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This study contributes to the understanding of long- and short-term determinants of cooperation among
water users. We experimentally investigate the potential of water users’ self-governance in enhancing
their contributions to a common pool as opposed to external regulation. Our focus is on the irrigated
areas of Kazakhstan and Uzbekistan. Due to their Soviet past, these countries have a reputation for low
bottom-up cooperation potential. Based on the different pre-Soviet irrigation traditions of the two study
sites, we assess the effectiveness of short-term incentives compared to long term cultural factors of coop-
eration. History might matter, but we find it does not predetermine the success of current water decen-
tralization in ancient as compared to relatively recently established irrigation sites. Our study reveals that
external regulation, in fact, decreases farmers’ cooperation, whereas face-to-face communication
increases it. This finding calls into question the top-down approach prevalent in current water policies
of the region. Moreover, it suggests the viability of endogenous cooperation and hence encourages the
implementation of truly self-governed water management policies in Central Asia. However, the substan-
tial heterogeneity in individual contributions apparent at the village level also signals a warning that one-
size-fits-all approaches to local cooperation are unlikely to succeed.
� 2018 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

At least since Hardin’s (1968) publication of the ‘‘tragedy of the
commons”, how to prevent natural resources from over-
exploitation has been a long-standingmatter of academic and prac-
tical debate. Today many scholars argue that resources such as
water, pastures or forests should be managed by local communities
based on self-management principles rather than subjected to com-
mand and control regulation by a central government authority
(Dietz, Ostrom, & Stern, 2003; Ostrom, 2005; Pretty, 2003).

Yet the literature also increasingly acknowledges that arrange-
ments for natural resource management which work in some
places cannot be easily transplanted to others, and that some coun-
tries or cultures may even be less suitable for local resource man-
agement models than others. For example, experimental work in
fifteen indigenous societies found enormous variation in the levels
of individual selfishness or in willingness to contribute to the pub-
lic good (Henrich et al., 2004). The prolific literature on social cap-
ital recognises that mutual trust among individuals and the
inclination to cooperate vary a lot across localities and may
obstruct their long-term prosperity (e.g. Guiso, Sapienza, &
Zingales, 2004; Knack & Keefer, 1997; Putnam, Leonardi, &
Nanetti, 1993). Views widely differ, however, to what extent such
social capital is pre-determined by cultural endowments and his-
torical antecedents that resist any short-run modification. If this
was the case, policymakers can hardly hope to promote local coop-
eration by institutional reforms or other interventions, a view that
runs counter to the very idea of development policy.

In this article, we focus on Central Asia, a world region that has a
reputation for low levels of generalised trust among individuals
(Rose-Ackerman, 2001) and that struggles to establish a vibrant civil
society and effective grassroots organisations (Omelicheva, 2015).
Attempts by international donors to promote principles of Inte-
grated Water Resources Management (IWRM) in the region have
beendecisivelymixed (Yakubov, 2012; Zinzani, 2015). Bymodifying
afield experimental settingdue toCárdenas, Rodriguez, and Johnson
(2011), we investigate the contributions of individual farmers to a
public irrigation infrastructure in two agricultural regions of Kaza-
khstan and Uzbekistan. Our interest focuses on the following ques-
tions: How does self-governance of farmers affect their
contributions to the public infrastructure compared to exogenous
regulation based on penalising defectors? How effective are such
short-termalterations of incentives in relation to long-term cultural
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factors?What can thus be learned for the prospects of self-governed
water management in these regions?

Our experiments were conducted in twelve villages in South
Kazakhstan (Maktaaral district) and Samarkand provinces in
2016, involving 235 farmers in a total of 47 sessions. We chose
the villages according to their up-, mid-, and downstream location
along major irrigation canals. During the experiments, farmers
obtained an endowment to be allocated either for private con-
sumption or to a public irrigation fund. Depending on the size of
the irrigation fund, water availability and thus returns from farm-
ing for individual farmers increased. Based on experimental proto-
cols developed by Cárdenas et al. (2011) and a regression analysis
of the data, we test the effect of two treatments on the share of
farmers’ budget dedicated to the irrigation fund: group-internal
communication during the experiments as a facilitator of self-
governance and penalties for defectors as a form of external
regulation.

In addition, we selected the experimental locations in a way
that allows comparison of country and possibly cultural influences.
Our two study sites have a very different history of irrigation
development and, since the collapse of the Soviet Union, belong
to two independent states with specific policy contexts. Irrigation
in Samarkand had been managed at the community level since
ancient times. Local water consumers used to elect and sanction
water masters (mirabs) for centuries (O’Hara, 2000). To the con-
trary, a large-scale irrigation infrastructure and bureaucracy was
brought to South Kazakhstan (on 19 June 2018 renamed as Turk-
istan region) only by the Soviets in the early 20th century
(Obertreis, 2017). Since independence, however, Kazakhstan has
moved further towards a decentralised system of water manage-
ment than Uzbekistan, and agricultural water policy has been more
liberal (Zinzani, 2015). At the same time, the majority populations
in the two study sites share a Turkic ethnicity and Muslim religion
as well as a history of first Russian and then Soviet political control.

Against the stereotype that trust and the self-organising power
of citizens in the post-Soviet societies is underdeveloped, we find
that the option to communicate within the group of users
increased individuals’ commitments to the common pool in a sta-
tistically significant way. While this is now a standard result in the
literature (Cárdenas & Ostrom, 2004; Cárdenas et al., 2011), our
study is among the first to confirm it for water cooperation in Cen-
tral Asia and the post-Soviet realm in general. Consistent with
research on the crowding out of publicly spirited behaviour by gov-
ernment regulation (Bowles, 2008), we also find that strong penal-
ties reduce individual contributions. However, this effect was
statistically significant only in our Kazakhstani site. Across our core
econometric specifications, water users in Kazakhstan contributed
significantly more to the irrigation infrastructure than those in
Uzbekistan. Even so, differences between villages irrespective of
their location in either one of the countries were even more pro-
nounced than between countries per se.

These results allow us to speculate about the long- and short-
term drivers of water cooperation in Central Asia. We don’t find
evidence that cooperation is more prevalent in societies that have
a long standing tradition of labour- and coordination-intensive
agriculture (such as in the irrigated areas of Uzbekistan). This
result disagrees with studies such as by Talhelm et al. (2014) trying
to establish a ‘‘rice theory of culture” but supports von Carnap
(2017) arguing that there were no clear-cut connections between
historical agricultural practices and current levels of social capital
in India. Our findings suggest that in comparison with paternalistic
Uzbekistan, the more liberal style of local governance in post-
independence Kazakhstan encouraged individual cooperation.

Our results thus call into question the long-term cultural deter-
mination of local cooperation. They rather suggest that short-term
policy modifications of water users’ interactionmay well have rele-
vant effects on cooperation outcomes. In our study sites, other than
top-down regulation, autonomous interaction by group members
can improve their willingness to contribute to the common good.
At the same time, the general inclination to work together was
highly location specific. Taken together, these experimental results
should encourage policymakers in Central Asia to pursue an agenda
of decentralisation and local self-governance for water
management.

The next section briefly reviews the literature describing both
short-and long-term determinants of cooperation in the commons
in an experimental and cultural context. Section three explores his-
torical and current patterns of irrigation management in Central
Asia. Section four elaborates on how field experiments capture con-
text and inform policy. Section five, then, gives the core hypotheses
of the study and provides insights into our experimental design and
methodology. Section six presents the results to be discussed in the
context of the literature, and section seven concludes.
2. Determinants of cooperation in the commons

2.1. Information layers

The management of common pool resources (CPRs) represents a
social dilemma, where human subjects face a situation in which
individual interest conflicts with group interests. Consequently,
organizing users’ groups to achieve a collective solution is prone
to free riding (Hardin, 1968). To understand how it could be over-
come, Cárdenas and Ostrom (2004) ask how individuals make deci-
sions concerning the use of natural resources within a group
context and how those individuals come up with self-governed
solutions mitigating the unsustainable exploitation of CPRs. They
suggest that the participants of the experiment transform the
material payoffs into a subjective-internal game in the field, driven
by three categories of variables: (i) the material payoff of the game,
(ii) the group-context and (iii) identity layer variables.

The information belonging to the material-payoff layer is the
common knowledge of formally introduced rules of the game. Fur-
thermore, the decisions of the individual might depend on how
much that person knows about other participants of the game.
The group composition knowledge thus refers to processes of
reciprocity and retaliation, which might affect the level of trust
and, thus, the cooperation decisions. Additionally, there are some
types of information which are possessed or stored by the individ-
uals themselves. This type of information about their identity is not
conditional on others’ behaviour in the game, but rather reflects
the players’ own characteristics, cultural and moral values, percep-
tions and experiences (Cárdenas & Ostrom, 2004).

