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Abstract: Risk attitudes are relevant factors affecting the production and investment decisions at farm
level. They are key factors that are related to farmers’ attitudes towards environment and climate
change. Several methodological approaches are available to measure the level of stated risk of an
economic agent. The Multiple Price List (MPL) method is one of the methods that is gaining relevance.
In this study we apply the MPL and relate the risk outcomes with farmers’ characteristics and their
perception towards environment and climate change. Data was collected using a face to face survey
carried out for a group of 370 agricultural producers of the irrigation district located in northwest of
Mexico. Results showed an average risk of about 0.32, locating the agricultural producers of the region
in a group with risk aversion, according to the MPL scale. The heterogeneity analysis showed that the
socioeconomic factors and the perceptions towards climate change are related to the farmers” stated
risk level. Farmers who are young women with propensity to use public support to invest were shown
to be greater risk lovers. Farmers in the region have perceived climate change to a greater extent like
floods, hail, diseases and pests, and changing vegetation.

Keywords: Risk attitude, farmers, multiple price list, climate change.

1. Introduction and objectives

Climate change is one of the greatest challenges of our times. This phenomenon refers to the
variation of the climate generated by natural causes or by human actions that affect the distortion of
climatic parameters such as temperature, rainfall, drought, etc. [1]. The way in which weather events
occur represent a risk especially on agricultural production due to floods, storms, droughts and heat
waves [2]. Climate is the most significant component in the practice of agricultural production which
is continuously affecting farmers’ activities mainly by increasing the production uncertainty [3].

Farmers’ perceptions towards climate changes are increasingly playing an important role in
affecting agriculture production and investment decisions. These perceptions are multidimensional
and are mainly related to farmers’ risk attitudes and socio-economic characteristics [4,5]. Farmers’
perceptions, attitudes and opinions towards the environment and climate change may have also a
significant influence over producers’ decisions [6-8]. They may also have a direct impact on the
development of public policy programs regarding the agricultural production sector, as well as on
individual actions related to energy consumption [9-11].

The risk attitude is an aspect related to the behavior of the human being, especially affecting
their economic decisions. In general terms, individuals are risk averse, exhibiting low risk tolerance
and tending towards profit maximization [12]. Risk attitude is individual-specific behavior, affecting
personal and professional decision, in particular, investment options such as the amount and
periodicity in any economic activity.

To analyze the risk attitudes, several methodological approaches are available that are
developed and implemented with a great emphasis on those focused on economic activities such as
agriculture. The stated risk elicitation is one of the most used approach in which individual are asked
in a survey about their risk behavior. This approach can rely on the multi-affirmation method that
often include self-assessment of risk attitude. It can also rely on the methods that are based on the
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empirical data analysis and on the expected utility theory. In this last approach, the decisions taken
under risk are analyzed as an option between different alternatives, assuming that the decisions have
an order of preference, and are defined given a probability distribution for a certain number of
affirmations or sentences [13].

According to some studies, the risk attitude cannot be only measured directly based on the
expected utility, u(x), because it also depends on the strength of the preference “not to risk”,
represented as v(x) [14-16]; where x corresponds to the income (a specific amount), in order to obtain
a more accurate measure of the risk attitude, which is known as a "True Equivalent" measure [17].
True equivalent, is the certain amount of money, in which a person is indifferent between that secure
payment and the uncertain payments of a certain investment [18].

In this context, the main objective of this paper is to analyze the farmers’ stated risk attitude in
an agricultural region in Mexico, using the Multiple Price Lists (MPL) method, known "Lotteries", as
an alternative method that belong to the expected utility risk elicitation approach. We also seek to
analyze the heterogeneity of the risk attitude level with farmers’ attitudes and perceptions towards
the climate change. The heterogeneity analysis will also be completed by analyzing the risk attitudes
with the socioeconomic characteristics of farmers and his farming activities. Farmers’ attitudes and
sensibility towards environment will be also included. Finally, to identify attitudes patterns that
allow differentiating groups of producers whose characteristics help to understand the decisions they
make about their productive activities in order to inform policy makers regarding farmers’
preference.

This paper contributes to the existing literature of the farmers’ risk attitude analysis by adding
new insight using the MPL method in Mexico. Reviewing the existing literature, to our knowledge,
there is a very scarce or no information regarding the measurement of risk aversion level of the
farmers’ stated risk in Mexico using the MPL. This paper contributes to verify, in a specific empirical
application, the effectiveness and reliability of this risk analysis technic that is easily understood by
farmers, without the need for specific prior knowledge of the interviewees. It also offers the
opportunity to compare our results with other agricultural systems with similar or different
management practices and crops.

