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Abstract

This research develops economic framed field experiments in order to analyze the attitude and

behavior of farm groundwater users in several fictional situations, including adoption of efficient

irrigation technology and compliance of group arrangements. A groundwater game was played by
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Cooperation makes it happen? Groundwater management in

Aguascalientes: An experimental approach

1 Introduction

Economists and political scientists have devoted great effort to understand how common pool re-
sources (CPR) are managed, as well as the characteristics of the institutions that emerge in order to
deal with the use and distribution of CPR (see McGinnis, 2000). CPR can be defined as goods that,
because of their natural characteristics, exclusion is difficult but agents can appropriate part of it,
and that part of the resource is no longer available for another person’s use (Ostrom and Gardner,
1993; McGinnis, 2000). Because of the peculiarities of this kind of resources, traditional microeco-
nomic theory predicts that the rent-seeking behavior of individuals yields overexploitation and further
depredation of the good, as explained by the “Tragedy of the Commons” presented by Hardin (1968).
Besides the traditional solutions to the problem (clear property rights and government intervention),
recent scholars have developed research that analyzes the importance of collective action and the role
of the community on the management of CPR (Coward, 1976; Ostrom, 1986, 1990, 1992; Ostrom
and Gardner, 1993; Trawick, 2003). These scholars argue that rules that are internally created and
agreed by the community, along with a set of tools that ensure the enforcement of those rules, are
more effective in the provision and preservation of CPR (Ostrom, 1990; Ostrom and Gardner, 1993;
Dayton-Johnson, 2000; Trawick, 2003; Swallow et al., 2006). These studies have found some evi-
dence that cooperation among the users of a CPR can emerge, and that face-to-face communication
between the agents is important to ensure compliance of the rules (Hackett et al., 1994; Cárdenas,
2011; Moreno-Sánchez and Maldonado, 2010). On this regard, the characteristics of the system and
the way how agents interact within the system is important for the success of the community as an
institution that ensures the sustainable and responsible exploitation of the resource. Moreover, the
dynamics of the system and the way how CPR users make decisions in this setup is important. In
a recent study, Madani and Dinar (2012) asses the performance on various types of non-cooperative
institutions. Using numerical simulations they find that groundwater users that have flexible long
term plans and consider the externalities generated by other users improve their gains, as opposed to
rigid short-term plans with no consideration of the externalities. Then, it is important to understand
the conditions working for and against sustainability of local cooperation in situations of general
social and economic interdependence (Bardhan, 2000).

This research will develop economic framed field experiments with a sample of farmers of
Aguascalientes in order to observe the attitude and behavior of water users on the appropriation of
water and analyze the factors that facilitate or inhibit cooperation under different fictional situations.
More specifically, the objectives of the research can be enumerated as follows:

i. To analyze the behavior of water users towards the use of groundwater for agriculture and the
investment in efficient irrigation technologies, considering the potential strategic behavior that
may arise and the role of these technologies on groundwater conservation,

ii. To analyze the performance of group arrangements in the improvement of the use of water and
endorsement of appropriation levels that yields a socially-desirable economic outcome.
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The document is organized as follows: In the next section, we briefly mention the nature of
the problems related to water in Aguascalientes, Mexico. Then, we discuss current models related to
groundwater management. In Section three we present the experimental design and the structure of
the sessions that we conducted in Mexico. Section four presents the analysis, including the treatment
effects, comparisons with theoretical outcomes and dynamics, and Section five concludes.

2 Water problems in Aguascalientes

The state of Aguascalientes is located in a semi-arid area in Central Mexico. Water from rain is only
available during the rainy season between May and September with an annual rainfall of 500mm/year.
In 2007, 50,542 has. were irrigated, which represent 30 percent of the total agricultural area in the
state, and is also the most productive land (INEGI, 2009). From the irrigated agricultural areas, 36
percent receives water from dams and 67 percent is irrigated with groundwater1. The main problem in
Aguascalientes is the overexploitation of the aquifer Ojocaliente-Aguascalientes-Encarnacin (OAE),
which is currently the main source of water of the state. The estimated annual net use of groundwater
in the watershed of Aguascalientes, which is the most important agricultural area in the state and
also hosts the capital city - the city of Aguascalientes- is 433 million m3/year, from which 71 percent
of this volume is used in agriculture, 22 percent in urban purposes, 1.6 percent is used for industrial
purposes, 5.7 percent is devoted to other uses and natural losses (COTAS, 2006). However, the
estimated annual recharge of the aquifer (natural recharge and filtrations from dams and superficial
irrigation) is 234 million m3/year. Therefore, there is a deficit in the use of groundwater of 199
million m3/year which is not replenished, and the ratio of extracted water/recharged water is 1.9,
meaning that the water that is consumed is almost twice the water that is recovered (COTAS, 2006).
The problem is evident when looking at the depth at which water is extracted. As shown in Figure
1 the average depth-to-water increased from an average of 33 m. in 1965 to 87 m. in 1985 to 145 m.
in 2005 (Gobierno del Estado de Aguascalientes, 2009). Also, currently there are 3,285 wells from
which 1,539 are for agricultural purposes (privately and collectively owned). Moreover, the supply
of water per capita is 281.6 m3/year, which is considered extremely low for international standards
(Gobierno del Estado de Aguascalientes, 2009).

A potential solution to the overexploitation of the aquifer is the installation of efficient irrigation
systems on the parcel. However, as noted by several authors, the impact of the adoption of these
systems on the reduction of the depletion of the aquifer per se is ambiguous. Moreover, there is some
evidence that the farmers of the area of analysis are reluctant to the adoption of these technologies
(Caldera, 2009). Also, the government is developing capacity building programs with the Water User
Associations (WUA) of the region. Given this setting, it is crucial for the authorities and researchers
of Aguascalientes to investigate about the attitude of farmers in Aguascalientes towards the use
of water for agriculture and the adoption of more efficient technologies, not only as mechanisms
that might improve private yields, but also as a water saving methods; and to analyze the role of
organization and internal agreements among users in the improvement of groundwater management
in Aguascalientes.

1Percentages do not add because many farmers receive water from both sources
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3 Prior research

3.1 Groundwater allocation and CPR

Groundwater management was not analyzed as a problem in Economics until the seminal work of
Burt and Brown and Deacon (Burt, 1964, 1967, 1970; Brown and Deacon, 1972). These authors apply
individual privately owned non-renewable natural resource models to solve the centralized controlled
problem, in which inefficiencies from externalities in water extraction are fully internalized by users.
Later, economists started to treat the groundwater situation in a competitive (no control) setup.
In this approach, groundwater users’ behavior is myopic, where no consideration of the “use value”
of water is taken into account, and the current marginal value of water is equalized to the current
marginal cost of water extraction (Gisser and Sánchez, 1980; Nieswiadomy, 1985; Worthington et al.,
1985, see). Most of these studies conclude that the optimal path in the controlled and the competitive
situations is the same, implying that there are no welfare gains from a controlled optimal allocation
of groundwater. This result is usually referred as the Gisser-Sánchez effect. However, as pointed
out by Koundouri (2004a,b), there are reasons to believe that the conclusions of Gisser and Sánchez
should be taken with caution, since several assumptions about the nature of the aquifer, functional
forms and heterogeneity of agents are made. When these assumptions are relaxed, the features of the
Gisser-Sánchez effect do not necessarily hold.