This multi-layer framework helps to explain how other factors
than short-run material payoffs will affect the cooperation decision
of actors. In fact, the layers may make cooperation the best
response in the internally re-constructed game. But they also illus-
trate how some of these factors may be influenced by on-the-spot
alterations of material payoffs, whereas others are predetermined
by long-term processes of socialisation and cultural identity for-
mation. This distinction has important implications for the extent
to which cooperation can be influenced by policy measures, as they
typically affect material payoffs only. If, in a given empirical set-
ting, cooperation outcomes are largely driven by material payoffs
rather than culture, institutional and policy reforms will have a
much bigger leverage to affect these outcomes.
2.2. Treatments as stylized interventions

In experimental research, two widely studied options for influ-
encing cooperative outcomes include endogenous cooperation via
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communication and external regulation via penalties. Laboratory
experiments extensively proved the positive effect of communica-
tion on individuals’ decision to cooperate in a repeated common
pool resource environment. Ostrom and Walker (1991) found that
when the communication was costless, players were able to suc-
cessfully use this opportunity to efficiently improve their own
understanding of the game settings, devise verbal agreements over
the implementation of strategies and deal with non-conforming
players. Furthermore, sanctioning opportunities, on a volunteer
and majority-rule base, enabled the groups to achieve the highest
average net yield (Ostrom, Gardner, & Walker, 1994). Furthermore,
Cárdenas et al. (2011) detected similar positive effects of commu-
nication on cooperation decisions in a field experimental study
with Colombian and Kenyan CPR users under anonymous individ-
ual decision making.

On the other hand, when faced with a credible threat of punish-
ment, free riders will be induced to cooperate as well (Falk, Fehr, &
Fischbacher, 2002). Tenbrunsel and Messick (1999) found that in
dilemma situations, cheating was more likely to occur when sanc-
tioning was weak. They also found evidence that sanctions made
more people think of the decision as a business decision rather
than an ethical one. When sanctions were high, cooperation could
only be induced for the individuals who considered the decisions
to be a business problem. However, Andreoni and Varian (1999)
argue that the implementation of explicit incentive devices in the
form of sanctions may also be damaging as they might crowd-
out voluntary cooperation. If sanctions signal that selfishness is
an appropriate response, if they compromise individuals’ sense of
self-determination, or if they convey an atmosphere of distrust or
unfair treatment, they are likely to undermine the inclination to
contribute to the common good (Bowles, 2008). Cárdenas et al.
(2011) found a positive high-penalty effect as opposed to a nega-
tive effect of low-penalty treatment, thus supporting Tenbrusel
and Messick’s findings.

2.3. Long-term determinants

The long-term determinants of cooperation have recently
become the focus of empirical work using the concept of social
capital, such as norms of reciprocity and networks of civic engage-
ment (Putnam et al., 1993, p. 167). von Carnap (2017) reviews the
literature showing how agricultural practices and agro-ecological
conditions of the past continue to exert an influence on the
current-day organisation of cooperation. This work has become
more fine-grained and focusing on specific subgroups of popula-
tions or societies. For example, Cohen, Nisbett, Bowdle, and
Schwarz (1996) analysed behavioural differences between US
males grown up in Northern or Southern states of the US to argue
that descendants of pastoralists (the Southerners) display more
aggressive behaviour than those of crop farmers (the Northerners),
as they were used to defend their territory. Northerners, on the
other hand, were more inclined to cooperate and coordinate. In
their ‘‘rice theory of culture”, Talhelm et al. (2014) show that Chi-
nese students originating from rice growing regions displayed
more interdependent and collectivist behaviour than students
from wheat growing regions. They argue that rice growing needs
much more coordination and interpersonal exchange in irrigation
and labour management.

Cultural predispositions may make short-run policies more or
less effective. For example, Cárdenas and Ostrom (2004) provide
evidence of stronger externally introduced rule compliance among
participants who self-classified as ‘‘state-believers”, i.e. players
who indicated that the state organization should take care of local
CPR management. According to Wittfogel’s (1957) classic theory of
‘‘hydraulic societies”, the need to coordinate water management
fostered the emergence of strong and hierarchically structured
states based on rule compliance. On the other hand, more ‘‘individ-
ualistic” societies may be more inclined to rely on grassroots
organisation and self-governance. In particular, the degree of
autonomy that local communities enjoy vis-à-vis a central govern-
ment has been shown to be a decisive factor in improving local
self-management of the commons (Ostrom, 2005, pp. 219–254;
Wade, 1988).
3. The context of irrigation management in post-Soviet Central
Asia

3.1. From ancient to Soviet water management practices

Dominated by low-lying deserts and flanked by extensive
mountain ranges, the Central Asia region has been dependent on
irrigation water conveyed by river streams since the beginning of
civilization (O’Hara, 2000). Water availability determined the loca-
tion of early settlements, but ancient agricultural producers
learned how to use this scarce resource as effectively as possible
by establishing widely branched irrigation networks, water lifts,
and accompanying management systems (Abdullaev &
Rakhmatullaev, 2013; Dukhovny & de Schutter, 2011). Ancient
cities like Bukhara, Samarkand or Merv thrived on their ability to
economize on the precious resource. Archaeologists and historical
geographers documented how traditional water management
relied on a highly hierarchical system of water masters (mirabs)
who nevertheless were accountable to the water user communi-
ties. Specifically, the water masters were elected by water users
and were paid a portion of the grain harvest, thus providing incen-
tives for productive water management (O’Hara, 2000, p. 373). His-
toric water user associations (ketmans) encompassing several
villages were responsible for the local maintenance of the irriga-
tion system and entrusted elders (aksakals) to decide about water
distribution. Accountable to their local neighbourhood community
(mahalla), elders would conscript the water users for regular con-
struction and maintenance work (Dadabaev, 2017a). Villagers who
refused to take part in labour mobilisation campaigns (hashar)
would be fined or denied access to land and water.

The advent of first Russian Tsarist and later Soviet control of
Central Asia in the early twentieth century undermined the tradi-
tional systems of water management. It replaced them by a state-
run water bureaucracy detached from the finely calibrated incen-
tive systems that had ensured productive water use for centuries
(O’Hara, 2000). Central Asia became a major cotton exporter to
the rest of the Soviet Union, as vast areas of former desert and
steppe land were turned into irrigated cotton plantations
(Dukhovny & de Schutter, 2011; Obertreis, 2017). For example,
major land development took place in the Hunger Steppe, includ-
ing the Maktaaral district of the then Kazakh Soviet Socialist
Republic (SSR), and in the Vaksh river valley in the Tajik SSR. Under
the order of Moscow, massive canal structures were constructed
and local decision making was replaced by scientifically deter-
mined irrigation norms administered by agricultural and water
ministries and their local agencies. Workers from other parts of
the Soviet Union or formerly nomadic Kazakhs were settled in
the newly developed territories (Obertreis, 2017). In the existing
settlements, social institutions such as the neighbourhood commu-
nity were absorbed by the collective and state farms established by
the Soviets (kolkhozes and sovkhozes; Sievers, 2002). As in other
parts of the Soviet economy, coordination failures, inefficiencies
and the squandering of resources loomed large. However, access
to water was no longer regarded as a problem: ‘‘Diversion schemes
brought what seemed to many an infinite supply of free water; the
population, who had long viewed water as a scarce commodity,
forgot its worth” (O’Hara, 2000, p. 376). Considered nowadays
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one of the biggest environmental disasters of humankind, exten-
sive irrigation led to the almost complete desiccation of the Aral
Sea (Micklin et al., 2014).

The disintegration of the Soviet Union in 1991 left the indepen-
dent republics of Central Asia with a legacy of dilapidated irriga-
tion networks, an inefficient and underfunded water
administration, a cotton monoculture planted on increasingly
salinized soils and the challenge to develop a strategy for their
agricultural sectors (Lioubimtseva & Henerby, 2009; Saiko &
Zonn, 2000). Administrative borders between the former Soviet
republics that were almost invisible before suddenly raised the
question of who would be entitled to use the water resources of
the major transboundary rivers. Each independent republic
embarked on a process of national identity formation that also
led to different styles of governmentality and economic develop-
ment strategies. Despite the common Soviet history, notable differ-
ences emerged between the two most populated countries of the
region, Kazakhstan and Uzbekistan.

3.2. Governance approaches in independent Kazakhstan and
Uzbekistan

Since independence, both Kazakhstan and Uzbekistan have
been ruled by long-standing presidents who had been appointed
as party leaders already during the late Soviet Union. However,
referring to popular perceptions, Adams and Rustemova (2009, p.
1272) described state leadership in Kazakhstan as ‘‘managerial,
flexible and pragmatic”, whereas Uzbekistan’s government was
seen as ‘‘paternalistic and dogmatic”. The authors’ review of the
recent academic literature suggests that these attributes of govern-
mentality in both countries may reflect historic agro-ecological
characteristics of the two nations:

‘‘The nomadic Kazakhs had loose governmental structures that
required consensus among various leaders, thus permitting them
considerable autonomy, whereas sedentary societies such as that
of the Tajiks and Uzbeks ... required strong central control, reward-
ing submission to the needs of the group, which leads to monitor-
ing and control over individual behaviour. ... State centralisation in
Kazakhstan may also be hampered by the vastness of the territory
and low density of Kazakhstan’s population, ... [which] led to an
elite at the time of independence that was divided ethnically and
regionally fragmented, pulling the state in various directions and
resulting in a greater diversity of policy and greater pragmatism”.
On the other hand, ‘‘Uzbekistan’s dense rural population and the
distribution of water for the irrigation-dependent agriculture that
makes up a large part of Uzbekistan’s economymake it a ‘hydraulic
economy’” (p. 1274).

