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Abstract

It has been widely recommended to implement efficient irrigation technologies in agricultural

fields in order to reduce depletion of aquifers. However, given the interactions of water users

through water extraction costs, strategic behavior might arise, and water users might be reluctant

to adopt these technologies. This research will develop economic artefactual framed field experi-

ments in order to analyze the attitude and behavior of water users on water use for irrigation and

adoption of efficient irrigation technologies and, as well as to analyze the factors that facilitate

or inhibit cooperation under different fictional situations. A game called ”Usando nuestra agua”

(using our water) will be played by farmers selected from the state of Aguascalientes, Mexico. The

results of this research will serve as a benchmark for the design of programs that help to reduce

the overexploitation of the aquifers in Aguascalientes.

Key Words: Common pool resource management; groundwater; efficient irrigation technolo-

gies; strategic behavior; experimental economics; Latin America.
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Cooperation makes it happen? Groundwater management in

Aguascalientes: An experimental approach

1 Introduction

*

1.1 Common Pool Resources (CPR)

In recent years, economists and political scientists have devoted great effort to understand how

common pool resources (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 (anyone can

have access to it) 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). Examples of CPR

are fisheries, pastures, irrigation systems, or even oceans and the biosphere (Ostrom and Gardner,

1993). Because of the peculiarities of this kind of resources, traditional microeconomic 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). One group of

scholars emphasizes that the solution to the tragedy of the commons is privatization and assignment of

clear property rights. Property rights not only ensure exclusion, but also allow the owner to transfer

the right to use the resource to other agents at “efficient” terms of trade (i.e. price). Another

group of scholars make emphasis on market failures, especially in the provision and management of

natural resources. Then, a government should be responsible of the management of the resource and

guarantee the socially optimal exploitation of the good using“extraction fees” or quotas. Recently,

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,
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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

evidence 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).

1.2 Water problems in Aguascalientes

The state of Aguascalientes is located in a semi-arid area in the center of 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. The remaining 70 percent is rain-fed1 (INEGI, 2009). From the irrigated agri-

cultural areas, 36 percent receives water from dams and 67 percent is irrigated with groundwater2.

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).

1This land is considered marginal land.
2Percentages do not add because many farmers receive water from both sources
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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 ground-

water 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:

it 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 agri-

cultural 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).

The Government of Aguascalientes is developing several programs that aim at the reduction

of the pressure towards the aquifer. The main project that the government has developed consists

on the modernization of the hydrologic infrastructure of the“Presidente Plutarco Eĺıas Calles” dam.

This dam, constructed in 1928 was originally designed to retain 340 million of m3 of water and

irrigate 11,600 has. annually. However, because of the lack of rainfall and the inefficient management

of water, this dam historically has never achieved its full capacity and irrigated only 3,820 has.

annually, leaving 5,300 has. irrigated with groundwater and 2,620 has. of rain-fed agriculture. The

project“Modernización del Distrito de Riego 001 de la presa Plutarco Eĺıas Calles” proposed the

installation of water pipes from the dam to the irrigated area of the watershed of Aguascalientes

(located at a distance of 9 Km.), the modernization of the metering system and the automatization

of water deliveries to the parcels, among the installation of other structures. The total cost of the

project is estimated in more than US$100 million and will be concluded by 2013 (La Jornada, 2011).

With this project, it is expected to increase the efficiency of water use from 18 percent to 95 percent,

raising the amount of surface water available from the dam and therefore reducing the extraction of

groundwater in order to preserve the aquifer. With this project, the Government of Aguascalientes

expects to expand the agricultural area irrigated with superficial water in 6,100 has., in addition to

the 3,820 has. already irrigated. However, according to COTAS (2006), it is extremely important to

complement the project with a modernization of the irrigation system on the field, which consists on

the conversion from flood irrigation to more efficient irrigation systems, such as drip or sprinkle. The
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main idea is to increase the efficiency in the application of water to the crop, and therefore reduce

the amount of water used by farmers on the parcel. Also, it has been suggested that farmers should

switch to high-valued crops that demand less water. Currently, traditional forage (especially alfalfa)

is the main crops in the area. These crops demand high volumes of water. COTAS-OAE proposes to

convert the current crops to corn for grazing, vegetables or beans, which demand less water (COTAS,

2006). With all these activities, the Government of Aguascalientes expects to reduce the agricultural

pressure towards the aquifer from 307 hm3 in 2006 to 140 hm3 in 2015 to 75 hm3 in 2030 (COTAS,

2006).

