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Risk Preferences and Demand for Insurance in Peru:

A Field Experiment

May 5, 2010

Abstract

This paper reports the results of behavioral economic experiments conducted in Peru to
examine the relationship amongst risk preferences, loan take-up, and insurance purchase de-
cisions. This area-based yield insurance can help reduce people’s vulnerability to large scale
covariate shocks, and can also lower the loan default probability under extreme negative covari-
ate shocks. In a context of collateralized formal credit markets, we provide suggestive evidence
that insurance may help reduce the fear of losing collateral that prevents potential borrowers
from taking loans. Framing these experiments to recreate a real life situation, we started with
a Baseline Game where subjects had to choose between a fallback production project and an
uninsured loan.We then introduced a third project choice—loan with yield insurance (Insur-
ance Game)—which allows us to measure the effect of introducing insurance on the demand
for loans. Overall, more than 50 percent of the subjects are willing to buy insurance in this
insurance game. Further, controling for the number of peers in the ag network, wealth, and
choices made in the baseline game, we find that the project choice decision is predicted by a
judgment bias known as hot-hand effect, and risk aversion. In the latter case, the shape of the
relationship is quadratic, meaning that highly risk averse subjects will prefer switching to the
risky, uninsured loan project, while those showing a low and moderate risk aversion will stick

to the safer (fallback or insured loan) projects.

Keywords: area-yield insurance, credit, covariate risk, idiosyncratic risk, risk aversion, ex-

perimental economics, Peru.

JEL classification numbers: C93, D81.



1 Introduction

Risk is widespread in less developed economies, where low-income people living in rural areas are
exposed to several potentially catastrophic hazards, such as severe weather events, which are often
more detrimental than the series of idiosyncratic shocks that periodically affect them. In order
to manage and deal with risk, those people have traditionally used a series of ex-ante and ez-
post strategiesﬂ with less than desired results. Despite the substantial efforts made to reduce their
vulnerability to negative economic shocks, recent evidence suggests that the consumption variability
at the individual level still remains high in the developing world (Dercon, 2005; Morduch, 1995).
Depending on the nature and magnitude of those shocks, this lack of appropriate equipment may
lead people to chronic poverty, thus affecting their possibilities to engage in an economically viable
growth pathﬂ

In addition to individual specific efforts displayed to handle risk, innovative financial products,
such as uncollateralized microloans and index-based insurance, have been designed and implemented
from the supply side. On the one hand, in the wake of the so-called microfinance revolution, poor
people, typically unable to offer collateral, have become eligible to get credit access and take
advantage of business opportunities. On the other hand, moral-hazard proof insurance written on
average aggregate indices has emerged with the promise of helping households keep valuable assets
which could otherwise be lost as a result of extreme negative shocks.

Besides smoothing consumption over time, index-based insurance may also have an appealing
property in a scenario where a significant proportion of potential borrowers are discouraged from
applying for loans because of their fear of losing collateral in case of default: by reducing the
likelihood of a loan default, it may stimulate a proportion of those fearful producers to enter the
credit market. Given that such voluntary withdrawing from the credit market, termed as risk
rationing (Boucher et al., 2008), has been shown to be an empirically relevant phenomenon in
Peru, where we conduct our researchﬂ it is expected that the introduction of such an insurance
scheme would have a positive effect on the expansion of the credit market.

The extent to which insurance can help expand credit markets in less developed countries is an
empirical question that has not sufficiently been investigated. With only a few index-based insur-
ance programs operating in less developed countries, the literature on the linkage between credit
and index insurance (or any type of insurance for that matter) is at best scant. To our knowledge,

with the probable exceptions of a handful of worksﬁ no other study has addressed, directly or

'Risk management, ez-ante strategies, may include income diversification, savings, insurance, participation in
rotating saving and credit associations (ROSCAs); while risk coping, ex-post strategies, may include the use of
informal loans, liquidation of assets, and reallocation of labor, among others.

2The literature on poverty has documented this case, in which when households fall below certain threshold—the
Micawber Frontier—their prospects to escape from poverty are negligible (Carter and Barrett, 2006).

3In Peru, Honduras, and Nicaragua, risk rationed borrowers account for between 12 and 19 percent of the total
sample of borrowers (Boucher et al., 2008).

1Cole et al. (2008) examined the obstacles to a wider insurance take up in India; Giné and Yang (2009) analyzed
whether rainfall insurance can help increase demand for loans in a randomized control trial in Malawi; Giné et al.
(2009) experimentally tested the demand for different microfinance contracts in urban Peru; and Lybbert (2006)
designed experiments in Morocco to elicit willingness to pay for seeds that increase yields, reduce yields variance or
yields skewness.



indirectly, the three issues that concern this paper: the interaction between risk preferences and
demand for credit and insurance.

This paper uses a unique experimental data set gathered in Peru, where we set up an experi-
mental economics laboratory and run experiments that examine the nature and main predictors of
the demand for loans and index-based insurance; we label these behavioral experiments “farming
experiments." We are particularly interested in examining the effect of risk preferences (estimated
in a companion paper, Galarza [2009]) on the decision to purchase an innovative type of crop in-
suranceﬂ Our farming experiments simulated farming decisions where our experimental subjects
chose among alternative cotton production projects: fallback (low return, or safe), produce with
an uninsured loan (high return, or risky), or produce with an insured loan (less risky). Using a
payoffs scheme for each project in order to incentivize subjects to reveal their true preferences, this
paper develops an approach that is also used as a tool to build people’s comprehension of this new
insurance product.