We concur with Adams and Rustemova that such historical
determinism should be critically scrutinised, yet the agricultural
reform paths chosen in both countries after independence and sub-
Table 1
The two study sites in comparison.

Maktaaral (Kazakhstan)

Historical water
management practices

Soviet land & irrigation development, water
bureaucracy

Post-independence
strategic role of
agriculture

Production widely liberalised, emergence of a private
cotton chain, recent subsidy increases

Land tenure Private land ownership possible, long-term leases of
state land

Farm restructuring Dissolution of state farms in early 1990s, av. cotton
farm has 6 ha of land

Water governance Formation of water user associations in 1990s, state
water agency

Source: authors.
sequent scholarly analysis lend some support to the general ten-
dency (Table 1). Kazakhstan followed a course of gradual
liberalisation of agriculture, dismantled the former collective farms
and introduced private land ownership in 2003 (Petrick & Pomfret,
2018). In South Kazakhstan province, currently about half of the
land is used by individual farms. The remaining land remains in
state farms or private agricultural enterprises. On average, individ-
ual farms in South Kazakhstan cultivate much less land than sim-
ilarly organized farms in the rest of the country, about 6 hectares of
arable land per farm. A private cotton export sector had emerged in
the 1990s that re-attracted government attention only recently
(Petrick et al., 2017).

To the contrary, Uzbekistan left the existing state administra-
tion of cotton production widely intact and sweepingly introduced
private farms only in the 2000s (Pomfret, 2008). This combination
created a very particular Uzbekistani individual farmer who ‘‘has to
bear the contradictions of being a state-steered, but privately
owned, family managed enterprise” and who faces indirect taxa-
tion for production of state order crops such as wheat and cotton
(Trevisani, 2007, p. 150). On a more general level, in Uzbekistan,
‘‘the state is still perceived by the people as the most legitimate
organization for meeting their needs. Fundamental respect for
the state as a legitimate representative institution is maintained
in the minds of the people and is rooted in the Soviet-era political
traditions and mindset in which the government was expected to
provide an adequate living standard while the people did not chal-
lenge its authority” (Dadabaev et al., 2017, p. 17). The traditional
institution of the Uzbekistani neighbourhood community
(mahalla) underwent a gradual transformation that turned it into
a hybrid organisation increasingly integrated into official legisla-
tion and co-opted by the government to exercise control over its
citizens. This process started under Soviet rule and was further
promoted after political independence (Dadabaev, 2017a; Sievers,
2002).

3.3. The advent of Integrated Water Resource Management

Under the influence of international donors, both Kazakhstan
and Uzbekistan considered the introduction of IWRM principles
to tackle the long-standing challenges in irrigation management
(Dukhovny & de Schutter, 2011; Zinzani, 2015). IWRM as a policy
framework emerged from the principles endorsed by the Interna-
tional Conference on Water and the Environment held in Dublin
in 1991 (‘‘Dublin principles”). Found in several variations in the lit-
erature, the main prescriptions of IWRM include that (a) as a finite
resource, water should be managed within natural hydrologic
boundaries of rivers or catchment areas, (b) decisions about water
management should involve the participation of all users at the
lowest appropriate level, and (c) water should be treated as an eco-
nomic good (Woodhouse & Muller, 2017; Zinzani, 2015). In Central
Samarkand (Uzbekistan)

Ancient irrigation systems based on communally accountable water masters,
widely deformed during Soviet rule
Cotton & wheat considered strategic crops, state-mandated delivery quotas,
price controls

Long-term leases, state-mandated land allocations to strategic crops

Land distribution after 1998, reconsolidation after 2008, av. cotton farm has
about 60 ha of land
Partly dysfunctional water user associations est. after 2003, central planning of
water allocation prioritizing irrigation of strategic crops
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Asia, donors but also governments supported the establishment of
Water Users Associations (WUAs) as a key strategy of IWRM
(Abdullaev & Rakhmatullaev, 2013; Barrett, Feola, Khusnitdinova,
& Krylova, 2017). Implemented at different scales, often within
the boundaries of former collective farms, donors envisioned
WUAs as self-governing bodies of water users promoting the
democratisation of water management, improving water use effi-
ciency and lowering costs and defusing conflicts (Veldwisch &
Mollinga, 2013).

Again, Kazakhstan introduced WUAs earlier than Uzbekistan
and went further in granting them autonomy from state adminis-
tration. However, local implementation proved difficult in either
of the countries, as top-down government initiatives often con-
flicted with donor interests favouring bottom-up mobilisation of
water users, and because of the rapid increase in the number of
individual farms, changes in cropping patterns, generally poor
financial and technical capacity of the new organisations, lacking
leadership skills, and the persistence of mandatory state deliver-
ies in Uzbekistan (Abdullaev & Rakhmatullaev, 2013; Barrett
et al., 2017; Hamidov, Thiel, & Zikos, 2015; Veldwisch &
Mollinga, 2013).
4. How field experiments capture context and inform policy

4.1. The role of cultural context

Because they allow the isolation of individual factors influenc-
ing cooperative outcomes while still providing a contextual frame
to real-world decision makers familiar with that context, field
experiments have become increasingly popular among social sci-
entists (Baldassarri & Abascal, 2017). Within a spectrum ranging
from laboratory experiments to observational studies, researchers
conducting field experiments thus steer a middle ground between
internal validity (does the study provide an unbiased estimate of
a causal effect?) and external validity (does the effect prevail in
other contexts too?). In contrast to laboratory experiments, field
experiments are conducted with subjects belonging to a target
population of interest to the study question, often in or near their
place of residence. Experiments are framed by making explicit
how the task and information set offered to participants relates
to their everyday practice. In this way, contextual triggers and
heuristics attached to the field setting are captured that may sub-
stantially influence behaviour in the experiment (Harrison & List,
2004).

Of course, even a field experimental setting abstracts from the
real life of participants. Combining experimental results with other
methods and complementary data may ease this constraint. By
including data from post-experimental surveys into a regression
analysis of experimental cooperation outcomes, Cárdenas and
Ostrom (2004) show that contextual variables indeed do influence
how people decide in field experiments – such as demographic or
group characteristics. Our results below support this finding.

Field experiments are also used to study the effect of varying
cultural context explicitly. A fixed experimental design allows con-
trolling some of the incentives to which subjects are exposed,
while the choice of the field setting serves to capture the cultural
context prevailing in that particular setting and thus introduces
cultural variation into the experiment. In this way, Henrich et al.
(2004) studied the effect of culture on pro-social behaviour among
humans in fifteen indigenous societies. Talhelm et al. (2014) com-
pared the behaviour of students originating from two culturally
different parts of China. Again, while culture is an amorphous con-
cept, controlling for observable individual or group characteristics
helps to pinpoint what aspect of culture is actually studied and
how its influence could be separated from other confounders.
4.2. Field experiments and policy evaluation

Roth (1995) distinguishes three uses of experimentation: (a)
‘‘speaking to theorists”, (b) ‘‘searching for facts” and (c) ‘‘whisper-
ing in the ears of princes”. The latter, informing policy makers, has
been a recurrent aim of experimental work, although at different
levels of abstraction. A recent literature drawing on randomised
control trials (RCTs) to test specific policy packages in developing
countries declares upscaling as a major goal (Banerjee et al.,
2016). Many other studies engage in a dialogue between theory,
empirics and policy making at a more abstract level. Challenging
theoretical propositions may call into question the very founda-
tions of certain policy approaches. For example, evidence on pro-
social behaviour in field experiments suggests that command and
control may not be the only or even best policy option to avert
the ‘‘tragedy of the commons”. At the same time, to what extent
members of a certain community in fact voluntarily engage in
the provision of public goods is a largely empirical question to
which standardised experiments can give a meaningful answer
(Cárdenas et al., 2011). Knowing which sort of stylised intervention
promotes pro-sociality in a given context may give important hints
for specific policy instruments to be developed in a later step.
Moreover, experimental evidence suggests that some interventions
may even have counterproductive effects and that small differ-
ences in institutional design may result in very different aggregate
outcomes (Bowles, 2008).
4.3. Field experiments and IWRM in Central Asia