Nevertheless, as noted by Caldera (2009), farmers’ attitude to change is not favorable. Farmers

are reluctant to participate of the conversion to modern irrigation systems, given that the initial

investment and cost of maintenance of these systems are high in relation to the costs of ground

water pumping3, even if there is some support from the state (Caldera, 2009). Also, with respect to

crop conversion, even though alfalfa is less profitable, this crop ensures a periodical cash income to

farmers (alfalfa is cut and sold every month or two), in opposition to other high-valued crops that

are harvested and sold only once or twice a year. This situation encourages farmers to opt for high

water-demanding crops. As mentioned by Caldera (2009) and COTAS (2006), many of the farmers

in the area are ejidatarios (members of former cooperatives), with an average farm size of 4 has.

and lack of resources. Also, Caldera (2009) emphasizes the there is a lack of organization of water

users in the watershed of Aguascalientes. A possible explanation is presented by Rodrguez-Haros and

Palerm-Viqueira (2007). According to these authors, the management of irrigation infrastructure

in most of the watersheds in Mexico was transferred from the government to Water User Boards

(WUB) between 1940 and 1960. Nevertheless, although the WUB of Aguascalientes was created in

the 1930s, the irrigation system was controlled by the Government’s Management Office until early

1990s. Since the complete transference of the management of the irrigation system in 1993, the WUB

of Aguascalientes is in charge of the distribution of water rights and the application of penalties

because of illegal appropriation of water (Rodrguez-Haros and Palerm-Viqueira, 2007).

3However, if this situation persists, the costs of extraction will be higher.

5



2 Prior research

2.1 Water efficient technology

A solution to water problems in the watershed of Aguascalientes not only depends on better irrigation

infrastructure (better pipes, water meters, etc.), but also on farmers’ capability and willingness to

participate of parcel-level modernization programs, which includes the installation of more efficient

irrigation systems (e.g. sprinkle, drip). However, there is no agreement among researchers on the

impacts of irrigation efficiency on water saving (Peterson and Ding, 2005; Ward and Pulido-Velazquez,

1989; Pfeiffer, 2009). Increases in efficiency often lower the cost of consumption, which might increase

the consumption of water through substitution or income effects (Pfeiffer, 2009). This effect is

known as the Jevon’s Paradox or ”rebound effect” (Jevons, 1865). Then, farmers might have the

incentives to shift to improve parcels that were not irrigated, or switch to more water-demanding

crops. In Lichtemberg (1989), the author develops a model in which the introduction of land quality-

augmenting technologies generates a substitution between the acreage of good and bad quality land.

In the empirical test of the model, Lichtemberg uses the adoption of center pivot technology as a

land quality-augmenting technology, and finds that the capital cost of the technology significantly

affects the cropping patterns. Ward and Pulido-Velazquez (1989) develops a basin scale hydrologic

model of the Upper Rio Grande Basin of North America and show that subsidies directed to partially

support the adoption of more efficient irrigation technologies encourage a shift to more water-efficient

technologies, but does not reduce water depletion under in any of the scenarios. The authors find that

irrigated acreage increases with the adoption of the new technology. Moreover, the study shows that

important return flows are lost because of the increase in the efficiency. The same results are found

in Peterson and Ding (2005) and Scheierling et al. (2006). This research suggests that farmers might

have the incentives to shift to more water-demanding crops. This is crucial in the area of analysis,

where the predominant crops are alfalfa and other forages. For instance, Pfeiffer (2009) finds that

alfalfa acres irrigated with dropped nozzle center pivot systems receive significantly more water than

those irrigated with flood systems.

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,
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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

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. Then, the setting presented in Agaarwal and Narayan (2004) differs from the

problem presented in this document on the time at which the investment is made. In Agaarwal and

Narayan (2004), the investment is made only once but in the first period. The problem presented in

this study is similar to the one presented in Moretto (2000) and Dosi and Moretto (2010) but 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.

3 Research objectives

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
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evidence that the farmers of the area of analysis are reluctant to the adoption of these technologies.

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.

This research will develop economic framed field artefactual experiments with a sample of

farmers of Aguascalientes in order to observe the attitude and behavior of water users on the appro-

priation 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.

With the framed field artefactual experiments, we seek to test the following hypotheses:

Hypothesis 1a: Relative to a situation in which investment is not allowed (or not affordable);

adoption of water-efficient technologies does not necessarily improve the water table of the

aquifer due to the possibility of strategic behavior of water users.

Hypothesis 1b: Relative to a situation in which investment is not allowed; adoption of water-

efficient technologies does not necessarily reduce individual water consumption due to the pos-

sibility of strategic behavior of water users.

Hypothesis 2: Relative to a situation in which investment is not allowed; adoption of water-

efficient technologies does not necessarily improve total benefits of water users.

Hypothesis 3: Relative to the situation with no communication, internal agreements among

water users help to increase investment in water-efficient technologies.
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Hypothesis 4: Relative to the situation with no agreement, internal agreements among users

allow to reduce the timing of investment in water-efficient technologies (investment is made

earlier).

Hypothesis 5a: Relative to the situation with no agreement, internal agreements among water

users reduce the depletion of the resource.