A novel feature of this experiment is that projects’ profits depend on the realizations of two
random shocks: a covariate, correlated shock, represented by the valley-wide average yield, and an
idiosyncratic shock. Projects’ profits, constructed using survey data from the Pisco valley, are such
that the uninsured loan does not yield sufficient profits to fully repay the loan under a “very low"
realization of the valley-wide average yield, regardless of the realization of the idiosyncratic shock.
In contrast, the insured loan’s profits guarantee full repayment of loans under every realization of
the two random shocks. In order to reproduce the dynamic effects that defaulting on a collateralized
loan involves, we imposed two consequences of not repaying a loan in the experiment: no future
access to loans, and a depreciation of land.

Our sample includes 378 experimental subjects from rural Peru. The experiments started
with a baseline experiment, where farmers had to choose between the fallback project and the
uninsured loan project, in a series of repeated rounds that simulated single farming seasons. We
then introduced the insured loan to the set of choices available (insurance experiment). This design
allows us testing whether the introduction of insurance affects farmers’ choice between the safe and
the risky project.

Our findings are as follows. First, the experimentally-measured demand for valley-wide average
yield insurance is fairly high: 57 percent of farmers demanded the insured loan project by the last
two high-stake rounds, a proportion that remains rather steady during all the high stakes rounds.
Second, our experimental results suggest that index yield insurance, by reducing the likelihood
of loan defaults, may crowd-in credit markets by a sizeable proportion. We find that about 60
percent of the subjects who chose the fallback, safe project (i.e., 24 percent of the total subjects)
in the baseline experiment switched to the insured loan project in the insurance experiment. This

result indicates that insurance would allow almost 14 percent of the total number of subjects not

5 This research project was carried out in partnership with an insurance company in Peru and a vendor of insurance
contracts bundled with loans that operates in our research site, the Pisco valley. At all times during the course of the
experimental sessions, we emphasized the fact that our participation as researchers was simply intended to inform
farmers about the main features of this new financial product and to examine their willingness to buy it. We also
stressed the fact that participating in these sessions should not make them feel obliged to buy insurance.



to withdraw from the credit marketﬂ While such estimated magnitude may be used with caution,
it is suggestive that insurance could encourage the undertaking of riskier but potentially more
profitable production projects thanks to new funds coming from a loan. Third, controlling wealth
and choices made in the baseline experiment, we find evidence of ‘hot-hand’ effects (stemming from
an underestimation in the autocorrelation of the sequence of ‘very bad’ years) in project choice,
while static risk preferences estimated under Expected Utility Theory (EUT) appear to have a
quadratic (concave) relationship with project choice, meaning that highly risk averse subjects will
prefer switching to the risky project (uninsured loan), while those showing a low and moderate risk
aversion will stick to the safer (fallback or insured loan) projects. This result offers novel evidence
about the relationship between risk aversion and preferences for innovative financial instruments.
The remainder of this paper is organized as follows. Section 2 discusses our experimental design
in the context of related works. Section 3 describes the experimental procedures followed and the
data used; and also presents a descriptive analysis of the results. Section 4 analyzes the main

econometric results and Section 5 concludes.

2 Related Studies and Our Experimental Design

In this section, we review the literature relevant to our research (section 2.1) and then discuss the
distinctive features of our experimental design in that context (section 2.2). Using the terminology
coined by Harrison and List (2004), our farming experiments are framed field experiments, as they
concern valuations over a real commodity (cotton) and involve tasks similar to those performed by

the experimental subjects acting in their usual production environment.

2.1 Related Studies

In recent years, we have witnessed a rapid growth in the number of experimental studies in devel-
opment economics. Although these works have analyzed a wide gamut of topics, there still remains
much to be done in terms of applying the laboratory experimental tools in the analysis of develop-
ment issues. In a survey of the literature about experiments conducted in less developed countries,
Cardenas and Carpenter (2005) report that three of the main topics studied are the measurement
of trust, cooperation, and risk preferences; none of these studies investigates the role of elicited risk
preferences in explaining the demand for financial contracts.

A more recent set of behavioral field experiments that concern the topics analyzed in this paper
involve testing the demand for microfinance contracts (Giné et al., 2009) and the willingness to pay
for seeds that stabilize yield distributions (Lybbert, 2006), using in both cases a payoffs scheme to
incentivize subjects’ truthful preference elicitation. Two other works that used randomized control
trials to examine the demand for weather-based insurance in India and Malawi, respectively (Cole
et al., 2008; Giné and Yang, 2010), will also be discussed below.

b After this round in default, farmers are left with no choice but to do the fallback project. The quantitative
importance of this finding increases to about 20 percent when we use the modal choice during the high-stake rounds.



Lybbert (2006) investigates farmers’ preferences about three desirable properties of cotton seeds
in India: an increase in average yields, a reduction in yields’ variance, and a reduction in yields’
skewness. Using the Becker-DeGroot-Marchak method (Becker et al., 1964) to elicit the maximum
willingness to pay for those traits, where farmers were given the payoff distributions related to each
type of seed before making their bidﬂ Lybbert shows that farmers value seeds that increase the
expected returns, but no evidence about their valuation of the other two traits of seeds was found.
As Lybbert acknowledges, the lack of valuation of yield’s risk reduction (i.e., less variance) may be
explained by the inability of the experimental design to control for the relevant factors that affect
farmer’s valuation of crop yield distributions. Lybbert’s results further show no statistically strong
relationship between any individual characteristic (such as wealth) and expected returns, a result
that the author claims could be due to the existence of credit constraints.

