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A B S T R A C T   

This research is about how farmers adapt to water scarcity. Using experimental economics methods, field ex-
periments were carried out in a region exposed to severe water scarcity in Colombia. Willingness of water users 
to cooperate in conforming to extraction caps, as a means of adapting to water availability declination was 
calculated. Two information treatment groups were implemented in order to assess water allocation decisions 
when: (i) the amount of water was reduced and (ii) time before aquifer exhaustion was announced. Extant 
literature on cooperation in common-pool resources (CPR) has focused on demonstrating to what extent resource 
users depart from egoistic attitudes. Alternatively, the sustainability of water resources requires more research to 
further understand cooperative behavior. Since the literature on water scarcity is classified in three orders, 
namely physical, institutional, and socio-political, behavioral dimensions are suggested as a subdivision of the 
social order. This, in turn, may help to operationalize strategies aimed at improving adaptation to all orders of 
scarcity. The quantitative results suggest that farmers are inclined to follow the cap. The main difference between 
the quantity and time treatments differs in that in the time treatments farmers allocate much more water to be 
consumed in the future, whereas in the former, they prefer to allocate more water to be consumed in the present. 
Adaptation options provide favorable inputs for implementing the Sustainable Development Goals, especially 
SDG 6, which is related to water use efficiency. Target 6.4 establishes that, by 2030, water efficiency and 
extraction sustainability should be accomplished. Thus, water policy interventions might benefit from this 
contribution. However, since success in water conservation programs might be difficult to achieve due to 
complexity in human-decision making, more research is needed to deepen our understanding of cooperation 
drivers in aquifer conservation.   

1. Introduction 

Despite the abundance and precision of current information on 
aquifers status (van der Gun, 2022), this type of data – commonly 
managed by governmental institutions – rarely flows to the communities 
that depend upon them (Margat & van der Gun, 2013). In effect, un-
derground water availability data is currently assessed through satellite 
and underground monitoring of aquifer levels, but farmerś communities 
do not have access to this information in a format they can readily use. 

Climate change is entering the aquifer overexploitation game as a new 
player (Damania et al., 2017), since droughts are becoming more 
frequent than in the past (UNWATER, 2023; Yuan et al., 2023); there-
fore, public environmental and water entities promote water conserva-
tion during droughts. Public entities usually stimulate the reduction of 
water extraction volumes by instructing users to consume less or save 
the resource. This information, however, lacks the necessary context and 
specificity, two features that play an important role in water extraction 
curbing adapted to ensuing water scarcity. 
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Although water scarcity has an important political dimension 
(Metha, 2007), from the perspective of its physical and social di-
mensions, it can be observed how climate change is motivating farmers 
towards strategies to face the challenge. In spite of the complexity of 
hydrogeological information, farmers certainly want to know more 
about the status of the aquifers they are exploiting. They need infor-
mation not only about the effects of their extraction decisions, but also 
about the way to moderate these decisions as an adaptation to scarcity 
according to aquifers’ statuses. 

For instance, a complex relation exists between pumping, water ta-
bles and water stocks, which differs from one aquifer to another. Their 
interactions are usually studied by hydrogeologic engineering, the re-
sults of which should be readily available to user communities, so that 
they can benefit from it. Aquifer status variables may connect farmers 
with water as a resource worth to care of; however as a specific course of 
action for adaptation to scarcity, they might benefit from the more 
straightforward information provided by extraction caps, which simply 
tell how much water they should extract at each period of the year. This 
type of information actually embeds and digests the complexity of 
hydrogeological data. Digesting such an information to farmers is urgent 
since, agriculture demands more than 70% of extracted groundwater 
globally (World Bank, 2010). Farmers play a fundamental role in the 
need to curb water extractions in contexts of drought, and the capped 
extractions informed to them, should be carefully designed as a new 
generation of social rules. 

Water extraction caps that consider water balance are essential to 
help to ensure the sustainability of groundwater resources. The extrac-
tion cap used in the present research was based on agricultural-related 
water consumption figures. Due to water scarcity and water footprints 
of consumption and production, water extraction caps by watersheds 
have been discussed as part of sustainability strategies and to address the 
paradox of water use efficiency gains (Grafton et al., 2018; Hoekstra, 
2013). Models in which crops are simulated can be used to gauge the 
prospective impact on water-use efficiency and productivity of altering 
relevant attributes (Condon et al., 2004). Notwithstanding, provision of 
information to farmers is not observed as part of the explanatory vari-
ables for such an efficiency and search for cooperation. Sustainable 
water extraction as the expected result of cooperation, might constitute 
a step forward from the seminal research on whether individuals 
contribute tokens or not, to maintain or provide public goods or CPRs. 
This entails that if sustainable extractions guided by extraction caps are 
incorporated into integrated water resources management, cooperative 
behavior amongst water users, could be attained. As experimental 
rounds in this research were played, cooperative attitudes had behav-
ioral dimensions worth to be considered to further understand cooper-
ation. Conventional experimental designs study cooperation by 
measuring the number of tokens contributed to public goods (Fisch-
bacher et al., 2001; Gächter, 2007; Keser and Van Winden, 2000). In this 
research, the concept of cooperation was operationalized as the dispo-
sition of farmers to conform to extraction caps to adapt to water scarcity. 

Field experiments were conducted with farmers in which the 
extraction cap constituted a new rule to work with, based upon which 
they could build their own social institutions to cope with water scarcity. 
The used cap given to farmers was tested amongst two treatment groups: 
remaining time and remaining water amounts. Based on the reaction of 
farmers to these experimental conditions, a statistical test was applied to 
assess the probability of cooperation under water extraction capping. 

1.1. Aquifer declines in the Colombian Caribbean 

From a hydrographic standpoint, the Colombian Caribbean is clas-
sified as moderately to highly arid, which has determined that most of its 
urban and rural populations depend on groundwater and unstable sur-
face sources (IDEAM, 2014). Some water wells in the department of 
Sucre have been found to decline at a pace of 17 m/year, which certainly 
poses a threat on aquifer stocks (Carsucre, 2003). In 2011, there were a 

total of 1788 active water wells over an approximate area of 645 km2. 
The extraction volume in the department of Sucre was 29.1 million m3/ 
year in 1998, shifting to 41 million m3/year in 2022, thus having 
increased by 39%. The number of wells in agricultural lands in Corozal, 
Sampués and Sincelejo (Sucre) has increased by 60% in 20 years. Also in 
this department, the natural recharge rate of the main aquifer is 75 liters 
per second, while the extraction rate ranges from 1000 to 1200 liters per 
second (Carsucre, 2015), which clearly points at its intense over-
exploitation, vulnerability and progressive depletion (Carsucre, 2015). 
The total number of active wells in the department of La Guajira reached 
a historical record of 2230 by 2022, which is three times the number 
recorded 30 years before. In this same department, the average water 
tables were around 40 m deep at the end of the 90’s, to reach 500 m deep 
in 2022. 

1.2. Definition of the research problem 

Water shortage in the Colombian Caribbean region takes place 
mostly between January and May. During this period, more than 100 
municipalities of this region are usually declared to be undergoing 
drought every year. Ninety of them actually depend on aquifers for 
agricultural purposes and human consumption. Such scarcity can 
certainly be managed by reducing water extraction. Colombian gov-
ernments have traditionally instructed citizens in these areas, to reduce 
water extraction volumes by just telling them to do so. However, at the 
core of the problem, there is little knowledge about the relation between 
information provision and the reaction of the farmers. Furthermore, 
farmers are seemingly reluctant to cooperate because they want to 
ensure water availability in the future. Under this setting, the current 
governmental approach to water scarcity does not see aquifers as CPR, in 
which extraction decisions depend on the actions and interactions of 
diverse social actors. 

In this context, the current research problem states the lack of un-
derstanding about the effect of water scarcity information provision on 
extraction decisions, on the part of farmers and their willingness to 
cooperate. The present work was intended to understand farmers’ 
adaptation to water scarcity under specific extraction capping 
suggestions. 