Hypothesis 5b: Relative to the situation with no communication, internal agreements among

water users reduce the individual consumption of water.

Some of these hypotheses can be only tested with aggregated measures (those marked with “a”),

others only with individual outcomes (those marked with “b”), and others with both aggregated and

individual outcomes.

4 A glimpse of the theoretical model

In this section we briefly present the theoretical model that has been used for the parametrization

of the experiments4. In order to facilitate the presentation of the model, we will first present the

individual model of groundwater consumption with no investment and no interaction, followed by

the individual model for both groundwater consumption and optimal investment with no interaction,

and finally we will allow interaction with other water users through the cost of water pumping.

4.1 No Investment-no interaction

For now, we will assume that only one farmer uses groundwater. Consider the current-period benefits

of farming with the default technology:

π0
it = pf (wit, h)− c (wit, St)− k (1)

Where wit is the consumption of water of agent i in period t, t = {1, 2, , T}; h is the level of

efficiency of the irrigation technology; St is the stock of water in the aquifer; f (·) is the production

function; c (·) is the cost function; p is the price of the agricultural product, and k is a fixed cost of

4An expanded version of the model and the many situations mentioned before is currently being developed by the
authors.
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production that will be spent even if no water is consumed (e.g. pre-production labor, cost of seed,

planting, etc.). For now we assume that the default technology (e.g. flood) has a level of efficiency

less than 1 (h < 1). We assume that the amount of land that the farmer posses is constant and that,

with the exception of water, input requirements are fixed given the size of the farm. Thus, in this

model, production returns and costs only depend on the amount of water used and the stock of water

in the aquifer. Moreover, production costs depend negatively on the amount of water available in the

aquifer: if the stock of water of the aquifer is higher, the level of the water table of wells improves

and therefore the depth of extraction decreases, reducing the pumping costs5. We will not model the

decision of opening the water well or the depth of the well, as in Agaarwal and Narayan (2004).

The amount of water used by the farmer decreases the stock of water in the aquifer. However,

there is a natural recharge r due to rains and infiltrations that contributes positively to the stock of

water of the aquifer:

St+1 = St − wit + r

We will assume that the natural recharge is non-random and fixed over time6.

The farmer chooses the optimal path of water consumption in order to maximize their lifetime

utility, subject to the equation of motion of the stock of water in the aquifer and the boundaries of

wit:

Vi1 = max
{wit}Tt=1

"
TX
t=1

δt−1π0
it

#

s.t.

St+1 = St − wit + r

0 ≤ wit ≤ St

Where δ is the discount rate. Depending on the functional forms of f (·) and c (·), problem (2)

is a dynamic optimization problem that can be solved with conventional optimization tools.

5Pumping costs will include electricity costs, but not the cost of the pump
6A random recharge rate can be easily introduced in the experiment as another treatment.
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4.2 Investment-no interaction

Now, consider the situation where farmers are allowed to invest in new technology. This new tech-

nology 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 m7. The current-period benefits with the

more efficient technology, without considering the investment cost, can be represented by:

π1
it = pf (wit, 1)− c (wit, St)− k −m

With the two technologies available, the farmer not only has to decide the optimal path of

pumped water, but also the optimal moment in 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.

Sτ+1 = Sτ − wiτ + r

0 ≤ wiτ ≤ Sτ

Where

V 0
iτ = π0

iτ + δVi,τ+1

and

V 1
iτ =

TX
t=τ

δτ−1π1
iτ

Note that the present value of the utility of not investing in τ , V 0
iτ , considers the possibility

7This additional cost can be interpreted as the cost incurred in hose and filter replacement for dip irrigation tech-
nology.
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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}Tt=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} (2)

4.3 No investment-interaction

Now we will consider the case where there is interaction between water users, but no irrigation

technology improvement is allowed. As before, we will not attempt to solve the model. Please refer

to Negri (1989) and Provencher and Burt (1993) to see a complete solution of the problem. Rather,

we will emphasize the main observations of the model. The optimization procedure in this case is

similar to the one presented above. Nevertheless, several additional factors will come up due to the

different types of externalities that will arise from the interaction of the common-pool resource users.

As mentioned above, three types of externalities could arise in this situation: strategic externalities,

stock (cost) externalities and congestion externalities. In this model, we will only consider the first

two89

Consider N water users (N > 1) that utilize water from the aquifer for agricultural production.

Water users are indexed with i = {1, 2, ..., N}. We can think that each user has its own well or that

many users extract water using one well10 As before, the current-period benefits from agricultural

production are defined as in equation (1). However, the equation of motion of the stock of water of

8Congestion externalities imply a finite region and the definition of distances, which increases the complexity of the
analysis and will not be considered in the experiments.

9Provencher and Burt (1993) considers a fourth type of externality, called “risk externality”. This type of externality
arises when there are both ground water and superficial stochastic water ground water.