Later, economists began using game-theoretic features to develop groundwater analytical mod-
els. The major focus of this group of studies was to analyze the behavior and interactions among
water users given the strategic behavior that might arise in different situations, as well as the welfare
losses due to strategic behavior. These studies usually focus on the sources of inefficiency based on
three types of externalities generated by the appropriation of the resource (Gardner et al., 1990): i)
Stock (Cost) Externalities, that arise when changes in the stock of the resource affect the cost of
extraction of the resource to all users; ii) Strategic Externalities, related to the common-property
feature of the resource and the difficulty of property rights allocation, which might encourage users to
extract more than optimal level of the resource because of fear of appropriation of the scarce resource
from other users in the future (Negri, 1989); and iii) Congestion Externalities, related to the spatial
distribution of the points of extraction of the resource. Provencher and Burt (1993) also identifies, iv)
Risk Externalities, that arise when the uncertainty in the availability of surface water is considered,
which increases the optimal use value of groundwater for all firms, but firms fail to internalize this
value. Gardner et al. (1990) also considers “technological externalities”, that arise when the presence
of a new technology adopted by of one group of users affects the extraction costs of those that did
not adopted the technology (please see the following subsection)2.

Another strand of research has focused on the analysis of investment decisions. Theory suggests
that, when decisions are taken individually, each agent will decide the optimal moment of investment,
especially when investment is irreversible and is made only once in lifetime. Some researchers have
analyzed investment in efficient irrigation technologies under uncertainty, and focus on the analysis
of the option value of investment (Barham et al., 1998; Carey and Zilberman, 2002). However,
when there is interaction between users (e.g. aquifer problem), strategic behavior might arise due to
technological externalities (Gardner et al., 1990). For instance, Agaarwal and Narayan (2004) develop
a dynamic two-stage game in which agents choose the level of initial investment for the capacity of a
well and subsequent extraction. They show that, due to strategic behavior in investment, agents invest

2For this study, we will not consider risk and congestion externalites, given that none of the parameters considered
in the experiments are stochastic, nor spatial or network effects are introduced.
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in excess capacity, allowing the overexploitation of the aquifer. Barham et al. (1998) also analyze the
relationship between sunk costs and strategic behavior but in a context of a non-renewable resource.

In the problem presented in this study, the adoption of efficient irrigation technologies should
help to increase the water table over time, reducing costs of extraction. Thus, some farmers could
have the incentive to delay adoption given that they are already being benefited by those farmers who
already adopted. The problem presented in this study is similar to the one presented in Moretto (2000)
and Dosi and Moretto (2010), without considering uncertainty in returns. Moretto (2000) develops
a theory where irreversibility effects and war of attrition effects are compounded in the decision of
producers to adopt a new technology. They find switching trigger values at which producers will
switch from one technology to another. Finally, Dosi and Moretto (2010) analyze the implementation
of auctioning investment grants for ‘green’ technology adoption and find them to be a cost-effective
way of accelerating pollution abatement. It is important to mention that in Moretto (2000) and Dosi
and Moretto (2010), the cost of adoption of new technology changes with the rate of adoption of
other agents.

4 The Groundwater Management Game

In this section we briefly present the theoretical model that has been used for the experimental
design. We closely follow the model presented in Provencher and Burt (1993), and the methods
used in this study are very similar to those used by Giordana (2008). In order to facilitate the
presentation of the model, we will first show the individual model of groundwater management with
no investment and analyze the solutions for three different types of behavior: Myopic, Rational and
Fully Coordinated. Then, we will present the individual model for both groundwater consumption
and optimal investment.

The functional forms that we have chose for the experimental design follow Wang and Segarra
(2011). These authors consider a profit function that is linear on the demand of water. They argue
that crop water-related yields tend to increase linearly with the amount of water applied until they
reach a plateau, due to the natural capacity of plants to absorb the water. We also adapted the model
presented in Provencher and Burt (1993) to consider dept-to-water instead of the stock of water that
remains in the aquifer. We believe that farmers are more closely related to the concept of water table
and depth rather than the stock of water, since it is unknown.

4.1 Basic game (Baseline)

There are N farmers that use groundwater for irrigation. They pump water from a bathtub-type
aquifer through water wells, and they do not have access to surface water. In our model, we will only
consider the costs related to changes in the water table, not those related to well digging 3.

Farmer benefits from agriculture are denoted by:

Bit = αwith− wit
β

St

− k = wit

(

αh−
β

St

)

− k

Where wit is the amount of water pumped by farmer i in period t, α is the marginal value of

3Although we believe that these decisions and costs are extremely important, we tried to simplify the model in order
to make make the application with farmers easier.
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production of irrigated land, β
St

is the marginal cost of water pumped from the well, St is the stock of
water in the aquifer in period t, and k is the fixed cost of production. As commonly assumed in the
groundwater literature, only production costs related to groundwater are variable. We assume that
farmers already made all the decisions regarding the use of other inputs, and their cost is considered
in the fixed cost k. Note that the marginal cost of water pumped is inversely related to the stock of
water in the aquifer. If the stock of water increases, then the water table increases and farmers have
to pump water from a higher point in the well, which requires less electricity and reduces pumping
costs. Finally, there is no heterogeneity between farmers, so we will consider the symmetric case.

We believe that the concept of stock of water was less understood by farmers than depth of water
extraction. Thus, we changed the cost function using the following transformation. We considered
the aquifer as a cylinder with a radius of R̄ and height of D̄. Then, the maximum capacity of the
aquifer is denoted by the D̄ × πR̄2. However, the stock of water of the aquifer will change over time
due to exploitation. Then, the stock can be observed using the difference between the maximum
depth of the aquifer, D̄, and the depth at which water is pumped, dt. The stock of water at time t

can be represented by: St =
(

D̄ − dt
)

×πR̄2. With this identity, we can transform our current-period
profit function to:

Bit = wit

(

αh−
β

(

D̄ − dt
)

× πR̄2

)

− k (1)

The equation of motion of the water table is represented by the following equation:

dt+1 = dt +
Wt

πR̄2
−

f

πR̄2

Where Wt is the demand of water of the N farms, Wt =
∑N

i=1
wit, and f is the natural recharge

of the aquifer in period t.
We also need a boundary constraint for the total water used, since no water beyond D̄ can be

pumped. This is represented by:

dt +
Wt

πR̄2
≤ D̄

Farmers will make decisions towards water demand depending on the behavior assumed. We
will analyze the cases when all farmers are myopic, rational and fully cooperative.

Given the functional form used in this model, a myopic water user will pump the maximum
possible amount of water every period, as long as profits are positive, since myopic water users do
not internalize the future consequences of their water consumption today. Moreover, there are no
contemporaneous externalities from other water users in our model. Then, the demand of a myopic
user is represented by:

wm =

{

w̄ if dt ≤ D̄ − β
πR2αh

0 otherwise

Where w̄ is the maximum amount of water that can be pumped.
On the other hand, a rational water user will consider the future value of water in their decisions.

