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Abstract

Irrigation water is a scarce common-pool resource in Uzbekistan, which leads
to an increasing competition over its allocation among farmers. We examine
how the management of this resource affects individual strategic behavior and
how its availability (vis-a-vis scarcity vs. non-scarcity) impacts cooperation.
We conduct a field experiment in Uzbekistan where two policies are analyzed:
penalty and bonus. Our findings suggest that both penalty and bonus me-
chanisms are effective in reducing individual water appropriation compared
to the case in which these policies are absent. However, in terms of reducing
overall water appropriation, the bonus mechanism is the most effective in
preserving the resource stock. Therefore, policymakers should have a degree
of flexibility regarding the selection of a mechanism to reduce water con-
sumption. We also find that subjects exhibit different appropriation behaviors
depending on their location within the irrigation system, with upstream users
being more sensitive to water reduction than downstream users.

Keywords

Common-Pool Resources, Field Experiment, Non-Cooperative Games,
Uzbekistan, Water

1. Introduction

Uzbekistan is a double-landlocked, arid country that depends heavily on irri-
gated agriculture. The agricultural sector is dominated by state-funded programs
designed to ensure cotton and wheat production, since 85 percent of cultivated
acreage is devoted to these two crops [1]. Because of the dry climate, almost all
the cultivated land is irrigated. Unfortunately, water shortages that can signifi-
cantly reduce production are becoming more frequent and severe, and threaten

to undermine the agricultural sector, which accounts for 19 percent of the coun-
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try’s GDP in 2014 (World Bank, 2016)". Furthermore, the obsolete water man-
agement system and policies, created for collective farms during the Soviet time,
concentrate on output instead of water use efficiency and environmental sustai-
nability. An analysis of individual strategic behavior in allocating water re-
sources is, hence, necessary in this particularly arid region. This study seeks to
identify potential solutions for the wasteful water allocation among farmers, as
well as to prevent the devastating environmental and economic damages that
could result from a future depletion of the country’s water resource.

We investigate how water use in the area would be affected by different policy
mechanisms through a field experiment that strives to imitate a real-life situa-
tion of irrigation water appropriation decision with farmers from Djizzak region,
Uzbekistan, who regularly face water shortages. We develop three scenarios to
characterize different policy approaches: baseline (or benchmark case), penalty,
and bonus scenarios. The baseline case represents the status quo in which par-
ticipants do not face any regulatory policy in water management. The penalty
scenario, however, punishes those subjects who overuse the resource, while the
bonus scenario, by contrast, rewards subjects who conserve water. The goal is to
evaluate, through a field experiment, the effectiveness of these two alternative
mechanisms in eliciting cooperation in a common-pool resource dilemma with
random variation in resource stock. Resource stock variation is based on the
precipitation level that is randomly determined in the experiment by a lottery
mechanism. This allows us to analyze whether farmers behave differently when
the resource stock is scarce or abundant.

With the data gathered from the field experiment, we test the policy scenarios
on a variety of environmental and institutional settings. We start by examining
whether farmers” actual use of the resource approaches to our theoretical predic-
tions and, in addition, whether the penalty and bonus mechanisms lead to more
efficient appropriations than the baseline scenario. To the best of our knowledge,
this is the first field experiment in Uzbekistan analyzing actual farmers’ strategic
behavior regarding water management.

We find that farmers tend to over-consume the total available resource stock,
a behavior that is emphasized when the stock becomes scarcer due to low preci-
pitation. This overuse can be explained by the previous Soviet-era command-
and-control administrative system, which focused only on agricultural output
without considering water use efficiency and water constraints. The experimen-
tal results also show that the penalty and bonus mechanisms reduce individual
water appropriation compared to the benchmark case where policy intervention
is absent. Furthermore, the bonus mechanism is the most effective policy in pre-
serving the resource stock, especially when the stock is scarce. Specifically, the
bonus mechanism is more effective since: 1) the individual and the group ap-
propriation are, on average, lower (evidence of bonus effectiveness); and 2) the

compensation from potentially lost crops provides incentives to farmers to pro-

"World Development Indicators at http://data.worldbank.org/indicator/NV.AGR.TOTL.ZS.
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tect the resource (reason for bonus effectiveness). Finally, our results suggest
that farmers’ appropriation choices are quite different depending on their actual
location within the irrigation system. We find that downstream farmers chose a
higher level of appropriation under the baseline scenario and partially reduce
their appropriation under both mechanisms. This result can be understood by
the fact that downstream farmers face more uncertainty about receiving enough
water than upstream farmers. That is, their location emphasizes the tragedy of a
dry season, thus, making them to overuse the resource.

Related Literature. There are a limited number of studies that use field expe-
riments to analyze strategic behavior of irrigation water management in devel-
oping countries [2] [3]. To our knowledge, no other studies have conducted an
experiment to evaluate the strategic behavior of farmers in relation to irrigation
water appropriation in Uzbekistan. [4] and [5] use a cooperative analysis, whe-
reby agents collectively decide the water use for the group, and focus on how to
promote cooperation. Their results indicate that water trade significantly in-
creases cooperation and welfare. Our paper complements this research, by stud-
ying farmers’ strategic behavior in their individual choice of irrigation water in
Uzbekistan. Unlike these papers, we analyze the effectiveness of commonly
recommended policies, such as penalties and bonuses, in protecting the CPR. A
laboratory experiment that investigates regional negotiation between Kyrgyzs-
tan, Uzbekistan and Kazakhstan over water (from the shared Syr Darya river) by
imitating the strategic environment in which these countries bargain is devel-
oped by [6]. The experimental results indicate that cooperation rarely arises and
that it becomes especially difficult in low-water years.