10If there are many users that extract water from the same well, there might be many interesting arrangements that
could affect the results. However, we will not consider that case in this simple model.
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the aquifer now considers the effect of the other water users:

St+1 = St − wit −
X
j 6=i

wjt + r

Also, it is not possible to consume more water than available at time t. Therefore, the boundary

conditions of wit will also be affected. Then, user i solves the following problem:

Vi1 = max
{wit}Tt=1

"
TX
t=1

δt−1π0
it

#

s.t.

St+1 = St − wit −
X
j 6=i

wjt + r

0 ≤ wit ≤ St −
X
j 6=i

wjt

Given that the experiments developed do not consider a heterogenous agents, we will assume

that all users are the same. Then, using recalling the optimality principle, we can write the current-

period value function for agent i as:

Vit (St) = max
wit

[pf (wit, h)− c (wit, St) + δVi,t+1 (St − wit − (N − 1)w∗t + r)]

s.t.

St − wit − (N − 1)w∗t ≥ 0, wit ≥ 0 (3)

Where w∗t is the best decision taken by the other N − 1 firms and, as before, h < 1.

Provencher and Burt (1993) shows that the solution of this problems involves two different types

of externalities: strategic and stock. These externalities negatively affect the efficient allocation of

the resource and could encourage the depletion of the resource.

4.4 Investment-interaction

Now, in addition, we will allow investment in a technology that shows a higher irrigation efficiency.

Suppose that the best strategy of farmers is to invest in the technology in period t∗. Then, the cost of

pumped water will eventually decrease in period t > t∗+ 1 because farmers use water more efficiently

and therefore the stock of water in the aquifer increases. Now, suppose that farmer i foresees this
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situation. Then, he has incentives to not invest in the new technology: if the benefits of i from the

reduction in the cost of pumped water due to investment of other users is greater than the benefits

of i from investment, then farmer i will not adopt the technology. This behavior might lead to a

situation in which no farmer will invest in the new technology. However, if depletion of the aquifer

continues, costs of extraction will increase. Thus, depending on the dynamics of the system, there

should be threshold level Ŝ at which it is more profitable to invest in the technology and increase

efficiency. This situation is similar to the one presented in Moretto (2000) and Dosi and Moretto

(2010). The behavior explained above might be evidence of the presence of network externalities that

might trigger a “war of attrition”. Even if uncertainty is not present, the option value of waiting

until others invest in the new technology might be important.

5 Experimental design

5.1 Research area and recruitment of participants

Farmers from the State of Aguascalientes are being recruited for the experiments. 400 farmers are

necessary for the study in order to obtain statistical tests with a high power level (see below). Farmers

are being contacted using the list of registered farmers in Aguascalientes or through the extension

officers. In May of 2012, 70 farmers participated in the sessions. The details for these sessions are

presented below. The project will resume in August 2012 and will be developing sessions with farmers

for the following two months until the goal is achieved.

5.2 The “Using our water” game

Although the theoretical model presented above is explained in a simple way, it has to be adapted

in order to ensure its full comprehension from the farmers, so they can make reliable decisions and

therefore reduce the noise that could arise by misunderstandings.

The game we designed is called ”Usando nuestra agua” (Using our water). We framed the

experiment in the following way. Each participant possess 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
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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 produce in all the H̄ has. They

can decide to irrigate H < H̄ has. In that sense, we can say that total irrigated land for the period

will depend on the water requirements that they scheduled and the level of efficiency, wit2h.

Farmer benefits can be denoted by:

πit = αwit2h− wit
β

St
− k = wit

�
2αh− β

St

�
− k

Where α is the marginal productivity of irrigated land, β
St

is the marginal cost of water pumped

from the well, St is the stock of water in the aquifer and k is the fixed cost of production. 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.

Although it would have to be ideal to work with the stock of water, we believe that this concept

was less understood by farmers than depth of water extraction. Thus, we had to change 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:

πit = wit

 
2αh− β�

D̄ − dt
�
× πR̄2

!
− k

The equation of motion of the stock of water of the aquifer is the same as in the theoretical

15



model:

St+1 = St −
NX
i=1

ait + r

Where a is the total amount of water used by farmers. Again, we transformed this equation in

order to improve the comprehension of the experiments by farmers. We assume that a units of water

can be obtained in wπR2 hours. We also assumed that the volume of water provided by natural

recharge reduces the depth of water extraction by fπR2 meters. Thus, using our transformation of

the stock of water, we can get a new equation of motion in terms of depth of water extraction:

dt+1 = dt +
NX
i=1

wit − f

Thus, one hour of water used by farmers increased the depth of extraction in one unit. We only

need the boundary constraint for the total water used. This can be represented in terms of depth of

extraction and hours of irrigation as:

dt +
NX
i=1

wit ≤ D̄

Finally, each farmer has an initial capital of B. With these equations we can formulate the

problem that each participant will solve when investment is not allowed:

Vi1 = max
{wit}Tt=1

TX
t=1

wit

 
2αh− β�

D̄ − dt
�
× πR̄2

!
− k +B

s.t (4)

dt+1 = dt +
NX
i=1

wit − f

dt +
NX
i=1

wit ≤ D̄

With a proper parametrization, it is possible to solve for both the Markov-Nash equilibrium

and the social optimum, following Provencher and Burt (1993).

