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Abstract 

Climate change has resulted in frequent and intense 
droughts and floods–experienced respectively as 
contexts of certain loss and uncertainty–by farmers and 
agribusinesses. Such extreme water events, along with 
normal rainfall–experienced as certain gain-pose 
environmental dilemmas. In three studies across five 
countries, we examined the impact of outcome 
uncertainty on choices in environmental dilemmas. 
Cooperation was lowest in certain loss (droughts) and 
higher in certain gain (normal rainfall) in Study 1, a 
qualitative field study in Argentina. These results were 
experimentally replicated in the U.S. in Study 2. Study 3 
empirically examined cooperative choice in India, Japan, 
Spain, and the U.S., replicating patterns for drought and 
normal rainfall. When the outcome was uncertain 
(floods), however, culture appeared to moderate 
cooperation. Two levels of trust (global and local) were 
also considered. Local trust was a significant predictor of 
cooperation. Potential mechanisms, and implications 
are discussed. 
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Extreme weather events like large scale floods and severe droughts are frequently regional or 
even global in scope, but their management and impact is typically local, based on choices made by 
individuals grounded in their local context. These events, which can also be thought of as extreme 
water events, where there is too much (floods) or too little (droughts) rainfall, can have dire 
consequences (Damerau et al., 2016; de Fraiture & Wichelns, 2010; Zhang & Vesselinov, 2017) for 
agriculture and groundwater (García et al., 2018). Although choices to mitigate and modulate the 
impact of floods and droughts are made independently, whether by an individual farmer or an 
agribusiness, the consequences are interdependent. Furthermore, local contexts strongly constrain 
individual choices and ultimately determine the potential impact of water extremes on food 
production and food security (Golub et al., 2013). 

Groundwater, defined here as water in the soil and underground that is collectively available 
to spatially connected farms, is one such example of a local environmental resource whose use 
essentially poses two separate social dilemmas, or situations where maximizing individual gain in the 
short-term reduces collective benefit in the long run (Dawes, 1980). Our dilemmas are locally 
contextualized social dilemmas, where perceptions of situational parameters directly influence 
outcomes beyond the structure of the dilemma itself. The first dilemma stems from the overuse of 
shared groundwater by one of many spatially connected farms to maximize individual crop yield, 
particularly during times of water scarcity or droughts, which reduces collective yields by reducing 
total water availability. Comparatively, the second dilemma emerges during times of excess water or 
floods, when individual choices to remove standing water from parts of one’s land that is best for 
farming results in excess water on spatially connected land that may be entirely or partially farmed 
by another. 

Profit is a function of crop yield, so maximizing yield is an important economic goal. These 
groundwater dilemmas under conditions of drought and floods present water-management choices 
that provide either greater short-term individual or long-term collective benefit, a central 
characteristic of social and environmental dilemmas. Ostrom et al., (1994) suggest groundwater 
dilemmas are essentially resource or commons (not contribution or public goods) dilemmas, and in 
this research, we treat them as such.  

In this paper we explore cooperation in real-world environmental dilemmas characterized by 
outcome uncertainty derived from their broader socio-economic context. We begin with an 
exploratory qualitative field study in the Argentine Pampas with agribusinesses that actually face 
groundwater related environmental dilemmas (Study 1), empirically replicate findings from Study 1 
with non-agribusiness participants in a controlled setting (Study 2), and finally extend our findings 
across cultures by collecting data in four countries (Study 3).  

While prior research has indicated the relevance of gains and losses for understanding 
cooperation, these phenomena have not been investigated in real-world environmental dilemmas 
where outcomes have varying certainty, often derived from the context. In this research, we capture 
the previously understudied uncertainty that arises in real-world dilemmas when the amounts and 
directionality of economic outcomes are undefined. Second, bridging the gap between scientific 
literature and real-world dilemmas, our research supports the creation of more meaningful policies 
and nudges capable of achieving targeted responses in the field. Third, we offer a potential path to 
examining real-world dilemmas: By starting with real-world settings and practitioner expertise in the 
field and then successfully testing the same dilemmas in controlled settings across four cultures, our 
methodology suggests that we can gain a deeper understanding of potential underlying mechanisms 
even for complex real-world dilemmas. In the literature review below, we discuss previously identified 
psychological factors that impact cooperative choice and also provide background on our 
contextualized dilemmas.  
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Role of Contextualized Choice in Social Dilemmas 

Collective gains in an interdependent situation are best realized via cooperation (Arora et al., 
2012; Brewer & Kramer, 1986; Kiyonari & Yamagishi, 2004; Yamagishi & Kiyonari, 2000); and context 
can greatly influence the choice to cooperate (see Dawes & Messick, 2000 and Weber et al., 2004 for 
complete reviews). For example, social factors, including social norms (Akerlof, 1980; Chen et al., 2009) 
and uncertainty regarding others in the dilemma (Messick et al., 1988; Suleiman & Rapoport, 1988) 
have been shown to influence cooperative choice. Similarly, environmental uncertainty, whether 
regarding the size (Budescu et al., 1997; Rapoport et al., 1993) or replenishment rate of the resource 
(Budescu & Au, 2002; Budescu et al., 1990), also influences cooperation in environmental dilemmas. 
In all cases, reduction of the underlying uncertainty increases cooperation.  

Choices with Outcome Certainty and Uncertainty 

There has been little work directly exploring the impact of outcome uncertainty on cooperative 
choice. Köke, Lange, and Nicklisch (2014) found that cooperation rates are higher when cooperative 
action can ensure certainty of a positive outcome. Similarly, cooperative action increases when 
structural mechanisms, such as punishment (Xiao & Kunreuther, 2016), reduce the uncertainty of a 
negative outcome. However, uncertainty in amount and directionality of outcome (positive or negative) 
have not been studied in social dilemmas, even as such uncertainty characterizes and contextualizes 
real-world dilemmas.  

Droughts and floods, our contextualized dilemmas, can signify two disparate economic 
outcomes (Arora et al., 2016). Farmers often view droughts as land ceasing to be productive, leaving 
no feasible path to breakeven or achieve profitability, effectively resulting in a certain loss. Contrarily, 
although floods restrict movement of the farmers more than droughts, they offer the potential to 
break even or attain an economic gain as the higher elevated areas of a farm might not get flooded 
and may even benefit from the higher groundwater level, making otherwise dry land more productive. 
Thus, while a drought means a certain loss of some uncertain amount, a flood is characterized as an 
unknown amount of either loss or gain.  