2. Theoretical framework of the stated risk analysis

Risk is an essential part in all decisions under uncertainty. Each involved individual or decision
maker has a different attitude towards risk, hence the need to quantify the degree of risk aversion in
order to identify differences and similarities. There are numerous methods used successfully in
economics and agricultural management to measure risk stated attitude based on surveys of the
individuals involved in economic activities. Through the review of the literature they could be
divided into: i) methods based on an attitude scale to multiple affirmations, ii) methods based on the
theory of expected utility and iii) methods that make a combination of the previous ones.

The Attitudinal scale methods are constructed based on the score assigned to multiple
statements using a certain scale of values [19]. In these methods the risk attitude is considered a latent
construct (a dependent variable) not directly observable, but through other explanatory variables,
which are related to the questions or statements proposed by different researchers depending on the
topic of study.

The empirical methods based on the economic theory of expected utility [20,21] estimate an
indicator of risk aversion as a function of probabilities in a non-parametric framework since it is not
a function of the utility that is supposed to govern the behavior of farmers. The following is a brief
description of main applications measuring the stated risk level in agriculture based on surveys and
interviews.

2.1 Attitudinal scale of 5-points with 31 statements of Bardhan.

Bardhan conducted a study on dairy farmers in India in order to identify the most relevant
sources of risk according to farmers' perceptions and attitude [22]. The attitudinal scale is based on 31
statements related to the social and psychological attributes of each farmer, written both positively and
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negatively to reduce bias. The answers take values between 1 to 5, showing the individual perception
towards each source of risk, corresponding to 1 - irrelevant, 2- something irrelevant, 3 - neutral, 4 -
something relevant and 5 - relevant. The survey included self-evaluation risk question in which the
farmer rated himself on what his risk level is from 0 to 10 where 0 is high averse to risk and 10 is low
averse to risk [23].

2.2 Risk attitude measuring instrument RAMI

Fausti and Gillespie designed a risk attitude measuring instrument (RAMI) applied to cattle
producers in United States [24]. The instrument was made up of 5 questions, the last three defined
according to the certainty equivalence framework associated with the expected utility model.
Question I is a self-assessment with three options. Respondents should indicate where they are located
between the extreme options of risk aversion and risk lover [25], or according to their preference for
risk in eleven investment decisions. The scale used is: 1 = tend to avoid risk in investment decisions,
2 = do not seek to avoid risk in investments and 3 = tend to take a substantial risk in investments.
Question II presents to respondents with a hypothetical option of maintaining their current job or
taking an alternative one, based on the fact that risk aversion measures depend on income [26].
Question III includes a variable with different probabilities in relation to a hypothetical investment
with five different returns and expected variations [27]. Question IV focused on the interval approach
method [28]. And Question V corresponds to a hypothetical livestock marketing question in two
stages [29]. The limitations of this instrument are that the questions included in each survey form are
in the same order for all the respondents, which can generate learning effects and generate
inconsistent responses during the survey. Another limitation found is that some of the questions are
not easy to understand by all respondents according to their comments.

2.3 Scale of measurement of risk attitude based on 3 factors

Allub based his scale on the hypothesis that risk aversion and income diversification are the
factors that influenced the farmers” decision in a case study in Argentina [30]. It considered that risk
aversion is determined by 3 factors: the socio-economic status of the farmer, the degree of
involvement or participation in the rural development program, and the farmer's perception of the
agro ecological conditions of the farm. They used a linear model that measure the level of risk
aversion. They found that only the socioeconomic factor was correlated with the risk attitude.

2.4 Method of measuring the risk attitude with 3 components

Another method to assess the risk attitudes of agricultural producers is the one developed by
Bard [22]. This scale was implemented on grain producers in the United States. The method consists
of 3 components: the risk attitude scale, a self-assessment question and a model based on the expected
utility. The scale evaluates farmers' risk attitudes according to the opinions expressed towards three
sources of agricultural production risk: financial, marketing and production; using a Likert scale
[31,32]. The score of each individual surveyed is calculated by adding the scores of the multiple
elements. The self-assessment question consisted of the evaluation of attitudes towards tolerance or
risk aversion using a scale from 0 to 10, where 0 represents the attitudes of risk aversion and 10
represents attitudes of risk lover.

2.5 MPL Multiple Price List "Lotteries”

Within the methods based on the Theory of Expected Utility EUT, the MLP method is
highlighted this method is based on offering respondent with two lotteries (A and B) with the same
payments, but with different probabilities. The respondent selects the one he prefers. In the
subsequent questions, the lottery A remains the same and the probability of getting the payment from
Lottery B change. Risk attitude than is elicited depending whether the respondent prefer Lottery A
or B and in which question level. The array of the questions with different payment is finished
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"closed” in a range of the indifference curve of the respondent, thus identifying a range for the risk
attitude [22].