Now, consider the problem when investment is allowed. The problem is similar to the one

presented above, with the exception that the functional forms changed to adapt the theory to the

game.
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The time of investment in the new technology, t̂ will depend on the depth of extraction, dt, which

drives the cost. However, over time, the rate at which the depth of extraction changes will depend

on the consumption of water of all users. If the other users decide to adopt the new technology, then

their consumption is expected to decrease. However, user i will wait until the the depth of extraction

reaches a threshold, d̂ in order to adopt. If this threshold is not reached because the other users

adopted the new technology, then user i will not adopt. The problem with this approach is that, if

all users are the same, then there will be always incentives to deviate and an equilibrium will not be

reached.

5.3 Parametrization, Nash equilibrium and social optimum

The total number of water users for each aquifer/well was N = 4. The total land that farmers have

is H̄ = 10. 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 hours to irrigate all the

land with the less efficient technology, but only 5 hours with the more efficient one.

The life span of participants will be of 5 production years. After year 5, they retire of farming

and receive their reward (Vi1). Thus, it is not important for them if there is water left in the aquifer.

Although 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.

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 1. Also, tables

2, 3 and 4 present the revenues with the less-efficient technology, highly-efficient technology and the

costs of extraction. Note that the cost changes with each level of the depth of extraction and number

of irrigation hours 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 than the necessary to supply the maximum amount

that users can require. Thus, beyond a given depth, it is more profitable to request zero hours of

water and just cover the fixed cost of production.
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With this parameters, we calculated both the Nash equilibrium and the social optimum for

the case where investment is not allowed. Given that the decision variables are discrete and the

functional forms are lineal, we use linear integer programming to solve the problems. We used a

Branch-and-Bound algorithm to find the optimal solutions. For the case of the social optimum, we

add the restriction that all the decisions are the same for every user a priori. In other words, we

solved the problem for just one user, considering all the constraints of the problem and adding the

restriction that the other users make the same decisions.

On the other hand, for the Nash equilibrium, we follow the steps below:

1. Set the decisions of agent i to random discrete numbers between 0 and 10

2. Set the decisions of agents j 6= i to random discrete numbers between 0 and 10. These 3 agents

have the same values but they are different to agent i.

3. Solve the problem for agent i.

4. Take these values and assign them to the decision variables of the other three agents j 6= i.

5. Evaluate whether this solution is feasible for period t (i.e. dt + 4w∗t ≤ D̄).

(a) If feasible ⇒ Go to next step.

(b) If not feasible ⇒ Turn all values for that period to zero and go to next step.

6. Repeat steps 3-5 until convergence

Given that the time span is short and that the action set is discrete and relatively short, it is

not difficult to find a stable solution for the Nash equilibrium. We also calculated the total benefits

from a fixed number of hours through the 5 periods. The results are presented in figure 1. We can

see that the value function is not linear if the decision variables are fixed over time.

We did the same exercise in the situation when only the highly-efficient technology is available.

In this case, we try to avoid to introduce a bias setting the social optimum value higher in the highly-

efficient technology than the less-efficient one. In other words, we set the parameters in a way that

it is possible to achieve the same social optimum with the two technologies. In this case, the Nash

equilibrium and the social optimum are coincident.
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Finally, we have to calculate the optimal timing of investment given the two technologies.

5.4 Treatments and sessions

Treatments

The experimental design consists of two treatments with two levels (on and off). Thus, it is a

22 full factorial experiment. 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 and

investment, they agree on the amount of water that they should consume (from a previously designed

list) and whether to invest or not in the new technology (if the IN treatment is active). After the

participants make their agreements, they individually and anonymously decide whether they comply

or deviate from this agreement.

As noted in Table 5, we will form 25 groups for each type of session. We chose this number in

order to get powerful statistical tests.

Sessions

Games will be played in groups of 4 participants. Each group will represent a well or aquifer.

We called the groups by colors: yellow, blue, orange, green and red. We will not run sessions with

more than 20 participants to guarantee tractability. Each participant receives a card of the color of the

group membership. Colors are assigned randomly. On the other hand, we maker sure that members

of each well do not sit together in order to avoid collusion. Therefore, we arranged 4 tables in every

session, and a member of the group will sit in each table. Each group plays a game independently.

In other words, wells do not compete for water and there is no relationship between them.