She will also consider the behavior of other groundwater users, since their decisions will affect the
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stock of water in the future, and therefore the welfare of all users. Thus, the problem that the rational
water user solves is:

Vi1 = max
{wit}Tt=1

[

T
∑

t=1

δt−1Bit

]

s.t

dt+1 = dt +
1

πR̄2





N
∑

j=1

wjt + f





dt +
1

πR̄2

N
∑

j=1

wjt ≤ D̄

d1 given

Where δ is the discount rate. The experiments developed in this study do not consider het-
erogenous agents, so we can assume, for the theoretical model, that all users are the same and that
agent i can identify with certainty the other users’ choices, and therefore user i maximizes its current
value function given the other users’ best response4. Recalling the optimality principle, we can write
the Bellman equation for agent i and period t as:

Vit (dt) = max
wit

[

wit

(

αh−
β

(

D̄ − dt
)

× πR̄2

)

− k + δVi,t+1 (dt+1)

]

s.t.

dt+1 = dt +
1

πR̄2
[wit + (N − 1)φ (dt) + f ]

dt +
1

πR̄2
[wit + (N − 1)φ (dt)] ≤ D̄

d1 given

Where φ (d) is the best decision taken by the other N − 1 firms and, as before, h < 1. The
solution of the problem will depend of the type of strategies that agents choose. Open-loop strategies
only depend on time and not on the current state (dt), given that agents take the initial information
and define an optimal path of extraction, whereas feedback or close-loop strategies will depend on
both time and current state. Negri (1989) and other authors argue that open-loop strategies are not
consistent, given that agents can correct their paths over time. Provencher and Burt (1993) show
that the solution of this problem involves two different types of externalities: strategic and stock.
Strategic externalities arise when feedback strategies are followed. These externalities negatively affect
the efficient allocation of the resource and could encourage the depletion of the resource.

A controlled solution of the problem differs from the individual problem in that externalities
are fully internalized. Assuming homogeneity of agents, the symmetric problem can be represented
as:

4Nevertheless, for empirical purposes, conjectures about other users’ decisions should vary between individuals,
depending on observable and unobservable variables.
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NṼit (dt) = max
w̃it

N

[

w̃it

(

αh−
β

(

D̄ − dt
)

× πR̄2

)

− k + δṼi,t+1 (dt+1)

]

s.t.

dt+1 = dt +
1

πR̄2

[

w̃it + (N − 1) φ̃ (dt) + f
]

dt +
1

πR̄2

[

w̃it + (N − 1) φ̃ (dt)
]

≤ D̄

d1 given

Where ∼ denotes values at the social optimum. If concavity of V and Ṽ is guaranteed,
Provencher and Burt (1993) show that the individual demand of water is greater than the socially
optimal demand and it leads to a lower steady-state equilibrium. With a proper parametrization, it
is possible to solve both problems numerically (see below).

4.2 Investment

Now, we will consider the situation where farmers are allowed to invest in new irrigation technology.
This new technology has a level of irrigation efficiency equal to 1. Thus, less water is required to
achieve the same production levels as with the old technology. This technology is adopted only one
time in lifetime. However, the cost of adopting the new technology is I. Also, with the new technology,
it is necessary to spend every period an additional maintenance cost of m5. The period benefits with
the default technology are denoted as B0 and are represented by equation (1), whereas benefits with
the more efficient technology, without considering the investment cost, can be represented by:

B1
it = wit

(

α−
β

(

D̄ − dt
)

× πR̄2

)

− k −m (2)

With the two technologies available, the farmer not only has to decide the optimal path of
pumped water, but also the optimal moment at which he/she switches to the efficient technology.
These two situations can be combined as follows. In any period, say τ , the farmer will choose whether
to invest or not in the technology, in order to maximize his/her present value of the utility, Viτ , taking
into account the equation of motion of the stock of water in the aquifer and the boundaries of wit:

Viτ = max
{

V 0
iτ , V

1
iτ − I

}

s.t.

dτ+1 = dτ +
1

πR̄2
[wiτ + (N − 1)φ (dτ ) + f ]

dτ +
1

πR̄2
[wiτ + (N − 1)φ (dτ )] ≤ D̄

d1 given

5This additional cost can be interpreted as the cost incurred in hose and filter replacement for dip irrigation tech-
nology.
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Where

V 0
iτ = B0

iτ + δVi,τ+1

and

V 1
iτ =

T
∑

t=τ

δt−1B1
it

Again, φ (·) denotes the best strategy of the other users. Note that the present value of the
utility of not investing in τ , V 0

iτ , considers the possibility of investing in the new technology in the
next period τ + 1, whereas investment in τ is considered irreversible.

This problem can be solved using the two-step method proposed by Agaarwal and Narayan
(2004). The first stage involves the investment decision whereas the second stage solves the optimal
extraction path {wit}

T
t=1. We can search for the optimal extraction path conditional on the investment

timing decision t̂, {wit

(

t̂
)

}Tt=1, t̂ = {1, 2, ..., T}. Each t̂ will yield a lifetime utility V̂
(

t̂
)

i1
. Then, the

optimal investment time, t∗, can be represented as:

t∗ = argmax{V̂
(

t̂
)

i1
}, ∀t̂ = {1, 2, . . . , T} (3)

Myopic agents do not care about the future, so they will not invest in the new technology. On
the other hand, rational/strategic agents might be willing to invest in the new technology if every
user is willing to invest. However, there is the possibility of free-riding : If agent i believes that the
other users will invest, he/she will benefit from their water savings. Therefore, agent i does not have
incentives to invest. If this is the case, then all the agents will have the same strategy. Thus, the Nash
equilibrium will be the resulting equilibrium. So two equilibria might arise, one in which everyone
invests in the first period, and the other, in which no one invests.

4.3 Communication

Non-cooperative game theory does not predict good results from communication and agreements:
everyone deviates from the agreement and play Nash. However, it is possible to analyze the effects of
agreements using the approach developed by Dixon (1989). He analyzes whether groundwater users
apply trigger strategies when any of their peers deviate from an agreement already made. However,
the analysis of the agreement itself is not matter of non-cooperative game theory.

In our study, we will consider fixed agreements as a way to achieve a second best. Although
there is a specific path with which the social optimum can be achieved, in our case, some specific
fixed arrangements will yield better results than those achieved by both myopic and rational/strategic
agents. Then, it would be better to stay with the arranged fixed amount. Nevertheless, deviations
from the arrangement might appear. It might be that changes in stock might trigger some kind of
behavior that leads to deviations of the agreements.Also, some agreements might work better than
others, even if they yield to better results than the Nash and myopic.
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4.4 Parametrization, myopic, rational and optimal behavior

The total number of water users for each well was N = 4. Also, in order to facilitate the decision-
making process of participants, we discretized the number of hours of water that they can use. Then,
for this experiment, wit = {0, 1, . . . , 10}. Also, we allow the efficiency level of the irrigation technology
to be h = 0.5 with the less efficient technology, and h = 1 with the highly-efficient one. In that sense,
it will be required 10 units of water to irrigate all the land with the less efficient technology, but only
5 units with the more efficient one (see “Framing” subsection).