Field experiments were conducted in the Colombian Caribbean re-
gion, with the participation of ten communities from the municipalities 
of Riohacha and Fonseca in the Department of La Guajira, which is 
featured by the existence of a relatively big desert area; and the mu-
nicipalities of Guamal in the department of Magdalena, and Corozal 
(Sucre), a department whose agriculture is almost entirely dependent on 
groundwater. 

The present article is organized in four sections. Section 1 corre-
sponds to the introduction, which specifies the current approach to CPR 
management cooperation towards sustainable water extraction. In this 
sense, water extraction caps provide a very specific practical framework. 
Section 2 details the research methods, corresponding to field experi-
ments and in-depth interviews intended to document the participants’ 
water allocation preferences. A summary of the literature on the topic is 
included in the discussion. Section 3 describes the results. A necessary 
discrimination between empirical evidence of cooperation under 
extraction capping and social institutions and adaptation options was 
made. The results included a discussion of the intricacies of social and 
behavioral issues as they affect different aspects of adaptation to water 
scarcity. A discussion of the results and the corresponding conclusions 
are shown in the final sections. 

2. Methods 

The understanding of cooperative behavior of groundwater supply 
management as an adaptation to climate variability was addressed by 
using field experiments as the main research focus. The overarching 
parameter used to understand cooperation, was focused upon willingness 
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to adapt to declining water availability. The mechanism used to oper-
ationalize that adaptation was based upon a water extraction cap. 

Allocation of water units was not designed as if there were unlimited 
resources. Contrarily, the participants were challenged to appeal to their 
own capacity to think carefully on the intertemporal dimensions 
entailed by their water consumption. But this mental capacity was 
capped by a water limit mechanism. A suggested extraction cap was 
announced in every single round of the game, and players were free to 
conform and distribute it to the present - W(p)(t), water allocated to 
neighbors - S(p)(t), and water allotted to consumption in the future 
W(f)(t). The players could decide first to follow the capping rule or not, 
and then proceed to allot their selected amounts in each round to the 
present, future, and neighbors. 

2.1. Sample selection process 

In the first place, a list of 320 municipalities drawn from official 
reports on localities relying on aquifers and exposed to droughts was 
reviewed. With this information, phone calls were made to three envi-
ronmental entities in the Colombian Caribbean region, asking for the list 
of neighborhoods in question. Two neighborhoods in each of the three 
municipalities were randomly chosen from the list. Local leaders or 
guides were suggested by authorities to facilitate access to the 
territories. 

Six communities were randomly chosen and, upon visiting the pla-
ces, some households were randomly selected with the support of local 
guides. Farmers and rural inhabitants who were actual users of local 
groundwater resources were invited to participate in the trials. The 
people were invited personally, so that face-to-face communication 
would make sure they dealt with frequent water extractions. Prior to 
recruitment, potential participants were given a brief explanation in 

which they were told that they would be making decisions in an “eco-
nomic choice situation”. They were also informed that the money they 
would earn depended upon their own investment decisions and those of 
the others in the experimental group. The most appropriate moment for 
running the field experiments was agreed with most of the visited 
farmers, who chose the weekends, since the associated opportunity cost 
was lower than in workdays. Additionally, during the driest days no 
harvesting activities took place. If the experiments were to be carried out 
during sowing, harvesting or commercial seasons, the risk of not getting 
well-thought data during the experimental sessions would be run. 

Field experiments were run by setting up CPR action situations in the 
selected Colombian municipalities. During the experiments, the partic-
ipants were asked to make decisions about water extraction. Relevant 
socio-physical information as if coming from external institutions was 
provided prior to decision-making, including data on water availability, 
time before aquifer depletion and neighbors’ extraction rates. The 
implemented treatments are shortly described in Fig. 2–1; the types of 
treatments were designed by the type of information provided to chal-
lenge sustainable water allocation decisions amongst farmers. 

The nature of the commodity at stake and the subject pool (Harrison 
and List, 2004) were strictly related to the research objective. Actual 
rural dwellers replaced the usual abstract commodities administrated 
when working with urban dwellers, since the latter use to have little 
connection with the extraction of groundwater resources. 

The experimental settings included the following elements: partici-
pants, treatments, payment method and the water unit allocated to 
collective goods (Cassar and Friedman, 2004; Smith, 1992). These ele-
ments are explained below in Table 4 6. Experiments are frequently used 
to get a deeper understanding of natural resource use decision making 
and the factors affecting cooperation decisions (Anderies, J.; Janssen, 
2013; Cárdenas, 2009). 

Fig. 2–1. Design of treatment information in water extraction games, Source: Asprilla-Echeverría (2022).  
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The nature of the commodity at stake and the subject pool (Harrison 
and List, 2004) were strictly related to the research aim. Actual rural 
dwellers replaced the usual abstract commodities administrated by 
urban dwellers having little connection with the extraction of ground-
water resources. The experimental settings involve the following ele-
ments: participants, treatments, payment method and the water unit 
allocated to collective goods (Cassar and Friedman, 2004; Smith, 1992). 
Experiments are frequently used to get a deeper understanding of nat-
ural resource use decision making and the factors affecting cooperation 
decisions (Anderies, J.; Janssen, 2013; Cárdenas, 2009). 

The data used in the analysis were generated in 668 experimental 
rounds across ten communities, wherein, participants generated an 
equal number of observations. Since each participant provided 4 ob-
servations per round, 2670 observations were collected during the 
games. That is, the participants were able to provide information on the 
extraction of water W(p)(t), S(p)(t), and W(f)(t). Total extraction (was 
compared to the cap), is considered to be additional data because 
farmers firstly decided whether to abide by the extraction cap and later 
on configured their specific allocation of water units to the three sug-
gested pools. The participants played 12 rounds on average and none of 
them decided to quit the experimental sessions. 

2.1.1. Treatment and control group 
To assess the effect of water stock and flow information, two treat-

ments were planned, explicitly one in which conversation between game 
players was at will, and another one in which conversation was not 
possible:  

− Design # 1. Base or comparative situation. Farmers acting as players 
are not revealed the new hydrogeological information and are not 
allowed to communicate in determining how many cubic meters to 
extract. This resembles the control situation.  

− Design # 2. Farmers are exposed to hydrogeological information 
regarding the water stock and flows in the aquifer system. 

In the Fig. 2–1, a short description on treatment groups prepared in 
the four municipalities. In each municipality players were able to 
disclose their decisions on water allocations to (W(p)(t), S(p)(t) and 
W(f)(t)). 

2.1.2. Treatment group design 
The treatment group players were allowed to access to different in-

formation contexts beforehand they made allocation decisions on water 
volumes. The input messages were presented to them using handouts.  

▪ Water treatment groups. Farmers informed on the remaining 
water quantity in the reservoir in question (see Fig. 2–1)  

▪ Time treatment groups. Farmers informed about the remaining 
time before aquifer exhaustion (see Fig. 2–1) 

▪ In control groups, farmers were not provided with any infor-
mation before decision-making. 

In addition, additional information was provided to resemble alter-
ations in meteorological conditions. The period (among the rounds) to 
announce the new information on raining or droughts was randomized. 

2.1.3. Participants in the experimental games 
During the experiments, the players expressed their decisions paper 

and pencil. Farmers who nowadays use groundwater resources were 
asked to attend the experiments. They were also communicated that the 
money they received depended upon their private water allocation de-
cisions and those of the others in the groups. 

The studied communities have had a long well-building and water 
extracting tradition according to their needs for agricultural and do-
mestic activities. To this aim, they hire a local well builder. People 

install a ½ or 1-HP electric pump to carry out extraction, although oc-
casionally, they install a manual pump. Thus, farmers and rural in-
habitants have a local tradition of accessing underground water, 
extracting and consuming it almost in a daily basis. 

In order to design and implement the experiments, a field setting 
resembling a microeconomic system or action situation was prepared, 
consisting of a set of agents and institutions through which they inter-
acted. The agents were the individual participants in the local economy. 
Each agent had his/her own characteristics, including resource 
endowment (cash, time, wealth), information about others’ preference 
endowments, technology (production functions) and preferred out-
comes (Cassar and Friedman, 2004). 