Our experimental setting described below aims precisely at this
stylised level that allows validating behavioural assumptions in a
given cultural context and tests their implications for the viability
of policy approaches. We take issue with the second and third
IWRM prescription by examining the willingness of water users
to contribute to the maintenance of irrigation infrastructure in dif-
ferent policy and cultural settings. The experiments draw on the
idea that water is an economic good the reliable access to which
requires investment, involving costs and benefits. Specifically, we
investigate how real water users engage in a process of local self-
governance that is influenced by different policies. In our ‘‘commu-
nication treatment”, we give farmers the opportunity to deliberate
their options, revise their behavioural strategies based on new
information and collective learning, and thus participate in local
decision making. This process is ‘‘integrated” in the sense that it
takes into account the water needs of both up-, mid-, and down-
stream users (Schlüter, Hirsch, & Pahl-Wostl, 2010, p. 622). We test
the effect of such a policy design against the alternatives of ‘‘no
communication” and ‘‘penalties” levied by a local ‘‘enforcement
agent”. While this experimental setting abstracts from many com-
plexities of real world policies, we nevertheless believe that it pro-
vides useful insights into which policy principles do or do not lead
to the desired results of decentralised water management in Cen-
tral Asia.
5. Empirical approach

In Central Asia, attempts to analyse local cooperation have
either focused on the description of social institutions such as clans
or neighbourhood committees or, in rare cases, devised survey
instruments (e.g. to measure ‘‘social capital” as in Radnitz,
Wheatley, & Zürcher, 2009). At the same time, in addition to inevi-
table logistical issues, these efforts are regularly hampered by
problems of official censorship, hostility of authorities towards
independently conducted polls, and social expectations levied on
respondents to please the authorities (Dadabaev, 2017b). Given
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these possible constraints, our empirical study described next is an
attempt to utilise the methodological advantages of field experi-
ments in a Central Asian setting.1

5.1. Core hypotheses

Our review of the literature on the effects of policy treatments
on cooperation levels leads us to the following hypotheses to be
tested in a field experimental setting:

H1: Communication increases the cooperation of water users.
H2: Penalties increase the cooperation of water users.
Based on the idea that Uzbekistan has a much longer tradition

of local water cooperation than Kazakhstan, we posit:
H3: Water users in Kazakhstan make lower contributions to the

common pool than users in Uzbekistan.
However, as the literature considers Kazakhstan to be associ-

ated with a more liberal and decentralised regulatory environment,
whereas Uzbekistan seems to host more citizens that could be
labelled as ‘‘state-believers”, we suggest that:

H4: Communication has a stronger positive cooperation effect
in Kazakhstan.

H5: Penalties have a stronger positive cooperation effect in
Uzbekistan.

In the following, we subject these hypotheses to empirical scru-
tiny by using unique experimental data from irrigated areas of
Maktaaral (South Kazakhstan) and Samarkand (Uzbekistan).

5.2. Experimental design

We replicated the irrigation game experiments of Cárdenas
et al. (2011) with a total of 235 farmers from twelve villages in
pen and paper conditions (see Appendix 1 for details on the field
setting). The framing of the experiment was around water manage-
ment and we assume that it was not difficult for the participants of
the experimental sessions to understand the task. The irrigation
game captured the characteristic of the sequential access of users
to nonstationary and storage-impossible canal irrigation systems.
One session with one group consisted of five players and each
game continued for 21 rounds in total. The anonymity of all play-
ers’ decisions was provided with the use of experiment cabins,
which isolated the players from each other. The participants noted
their decisions on the decision sheet they had in their hands, which
was collected after each round.

Before each round we provided each player with ten coupons of
endowment. In each round the players had to make two decisions
concerning the creation of irrigation infrastructure and water use
respectively. Both their investments and their earnings based on
their water use decisions were expressed in coupons. They were
provided with information tables concerning the collective invest-
ment level implying a certain amount of ‘‘water minutes” made
available to users and concerning the water use amounts with their
respective crop-earnings in the form of coupons (Appendix 2)

We instructed the participants to make decisions on the endow-
ment allocation. They could allocate the coupons across two
options, namely to their private account or to their collective ‘‘pub-
lic fund” which would then be used for the maintenance of the
water infrastructure they were using to extract water for their crop
production. The returns from these two accounts were constructed
in a way to ensure that the situation symbolized a public good
dilemma with multiple equilibria. Higher collective investment
1 In any of the post-Soviet republics, field experiments have rarely been used to
investigate questions of natural resource management so far. In a pilot study of 20
farmers conducted in Uzbekistan, Roßner and Zikos (2018) provide evidence that
group-endogenous rule formation may improve cooperative outcomes in a context of
water management.
means more water is available to the community of users. Under
the experimental conditions, keeping everything in a private
account is a best response Nash equilibrium, but if everyone con-
tributes their endowments towards the public fund, then the
socially optimum outcome is achieved. If the previous is the risk
dominant equilibrium then the latter is the payoff dominant
equilibrium.

We announced to the players how much they had collectively
invested and how much water was available for their aggregate
use. Then the next stage of the game started, the ‘‘appropriation”
stage, where participants needed to make independent decisions
on water extraction. Players were randomly assigned locations,
symbolized by the first five letters of the alphabet (A, B, C, D and
E). A was the head-end user, E the tail-end water user. These letters
represented the order of the players’ access to the resource. Water
extracted by the head-enders was not available to tail-enders.

We assigned baseline and treatment groups. The baseline
groups did not communicate and did not face penalties (see
Appendix 2 for more details). Through these experiments we stud-
ied the influence of communication and sanctioning on coopera-
tion in public good dilemma. The experimental groups were
treated with communication, low and high penalties. In the com-
munication treatment, the groups were allowed three minutes to
talk to each other before each round. During the penalty sessions,
equal water sharing norms were established and norm-obedience
was monitored with a probability of one over six. If norm-
violation was detected in a low-penalty treatment case, then one
of experimental administrators took the role of an ‘‘enforcement
agent” and publicly withdrew the excess earnings from the player.
In the case of a high penalty, the violator’s excess earnings and an
additional six coupons were subtracted from his or her revenue
column. This procedure abstractly resembled the way WUAs were
introduced in our study sites. While local users policed themselves
under both treatments, they could engage in fully endogenous par-
ticipation only in the communication treatment. The penalty level
was dictated from outside, reflecting actual practice in Kazakhstan
and Uzbekistan. Treatments started in the 12th round so that we
were able to do both within group and between group
comparisons.

5.3. Econometric model

To test our research hypotheses, we estimated the following
regression model using ordinary least squares (OLS):

yi ¼ x0
ibþ ei

where yi is the i’th player’s cooperation level represented in the
experimental observations as the share of his/her coupon endow-
ment contributed to the public irrigation maintenance fund. x0

i

includes treatments, country and control variables described in
Table 2. b is a vector of parameters to be estimated and e is an inde-
pendently and identically distributed error term.

The coefficients of the treatment and country variables allow
testing H1–H3. We included interaction terms involving the treat-
ment and country variables into one regression specification to test
H4 and H5. All other variables serve as control variables which
were partly taken from a post-experimental survey.
6. Results

6.1. Description of participants and outcomes

We conducted the irrigation game sessions among water users
in six villages in Maktaaral and in six villages in Samarkand, from
October to December 2016. Almost all of the participants were



Table 2
Definition of variables and descriptive statistics of the experimental data.

Variable name Maktaaral (Kazakhstan) Samarkand (Uzbekistan)

mean sd min max mean sd min max

Individual endowment share contributed to the public fund % 0.59 0.31 0 1 0.51 0.28 0 1
Round 10 6.03 0 20 9.95 6.07 0 20
Others’ contribution in preceding round % 23.69 7.31 4 40 20.40 5.97 2 40
Relative share of extraction in preceding round % 0.20 0.17 0 2.17 0.20 0.25 0 1
Experimental location [5 = A. . .1 = E] 3.02 1.42 1 5 3 1.42 1 5
Individual deviation in cotton land share from the group averagea �0.04 0.30 �0.78 0.54 <0.01 0.09 �0.31 0.32
Individual deviation from group’s average land size (ha)b �0.08 11.30 �31.87 63.11 �0.02 22.92 �58.01 131.48
Actual position: Upstream (0/1) 0.27 0.45 0 1 0.33 0.47 0 1
Actual position: Midstream (0/1) 0.43 0.50 0 1 0.28 0.45 0 1
Education (years) 15.03 3.24 9 18 13.34 2.95 11 18
Household size (#persons) 6.50 2.86 2 20 6.61 2.51 2 21

Notes: N = 2363 (2484) in Maktaaral (Samarkand), based on group-wise non-missing observations. aIndividual deviation in cotton land share from the group average =cij � cj
�

where ci is i’s share of cotton in total land (in real life) and cj
�
is the mean cotton share in group j; bIndividual deviation from group’s average land size = lij � lj

�
where lij is i’s farm

land size (in real life) and lj
�
is mean farm land size in group j.

Source: Authors.
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involved in crop production with an average farming land size of
10.5 ha in Maktaaral and 37 ha in Samarkand (Table 3). Out of
120 participants in Samarkand only two were women. In
Maktaaral, 15 of the 115 farmers that took part in the irrigation
game sessions were female. The average ages of the farmers in
the Maktaaral and Samarkand sample were 40 and 42 respectively.
More than 54% of Maktaaral farmers and 28% of Samarkand farm-
ers possessed a university degree in our sample.
Table 3
Description of the participants.