The life span of participants will be of 5 production years. After year 5, they retire from farming
and receive their reward (Vi1). Thus, it is not important for them if there is water left in the aquifer6.
The initial depth of extraction is set to d0 = 170 meters. This depth is similar to the average depth
of extraction in the region, so participants accepted this level easily.

All the parameters that were used in the experiments are presented in Table 2. Also, tables
4, 5 and 6 present the revenues with the less-efficient technology, highly-efficient technology and the
costs of extraction. Note that revenues with the highly-efficient technology increase with the number
of units used up to five units. After five units, revenues do not change. This is because farmers posses
a fixed agricultural area and, with the parameters used, all the area that they hold is irrigated with
5 units (see ”Framing” subsection). Also, note that the cost changes with each level of the depth of
extraction and the number of water units required.

It is important to mention that the parameters were set in a way that it is not profitable to use
water if there is less water in the aquifer than the necessary to supply the maximum amount that users
can require. Thus, beyond dt = 210, it is more profitable to request zero hours of water and just cover
the fixed cost of production. With these parameters, we calculated the myopic, rational/strategic
and fully coordinated paths for the basic game.

The trajectories of units of water used, costs and well depth for each type of equilibrium are
presented in figures 2, 3 and 4. We also calculated the total benefits from possible “fixed arrange-
ments” in the number of water units. This exercise could represent the situation in which there is
an agreement between users. The results are presented in figure 5. The equilibrium total benefits
without including the initial capital7 for myopic agents is 76.25; 108.75 for rational/strategic agents;
and 165.82 for fully coordinated agents. Also, we can see that the value function is not linear for
different fixed arrangements. Moreover, with arrangements of five, six and seven units for each period,
it is possible to achieve net benefits higher than the Nash equilibrium. This situation suggests that,
in this experiment, it is possible to be better-off than the Nash equilibrium if water users comply
with the agreement of pumping six units in each period.

In order to solve the model for the “Interaction-investment” situation, we first solve the same
problem in the case when only the highly-efficient technology is available. In this case, we set the
parameters in a way that it is possible to achieve the same social optimum with the two technologies.
This was done in order to avoid the introduction of a bias from the parameters chosen.

6Although we believe that it is important to give a value to that water, it would required the valuation of the
ecological benefits of that stock, and this valuation goes beyond the scope of this paper.

7See next section for details
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5 Experimental design

5.1 Research area and recruitment of participants

Farmers from the State of Aguascalientes were recruited for the experiments, and the information
of 256 farmers will be used in this study8. Farmers were contacted in several ways. The most
efficient way to recruit farmers was through delegates of the sections of the Irrigation Distric 001 and
engineers that worked on the region. We also contacted farmers through professors of the Univerisdad
de Aguascalientes9. 52 farmers participated in 4 sessions between April and May of 2012, whereas
in the period between September and October of 2012, we developed 21 sessions with 204 farmers.
The sessions were developed in rooms provided by the Comisario Ejidal or by the Irrigation District.
Only in three occasions, we developed the sessions on the field, where the water well is located.

Farmers use water for irrigation purposes10, and we allow the source of water to be a water
well or a dam. In many cases (37.89 percent), farmers had the two sources. As we will show in
the next section, the game that will be played is based on a situation in which farmers pump water
from a well. However, we allowed the participation of farmers that do not have a well because these
farmers are potential users of a well (given the declining rain in the region, farmers are getting more
permissions for well digging), and there might be differences in the behavior between these two groups.
Also, all the farmers were very familiar with the context. The distribution of recruited farmers in
Aguascalientes is presented in Table 1.

5.2 Framing

We framed the experiment in the following way. Each participant holds H̄ has. of land devoted to
agriculture. This land could be irrigated or not, depending on water users decisions. The amount of
land is fixed over time throughout the game and it is the same for all participants. Participants are
water users that extract water from a well. There are N water users in each well. Water users are
homogenous but they do not know for sure what the other users do (see below for a description of
the session).

Each period will represent one year of production. In that sense, water users will decide the
amount of water they will use for the entire production year. Farmers’ decisions on the amount of
water will be made in terms of hours of water/day pumped from the well, wit. Each irrigated hectare
requires 2h hours of water/day from the well, where h is the level of efficiency of the technology that
the farmer has in place (0 < h ≤ 1). For instance, in order to produce on the H̄ has., farmers have to

use wit =
H̄
2h

hours of water a day. However, they do not have to work in the whole H̄ has. They can
decide to irrigate H < H̄ has. In that sense, we can say that the total irrigated land for the period
will depend on both the water requirements that they scheduled and the level of efficiency, wit2h.

As mentioned above, changes in the depth of the water well will depend on the amount of water
that farmers use. For the sake of consistency of information, we told participants that one hour of

8We gathered information of 299 farmers, however the information of the first three sessions, which included 32
farmers, was used as a pilot due to several changes in the experimental design. In addition, the information of one
session with 12 farmers is not included because they did not finish the session

9We also attempted to contact farmers in the Feria Nacional Agropecuaria de San Marcos, one of the most important
agricultural fairs in Mexico. The Universidad de Aguascalientes allowed us to get a kiosk in which we could developed
the session. However, this strategy did not result.

10Only two farmers had rain-fed land
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water pumped from the well will contribute to the depth of the well in one meter. Finally, each
farmer has an initial capital of C.

5.3 Treatments and sessions

Treatments
The experimental design consists of two treatments with two levels (on and off). The treatments

that will be considered are:

Investment in technology (IN): In this treatment, farmers will be allowed to invest in irrigation
technology. Farmers are free to choose the time in which the investment is done. The cost of
investment is I.

Internal agreement (AG): Before the players make any decision regarding water consumption, they
agree on a fixed amount of water that they should pump in each period. After the participants make
their agreements, they individually and anonymously decide whether they comply with or deviate
from the agreement.

We excluded the experimental condition in which the two treatments are activated11. We called
the “Counterfactual” treatment (CF) to those sessions when the two treatments are deactivated. As
noted in Table 3, 21 groups participated of the CF and IN sessions, and 22 groups participated of
the AG treatment.

Initially, treatments were assigned randomly. We made a raffle to decided which treatment will
be applied. After some sessions were already developed, we considered the number of sessions already
assigned in each treatment to assign the treatment for the next session. For instance, if there was a
deficit of AG sessions, we decided to apply that treatment to the following session. We did not took
into account any characteristics of the population, location or the number of potential attendants to
assign the treatments to sessions.

Sessions
Games were played by groups of 4 participants. Each group represented a water well and the

four members of the group had to pump water from the same well. We called the wells by colors:
yellow, blue, orange, green and red. The number of wells that participated in the session varied
depending upon the number of attendants. We did not run sessions with more than 20 participants
to guarantee tractability. Each participant received a card of the color of the group membership.
Colors were assigned randomly. We made sure that members of each well did not sit together in
order to avoid collusion. Therefore, when possible, we arranged individual tables in the session, and
members of the same group sat in each table separately and in different parts of the room. However,
the most common setup was one in which we arranged four big tables and one member of each group
sat in each table. Depending on the number of groups, one to five people could sat in the same table.
Also, each well played a game independently. In other words, wells did not compete for water and
there was no relationship between them. Thus, although members of different wells sat together,
they did not take actions upon the same information. However, it might be possible to find some
correlation between groups. It is possible to control for that in the analysis.