All the participants play for 10 rounds. The first 5 rounds (first stage) correspond to the

baseline session, in which no investment nor agrement are on place. After 5 periods, the following

5 rounds (second stage) will correspond to a specific treatment combination. There are 4 types of

sessions that compound all the combinations of the two treatments (IN and AG) presented in Table
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5. The type of session (BL,IN,AG,INAG) will be informed to participants after the first 5 rounds are

played.

Before the participants make their investment and consumption decisions for the first round,

the initial depth of extraction will be informed to all the members of the group. This information

will be public along the game.

Each participant will have a revenue table for each technology available, as shown in tables 2

and 3. They also have the cost table presented in 4. With this information, participants can decide

how many hours of water they request. They write down all their decisions in their account sheet.

After they made their decisions, calculated their income, cost and benefits for the first period, the

facilitators proceed to count how many hours were used by each participant for each well. Then,

we calculate the change in the depth of extraction of each well and make this information public to

proceed with the second period.

If the type of session is ”IN”, participants will be able to invest in a highly-efficient technology.

However, this technology costs an amount of I. Thus, every period, they have to decide whether to

invest or not in the technology and the amount of water to request. Once the technology is adopted,

they will only calculate their benefits using the table shown in Table 3. If the type of session is

”AG”, the members of each well meet for 10 minutes and discuss a fixed amount of water that they

will request throughout the game. This agreement will be written in their account sheet. After

the meeting, we proceed to play the game similar to the ”BL” session. Finally, the type of session

”INAG” is a combination of both ”IN” and ”AG”

5.5 Rewards

As mentioned above, each farmer receives an initial endowment B. Then, the payoffs at the end of

each stage will be composed by B plus the total net benefits from production that the farmer earned

through the five first periods minus I if the farmer adopted the technology in the second stage of

sessions ”IN” and ”INAG”. At the end of the second stage, farmers 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 reward of US$16 ( $200 MX Pesos) for their

attendance. This is their initial capital B. The total earnings that a participant could get are between
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72 MX Pesos and 403 MX Pesos.

6 Analysis of data and preliminary results

6.1 Preliminary results

We conducted 7 sessions with a total of 80 farmers during the month of May. From this data, only 52

observations can be used for the analysis, given that there were several changes in the experimental

design after the first 28 observations. All the 52 observations comprise a total of 520 periods played.

The description of the data is presented in Table 6.

We have conducted some initial analysis of the data. However, this initial results are not

conclusive given that the number of observations is small. Also, we have only conducted two types

of session: ”BL” and ”IN”.

Table 7 shows the average number of hours requested, income, cost, benefit and total income

for each type of session and stage. Table 8 the same average values but reported by period.

Also, it is possible to compare the observed values in the experiments with the Nash equilibrium

and the social optimum derived from the simulations. Figures 2 through 4 show the number of hours,

cost and benefits for each period.

Finally, we can compare the total hours of water requested by each well and the total benefits

obtained by participants with the Nash and social values. Figures 5 and 6 summarize this information.
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Table 1: 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

B 200

I 150

f 20π

m 9.460879

k 3

d 0 170
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Table 2: Revenues with less-efficient technology.

0 -3

1 7

2 17

3 27

4 37

5 47

6 57

Ingresos por número de horas de riego 

con riego rodado

Usando nuestra agua

6 57

7 67

8 77

9 87

10 97
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Table 3: Revenues with highly-efficient technology.

0 -12

1 8

2 28

3 48

4 68

5 88

6 88

7 88

8 88

9 88

10 88

Usando nuestra agua

Ingresos por número de horas de riego 

con riego tecnificado

27



Table 4: Cost of extraction.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

249 248 247 246 245 244 243 242 241 240 239 238 237 236 235 234 233 232 231 230 229 228 227 226 225 224 223 222 221 220 219 218 217 216 215 214 213 212 211 210 209 208 207 206 205 204 203 202 201 200
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

390 195 130 98 78 65 56 49 43 39 35 33 30 28 26 24 23 22 21 20 19 18 17 16 16 15 14 14 13 13 13 12 12 11 11 11 11 10 10 10 10 9 9 9 9 8 8 8 8 8

780 390 260 195 156 130 111 98 87 78 71 65 60 56 52 49 46 43 41 39 37 35 34 33 31 30 29 28 27 26 25 24 24 23 22 22 21 21 20 20 19 19 18 18 17 17 17 16 16 16

1170 585 390 293 234 195 167 146 130 117 106 98 90 84 78 73 69 65 62 59 56 53 51 49 47 45 43 42 40 39 38 37 35 34 33 33 32 31 30 29 29 28 27 27 26 25 25 24 24 23

1560 780 520 390 312 260 223 195 173 156 142 130 120 111 104 98 92 87 82 78 74 71 68 65 62 60 58 56 54 52 50 49 47 46 45 43 42 41 40 39 38 37 36 35 35 34 33 33 32 31