Olbrich, Quaas, and Baumgértner analyzed the risk attitude of livestock producers in Namibia's
pastures using the MPL format [33,34] proposed by Binswanger [35] and studied by Holt and Laury
[36]. Respondent had to choose between participating in a lottery and receiving a fixed payment.
They proposed 6 scenarios with determined quantities that increase from the first to the last scenario
in a procedure applied to cattle auction with two possible sales results and same probability. The
expected value of the auction reflected 1/3 of the average annual net income of the farmer. The
farmers could decide between participating in the auction and selling directly at certain amount. The
fixed amount increase, in each subsequent scenario, until reaches the sixth scenario. Based on the
results obtained, the parameters of the expected utility function for each scenario were estimated.

They defined the values of the Aversion Relative to Constant Risk (CRRA) based on the function
U(y) =y @ / (1-r); where y is the income and r the relative risk aversion coefficient for each of the 6
stages. Then the coefficient r is estimated by means of the logarithmic maximum likelihood function,
conditioned to the expected utility model and the CRRA specification defined on the difference of
the expected (VEU = EUa — EUs). In this case, the maximum likelihood equation used is:

INLEY" (1,2, X) = Z((m(v EU) |z=1)+(In(1-VEU) |z =0)) (1)

where zi = (0,1), the 1 indicates that the respondent chose the auction in scenario i, or 0 indicates that
he/she chooses the safe amount, and X corresponds to a vector of variables of personal, agricultural
and environmental characteristics and environmental risk.

3. Materials and Methods

The data collected corresponds to a representative sample of a total of 370 agricultural producers
from irrigation district 076 located in the northwest region of Mexico (Figure 1), the sample size was
determined based on the formula of finite populations with a confidence level of 95% and an error
level of 4.99% [37].

1)Irrigation section 076, Valle del Carrizo N
e
s - 1) S

A

by '

8
\/f- ? Scale
\\_ﬁ\fg‘f 012 4 6 8~.m

Figure 1. Location of the study area.

The data collection was carried out in a stratified way through a semi-structured face-to-face
questionnaire, carried out during the period from October to December 2017 with the purpose of
identifying the attributes that explain the level of risk that characterizes the agricultural producers.
These attributes are classified into socio-economic characteristics of the farmer, characteristics of the
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farm and the type of planting, as well as different opinions and criteria related to weather events and
environmental actions. On average, the application of the interview lasted 40 minutes with each
farmer and was carried out with the support of a group of students from the Intercultural
Autonomous University of Sinaloa who were instructed prior to the application of the survey.

In the following diagram (Figure 2) we summarize the methodological approach applied in this
study.
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Figure 2. Methodological research approach

The main characteristics of the 370 farmers and their farming activity are summarized in the next
Table:
Table 1. Description of agricultural producers and their farms.

Variables Average Std. Deviation

Number of members of the family nucleus 3.79 1.74
NuTnber of generations of the family dedicated to 228 0.83
agriculture

Percentage of income from agriculture 0.76 0.28
Total area for cultivation 10.66 9.28
Irrigation by cycle 7.56 4.61
Volume of water irrigated (m3 per hectare) 15.46 78.12
Permanent employees 1.52 1.73
Temporary employees 3.79 9.39

Table 1. Description of agricultural producers and their farms (continuation)

Variable Percent Variable Percent
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Gender of the agricultural producer Type of crop harvest
Male 88.92% Manual 17.03%
Female 11.08% Mechanic 82.97%
Age range Loan for agricultural activity
Under 40 years 19.46% No 54.05%
From 41 to 60 years old 52.16% Yes 45.95%
Above 60 years 28.38%  Receive some help or subsidy for agriculture
Land tenure regime No 31.62%
Private property 32.97% Yes 68.38%
Ejidal* 67.03%  Purpose of the aid received
Property management regime He does not receive help 28.65%
Owner 79.19% Cover operating expenses 41.35%
Owner's family without salary 5.95% For investment in agricultural land 8.38%
Salaried family 0.27% For improvement of agricultural land 8.65%
Tenant or associate 14.59% Other agricultural expenses 12.97%
Water availability problems Agricultural insurance
No 84.05% No 63.24%
Yes Yes 36.76%
Experience in water collection Origin of their agricultural training
No 83.78% Agrarian Experience 88.92%
Yes Agricultural professional-university training 6.76%
Type of irrigation Courses, conferences, workshops, etc. 2.43%
Irrigation by gravity 95.68% Undefined 1.89%
Sprinkler irrigation 1.62%
Motorized watering 0.81%
Drip irrigation / localized 1.89%