11To fully estimate the effects of the treatments, it is necessary to run sessions with a combination of the IN and
AG treatments (Collins et al., 2009). We could not run that type of session and we believe that would have been more
complicated for the farmers.
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All the participants played for 10 rounds. The first 5 rounds (Stage 1) corresponded to the
baseline situation, in which no investment nor agrement treatments were in place. After the first 5
periods, the following 5 rounds (Stage 2) corresponded to a specific treatment. We applied 3 types of
sessions in the experiments. The type of session (CF,IN,AG) was informed after the end of the first
stage.

Before the participants make their investment and consumption decisions for the first round,
the initial well depth is informed to all the members of the group. This information is public along
the game and is the same for all the water wells.

Each participant has a revenue table for the case of the less-efficient technology and, only for
the case when the IN treatment is in place, participants have the revenues for the two technologies,
as shown in tables 4 and 5. They also have the cost table presented in Table 6. Costs do not change
between treatments. With this information, participants can decide how many hours they pump.
They write down all their decisions for the first round in their account sheet. Once all participants
made their decisions, calculated their income, cost and benefits for the first period (here the facilitator
and assistants helped with these tasks), the facilitator proceeds to count how many hours were used
by each participant for each well. This exercise is done in a way that the other members of the well
do not notice who are their group partners. Then, we calculate the change in the depth of extraction
of each well and make this information public to proceed with the second period. This exercise is
repeated four more rounds and in each time we update the depth of the well.

For the second stage, we start again from the initial well depth (170 m.). If the type of session is
“IN”, participants will be able to invest in a highly-efficient technology. This is communicated to all
participants before the round starts. However, this technology costs an amount of I and is a one-time
investment. Thus, every period, they have to decide whether to invest or not in the technology and
the amount of water to pump. Once the technology is adopted, they will only calculate their benefits
using the table of the highly-efficient technology, shown in Table 5.

If the type of session is “AG”, the members of each well meet for 10 minutes before the game
starts and discuss a fixed amount of water that they will request for each period throughout the
game. This agreement will be written in their accounting sheet. After the meeting, we proceed to
play a game similar to the baseline. Participants can anonymously decide whether to comply with
the agreement or deviate.

5.4 Rewards

As mentioned above, each farmer receives an initial endowment C. Then, the payoffs at the end of
each stage will be composed by C plus the total net benefits from production that the farmer earned
through the five periods minus I if the farmer adopted the technology in the second stage of the “IN”
sessions . At the end of the second stage, each farmer will toss a coin marked with “1” and “2”. If
the coin shows “1”, he will receive the amount earned in stage 1, otherwise, he receives the amount
earned in stage 2. Participants will get a fixed reward of 200 MX Pesos ( US$16) for their attendance.
The total earnings that participants got are between 200 MX Pesos and 441 MX Pesos12.

5.5 Survey

We conducted a survey at the beginning of each session. The purpose of the survey is to complement
the data gathered in the experiments and analyze whether any “real life” variables determine the

12Some participants earned total benefits lower than 200 MX Pesos, however, we set the minimum amount to 200.
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behavior and attitude of water users in Aguascalientes in the experiment. The survey consisted on five
sections and we asked about farmers’ land tenure, major crops and livestock, farmers’ experience and
demographics, water access and use, and irrigation technology available on the field. The facilitator
read each question of the survey and each participant answered individually with the help of assistants.
Participants took between 20 and 30 minutes to fill the survey. A summary of the variables collected
in the survey is presented in the next section.

Tables 8 and 9 present means and proportions of the variables gathered in the survey for each
treatment group, “Counterfactual”, “Investment” and “Agreement”. We can see that there are some
important differences between the mean values and proportions of some variables of each of the
treatment groups, even though we assigned the treatments randomly. For instance, water wells as
the main source of water has a higher presence in the CF group than the other two groups. Also,
we can see that the AG group shows a higher proportion of farmers with drip irrigation, as well as a
higher proportion of farmers that work only on farm. Although these differences may not affect the
final outcomes, it is necessary to take them into account in the analysis.

6 Analysis of data and results

We conducted 25 sessions with a total of 256 farmers in two periods: between April 30 and May 13,
and between September 9 and October 10 of 2012. The 256 observations comprise a total of 2,560
periods played. The summary of sessions is presented in Table 3.

6.1 Experiment Outcomes

The main outcomes of the experiments are the number of pumping hours, revenues, costs and benefits
in each period, and the total net benefit, total hours pumped and final well depth. In Table 10 we can
see the mean values for the last three variables. The mean differences tests are performed between
stages for each treatment (CF, IN and AG). As we can see, there are significant differences only for
the outcomes of the IN treatment and there are no significant differences between stages for the other
two groups (CF and AG). We also ran difference tests between the treatments within each stage.
These results are presented in Table 11. We can see that there are some differences in the outcomes
in Stage 1, between the CF and IN treatments. This suggests that, even though the treatments were
assigned randomly, there are some unobservable differences in the sessions and attendants that has
to be considered in the analysis. On the other hand, in Stage 2, almost all the outcomes from the IN
sessions are significantly different from the CF sessions, as expected, whereas the mean differences
between the outcomes from the AG and CF sessions are not significantly different to zero. This might
be because the dispersion of the resulting total benefits increases in Stage 2, as we present below.

With respect to the period variables (hours of pumping, revenue, cost and benefit), Table 12
shows the mean values of the period outcomes of the experiment for each of the treatments in each
stage and period. With the exception of revenue in Period 1, all the outcomes of the IN treatment in
Stage 2 are significantly different to the outcomes of CF, on average, whereas none of the outcomes
of AG in Stage 2 are significantly different on average from the outcomes of CF. Although this could
be a sign that the treatment does not have any effect on the behavior of participants and therefore
on the resulting outcomes, it is necessary to make a deeper analysis of the results, given that the
behavior of the participants also changed between stages 1 and 2 for the CF treatment. Moreover,
looking at Table 12, it is clear that there exist some initial differences between the outcomes of the
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CF and the other two treatments in Stage 1, where all the participants played the baseline. These
results are also presented graphically in figures 6 to 10.

It is worth to notice the important increase in the costs of pumping for the AG group in the
last period of Stage 2. There are some observations that show extreme values in costs, which yield to
very negative benefits. This seems irrational since the game is designed in a way that, when the well
depth is to high, it is more profitable to pump zero hours of water and get low losses. However, as
we will discuss below, many participants where reluctant to use zero hours of water because they felt
that they had to get “something to survive”, as in reality. Thus, even though the costs of pumping
were really high, they still decided to pump water.