As droughts and floods have increased in frequency and intensity due to climate change 
(Peterson et al., 2013; Wuebbles et al., 2017), the certainty (droughts) or uncertainty (floods) of loss 
associated with these events has also become more salient. Arkes (1991) finds certainty can act as a 
salient reference point, and then influence subsequent actions (Dickhaut et al., 2003). Moreover, 
decision makers overweigh outcomes that are certain compared with outcomes that are only 
probable (Li & Chapman, 2009). Although well understood as a decision-making bias (Kahneman & 
Tversky, 1979), the certainty effect has not been studied in social dilemmas.  

Independently, since losses loom larger (Kahneman & Tversky, 1979), as the possibility of a 
drought (certain loss) or flood (uncertainty) increases, so should their salience in the decision process. 
There is some evidence suggesting that when decision makers face a loss, they may prefer to minimize 
it through defection (Katz & Halevy, 2015). In contrast, when there is certain gain, ensuring those gains 
are fully realized becomes a priority (Suleiman et al., 2015), suggesting cooperative action. 

Real-World Dilemmas in Argentine Agriculture: Contextualizing the Current Research 

Argentina is a major contributor to global food security and has some of the most fertile land 
in the world, which produces amounts of grain sufficient to feed over five times its current population 
and has potential to increase production even more (Merlos et al., 2015). It is the leading world 
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exporter of soybean oil and meal, and the third largest exporter of soybeans as beans. Nevertheless, 
climate variability as well as global and local economic and social contexts have significantly influenced 
agriculture in the Argentine Pampas over the last few decades (Bert et al., 2011). Argentine agriculture 
is not a subsidized sector: Farmers take on the risks inherent in global commodity markets such that 
their economic incentive is the potential profit based on the actual crop price (Senesi et al., 2013). 
Additionally, recent structural changes have increased unpredictability due to environmental and 
social consequences for export crops in the region.  

One such change that has been documented is an increase in the probability of floods over 
the last twenty years (Aragón et al., 2011). Both floods and droughts cause environmental as well as 
social and economic hardship. Farmers are typically loss averse (Bocquého et al., 2014; Tanaka et al., 
2010), and that is particularly true of farmers in the Argentine Pampas where they assign two and a 
half times more weight to losses than gains (Gonzalez et al., 2018) in their decision processes. Taken 
together with the overweighting of the certainty of loss, a focus on loss prevention in the short-term 
can be expected. 

Overview of Dilemmas in This Research 

Drawing on environmental dilemmas encountered in the Argentine Pampas, we examined the 
impact of outcome certainty and uncertainty contextualized as droughts and floods on cooperative 
choices. Based on the advice from four agricultural experts who advise and/or manage a substantial 
portion of the cropped land in the Pampas (Arora et al., 2015), we added a third dilemma as a control 
for normal years where a certain gain is typically recorded. All four experts strongly agreed on the 
real-world accuracy and contextual validity of the three resulting dilemmas in our questionnaire. 
These are described below.  

Table 1 
Agricultural Dilemmas Presented to Participants, Including Action Choices 

For lower levels of 
rainfall (droughts) 

participants had the 
option to: 

Cooperate: 
Plant regular seeds and make groundwater evenly available 
to neighbors, which increases collective yields. 

Defect: 
Plant drought-resistant seeds with roots that reach twice the 
depth and reduce groundwater available to neighbors, which 
increases individual yield and reduces collective yields. 

For higher levels of 
rainfall (floods) 

participants had the 
option to: 

Cooperate: 
Let the water accumulate on the land and allow flood water 
to be distributed evenly to neighbors, which increases 
collective yields. 

Defect: 

Dig a channel to neighbor farm to reduce water 
accumulation on the land and increase flood water for 
others, which increases individual yield and reduces 
collective yields. 

In regular levels of 
rainfall (normal) 

participants had the 
option to: 

Cooperate: 
Plant regular seeds and enable a uniform distribution of 
insects, which increases collective yields. 

Defect: 
Plant insect resistant seeds and make it more likely that 
insects would go to neighboring farms, which increases 
individual yield and reduces collective yields. 
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Our contexts, reflecting the reality of farmers and agribusiness owners, began with 
assumptions for forecasted rainfall levels for the coming year [lower; higher; normal], the state of the 
soil [quite dry; quite wet; neither too wet nor too dry], and groundwater levels [low; high; normal] due 
to [little; excess; normal] rainfall in the past. The resulting three dilemmas offered choices between 
cooperation and defection as presented in Table 1, allowing for a systematic examination of the 
impact of certain loss, uncertainty, and certain gain across all three studies and corresponding with 
our research question. This paper asks: How is cooperative choice in environmental dilemmas 
influenced by uncertainty in amount and directionality of outcome across cultures? 

Study 1

A major goal for this field study was to gain insight into the local decision processes for coping 
with the environmental dilemmas presented by floods, droughts, and normal years of rainfall. 
Specifically, we sought to examine the perception of outcome uncertainty associated with varying 
levels of rainfall, the resulting influence on cooperation in groundwater dilemmas, and possible 
motivators of the decision to cooperate. 

Participants 

Fifteen male CEOs (over 99% of agribusiness CEOs in Argentina are male) between the ages of 
32 and 60 who employ between 2 and 20 people in family agribusinesses in the Argentine Pampas 
participated in this study. The participants were either owners or owner-managers of their 
agribusiness, making them either the only or the primary decision maker. All agribusinesses have 
been in the family for multiple generations. The CEOs were contacted as part of a random sample of 
approximately 100 members by AACREA (www.aacrea.org.ar), Asociación Argentina de Consorcios 
Regionales de Experimentación Agrícola, a non-profit farmers association that supports farm efforts 
through dissemination of information and technology. All but two CEOs were current members of 
AACREA. Typically, AACREA farmers own medium to large farms and agribusinesses as smaller farms 
tend not to be sustainable in the Argentine Pampas (Bert et al., 2011) and are involved in agricultural 
activities ranging from growing and processing cash crops to ranching and dairy enterprises. The 
average land farmed by participants in our study was 1,000 hectares and the agribusiness values were 
estimated to be between US$20-200 million. AACREA staff was the point of contact for potential 
participants. Our interviewees had no prior knowledge of, or information about, the interview 
questions, project research goals, or authors on this paper. 