2.1.4. Payment method 
The field experiments proposed in this research slightly depart from 

extant experimental design schemes. A connection is made between the 
aim of understanding cooperation in groundwater management and 
water extraction caps as an institutional mechanism, looking forward to 
the sustainable management of aquifers. I refer to this setting as a 
Voluntary Contribution Extraction Capped Game – VCeCG. The volun-
tary character comes from the participants’ autonomous willingness to 
contribute, wherein the modification with respect to VCM lies in the 
physical context surrounding decision-making. Testing the extent to 
which individuals are willing to contribute to accomplish physically 
contextualized caps for water conservation is intended. The extraction 
caps are consequent with the need to adapt to water table declination. 
Thus, a socio-physical institutional setting is designed to understand 
how farmers adapt to these contextualized declinations. 

2.1.5. Methods for data analysis 
The methodology presented above refers to data collection. The 

method for data analysis is shortly described in the lines that follow. 
With this aim, the logistic regression model is summarized. 

For some models, the dependent variable is usually a dummy one 
with values 1 if an event occurs and 0 if it does not occur. This refers to 
qualitative response models in which dependent variables fall on m 
mutually exclusive categories (Cameron, C. & Trivedi, 2005). Dealing 
with dummy variables with explanatory power on the right side of the 
regression is the common case. But what additional problems arise when 
this dummy variable appears on the left side of the equation? What is 
wrong with running Ordinary Least Square (OLS) on this research? After 
all, it is a feasible procedure (Baltagi, 2011). In the present case, we 
regressed the dummy variable (i.e., whether the participants are willing 
to fulfill the suggested water extraction cap or not) against variables 
such as well-depth, gender, time living in the community and others. 

Table 2–1 
Description of allocation activities and components of payoff function.  

Type of allocation activity and 
components of payoff function 

Earnings 

W(p)(t) An individual payoff of 10 $COP. 
S(p)(t) An individual payoff of 5 $COP (collective 

good) 
W(f)(t) An individual payoff of 4 $COP (private benefit 

to be exploited in the future) 
μ
∑

S(p)(t) Refers to the addition of the contributions 
made by every player in the game. 
μ correspond to a collective gain received by all 
players upon the contributions of j players. This 
marginal payoff is equal to 0.2, 

θ Refers to the endowment of water 
ρ Refers to the discount rate that each farmer i 

gives to his/her allocation to conserve water 
for the upcoming periods of time. 

α Corresponds to actual marginal resource 
consumption for farmers. 

πi = θ − α
(

w(p)(t)i

)
+ W(f)(t)i

( b
(1 + ρ)t

)

+ μ
∑5

i=1S(p)(t)j   
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The prediction from this OLS regression is interpreted as the likelihood 
to fulfill the cap. The problems with this interpretation are the following 
(Baltagi, 2011; Cameron, C. & Trivedi, 2005)):  

i. We were predicting probabilities of fulfillment for everyone, 
whereas the actual observed values are 0 and 1.  

ii. There is not guarantee that ŷi , the predicted value of yi, is going to 
remain between 0 and 1. Furthermore, the OLS regression of yi on 
xi ignores the discreteness of the dependent variable and does not 
constrain the predicted probabilities between 0 and 1. In fact, one 
can always find values of the explanatory variables whose cor-
responding output would be outside the (0, 1) range.  

iii. Even if one is willing to assume that the true model is a linear 
regression given by yi = x´iβ + ui, this will result in hetero-
skedastic disturbances (Baltagi, 2011). 

A more appropriate model was the logit one, which specified that: pi 

= Pr
[
yi = 1

⃒
⃒xi

]
=

exp (β1+β2xi)
1+(β1+β2xi)

and clearly ensures that 0 < pi < 1. Given 
that the current work considers two binary outcomes, the estimation was 
usually done by maximum likelihood, because the distribution of the 
data was necessarily defined by Bernoulli’s model. If the probability of 
one outcome equals p, the probability of the other outcome must be 1 −

p. For regression applications, the probability p will vary across in-
dividuals as a function of regressors (Cameron, C. & Trivedi, 2005). 
There was no loss of generality in setting the values at 1 and 0 if all what 
is being modeled is p, which determines the probability of the outcome. 
A regression model is formed by parameterizing probability p, for it to 
depend on a regressor (vector x) and a Kx1 parameter vector β. 
Commonly used models take a single-index form, with a conditional 
probability given by: pi = Pr

[
yi = 1

⃒
⃒x
]
= F(x´iβ), where F(.) is the 

specified function. To ensure that 0 < p < 1, it was natural to specify F(.)
as a cumulative distribution function. 

Nonetheless, the interest lies in determining the marginal effect of a 
change in a regressor on the conditional probability that y = 1. A gen-
eral probability model assumed to be continuous and representing 

change in the jth regressor would be expressed as: ∂Pr[yi=1|xi]
∂xij 

= F´(x´iβ)βj. 
As for any linear model, the marginal effect depends on point of eval-
uation xi and varies with different choices of F(.)

3. Results 

During the experimental sessions, reactions to socio-physical infor-
mation were observed in water users’ decision-making process. Due to 
the imperceptible nature of aquifers, the experiments were used to build 
a sort of three-dimensional image of aquifer stocks in the mind of the 
participants. Water users were able to see the connection between water 
flows extracted from round to round (i.e., along successive time periods) 
and the corresponding change in the underground water stock. As time 
passed, water stock declination could be observed as a signal of scarcity 
and a real issue that was worth understanding and managing. 

The understanding of scarcity and aquifer stocks started by getting 
the participants acquainted with the aquifer reserves and their deplet-
able nature. Less than 10% of the participants were familiar with the 
basic variables such as reserves, recharge level or the inclination of the 
aquifer system beneath, since this information was difficult to acquire 
and digest by users. Obliviousness on these topics reveals a sort of 
disconnection with the characteristics of the water source they depend 
upon. In this respect, the experimental sessions focused on making sure 
the participants were always knowledgeable on the availability of water 
resources. The common-pool nature of aquifer resources, in which the 
actions undertaken by different participants may yield productive or 
destructive outcomes on availability was explained as well. For this 
reason, the central piece of the analysis on outcomes was about water 
availability and this availability was utilized as an overarching variable 
across experimental sessions. 

3.1. Descriptive statistics on participants 

The Table 3–1 summarizes the data gathered during the experi-
mental sessions. Participants representing community members have 
been living for a long time in their localities. Since they were familiar 
with groundwater extraction for almost all their lives, the experimental 
sessions were appropriate in terms of the field context. 

On average, the farmers from the studied sites had been living at 
least half of their lives in their communities. As shown in Table 4–1 and 
Table 4–2 the mean age of the participants was 41, whereas the oldest 
ones were respectively 66 and 58 in the quantity and time treatment 
groups. The mean educational level corresponded to high school, i.e., 11 
years of education. The most common activities among the participants 
were farming and merchandising of farm products. 

3.2. Empirical evidence on cooperation under extraction caps 

This section contains descriptive statistics about the current research 
findings. Quantitative and qualitative information were presented to 
provide evidence about the drivers of adaptation to water scarcity under 
an extraction cap setting. Special attention was paid to the dependent 
and explanatory variables captured through field experiments, ques-
tionnaires, and interviews. Water availability was bisected into two 
categories that were familiar to the participants, namely time and 
quantity of available water, which were tested as two overarching di-
mensions, denoting binding limits to water extraction from aquifers. 
Water allocation to W(p)(t), S(p)(t) and W(f)(t) was dissimilar for the 
water quantity and time before exhaustion treatment groups (see Table 
4–1 and Table 4–2). 

The descriptive statistics suggested that when farmers were informed 
on time before aquifer exhaustion, they had a more conservative 
behavior. In the water quantity treatment group, farmers allocated a 
maximum quantity of 5000 m3 to the present (see last column in the first 
row in Table 4–1), whereas in the time group, they allocated a maximum 
of 1500 m3 per round to the same pool (see the last column on the first 

Table 3–1 
- Summary of number of observations and participants in experimental sessions.  