An experiment conducted at Indiana University analyzes a CPR with limited
access [7]. The experimental results indicate that the pattern of individuals’ deci-
sions does not converge to the Nash equilibrium after several rounds of interac-
tions. Our paper extends this result to settings in which the stock’s abundance is
randomly determined in every period. [8] [9], and [10] also analyze a CPR under
uncertainty about the size of the initial stock. [11] implements an experiment
analyzing a CPR game in which subjects do not have precise information about
the payoff structure. Similar to our paper, [12] analyze a CPR assuming uncer-
tainty about the resource size and considering bonus and penalty mechanisms.
Their experimental results, however, show that both treatments significantly re-
duce the use of the resource and increase the rate of provision. But penalty
treatment is more effective in reducing individual appropriation. [13] develop an
experiment to study the nature of enforcement rules (inspection and sanctions)
in a CPR where individuals monitor each other’s actions.” The monitoring me-
chanism considerably promotes an efficient use of the resource, especially when
sanctions are larger. Finally, similar to [6], our study investigates cooperative
behavior assuming complete information of the resource size. However, we ex-

amine farmers individual use of water (rather than countries’ negotiations), and

’The experiment structure is based on Italian Alps’ institutions that have been used for centuries.
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allow for different stocks. In addition, our paper explicitly examines tools that
help ameliorate free riding behavior. The finding of this study shed light on the
potential for introducing penalty and bonus mechanisms while designing a pol-
icy for Water User Associations (WUA) by governmental agencies and other po-
licymakers not only in Uzbekistan but also other Central Asian countries.

The structure of the paper is as follows: Section 2 discusses the model and
provides a theoretical analysis for the three different scenarios, Section 3 de-
scribes the experiment, while Section 4 discusses the results. Finally, Section 5

concludes.

2. Theoretical Model

2.1. Baseline Scenario

We begin with a single-stage, non-cooperative, n-person CPR game in which a
group of N players can appropriate a common-pool resource whose exact size is
exogenously given. Every player i(ieN) chooses a nonnegative integer

amount X, where X € [0,1, e ,10] .* The payoff function of player 7is given by:

u(xi):(%j[ax—bx2]+c(wr+pr—x) (1)

where X = ZIN: ,% denotes the total level of appropriation of the resource. The

first term of the payoff function represents the benefits accruing to player f
which depend on his individual appropriation, X;, and the other players’ ap-
propriation levels. Similar to [7] [11] [13] [14] and [15], we use a quadratic pro-
duction function to calculate the individual payoff as a proportion of the total
group appropriation level of the resource. This functional form implies dimi-
nishing returns to production, describing, for instance, a reduction in farmers’
yields when the group appropriation of water is very high. We do not explicitly
assume costs for the use and extraction of water, since these costs are captured
by the parameter b. In addition, a and b are positive parameters (a, b > 0) where
be (O,l) and a > b.

The second part of the payoff function represents player /s benefits/disutility
from the stock availability and the aggregate appropriation level.* We assume
that the total stock consists of permanent and additional stocks. The permanent
stock represents the amount of water in the river, W,. The additional stock,
RW, , represents water accumulated from precipitation. R is the level of precipi-
tation and it is a random variable, where Re[0,1], W, is the maximum
amount of precipitation water (e.g., 50 units), and c is a positive constant

representing the payment per a unit of conserving/overusing irrigation water.

*The individual action space is limited to the interval between 0 and 10 to avoid large negative
payoffs. In addition, players choose only integer numbers in order to avoid a complexity in reporting
their outcome points.

“It captures a basic feature of many CPR dilemmas in which overuse of the resource bring 1) nega-
tive externalities and 2) positive benefits in case of conservation of the resource. This rule can be ap-
plied to a variety of ecological system (e.g., rivers, fisheries, and lakes).
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Hence, the second element of the payoff function represents player 7s disutility
if the group overuses the total available stock, W, + RW, < X , or player 7s ben-
efits if the group underuses the total available stock, W, + RW, > X .

Summarizing, the individual payoff depends on the individual appropriation
level, x;, group appropriation of the CPR, X; and the total available stock. Play-
er /s best response function is a linear function of all other players appropria-
tion, X,

1

H(X4) =0 X Q

where X, = ZN x; . In addition, X;(X_;) decreases in the total use of the
j#i )

resource by other players and does not depend on the resource stock. In our ex-

periment we use the same parameters values as in Walker et al (1990), (a= 23, b

= 0.25, and ¢ = 5), hence function (2) can be expressed as:
1
X =36—-=X_, 3
i 5 i (3)

The Nash equilibrium (NE) is obtained by solving (2) for all players ie N,

hence by symmetry x\° = . It is easy to show that the equilibrium ap

(Nll)b

propriation level, x°, decreases in the group size, N. Substituting the parame-

1
ter values used in the experiment and considering N = 10 (number of partici-

pants per group) yields X'° =7 . The Socially optimal (SO) appropriation level

— . a—cC . . .
that maximizes group payoffs, is x>° T or x*° ~4. This scenario and its

theoretical predictions establish a benchmark to experimentally investigate the

effects of penalty and bonus mechanisms on a CPR environment.

2.2. Penalty Scenario

The mechanism is designed to reduce the water appropriation by imposing a
penalty on the subject with the highest appropriation level. Our goal is to test
whether this mechanism induces socially optimal behavior and we derive the
conclusions through our field experiment with farmers. The penalty model ge-
nerates a reduction in the payoff of the player who selects the highest appropria-
tion level of resource, ie., X.In particular, his payoff function includes a third
term that represents the penalty, that is,

Uf(?)z%[ax —bX 2]+ (W, +RW, -X)-[U,(X)-U; (x)]. @)
where i# j, U;(X) is player /s payoff in the baseline scenario when he
chooses the highest appropriation level X, while U, (x) is player /s utility
from selecting the lowest level of appropriation, X among all the other players.
If player 7 chooses the highest appropriation level, a penalty is assessed and is
represented by [Ui (X)-U; (5)} The penalty mechanism makes player 7 com-
pensate player j (who behaves cooperatively) for the loss in payoff due to player
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I's over-appropriation. Player /s utility coincides with player /s payoff from se-

lecting the lowest appropriation level.