Design 

All interviews were conducted in-person with each CEO in Spanish or English at their choice, 
typically at their place of work or on their farm. All interviews were recorded and transcribed. The 
interviews began by asking the CEOs to share their decision processes for land-use allocation and 
water management made in years when a drought is likely (local scarcity of water), when a flood is 
likely (local excess of water), and when normal rainfall is expected. All participants responded to all 
dilemmas (a within-subjects study design) described above in random order. They were asked three 
follow-up questions: (i) What would you do in a situation like this? This was followed by: Why would 
you do what you decided to do? (ii) Do you think your choice is selfish? (iii) What would you think if 
your neighbor were to defect? All participants responded to all questions. Since the CEOs were the 
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primary (if not only) decision maker for their agribusiness, their responses represented their 
individual and organizational choice.  

Results 

Participants experienced droughts as contexts of certain loss where the best action was the 
one most likely to maximize immediate economic outcomes and minimize the loss, or defection. In 
fact, 87% (13 out of 15) of the CEOs chose to defect or plant drought resistant seeds in the dilemma, 
and many made comments similar to: “I fear droughts because the loss is total. You feel you have 
some control over the floods, but none over the droughts.” Additionally, they did not think of that 
action as selfish. Another concern mentioned was that globally determined commodity prices would 
not be sufficiently impacted by a local Argentine drought. Any defection by the neighbor was seen as 
“allowing him to earn a good living” rather than as a selfish action. Nearly half of the CEOs also pointed 
out that if they had a relationship with (trusted) the neighbor, they would discuss the drought and the 
new seed variety with him.  

Normal rainfall levels were experienced as years of certain gain, where the farm would make 
some profit. All participants (100%) chose to cooperate by planting regular seeds. They mentioned the 
need for relationships with neighbors to ensure everyone cooperated (“I would coordinate with the 
neighbor to buy regular seeds together. That is better for everyone.”), suggesting a focus on the 
collective good. Additionally, participants mentioned the importance of ensuring savings for years 
when there might be a loss. When asked about their response to a defecting neighbor, a common 
response was: “If I know (like, trust, have a relationship with) my neighbor, I would talk to him.” 

Floods were thought of as uncertain situations–they could result in a small loss, allow for 
breakeven, or even result in a small gain depending upon the topography of the land on the farm. 
Here 87% (13 out of 15) of the CEOs cooperated, choosing not to construct a channel to move the 
excess water. Perhaps interdependence is obvious as spatial farm boundaries are not a deterrent to 
flowing water. Nearly all (14 out of 15) participants mentioned the importance of cooperation 
(adopting a cooperative attitude, considering the relationship with neighbors, openly communicating 
with neighbors to find optimal solutions) when faced with uncertainty. There was also less expressed 
concern with the possibility of a loss as uncertainty meant there was some chance of breaking even 
or even generating a small gain (as illustrated by: “Flooding produces loss of some productive land, 
but also leaves yield.”).  

In Study 1, the contextualized dilemmas indeed translated into experiences of certainty and 
uncertainty: Droughts were experienced as certain loss, floods were experienced as uncertainty 
(where the economic outcome was an unknown, ranging from a small loss to breakeven to a small 
gain), and normal rainfall levels were experienced as certain gain. The majority of interviewees 
defected when faced with certain loss, cooperated in certain gain, and also under uncertainty. 
Collectively, and as a preliminary response to the research question, these three contexts translated 
into different experiences resulting in varying levels of cooperation. They provide some initial support 
for the influence of outcome certainty and uncertainty on choices in real-world environmental 
dilemmas. As predicted, cooperation is higher when experiencing certain gain compared with certain 
loss, while decision makers experiencing the uncertainty of floods tend to cooperate and behave 
similarly to when experiencing certain gain.  

This study was performed without anonymity and with a small sample, however the findings 
of this qualitative study were informative and provided real-world validity. The next study places these 
contextualized environmental dilemmas in an experimental research design to explore 
generalizability and test for causality. 
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Study 2 

Rationale and Hypotheses 

Study 1, a field study grounded in real-world dilemmas, provided some preliminary evidence 
for a main effect of outcome uncertainty on likelihood of cooperation in environmental dilemmas. To 
ensure that this main effect was not just due to a small sample size in a qualitative (interview) study, 
and to control for any agricultural domain-specific effects, data were collected with a larger non-
agricultural sample. Thus, Study 2 tested the replicability and generalizability of these findings with a 
bigger U.S. sample in a controlled setting. Participants were provided with the same real-world 
environmental dilemmas from Study 1 and were paid for their participation. Additionally, while Study 
1 participants stated that they saw floods as offering the opportunity for a gain and thus cooperated, 
previously-discussed literature suggests the opposite where increased environmental uncertainty 
leads to a greater concern for individual outcomes and increased defection. Possibly, this 
contradiction existed as the uncertainty also encompassed the potential for gain during floods, unlike 
in previous studies where uncertainty was linked only to losses. Specifically, for Study 2, we predicted 
the following: 

H1A. The percentage of cooperators will be higher in the normal rainfall condition, which is experienced 
as a certain gain, than in the drought condition, which is experienced as a certain loss.  

H1B. The percentage of cooperators will be higher in the flood condition, which is experienced as 
uncertainty, than in the drought condition, which is experienced as a certain loss. 

Participants 

Three hundred participants (aged 18 to 69) from the United States were recruited through 
Amazon MTurk to participate. No other demographic data was collected. Restrictions were placed to 
only allow master workers to ensure higher quality responses. As a quality measure, time taken to 
complete the questionnaire was scrutinized to identify any unreasonable outliers (less than 10 
minutes to complete the experiment), and none were identified. 