Municipality – Department Community Number of rounds Number of observations 

Fonseca – La Guajira Porvenir  50  200 
Villa Hermosa  40  160 

Riohacha – La Guajira La Trinidad  44  176 
La Reserva  44  176 
Los Ciruelos  44  176 
La Plazoleta II  44  176 

Guamal – Magdalena Paraquito  110  440 
San José de Paraco  55  220 

Corozal – Sucre Villa Luci  110  440 
Las Llanadas  126  506 

Total observations  668  2670  
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line in Table 4–2). As it can be observed, the quantity treatment group 
exerted more pressure on their aquifer resources, as can be seen in the 
minimum amount of available water left by this group. Maximum well 
depth was 170 m, which implies a great building effort. Similarly, water 
users may form an image of how far the water table was from the sur-
face, and how much deeper or shallower their wells were with respect to 
those of the other group members. Average earnings were almost five 
times the minimum salary hourly wage in Colombia, that is, $19,000 per 
participant, were paid in cash.1 

With respect to water allocation to future consumption, visible 
contrasts were also found between the quantity and time treatment 
groups. In the first group, the maximum quantity allocated to this pool 
was as big as the one allotted to the present. In the time treatment group, 
the maximum allocation to the future was almost 30% greater than the 
one assigned to present consumption. The standard deviation values of 
the present and future allocations were higher in the quantity treatment 
group. This showed greater variability in the decision-making process 
for this group in terms of how to allocate the available water. The par-
ticipants’ water allocation preferences were activated by the informa-
tion contrast between the quantity and time groups. 

Some cross-tabulation descriptive statistics were added to contex-
tualize the current results. For instance, in the distribution of the deci-
sion to abide by the extraction cap was presented by gender. Among 
those that decided not to abide, 54% were women and 46% were men. 
Among the females, 13.68% preferred not to follow the suggested rule 
and, contrarily, 86% preferred to follow it. Among the men, the pro-
portions were 11.4% and 88.6% respectively. 

In Table 4–4 and Table 4–5, the cross tabulations were focused on 
well depth and time preferences. It can be hypothesized that the farmers 
benefiting from shallow aquifers might be less inclined to allocate the 
most water to the future. Although this section does not provide any 
inferential analysis, some descriptive clues can be shown. Sixty three 
percent of the farmers living in territories where aquifers are shallow 
(less than 20 m deep) preferred not to allocate the most water to future 
consumption, while 38% of them did so. Among the farmers living over 
deeper water-wells, slight differences could be observed between the 
two preferences (66% and 34%, respectively). The situation changes 
when well-depth is shifted. For greater than 40-meter well-depth 
reference points, 80% of players preferred not to allocate the most 
water to the future and only 20% did so. In turn, these figures were 41% 
and 59% for those relying on less than 40 m deep wells. 

With respect to water allocation to the present, this was the pref-
erence of 50% of the farmers relying on more than 20-meter-deep wells. 
For more than 40-meter-deep water-wells, a clearer preference for the 
present was- observed in 63% of the participants, as it can be seen in 
Table 4–5. 

3.3. Water quantity treatment group results 

The empirical data suggests that farmers adapt to water scarcity 
differently when exposed to the limits of time and water quantity, as 
shown in Graph 3–1 and Graph 3–2. Quantitative information on 
adaptation was firstly discussed on the preferences revealed by the 
participants when faced to declining water amounts. In this information 
treatment group, the data suggest that farmers were willing to abide by 
extractions caps, and only in the first two rounds, this cap was exceeded. 
The adoption of an extraction cap, as a guiding rule for water extraction 
decision-making, suggests that it is possible to reach a stable cooperative 
behavior. The observed, smooth declinations of water allotted to the 

present, the future and neighbors show that farmers can consciously 
decide on how to adapt to water scarcity. 

In order of preference, farmers adapted by allocating more water to 
the present during most of the rounds, while allocation to the future was 
in second place. Allocation to neighbors exhibits a preference for non- 
egoistic behavior. During half of the decision-making periods, farmers 
allotted around 30% more water to the present than to the future. At the 
beginning of the second half of the rounds, farmers exhibited sudden 
reactions in amounts of their declinations; they almost doubled their 
allocations to the present. However, at the end of the periods, the allo-
cation to the present declined with respect to the future, which ended up 
playing a dominant role. Thus, dynamic reactions to water availability 
declinations instead of static or naive feedback were observed during the 
three segments of the W(p)(t)/W(f)(t) trade off (see Graph 3-1) 

Special attention was given to the last segment of W(p)(t) and W(f)(t), 
in which, on average, the latter surpassed the former. In the last segment 
different issues came to farmerś minds, but overarching fact referred to 
the situation in which the aquifer water availability was much scarcer, 
and few time periods existed for consuming this water. So, a precipitous 
decision to think of more in the future appeared. Why did that occur? 
Was it the late recognition that the future exists? Did the farmers react 
late to allocating water reserves to face looming threats of scarcer sit-
uations and shortages? Was it a sort of drowning kick reaction to what was 
almost exhausted? Farmers stated that since daily life activities are 
developed in the present, preference for higher allocations to this good 
W(p)(t) were stated (present bias). However, this argument may fall short 
when observing the distance between W(p)(t) and W(f)(t) in Graph 3-1. 

Despite of not presenting any metric that measures a fair or close 
relationship between allocations, present to future, opportunities exist 
to express that assigning an average 1.3 ratio present/future, might result 
as a conservative water allocation in favor of the future. That is, the 
future was borne in mind as the time passed and as water users were 
making intertemporal decisions. Nevertheless, farmers may inquire 
about why trusting in an upcoming future when uncertainties exist. 
Uncertainty on water availability comes from weather conditions, risks 
of food insecurity, pandemic situations like Covid-19 and other sources 
of risks and uncertainties. Perhaps, the probabilities that farmers assign 
to living in the future with some water units, are permeated by the fact 
that dealing with tough situations in water scarcity is easier when 
scarcity is part of the landscape. So, facing an extreme situation on 
scarcity, does not discourage farmers to have some belief in the future. 

The intertemporal water consumption trade-off implies an intention 
to safeguard some water flows for the future. Ignoring future con-
sumption not only threatens the sustainable availability of this vital 
resource, but also might be extremely costly when it comes to guaran-
teeing its affordability. Choosing to follow a sustainable groundwater 
extraction path is a matter of intertemporal choice between immediate 
or distant sacrifice. Consumers seem to be of two minds about inter-
temporal consumption: when sacrifices are distant, patience pre-
dominates (Laibson, 1998). The current experiments required the 
participants to initiate the adoption of immediate sacrifices through 
limiting maximum water amounts consumed along sequential periods. 
More suggestively, extraction caps allotted to the present, future and 
neighbors went beyond willingness to cooperate with a CPR. Delaying 
consumption by allotting high water volumes to the future reveals 
concern about tomorrow. During the first half of the extraction periods 
(first 7 rounds), the average allocation to future consumption repre-
sented 70% of the present one. This may be a sort of adaptation based on 
smooth patience preference instead of abrupt changes in extraction paths. 
Perhaps the provision of information on the hydrogeological context, 
interactions with neighbors and sustainability indicators led by extrac-
tion caps were not capable of activating a sharp differentiation between 
present and the future. Indeed, reserving high water volumes to be 
consumed in the future suggests that farmers prefer to reserve for 
tomorrow similar levels of satisfaction to those they have in the present. 

1 Field experiments were chosen as the principal research method because it 
does better in resembling the real-life situation of microeconomic settings. In 
microeconomic contexts, cooperative behavior can be incentivized by balancing 
the costs and benefits of decisions made on water allocations. For this aim, the 
money earned reflected the benefits and costs that water allocations entailed. 
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Thus, this intertemporal rationale indicates a certain level of sacrifice in 
the present, in favor of a corresponding satisfaction in the future. 