Another interesting observation is the change in the distribution of pumping hours over the
game. Figure 11a shows kernel density estimations of the distribution of pumping hours for the
three treatment groups in Stage 1, whereas Figure 11b presents kernel density estimations of the
distribution of pumping hours for the CF and AG groups in Stage 2. The IN group is not presented
in Figure 11b given that it basically collapses to the value of 5. In period 1 of Stage 1, the distributions
of the three groups are bimodal, one mode centered in 5 hours and the other mode centered around 9.
Then, the three distributions start to become flatter, which means that the dispersion of the decisions
is increasing. For the case of the IN and AG groups, it seems that the participants are choosing lower
values, since the left side of the distribution becomes broader. However, for the CF group, although
some lower values appear, the biggest changes are observed in the higher values, around 7 and 8. On
the other hand, when we look at the values for the CF and AG groups in Stage 2 in Figure 11b, we
see that the CF group starts with high values, with a mode between 8 and 10, and the AG group
starts with a mode around 6. Then again, the two distributions start to become flatter, but in this
case, the participants of the CF group start to choose lower values, whereas those from the AG group
choose the higher ones. This behavior observed in the AG group could reflect the strategic behavior
of participants, who try to take advantage of the presence of the agreement and defect. Finally, it
is worth to mention that the skewness towards higher values is sustained until period three. From
period four, the participants start to choose lower values, which makes the distributions to flat faster.

Figure 12 shows the average total net benefit and the theoretical equilibrium values for each
treatment and stage. We can see that the average total net benefit reaches the theoretical Nash value
for the case of the CF group in Stage 1 (309.77 vs. 308.75) and their difference is not significantly
different from zero. On the other hand, the mean total benefits of the IN and AG groups are much
lower than the Nash in Stage 1, with their differences significantly different from zero. In Stage 2,
again the the total net benefit of the CF group is not significantly different to the Nash equilibrium,
whereas the benefits for the IN and AG are significantly lower to their correspondence theoretical
values (Social and Nash-IN and Agreement, respectively). In the case of the IN group, the mean total
values are much higher than its counterpart in Stage 1, but still it does not reaches the theoretical
optimal value. On the other hand, the AG group does not even reaches the Nash equilibrium, even
though the theoretical value of the agreement yields.

With respect to the final well depth, Figure 13 shows the observed and theoretical values for
each treatment and stage. We can see that the average final well depth for the CF group in Stage
1 is slightly higher than the theoretical social value (198 vs. 200.57), with no statistical differences,
whereas the final well depth for the other two groups is significantly higher. For the case of Stage
2, all the observed outcomes of the three treatments are significantly higher than their theoretical
correspondence.

It is also interesting to analyze the distribution of these two variables. Figure 14 shows the kernel
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density estimations of the final total benefit for both stages 1 and 2. For Stage 1, the distributions
of the three groups are very similar, unimodal and centered around 300. However, in Stage 2,
although the distribution of the CF group is still centered in 300, the dispersion increases, whereas
the distribution of the IN and AG groups skewed towards higher values (more in the IN group than
in the AG group)13. With respect to the distribution of the final well depth presented in Figure 15,
we can observe that, as expected, the distribution of IN groups moves towards lower values, since the
new technology reduces significantly the amount of water used. On the other hand, the distribution
of the CF group shifts to the right-side of the range and reduces its dispersion in Stage 2, whereas
the one for the AG groups also shifts towards lower values but its dispersion increases.

6.2 Statistical Analysis

6.2.1 Treatment effects

We are mostly interested in the analysis of the impact of each treatment in three end-of-stage variables:
individual total hours pumped, individual total benefits and final well depth. As mentioned before,
there are some intrinsic differences between the treated groups, even in the first stage, where no
treatment is imposed. If these differences are not taken into account in the analysis, any estimation
of the impact of the treatment will be biased. In order to obtain reliable impacts of the treatment,
we will estimate a Difference-in-difference model (Cameron and Trivedi, 2005).

Consider the outcome y
g
is observed at the end of the stage without treatment (s = 1) and

the stage after treatment (s = 2) for three different treated groups: “Counterfactual” (g = 0),
“Investment” (g = 1) and “Agreement” (g = 2). Recall that for the case of g = 0, there is no
treatment imposed in both s = 1 and s = 2. We can estimate the following equation:

y
g
is = α+ δ + θ1D1 + θ2D2 + φ1D1 × δ + φ2D2 × δ + βXi + υi + εis (4)

Where α is a constant, δ is a binary variable that takes the value of one if s = 1 and zero
otherwise, D1 is a binary variable that takes the value of one if g = 1 and zero otherwise, D2 is a
binary variable that takes the value of one if g = 2 and zero otherwise, Xi are fixed individual (group)
level observable variables, υi is a specific individual (group) level random term and εis is a individual
(group) and time level error term.

We are interested in the value φg for each treatment, g = 1, 2. Estimation of this model with
OLS will yield inconsistent estimates because of the presence of υi. We used a random-effects model to
estimate the equation presented above in order to account for specific individual and treated-group
effects. We also considered the full model which includes some of the variables gathered through
the survey to control for observable characteristics. Preliminary results are presented in Table 13.
Equations (1) through (4) are estimated at the individual level, whereas equations (5) and (6) are
estimated at the well (group) level.

The coefficients of interest are “IN X Stage2” for the effect of the “IN” treatment, and “AG X
Stage2” for the effect of the “AG” treatment. We can see that the two treatments have a significant
effect on the reduction of the total pumping hours and final well depth, whereas only the IN treatment
has a positive effect on final total benefits. Also, we can see that there are intrinsic differences between
total water used in the groups, since the coefficients of “IN” and “AG” are significant in equation

13For the case of the AG group, we omitted three outliers that are not relevant for the analysis of the distributions.
The three participants obtained -354, -637 and -701.
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(1) and (2). However, for the total benefits, the initial differences between the groups is not clear.
The coefficients that denote differences in stage 2 are marginally significant for the equations of total
pumping hours but not significant for the other equations. This suggests that any potential learning
between the two stages might affect the results in total pumping hours. However, learning will be
more important at the analysis of the dynamics of the game.

We also present the full model including contextual and individual (group) variables. Among
the contextual variables included we have indexes for different number of participants in the session
(four, eight, twelve, sixteen and twenty), as well as the time and the date in which the sessions were
developed. Some of the coefficients of these variables are significant. For instance, the coefficient
of Time is significant and positive for the estimation of the total pumping hours. This result might
suggest that, for various reasons, participants that attended the sessions developed in the afternoon
tend to choose more pumping hours over the game. With respect to the individual characteristics,
we can see that the age, working time on farm, irrigated area and area with drip irrigation explain
part of the differences between the outcomes. It seems that people less involved with the farm tend
to save more water in the game, but at the same time they earn lower total benefits in the game.

6.2.2 Theoretical vs. Observed

The theoretical outcomes obtained in the simulations of the model can be considered as benchmarks
of the behavior of groundwater users. These benchmarks abstract from reality, and therefore in the
experiments, contextual or individual factors will affect the observed outcomes. Thus, it is important
to recognize these factors in order to analyze the behavior and attitude of participants towards the
context of the game.