* Form of farmers’ organization in Mexico

Each agricultural producer was presented with a questionnaire with openended questions
divided into several blocks according to the type of information collected. This questionnaire was
tested before its final application on a sample of about 25 farmers. The blocks of variables were: i)
socio-economic variables of farmers, farm characteristics (economic and management), investment
and land use following the classification presented by Kallas et al. [38], ii) environmental attitudes
and opinions, using the New Ecological Paradigm Scale NEP [39], iii) attitudes or willingness to carry
out actions to reduce climate change, and iv) perception of climate change constructed from
literature.

The main crop collection in this region is mostly mechanical, 68% of producers receive a subsidy,
only 8% use it to invest in agricultural land. 63% do not usually buy agricultural insurance. They
relate global warming to rising temperatures and warming of the earth. Most respondent have
acquired their agricultural training based on experience 88.9%, very few have a professional
agricultural training 6.7%. 11% of farmers are women. 79% operate under the owner regime and the
main product grown by the agricultural producers interviewed is wheat 29% followed by alfalfa 24%.

With each of the variables included in the different blocks, the analysis of heterogeneity was
carried out in relation to the stated risk level estimated, using the Chi-square test of independence of
Pearson (X?), through the contingency tables for the categorical variables and in the case of the
numerical variables using the ANOVA and Tuckey post hoc tests (after the verification of normality
using the Kolmogorov-Smirnov [40], within the statistical program SPSS version 15.0, with the results
obtained especially for the blocks referring to "attitudes and environmental opinions” and
"perceptions about climatic change, "the reduction of its dimensionality was made through the
principal components analysis (PCA) [41], using the factoextra library in the program RStudio version
1.1.447.
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3.1 Measuring farmers’ perceptions towards climate change

The perception of climate change involves the analysis, according to each individual, of whether
he/she has observed variability in certain meteorological factors or events related to the climate. To
address this issue, an array of statements, collected from a literature review (Table 2) and related to
climate change was to be evaluated according to the farmer's own perception on a 9-points Likert
scale (from 1 to 9). The following table shows the statements and studies from where were collected.

Table 2. Items included to analyze the farmers’ perception of climate change.

Absolutely | Strongly |Moderately| Slightly Neutral Slightly |Moderately| Strongly |Absolutely
eutra
disagree | disagree | disagree | disagree agree agree agree agree
1 2 3 4 5 6 7 8 9

In the last 10 years you have noticed that the temperature has increased: [42,43] -
In the last 10 years you have noticed that the level of precipitation has changed: [42,44] -
In the last 10 years you have noticed that rain periods have changed their temporality: [45-47] -
In the last 10 years you have noticed that the soil has lost fertility: [3,46] -
In the last 10 years you have noticed that the periods of drought have increased: [42,44] -
In the last 10 years you have noticed that the harvest has decreased: [48] -
In the last 10 years you have noticed that there have been more episodes of droughts: [3,42] -
In the last 10 years you have noticed that there have been more episodes of frost: [42,45] -
In the last 10 years you have noticed that there have been more episodes of floods: [44] -
In the last 10 years you have noticed that there have been more episodes of Hail: [49] -
In the last 10 years you have noticed that there have been more diseases and pests: [50,51] -

In the last 10 years you have noticed that you have observed vegetation changes: [52] -

3.2 Measuring farmers risk attitude

The MLP described previously and proposed by Holt and Laury was selected [36], specifically
the variant developed by Brick, Visser and Burns [33]. This decision was taken because of the
characteristics of the study target population, which does not have a high level of education but is
familiar with the concept of lotteries. The selected method is also characterized by the simplicity and
relatively short time of data collection. In addition, its application does not require prior knowledge
of the concepts of uncertainty, risk nor requires extensive analysis of multiple statements. The MPL
method has been used in many studies to measure the risk attitude of individuals, among which are
those made by Olbrich et al. [34] and Brick et al. [33]

3.2.1 Model definition

Each respondent was presented with a set of different lottery pairs, within which one of the
lottery options must be chosen for each pair [53]. (It relates the levels of risk aversion with a prize or
profit). In the definition of the model, a list of 8 scenarios was generated with a pair of hypothetical
lotteries called option A and option B, similar to the theoretical model used by Brick et al. [33] In this
model, as in Brick’s, the probabilities of each one of the options to keep the experiment as simple as
possible remain constant. In option A the probability of obtaining the amount presented was set at
100% (safe option) and within option B (risky option) was set at the probability 50% of obtaining the
amount of ($ 100) and the same probability of 50% of not getting anything ($ 0) (tossing a coin to
heads or tails) in all scenarios, while the safe amount presented in option A in each of the 8 scenarios
is modified in a decreasing manner according to the following amounts ($ 100, $ 75, $ 60, $ 50, $ 40, $
30, $ 20 and $ 10).