Giné and Yang’s (2010) randomized control trial in Malawi examine whether insurance can
induce farmers to take loans to adopt a new, high-yielding seed variety. The control group was
offered a loan to purchase a high-yielding seed; while the treatment group was offered an identical
loan contract but was required to buy actuarially fair rainfall-indexed insurance if they took the
loan. This insurance can allow to partially or fully repay the loan, depending on how low the rainfall
is. Thus, while assuming a risk averse behavior, one could expect insured farmers to be more willing
to take out a loan in order to undertake a potentially more profitable investment (i.e., buying the
high-yielding seed), Giné and Yang find exactly the opposite result: loan take-up rates are much
lower for the treatment group (17.6 percent versus 33.0 percent). The authors suggest that the
low insured loan take-up could be due to the prior existence of limited liability; that is, the actual
consequences of defaulting on a loan might not have been so severe in the first place, and thus the
actual value of buying insurance would be limited. In the same line, Cole et al.’s (2008) randomized
control trials in India aim to identify the barriers to a wider adoption of rainfall insurance. They
find that subjects’ purchase rates are very price elastic, and that cash constraints seem to play a
role in insurance adoption. More interestingly, they find that third party endorsement (such as
that of a local authority) of insurance can affect its take-up, thus suggesting a potentially strong
correlation between choices across subjects from the same village.

Our behavioral experiment shares some features in common with the previously discussed works,
but it arguably offers a more complete depiction of how rural producers make production decisions.
In particular, our experiment focuses on examining the interrelationship among three themes:
agricultural yields, loan, and insurance. In our experiment, loans yield higher expected yields (i.e.,
a more profitable production) and insurance eliminates the possibility of defaulting on a loan, thus
securing the farm production and ensuring farmers to keep access to loans in the future. Written
on valley-wide yields, this insurance protects producers from catastrophic events that dramatically

reduce average yields at the valley level. Subjects’ farming profits depend on two random variables:

"Once farmers bid a price, a random seed price was drawn from a uniform distribution with mean of 50 Rupees
(Rs.). Thus, if farmers bid at least the amount of the randomly drawn price, they could get the seed and “plant
it", and get the corresponding payoff. After this, farmers draw a chip from a bag to determine the season’s harvest
payoff. Thus, for a farmer who planted the seed, his net earnings would be the harvest payoff, minus the price paid
for the seed, plus 50 Rs. (off-farm earnings), while for one who did not plant the seed, it would be only the 50 Rs.
corresponding to the off-farm earnings.



a covariate shock—represented by the valley-wide average yield—that affects equally all subjects
in the same valley, and an idiosyncratic shock, uncorrelated with the covariate shock.

Moreover, while our farming experiments are close in spirit to the randomized control trials
conducted by Giné and Yang (2010), we used actual payoffs to incentivize players to elicit their
preferences for distinct production projects. Moreover, our farming experiments have greater com-
plexity than the experiments of Lybbert (2006) in that our farmers’ payoffs for each project choice
depend on two sources of randomness, while in Lybbert’s experiments there is only a random
“yield risk" that subjects should consider before deciding their choice (a seed). Likewise, our farm-
ing experiments introduce additional complexity to the typical individual loan experiments, in
which players have to choose whether to request a loan with a risky result, or to invest in a safe
project (e.g., Giné et al., 2009), by providing subjects a more complete set of financial instruments
to finance their production. Obviously, the greater complexity in the design of our experiments
increases the challenges for ensuring experimental control. In the next section, we discuss our

experimental design.

2.2 Our Farming Experiments

The experiment script for our farming experiments was written following standard experimental
procedures as close as possible (Davis and Holt, 1993). Experiment trials were conducted in Madison
and Davis in the U.S. (with graduate students), and Lima (with social scientists and cotton farmers),
and the valley of Pisco and its neighbor Ica (with cotton farmers), in Peru. The final version of
the script was reviewed by a journalist who works closely with farmers, in order to ensure that the
language used in the instructions would be understandable to a typical farmer.

The farming experiments were designed to examine the potential demand for index-based crop
insurance and analyze the effects of buying insurance on the demand for loans. In these experiments,
we simulated farming decisions where subjects, endowed with a “hectare of land", had to choose
among alternative cotton production projects—fallback (safe project), take an uninsured loan (risky
project), and take a loan bundled with index yield insurance (insured loan, less risky project)@in
a series of repeated rounds.

Each project yields a related profit, which is known to subjects before they make their decisions.
In the cases of the uninsured loan and the insured loan projects, profits depend additively on the
realization of two random variables: a covariate shock (represented by the valley-wide average yield),
and an idiosyncratic shock. The probability distributions of both shocks were estimated using
information from the Pisco valley. In particular, detrended 1986-2006 time series data of valley
yields (y¢), expressed in Kilograms per hectare, were fitted to a Weibull density function. The

parameters of the Weibull function were estimated using maximum likelihood in Gauss{’]

Yy ~ Weibull (6.00, 1806.08), (1)

$Throughout the paper we use interchangeably the terms fallback, and safe project; the terms unisured loan and
risky project, and the terms insured loan and loan bundled with yield insurance project.

9We used the Broyden-Fletcher-Goldfarb-Shanno (BFGS) algorithm. The parameters’ standard deviations are
1.03 and 70.17.



which has mean of 1,674 Kilograms per hectare.
Moreover, four-year (2002-2005) panel data were used to estimate the distribution of the idio-
syncratic shocks (eit)m using the following fixed effects model:

Yit — 1y = Bi(Uy — 1) + €, (2)

which regresses the farmer i’s yields (y;) deviation from its mean, p;, on the deviation of the
sample’s average yields (7,) from its mean ().

