farms, so that both sexes
receive the same information. In the event that only women are trained,
breaking the training into smaller modules, grouping women who be-
long to the same social network (e.g. extended family, neighborhood),
and ensuring a mixed age of women are present in the group may help
increase the probability of attendance from a cultural perspective.
Female trainers will be required if women are to be trained, but also if
male-female pairs from the farms are to be trained (trainers would also
be in male-female pairs). Since the opportunity cost of women’s time is
high, childcare services may need to be provided at the training loca-
tion during training hours, in order to encourage attendance. Keeping
the training location at the village may also reduce barriers to female
mobility. These changes in the design of training programs are neces-
sary, but not sufficient, conditions for building capacity of female
farmers, who now form 55% of the agricultural workforce.
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