Design 

The same three dilemmas were used as in Study 1 but with a between-subjects design: 
Participants were randomly assigned to one of the three conditions (drought, normal rainfall, and 
flood), which, as shown in Study 1, are experienced as certain loss, certain gain, and uncertainty. The 
actions for defection and cooperation were, as shown in Table 1, identical to Study 1. Reflecting the 
nature of groundwater dilemmas, these choices follow patterns observed in other social and 
environmental dilemmas that are commons dilemmas. A complete text of the dilemmas used in Study 
2 can be found in the Appendix.  

Participants read the dilemmas and responded to two comprehension questions. 
Comprehension questions could be attempted three times before participants were terminated for 
any incorrect responses. Upon first attempt, 287 participants correctly answered the comprehension 
questions. The 13 participants who did not were asked to re-read the scenario and reattempt the 
comprehension questions. All comprehension questions were answered correctly in the second 
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attempt; thus, we were able to use data from all 300 participants. Individual participants in Study 2 
were told they were the CEOs and primary decision makers for their farms. 

The participants were not provided with an actual amount of the payoff in order to maintain 
real-world conditions. This was also done to replicate the difference between the certainty of loss, 
gain, and uncertainty of knowing whether a loss or gain was likely rather than make this a numerical 
calculation about the actual payoff itself. Thus, we chose to systematically vary what is uncertain by 
having an unknown amount of a certain negative payoff (drought condition), unknown amount of a 
certain positive payoff (normal rainfall condition), and a third condition where the amount and 
direction of outcome – whether a possible loss or gain – were both uncertain (flood condition). The 
amounts are unknown across all conditions allowing for direct comparison. The unknown amounts 
are also more accurate representations of the actual impact of extreme weather/water events, where 
the final outcomes are not predictable in advance, though their directionality may be known in 
advance (Mearns, 2010).  

Results 

As shown in Figure 1, the percent of participants who cooperated by condition was 
comparable to those observed in Study 1, and in both cases, the percent of participants who 
cooperated was the lowest in the drought condition (experience of certain loss) and substantially 
higher in the normal rainfall condition (experience of certain gain). Since cooperation is a dichotomous 
dependent variable, chi-square tests and binary logistic regressions were used to test for H1A and 
H1B. We began by considering the percent of people who cooperated by condition. Specifically, 34% 
of the people in the drought condition cooperated compared with 61% in the normal rainfall condition 
(χ2(1, N=200) = 14.62; p < .001), providing initial support for H1A. In contrast, 71% of the participants 
cooperated in the flood condition, which was comparable to the normal rainfall condition (χ2(1, N=200) 
= 2.23; p = .136), but significantly higher than in the drought condition (χ2(1, N=200) = 27.45; p < .001), 
providing initial support for H1B. 

In a binary logistic regression, condition was entered as our categorical independent variable 
with normal rainfall as the base case (-2 Log Likelihood = 382.39, Nagelkerke R2 = .13). Cooperation in 
drought condition was predicted by a significant negative deviation (β = -1.11, p < .001), further 
supporting H1A. There was, however, no difference in the likelihood of cooperation predicted in the 
flood (β = 0.45, p = .137) and the normal rainfall conditions. 

The overall pattern of cooperation was similar between Studies 1 and 2: Percent of 
participants who cooperated was higher in the normal rainfall and in the flood conditions compared 
to the drought condition. Additionally, as in Study 1, these results also reflected the spectrum of 
outcome uncertainty, from certain gain (normal rainfall) to uncertainty (floods) to certain loss 
(droughts) experienced across the contexts by participants. Expanding on Study 1, Study 2 replicated 
the findings in a controlled setting where participants were not expected to have any agricultural 
knowledge, providing further support for H1A, H1B, and some basis for the generalizability of these 
results as the answer to our research question. 
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Figure 1 
Percentage of Cooperation by Economic Condition in Study 1 and Study 2. Error Bars are 95% CI. 

Study 3 

Hypothesis and Rationale 

Study 2 replicated the findings from a real-world groundwater dilemma in a lab setting with a 
large number of participants, but there remain questions about generalizability, underlying 
motivations, and mechanisms. As noted in the result in Study 1, participants frequently mentioned 
the importance of a relationship and communication with their neighbor in their decision process. 
Strong relationships that result in mutual cooperation are often based upon trust (Buchan, 1998). 
Furthermore, a distinct characteristic of AACREA, the association from which all but two CEOs in Study 
1 were current members, is the strong bond of trust among members in general, and particularly with 
those in the same geographic area (see Orlove et al., 2011 for a detailed review of member 
characteristics). This is relevant as trust has been shown to significantly influence cooperation in social 
dilemmas (De Cremer et al., 2001; Ostrom & Walker, 2003; Parks et al., 1996). 

Trust has been defined as an expectation and willingness of mutual vulnerability between 
parties (Brett, 2007; Mayer et al., 1995). In social dilemma research, it is defined as a behavior between 
trustor and trustee (Fehr, 2009) where the trustee is willing to be vulnerable based on positive 
expectations or beliefs regarding the trustee (van Lange, 2015). Trust is built on the assumption that 
others in an interdependent decision will behave honestly with the intent to cooperate (Parks et al., 
2013). Thus, high trust results in a greater willingness to cooperate (Parks, 1994; Yamagishi, 1986), 
while low trust leads to greater support of punishing noncooperators (Yamagishi, 1986). Trust is 
typically operationalized as the belief in others involved in the interdependent decision who may be 
known, such as members of an in-group. In addition to manifesting within a local context for specific 
others (Fukuyama, 1995; Uslaner, 2010), trust can also be a global variable as seen in high (low) trust 
cultures that are characterized by a general overall willingness to believe in and cooperate (or not 
cooperate) with another (Balliet & Van Lange, 2013). These cultural attributes, if internalized by the 
decision maker (Olivola, et al., 2018), are likely to profoundly influence trust between individuals 
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(Dinesen, 2012). Currently, it is unknown whether farmer decision making is influenced by the global 
trust observed at the level of a culture, or the more local contextualization of the concept seen as 
greater trust in others involved in the decision. In our dilemmas, local trust is trust in the neighbor. 