We then discretized the densities of valley yields, yﬂ (Weibull), and idiosyncratic shocks, €
(Normal distribution, centered on zero), in order to simulate the effects of distinct realizations of
those shocks on profits. In particular, we divided the density of ¥, into five sections—labeled as very
low, low, normal, high, very high—having the following probabilities (in percent): 10, 20, 40, 20,
and 10. Analogously, the density of ¢;; was divided into three sections—labeled as bad, normalE
and good—with the following probabilities: 25, 50, and 25.

Once we performed the estimations above, all yield figures were converted to quintals (QQ)E
(1 quintal = 46 Kilograms), a denomination familiar to our subjects. Thus, the valley average yield
values, y;, corresponding to the mid-point of those sections are (in rounded figures): 23, 30, 37,
43, and 48 quintals per hectare, respectively. In the case of the idiosyncratic shocks, we consider
the deviations from the “normal" category, expressed as Ae;, in the computation of the profits.
In particular, the mid-point of the “bad" luck category lies —12.12 percent (below) the center of
the distribution of €, while the mid-point of the “good" luck category lies 11.63 percent above the
center of the distribution.

The farmer i’s per hectare profits in Soles from the insured and uninsured loan projects at
each section of the valley yield and idiosyncratic shock densities, was computed using the following
formula:

T2 — (- y) * (14 Aeir) — (14 7)Loan + p x Indemnity — premium, (3)
where the price (p) of a quintal of cotton is set at 124.2 Soles, the loan size (Loan) used is 2,464
Soles (equivalent to US$800 at the time of conducting the experiment), and the interest rate (r)
was set at 30 percent (the going rate at that time). Insurance contract is written on 85 percent of
the average valley yields, equivalent to 31 quintals per hectare (=1,674/46 = 36.4 x 0.85)E| and the
premium was set at 150 Soles per insured hectareﬁ Thus, the Indemnity (expressed in quintals
per hectare) in period ¢ is defined as I (y; < 31) % (31 — y;), where I(+) is the indicator function.

This indexed insurance thus covers any shortfall in valley average yields below the 31 quintals per

10T his is also a measure of the uninsured, or basis risk, uncovered by insurance.

'Note that y represents the walley average yield, while 7 refers to the sample average used to estimate the
idiosyncratic shocks.

12The “Normal" categories of those shocks lie roughly at the center of their respective densities.

13 A Quintal is equivalent to 100 pounds, which is in turn roughly equivalent to 46 Kilograms.

" This strike yield was set after game trials in Pisco, where most subjects preferred the 85 percent strike yield over
the 65 percent and 90 percent strike yields.

Y5This premium includes a mark-up or load of 40 percent over the actuarially fair price (107 Soles per hectare).



hectare, as depicted by the solid line in Figure 1, where we also plot the estimated Weibull density
of the average valley yields. The indemnity function for the 100 percent contract (dotted line),

with a strike yield of 36.4 quintals per hectare, is also pictured for comparison.

Figure 1: Indemnity and Valley Yield Density Functions for Pisco
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Furthermore, in order to simplify the implementation of the experiment, we considered the
case of the typical farmer (i.e., §; = 1), which basically implies a one-to-one relationship between
individual farmer’s yields (y;¢) and actual average valley yields (y;), using the expression indicated in
eqn.[2]. The figures of individual yields used in the profit function shown in eqn. then correspond
to the mid-point value of the valley yields at every section of its density (23, 30, 37, 43, and
48 quintals per hectare, going from “very low" to “very high" yields): y;; = y;. The resulting
profit figures were rounded to the nearest 50. For the fallback project, profits were adjusted
accordingly to get lower but more stable profits than in the uninsured loan caseE We will discuss
the characteristics of the resulting profits for each project in the next section.

As mentioned earlier, our behavioral experiments consisted of a sequence of two sets of experi-
ments. We started with a baseline experiment, where farmers had to opt for either the fallback or
the uninsured loan project. And then, we continued with an insurance experiment, where a third
alternative project (insured loan) was included in the set of choices. This sequential structure of
the experiments allows us to examine any changes in farmers’ choices between the first two projects
after the introduction of insurance.

An important characteristic of the uninsured loan project is that when the valley average yield

16We further assumed a symmetric distribution for the idiosyncratic shock around the mean of zero.



is very low, the farming income is not sufficient to repay the loan, regardless of the idiosyncratic
shock. Defaulting on a loan involves two negative consequences in the experiment: no future access
to credit (i.e., subjects must do the fallback project) and a 50 percent decrease in the value of the
“endowed" land. The value of a hectare of land was set at 2,400 Soles; the reduction of this value
to 1,200 Soles is meant to simulate the penalty that would occur after defaulting on a collateralized
loan. On the other hand, buying the (85 percent) insurance contract guarantees the full repayment
of loans at every realization of the valley average yield and the idiosyncratic shock, thus allowing
farmers to keep the option of choosing the uninsured loan project in the future and to preserve
their land value.

In the next section, we describe in detail the procedures followed in the implementation of these

farming experiments.

3 Experimental Procedures and Data

Our experimental design faced two major challenges: to explain clearly the notion of probabilities
associated with the different sections of the probability distributions for the covariate and idio-
syncratic shocks, and to ensure a minimum level of comprehension of the insured and uninsured
loan projects, so that choices would be “informed." We responded to the first challenge by using
transparent randomizing devices to simulate the realizations of the covariate shocks (colored chips)
and idiosyncratic shocks (colored ping-pong balls), which were referred to as “individual luck," in
order to convey the idea that their individual characteristics are uncorrelated among peers within
a given valley. These shocks were drawn from sacks containing 10 chips (1 black, 2 red, 4 white, 2
blue, and 1 green)—the “valley sack"—and 4 balls (1 purple, 2 white, and 1 yellow)—the “luck
sack"—which reproduce the probabilities structure mentioned earlier, going from the worst to the
best outcome. The design of the experiment worksheets reinforced the information about the prob-
abilities under each scenario of the covariate shock and idiosyncratic shock, by (i) spacing columns
and rows, respectively, in a roughly proportional manner; and (ii) by including pictures in color of
the actual colored chips and balls associated with each scenario. Table 1 shows a sample worksheet
used for the insured loan project, labeled as project C, in the actual experiments. A similar design,
also printed in color, was used for the other projects’ worksheets. We will discuss the profits’ figures
later.