Characteristics Maktaaral Samarkand

Upstream (%) 27.42 33.45
Midstream (%) 43.42 28.14
Downstream (%) 30.94 42.59
Male (%) 86.75 98.31

Education level:
Incomplete secondary (9 year school, %) 0.85 0
Secondary general (11 year school, %) 18.45 35.19
Secondary professional (vocational school, %) 26.66 36.63
Higher (University degree, %) 54.04 28.18

Land endowment per farm (mean, ha) 10.57 37.00
Age (mean, years) 40.39 41.78
Household size (mean, people) 6.50 6.62
Count of observations 2363 2484

Source: Authors based on post-experimental survey data.

Table 4
Average individual contributions to the public fund across session phases and treatments

Maktaaral Percentage chang

Baseline sessions
Baseline, rounds 1–11 0.64** �9.38%
Baseline, rounds 12–21 0.58**

Communication sessions
Baseline without communication, rounds 1–11 0.63 4.76%
Communication, rounds 12–21 0.66

Low-penalty sessions
Baseline without low penalty, rounds 1–11 0.59 �5.08%
Low penalty, rounds 12–21 0.56

High-penalty sessions
Baseline without high penalty, rounds 1–11 0.55 �9.09%
High penalty, rounds 12–21 0.50

Notes: t-test significance level: ***1%, **5%, *10%: test on the equality of mean values of t
The average contribution patterns were different across differ-
ent treatment sessions and rounds (Table 4). The contributions of
the players decreased over time in both study areas when no
penalties and no communication were enacted. When the players
were allowed to communicate with each other, the average share
of endowment contribution to the public fund increased. This
was not the case for either of the penalty treatment games, but
rather the average share of endowment contribution continued
to decrease even after the introduction of equal sharing rules with
low and high penalties (Appendix 3).

The irrigation game sessions produced a total number of 4847
observations. These observations are nested within one player
and players within sessions, sessions within villages and villages
within countries. In order to capture these aspects of the data,
we included fixed effects for countries and villages in the
regression models. The identity and group layer variables-
characteristics of players during the 21 rounds of the game do
not change and they thus control for fixed session effects.

Table 5 presents the regression results of three OLS models.
Model 1 represents the simplest specification including the treat-
ments and a direct country effect. Model 2 adds country and treat-
ment interaction effects to the specification. Model 3 keeps the
treatments but replaces the country effects by village level fixed
effects. All models generate insights about hypotheses H1 to H3,
while model 2 specifically addresses H4 and H5. In the following
.

e between two sets of rounds Samarkand Percentage change between
two sets of rounds

0.52*** �13.46%
0.45***

0.49*** 24.49%
0.61***

0.52** �9.62%
0.47**

0.52* �7.69%
0.48*

he 1–11 and 12–21 rounds of respective games.



Table 5
Regression results of the individual endowment share contributed to the public fund.

Model 1: Pure country
effects

Model 2: Interacted country & treatment
effects

Model 3: Village
effects

Round �0.003*** �0.003*** �0.004***
(�3.93) (�3.80) (�5.35)

Communication treatment 0.100*** 0.118*** 0.134***
(6.37) (5.66) (8.87)

Low penalty treatment 0.004 0.005 �0.002
(0.24) (0.26) (�0.14)

High penalty treatment �0.016 0.010 �0.020
(�1.11) (0.56) (�1.46)

Others’ contribution in preceding round % 0.007*** 0.006*** >�0.001
(10.31) (10.16) (�0.41)

Relative share of extraction in preceding round % 0.116*** 0.115*** 0.108***
(5.05) (5.03) (4.78)

Experimental position [5 = A. . .1 = E] 0.018*** 0.019*** 0.017***
(5.29) (5.30) (5.12)

Individual deviation in cotton land share from the group
average

0.096*** 0.095*** 0.092***
(4.81) (4.82) (4.73)

Individual deviation from group’s average land size �0.001*** �0.001*** �0.001***
(�3.36) (�3.35) (�3.46)

Actual position: Upstream �0.010 �0.010 0.004
(�1.00) (�1.00) (0.34)

Actual position: Midstream 0.021** 0.023** 0.018*
(2.07) (2.28) (1.78)

Education (years) �0.005*** �0.005*** �0.007***
(�3.40) (�3.34) (�4.88)

Household size (#people) �0.002 �0.002 �0.002
(�1.45) (�1.41) (�1.08)

Engbekshi Village (0/1) 0.145***
(6.50)

Zhanazhol Village ((0/1) 0.313***
(13.64)

Dostyk Village (0/1) 0.201***
(9.94)

Intymak Village (0/1) 0.391***
(18.21)

Maktaly Village (0/1) 0.145***
(7.12)

Kyzylkum Village (0/1) 0.183***
(8.49)

Eski Jomboy Village (0/1) 0.255***
(12.28)

Juriat Village (0/1) 0.199***
(9.99)

Qochqor–Torayev Village (0/1) 0.069***
(3.54)

Aytamgali Village (0/1) 0.162***
(8.45)

Dehkanabad Village (0/1) 0.136***
(7.00)

Kazakhstan (0/1) 0.067*** 0.08***
(7.62) (7.55)

Kazakhstan * Communication treatment �0.037
(�1.37)

Kazakhstan * Low penalty treatment �0.004
(-0.15)

Kazakhstan * High penalty treatment �0.058**
(�2.23)

Constant 0.393*** 0.386*** 0.427***
(13.56) (13.28) (13.77)

Observations 4847 4847 4847
R-squared 0.092 0.093 0.154

Robust t-statistics in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.
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we discuss, in turn, the results on the core hypotheses, further
determinants of cooperation, and village effects.

6.2. Communication, sanctioning and country effects

In the context of our study, the communication treatment
tests whether self-organized cooperation in irrigation water
management evolves if participants are allowed to talk to each
other (H1). We found a positive effect of the communication
treatment on the individual’s decision to cooperate in the form
of investing more in the public fund. The significantly positive
effect is observable in all three models presented in Table 5,
so that H1 is clearly confirmed. The participants were hence able
to use the repetitive interactions to enhance their understand-
ings of the game settings, and devise informal and internal
agreements on strategies for dealing with norm violations, with
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a direct effect size of between 10 (Model 1), 12 (Model 2) and
13 (Model 3) percentage points.

H2 entails the hypothesis that penalties induce cooperative
behaviour. None of the three regression models allows rejecting
the hypotheses that any of the direct low or high penalty effects
were equal to zero, so that the evidence speaks against H2.

Model 1 provides an estimate of the direct country effect undis-
turbed by interaction terms and village effects. It suggests that
users from Kazakhstan were contributing 6.7 percentage points
more on average than the Uzbekistani users. This result provides
evidence against H3.

To test H4 and H5, we used the coefficients of the interacted
variables from models 2 to estimate the treatment effects by coun-
try, employing the delta method to calculate the standard errors of
the compound effect (Table 6). In contrast to what we hypothe-
sized, the effect of the communication treatment in Maktaaral
was positive but smaller in size than in Samarkand (H4). Uzbek-
istani participants contributed 11.8 percentage points more under
communication, whereas Kazakhstani players contributed only 8.1
percentage points more. That is, H4 is not supported by what we
see in Table 6.

We did not find evidence of sanctioning effects, whether posi-
tive nor negative, on the decisions by Uzbekistani participants
(H5). However, high penalties produced a significantly negative
effect in the Kazakhstan sessions. Other than in Tenbrunsel and
Messick (1999) and Cárdenas et al. (2011), high penalties were
thus less effective than lower ones.

Our evidence thus calls into question the validity of H5, positing
higher contributions under penalties. While we detected no posi-
tive penalty effects on cooperation in Uzbekistan, high penalties
even crowded out contributions by Kazakhstani users (Table 6).
Therefore, the externally introduced equal resource sharing rules
with imperfect monitoring and enforcement mechanisms did not
improve cooperation among participants in Kazakhstan, but rather
deteriorated it.

6.3. Further determinants of cooperation

With more repetition of the interactions, the players learn
about the rules and the material consequences of particular actions
and, with time, what Cárdenas and Ostrom (2004) call internal
game payoffs converge with the external game payoffs. The deci-
sions of the individuals might hence move closer towards the
self-regarding Nash equilibrium as the rounds continue (Isaac,
McCue, & Plott, 1985). We found evidence of a small learning effect
across all three models in Table 5, around �0.3 and �0.4 percent-
age points.

According to estimates in models 1 and 2 when the participants
experienced a higher contribution from the rest of the group in the
previous round, they tended to increase their own contribution in
the next one. This effect is very small in size although it is statisti-
Table 6
Treatment effects on the individual endowment share contributed to the public fund,
by country.

