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ABSTRACT

Agricultural production is a challenging business in Argentina due to output variability, unfavorable
government policies, and the absence of public risk management programs. Based on probit modeling and
information surveyed from producers farming in the Humid Pampa, this paper studies the influence of (a)
risk attitudes, (b) risk perceptions, and (c) socioeconomic factors on the probability of choosing five
different risk management strategies. Besides confirming that some results previously found in the
literature apply to the Argentine case, we find that local farmers have a particular understanding of specific
risk management strategies. Some strategies usually applied to reduce risks, such as the use of futures
markets or vertical integration are perceived by Argentine farmers as risk-increasing. Cost control is the
preferred strategy for risk-averse farmers. Policymakers and companies providing services should take into
consideration the particular way in which Argentine farmers perceive and manage risks to build a common
language.
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1 Introduction

Agricultural production is a risky business, and managing different risks is challenging for farmers. Weather conditions
affect plants and animals; price volatility, trade barriers, legal disputes, and human resources conflicts are other
significant risk sources associated with commercial and business management issues (Crane et al., 2013; Kahan, 2013).
Moreover, farm risks have been growing in the last few years, fueled by new sources, including (but not limited to)
climate changel, new environmental regulations, political conflicts, social instability, animal welfare issues, changes in
consumers’ preferences, new breeding technologies, rising concentration in the input markets, and pricing dynamics
(Boehlje et al., 2011; Weaver et al., 2020).

In developing countries, risk management is of special concern since the available information for forecasting is limited
(Aditto et al., 2012). Furthermore, country-specific issues may contribute to an increase in risks. For example, in the
case of Argentina, farmers are used to enduring substantial doses of volatility derived from political and institutional
factors which increase the normal level of farming risks.

Agricultural production is of major importance to the Argentine economy. Approximately 55% of the country's exports
are linked to farming which also supplies almost all the food that is consumed in the domestic market. Agriculture in
the Humid Pampa, the main producing area in the country, has undergone substantial changes in the last 20 years due
to new crop technologies, new farm practices, and changes in land use (Anton et al., 2019). These changes have
contributed to boosting agricultural output, but yields still show a considerable annual variability (Hubbs et al., 2016;
Hubbs et al., 2017), primarily due to the absence of irrigation systems (Gallacher et al., 2011).

The variability of output is further aggravated due to Argentine agricultural policies which have been subject to abrupt
shifts and have moved in the opposite direction compared to policies in the United States or Europe. While the United
States and the European Union provide assistance and cash transfers, Argentina has burdened the agri-food sector with
export taxes over most of the last two decades (Anton et al., 2019). Moreover, there have been no programs
encouraging farmers to get insurance coverage or schemes to stabilize incomes (Lema et al., 2018).

The combination of (a) high volatility in output and yields, (b) macroeconomic and political instability, and (c) the
absence of public programs to tackle risk have created a hostile environment for Argentine farmers, who need resilience
to survive and remain in business. While many papers study risk management strategies (see Table 1 and Table 2), not
many address the role of farmers in such an adverse context. A deeper understanding of Argentine farmers' risk
management strategies may provide valuable information for insurance and trading companies and help them design
better-tailored solutions for the sector. Furthermore, government institutions may be interested in working on public
insurance plans or support programs towards helping farmers tackle risks.

This paper aims at analyzing the factors that influence different risk management strategies implemented by Argentine
producers farming in the Humid Pampa, using a local farm-level survey. Building on a literature review that is presented
in section 2, in section 3 we define the two main variables employed in the study: risk attitudes and risk perceptions,
and summarize the methods used for studying how these variables affect farmers’ risk management behavior. In section
4 we detail our findings, and in Section 5 we present our conclusions and the main policy and business implications of
our work.

2 Literature review and theoretical framework

The concept of risk comprises a potentially unfavorable outcome and the losses that may come after (Wang et al., 2010;
Wolff et al., 2019). Risk is intrinsic to every decision: economic agents typically make choices without knowing the
outcomes. Economics has mainly relied on the Expected Utility Theory framework to represent behavior in a context of
uncertainty (Loubergé, 1988). The idea of rational choice under uncertainty was generalized by the seminal work of
John Von Neumann and Oskar Morgenstern (1944). The authors propose an axiomatic system in which agents’
preferences are represented through choices among lotteries or gambles that produce an outcome with a determined
probability. If the person chooses the secure outcome over any risky lottery that provides the same expected value, it
is considered risk-averse (Resnik, 1987).

Nevertheless, recent research has demonstrated that behavior in real life may not follow theoretical predictions. People
show biases and follow more straightforward paths to shape their beliefs about uncertain events. For example, people
assign different weights to gains and losses (Kahneman and Tversky, 1979) or ponder risks according to how vividly they
portray the outcomes of an adverse event, regardless of the probabilities (Tversky and Kahneman, 1974). Even past

1See, for example, in Mesfin and Bekele (2018) the adoption of different risk management and adaptation strategies of smallholder
farmers in Ethiopia.
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experiences matter, since people rate higher those risk sources they have been exposed to previously (Ohman, 2017).
Hence, shaping risk perceptions and attitudes is much more complex than theoretical models; it is influenced by
economic agents’ contexts, experiences, and beliefs. Understanding this is essential since these attitudes and
perceptions will ultimately impact how agents decide to manage risk.