Secondly, in order to enhance subjects’ comprehension of the procedures, field assistants ex-
plained them how the combination of a covariate shock and an idiosyncratic shock drawn deter-
mined the profits of the project chosen in every decision round, where each round represented a
single farming season. The monitor, in charge of giving the instructions to all participants as a
group, illustrated the rules and procedures with interactive examples. We also allowed participants
to ask questions during the course of the presentation of the instructionsE] We were aware of the

risks of doing this, but we actually did not receive questions that may have induced players to play

1"Key moments at which we specifically asked if they had any questions were: at the end of the project description,
and before the low- and high-stake rounds.



Table 1: Sample Game Worksheet used for Project C

PROYECTO C: ALGODON CON PRESTAMO Y SEGURO
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The experiment instructions were read aloud in Spanish by the same monitor in every session.
The monitor used a projector to present the information about the types of shocks, the projects’
characteristics and the sequence of the actions subjects should follow in each decision round. The
contents of those slides are provided in Appendix AE At the beginning of every session, all par-
ticipants received a binder containing the worksheets with the information of the projects’ profits
related to each type of covariate and idiosyncratic shocks, as well as a pencil to record their choices,
the type of shocks realized, and the resulting profits in each simulated farming season. Helping
subjects to see the connection between their choices, types of shocks drawn, and resulting profits,
was also intended to enhance trust in our calculations of their experiment winnings.

The farming experiment lasted three hours on average. Total experiment winnings in cash from
participating in this particular experiment ranged from 11 to 26 Soles, with average winnings of
17 Soles (equivalent to $6). Experiment winnings and attendance fees were paid at the end of
the entire session—which also included the conduct of the risk experiment (results are reported
in Galarza [2009]), and pre-experiment and post-experiment surveys—that lasted on average five
hours 2

Recall that in all of our 24 sessions, participants were assigned to numbered seats at random
upon arrival, and we divided the participants into at most four “valleys" with a minimum of 3
members in subjects’ each one. Splitting subjects this way allowed us to get more variability in the
realizations of the covariate shocks, to have a closer monitoring, and to accelerate the tasks. Two

persons from our field team were in charge of each valley. A senior assistant, well versed in the

18Most of the questions asked concerned the reasons for the differences in payoffs from particular projects under
certain realizations of shocks; whether yield insurance covered losses due to hazards at the irrigation sector level; the
source of the (agricultural production, cost, and valley yield) figures used for our analysis; whether the indemnity
payments could be sufficient to repay the loan; or the timing of the insurance payouts; and the like.

90ut of the 24 sessions held, only in three of them we used posters containing the same information as in the
slides for a short time. The monitor used sixteen slides to explain the farming and risk games.

20 After finishing the farming experiments and having a short break, a risk experiment—which lasted about 30
minutes on average—was ran. The rest of the time—one hour and a half—was spent conducting the entry and exit
surveys.

10



experiment rules and procedures, recorded the players’ choices and profits, and did the entry and
exit surveys, while a helper assisted with the drawing of the covariate and idiosyncratic shocks.

Let us consider now the structure of profits associated with each type of covariate and idio-
syncratic shock that was shown to our subjects. Table 2 reports the profits calculated without
considering the probability of losing land. As seen in the table, the uninsured loan project (labeled
as project A) has higher, but more volatile, expected profits than the other two projects; with the
fallback project (project B) being the least profitable project in expectation and the one with the
lowest standard deviation (the safest). More specifically, the mean profits of the projects are: 1,355
(project A), 735 (project B), and 1,283 (project C), while their standard deviations—reported in
Table 3, columns 2 to 4—are 859, 331, and 767, respectively.

Table 2: Farming Game Profits
(Expressed in Soles per hectare)

Valley-Wide Average Yield
Very Low Low Normal High Very High Mean

(23QQ) (30QQ) (37QQ) (43QQ) (48QQ)

[0.10] [0.20] [0.40] [0.20] [0.10]

Project A: Produce cotton with loan (uninsured loan)
L. Bad [0.25] 0! 250 800 1,350 2,000 840
u  Normal [0.50] 01! 600 1,400 2,100 2,700 1,370
¢  Good [0.25] 0! 900 1,900 2,800 3,400 1,840
k Mean 0 588 1,875 2,088 2,700 1,855

Project B: Produce cotton without a loan (fallback)
L Bad [0.25] 300 400 600 900 1,350 665
u  Normal [0.50] 350 450 650 1,000 1,500 785
¢  Good [0.25] 400 500 700 1,100 1,650 805
k Mean 350 450 650 1,000 1,500 785

Project C: Produce cotton with a loan & insurance (insured loan)

L Bad [0.25] 150 150 650 1,200 1,850 730
u  Normal [0.50] 500 500 1,250 1,950 2,550 1,295
¢ Good [0.25] 850 850 1,750 2,650 3,250 1,810
k Mean 500 500 1,225 1,938 2,550 1,288

Note: Subjects were shown this table, except for the averages and probabilities.
1 The values of unpaid debts were 700 (Bad luck), 350 (normal luck), and 50 (good luck).