Uf’(i):%[ax —bx2]+c(wr +RW, - X )=[U;(X)-U; (x)]=U;(x). (5)

ui(x)
Hence, there are an infinite number of possible combinations for the NE solu-

tion.

2.3. Bonus Scenario

This mechanism is designed to reduce the water appropriation by providing a
reward to the subject with the lowest appropriation level. We next present the
bonus mechanism that also induces players to select lower appropriation levels
and promotes greater conservation of the resource’. Several studies provide evi-
dence that a bonus mechanism generates economic incentives for reducing ap-
propriation levels eliciting cooperation.® However, choosing a lower level of ap-
propriation reduces a player’s farm output relative to other players. Nonetheless,
a lower appropriation might be compensated with a bonus if it is the lowest
among all appropriations chosen by the subjects.
Specifically, the payoff function of the player selecting the lowest appropria-
tion level ( X ) now contains a bonus component:
up (5):%[ax ~bX2 ]+ e(W, +RW, - X )+[U;(X)-U,(x)]  (6)
where i# j, U;(X) denotes player /s utility in the baseline scenario when the
highest appropriation is chosen , whereas U, (X) is player /s utility when the
lowest appropriation is selected. Hence, the utility can be represented by the
payoff that player jobtains from selecting the highest appropriation level X :
u? (5):%[ax —bX2 4 e(W, +RW, - X )+[U; (%) U, (x)]=U; (%) )

J

Ui(x)

Similar to the penalty scenario, there are an infinite number of possible solu-
tions for the NE solution. The next sections discuss the specifics of our experi-

ment and the results.

3. Experiment
3.1. Area of Study

Our experiment was conducted among the farmers in the town of Dashtobod,
Djizzak province, Uzbekistan. This province borders with Kazakhstan in the
north, the Uzbek province of Tajikistan in the south, the Syrdarya province in
the east, the Samarkand province in the southwest, and the Navoi province in

the west. The climate typically experiences dry and hot summers and mild win-

*We do not focus on how the bonus can be funded. It may be provided by some government agency
or financed through taxes.
See [12] [16] [17] and [18].
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ters. The mean annual precipitation for the province is relatively scarce (ap-
proximately 230 mm), occurring generally in the winter-spring seasons.” This
area is dominated by a flat extensive plain that can be used for agricultural pro-
duction only through irrigation.

Most famers, however, exhibit water-deficit problems due to a poor manage-
ment and the declining technical conditions of the irrigation infrastructure.
Figure 1 shows the irrigation system map for this region. The water is diverted
from the Syr Darya river that is then lifted through several pump-stations in the
northern Syrdarya province, then distributed through the Southern Mirzachul
Canal (SMC), and finally through three canals: Djizzak Machinery (DM) Canal
N°1, N°2 and N°3 to local the Water Utility Authority (WUA). Farmers are not
charged for the amount of irrigation water used, but instead pay a fixed annual
fee for delivering water and maintaining the irrigation canal based on hectares of
land irrigated. Moreover, water volume authorized to deliver to their farms de-
pends on the types of crops they cultivate.

All subjects in the experiment are members of the Kanal Suv Yuli WUA. This
association consists of 42 farms ranging between 10 and 179 ha. The total area of
the WUA is 2539 ha. The land is mainly used for wheat (60%) and cotton (30%),
leaving the remaining 10 percent to crops like onion, corn, and melon.* Moreo-
ver, the total length of the canals is 2200 meters and the water used for irrigation
in these farms is lifted by a pump-station and distributed through the DM-Canal
N°2-Canal N°1.

3.2. Experimental Design

Before the experiment began, each subject was assigned a random ID number
consisting of three digits (for example, 101 or 329) which did not affect the play-
er’s order of move or his payoffs during the experiment. The last and middle di-

gits were determining the group’s ID and subject’s ID within this group in order

Southern Mirzachul Canal Syr Darya

Djizzak Machinery Canal No. 1

Kanal Suv Yuli WUA
Djizzak Machinery Canal No. 2

Koyrakum
Reservoir

Djizzak Machinery Canal No. 3

Figure 1. Irrigation system map.

7As a reference, this rainfall is similar to that in the San Diego area in California with an annual pre-
cipitation of 200 mm.

8These crops are not only used for home consumption, but are also sold in the local markets in order
to generate additional income.
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to keep track of their actions and payoffs.’

The experiment consists of the three scenarios: baseline, penalty, and bonus-
each played for 15 rounds."” Thirty farmers from the WUA in Djizzak region
were randomly selected'' and divided into 3 groups (10 farmers per a group) to par-
ticipate in the experiment.” Each group were presented with a different order of
scenarios: group 1—Baseline-Penalty-Bonus, group 2—Penalty-Bonus-Baseline,
and group 3—Bonus-Baseline-Penalty. In total, this field experiment generated
1350 observations (3 groups x 3 scenarios x 10 farmers x 15 rounds). Each sub-
ject received a pen, a set of instructions and several record sheets. Subjects had
one record sheet for the trial game and three record sheets for the baseline, pe-
nalty and bonus cases. Before the experiment began, the experimenter asked
subjects to read the instructions. After reading the instructions, he addressed any
concerns that subjects may have. A two-period trial game of the baseline scena-
rio was played and participants were asked to keep their scores on the trial
record sheet. The objective of the trial game was to make sure that subjects un-
derstood the rules of the game.