Table 3 shows the experimental design used. The level of risk aversion is based on the number
of safe answers (option A) that the interviewee selects. According to the experimental design
structure, only a risk-loving participant would select option B in the first scenario; while an extremely
risk-averse participant would be the one who in the 8 scenarios would select option B and a risk-
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neutral participant would be the one who selects option A in the first 3 scenarios and from the fourth
scenario changes to option B. [54]
Table 3. Experimental design of risk choice. [33]

Next, I am going to ask you to participate in a Simple "Hypothetical" Lottery Game in which
you can earn some money. The question is based on whether you prefer to earn a small amount
of money safely or earn a greater amount of money where there is some risk that you do not win
anything.

Question 1: What alternative do you choose? (Check the corresponding option)

O Option A: You get $ 100 safely.

O Option B: We flip a coin: if the coin comes out HEAD, you get $ 100, if TAIL comes out, you get nothing.
Question 2: What alternative do you choose? (Check the corresponding option)

O Option A: You get $ 75 safely.

O Option B: We flip a coin: if the coin comes out HEAD, you get $ 100, if TAIL comes out, you get nothing.
Question 3: What alternative do you choose? (Check the corresponding option)

O Option A: You get $ 60 safely.

O Option B: We flip a coin: if the coin comes out HEAD, you get $ 100, if TAIL comes out, you get nothing.
Question 4: What alternative do you choose? (Check the corresponding option)

O Option A: You get $ 50 safely.

O Option B: We flip a coin: if the coin comes out HEAD, you get $ 100, if TAIL comes out, you get nothing.
Question 5: What alternative do you choose? (Check the corresponding option)

O Option A: You get $ 40 safely.

O Option B: We flip a coin: if the coin comes out HEAD, you get $ 100, if TAIL comes out, you get nothing.
Question 6: What alternative do you choose? (Check the corresponding option)

O Option A: You get $ 30 safely.

O Option B: We flip a coin: if the coin comes out HEAD, you get $ 100, if TAIL comes out, you get nothing.
Question 7: What alternative do you choose? (Check the corresponding option)

O Option A: You get $ 20 safely.

O Option B: We flip a coin: if the coin comes out HEAD, you get $ 100, if TAIL comes out, you get nothing.
Question 8: What alternative do you choose? (Check the corresponding option)

O Option A: You get $ 10 safely.

O Option B: We flip a coin: if the coin comes out HEAD, you get $ 100, if TAIL comes out, you get nothing.

3.2.2 Estimation of the relative risk aversion coefficient "r"

Once the structure of the experiment is established, according to the specification of the choice
of theory of expected utility (EUT) under uncertainty, the parameters of the function of aversion
relative to constant risk (CRRA) are estimated, which allow modeling the behavior or participants'
risk preferences [36,55]. "According to the theory of the expected utility (EUT Expected Utility Theory)
proposed by Von Neumann-Morgoestern, different utility functions have been generated that shape
the behavior of people according to their risk preferences. Among the most common is CRRA
(aversion relative to constant risk), which allows estimating the implicit risk in decision making" [21].

The expected utility EU of each lottery is calculated by means of the function:

EU :Z(pi *U(Xi)) ()
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where piis the probability of occurrence of the utility of the prize Xi and U (Xi) is the utility of the
prize Xi. The CRRA function is defined on a non-negative lottery prize, according to the following
equation:

Xl—r

1-r

U(x) = 3)
where x corresponds to the lottery prize, r is the latent risk aversion coefficient, where r = 0 indicates
risk neutrality, r > 0 indicates risk aversion and r < 0 indicates taste or love for risk. [55]

To determine CRRA values, a scenario and its immediate continuum are related, given that each
scenario is independent of the rest and the model is defined with a decreasing level of risk aversion,
so it is not necessary to relate it to the subsequent scenarios, meaning that the level of risk aversion is
determined by the first change of option A by option B. (Because of this, any inconsistency
subsequent to B's decision can be eliminated).