On the other hand, considering the probability of losing land (i.e., of losing 1,200 Soles when
project A is chosen and a very low valley yield is realized) in the calculation of projects’ profits, the
mean profit of the insured loan project becomes now the largest. To make the figures comparable
with those shown in the previous table, we only changed the profits for project A under the very
low average yield (reported a net loss of —1,200 instead of 0), while in the other two projects, no

land losses are realized. As a result, while insurance only decreases the standard deviation of profits
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from 859 to 767@ when no land losses are considered (see columns 2 and 4 of Table 3), we can see
a much greater reduction in volatility when land losses are included in the profits calculation (from
1,099 to 767 in their standard deviation@. While we can easily notice that the expected benefits
from buying insurance would be even greater in an intertemporal context, in which the land not
lost would yield potentially greater profits, it is likely that our subjects did not perceive this effect
to its full extent %]

Thus, we will argue that risk aversion considerations could better guide an ordering in pref-
erences. One could then state that as risk aversion goes up, subjects would tend to switch from
the uninsured loan (A) to the insured loan project (C), and then to the fallback project (B). This
ordering, which also corresponds to the ranking according to the standard deviation of the three
projects’ profits shown in Table 3, will be used as the base ordering in the econometric analysis

performed in Section 4. We could use the ordering according to the total expected profits in future

analysis.
Table 3: Farming Game Payoffs: Mean and Standard Deviation
(Expressed in Soles per hectare)
Excluding Land Loss Including Land Loss!
Unins.Loan  Fallback Ins. Loan Unins.Loan  Fallback Ins. Loan
(Project A)  (Project B)  (Project C) (Project A)  (Project B)  (Project C)
Mean 1,355 735 1,283 1,235 735 1,283
Stand.Dev. 859 331 767 1,099 331 767
Ordering considering:
Mean 1st 3rd 2nd 2nd 3rd 1st
Std. Dev. 3rd 1st 2nd 3rd 1st 2nd

1 Only the profits from project A under the very low valley yield changed (from 0 to -1,200).

Turning now to the procedures followed during the course of our farming experiments, we started
with the baseline experiment, and continued with the insurance experiment. As is customary in
experimental economics, each of those experiments started with a set of six “low stakes" rounds,
intended to get subjects familiar with the experiment rules and procedures, which were followed by
a set of six “high stakes" rounds. Subjects knew that all sets of rounds would end with the sixth
oneZ]]

In the baseline experiment, subjects chose between the fallback (project B: cotton without a
loan) and the uninsured loan (project A: cotton with a loan) projects. The sequence of events in

each round of play, t, was as follows:

21To see more clearly the magnitude in the reduction of profits’ risk, this implies a reduction from 0.63 to 0.60 in
the coefficient of variation of profits.

22Which implies a substantial reduction in the coefficient of variation from 0.89 to 0.60 due to insurance.

230ne interesting extension, which is beyond the scope of this paper, would be to consider that farmers use
decision weights instead of objective probabilities in their expected calculations and to examine the ranking of mean
and standard deviation of those projects.

24 After several experiment trials, we chose six rounds because it showed to have sufficient variability in the covariate
shocks. In particular, we were interested in getting a very bad valley-wide averge yield in each six-round campaign,
so that farmers would learn first hand the consequences of choosing the loan project.
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(i) All players selected their favorite projects;

(ii) (starting clockwise in each valley, v) one player drew a covariate shock (represented by a colored

chip) from the valley sack. Players rotated this picking-the-chip role;

(iii) then each player i drew his or her own idiosyncratic shock or “luck" (colored ball) from the

luck sack;

(iv) our assistants explained the profit corresponding to the triplet {project chosen;,, covariate

shock,;, idiosyncratic shock;,} to each subject.

Once the six rounds were played, one of them was randomly chosen for play by having a
participant in each valley roll a six-sided die. We used this random incentive design in order to
preserve the proper incentives to carefully select every choice. This selection criterion of the round
for play was reminded to all subjects at the beginning of each set of six rounds.

Furthermore, in order to include the effects of losing collateral into the decision-making, the
total experiment payoffs included the value of the endowed land at the end of the every set of
six rounds, in addition to the experiment profits obtained from the project chosen. In order to
determine the final land value, we used the following rule: regardless of which round was chosen for
play, as long as in any of them the following combination {uninsured loan; black chip, any
colored ball} resulted, farmers were paid half of the original land price. Subjects’ winnings were
as follows: for every 1,200 Soles of payoffs (profit plus land value), participants would receive 1 Sol
in cash. Subjects learned their winnings in cash at the end of each set of six rounds.

The low-stake rounds were followed by a set of six “high-stake" rounds, where subjects started
again with a clean slate: full access to loans, and a hectare of land with its original value. The
procedures and rules were exactly the same as we described earlier, and the only change was the
increase in 100 percent in the exchange rate to compute the winnings in cash, as a way to incentivize
more careful decisions. Thus, now for every 600 Soles of payoffs, participants would receive 1 Sol
in cash.