At the beginning of every period, before subjects made a choice, the experi-
menter announced the total stock of the available resource, which included both
permanent and additional supply of water. The permanent stock represents the
amount of water in the river for irrigation, ie. W, which we assume to be con-
stant and equal to 50 units in each period. The additional stock represents the
precipitation, W), that varies in each period and is determined through a lottery
mechanism. At the start of each period the experimenter publicly announced the
percentage of additional stock by randomly choosing a number between 0 and
100 percent with increments of 10 percent. The maximum amount of additional
stock is 50 units. For instance, if the experimenter picked 20 percent of addition-
al stock, then the total amount for a given period is 60 units (50 + 50 x 0.2 = 60).
After the total stock is announced, subjects independently and simultaneously
chose their appropriation level, X € [0,10] , which was entered in their record
sheet. After choosing their appropriation level, subjects were instructed to cover
their numbers and put down their pens. Once all subjects had written their ap-
propriation level on the record sheet, the experimenter asked each subject to say
their number aloud.” Although this might introduce bias as the game advances,
the setting is consistent with the information set each participant faces when

they make water appropriation decisions in actual practice."*

"We assigned a three-digit number, rather than a one-digit number, in order to avoid the miscon-
ception that one-digit number has a strategic position in the experiment.

“The typical time horizon in this type of experiments is between 10 and 25 periods; e.g., [19] [20]
[21] and [22].

"Farmers from the Djizzak region were recruited by the chairman of WUA to participate in a group
decision-making experiment for monetary reward based on their performance. All invited farmers
decided to participate.

2Subjects were seated around a large table. It was not possible to arrange an individual desk for each
player. Communication between them was not allowed during the experiment.

*While subjects announced their numbers, the second experimenter typed them into an Excel file to
calculate players’ payoffs.
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All subjects faced the same payoff function specified in Section 3. Due to the
nature of the field experiment, and the absence of modern experiment technol-
ogy, the experimenter publicly announced the total amount of resource used by
the group, all subjects’ actions and their corresponding payoffs in each period.
Subjects were then asked to proceed to the next period, where they need to
choose a new appropriation level. When the 15th round was over, the experi-
menter summed up subjects’ payoffs for all 15 periods and publically announced
the total payoffs to each subject.

Once the 15 periods of the first scenario are finished, subjects participated in
two more sets of 15 periods depending on the scenario order assigned for each
group. In case of the group 1, after the 15 periods of the baseline scenario, the
second and third scenarios were the penalty and bonus, respectively. The expe-
rimenter distributed new instructions for the penalty and bonus games and
asked subjects to read them. In the penalty (bonus) game, the player who se-
lected the highest (lowest) appropriation level is penalized (rewarded, respec-
tively)."” The subjects’ payoffs are penalized/rewarded according to equations (5)
and (7).

After each scenario, the experimenter summed up all points. In order to keep
the experiment relevant to each player, the player with the highest point receive
the monetary prize of 15,000 UZS (US$6.26). After completing three scenarios,
the three individuals with top total points received monetary grand prizes of
15,000 UZS (US$6.26, first place) and 10,000 UZS (US$ 4.17, second and third
places). All subjects received a fixed amount of 20,000 UZS (US$ 8.34) for their
participation in the experiment after taking a short final survey. Average earn-
ings per subject were 27,000 UZS (US$ 11.26) varying between 15,000 and
60,000 UZS (i.e. US$ 6.26 and US$ 25.03)."¢

3.3. Descriptive Statistics

Table 1 shows the descriptive statistics obtained from the survey. All partici-
pants are male farmers, 41 years old on average, and ranging from 22 to 67 years
old. On average they have 17 years of experience in agriculture (ranging from 2
to 40 years), and the average family size is approximately 6 people. The average
farm size is 72 hectares and farmers specialize in cotton and wheat production

with a small portion of land devoted to horticultural crops and home gardens for

“In the survey, farmers acknowledge to know how much water their neighbors need, what they
plant, and the size of their planted area.

5The penalized (rewarded) subject was, hence, determined endogenously by comparing his appro-
priation level to those of the other N-1 subjects in the group. If several subjects were tied at the
maximum (minimum) level of appropriation, then all of them were penalized (rewarded) by the
same amount. Subjects’ penalty and reward were announced with their payoffs in each period.

!“The experiment for each group lasted for about 2 hours and 50 minutes including: instructions,
2-periods trial game, the experiment and the final survey. The experiment with the first group
started at 9:00 am and the last experiment with the third group finished at around 5:30 pm. The av-
erage daily temperature in this region is 0°C - 10°C (32-50F) in November, the month in which the
experiment was conducted. We provided subjects with hot tea, soft drinks and snacks.
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Table 1. Descriptive statistics from survey.

. Standard .
Variable Mean L Min Max
Deviation
Age (years) 41.20 11.31 22.00 67.00
Years in Agriculture 16.83 11.03 2.00 40.00
Family Size (people) 5.97 2.20 2.00 12.00
Farm Size (in hectares) 72.40 39.27 10.00 179.0

Crop planted (1 if the farmer plants the crop, 0 otherwise)

Cotton 0.90 0.31 0.00 1.00
Wheat 0.97 0.18 0.00 1.00
Corn 0.53 0.50 0.00 1.00
Onion 0.57 0.50 0.00 1.00
Melon 0.17 0.35 0.00 1.00

Crop Distribution on Farm (in hectares)

Cotton 35.16 23.56 0.00 98.45
Wheat 32.89 17.19 9.80 82.60
Corn 2.94 3.29 0.00 10.00
Onion 3.16 3.01 0.00 9.60
Melon 0.47 1.18 0.00 4.00

Location on Irrigation Canal

Beginning 0.13 0.35 0.00 1.00
Middle 0.50 0.51 0.00 1.00
End 0.37 0.49 0.00 1.00

family consumption."”