One way to analyze how far the observed outcomes are with respect to the theoretical outcomes
is through a measure of efficiency. We know that the social optimum is the socially efficient outcome.
We can build a measure of efficiency that corresponds to the ratio between the gains in the game
(final total benefits minus initial capital) and the total number of hours used. This would give us a
measure of “pesos gained per unit of water”. Table 14 shows the average, max and min values of the
observed values for each stage and treatment group, as well as the theoretical counterpart.

The index is a measure of individual efficiency, however, it does not consider social efficiency.
In other words, having a high index does not necessarily mean that a person is “closer” to social
efficiency. We can see this if we plot the index with the final well depth, presented in figures 16 and
17. As shown in Figure 16, the socially optimum combination of “individual efficiency” and “social
efficiency” (approximated with final well depth) is the combination depicted by the point labeled
“Social”. This point is far from the distribution of observed points. However, we can see that there
are several points with similar individual efficiency levels but low levels of well depth. This could
suggest that some participants were individually efficient in their decisions, but they should have
used more of the common resource. We can also observe the position of the Nash equilibrium in the
plane. It is located on the far right-side of the plot, indicating that the individual efficiency is low
and common resource is overused. This low level of individual efficiency is due to the externalities
generated by the other common-pool resource users. The “Fixed arrangement” theoretical outcome
is also depicted in the scatter plot, and it is closer to the social optimum. Figure 17 presents scatter
plots for the efficiency index and final well depth for Stage 2 by treatment group14. Again, several
observations show very high individual efficiency, but they lie far from the social optimum. Also,

14Three observations with negative values were dropped from Figure 17c.

17



the observed points of the IN group are arranged towards the left part of the plot. This is because,
overall, participants tend to use less water due to the better irrigation technology. However, the
dispersion of the points in this plot is higher than in the other two groups.

Any measure of distance between the observed and the theoretical outcomes should consider
these two (or more) dimensions. For this study, we calculate the Euclidean distance between each of
the theoretical benchmarks, Social and Nash, and each observation point in the Efficiency Index-Final
Well Depth plane. The Euclidean distance is calculated as follows:

Di =

√

(eo − ei)2 +
(

0.1do
5
− 0.1di

5

)2

Where D is the distance to the theoretical outcomes, e is the efficiency index, d5 is the final
depth of the well, subscripts i = {N,S,A} denote Nash, Social and Agreement, and the subscript o
denotes a measure from the observed data.

Then, we regress each of the distances on the variables gathered through the survey in order
to analyze the characteristics of the participants that influence the “degree” of optimality. Table 15
shows preliminary results of Seemingly Unrelated Regressions for each stage and each treatment. We
used SUR in order to gain efficiency from the simultaneous estimation of the two equations.15. We
pooled all the observations for Stage 1 since there is no difference in the games. At first glance, we
can see that in Stage 1, the coefficients for treated groups (IN and AG) are significantly different
from zero, and suggest that participants from these groups lie further from the social optimum and
closer to the Nash, in comparison to the CF group. Also, older people, people that started early in
life in agriculture, household heads and people that work some time off-farm lie closer to the social
optimum, whereas younger people, people that start later in agriculture, less experienced people,
non-household heads, people that have land in ejidos, and farmers whose only source of water is a
water well are closer to the Nash. In the same way, it is possible to find some relationships between
the characteristics of farmers and their location in the Efficiency Index-Well Depth plane for each of
the treated groups in Stage 2. Equations (3) to (7) of Table 15 show these results.

6.2.3 Individual-level Dynamics

In the previous sections we showed that the treatments applied in the experiments have significant
effect on aggregated outcomes of the game, specifically total hours pumped and total benefits. Nev-
ertheless, the behavior of participants during the game and the factors that explain variability in the
behavior is a major task of this study. For instance, some participants may be more likely to behave
in a forward-looking behavior whereas others may tend to behave myopically. Moreover, from the
previous subsection, it is possible to identify some characteristics of the participants that may drive
their behavior in the game. There is also the possibility that the development of the game makes par-
ticipants to switch their strategies after some threshold, which might be possible given the presence
of non-linearities in the model. To answer these questions, it is necessary to analyze the dynamics
of the game, especially the dynamics of water demand, the decision variable “pumping hours”, and
identify what factors affect the behavior of participants and whether they switch or not.

According to our theoretical model, an optimum forward-looking behavior fully internalizes
the use value of the resource when a decision about the demand for water is made. Then, at the

15However, this is not a system of equations, since none of the dependant variables in on the other equation as
regressor
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beginning of the game, fully-coordinated agents define the optimum path, which will depend only on
time, given that there is no uncertainty in the game. On the other extreme, fully-myopic agent will
disregard the use value of water remaining in the aquifer, and will decide according to the current
marginal benefits and costs. We can expect that, in reality, agents could behave in the full range
between fully-myopic and fully forward-looking. Dixon (1989) and Arcidiacono et al. (2007) mention
that heterogeneity in the behavior of users with respect to the weight assigned to the use value of the
resource can be identified through the distribution of the discount factor. Then, it is possible from
the data of the experiments to estimate a discount factor given the actions taken by the participants
and observable variables gathered through the survey. It might be possible to identify some “types”
that lie in the range of fully-myopic and forward-looking, based on their characteristics. This section
attempts to structurally estimate this parameter and to test what kinds of behavior fit the data
better. It is worth to note that the discount factor that we attempt to estimate with this exercise
could be understood as a level of consciousness that participants have about the importance of the
use value of water saved in the fictional aquifer during the game, rater than a time preference. We
do not attempt to estimate a “real life” time preference of participants. To do that we would have
to use “real life” data on water pumping.

Another possible strategy is that, given non-linearities in the functional forms, participants
might switch their behavior after some thresholds. Figure 18 shows mean values of water pumped
for each level of water depth, with a locally kernel-weighted polynomial smoothing function. The
polynomial function was estimated with the original data. The data used in Stage 1 corresponds
to all the participants, whereas for Stage 2, we only used data from participants of the CF group,
since the treatments assigned could have changed participants’ behavior. We can see that average
pumping values start to decrease around a well depth of 200. According to the theoretical outcomes,
a forward-looking behavior would not behave in this manner, since these type of agents would pump
lower amounts of water at the beginning in order to get lower extractions costs for the future. On the
other extreme, myopic agents will pump the maximum feasible amount except when marginal costs of
pumping exceed marginal benefits (which, for the case of this experiment, it happens at a well depth
of 211). Therefore, the observed pattern might be a result of a switching behavior. Another example
is shown in Figure 19. This figure shows the average water pumped for each level of water depth and
period in Stage 1 with the same smoothing polynomial function (shaded dots are the actual data).
We can see that the polynomial function shows a non-linear behavior (a quadratic-type behavior), but
also that the slope of the function declines in every period, which suggests that participants consider
other effects of the declining stock of water in their demand, besides the effect in costs. Moreover,
on period five, it seems that participants sharply reduce the the water demand around 200. Figure
19 also shows the pumping decisions of the four members of a randomly-selected well. We can see
that participant 16199 consistently reduces its water demand until period four, and in period five its
demand increases. At the same time, the demand of water of participant 16200 consistently increases,
again until period 4, and in period five it is reduced. The behavior of the other two agents is more
erratic.