1950 975 650 488 390 325 279 244 217 195 177 163 150 139 130 122 115 108 103 98 93 89 85 81 78 75 72 70 67 65 63 61 59 57 56 54 53 51 50 49 48 46 45 44 43 42 41 41 40 39

2340 1170 780 585 468 390 334 293 260 234 213 195 180 167 156 146 138 130 123 117 111 106 102 98 94 90 87 84 81 78 75 73 71 69 67 65 63 62 60 59 57 56 54 53 52 51 50 49 48 47

2730 1365 910 683 546 455 390 341 303 273 248 228 210 195 182 171 161 152 144 137 130 124 119 114 109 105 101 98 94 91 88 85 83 80 78 76 74 72 70 68 67 65 63 62 61 59 58 57 56 55

3120 1560 1040 780 624 520 446 390 347 312 284 260 240 223 208 195 184 173 164 156 149 142 136 130 125 120 116 111 108 104 101 98 95 92 89 87 84 82 80 78 76 74 73 71 69 68 66 65 64 62

3510 1755 1170 878 702 585 501 439 390 351 319 293 270 251 234 219 206 195 185 176 167 160 153 146 140 135 130 125 121 117 113 110 106 103 100 98 95 92 90 88 86 84 82 80 78 76 75 73 72 70

3900 1950 1300 975 780 650 557 488 433 390 355 325 300 279 260 244 229 217 205 195 186 177 170 163 156 150 144 139 134 130 126 122 118 115 111 108 105 103 100 98 95 93 91 89 87 85 83 81 80 78

51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100

199 198 197 196 195 194 193 192 191 190 189 188 187 186 185 184 183 182 181 180 179 178 177 176 175 174 173 172 171 170 169 168 167 166 165 164 163 162 161 160 159 158 157 156 155 154 153 152 151 150
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8 8 7 7 7 7 7 7 7 7 6 6 6 6 6 6 6 6 6 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4

15 15 15 14 14 14 14 13 13 13 13 13 12 12 12 12 12 11 11 11 11 11 11 11 10 10 10 10 10 10 10 10 9 9 9 9 9 9 9 9 9 8 8 8 8 8 8 8 8 8

23 23 22 22 21 21 21 20 20 20 19 19 19 18 18 18 17 17 17 17 16 16 16 16 16 15 15 15 15 15 14 14 14 14 14 14 13 13 13 13 13 13 13 12 12 12 12 12 12 12

31 30 29 29 28 28 27 27 26 26 26 25 25 24 24 24 23 23 23 22 22 22 21 21 21 21 20 20 20 20 19 19 19 19 18 18 18 18 18 17 17 17 17 17 16 16 16 16 16 16

38 38 37 36 35 35 34 34 33 33 32 31 31 30 30 30 29 29 28 28 27 27 27 26 26 26 25 25 25 24 24 24 23 23 23 23 22 22 22 22 21 21 21 21 21 20 20 20 20 20

46 45 44 43 43 42 41 40 40 39 38 38 37 37 36 35 35 34 34 33 33 33 32 32 31 31 30 30 30 29 29 29 28 28 28 27 27 27 26 26 26 25 25 25 25 24 24 24 24 23

54 53 52 51 50 49 48 47 46 46 45 44 43 43 42 41 41 40 40 39 38 38 37 37 36 36 35 35 35 34 34 33 33 33 32 32 31 31 31 30 30 30 29 29 29 28 28 28 28 27

61 60 59 58 57 56 55 54 53 52 51 50 50 49 48 47 47 46 45 45 44 43 43 42 42 41 41 40 39 39 39 38 38 37 37 36 36 35 35 35 34 34 34 33 33 33 32 32 32 31

69 68 66 65 64 63 62 61 59 59 58 57 56 55 54 53 52 52 51 50 49 49 48 47 47 46 46 45 44 44 43 43 42 42 41 41 40 40 39 39 39 38 38 37 37 37 36 36 35 35

76 75 74 72 71 70 68 67 66 65 64 63 62 61 60 59 58 57 57 56 55 54 53 53 52 51 51 50 49 49 48 48 47 46 46 45 45 44 44 43 43 42 42 41 41 41 40 40 39 39

101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150

149 148 147 146 145 144 143 142 141 140 139 138 137 136 135 134 133 132 131 130 129 128 127 126 125 124 123 122 121 120 119 118 117 116 115 114 113 112 111 110 109 108 107 106 105 104 103 102 101 100
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4 4 4 4 4 4 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

8 8 8 8 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 5 5 5 5 5 5 5 5 5

12 11 11 11 11 11 11 11 11 11 11 10 10 10 10 10 10 10 10 10 10 10 10 9 9 9 9 9 9 9 9 9 9 9 9 9 9 8 8 8 8 8 8 8 8 8 8 8 8 8