Table 4. Levels of risk aversion [36]

Number of safe choices | Range of relative risk
"A" Aversion CRRA for | Classification of risk preference
U(x)= X /(1-1)

0-1 oo >r<  -0.95 highly risk loving
2 -095 >r<  -0.49 very risk loving
3 -049 >r<  -0.15 risk loving
4 -0.15 >r< 0.14 risk neutral
5 014 >r< 041 slightly risk averse
6 0.41 >r<  0.68 risk averse
7 068 >r< 097 very risk averse
8 097 >r< 137 highly risk averse

For instance, with the observation of the choices of an individual who chooses option A in the
first three scenarios and then changes to option B, which corresponds to a risk aversion coefficient in
the range of -0.15 and 0.14, what would define it as risk neutral; while a person who always chooses
Option A (the secure lotteries), the CRRA rank that corresponds to it is 0.97 - 1.37, which defines it as
extremely risk-averse.

The expected values of options A and B of each of the scenarios of the previous experimental
design can be seen in Table 5; this also includes the ranges of relative risk aversion coefficients implicit
in each possible choice under the assumption of relative aversion to constant risk (CRRA).

Table 5. Matrix of payments in the risk aversion experiment

Lotte.ry Option A Option B Expected value CRRA*
Question |\ | ps | By |PB1* |B2| PB2* | E(A) | E(B) | Difference | Interval
(scenario)

1 100 1 100 0.5 0 0.5 100 50 50 -1.71, -0.95
2 75 1 100 0.5 0 0.5 75 50 25 -0.95, -0.49
3 60 1 100 0.5 0 0.5 60 50 10 -0.49, -0.15
4 50 1 100 0.5 0 0.5 50 50 0 -0.15, 0.14
5 40 1 100 0.5 0 0.5 40 50 -10 0.14, 0.41
6 30 1 100 0.5 0 0.5 30 50 -20 0.41, 0.68
7 20 1 100 0.5 0 0.5 20 50 -30 0.68, 0.97
8 10 1 100 0.5 0 0.5 10 50 -40 0.97,1.37

PA* Probability option A , PB1* probability of winning the amount B1 of option B, PB2* probability of
winning the amount B2 of option B, and CRRA* Aversion constant relative to risk.
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Once the CRRA values are estimated, the choices made by each individual on each pair of
options presented in the 8 scenarios are taken and their level of aversion to individual risk is
estimated.

The instructions and differences regarding the lotteries presented in each scenario were
explained in detail to farmers. Then, they were given the sheet to make their choices. The level of
individual risk was determined and consecutively the group results were aggregated. By means of
contingency tables and the analysis of the variance by means of the ANOVA method, the relationship
of the data with the variable response level of aversion to risk presented by the farmers is explored.
Subsequently, the statistical technique of Principal Component Analysis (PCA) was used to reduce
the dimensionality that is based on the estimation of correlations. Obtained results are interpreted
trying to characterize the agricultural producers of the study section.

4. Results and discussion

In this section briefly describes the results. Firstly, we present the results of the level of risk
aversion, and then the results of the heterogeneity analysis.

4.1 Results on the level of risk attitude

The analysis of the collected data gives a result of a risk aversion level of 0.32 which globally
defines the study population within the range of 0.14 and 0.41 corresponding to a slightly risk-averse
attitude according to the scale de Holt and Laury [36]. The result obtained is comparable with applied
research in agricultural activities through the use of similar tools, such as the one carried out by
Trujillo et al. on small pineapple producers in Santander, Colombia, in which producers are identified
as risk-averse [56]; the research by Brick et al., applied to the fishing production sector in which they
obtained a risk aversion coefficient of 0.393 [33] is very similar to that obtained in this work, or
Galarza's research in 2009, applied to cotton producers in southern Peru, in which the results
presented a risk aversion coefficient of 0.45, also places them in a risk-averse range [33]. Another
example that serves as a comparison is the study conducted by Pennings and Garcia, applied to 373
farmers, in which, the average risk level at which they were located was 0.371. [17]

The results presented in the following graph show how the distribution of the different levels of
risk attitude over the 370 producers.

51% (152)

8% (28) i Risk averse
Risk neutral
[T 250 m i

0% 10% 20% 30% 40% 50% 60%

Percentage of individuals

Levels of risk

Figure 3. Distribution of producers grouped according to their risk attitude.

With a slightly more detailed analysis based on the scale of Holt and Laury [36], we can see
(Figure 4) that almost 34% of agricultural producers are highly risk averse; their risk aversion
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coefficient is within the range of (0.97, 1.37), in contrast to the 22% of farmers who are highly risk

loving, for whom their risk aversion coefficient is within the range of (-1.71, -0.95) of the same scale
mentioned above.