Both the AACREA CEOs and U.S. participants in Study 2 responded to the environmental 
dilemmas in a high-trust context–AACREA has very high levels of trust among its members while the 
U.S. is a high-trust culture (Brett, 2007)–and higher levels of trust have been associated with higher 
levels of cooperation as previously noted. Environmental dilemmas, however, are local in nature and 
may not be entirely influenced by a general level of trust. The specific trust in the neighbor could also 
be the relevant factor in such choices. Thus, there remains the question of whether it is the overall 
level of trust of others in a culture (global trust) or the trust of the other in a local context (local trust) 
that influences cooperation in environmental dilemmas. We investigate the potential effect of both 
local and global trust variables on cooperative choice. Building on extant research (Balliet & Van Lange, 
2013; Gunia et al., 2011; Kong et al., 2014; Rothstein, 2000; Van Lange et al., 1998), we posit that 
beyond condition, trust should predict cooperation. Furthermore, since interdependence in 
contextualized dilemmas is fundamentally local, arguably it is local trust that should matter.  

In Study 3, we replicated and extended the findings from Study 2 across cultures with varied 
levels of global trust. To extend the findings from Study 2 to contexts that were not necessarily high 
trust like AACREA or the U.S., we considered natural cultural variations in global trust. The World 
Values Survey (Wave 6: 2010-2014) suggests cultures vary in their overall levels of global trust and can 
be thought of as generally high-trust or low-trust. These descriptions further impact choices made in 
mixed motive situations (Gunia et al., 2011). The World Values Survey results show Japan and the U.S. 
as having a much higher level of global trust compared with India and Spain. Nearly 36% and 35% of 
people in Japan and the U.S. respectively agreed with the statement, “generally speaking most people 
can be trusted,” while only 19% and 17% agreed with the same statement in Spain and India 
respectively (India 2012, Japan 2010, Spain 2011, United States 2011). Johnson and Mislin (2012) 
empirically show that trust as measured by the World Values Survey is positively correlated with 
experimentally measured global trust.  

Conducting Study 3 in four cultures with natural variations in trust we propose Hypothesis 2 
regarding local trust. Additionally, we explore differences in cooperation based on global trust levels, 
acknowledging that global trust may provide additional insights into cooperative choice. 

H2. Context-specific local trust, which is operationalized as trust in a neighbor, will predict 
cooperation in environmental dilemmas.  

Participants 

For Study 3, 362 participants from the United States, 369 participants from India were 
recruited via MTurk and 397 participants from Spain were recruited via Prolific. Since online 
recruitment was not available to us for Japan, 142 individuals, who were mostly students in the 
executive MBA program at Tokyo University, were recruited. Data were collected in India and the U.S. 
prior to their collection in Spain and Japan. This time lag was mainly due to an initial lack of funding.  

Design 

Study 3 was identical to Study 2 in all respects except, prior to making their choice in the 
dilemma but after reading the scenario to which they were randomly assigned, participants agreed or 
disagreed with a statement about whether or not they could trust their neighbor (local trust) on a 

216



The Impact of Economic Uncertainty and Trust on Cooperation in Environmental Dilemmas Across Cultures 

Arora, Hoeller, Okumura, and Peterson 

scale of 1 to 5 where 1 = Strongly Disagree and 5 = Strongly Agree. Also, participants from the U.S. and 
India responded to a questionnaire in English1, those from Japan responded to a questionnaire in 
Japanese, and those from Spain received a Spanish version. The questionnaires were translated by 
native speakers and tested for conceptual accuracy. 

Results 

Comparing Cooperation in the U.S. Across Studies 2 and 3 

To ensure replicability of results, the percent of participants who cooperated by condition for 
the U.S. only were compared across Studies 2 and 3. Specifically, the percent of people who 
cooperated in the normal rainfall (χ2(1, 219) = 0.03; p = .86), flood (χ2[1, 216] = 0.11; p = .75), and 
drought (χ2[1, 225] = 0.004; p = .95) conditions showed no statistical difference across the two studies. 
Furthermore, these results suggest that independent of country and as in previous studies, 
participants in Study 3 may also have experienced the drought condition as one of certain loss, the 
normal rainfall condition as one of certain gain, and the flood condition as one of uncertainty. 

Testing for H1A and H1B 

We began by testing whether H1A and H1B were true independent of country. On average, 
39% of the participants in the drought (certain loss) condition and 65% in the normal rainfall (certain 
gain) condition cooperated, which was a significant difference (χ2(1, 853) = 54.65; p < .001) that 
supports H1A. Subsequently, whether or not a participant cooperated was regressed on condition (as 
a categorical variable with base = normal rainfall) using a binary logistic regression (-2 Log Likelihood = 
1699.40, Nagelkerke R2 = .06), and the flood (β = -0.52, p < .001) as well as drought (β = -1.04, p < .001) 
conditions were both significant negative predictors of cooperation, further supporting H1A.  

Additionally, and as shown in Figure 2, the percent of participants who cooperated were not 
significantly different by country (χ2[3, 416] = 5.67; p = .129) in the normal rainfall condition, but they 
were different by country in the drought condition (χ2[3, 437] = 21.42; p < .001), with Spain driving that 
difference, which we return to later. There were also significant differences in the percent of 
participants who cooperated by country in the flood condition (χ2[3, 414] = 35.47; p < .001). Further 
exploration of the flood condition revealed that the percent of participants who cooperated were 
similar in the U.S. and Japan, but different in India and Spain. Specifically, cooperation in the flood 
condition were similar to that in the normal rainfall condition in Japan (χ2[1, 88] = 2.55; p = .110) and 
the U.S. (χ2[1, 235] = 1.20; p = .27). However, percent of people who cooperated were similar in the 
flood and drought conditions in India (χ2[1, 242] = 18.40; p < .001) and Spain (χ2[1, 265] = 6.62; p = .010). 
Thus, the experience of uncertainty (flood) appears to result in similar choices as the experience of a 
certain gain (normal rainfall) in the U.S. and Japan, while in India and Spain it results in choices similar 
to those made when a certain loss (droughts) is experienced.  

Collectively, cooperation patterns support H1A independent of country such that cooperation 
levels are always higher in the normal rainfall condition compared to the drought condition. H1B, 
however, is only partially supported by these results (for the U.S. and Japan), which further suggests 
that H1B may have a culture-specific component. We return to the implications of this pattern of 
results in the general discussion. 

1 Participants from India answered the questionnaire after completing English fluency questions as 
has been previously used with considerable success (Boyles & Arora, 2015).  
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Figure 2 
Percentage of Cooperation by Economic Condition in Study 3. Error Bars are 95% CI. 