15 15 15 15 15 15 15 14 14 14 14 14 14 14 14 13 13 13 13 13 13 13 13 13 12 12 12 12 12 12 12 12 12 12 12 11 11 11 11 11 11 11 11 11 11 11 11 11 10 10

19 19 19 19 19 18 18 18 18 18 18 17 17 17 17 17 17 17 16 16 16 16 16 16 16 15 15 15 15 15 15 15 15 15 14 14 14 14 14 14 14 14 14 14 13 13 13 13 13 13

23 23 23 23 22 22 22 22 21 21 21 21 21 21 20 20 20 20 20 20 19 19 19 19 19 19 18 18 18 18 18 18 18 17 17 17 17 17 17 17 17 16 16 16 16 16 16 16 16 16

27 27 27 26 26 26 26 25 25 25 25 24 24 24 24 24 23 23 23 23 23 22 22 22 22 22 21 21 21 21 21 21 21 20 20 20 20 20 20 20 19 19 19 19 19 19 19 18 18 18

31 31 30 30 30 29 29 29 29 28 28 28 28 27 27 27 27 26 26 26 26 26 25 25 25 25 25 24 24 24 24 24 23 23 23 23 23 23 22 22 22 22 22 22 22 21 21 21 21 21

35 34 34 34 33 33 33 33 32 32 32 31 31 31 31 30 30 30 29 29 29 29 29 28 28 28 28 27 27 27 27 27 26 26 26 26 26 25 25 25 25 25 25 24 24 24 24 24 24 23

39 38 38 38 37 37 36 36 36 35 35 35 35 34 34 34 33 33 33 33 32 32 32 31 31 31 31 30 30 30 30 30 29 29 29 29 28 28 28 28 28 27 27 27 27 27 27 26 26 26

151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200

99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53 52 51 50
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

8 8 8 8 8 8 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

10 10 10 10 10 10 10 10 10 10 10 10 10 10 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
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Figure 1: Simulated benefits for Nash equilibrium, social optimum and different arrangements.
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Table 5: Complete Factorial Design 22.

Session type Investment
Internal 

Agreement
Number of 

groups
Number of 

participants

Baseline - - 25 100

IN + - 25 100

AG - + 25 100

INAG + + 25 100

100 400Total
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Table 6: Summary of sessions.

 

Session
Number of 

sessions

Number of 

groups

Number of 

participants

Number of 

periods

BL 2 7 28 280

IN 2 6 24 240

Total 4 13 52 520

31



Table 7: Average outcomes by type session.

Session Stage
Mean Hours 

requested
Mean income Mean cost Mean benefit Mean total benefit

Stage 1 6.1 58.4 35.4 23.0 314.9

Stage 2 6.2 59.3 35.8 23.5 317.3

Stage 1 6.7 64.3 46.1 18.2 291.0

Stage 2 5.6 75.5 30.6 45.1 275.3

6.2 64.0 36.9 27.1 300.9Total

BL

IN
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Table 8: Average outcomes by type of session and period.

Period Session Stage
Mean Hours 

requested
Mean income Mean cost Mean benefit

Mean total 

benefit

Stage 1 6.68 63.79 32.46 31.32 314.93

Stage 2 6.79 64.86 33.14 31.71 317.32

Stage 1 7.08 67.83 34.63 33.21 291.00

Stage 2 6.25 72.42 30.38 42.04 275.33

Stage 1 6.00 57.00 31.96 25.04 314.93

Stage 2 5.82 55.21 31.43 23.79 317.32

Stage 1 6.75 64.50 37.21 27.29 291.00

Stage 2 5.96 76.25 31.88 44.79 275.33

Stage 1 6.14 58.43 35.32 23.11 314.93

Stage 2 5.93 56.29 33.50 22.79 317.32

Stage 1 6.92 66.17 46.63 19.54 291.00

Stage 2 5.67 76.33 31.13 45.21 275.33

Stage 1 5.75 54.50 36.79 17.71 314.93

Stage 2 6.29 59.86 38.25 21.61 317.32

Stage 1 6.29 59.92 50.96 8.96 291.00

Stage 2 5.08 74.67 29.17 45.50 275.33

Stage 1 6.14 58.43 40.68 17.75 314.93

Stage 2 6.32 60.21 42.79 17.43 317.32

Stage 1 6.63 63.25 61.25 2.00 291.00

Stage 2 5.21 78.00 30.21 47.79 275.33

4

1

2

3

BL

IN

BL

IN

5

IN

BL

IN

BL

IN

BL
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Figure 2: Average hours requested per well by period.
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Figure 3: Average benefits earned per person per period.
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Figure 4: Average benefits earned per person per period.
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Figure 5: Average hours requested per well by period.

0
2

4
6

8

BL IN BL IN

1 2

mean of horasrieg mean of nashhours
mean of sochours

Graphs by Fase1

37



Figure 6: Average benefits earned per person per period.
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