Model 2

Treatments Maktaaral (Kazakhstan) Samarkand (Uzbekistan)

Communication 0.081*** 0.118***
(3.93) (5.66)

Low penalty 0.001 0.005
(0.05) (0.26)

High penalty �0.048** �0.010
(�2.23) (�0.56)

Note: Effects based on coefficients of interacted variables shown in Table 5. Sig-
nificance level: ***p < 0.01, **p < 0.05; t-statistics in parentheses.
cally significant. Players hence seem to behave reciprocally accord-
ing to two models in Table 5, contrary to the results by Cárdenas
et al. (2011). We tested for interaction with the country dummy,
this effect proved to be significantly different from zero, but esti-
mates were small in size ranging from 0.006 to 0.01. According
to our data, players in Kazakhstan are more reciprocal than players
in Uzbekistan. Moreover, we found that water users contributed
more to the public fund when they received a higher share of water
available to the group in the preceding round. We attribute this
effect to reciprocating behaviour (tit-for-tat) or an increased cer-
tainty farmers perceive concerning the return on their own
investment.

Furthermore, we hypothesized that individual decisions depend
on howmuch the person knows about the other participants of the
game. We expected that an individual farmer whose land endow-
ment is higher (lower) than the group’s average would be less
(more) cooperative. We found that indeed such mechanism seems
to be at play. On the other hand, farmers with an above average
share of irrigation-dependent cotton in their crop rotation con-
tributed more.

Players who were randomly assigned higher positions with
respect to water tended to contribute more of their endowments
to the public fund than players in lower positions, although the
effect was quite small (Table 5). The upstreamwater users had bet-
ter access to water than the downstream users. Therefore, they
were surer that their investment in the infrastructure would pay
back, as argued by Cárdenas et al. (2011).

The actual position along the canal also influenced the individ-
ual decisions to cooperate. Midstream farmers tended to con-
tribute more than both the downstream and upstream water
users in all three models. This finding supports Uphoff,
Wickramasinghe, and Wijayaratna (1990) stating that farmers will
be more willing to participate in water self-management where
water supply is relatively scarce rather than absolutely scarce or
abundant. Farmers with more years of education contributed
slightly less.

6.4. Village effects

In addition to the country effects, our data also allows a more
fine-grained analysis of village-level variation in farmers’ contribu-
tions to the public fund. The village fixed effects (model 3 in
Table 5) include all village-invariant observable and unobservable
factors. There are many possible factors contributing to a village’s
social capital, which are hard to define and measure. The village
fixed effect captures those effects without having to define or mea-
sure them explicitly. While we cannot separately isolate the effects
of such different factors, complementary information on the vil-
lages allows us to speculate about some of the driving forces,
including relative location at the canal, ethnic composition, the
role of the cotton mandate, and other instances of local
cooperation.

We list the average contributions by village relative to the low-
est ranking village, Chimboy in Samarkand province, in Table 7.
The average contributions are taken from model 3 in Table 5 and
are thus purged from individual player characteristics as included
in the regression. As Table 5 reports, the differences to the refer-
ence village are all significantly different from zero at the 1% level.
The difference can be up to 39 percentage points (as for Intymak
village). We ranked the villages according to their location along
the canal, starting from the head end in both study sites, to quali-
tatively assess the relation between actual canal location and
experimental cooperation levels. In fact, no clear pattern appears,
thus calling into question arguments by Wade (1988, p. 163) that
tail-end users are more inclined to cooperate as water is scarcer
than at the head end (Table 7).



Table 7
Village effects.

Villages listed
according to their order
along the canal,
starting with head end

Average contribution
relative to lowest
ranking village (from
regression table)

Remarks on village
characteristics

Maktaaral
Engbekshi 0.145 Slavic settlement

established in 1900;
relatively heterogeneous
ethnic composition

Zhanazhol 0.313
Dostyk 0.201 Ethnically homogeneous

Tajik village
Intymak 0.391 Village name means

‘‘solidarity” in English
Maktaly 0.145
Kyzylkum 0.183

Samarkand
Eski Jomboy 0.255 Free from state cotton

order
Juriat 0.199 Free from state cotton

order
Qochqor-Torayev 0.069 Ethnically distinct,

called ‘‘Arab village‘‘ by
outsiders

Chimboy 0 (=reference village) Relatively poorest
quality of roads among
all villages

Aytamgali 0.162
Dehkanabad 0.136

Source: authors.
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Moreover, we added a couple of remarks on village characteris-
tics that we discovered during the field study. Ethnically heteroge-
neous or distinct villages (Engbekshi, Dostyk, Qochqor-Torayev)
tend to display lower cooperation scores, thus lending some sup-
port to the view that ethnic fractioning may jeopardize coopera-
tion (Khwaja, 2009). The extent of ethnic heterogeneity and
associated social distance among members may lead to a lower
level of social interactions and thus weaker social capital. Ineffec-
tive mutual monitoring and difficulties in enforcing sanctions in
ethnically diverse communities might encourage free-riding
(Miguel & Gugerty, 2005). The direction of causality can also be
reverse, however, implying that ethnic homogeneity of a commu-
nity results from historical patterns of social interactions and coop-
eration within that community. For example, ancient cooperation
Table 8
Study sites and session schedule.

Province District Relative location within
the study area

Village Average con
share of end

South
Kazakhstan

Maktaaral Head Engbekshi 0.506
Head Zhanazhol 0.674
Mid Dostyk 0.546
Mid Intymak 0.739
Tail Maktaly 0.507
Tail Kyzylkum 0.548

Samarkand Jomboy Head Eski Jomboy 0.627
Head Juriat 0.562

Pastdargom Mid Q. Torayev 0.441
Mid Chimboy 0.371

Payariq Tail Aytamgali 0.527
Tail Dehkanabad 0.503

Total

Notes: B: Baseline; C: Communication; L: Low-penalty and H: High-penalty.
*One Low-penalty session was cancelled in Engbekshi. We scheduled 3 times, but we co
in irrigation led to the formation of Uzbek as a sedentary culture,
whereas more autonomous Kazakhs remained nomads. Even in
the short run, higher cooperation within a given community may
result in ethnic sorting processes.

Engbekshi was called ‘‘Slavyanka” (‘‘Slavic”) until 1993. Accord-
ing to local sources, it was founded in 1900 under Tsarist rule,
when Slavs, Tatars, Greeks and Koreans were settling in the area.
After the collapse of the Soviet Union, the share of the non-
Kazakh population declined, although the old name remains in
use among local people. We had particular difficulty in engaging
players for the sessions in this village and even had to cancel one
session (Table 8).

On the other hand, an ethnically homogenous village represent-
ing the majority group, Intymak (meaning ‘‘solidarity” in English),
displays the highest cooperation score. Farmers voluntarily
organised themselves into groups in front of the experiment venue,
waiting for us to finish the session and asking us if we can run
another session with them. In Chimboy, the low cooperation levels
demonstrated during the experiments were also reflected in the
exceptionally poor shape of the transport infrastructure. However,
the absence of the cotton order in Eski Jomboy and Juriat did not
seem to have a noticeable effect on cooperation levels. These
observations don’t provide conclusive evidence but should rather
be taken to stimulate further research.
7. Conclusions

Based on unique field experimental data from agricultural
water users in Maktaaral (Kazakhstan) and Samarkand (Uzbek-
istan), we found that endogenous cooperation can be stimulated
by a regulatory environment that enables more autonomous deci-
sion making (as in post-independence Kazakhstan). An experimen-
tal treatment that proxies the participation principle of IWRM
promoted cooperation both in Kazakhstan and Uzbekistan. Starting
from a higher ex-ante cooperation level, the policy effect was lower
in Kazakhstan. Under a treatment allowing face-to-face communi-
cation in the group, the players consistently contributed more than
60 per cent of their endowment to the public fund. The average
contribution level under communication among Kazakhstani water
users (66 per cent) was in fact identical to the one found by
Cárdenas et al. (2011) for Colombia using the same experimental
setting. While contribution shares in Uzbekistan were slightly
lower (61 per cent), they still exceeded the ones reported by
Cárdenas et al. for Kenya (47 per cent).
tributed
owment

Number of
sessions per
village

Number of
participants per
village

Sessions per
treatment

B C L H

3 15 1 1 0* 1
4 20 1 1 1 1
4 20 1 1 1 1
4 20 1 1 1 1
4 20 1 1 1 1
4 20 1 1 1 1
4 20 1 1 1 1
4 20 1 1 1 1
4 20 1 1 1 1
4 20 1 1 1 1
4 20 1 1 1 1
4 20 1 1 1 1

47 235 12 12 11 12

uld not attract enough farmers every time.
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When farmers were allowed to self-organise, they achieved
higher levels of cooperation as a result of bargaining during their
group deliberation. Following our evidence, Central Asian farmers
are able to design rules endogenously that lead to higher earnings
and better enforce rules that induce cooperation. As in real life,
where not all bargaining generates more effective rules, not all
communication sessions resulted in enhanced cooperative
outcomes.

Our findings do not support the idea that historic irrigation pat-
terns or ancient management practices constitute long-term deter-
minants of local water cooperation today. While Samarkand has a
much longer tradition of decentralised water management, current
cooperation levels were actually higher in our Kazakhstani site.

Our results imply that penalties have little effect in an environ-
ment described as paternalistic and state-centred (represented
here by Uzbekistan). In a more liberal environment (as in Kaza-
khstan), high penalties for defectors may even crowd out voluntary
contributions.