The survey also reveals that farmers are somewhat knowledgeable about their
neighbors, especially about the ones located close to them.' In particular, far-
mers have information on the water needs of their neighbors, crops planted, and
size of the planted area. In addition, only 37 percent of farmers indicate that they
obtain the necessary volume of water. Farmers are not specifically charged for
the amount of irrigation water they use, but instead pay a fee to the WUA based
on the hectares of their property (12,000 - 14,000 UZS per hectare per year in
2014). 73 percent of them report having water conflicts with their neighbors, and

83 percent of the subjects recognize water distribution conflicts with the WUA.

7Farmers plant on average 35 ha of cotton and 33 ha of wheat, with these crops ranging from 0 to 98
ha and 10 to 83 ha, respectively. In addition, 50 - 70 percent of farmers also produce corn, onion,
and melon. However, the planted area is much smaller for these crops compared to cotton and
wheat. For instance, corn is grown on average on only 2.93 ha, onion on 3.16 ha and melon on 0.47
ha.

'8These and other results from the survey, not reported on Table 1, can be provided by the authors
upon request.
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Farmers also mention the existence of a penalty mechanism in the bylaw of
the WUA. They believe the WUA punishes farmers for overusing water in the
form of allowing them less time to irrigate (a reduction of water supply) during
next period. Nonetheless, the WUA imposes no monetary fees for water overuse,
nor it provides bonuses to induce conservation. The majority of the farmers
(67%) indicated that they would get involved in illegal activities to obtain the
necessary volume of water for their crops (by irrigating more time than they are
allowed, breaking water gates, turn off neighbor’s water, etc.). From this answer
we can infer that farmers are desperate for water and have to deal with water

shortages on a regular basis.

4. Results
4.1. Group Appropriation

In this section, we analyze farmers’ behavior under three policy scenarios: base-
line, penalty, and bonus. We investigate whether subjects’ choices approach to
the Nash equilibrium appropriation level described in our theoretical predictions
or, instead, approximate to the Socially optimal appropriation discussed in Sec-
tion 3.

Table 2 presents the summary statistics of the experimental results, including
the available resource stock, group appropriation and overall aggregated mea-
surements. The second through fourth columns show the results for baseline,

penalty and bonus scenario; the last column presents the overall experiment

Table 2. Experimental results.

Indicators Baseline Penalty Bonus Overall

Resource Stock (water units/period)

Average 74.8 74.8 73.3 74.3

Standard Deviation 16.7 17.2 17.2 16.9
Min 50 50 50 50

Max 100 100 100 100

Group Appropriation (water units/period)

Average 68.9 59.6 44.9 57.8
Standard Deviation 16.7 16.5 15.8 19.0
Min 27 29 14 14
Max 95 91 85 95

Overall Periods (water units)

Total Resource Stock 3365 3370 3300 10,035
Total Appropriation 3099 2681 2020 7800
Appropriation Rate (percentage) 92.1 79.6 61.2 77.7
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results. The last three rows are, respectively, the total amount of resource stock,
total appropriation, and appropriation rate (Ze. a percentage of the total stock).
In the baseline scenario, the available stock is, on average, 75 units per round
and varies between 50 and 100 units. The average level of appropriation per
group is 68.9 units per period, ranging between 27 and 95 units. For this scena-
rio, subjects choose to appropriate 92.1 percent (3099 of 3365 units) of the
available stock.

In the penalty scenario (third column), the average available stock is 74.8 units
per period, which is similar the baseline scenario.”® The average level of group
appropriation is, however, 59.6 units per period, which is approximately a 13
percent lower than the baseline. Furthermore, the analysis of variance (ANOVA)
and the Mann-Whitney test indicate that there is a statistically significant dif-
ference in average levels of appropriation by group between these two scenarios
[F(1,88) = 7.03; p < 0.009] and [z = 2.67; p < 0.008], even after eliminating the
observations of the first three periods in both scenarios [F(1,70) = 4.28; p <
0.042].' The resource use at the group level for the penalty scenario decreases
from 3099 to 2681 units in comparison the baseline scenario, a reduction of 80%.
Even though the level of the resource availability is slightly higher in this scena-
rio, subjects consume less as a group than in the baseline case.

In the bonus scenario, the available resource stock is on average 73.3 units per
period.”> The average group appropriation level of water is 44.9 units per period,
which is approximately a 35 (25) percent lower when compared to the baseline
case (penalty case, respectively).” In particular, over the course of the bonus
scenario subjects consume only 61 percent of the available stock (2020 of 3300
units), that is considerably lower in comparison to the baseline and penalty sce-
narios.

Figure 2 illustrates the resource availability and group appropriation levels by
scenarios and groups. Specifically, it shows that in the baseline scenarios all three
groups overuse the resource stock ranging between 3 and 5 times. Furthermore,
the group appropriation and resource stock levels are quite similar, often fol-
lowing the same pattern, especially for group 1 and 3. This behavior may be in-

dicative that the subject’s objective is to maximize his individual payoff by

We use analysis of variance (ANOVA) and the Mann-Whitney to test for differences in appropria-
tion across scenarios. The null hypothesis for both ANOVA and Mann-Whitney is that there is no
difference between the groups.

*'We eliminate the observations of the first three periods in order to avoid the effect of subjects’
learning behavior at the beginning of the experiment.

*This is slightly lower than in the baseline and penalty cases, but ANOVA results show that the dif-
ference in available stock between the penalty and bonus scenarios is not significant [F(1,88) = 0.18;
p = 0.669]. The difference between the baseline and bonus scenarios is small and not statistically sig-
nificant either [F(1,88) = 0.16; p = 0.687]. We find similar results in comparing the baseline and pe-
nalty scenarios [F(1,88) = 0; p=0.97].