The Influence of Local vs. Global Trust 

Data were also collected on local trust. An ANOVA with local trust as the dependent variable 
(DV) and country as the independent variable (IV) revealed a significant difference [F[3, 1266] = 27.60,
p < .001] in the average level of local trust by country: U.S. (M = 3.68, SD = 0.87); Spain (M = 3.41, SD =
0.83); Japan (M = 3.33, SD = 0.77); and India (M = 3.11, SD = 0.87). These self-reported results follow the
general pattern of global trust in the World Values Survey for the U.S., Japan, and India, but not for
Spain. We discuss this difference later.

Since differences in trust are being considered post-hoc, we test for these accordingly. As a 
first step we conducted a Levene’s test of variance, which revealed unequal variances of local trust 
(F[3,1266] = 1.26, p = .288) (Shingala & Rajyaguru, 2015). The suggested post hoc analysis to assess 
differences amongst countries for unequal differences in variance is the Games-Howell test (Field, 
2013). Pairwise comparisons among the four countries (see Table 2), showed significantly higher levels 
of local trust in the U.S. compared with Spain (p < .001), India (p < .001), and Japan (p < .001). Both 
Spain and Japan reported significantly higher levels of local trust than India (p < .001) but there was 
no significant difference between Spain and Japan (p = .682). 

Interestingly, self-reports of local trust levels in Spain among our participants were 
consistently higher than those reported by the World Values Survey. This may have been due to the 
nature of the question–participants were asked about trust in a neighbor. World Values Survey data 
regarding trust in neighbors in Spain is much higher than overall global trust and similar to levels 
observed in this study (79% of participants responded they completely or somewhat trust people in 
their neighborhood in Spain, compared with 72% in the U.S. and 56% in Japan). Thus, this self-reported 
trust measure appeared to replicate the trend for neighbors in Spain, which may also explain the 
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higher percentage of cooperation in the certain loss condition. Similarly, trust levels in Japan were 
lower than global trust but consistent with reported values for trust in neighbor based on the World 
Values Survey. This might also be due in part to the comparatively smaller sample size for Japan (N = 
142).  

Table 2 
ANOVA Comparisons of Local Trust Across Four Countries 

Games-Howell Comparison 
Country N M SD Spain India Japan 
Spain 397 3.413 0.832 
India 369 3.112 0.872 .000 
Japan 142 3.327 0.770 .682 .034 
United States 362 3.680 0.874 .000 .000 .000 

The role of local trust as a possible influence and mechanism for cooperation was tested using 
a binary logistic regression (-2 Log Likelihood = 493.22, Nagelkerke R2 = .23) where global trust (coded 
as a dichotomous variable – high- or low-trust) and trust in the neighbor (local or specific trust) were 
used to predict cooperation. Global trust was not a significant predictor (β = -0.07, p = .59) while local 
trust was a significant predictor (β = 0.98, p < .001). Replacing the dichotomous variable for global trust 
with the exact data from the World Values Survey yielded the same results. Interestingly, although 
trust influences cooperation independent of the condition (drought, flood, normal rainfall) or country, 
local trust directly predicts cooperation in our Study.  

To better examine the collective model, we ran a binary logistic regression with local trust, 
condition, and country as our predictors of cooperation. Both condition (base = normal rainfall) and 
country (base = U.S.) were included as categorical variables. As shown in Table 3, the resulting model 
was highly significant (-2 Log Likelihood = 1489.03, Nagelkerke R2 = .25). Notably and in support of H2, 
there is a strong main effect for local trust. Furthermore, also as expected, there is a main effect of 
condition (supporting H1) where cooperation is always lower in the drought condition than in the 
normal rainfall condition independent of country or local trust (supporting H1A).  

Table 3 
Logistic Regression with Specific Trust, Country Code, and Economic Condition 

Variable β SE β p 
Constant -2.870 0.330 .000 
Specific Trust 1.025 0.086 .000 
Country Code {United States} NA NA .000 
Country Code (1) {Japan vs. United States} 0.454 0.219 .038 
Country Code (2) {India vs. United States} -0.179 0.169 .290 
Country Code (3) {Spain vs. United States} 0.486 0.163 .003 
Condition {Certain Gain} NA NA .000 
Condition (1) {Uncertain vs. Certain Gain} -0.791 0.157 .000 
Condition (2) {Certain Loss vs. Certain Gain} -1.219 0.156 .000 
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Exploratory Analysis 

Cross-cultural differences in cooperation were explored while controlling for individual 
differences in trust. To allow for direct comparisons, we considered cooperation at three standardized 
levels of local trust (mean and ± 1 SD). Figure 3 shows the percent of participants who cooperated as 
a function of country and level of local trust. Although the percent of people who cooperated varied 
by level of local trust, they appeared to follow similar patterns for droughts and normal years 
independent of country. Cooperation in the flood condition, however, appeared to vary by country. 
Specifically, H1B, or cooperation should be higher during floods than during droughts, is supported 
for the U.S. and Japan, but not for India and Spain. Perhaps cooperation under uncertainty is 
influenced by country/culture. To further explore this possible interaction, we used Model 1 (a 
standard moderation model) in PROCESS macro version 3.4 in SPSS 26 (Hayes, 2013), with condition 
as the predictor, country as the moderator, cooperation as the DV, and local trust as a covariate 
variable (-2 Log Likelihood = 1461.96, Nagelkerke R2 = .28, p < .001). This allowed an examination of the 
impact of culture on condition while controlling for the main effect of local trust. Both country and 
condition were entered as categorial variables with the U.S. and certain gain as the base case. 

Figure 3 
Predicted Percentage of Cooperation by Country and Level of Specific Trust in Study 3. 
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General Discussion and Limitations 

The structure of social dilemmas incentivizes individuals to act non-cooperatively, valuing 
short-term self-interest over long-term collective benefit. The context of a dilemma in the real-world, 
however, can exert considerable influence on an individual’s cooperative choice, especially when the 
outcome itself is uncertain. While there is some research on environmental dilemmas showing 
uncertainty of resource reduces cooperation rates (Anderson, 1981; Budescu et al., 1990; Messick et 
al., 1988), there is little to no prior work that directly addresses choices given the certainty effect or 
when the outcome itself is uncertain. We investigated this in the context of real-world dilemmas where 
droughts, floods, and normal rainfall levels effectively result in the experience of certain loss, 
uncertain outcome, and certain gain.  