In addition, strong village-level effects suggest that idiosyn-
cratic local characteristics such as ethnic composition or norms
of cooperation may be more decisive for cooperative outcomes
than policy blueprints imposed from outside.

The results presented here thus call into question an emerging
literature arguing that historic agricultural practices play a crucial
role for understanding current-day cooperation outcomes (Talhelm
et al., 2014; von Carnap, 2017). However, the findings support the
idea that policies entrusting local users with a degree of autonomy
and scope for local interaction do work in Central Asia. As this
effect was stronger in the Uzbekistani site characterised by a more
constrained and hierarchical real-world policy environment, the
results even suggest that the potential for local cooperation is sim-
ilar in both places. While this finding is borne out by many empir-
ical studies worldwide (such as quoted in Ostrom et al., 1994 or
Cárdenas et al., 2011), we experimentally demonstrate here that
it also holds for post-Soviet Central Asia.

International observers repeatedly recommend that Central
Asian water administrators should strive to revive ancient princi-
ples of local water cooperation and management in the region
(Abdullaev & Rakhmatullaev, 2013; O’Hara, 2000). In our Mak-
taaral site, the only notable tradition of water management is
due to the Soviet water bureaucracy, but still the cooperation
levels are higher today than in ancient Samarkand. This insight
suggests two conclusions: First, whatever historically beneficial
management practices may have prevailed in Samarkand, they
were muted or even revoked by a century of top-down administra-
tion and thus assimilated to practice elsewhere in the Soviet Union.
Second, history is not predetermining the future; current water
management can be policed and there are more or less conducive
ways to do so.

In Central Asia, it appears that productive ways of water gover-
nance need to be re-invented and turned into going practice once
again. As shown above, twenty-five years after national indepen-
dence, both Kazakhstan and Uzbekistan display a decisively mixed
record of experimenting with such new (or renewed) practices and
policies. The results of a single experimental study are in no way
sufficient to fully identify the behavioural trend of Kazakhstani
or Uzbekistani water users as a whole. Our results, however, pro-
vide us with a basis for informed speculation. The evidence pro-
vided here supports the view also advocated by international
donors that decentralised and participatory water management
for example in WUAs under a regime of IWRM can be viable. While
the complexity of administering such governance systems greatly
exceeds the stylised forms of interaction captured in field experi-
ments, our results nevertheless convey the message that greater
autonomy for water users enabling their truly endogenous organ-
isation will evoke higher individual contributions to the local com-
mon good. However, the substantial heterogeneity in individual
contributions apparent at the village level also signals a warning
that one-size-fits-all approaches to local cooperation are unlikely
to succeed.
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Appendix 1. Field and project setting, selection of regions,
villages, participants

We selected twelve villages in total for the experimental ses-
sions. The selection of the villages in both Maktaaral and Samar-
kand was based on one common criterion: the relative location
of the village with respect to the main surface irrigation source.
We conducted the experiments in Kazakhstan during October
and November of 2016 and in Uzbekistan during November and
December of 2016. The team of experimenters consisted of the first
author and a local moderator who explained the rules and regula-
tions of the game to the participants and assistants.

After deciding on the particular village set in each country, we
met with district level authority representatives to introduce our-
selves and explain our objectives and request official permission
for our activity in their territory. Once the formal matters were
resolved, we paid a visit to all the villages on our list. During these
initial introductory visits, we contacted local village leaders and
explained them the context of our study and requested their sup-
port in communicating this message to local farmers. In this way,
we created a preliminary schedule of our field trip, during which
the experimental sessions needed to be accomplished in each vil-
lage. Essentially, recruitment took place through word of mouth,
but it was always sourced from the local leader. That is, we
requested the village leader to announce our experiments to the
farmers in his village on a particular date. This was especially use-
ful to organize initial sessions in a new village. Then most of the
times farmers, who participated in the experiments, supported us
by engaging fellow farmers to take part in the next sessions in
the villages.

The experiments were conducted in various locations in the vil-
lages. Sometimes it was classrooms of the village schools and tech-
nical colleges. Occasionally local village authority representatives
provided us with a space from their own buildings. All sessions
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were conducted with the permission of the respective local-district
authorities.

Locations where experiments were conducted

Engbekshi – village school assigned a classroom for the experi-
ments. It was equipped with a sufficient number of tables and
chairs and a whiteboard.
Zhanazhol – village authority allocated a room from the aul-
akimat (village authority) building.
Dostyk – half of the sessions were conducted in a room located
in a local WUA office. The other half of the sessions were run in
a local village school classroom.
Intymak – the village authority allocated a room for us in its
building for all sessions.
Maktaly – we conducted the sessions in a village authority
building. The sessions which were run during the weekend
were held in the private house of a local farmer.
Kyzylkum – we received a hall in the building of the village
authority (aul-akimat).
Aytamgali – a classroom in a village school was assigned by the
district authority (Payariq hokimiyat).
Dehkanabad – a classroom in the local agricultural technical col-
lege was assigned by the district authority (Payariq hokimiyat).
Qochqor Torayev – a meeting room of a local machine tractor
park (MTP) building was assigned by the director of the MTP.
Chimboy – a classroom from a service college was assigned by
the local MTP director of the village.
Juriat – a classroom from a village school was assigned by the
district authority (Jomboy hokimiyat).
Eski Jomboy – a classroom from a village technical college was
assigned by the district authority (Jomboy hokimiyat).

Appendix 2. Experimental Protocol

Irrigation Game
Baseline

1. Dear farmers, thank you very much for accepting our invita-
tion and coming to this place.

2. This is Iroda Amirova from IAMO (Leibniz Institute of Agri-
cultural Development in Transition Economies) in Halle,
Germany and this is the group which has gathered to assist
Iroda Amirova in conducting the experiment. I am _______,
and I will be explaining all the instructions to you today.
And these are __________ (names of other assistants) who
will be assisting in the experiment.

3. This is a voluntary session. If you do not want to participate
you can leave our session, but our request is to do so before
we start the process.

4. We have gathered you here with the aim of conducting a
research experiment. This is an exercise to understand the
potential of farmers to manage irrigation systems in your
area. Since Kazakhstan/Uzbekistan became independent,
things have been gradually changing. Different reforms are
being implemented. Such reforms are implemented in the
irrigation water management sector of the country. The
country is moving towards passing water management into
the hands of water users like you. Because of these ongoing
changes and processes in Kazakhstan/Uzbekistan, we are
interested in studying the potential of water users.

5. Each person who takes part in the experiment will receive 2
euros (equivalent in local currency: KZT/UZS) for his/her
participation. It is a payment for showing up here to the
experiment.
6. You can earn more during the course of the experiment;
the money you earn today comes from the research
institute.

7. Why have we introduced a payment mechanism to this
experiment? We wanted to have a realistic environment.
We want to know what irrigation water means for crop pro-
duction in Maktaaral/Samarkand. It means: if irrigation is
applied appropriately, the farmer/peasant obtains a better
harvest, and this means that he/she obtains better earnings.
Am I right?

8. So our experiment wants to capture this real-life-aspect,
though in a very simplified way. All details we receive today
in this session will only be used for research purposes. No
part of them will be available to any government agencies
either in here or in Germany.

9. We request you to listen to the instructions very carefully.
Whenever you do not understand, please just ask your ques-
tion immediately, by raising your hand. Also, if you do not
hear the instructions very well, let us know.

10. Each round of the experiment is expected to last 3–4 min.
We are expecting to take 2–2.5 h of your time today.

11. Imagine all of you are farmers with the same sized land. And
you cultivate the same crop.

12. In real life we know that in order to be able to irrigate our
fields we need to have an appropriate irrigation system. In
order to have an appropriate irrigation system we need to
invest either in the form of money or labour. So this exper-
iment is based on such real-life scenarios which are usually
faced in making decisions about irrigation.

13. You – all five – are one group of water users, who use the
same watercourse. You will play several rounds. Each round
is equivalent to one irrigation season (figuratively).

14. Within this group of five, each player is randomly assigned a
unique position identified in alphabetical order (Cyrillic): A,
<, B, U, L. (then converted in – A, B, C, D, E equivalent in
Latin).

15. By drawing concealed envelopes [an assistant distributes
five envelopes to the participants in this moment] you will
receive those letters. Please, without showing to others,
open your envelope and see what letter of the alphabet
you have received. See it and remember it please.

16. Now, as you may have noticed, there are folders in front of
each player (on your tables). Please open that folder and
you will see a first page which is a yellow colored piece
of paper with the title ‘‘Player’s decision and earnings in
coupons”. On the top of this yellow sheet you will see a
line where it says: ‘‘player’s position”. If you remember
what letter you received in the envelope (if not, then
please look back and see again) please write that letter
there (on the yellow page).

17. In the folder, you will see a name-badge with some num-
bers, could you please attach it so that we can see them
clearly.

18. Before starting each round, we will distribute 10 coupons to
each player. To save time, we will not distribute them phys-
ically, but they are inserted in your yellow paper. Look at
that yellow paper and see the second column, there is ‘‘10”
in every row. So this means that we are distributing them
to you each round.