Distribution of producers by level of risk 349,

(o]

140 (127)

120

100 22%
(81)

80

60 10% 9% » 9%
36 35 © 0
40 (36) (35) (28) (34) 5%
2% (20)
20 9)

highly risk very risk risk loving  risk slightly risk averse very risk highly risk
loving loving neutral risk averse averse averse

Figure 4. Distribution of the producers according to their risk level.

4.2 Risk Heterogeneity analysis

The risk response (risk-CRRA) is a categorical variable and represents the risk level of the
farmers according to the scale used by Holt and Lauri. The results of the heterogeneity analysis
indicate that the variables related to the level of risk aversion are: the purpose of the subsidies
received (p value = 0.002), the gender of the agricultural producer (p value = 0.046) and the age (p
value = 0.000). We also find that women declare themselves a bit riskier than their counterparts
(percentage of men who love risk = 39%, percentage of women who love risk = 61%). The average
level of estimated risk for women was -0.035 and the level of risk aversion of men was 0.361 contrary
to what literature reported regarding the risk score for women. Brick et al. [33] indicated that women
are the most risk averse, with a level of aversion of 0.254.

The variable collecting the main use of the subsidy was highly significant to the level of risk.
Farmers who receive economic support and use it to structural investment at farm level are more
risk-loving while those who do not, have adverse profile to risk. Age was also associated to the risk
level similar to the findings of Brick et al, in their experiment on African fishing communities 8l In
our case, we find that farmers "above 60 years of age" show that the experience acquired over time
allows them to have a lower risk aversion on average, compared to farmers in the range of 41 to 60
years’ old that are more conservative with a higher level of risk aversion.

The variables shown in the following table correspond to the heterogeneity analysis relating the
risk level and attitudes and perception toward environment and climate change.

Table 6. Variables related to the level of risk based on the ANOVA, classified by type of information.

Type of information Variables
Farm size Number of hectares of rain fed crops
Water use Volume of water irrigated (m3 per hectare)

Income Percentage of income from agriculture
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Table 6. Variables related to the level of risk based on the ANOVA, classified by type of information
(continuation)

Attitudes and Opinions towards the environment (NEP statements)

Considers exaggerated a global ecological crisis

The balance of nature supports the impact of industrialized countries

Humans may be able to control nature

Human ingenuity ensures that the earth is not uninhabitable

The inference of the human being in nature has disastrous consequences

The human being abuses seriously the environment

The balance of nature is delicate and easily alterable

We are approaching the limit number of people that the earth can hold

The earth has limited resources

The land has abundant resources, we just have to learn to exploit them

Sustainable development needs a balanced situation that controls Industrial growth

Attitudes towards climate change

Level of disposition to perform only nightly irrigation

Level of willingness to use low-polluting machinery

Level of disposition to carry out agro ecological production

Level of disposition for the use of renewable energy sources

Level of disposition not to burn biomass (stubble)

Level of willingness to use non-nitrogenous fertilizers

Level of willingness to use zero tillage

Perception of climate change

Level of impact of global warming on their crops

Percentage of climate change influence on production costs

Temperature increase

More episodes of floods

More episodes of hail

More diseases and pests

Changes in vegetation

Source: Own elaboration, based on the data provided by the interviewees.

Given that there is a main interest in the perception of farmers in the region with respect to
climate change, we reduced the dimensionality of this group of variables, seeking a minimum loss of
information through an ACP Principal Components Analysis. The objective is to determine a smaller
set of unrelated variables that explain the existing relationships between the observed variables;
identify the number of underlying variables; evaluate the individuals on these new variables; and to
interpret the component extracted. Before starting the analysis, the KMO test (Kaiser-Meyer-Olkin)
was applied to verify the applicability of the set of variables that are available. The result obtained of
0.697 indicates that the relation of these is between medium and low.

The results of the Principal Component Analysis on the variables related to the perception of
climate change, allowed to identify that with the first two components an explanation of the
variability of 51% is obtained, the climatic variables such as: floods, hail, diseases and pests , as well
as vegetation change, are broadly linked to the first component (0.76, 0.71, 0.63, 0.67) respectively,
while the influence of climate change on production costs is mostly correlated with the second
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component (0.84), indicating that it can be assumed that the first component characterizes the
perception of agricultural producers about greater negative events (effects of climate change), which
affect their agricultural productivity, constituting the first component, a factor defined Factor Size.