SFurthermore, ANOVA results indicate a significant difference in average levels of appropriation
between baseline and penalty scenarios [F(1,88) = 48.98; p < 0.0001]. Even after eliminating the ob-
servations of the first three periods, the test still indicates that there is still a significant difference
[F(1,70) = 38.09; p < 0.0001]. We also find statistical differences in group appropriation between the
bonus and penalty scenarios [F(1,88) = 18.59; p < 0.0000].
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Figure 2. Resource availability and group appropriation (in water units).

consuming as much available resources as possible.

The graphs for the penalty scenario indicate that there exists a relationship
between resource stock and group appropriation levels for all groups. In partic-
ular, when the resource stock decreases the appropriation level tends to increase,
especially for groups 2 and 3, ie, the gap between resource stock and appropria-
tion levels shrinks. In addition, we observe that, the appropriation level is consi-
derably below the resource stock level and no rounds with overuse are observed
for group 1. However, subjects in group 2 and 3 overuse the available resource (5
times for group 2 and 2 times for group 3) when the resource stock exhibits a
high or middle level of scarcity (when the precipitation level is less or equal to
60%). In spite of the fact that the penalty mechanism induces quite similar beha-
vior as in the baseline scenario, it leads to a greater gap between the resource
stock and group appropriation levels in comparison to the baseline case. This
suggests that the penalty mechanism might not prevent the overuse of the re-
sources when the resource stock is reduced by 30% or more.

The bonus mechanism induces two different types of individual behavior:
first, subjects are influenced by the bonus to preserve the resource or, second,
subjects’ behavior is unaffected by the bonus, thus, exhibiting a non-cooperative
behavior. The overall results from the bonus scenarios demonstrate a lower level
of appropriation and a greater gap between resource stock and group appropria-
tion levels for the three groups in comparison to the baseline scenario. However,
the overuse emerges during two rounds in group 1 and during one round in
group 3. This behavior occurs when the resource stock is at the lowest level
(when there is no precipitation). Therefore, this result suggests that the bonus
mechanism might not prevent the overuse behavior when the resource stock is

at the minimum level. Despite the three cases of overuse in the bonus setting,
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this behavior is reduced compared to both the penalty and baseline scenario.**
Therefore, the fact that the number of instances in which overuse occurs is the
lowest under bonus suggests that this scenario would be the most appropriate in
times of scarcity.

These results are similar to the findings of the experiment with the penalty
and bonus treatments conducted by [18] that show that both treatments signifi-
cantly reduce the use of the resource use. However, our findings also indicate
that an overuse of the resource might occur under the penalty and bonus scena-

rios when the stock reaches some certain level of scarcity.

4.2. Comparison with Theoretical Predictions

We next compare the observed appropriation levels with the theoretical predic-
tions discussed in Section 3. Figure 3 illustrates the average individual appropr-
iation levels versus the theoretical predictions, Ze., Nash and Socially optimal
equilibrium, as well as the per period resource level.

The graphs suggest a significant difference between the average appropriation
level, the NE and the SO depending on the scenario type and subjects’ group.
The appropriation levels in the baseline scenario illustrate similar variation
across three groups. The subjects’ average appropriation level is centered around
the NE, except several rounds when the water stock is low and the appropriation
level reach the SO. These results indicate that the SO appropriation level can be
occasionally achieved without imposing any incentive mechanism when the re-
source stock is at the lowest level. However, the group appropriation is less likely

to preserve any of the available stock. Table 3 presents the average appropriation

Resourcelevel  —— Appropriation Nash Equilibrium (NE) Social Optimum (SO}

Group 1 (Baseline - Penalty - Bonus) Group 2 [Penalty - Bonus - Baseline) Group 3 [Bonus - Baseline - Penalty)
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Figure 3. Average appropriation vs. theoretical prediction (in water units).

*To put in perspective, across all groups, we find 14 instances of overuse under the baseline scenario
and 11 total instances of overuse under both penalty and bonus. For each scenario, we played 15
rounds per group.
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Table 3. Average individual appropriation by groups and scenarios.

Individual Appropriation Level

Baseline Penalty Bonus All Scenarios
Group 1 6.85 4.59 5.35 5.59
Group 2 6.89 6.53 3.87 5.76
Group 3 6.93 6.76 4.25 5.98
All Groups 6.89 5.96 4.49 5.78

level per subject indicating that the appropriation level is quite similar across
three groups. Even though subjects on average consume 6.89 units of water that
is slightly below the NE, ANOVA results indicates that there is no a significant
difference between the average appropriation level and the NE theoretical pre-
diction [F(1,449) = 0.52; p = 0.471]. Only 9.6 percent of all subjects’ decisions
coincide with the NE. This is similar to the experiment results in [7] in which
the pattern of individuals’ decision does not converge to the NE. On average,
subjects also appropriate above the social optimal level across the three groups.
In addition, ANOVA and the Mann-Whitney test show that the average appro-
priation level is statistically different from the social optimum at any statistical
level [F(1,449) = 337.46; p < 0.000] and [z = 14.00; p < 0.000].

In the case of the penalty scenario, Figure 3 shows that there is less variation
in subjects’ choices and the gap between the appropriation level and resource
stock is greater than the baseline scenario. Similar to the baseline scenario, the
appropriation level in the penalty scenario strongly depends on the available
stock. The graphs for group 2 and 3 contain several instances of resource over-
use when the resource stock reaches a minimum level. Unlike the baseline case,
the penalty induces subjects to overuse the resource when the available stock is
scarce. This behavior could be rationalized by the fact that a penalty makes sub-
ject feel less guilty about their overconsumption and implicitly provides an in-
centive to over-use the resource.