Our findings show, independent of country, the percent of participants who cooperate are 
always higher in the normal rainfall condition compared to the drought condition. Thus, the 
experience of a certain gain results in more cooperation than the experience of a certain loss. 
Cooperation in the flood condition, however, is similar to the normal rainfall condition for the U.S. and 
Japan, and to the drought condition for India and Spain. Thus, there is a cultural element to the 
cooperative choice when it is made under the experience of uncertainty. This is further supported by 
the observed moderation of cooperation by culture in the flood condition only. Finally, we find local 
trust predicts cooperation, independent of culture.  

Results in the normal rainfall and drought conditions (certain gain and loss) may be explained 
through the theoretical lens of the logic of appropriateness, wherein choices are derived from the 
answer to the question “what does a person like me (identity) do (rules) in a situation like this 
(recognition) given culture (group)?” (Kopelman, 2009; Kopelman et al., 2016). In the certain loss 
condition for example, the participants are highly concerned with reducing the certainty of a loss and 
ensuring survival, thereby showing increased self-interested focus. Conversely, in the certain gain 
condition there is limited environmental or economic uncertainty where the participants are willing 
to consider maximizing collective gain, suggesting perhaps it is the nature of the outcome that 
influences the framing and therefore what is seen as “appropriate” (Aaldering & Bohm, 2020). 

The flood or uncertain condition, however, presents an interesting dynamic where culture 
moderates choice. When faced with uncertainty, participants appear to look beyond the frame of the 
situation for additional information to help them make a choice. Specifically, we find a moderation of 
cooperation by culture in this condition, controlling for local trust. Perhaps participants are seeking 
information beyond trust in interdependent others to inform their choice to cooperate under 
conditions of uncertainty. 

The Globe Project (2004) suggests nine cultural dimensions of which we believe three may be 
relevant and should be further explored – collectivism, uncertainty avoidance, and future orientation. 
Past research has shown that there is a main effect of collectivism on cooperation (Parks & Vu, 1994). 
Furthermore, cultural differences in group identity, accountability, and communication can also be 
moderators of the effect of collectivism on cooperation (Chen et al., 1998). Irwin and Berigan (2013) 
have made the case that the influence of trust on cooperation also varies between individualist and 
collectivist societies.  

There is also strong cultural variation in dealing with uncertainty. Ladbury and Hinsz (2009) 
find that uncertainty avoidance influences choices in potential gains but not losses. Uncertainty 
avoidance has been studied in negotiations, where uncertainty avoidant negotiators look to rules and 
seek out structure to help guide them. Future orientation may be even more relevant than the 
individual social value orientation in predicting cooperative behavior in social dilemmas (Hernandez 
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et al., 2006; Joireman et al., 2004), and is another factor whose influence under uncertainty is not well 
understood. India and Spain have a lower future orientation (as per the Globe Project). Therefore, 
they are more likely to defect and maximize gain in the short-term, suggesting this may be one of the 
variables influencing the lower rate of cooperation in the uncertain condition. Future studies need to 
unpack the true influence of these cultural variables on cooperation in social dilemmas and its 
interaction with local trust.  

In our studies we distinguish between local trust in the neighbor, which is relevant to our 
dilemmas and is a strong predictor of cooperation, and general trust measured as a global cultural 
construct. Trust, however, manifests at multiple levels (Delhey et al., 2011; Fukuyama, 1999; Goertz, 
2006) that have not been studied in an interdependent context. The level of trust measured in our 
study in Spain is higher than what would be expected when the global or cultural level is considered 
but is consistent with what is expected at the neighborhood or communal level. These differences are 
meaningful when local actions need to be nested within a global context: Farmers are more likely to 
follow water management strategies or plant specific seed varieties that may be globally prescribed 
by scientists and agricultural experts if those strategies account for short-term local constraints 
(Gonzalez et al., 2018) and their day-to-day survival, further necessitating that choices are understood 
in context (Arora et al., 2016).  

Future research might especially focus on extended group sizes and repetition of the dilemma. 
Extending the group of decision makers to more than two might have an effect on the local trust 
between decision makers and therefore on the decision to cooperate. Additionally, repeated games 
would allow us to better understand decision makers’ timeframes and potential discounting of future 
payoffs under conditions of uncertainty. With increasing frequency and intensity of extreme weather 
events, this becomes especially relevant. Our findings have policy implications for issues involving 
environmental dilemmas and negotiation ramifications for global environmental treaties whose 
implementation is steeped in cultural nuances. As uncertainty and economic risk increases with 
climate change, our findings ask for a stronger local and contextualized focus when studying decision 
making in environmental dilemmas. 

Conclusion and Future Directions 

Though the impacts of climate change and resulting weather patterns are global, their 
manifestation as extreme droughts and floods is local. It is these local responses to the resulting 
environmental dilemmas at the farm level that influence global issues of food and agricultural 
sustainability and conflict. For there to be good policies and responses to environmental dilemmas, 
such issues need to be better understood at the level at which they occur so that interventions and 
nudges are developed within a local context. 

In this research, we began with real-world dilemmas posed by droughts, floods, and normal 
rainfall levels, which were then brought into a controlled environment to gain insight into underlying 
motivational mechanisms across four cultures. Our unusual methodological approach provided a 
realistic account of why people cooperate in varying contexts. Furthermore, it gave some insight into 
how contextualized dilemmas can be approached to develop the necessary knowledge for more 
effective designs of policies that promote cooperation. We show that across cultures, policymakers 
can increase cooperation by guaranteeing a certain minimum gain, e.g., through climate insurances, 
pooling of resources, or guaranteed subventions in years with climate extremes. Through this, long-
term sustainability of groundwater resources can be ensured supporting a stable food supply. 
However, while these groundwater dilemmas are global in scope, choices are made locally and a grasp 
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of the cultural variables that matter in the local context becomes essential, particularly when 
uncertainty is central to the dilemma, as is the case with most wicked problems humanity faces today. 
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Appendix 
Prompts for Each Condition 

Uncertain Condition (Flood) Scenario 

Please read the scenario below and put yourself in the role of the CEO of an agribusiness – a business 
that owns farms, grows crops like soybeans and corn on that land and then sells the crops on the 
world commodity markets. 