ACP - Climate Change Perception
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# Risk loving ! warming on their crops
A Risk neutral E Percentage of climate
B Risk averse . g E change influence on
: production costs
. ' Temperature increase
2- ., . ' More episodes of floods
. ; More episodes of hail
- . ! More diseases and pests
& 3. L pe ; Changes in vegetation
= n g
é;' ‘. ] ' OD - ’ [ l.':‘ :
A S S S e ... bty e T T
o 0 [ ] - joo
£ - 4 . E
= . e -
Ty cme
] [ = "oy c
= L - L}
S -7 g B
. LN %
] : - .
-2- : f
. |
i
i
. i
=
. i
. | . i .
6 4 2 0 2

Dim1 (34.5%)
Figure 5. Distribution of interviewed farmers according to their perception of climate change

The previous figure shows the distribution of the points cloud that represents the farmers on the
two main components, it is here through the interpretation of the communalities found in each
component that we can relate patterns on the agricultural producers, identifying that the producers’
agricultural sectors that have perceived greater impacts due to climate change are located more
loaded to the right on the factorial plane and to the left are those that have perceived to a lesser extent
such effects of climate change; likewise, the more upwards on the second dimension points are
located, it will mean that you have perceived to a greater extent the influence of climate change on
production costs.

In this same figure, in relation to the stated risk level elicited from the MPL, we can observe
according to the number of points, that in the majority of the risk-loving producers (identified with
the red dots) are the ones who have most perceived that the climate change has affected their
productivity and production activities, being one of the our main contributions to literatire. We also
observed that that risk-neutral farmers do not have a well-defined perceptions regading the climate
change nor the effects that climate change could have on their productivity.
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ACP - Attitudes and opinions towards the environment
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Figure 6. Distribution of farmers interviewed according to their environmental opinions

In relation to the opinions and attitudes toward the environment using the NEP scale, the results
obtained from the analysis of the main components are captured in the previous graph (Figure 6),
where it is observed that the first two components explain an accumulated variability of 47.4%. As
shown, only variables 2, 3, and 4 (The balance of nature supports the impact of industrialized
countries, Human beings may be able to control nature, Human ingenuity ensures that the earth is
not uninhabitable, respectively) are negatively related to the second component (-0.57, -0.71, -0.53).
According to the numerical results it was found that the opinion that "The land has limited resources”
is the one that contributes most to the first component (14.46) "variable 9" and the one that contributes
the most to the second component is the opinion that "Human beings may be able to control nature"
(27.10) "variable 3".

Based on the points dispersion, we can observe that farmers with more risk-loving attitude have
positive perception regarding the aspects related to the control of nature. The risk-loving producers
are those that allow a better differentiation of the aspects related to their environmental opinions,
that is, they have a clearer vision of the aspects related to their environmental opinions.

5. Conclusions

Although there is a wide variety of stated methods to measure the level of risk aversion, the
method of multiple price lists MPL "lotteries" is one of the most applied given the characteristics of
the population interviewed, resulting in easy understanding for farmers, that in general in the
studied area, do not have a high academic preparation. The results showed that the MPL is a useful
tool to compare stated risk attitudes of different individuals who face the same lottery game.

From the empirical point of view, we observed that the farmers of the study region are risk
averse (level =0.32), a comparable situation with that of other agricultural producers in other studies.
Analyzing the factors related to the risk level, this study showed the importance of the marketing
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channels used for their products, the type of tillage, and the control of pests are the largest as the
most important variables within the group of improvements required in the agricultural
environment. Likewise, in relation to the perception of climate change, the adverse effects perceived
to a greater extent by agricultural producers are the diseases and pests on their crops, changes in
vegetation, the increase in temperature, and the change in the temporality of the periods of rain. The
analysis of heterogeneity allowed us to verify that both sex and age are related to the level of risk.
Women in the region are more risk-loving than men and producers over 60 are more risk loving.

As part of the findings of this research, we found that farmers who love risk are the ones who
perceive the most climate change effect on production and are the most sustainable towards the
environment, which may generate greater resilience in the region. It would be recommended to
involve these farmers in the process of generating public policies aimed at improving productivity.
Therefore, since women were found to be more risk-loving, it would be also important to involve
them in the agricultural decision-making at farm level. Additionally, it is recommended to generate
policies that generate a higher level of confidence for farmer who are more averse to risk in order to
improve their perceptions and adaptive capacities to climate change.

One of the limitations of this paper is that the comparability of the results on the level of risk
depends on the use of the MPL method under the same payment scheme, given that the difference
in payments can generate heterogeneous results. Thus, for future research actions, it is considered
that the applicability and validity test of MPL could be verified by its application in other agricultural
areas with similar characteristics, in order to corroborate and validate the results that generate a
comparative map of attitudes towards risk and climate change perceptions.
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