After running the baseline experiment, the insurance experiment was conducted; we had again
a set of 12 rounds with the insured loan project (project C: cotton with loan & insurance) included
in the set of choices. The rules and procedures followed in this new experiment, as well as the
exchange rates used, were exactly the same as the ones described above. We emphasized with
subjects that the results from the baseline experiment (i.e., whether subjects defaulted on a loan or
not) did not carry over to the insurance experiment. Written on 85 percent of the long-run average
valley yields, insurance pays out indemnities when valley yields fall below 31 quintals per hectare;
i.e., when valley yields are “low" (30 quintals per hectare) or “very low" (23 quintals per hectare),
which will happen when a black chip or a red chip are drawn in a valley. We should note in Table 2
that, since indemnity payouts cover exactly the shortfalls under those sections of the distribution,
the amount of the profits are the same for every category of idiosyncratic shock (150, 500 and 850
Soles).
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3.1 Participants Characteristics and Matrix of Choices

The main characteristics of our experimental subjects are as follows: Our typical experimental
subject is older than 50, has spent half of her lifetime managing a farm, has only completed
elementary education (six years of schooling), owns 6 hectares, sows 5 of them, and holds assets
for twenty thousand Soles (about $7,000), as shown in Table C.1 in the Appendix. Moreover, 66
percent of our subjects have access to any type of credit, only 14 percent of them have life insurance;
and 10 percent, have accident insurance. Furthermore, on average, subjects exhibit a moderate to
high risk aversion. We will examine more closely these variables later on.

It should be mentioned that, since we are interested in capturing the choices that contain the
most information possible, the following analysis will use the last high stakes round at which subjects
stopped learning about the different projects, which is the last high stakes round (if subjects did
not fall in default) or the round immediately prior to the one in which subjects fell in default (given
that immediately after that round, subjects are only left with the fallback project). We call this
round the final unconstrained roundﬁ

Table 4 shows one of our main results, the matrix of project choices made by subjects in the
baseline experiment (indicated in rows) and in the insurance experiment (in columns). We observe
at the bottom of column 5 that a large proportion (57 percent) of the experimental subjects chose
the insured loan project, a proportion that was similar in all of the high stakes rounds. (The
average number of switches in project choices is 0.80, with a standard deviation of 1.31.) Another
interesting result is that purchasing insurance seems to have encouraged almost 14 percent (52
out of 378) of subjects to opt for a loan instead of producing using their own resources (see cell
{B,C} in the matrix), thanks to the reduction in the likelihood of default implied by insurance. An
alternative reading of the same figure indicates that about 60 percent (52 out of 91) of the risk
rationed subjects (i.e., those who chose the fallback project in the baseline experimen@ switched
to the insured loan project when it was available. This is an encouraging result that goes in line
with an intended effects of insurance: to encourage farmers to undertake riskier but potentially
more profitable projects.

We can further see in the table that a relatively small proportion of subjects made choices
inconsistent with transitivity in preferences. In particular, 20 out of 91 subjects who selected the
fallback project over the uninsured loan project in the baseline experiment (cell {B,A}) switched
to the uninsured loan project in the insurance experiment, and 14 out of 287 subjects who chose
the uninsured loan in the baseline experiment (cell {A,B}) switched to the fallback project in the
insurance experiment. Note that since we are working with the final unconstrained rounds, these
choices were made before any bad year (i.e., a black chip drawn in a given round) happened when

the uninsured loan was selected, and thereby they are likely to reflect their true preferencesm

Z5During the first high stake round of the insurance game, 2.6 percent of subjects went into default.

26 Obviously, we are assuming here that these subjects are risk rationed in real life, a result that may not necessarily
hold.

*"Using the modal choice during the high-stake rounds would result in a take-up rate for the insured (uninsured)
loan of 58.5 percent (24.3 percent), and 37.6 percent of risk rationed subjects, with 57 percent of them switching to
the insured loan in the Insurance Game.
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Table 4: Choices in Baseline and Insurance Games

Insurance Experiment
Uninsured loan | Fallback | Insured loan | Total %
(A) (B) (©)
Uninsured loan (A) 109 14 164 287 | 75.9
o % 38.0 4.9 57.0 100.0
. g Fallback (B) 20 19 52 91 | 24.1
2| % 22.0 20.9 57.1 100.0
% § Total 129 33 216 378 | 100.0
ME | % 34.1 8.7 57.1 100.0

Before we discuss the main distinctive characteristics of subjects in the baseline and insurance
experiments, we need to define two variables of interest that were constructed from within the
experiments: financial literacy and risk aversion. In constructing this measure of the degree of
comprehension of the main features of the insured and uninsured loans, we included four indicators:
(i) self-reported comprehension of the farming experiment rules (variable Self-report), (ii) whether
subjects knew (reminded) that insurance indemnity payouts depend on valley-wide average yields
(Learn_ins1) and (iii) not on idiosyncratic shocks (Learn_ins2), and (iv) whether they knew the
two consequences of defaulting on a loan (Learn_loan). We assigned the same weights to each of

these variables:
Financial literacy = (Sel f-report + Learn _Insl + Learn _Ins2 + Learn_Loan)/4;

where Self-report takes the values of 1, 0.75, 0.5, or 0.25 if subjects claimed that the instructions
were “very easy", “easy", “hard", or “very hard", respectively. Learn Insl and Learn_Ins2 are
indicator variables that take the value of 1 if the answer was correct and 0, otherwise. Learn_ Loan
takes the value of 1 if the two consequences of defaulting an uninsured loan (i.e., no future access
to loans and land depreciation) were indicated by subjects; 0.5 if only one of those were mentioned;
and 0 otherwise. We then normalized this indicator to take values between 0 (which means that
a subject does not know anything about the rules of the experiment) and 1 (which indicates that
a subject knows very well the rules). The average value of this indicator across subjects is 0.54,
which indicates a moderate level of comprehension overall ]

In the case of elicited risk preferences, risk parameters were estimated using the results of a
lottery experiment conducted with the same Pisco subjects. The data were fitted to Constant Rela-
tive Risk Aversion (CRRA) utility functions under Expected Utility Theory (EUT) and Cumulative
Prospect Theory (CPT)F_g]resulting in average estimated CRRA coefficients of 0.45 (EUT) and 0.74

28Tf we excluded the self-reported comprehension variable (self-report), such an indicator would have an average
value of 0.50, and the correlation coefficient with education would be 0.37.