The average appropriation level for penalty scenario is 5.96 units of water for
all three groups. The greater shift in the appropriation level is particularly ob-
served in the group 1 where subject on average consumed 4.6 units of water per
a round, approaching toward the SO. The average appropriation levels for group
2 and 3 are 6.53 and 6.76 that is slightly lower in comparison to the appropria-
tion levels in the baseline scenario. Overall, however, only 11 percent of all indi-
vidual decision are consistent with the NE predictions.” This coincides with the
experiment results in [13] which indicate that sanctions, such as a penalty, can
increase efficiency. The average level of appropriation among all groups is above
the social optimum, except last four rounds of group 1 and the first round of

group 3. While the penalty mechanism compels subjects to choose the social op-

»Specifically, the analysis of variances indicates that there is a significant difference between the av-
erage appropriation level and the NE [F(1,449) = 63.46; p < 0.000]. Furthermore, the Mann-Whitney
test rejects the null hypothesis of equal population medians at any statistical level [z = —6.68; p <
0.000].
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timal level in these 5 periods, only 9 percent of all choices coincide with the so-
cially optimal level. Indeed, an analysis of variance and the Mann-Whitney test
indicate that the average appropriation level is statistically different from the so-
cial optimum at any statistically significant level [F(1,449) = 223.94; p < 0.000]
and [z = 12.15; p < 0.000].

Finally, as is shown in Figure 3, under the bonus scenario the average appro-
priation level is consistently below the NE during all rounds across three groups,
except the 4th round of group 3 when the resource stock reached the maximum
level. Nonetheless, regardless the precipitation level, subjects appropriate on av-
erage substantially less under the bonus scenario than in baseline case (4.48 vs
6.89 units), suggesting that the bonus mechanism is most effective in conserving
the resource. In addition, the average level of individual appropriation under the
bonus mechanism is 25% lower in comparison to the penalty. Figure 3 also in-
dicates that, unlike the penalty mechanism, which induces subjects to voluntarily
appropriate an amount close to the NE, the bonus mechanism does not lead to
the NE level of appropriation, on average. Indeed, only 4 percent of all decisions
in the bonus scenario coincide with the NE predictions.” We also observe that
the average appropriation is centered on the socially optimal (SO) in comparison
to the baseline and penalty scenarios. It is at or lower than the social optimum in
one third of all rounds (about 54% of all decisions). Furthermore, ANOVA and
Mann-Whitney results show that the average appropriation level is statistically
different from the social optimum [F(1,449) = 6.34; p = 0.012 and z = —3.55; p <
0.00] .

4.3. Scarcity versus Non-Scarcity Comparison

We next study how the availability of the resource stock impacts the cooperation
among farmers. In particular, we analyze the appropriation behavior when the
resource stock is scarce versus non-scarce. We assume that the resource stock is
scarce when available resource stock is less or equal 75 units (that is equivalent
to less or equal of 50% of precipitation according to the experiment setting) and
non-scarce when it is more than 75 unites (Ze., more than 50% of precipitation).

Based on this assumption, 56% of all rounds in the baseline and penalty sce-
narios are labeled as scare and 51% in the bonus scenario.

Table 4 shows the comparison of individual appropriation based on non-
scarce versus scarce for the three different scenarios. The appropriation level is
considerably less when resource stock is scarce in comparison to when it is non-
scarce. ANOVA and the Mann-Whitney tests indicate that there is a statistically
significant difference between the two groups of water availability for all scena-

rios.” From an institutional perspective, the bonus scenario exhibits the highest

ANOVA and the Mann-Whitney tests confirm this finding, since there is a significant difference
between the average appropriation level and the NE [F(1,449) = 167.15; p < 0.000] and [z = -11.16; p
< 0.000].

” ANOVA results are F(1,1349) = 84.50; p < 0.00. Mann-Whitney results are z = 9.24; p < 0.00. Re-
sults suggest that we may reject the null hypothesis that appropriation is similar across scarce and
non-scarce scenarios, controlling for policy scenarios.
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Table 4. Average individual appropriation comparison by resource availability

Individual Appropriation Level

Overall Non-Scarce Scarce Difference
Baseline 6.89 8.01 5.99 2.02*
Penalty 5.96 7.11 4.95 2.17*
Bonus 4.49 5.14 3.87 1.28*
All Scenarios 5.78 6.71 4.96 1.75*

Note: *1 percent significance level based on the Mann-Whitney and ANOVA tests.

reduction in water appropriation relative to the baseline scenario (43.65% under
non-scarcity and 43.25% under scarcity). Relatively speaking, the penalty scena-
rio exhibits an overall lower percentage change compare to the baseline scenario,
under both non-scarcity and scarcity (11.90% and 19.01%, respectively). How-
ever, as statistical testing suggests, there is a reduction in appropriation under
both policies, regardless of scarcity level. Although there is a greater reduction in
appropriation under the penalty scenario, when moving from non-scarcity to
scarcity, the bonus scenario shows a lower overall appropriation regardless of
the level of stock.”® This suggests that, if policymakers are able and interested in
increasing the stock of water over time at a higher rate, then a policy similar to
the bonus scenario would be able to achieve such a goal. However, this recom-
mendation does not take into account the concomitant effect on crops due to

less water employed and/or the need to switch to less water-intensive crops.

4.4. Location Comparison

As a final aspect of this investigation, we analyze the level of appropriation given
the subject’s stated location along the irrigation system. Table 5 shows the aver-
age appropriation levels for subjects who stated to be located at the beginning,
middle and end of the irrigation system for each of the three scenarios.