The willingness to incur, in the short or the long-term, marginal 
consumption sacrifices may change depending on water abundance or 
scarcity. Marginal conditions may be relevant when comparing farmers’ 
willingness to face sacrifices in the near and distant future. Adaptation 
to sacrifices in groundwater consumption on the part of groups accus-
tomed to plentifulness or scarcity may be at odds. For instance, water 
“carries important aesthetic, social status, and recreational affordances, 
which are deeply ingrained in upper middle-class lifestyles” (Harlan 
et al., 2009). Similarly, the maintenance of property value and the 
importance of a healthy and attractive garden as a symbol of economic 
status and house values within a neighborhood are all more important 
than conserving water (Harlan et al., 2009; Spinti et al., 2004). On the 
other hand, farmers living in drought-exposed regions in developing 
countries might exhibit a different rationale. Switching human minds 
when facing lesser availability of a given resource is not a straightfor-
ward issue, especially when comparing a community that departs from 
abundance to one that already starts from a condition of scarcity. 

One may inquire which type of farmer is more able to postpone his/ 
her accustomed water extraction level just to facilitate aquifer recovery. 
Delaying a customary extraction level would require a mental process to 
get rid of habits. Similarly, requesting water users to reduce extractions 
requires certain knowledge and information on current extraction levels. 
Without approximate extraction volume information, there are no 

reference points to compare with since real sustainability concerns 
deserve gauging basic variables such as extraction volumes. 

The path of allocation to present, future and neighbors is closely 
related to intertemporal decisions on preferred water amounts, which, in 
turn, revealed intertemporal trade-offs.2 For instance, farmers who plant 
water-intensive crops were asked about key water adaptation indicators 
such as water volumes applied to crops 

(
m3

⃒
⃒ha

)
, land productivity 

(Kg|ha) and the effect of irrigation on crop yield 
(
Kg|m3). However, 

these indicators were unknown, as reported by 90% of the interviewed 
farmers. 

3.4. Time treatment group results 

On the other hand, different incentives may promote cooperative 
behavior when users observe water declination, and they are faced with 
information on the remaining time before aquifer exhaustion. Infor-
mation on time before aquifer exhaustion, led the farmers to declare 
their water allocation preferences by allotting more water to the future 
than to the present, or for their neighbors. On average, farmers allocated 

Graph 3–1. Water allocations (remaining quantity before aquifer exhaustion), This graph depicts water extraction volume preferences. Field experiments were used 
to collect data. The horizontal axis represents the rounds in which the participants made their decisions. The vertical left axis shows average water volumes allocated 
to each one of three pools (present - W(p)(t), future - W(f )(t) and neighbors - S(p)(t)). The right vertical axis represents the aggregated water volumes, which were 
compared to the 2000 m3 extraction cap. The data correspond to the remaining water amount before aquifer exhaustion treatment group. Source: author’s 
elaboration. 

2 In the annex section a note on valuable qualitative information collected 
during the water quantity treatment group is included. This information was 
part of the narratives on the reasons on water allocations to the present and to 
the future. 
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almost two times more water to the future than to the present (see Graph 
3–2). 

The likely reasons for this preponderance of the future over the 
present may come from farmers’ incentives and mental considerations in 
times of water source exhaustion. Since the time dimension is more 
familiar to water users, this variable may activate a preference for more 
patient behaviors. Time is embedded in daily life issues. For instance, 
growing crops takes time. Sowing and harvest periods are planned ac-
cording to the expected time of the rainy seasons. Deciding the moment 
for increasing the cattle horde size is a matter of planned timing. The age 
of children is born in mind to wait for their support in farming activities. 
In accomplishing production goals, farmers recognize the time taken by 
nature to yield. While some water can be gathered from partners or 
neighbors, aquifers themselves cannot be forced to yield over their 
inflow rate, just as you cannot harvest any fruit, vegetables, tubers, or 
cereals before they have completed their natural growing cycle. Spe-
cifically, stocks take time to change because flows take time as well 
(Meadows, 2008). The weekly or monthly mass gained by plants cannot 
be accelerated as wished. Meanwhile, a crop’s yield stock can be sped up 
and accumulated by buying products from other places where harvest 
comes first or through imports. However, in these situations the pro-
ductive flows take time to increase. In any case, producers may have 
incentives to accelerate productivity by investing in genetically modi-
fied seeds or other adaptive investments. But the productive flows take 
time, and it is up to nature, not the producer, to do that task. 

Being aware of this situation entails the need to smoothly adapt to 
changes. Instead of big leaps in average allocations per period, flat 

declinations were observed from the beginning to the end of the games. 
At the middle of the experimentation time, an abrupt shift in the 
declining trend was observed, resulting in the steepest declination of all. 
For allocations to neighbors and the present, there were episodes in 
which a tendency to repeat prior allocations is observed. This might be 
an adaptive strategy to manage uncertainty or to gauge/analyze/un-
derstand the issue of extraction rate, which might be called the experi-
ence heuristics when uncertainty, indecision and lack of knowledge 
become evident. 

Some differences between the quantity and time models are 
presented:  

o Time is more implacable than quantities. For instance, reductions in 
water quantities can be related to reductions in crop production. 
Farmers might plea or negotiate with neighbor farmers who might 
have experienced a higher water use efficiency and have gotten 
greater yields. However, since time for aquifer exhaustion affects 
every farmer similarly, fewer options exist to extract water to pro-
duce in that specific territory. Thus, over time the water stock re-
ductions will affect each farmer. 

o Marginal changes in water allocation to the present are less pro-
nounced in the water quantity context, with respect to the time 
before the aquifer exhaustion situation.  

o In both treatment groups, the acceptance of extraction caps was 
swift. The main difference between them refers to the good to which 
water is mostly allocated, since in the quantity context farmers 

Graph 3–2. Water allocations (remaining TIME before aquifer exhaustion), In this graph, the preferences on volumes of water extraction are depicted. Field ex-
periments were used to collect data. The horizontal axis represents the rounds in which participants made their decisions. The vertical left axis shows average water 
volumes allocated to each one of 3 pools ((W(p)(t), W(f)(t) and S(p)(t)). The right vertical axis represents the aggregated water volumes, which were used to compare 
with the 2000 m3 extraction cap. The data shown correspond to the TIME before exhaustion treatment group. Source: Author’s elaboration. 
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preferred to allocate more water to the present, while in the time 
situation, they allocated much more to the future. 

3.5. Control group results 

In reference to the control-group water allocations, the Graph 3–3 
presents the resulting data. Following the experimental design in 
Fig. 2–1, on average the aggregated water allocated was closer 
(1800 m3) to the suggested cap (2000 m3). Despite this amount is less 
than the cap, it is greater than the amounts allocated in the treatment 
groups (see Graph 3–1 and Graph 3–2.). In addition to this, the pre-
ponderance of water allocations to the present or to the future is not 
stable. At the beginning and at the end of the rounds, the present pre-
vails, while in the middle, the allocations to the future were greater or 
similar among them. The impediments of holding non-binding com-
munications amongst control-group members, may generate more un-
certainties, which may be revealed in the instability of allocations. Since 
farmers of this group were not acknowledgeable about the remaining 
water or time for exhaustion, they were not able to have a closer idea on 
the magnitude of the problem as occurs in the reality. A pattern worth 
revealing refers to the relevance of neighbor farmers in allocations of 
water. No matter if the farmers are provided with hydrogeological in-
formation or not, the intention to share water with all is kept. Thus, it 
can be said that farmers are naturally willing to share water, but this 
behavior does not guarantee that the aquifer remain for future water 
extractions. 