29Under EUT, risk preferences are entirely defined by the curvature parameter, while in CPT, a probability weight-
ing function parameter also affects risk preferences. This function captures the subjective distortions made to actual
probabilities. More details of the estimation process are provided in Section 4.1.
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(CPT), estimates that suggest the existence of a moderate to relatively high degree of risk aversion.

The interested reader is referred to our companion paper (Galarza, 2009) for details.

3.2 Descriptive Analysis of Experiment Results

This section examines the main characteristics exhibited by our subjects in the Baseline Experiment
and in the Insurance Experiment, as a means to provide insight about the variables correlated with
the demand for the insured loan that will be analyzed in Section 4. Since we are interested in
capturing the choices that contain the most information possible, the following analysis will use
the last high stakes round at which subjects stopped learning about the different projects, which
is the last high stakes round (if subjects did not fall in default) or the round immediately prior to
the one in which subjects fell in default (given that immediately after that round, subjects are only
left with the fallback project). We call this round the final unconstrained roundﬂ

3.2.1 Baseline Experiment: Risk-Rationed Subjects versus Uninsured Borrowers

Table C.2 in the Appendix shows the means T-tests of selected variables for the two groups in the
baseline experiment. We see that uninsured borrowers have a lower proportion of females and own
and cultivate bigger parcel sizes (by one hectare) than risk-rationed subjects. The former group
also appears to be more connected to agricultural information networks, as indicated by their bigger
number of information partners; people within an information network exchange information about
farming activities, such as pests control, new seeds, and the like. Uninsured borrowers also have
a greater access to loans from any source in real life, especially from cotton mills. Furthermore,
uninsured borrowers show a lower tendency to overweight small probabilities, meaning that when
they are told an event has a small probability of happening (e.g., 1, 5, or 10 percent), they act
as if such event were to happen with a higher probabilityﬂ We will discuss in more detail the
effects of this type of psychological distortion of probability information in Section 4. For all of the
above indicated variables, the differences in means between risk-rationed and uninsured borrowers
are significant at either 1 or 5 percent. Our indicator of financial literacy is marginally greater for
uninsured borrowers. The formal education levels and risk aversion estimates shown by those two
groups are statistically similar.

In the econometric analysis about the choices made in the insurance experiment performed in
Section 4, we will control for choices made in the baseline experiment by including the predicted
probability of choosing the fallback project in this experiment as a control variable, which will in

turn be estimated as a linear function of gender, age, education, and owned land size variables.

30During the first high stake round of the insurance game, 2.6 percent of subjects went into default.

31To illustrate the notion of overweighting of small probabilities, let us take the case of a lottery, whose chances
of winning its biggest prize is say 0.001. Now, let us consider that subjects transform such 0.001 into a subjective
probability of 0.01; that is, they behave as if they could get the highest prize weere bigger than it actually is. The
consequence of this is that for a given curvature of the utility function, they would behave in a more risk seeking
manner than such curvature would suggest. Levy and Levy (2002) nicely analyze the consequences of probability
weighting on the lotteries’ risk premium.
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3.2.2 Insurance Experiment: Insured Borrowers versus the Others

Comparing insured borrowers to uninsured borrowers and risk-rationed producers, Table C.3 in the
Appendix shows that insured borrowers are markedly different from the other two groups in several
important respects: demographics, literacy, productivity, assets, risk preferences, as well as market
and social connections.

First, insured borrowers are significantly younger (by two years) and have higher education
(by one year) than uninsured borrowers; and this gap is even bigger when we compare insureds to
risk-rationed subjects. Second, insured borrowers are also more likely to have better understood
the properties of insurance than the other two groups of subjects, a result reflected by their higher
values of the variable Financial Literacy. Third, insureds also report higher cotton yields in the
last farming season (2007-2008), though this difference is statistically significant (at 5 percent level)
only when insureds are compared to risk-rationed subjects (the gap is 6 quintals, or 276 Kilograms
per hectare). Fourth, insureds own more valuable assets, denoted by the variable Wealth (that
includes the values of land and house), a result that is mainly explained by their more valuable
houses. In fact, insureds’ house values are 50 percent higher than those of uninsured borrowers,
and this gap is even larger when we compare insured to risk-rationed subjects. Furthermore, while
insureds do have significantly bigger parcels than risk-rationed subjects (by one hectare), such gap
vanishes when we compare insureds to uninsured borrowers.

Fifth, surprisingly, risk-rationed subjects are more risk averse than uninsured borrowers, who
are in turn more risk averse than insured borrowers; and such differences in risk aversion are
statistically significant (at 10 percent) under the EUT and the CPT specifications. How can we
explain this seemingly counterintuitive result? In particular, why should higher risk averse subjects
choose the uninsured loan instead of the insured loan?: The fact that (higher) risk aversion under
EUT and CPT is highly correlated with a lower education attainment and a lower financial literacy
suggests that higher risk averse subjects are less likely to have understood the true dynamic benefits
from buying crop insurance. Having a relatively poor understanding of this insurance, risk averse
subjects would thus have opted for either the safest (fallback) project or a project they know
relatively well in real life—the uninsured loan.

Sixth, insured borrowers are also more likely to have obtained a loan to finance their agricultural
activities than risk-rationed subjects, but less likely so than uninsured borrowers (significance at 5
percent level). Seventh, considering the number of experimentally-constructed valley members with
whom an individual shares information about farming activities as an indicator of social connection,
we find that insured and uninsured borrowers are similarly connected with other farmers—the
agricultural ‘networks’ have on average 1.7 members—while groups belong to a slightly 