In the baseline scenario, subjects located in the middle of the irrigation system
appropriate more than those in the other two locations (Ze., 7.09 units). Under
the penalty and bonus scenario, subjects at the end of the irrigation system are
the ones appropriating the most (6.32 units and 5.30 units, respectively), whe-
reas subjects located at the beginning appropriate the least (5.10 units).”’ Similar
to our findings in the previous subsection, water appropriation is reduced more
under the bonus scenario than the penalty scenarios, compared to the baseline.
We also find that, overall, regardless of scenario, individuals at the end of the ir-
rigation system appropriate more water. That is, a disadvantageous location
emphasizes the overuse of the resource.

These findings make evident that subjects’ location within the irrigation

®Water appropriation is reduced by 30.52% under penalty, 25.21% under baseline, and 24.90% un-
der bonus when switching from non-scarce to scarce.
» Appropriation choices under penalty and bonus were not statistically different from each other.
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Table 5. Average individual appropriation by location.

Individual Appropriation Level

Baseline Penalty Bonus
Beginning 6.30 5.10 3.08
Middle 7.09 5.92 4.27
End 6.82 6.32 5.30
Overall 6.89 5.96 4.49

system has an impact on their decision.” In particular, individuals whose farms
are located at the beginning of the irrigation system are more sensitive to the in-
troduction of penalty (or bonus) mechanisms that promote conservation than
other farmers located at the end of the system. For instance, the introduction of
penalties reduces the appropriation levels of farmers at the beginning of the irri-
gation system by 19 percent, but only reduces the appropriation level of farmers
located at the end of the irrigation system only by 7 percent. Implementation of
the bonus scenario has similar effect but with much greater magnitude.

We also note that, if policymakers wish to pursue a policy change in water
appropriation that is more equitable, in terms of percent reduction, then an in-
stitutional arrangement consistent with the penalty scenario would be more ap-
propriate. If the objective is to greatly reduce water appropriations, then bonus

would be the suggested alternative.

5. Conclusions

Irrigation water is a constrained common pool resource in Uzbekistan that leads
to an increasing competition over water allocation among farmers. Irrigation
networks and policies, both created during the Soviet era, are putting more
pressure on water reserves in this region. If such inefficient use of water re-
sources continues, which focuses on agricultural output and ignores environ-
mental impacts, the Uzbek’s agricultural sector will be negatively affected. In this
study we compared the effectiveness of penalty and bonus policies for efficient
use of irrigation water among farmers in Uzbekistan. In particular, we investi-
gated their water appropriation behavior, and evaluated the benefits of these two
policies in terms of how they help to ameliorate the overuse of the resource.

Our experimental results demonstrate that, when protective policies are ab-
sent (baseline), farmers consistently overuse the resource without internalizing
the negative externality that their overconsumption imposes on other farmers.
Experience during the Soviet era, when the use of water was very inefficient,

leads farmers to this myopic behavior, which emerges in the form of higher le-

*¥Location parameters are not considered into the payoff function. However, we observe different
appropriation due to the subjects’ location on the irrigation channel in the real life. The subject dis-
tribution by the groups and location is following: i) group#1: at the beginning 1 subject, middle 6
subjects and end 3 subjects, ii) group #2: at the beginning zero subject, 6 in the middle and 4 subjects
at the end, iii) group #3: 3 subjects at the beginning, 3 in the middle and 4 subjects at the end.
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vels of appropriation. Similar to [7], our experimental results provide evidence
that subjects appropriate more than Nash and the social optimal. In addition,
our findings suggest that both penalty and bonus mechanisms reduce water ap-
propriation relative to the baseline case. This coincides with the experimental
results from [12]. However, our findings suggest that the bonus mechanism is
the more effective in preserving the resource stock in comparison to their con-
clusion of the penalty mechanism being more effective.

We evaluated farmer’s choice when the resource stock is scarce and non-scarce
and how it impacts cooperation among them. Our results indicate that the ap-
propriation level is lower when the resource stock is scarce for the baseline sce-
nario, however, we identify overuse of the resource in the penalty scenario. This
behavior can be rationalized by the fact that a penalty gives an implicit right to
the farmer to overuse the resource when the stock is scarce.

We also analyzed farmer’s behavior based on their actual location within the
irrigation system. The experimental results suggest that farmers who are located
at the beginning of the irrigation system appropriate less in comparison to the
ones at the end, who choose to appropriate most of the resource. This can be ex-
plain by the fact that, in real life, Uzbek farmers location at the end of the canal
face a lot of uncertainty related to the timely water supply and they use any
available resources to irrigate since the next opportunity is unknown to them.
Our experimental results further confirm that there is a reduction in the appro-
priation level under the penalty and bonus scenarios regardless of farmer’s loca-
tion. However, farmers from different locations behave differently to the intro-
duction of these policies and, furthermore, it impacts the magnitude of the de-
crease in the appropriation level.

This paper contributes to the current discussion among water specialists in
Uzbekistan about the benefits of introducing a bonus mechanism to reward far-
mers for their efficient use of water resources. The above results indicate that a
government agencies concerned about efficient water use might consider the
implementation of penalties and/or bonuses. These policies are effective at re-
ducing individual appropriation levels relative to the benchmark case, especially
when the bonus mechanism is in place.

Another important policy conclusion from this analysis is that policymakers
have options to address shortfalls in water supply throughout the growing sea-
son. If the area is experiencing a severe drought, then an institutional arrange-
ment similar to the bonus scenario would provide incentives to reduce water
use. This has certain appeal for farmers, as they would receive a form of com-
pensation from lost crops. Finally, the findings of this study can be potentially
extended to other Central Asian countries that have similar climate conditions
and face a similar situation with respect to the water resource management for
irrigation at the WUA level.
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