4. Discussion 

Adaptation to climate-change in water-related issues is multifaceted 
and has intricate dimensions that are important to investigate. By 
focusing on a severe blue-water scarcity region in Colombia (Mekonnen 
and Hoekstra, 2016), a contribution was made to the dialogue on how 
farmers adapt to water scarcity. The setting for the understanding of 
adaptation strategies was demarcated by the social institutions and the 
working rules observed in the field and the limits imposed by nature. 
The latter was incorporated because acting in institutional settings 
should not be freely done if the necessary physical conditions are not 
locally met in terms of aquifer stocks and flows. For this reason, the 
central piece of analysis for this research was about water availability 
and, consequently, about water balance. Although different rules and 
institutions to sustainably manage aquifers can be designed, the physical 
limitations of water balance governed by nature impose binding limits to 
water extraction. Thus, a socio-physical setting is proposed as a back-
ground resembling water users’ mental map. Instead of abstract situa-
tions in which participants in experiments are asked to allocate tokens 
(Cardenas et al., 2011; Gächter, 2007), the nature of the commodity at 
stake and the subject pool (Harrison and List, 2004) in this research were 
strictly related to the research aim on water avallability and ensuing 
caps. 

Extraction caps have been suggested to address water scarcity and 
the paradox of water use efficiency gains (Grafton et al., 2018; Hoekstra, 
2013). In addition to this, and to the best of our knowledge, field ex-
periments on water extraction caps have not reported in the literature. 
Closer models to capped games refer to threshold games and usually 
respond whether thresholds (ceteris paribus) influence increased 

Graph 3–3. Water allocations in the Control Group situation, In this graph, the volumes of water allocated by the control group members are depicted. The hor-
izontal axis denotes the rounds played by participants. The vertical left axis presents the average water volumes allocated to each one of 3 pools ((W(p)(t), W(f)(t) and 
S(p)(t)). The right vertical axis represents the aggregated water volumes, which were used to compare with the 2000 m3 extraction cap. Source: Author’s elaboration. 
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contributions (Ledyard, 1995). The evidence suggests that increases in 
thresholds increase contributions, together with the probability of not 
reaching the target (Ledyard, 1995). Models on extraction quotas games 
(Pfaff, et al., 2015; Velez et al., 2009) are also reported as similar to 
quantity limits. 

The extraction-capped game designed for the time versus water 
quantity treatment groups was useful to capture intertemporal time 
preferences. Time group allocated more water to the future and the 
latter preferred to assign more to the present. While different explana-
tions of this pattern may be considered, the results suggested that 
referring to time, activates a deeper cooperative behavior towards water 
conservation. Perhaps dealing with water amounts makes it easier to 
figure out how to fetch water, since farmers who have lived in the ter-
ritory for 40 years on average, can be said to have developed multiple 
adaptations to remain in it. Thus, in periods of water scarcity or 
declining water tables, they surely have conceived alternatives to afford 
their necessary water supply with some support from governmental 
agencies. Instead, dealing with time before aquifers get exhausted can be 
taken more seriously, because time might be more stringent. In other 
words, there might be substitute water sources, but the time of an event 
cannot be substituted. If there are any beliefs on a delayed time for 
aquifer exhaustion, this was permeated by the probabilities, guesses or 
hunches farmers construct, based on their long experience in managing 
and progressively adapting to water table declinations for generations. 
Thus, the contrasting forces that operate between reactionary and 
anticipatory behaviors (Apraku et al., 2008) seem to be reflected in the 
quantity and time contexts, respectively. Despite being knowledgeable 
on qualitative deterioration of aquifer conditions, farmers still believe 
that the future waits ahead, which is the reason why more water units 
were allocated to it. The cap played a role in suggesting that changing 
the social decision-making on water extraction might be a useful 
working rule, aimed at adapting to the limited character of aquifer 
systems. 

The limited nature of aquifers was not fully addressed by users and 
well builders. In extraction activities, different incentives and informa-
tion exist to address borehole management. Water well owners and 
builders have different perspectives on groundwater access and extrac-
tion stages. Private well builders and engineers in charge of the main-
tenance of public water wells have the perception that engineering 
solutions might always be found to dig deeper to find underground 
water. In doing so, water shortage is tackled simply as a physical 
problem, i.e., a first order scarcity (Mehta, 2007; Wolfe and Brooks, 
2003). 

Just as central managers, the role of environmental authorities might 
be more productive if they release the technical information as an input 
for better adaptation to scarcity. Hence, the current predictions do not 
really indicate the seriousness of the water scarcity situation (Apraku 
et al., 2008). The present work suggests that useful hydrogeological 
information be provided to water users through the conventional 
channels. Farmers are not expected to be as knowledgeable as a hy-
drogeologist, but to learn how to use aquifer status data to raise their 
awareness on the evolution of this resource in time and space. 

Nonetheless, communities living with physical scarcity usually 
devise progressive adaptive strategies. In the status quo, farmers adopt a 
series of rules to adapt to water scarcity conditions. It was found the 
farmers implement social rules of access to water, rules of interaction 
inside the communities and rules of adaptation. When water becomes 
scarcer, sharing water amongst neighbors is a norm and similarly, when 
water wells become unproductive, farmers organize themselves to build 
community boreholes to deal with the high costs of its construction. 
When water quality issues arise, farmers stop extracting in the present, 
hoping it becomes cleaner in the short term. When dealing with 
declining water tables and inaccessible water reserves, neighbors expect 
some entrepreneurs do the job of building a new well. Then, the costs of 
information on availability, quality, and productivity of the new wells is 
reduced to almost zero for the other farmers since this information is 

shared amongst the community of farmers. The adoption of new cropś
varieties is normally accepted if it comes from external governmental or 
non-governmental agencies able to fund the transition to more pro-
ductive or resistant crops. 

In this respect, social institutions and behavioral regularities operate 
and provide valuable inputs for managing physical water scarcity by 
addressing social, cultural, and behavioral issues. This represents a de-
parture from the classical supply-side approach (Griffin, 2006) and 
top-down regulations (Pahl-Wostl and Knieper, 2014) that govern water 
resources. Behavioral and institutional aspects were drawn from the 
narratives and quantitative data resulting from the current experimental 
sessions and in-depth interviews carried out with water users, environ-
mental authorities, borehole drillers and engineers in charge of borehole 
maintenance. Like borehole technicians and engineers, in the context of 
water table declination, farmers usually think of aquifers as unlimited 
resources. So, there is a tendency to ask themselves: Why measure 
something that will not end during life on earth? This propensity might 
be named the unlimited stock belief. When farmers are asked to reduce 
extraction and implement activities to increase inflow (recharge), this 
requires a paradigm change. Thus, farmers are not familiar with 
increasing inflows to replenish aquifer systems, which might represent 
an outflow routine effect. 

These and other types of behavioral dimensions referring to risk 
management, routines, beliefs and perceptions are still under con-
struction in the literature on behavioral and institutional economics. 
(Singh et al., 2018) highlight the relevance of risk perception on the 
adoption of strategies to adapt to scarcity in India. Similarly, the social 
perception of the meaning of scarcity was stressed. The role of memory 
and the consequences of past scarcity events with respect to recent ones 
played key roles in adaptation to scarcity and, particularly, exhibited a 
bias toward recent events. All the coping strategies employed by com-
munities for water scarcity adaptation in Ghana were mainly reac-
tionary in the short term (Apraku et al., 2008). Since scarcity is 
understood from physical, institutional, economic and behavioral 
standpoints, alternative solutions to observed water table declination go 
beyond engineering and supply-side solutions, as stressed by (Singh, 
Ch.; Osbarh, H. & Dorward, 2018; Wolfe and Brooks, 2003). More 
research is needed to support farmers’s ability to adapt to the physical 
and socio-institutional facets of scarcity. In this research, a subdivision 
of the orders of scarcity can be drawn, thus facilitating the placement of 
the behavioral side of the problem. The first, second and third orders of 
scarcity were respectively the physical (engineering), economic (insti-
tutional) and socio-political ones (Mehta, 2007; Wolfe and Brooks, 
2003). This allows placing the behavioral dimension in the social order 
of scarcity, which may help to operationalize improved strategies for 
adapting to water availability and quality declinations. There exist also 
relevant ecological dimensions integrated via recharge of aquifers dy-
namics announced to players in the experiments, which go beyond the 
scope of this research. 