These differences in individual behavior could be identified if we use a more general decision-
rule. For instance, we could recognize that no all agents behave rationally. Then, some agents might
be rationally bounded, whereas others might behave according to heuristics. These differences are
important since most of the theoretical models related to groundwater management presume that all
agents are rational. Houser et al. (2004) develop a methodology in which several “types” of agents
can be identified in a dynamic decision problem. They use Bayesian methods to infer about the
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“types” of decision rules that participants consider to solve the dynamic problem. Although their
application is not a dynamic game as in our study, the authors mention that it is possible to consider
conjectures of other participants in the “Future functions” in order to adapt the method to a dynamic
game. This method could be applied to the data of the experiments in Aguascalientes in order to
disentangle the decision rules that the participants considered in the experiments.

6.2.4 Technology adoption

Another outcome from the experiment that is important to consider is the time of technology adoption
in the IN sessions. Variations in this variable might suggest the presence of strategic behavior in
adoption for some groups of participants.

Table 16 shows the cumulative levels of adoption for each period of Stage 2. We can see that
68 participants (81 percent) adopted the technology in the first period of stage 2, and then increased
until 77 participants. In this case, it is not clear whether some participants show a strategic behavior
or not, given that the incidence of technology adoption is very high from the beginning.

6.2.5 Agreement

Finally, it is also worth to analyze the time at which individuals deviate from the agreement in the
AG sessions. As mentioned above, the participants from the AG sessions were required to meet for
ten minutes before Stage 2 starts in order to agree on a fixed individual level of pumping throughout
the five periods. We expect that some participants will deviate and others will comply the agreement.
Thus, it is important to analyze the factors that determine the agreed number of pumping hours, as
well as the characteristics that affect the timing of deviation.

Figure 20 shows a histogram with the agreed values of pumping hours in Stage 2. We can see
that 27 percent of the groups (6 groups) chose a value of 5 hours of pumping, whereas another 6
groups chose a value of 7. The next highest value chosen by participants was 10 hours (4 groups).
None of the groups chose values below 5 hours. Table 17 shows the cumulative levels of deviation
from the agreement along the five periods of Stage 2. It is also presented graphically through the
survival function of the data in Figure 21. We can see that in the first period, 20 participants (22.7
percent) deviate from the original agreement. Nevertheless, by the second period, an additional 35.2
percent of the participants defects. Then, the level of defection slows down until period 5, where 79.5
percent of the participants has already defected the agreement.

With this data, it is possible to analyze how does the hazard of deviation of an agreement
changes with different variables. For instance, Figure 22 depicts different survival function for different
agreements. It seems that those with with a level of agreement equal to five hours of pumping tend
to “survive” more than the other agreements, at least until period 4. Also, Figure 23 shows survival
functions for each source of water. Apparently, those that have access to water through both water
well and dam tend to deviate faster than the farmers in the two other groups. Thus, it is possible that
previous results of the game in Stage 1, agreement levels and the characteristics of farmers will affect
the survival levels. Difficulties arise when we try to model survival rates with previous outcomes
which are endogenous to unobserved characteristics of participants. Fortunately, it is possible to find
instruments in the survey that will help to identify the effects of game outcomes on survival rates.
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7 Tables

Table 1: Distribution of participant farmers by Municipality
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Table 2: Parameters used in experiment

Parameter Value

α 10

β 390π

h
1

1

h
0

0.5

N 4

H 10

D 250

R 1

C 200

I 150

f 20π

m 9.460879

k 3

d 0 170
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Table 3: Summary of sessions
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Table 4: Revenues with less-efficient technology
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Table 5: Revenues with highly-efficient technology
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Table 6: Pumping costs
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Table 7: Zoom of table of costs
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Table 8: Summary statistics of survey variables (1)
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Table 9: Summary statistics of survey variables (2)
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Table 10: Average end-of-stage outcomes by type treatment and stage

Differences for each treatment between Stage 1 and Stage 2
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Table 11: Average end-of-stage outcomes by type of session and stage

Differences between CF and other treatments within Stage 1 or Stage 2
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Table 12: Average outcomes by type of session, stage and period
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Table 13: Difference-in-Difference estimation of final outcomes in stages 1 and 2
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Table 14: Individual observed and theoretical pesos gained per unit of water used, by
treated group and stage
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Table 15: Seemingly Unralted Regression for distance to Social and Nash locations in
the Efficiency Index-Well Depth plane, by stage and treatment group
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Table 16: Cumulative percentage of technology adoption in “IN” sessions
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Table 17: Cumulative percentage of agreement defection in “AG” sessions
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8 Figures

Figure 1: Average Depth-to-water in Aguascalientes, 1965-2005

Source: Gobierno del Estado de Aguascalientes (2009)

Figure 2: Equilibrium Pumping hours for Myopic, Rational/strategic and Fully Coop-
erative behaviors
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Figure 3: Cost of pumping for Myopic, Rational/strategic and Fully Cooperative be-
haviors

Figure 4: Well depth for Myopic, Rational/strategic and Fully Cooperative behaviors

33



Figure 5: Simulated benefits for Myopic, Rational/strategic and Fully Cooperative be-
haviors, and fixed arrangements

Figure 6: Average individual hours pumped by period and treatment
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Figure 7: Average individual revenue by period and treatment

Figure 8: Average individual costs by period and treatment
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Figure 9: Average individual benefits by period and treatment

Figure 10: Average well depth by period and treatment
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Figure 11: Kernel density estimation of pumping hours in stages 1 and 2 by treatment

a. Stage 1

b. Stage 2
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Figure 12: Average individual total benefits by stage and treatment

Figure 13: Average final well depth by stage and treatment
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Figure 14: Kernel density estimation of total net benefits in stages 1 and 2 by treatment

Figure 15: Kernel density estimation of final well depth in stages 1 and 2 by treatment
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Figure 16: Scatter Plot of Efficiency Index and final well depth in Stage 1
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Figure 17: Scatter Plot of Efficiency Index and final well depth in Stage 2 by treatment
group

a. Baseline

b. Investment

c. Agreement
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Figure 18: Average values of pumped water by level of pumping depth
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Figure 19: Average values of pumped water by level of pumping depth and period
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Figure 20: Histogram of agreed values of pumping hours in “AG” sessions

Figure 21: Survival function of agreement
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Figure 22: Survival function of agreement, by level of agreement

Figure 23: Survival function of agreement, by water source
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calientes, México: Gobierno del Estado de Aguascalientes and Instituto del Medio Ambiente.

Hackett, Steven, Edella Schlager and James Walker (1994), The Role of Communication in Resolving Common Dilem-
mas: Experimental Evidence with Heterogenous Appropriators, Journal of Environmental Economics and Manage-
ment, Vol. 27: 99-126.

Hardin, Garrett (1968), The Tragedy of the Commons, Science, 162: 1243-1248.

Houser, Daniel, Michael Keane and Kevin McCabe (2004), Behavior in a dynamic decision problem: An analysis of
experimental evidence using Bayesian type classification algorithm, Econometrica, Vol. 72 (3): 781-822

Instituto Nacional de Estad́ıstica y Geograf́ıa (2009), Estados Unidos Mexicanos, Censo Agropecuario 2007, VII Censo
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