You are the owner of an agribusiness that owns a large amount of farmland in a very fertile 
area of the country. Your land borders along one edge with a single neighbor who has a similar farm. 
Your farm has been in your family for three generations and is a very profitable enterprise. Currently, 
you employ 15 individuals full-time ranging from agricultural experts to farm workers. The farm and 
agribusiness have managed to support these 15 individuals, as well as your family for many years now. 
You generally grow some combination of soybean, corn, and wheat and given growing global demand 
for these grains, have no trouble selling all you grow. In fact, you could probably sell a lot more, if you 
could grow it. 
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Every year, before planting season you look at the weather forecasts for the upcoming 
growing season to get an idea of what crops you should plant as the temperature and rain will 
determine how well the plants grow, and thus the overall profit made by your farm. The average level 
of rainfall over the past few years has been higher than normal. In five of the last ten years your farm 
was flooded due to excessive rain. Floods in your region destroy part of your harvest but rarely all of 
it. This year it has been raining a lot so far and the ground is already quite wet. Since your farm is not 
entirely flat, during a flood the lower-lying areas have standing water, while the higher areas are fine. 
Although you lose the crop from the lower areas due to flooding, you can come close to break-even 
or even break-even from the crop that survives in the higher-lying areas of the farm. The neighboring 
farm that borders your land is a lot like yours, and also has lower-lying and higher-lying areas with 
similar outcomes. 

At the start of the planting season, you can choose to dig a channel that will drain excessive 
water from the lower-lying areas of your farm. Once you plant, you cannot dig a channel. Digging a 
channel could help any standing water due to flooding in your lower-lying areas to flow out, but it can 
also result in underground water that is very close to the surface. Thus, a channel could worsen the 
flood this year, and may increase the chances of flooding in the following years. Participants were 
asked to choose whether or not they would dig a channel. 

Certain Loss Condition (Drought) Scenario 

Please read the scenario below and put yourself in the role of the CEO of an agribusiness – a 
business that owns farms, grows crops like soybeans and corn on that land and then sells the crops 
on the world commodity markets. 

You are the owner of an agribusiness that owns a large amount of farmland in a very fertile 
area of the country. Your land borders along one edge with a single neighbor who has a similar farm. 
Your farm has been in your family for three generations and is a very profitable enterprise. Currently, 
you employ 15 individuals ranging from agricultural experts to farm workers full time. The farm and 
agribusiness have managed to support these 15 individuals, as well as your family for many years now. 
You generally grow some combination of soybean, corn, and wheat and given growing global demand 
for these grains, have no trouble selling all you grow. In fact, you could probably sell a lot more, if you 
could grow it.  

Every year, before planting season you look at the weather forecasts for the upcoming 
growing season to get an idea of what crops you should plant as the temperature and rain will 
determine how well the plants grow, and thus the overall profit made by your farm. The average level 
of rainfall over the past few years has been lower than normal. In five of the last ten years your farm 
experienced drought due to minimal rain. Drought in your region destroys almost all of your entire 
harvest. This year it has not rained much so far, and the ground is already quite dry. Since your farm 
is not entirely flat, during a drought the lower-lying areas have some moisture, while the higher areas 
are very dry. Therefore, you lose the crop from the higher areas due to the drought but can harvest a 
little from the lower-lying areas. However, it is never enough to allow you to cover your costs, thus 
you end up with a substantial loss. The neighboring farm that borders your land is a lot like yours, and 
also has lower-lying and higher-lying areas with similar outcomes.  

At the start of the planting season, you can choose to plant drought resistant seeds. These 
seeds have deeper roots allowing them to reach lower levels of groundwater. Groundwater is water 
that is available deep under the soil and if plants are able to reach it, they can use it even in times of 
drought. Drought resistant seeds will grow and provide a regular harvest despite even extremely dry 
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conditions, but they will lower the water level available underground. Thus, they will worsen the 
drought this year and may increase the chances of drought in the following years. 
Participants were asked to choose whether or not they would plant drought resistant seeds. 

Certain Gain Condition (Normal Rainfall) Scenario 

Please read the scenario below and put yourself in the role of the CEO of an agribusiness – a 
business that owns farms, grows crops like soybeans and corn on that land and then sells the crops 
on the world commodity markets. 

You are the owner of an agribusiness that owns a large amount of farmland in a very fertile 
area of the country. Your land borders along one edge with a single neighbor who has a similar farm. 
Your farm has been in your family for three generations and is a very profitable enterprise. Currently, 
you employ 15 individuals ranging from agricultural experts to farm workers full time. The farm and 
agribusiness have managed to support these 15 individuals, as well as your family for many years now. 
You generally grow some combination of soybean, corn, and wheat and given growing global demand 
for these grains, have no trouble selling all you grow. In fact, you could probably sell a lot more, if you 
could grow it. 

Every year, before planting season you look at the global demand for crops. You use this to 
decide which crops to plant and in what quantity. What you plant will determine the overall profit 
made by your farm. This year the U.S. changed its subsidy for corn and as a result there will be less 
farmers growing corn in the US. Because of this, financial experts are predicting that corn prices will 
be substantially higher than normal for the next years while the supply and demand readjust to a new 
equilibrium. You are considering growing corn during the next few cropping cycles to benefit from the 
forecasted high prices. Given the price forecast you could end up with a substantial profit if you plant 
corn. However, corn is particularly prone to certain insects local to your area that tend to attack the 
young plants and reduce yield. This could reduce your total profit, though it is not likely that you won’t 
have some profit. 

At the start of planting season, you can choose to plant an insect resistant variety of corn 
called BT corn, which will increase the yield despite the presence of local insects. In this case the 
insects will attack other corn plants that are not of the BT resistant variety. The downside is that the 
more BT corn you grown, the more resistant the insects become. Insect resistance can develop very 
quickly and may occur within one season. Thus, it will increase your profits this year, but it might lower 
profits in the future. Participants were asked to choose whether or not they would plant insect 
resistant seeds. 

230