19. What do those coupons mean? They are our currency in the
experiment. One coupon means 0.02 euro (local currency
equivalent). Each round we are actually distributing to each
player (0.02*10) 0.2 euro. What to do with those coupons
(with such monetary value)?
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20. Each round you are asked to make two decisions: The first
decision is about investment. That is investment of the cou-
pons we distribute to you each round. You should decide
where to invest.

21. There are two options of investment for every player. One is
to keep in your private account. Another is to invest in the
Public Fund, which will be used for the maintenance of irri-
gation infrastructure. Basically, whatever (amount of cou-
pons) is not invested in the public fund it is kept in your
private account.

22. Why do you need to invest in irrigation infrastructure? The
amount of water available for you to irrigate depends on
your collective level of investment. Investment in the main-
tenance of irrigation infrastructure means that less water is
wasted. More water is available to you.

23. Collective investment for a group is calculated by adding
the individual investment of each of you. The sum of the
contribution will affect the amount of water available to
the five players. Now I want to show you how it
happens.

24. Again, look back to your folder. There you find a blue paper.
In that paper you will see a table and graph. They both have
the same information. Let’s, for convenience, choose one of
them, let’s go to the table. There you will see two columns.
One is the collective amount of investments made by your
group. The second column illustrates the total water avail-
able to your group (in minutes). Let’s say: if you altogether
invest 41 coupons (all five of you) then you will have
96 min of water [SHOW IT VERY CAREFULLY, MAKE SURE
EVERYONE IS UNDERSTANDING]. For simplicity sake we
are using minutes instead of volumetric units of water use
measures. [ASK FURTHER QUESTIONS ABOUT THE TABLE
on blue sheet] We will announce your collective investment.
But we will not say anything about your individual
investments.

25. If you remember, we said each round each player makes two
decisions. The investment decision was your first decision in
the round. Your second decision is about your water extrac-
tion. That is your water use.

26. As in real life farming, here your earnings are dependent on
your water use. Lets’ go back to your folder. There you will
see a pink paper, which has the title ‘‘Second decision”.
Again, there you see both a table and a graph. As it was on
the blue paper, here as well both (table and graph) carry
the same information. Let’s go with the table as we did
before [SHOW WHICH on the paper]. The first column of
the table shows you how many minutes of water you used
and the second column shows how many coupons you earn
from your used water minutes. For example, one player uses
18 min of water, how many coupons do you earn? You earn
19 coupons. [ASK QUESTIONS TO MAKE SURE THEY – EACH
UNDERSTOOD the table]. This was briefly about your second
decision.

27. Now we return to the yellow paper [SHOW IT], the paper
where you wrote the letter of the alphabet. You might ask:
why we need to give such a position to you? Well, you all
are farmers in irrigated areas, who have a lot of experience
in water use. That is, you know very well that there are
always people who get access to water before others
because of their position. In other words, there is always
someone who is an upstream water user and someone
who is a downstream water user. [DRAW THE FOLLOWING
AND EXPLAIN]
28. So in our case, as you might have understood that player A is
an upstream water user. Only after A finishes using water,
can player < withdraw water to his field. Then comes B, then
U and L. Remember, do not tell anyone your position, I mean
the other players.

29. Now that I have somewhat introduced the main conditions
of our experiment, I will provide you with an example for
better understanding. For example, I am one of five players.
In the envelope I received the ‘‘A” position. That is, I am the
upstream water user. And [indicate another assistant] she/
he received ‘‘<”. But we both don’t know each other’s letters.
I just know my own. That is it. The round starts. The exper-
imenter asked us to make our first decision of the first
round. I need to decide where to invest my 10 coupons.
[REMIND about initial endowment of each round, about 10
coupons]. I need to decide how many of the 10 coupons to
invest in the public fund which then goes to the mainte-
nance of the irrigation system we use. I will write down
my decision on the yellow paper in the third column [SHOW
IT]. Then all the yellow papers are collected. Here on this
table [SHOW the table] everyone’s investment is summed
up and the group investment is written on the board. The
point is that everyone knows the aggregate investment,
but nobody will know what (for example) my particular-
individual investment was. On the board we will write the
group investment. And looking back to the blue paper we
will see how much water that investment creates for our
collective use.

30. Then the time for the second decision comes. NOW please
pay attention! After the first decision, the experimenters
collected the yellow paper (do you remember?), so in order
for us to make our second decisions we need the yellow
papers back. Those papers are returned back, BUT only
one player receives his paper with such a sticker [SHOW
the sticker] with water minutes available to him. For exam-
ple, let’s say the group investment was 42 coupons, please
look to your blue paper, how many water minutes does it
give? 95 right? So player A (upstream one) receives his
paper with a sticker attached, where 95 is written. This
means that first it is only this player’s turn to withdraw
water and the rest of the participants will just sit without
doing anything. We have these wooden barriers in between
you because of this reason, to make sure that you cannot
see each other writing or not writing. So, coming back to
this sticker. We said 95 min was the group’s water level,
player A’s paper is attached with this ‘‘95” sticker. Then
we will distribute the papers to the owners. So player A
(who received his paper with the sticker) makes his first
decision. Then we collect everyone’s yellow paper. We take
records for ourselves. We update the sticker. For example if



Player’s decisions and respective earnings

X Y Z X�Y+Z

Round Number
of tokens
(coupons)
we give
each
round

1st

DECISION:
Your
contribution
for irrigation
infrastructure
maintenance

2nd

DECISION:
our water
use (how
many
minutes
you use
water)

Your
earning
from
water
use (see
how
much
water
you
used
then
look to
the
‘‘water
use”
table)

Your
total
earning
(in
coupons)

Practice 10
1 10
. . . . . . . . . . . . . . . . . .
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Player A used 15 min of water (95–15 = 80). We take a new
sticker and write 80 minutes on it and attach it to player
<’s yellow paper. (Why <?, because it is the second person
who can get access to the water – [show the graph]). <
makes a decision then the yellow papers are collected, an
updated sticker is attached to player B’s paper (Cyrillic),
and so on so forth, and this procedure continues until the
last player L makes his water use decision. Then the next
round starts.

31. To train ourselves, we can start with a ‘‘practice” round. You
can see a row where it is written ‘‘Practice round”. So we can
play this round, and see if everyone has understood things
correctly or not.

32. If you have any questions, you can also ask now. If not, we
will start the round.

[PLEASE BEFORE STARTING SHOW HOW TO CALCULATE THEIR
EARNINGS]

Communication treatment (explained after round 11)

33. Now we would like to introduce something else to the
experiment.

34. Before starting every round, that is, before making your first
decision, we will invite you talk to each other. We will give
you three minutes before each round to communicate. We
will not intervene in your conversations. It is totally up to
you how you lead the communication. After three minutes
of communication, the same steps will follow. That is, you
make your simultaneous first decision. Then the papers are
collected. Then you will make your second decisions sequen-
tially in alphabetical order.

Penalty treatment (explained after round 11)
[Either communication or Penalty treatment is played, but not

both].

35. Now we would like to introduce something else. We will
introduce a regulation.

36. The regulation is about the amount of water you use/extract.
We say: whatever amount of water you have after your
investment decision, we will divide the total water minutes
by five (Total Water Minutes/5) and the result will be the
norm (of equal sharing). [On the board we will write down
new line ‘‘RULE____minutes per person”] After the second
decision is made, an inspector is sent to investigate your sec-
ond (water use) decision. Our inspector will inspect you only
when [SHOW THE DICE] ‘‘six” is rolled. One of our assistants
[TELL THE NAMEs] will roll the dice in front of you. And if the
dice shows 6 you will be checked. If you violate the norm-
rule (which was written on the board), our assistant will tell
us how much you extracted,

36.1 [Low-penalty-treatment] and we will subtract the extra cou-
pons you made from the violation of the rule. We will take
them back. If the dice does not roll 6, you will not be
inspected.

36.1 [High-penalty-treatment] we will subtract the extra coupons
you made from the norm violation, and in addition you will
be forced to pay a fine in the form of 6 coupons.
Player’s decision sheet (yellow paper)
Player’s position (alphabetical letter from your envelope)

___________
Player ID____________________
Water amount resulting from collective investment – table
First decision (blue sheet of paper)
Group investment (in coupons)
 Water available (in minutes)
0–10
 0

11–15
 5

16–20
 20

21–25
 40

26–30
 60

31–35
 75

36–40
 85

41–45
 95

46–50
 100
Amount of earnings (coupons) from irrigation decisions – table
Second decision (pink sheet of paper)
Your water extraction in minutes
 Coupons earned
0–5
 0

6–7
 2

8–10
 5

11–12
 10

13–15
 15

16–17
 18

18–20
 19

21–22
 20

23–25
 20

26–28
 18
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Appendix 3. Distribution of contribution decisions across
baseline and treatment games.

Fig. 1. Distribution of contribution decisions across baseline and
treatment games.

Source: Irrigation game experiments in Kazakhstan and Uzbekistan 

Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.worlddev.2018.08.
014.
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