5. Conclusions 

This article was designed for presenting the results on how farmers 
adapt to water scarcity. Framed field experiments were run to collect 
quantitative data on the decisions made by farmers when they were 
exposed to reductions in water availability. Time and water quantity 
treatment groups were prepared to test their effects on water allocation 
as limited by suggested extraction caps. Quantitative and qualitative 
analysis of data and information were carried out. Behavioral regular-
ities and social institutions were drawn from the quantitative data and 
graphics and the narratives expressed by the players after the 
experiments. 

The setting for the understanding of adaptation strategies was 
demarcated by the limits imposed by nature. For this reason, water 
availability as a physical limiting factor for water extraction was used as 
an instrument to connect allocation, decision-making and intertemporal 
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consequences for adaptation. Thus, limited availability under time and 
quantity limits pushed the farmers (players) to decide whether to 
cooperate or not in water conservation. Thus, the individuals who 
cooperated better were adapting to water scarcity. More precisely, the 
farmers informed on time before aquifer exhaustion, revealed greater 
awareness about the possibilities of cooperation. Contrarily, in the 
control group situation, farmers allocated much more water to all uses 
and the cap volume was reached in most of the rounds. While in the time 
and quantity treatment groups, the aggregated water volumes declined 
through the time (rounds), in the control group this amount averaged 
1800 m3 (close to the cap). It can be said that the communication 
amongst farmers on how to manage remaining stocks, and, similarly the 
hydrogeological information play a key role in incentivizing the coop-
erative behavior under extraction caps contexts. Since the stability of 
cooperation was part of the research aims, providing quantitative in-
formation to farmers on extraction decisions and the remaining time of 
aquifer availability is suggested as a key factor to more effectively 
address the adaptation to water scarcity. 

This results suggest that in any water management program aimed at 
incentivizing water extraction reduction, time related strategic infor-
mation should be clearly designed and delivered to community users. In 
addition to this, behavioral dimensions were found as key aspects of 
water allocation through the time, which are broader than forthright 
adoption of regulatory approaches.A couple of behavioral regularities 
are highlighted:Unlimited stock belief and drowning kick reactions. 
With respect to the stock belief, it demands making the figures on 
aquifer variables as a common knowledge to farmers. In doing this, the 
belief in the existence of infinite groundwater pools may help to reduce 
consumption rates. Secondly, in respect to the drowning kick regularity, 
this entails that farmers tended to allocate more water to the future at 
the end of the experimental sessions. When an aquifer is nearing 
depletion and this information is made common knowledge, many water 
users may commence to believe that time is showing the exhaustible 
nature of the CPR, and they may start to extract less water in the present 
to help to ensure that the total resource may last longer in the future. 
This implies that water users are confident that the water stock left in the 
pool for the future is not consumed by many others in the present. A 

credible and reliable information system on CPR status is essential to 
convince water users to acknowledge and respect the water budget 
status. All these and other behavioral issues are valuable as a means of 
making adaptation to scarcity more feasible and stable. 

Behavioral issues in adaptation to scarcity, have implications in 
pursuing SDG 6 on water use efficiency. Rather than water volumes, 
providing information to farmers on the time before aquifer depletion 
may help in attaining such an efficiency, especially in regions exposed to 
droughts and water scarcity. This research has several limitations. 
Different extraction cap levels could not be tested due to limited funds to 
pay the participants. Varying the cap figure might generate different 
cooperation decisions as well. The types of rules and institutions needed 
to be better adapted to scarcity conditions led by stringent extraction 
caps would provide valuable insights. Further research is needed on the 
social institutions and the water management stages in which allocation 
decisions transpire. The research agenda includes the effects of altering 
the extraction cap level, comparing more territories, testing the effects 
of multiple crops adoption, understanding the stability of cooperation 
and the role of environmental authorities’ behavior as part of the pro-
motion of sustainable water use and consumption. 
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Annexes  

Table 4–1. Descriptive statistics for remaining water quantity treatment group  

Variable Obs Mean Std. Dev. Min Max 

Extraction in the present (m3)  384 530,62 635,78  0  5.050 
Allocation to neighbors (m3)  384 195,15 232,16  0  1.500 
Allocation for the future (m3)  384 516,85 744,63  0  5.500 
Available water (m3)  384 41.098 22.501,18  -27.825  80.000 
Age (years)  383 40,56 11,939  14  66 
Number of children  383 2,4 1,5  0  7 
Years of education (years)  383 11,360 3,28  5  17 
Monthly income ($)  335 770.447,8 745.644,7  0  2.500.000 
Time living in the community (years)  383 33,407 17,251  1  66 
Well depth (m)  383 42,365 50,425  0  170 

Source: Authoŕs calculation using Stata 17   

Table 4–2. Descriptive statistics for remaining TIME treatment group  

Variable Obs Mean Std. Dev. Min Max 

Extraction in the present (m3)  281 375,893 349,45  8  1.500 
Allocation to neighbors (m3)  280 206,107 212,791  0  1.000 
Allocation for the future (m3)  281 616,55 567.19  0  1.940 
Available water (m3)  281 39.940,83 22.696,53  -6.315  80.0 
Age (years)  281 41.74 12,44  17  58 
Number of children  281 2,5 2.1  0  8 
Years of education (years)  281 9,3 3.9  3  16 
Monthly income ($)  257 744.630,4 71.6013,2  0  2000.0 
Time living in the community (years)  281 29,53 19.9  1  58 
Well depth (m)  281 74,64 53.67  5  170 
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Source: Authoŕs calculation using Stata 17   

Table 4–3. Crosstabulation between the willingness to abide an extraction cap and gender   

Gender  

Follow CAP 0 (Female) 1 (Male) Total 

0 (No)  26  22  48  
54.17  45.83  100  
13.68  11.40  12.53 

1 (Yes)  164  171  335  
48.96  51.04  100  
86.32  88.60  87.47 

Total  190  193  383  
49.61  50.39  100  

100  100  100 

Source: Authoŕs calculation using Stata 17   

Table 4–4. Crosstabulation between preferences for the future and well-depths   

Shallow_aquifer? 

Preference_for-future >20 m depth >40 m depth <20 m depth <40 m depth Total (20 m depth) Total (40 m depth) 

0 (No)  150  80  98  168  248  248  
60.48  32.26  39.52  67.74  100  100  
65.79  80.00  62.82  59.15  64.58  64.58 

1 (Yes)  78  20  58  116  136  136  
57.35  14.71  42.65  85.29  100.00  100  
34.21  20.00  37.18  40.85  35.42  35.42 

Total  228  100  156  284  384  384  
59.38  26.04  40.63  73.96  100  100  

100  100  100  100  100  100 

Source: Authoŕs calculation using Stata 17   

Table 4–5. Crosstabulation between preferences for the present and well-depths   

Shallow_aquifer? 

Preference_for-present >20 m depth >40 m depth <20 m depth <40 m depth Total (20 m depth) Total (40 m depth) 

0 (No)  115  37  74  152  189  189  
60.85  19.58  39.15  80.42  100  100  
50.44  37  47.44  53.52  49.22  49.22 

1 (Yes)  113  63  82  132  195  195  
57.95  32.31  42.05  67.69  100  100  
49.56  63  52.56  46.48  50.78  50.78 

Total  228  100  156  284  384  384  
59.38  26.04  40.63  73.96  100  100  

100  100  100  100  100  100 

Source: Authoŕs calculation using Stata 17   

Table 4–6. Key components of experimental settings   

Component description 

Definition of the participants. Out of the 102 rural dwellers who were invited to participate in the experimental games, 62 individuals showed up during the 
trials. The participants belonged to 10 communities mostly depending on groundwater, which are part of four municipalities 
characterized by being exposed to frequent droughts. 

Treatment design and application  ▪ The participants were divided into two groups:  

No hydrogeological information and no communication allowed. 
Hydrogeological information provided and communication allowed.   

▪ Two treatment information groups were organized to differentiate water allocation decision-making: Allocation when 
the amount of water in the aquifer was declining and allocation when the remaining time before aquifer exhaustion was 
announced. 

Rounds A total of 668 series of experimental sessions were run with the 62 participants. The rounds corresponded to the years or time 
periods in which players, distributed their allocated/extracted water units. 

Payment method For each unit allocated to activity W(p)(t), the subject earned an individual payoff of 10 $COP. The payoff for allocating one unit to 
activity S(p)(t)was 5 $COP and had the nature of a collective good. Allocation to W(f)(t) had the nature of a private benefit to be exploited 
in the future, which yields an individual payoff of 4 $COP per unit of water. The aggregate payoff from all activities determined a subject’s 
payoff for the game. The participants had another source of earnings, which corresponds to the sum of the contributions made by every 
participant 

∑
S(p)(t). They received a share μ of this total amount. In the experiment, the average earning was almost five times the 

minimum hourly wage in Colombia, i.e., $19,000 in cash was paid to each participant. 
The payoff was assigned to an individual appropriator for investing in the collective resource depended on the aggregated group investment 
in the CPR and on the appropriator’s investment as a percentage of the aggregated contributions (Ostrom et al., 1994). The group’s 
return on investment in the common pool was calculated by the production function μ

∑
S(p)(t). The payoff function (πi) had different 

(continued on next page) 
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(continued )  

Component description 

components, as follows: πi = θ − α. θ represented the endowment (cap) of water; ρ corresponded to the discount rate that each individual i 
made his/her decision to preserve water for the future; μ reflected the collective gain perceived by all participants upon the contributions of 
j individuals. This marginal payoff for contributing to the collective good was equal to 0.2, indicating that no matter how much the 
participants contributed to the collective consumption, each of them received a 0.2 fraction of the aggregated contribution of all 
participants. The contribution in water units was converted into the monetary payoff, where α represented the present marginal water 
consumption for individuals. 
Since a hyperbolic discount was considered, ρ corresponded to the discount rate that each individual i assigned to his/her decision to 
preserve water for the future. In the hyperbolic discount factor, b/(1 + ρ)t (Phelps and Pollak, 1968)a. If b < 1 this function discounts 
immediate delays more dramatically than an exponential one, because the current utility has a weight of one, while the utility one period 
from now has a weight b/(1+ρ). 

Behavior of the participants and their allocation to 
the collective good 

The good under consideration refers to water from the underground which entailed a collective access character; participants 
were asked to decide or choose how many units each one was willing to extract. Units referred to cubic meters of water. 

aCited in (Camerer, 1998) 
Source: based on (Cartwright, 2019; Cassar and Friedman, 2004; Smith, 1992)  

A note on the qualitative information gathered during quantity treatment group sessions 

In the setting of the field experiments, during the interviews the farmers were asked how to reduce water extraction from the ground. In response, 
different elements came to the scene, as shown in in Table 4–7.  

Table 4–7. Reactions of farmers when asked how to adapt to water table declinations  

Reactions observed in the field Source of narratives  

o Farmers usually confront their habits → Replies observed in La Guajira and Sucre during experimental sessions.  
o Calculating the effect on expected profits → Replies on available water reductions observed in Sucre and on exacerbated droughts observed in La Guajira.  
o Thinking of alternative water sources → Narratives after field experiments in Magdalena, Sucre and La Guajira.  
o Inquiring on water reduction duration → During all field experimental sessions, the players asked whether the sacrifice in terms of water extraction 

reduction would last all rounds, or less or more than the 12 or 13 rounds.  
o Inquiring if the other farmers are about to be involved in the 

same water extraction reductions. 
→ Narratives observed in La Guajira and Magdalena after field experiment discussions.  

o Making some efforts to calculate volumetric extractions. → Actions observed during experimental sessions in Sucre and La Guajira (Fonseca and La Reserva 
Communities), while farmers used calculators for this counting.  

o The custom of favoring water outflow over inflow. → Concluded while observing respondents in La Guajira (Community La Plazoleta) and Sucre (Community Las 
Llanadas).  

o Despite water table declination, farmers usually think of aquifers 
as limitless resources. 

→ Narratives and expressions observed in different communities in Fonseca (La Guajira) and Guamal 
(Magdalena).  

o Water-well builders usually suggest that the more water is 
extracted, the more productive wells become. 

→ Perceptions observed in Riohacha (La Guajira) and Guamal (Magdalena) during interviews with well 
builders.  

o Building community boreholes. → During discussions held after field experiments in different communities in Fonseca and Riohacha (La 
Guajira) and in Guamal (Magdalena), in communities Los Andes and San José de Paraco.  

o Shifting or improving extraction technology → Feedback reports from participants in interviews and field experiments in Sucre, La Guajira and Magdalena.  
o Other behavioral issues worth further investigation → Uncertainty, lack of knowledge on socio-hydrogeologic issues, routines, belief that underground water stocks 

influence the adoption of adaptive behavior to scarcity.  

One of the first reactions observed in the quest for adaptation to water scarcity among farmers was appealing to confront their habits. This comes 
from replies observed in La Guajira and Sucre, such as: “I must irrigate my crops in the present”; “we have some customers to supply with our 
vegetables, tubers and all the products of our crops, so we do not know how to change irrigation patterns”; “we have become accustomed to collecting 
water from underground, and there are few options to collect water from distant places”. After confronting habits, farmers usually think about the 
effects of water extraction changes on their expected profits. Replies on reductions in available water in Sucre focused on “how should we adapt to 
declining water tables if our farms sustain our local economies?” Similarly, in La Guajira there is high expectation of the influence of declining water 
tables on agricultural profits. This is especially relevant for communities dependent on external funding for irrigation projects. If extraction should be 
reduced, farmers inquire if the other farmers are about to follow this implementation as well. Narratives recorded in La Guajira and Magdalena 
revealed that the participants inquired if other water users in the vicinity were being similarly asked to engage in extraction reductions and water 
saving. 

When extraction reduction becomes part of a set of feasible strategies intended to adapt to water scarcity, farmers start making efforts to calculate 
volumetric extractions. When farmers relying on aquifer systems are asked about extraction volumes, they only have partial knowledge on this topic. 
Some mental calculations are done before reporting this figure. As a researcher, one usually finds some cues about using water pump horsepower or 
water flow capacity to have a slight idea of this volume. Otherwise, the size of the container where water is stored is similarly used to calculate 
volumetric extractions. In some cases, in La Guajira and Sucre, farmers grabbed the calculator to do some math on how much they might reduce water 
application to the crops to adapt to declinations. However, water table declination does not necessarily activate mental adaptation. Despite water table 
declination, farmers usually think of aquifers as limitless resources. So why measure something that will not be exhausted during life on earth? 
(Unlimited stock belief). The tendency to keep extracting as an adaptive strategy (i.e., favoring outflows) shows how it prevails over the possibility to 
favor inflows. Water users mostly focus on outflows and, therefore, have little interest in increasing inflows aimed at improving or replenishing aquifer 
systems (outflow routine effect). Few respondents in La Guajira (Community La Plazoleta) and Sucre (Community Las Llanadas) replied to the need to 
improve the recharge capacity of aquifers, i.e., increasing inflows instead of simply extracting. In cases in which building private boreholes is not 
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feasible, farmers appeal to collective action to access groundwater. 
Building community boreholes is a collective strategy intended to cope with the costs of water-well construction and water extraction. For farmers 

and households with limited access to groundwater or limited financial means to build deep private boreholes, the construction of community water- 
wells has been implemented to satisfy water needs. This was observed in different communities in the municipalities of Fonseca and Riohacha (La 
Guajira) and in the communities of Los Andes and San José de Paraco of the municipality of Guamal (Magdalena). When the available private or 
collective water access technology does not allow affordable extraction, improved extraction technology has been proposed as an adaptation strategy. 
In Sucre, La Guajira and Magdalena, some farmer-level initiatives to deal with reduced well productivity and declining water tables were frequent. 
Some farmers reported shifting to powerful pumps, changing hoses and pipes in the irrigation network, building tall water tanks, giving maintenance 
service to boreholes and other measures to apply more water to crops. Nevertheless, these solutions might not last long if individual approaches 
continue. 
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