Risk management strategies help economic agents to avoid, transfer or reduce risks, or even to accept some and cope
with the consequences. Managing risks requires identifying and assessing risk sources, and then choosing a combination
of activities that reduce the possibility of an adverse event while maximizing returns (Beal, 1996; Harwood et al., 1999).
Thus, the optimal risk management strategy should balance potential profit and losses following the economic agent’s
risk preferences (Crane et al., 2013).

2.1 Risk management in agriculture

Risk management strategies cannot be understood without addressing farmers’ context and beliefs since farm
managers tend to react to their circumstances. In this setting, the risk management strategies they adopt should match
their personal risk preferences (Meuwissen et al., 2001). Different theoretical models suggest that risk management
strategies depend mainly on farmers’ beliefs about risk. These beliefs are a combination of risk attitudes and risk
perceptions plus a group of socioeconomic variables that directly affect strategies or are mediated through attitudes
and perceptions (Sitking and Weingart, 1995; Sitking and Pablo, 1992).

Risk attitudes reveal or indicate to which extent a person is willing to take risks or prefers to avoid them; attitudes go
from risk aversion to risk pursuing (Sitking and Weingart, 1995). Research has demonstrated that risk attitudes tend to
be contextual and may change through time (Dohmen et al., 2011). Risk attitudes will influence the type and intensity
of risk management strategies: the more risk-prone the agent is, the less willing he/she will be to implement risk
reduction strategies (van Winsen et al., 2016; Meuwissen et al., 2001).

On the other hand, risk perceptions reflect the economic agents’ subjective viewpoints on how they characterize
activities as more or less risky (Slovic et al., 1982; Bishu et al., 2018). Therefore, risk perceptions will influence farmers’
choices when designing their risk management strategies and when selecting one over the other. According to Sulewski
and Kloczo-Gajewska (2014, p. 140) “appropriate risk perception can be seen as a prerequisite for choosing an effective
risk-coping strategy because a farmer that is not aware of the risks faced is clearly unable to manage them effectively”.

But, as previously stated, not only risk perceptions and attitudes affect the design of risk management strategies.
Farmers from different socioeconomic backgrounds (age, education, culture, income, farming practices, etc.) follow
different decision-making processes (Duong et al., 2019). The variables related to a farmer’s socioeconomic background
may directly affect his/her strategies (Sherrick et al., 2004; Kaczala and Wisniewska, 2015) or be mediated by
perceptions and attitudes (Meuwissen et al., 2001; van Winsen et al., 2016; Boggess et al., 1985). Table 1 summarizes
the socioeconomic variables that have been identified in the literature.

Table 1.
Literature Review. Socioeconomic variables that affect risk management strategies.

Author Age Education Gender Farmsize Land tenure Farm type Region
Aditto et al (2012) X X X X
Bergfjord (2009) X

Bishu et al (2018) X X X
Boggess et al (1985) X X X X
Duong et al (2019)

Kaczala and Wisniewska (2015) X X X X X
Meuwissen et al (2001) X X

Pellegrino (1999) X

Pennings and Garcia (2001)

Sherrick et al (2004) X X X X

Van Asseldonk et al (2016) X

2.2. Risk management strategies

There is a broad range of risk management strategies available to farmers. Some are more traditional, like crop
insurance (Sherrick et al., 2004; Meuwissen et al., 2001) or future contracts (Huirne et al., 2000). Other strategies are
associated with farm management activities, like controlling costs, maintaining financial reserves, seeking off-farm
income, introducing better technology, seeking productive diversification, using government credit or subsidies
programs, seeking vertical integration, or resorting to professional consultants to make decisions.

Table 2 summarizes the main strategies identified in the relevant literature.
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Table 2.
Literature Review. Synthesis of risk management strategies identified in the literature.
Use of X .
Fi | Cost . U t
future and inancia . Use 08 R Use of Obtain off S€ gov
. buffer/ Vertical . control/  Diversify . Buy loans &
options I . . professional A, production . farm
Prioritize  integration A Process  activities insurance . cash
contracts - advice PP contracts income
solidity optimization programs
for output
Van Winsen et al (2016) X X X X X X
Huirne et al (2009) X X X X X X
Hardwood et al (1999) X X X X X X
Aditto et al (2012) X X X X X
Meuwissen et al (2001) X X X X
Wilson et al (1988) X X X
Sulewski and Kloczko-Gajewska (2014) X X X
Kaczala and Wisniewska (2015)
Bergford (2009) X X X
Theuvsen (2013) X X X X
Boggess et al (1985) X X
Bishu et al (2018) X X
Sherrick et al (2004) X

This paper intends to test one main hypothesis, that farmers’ risk management strategies are influenced by (a) risk
attitudes (the extent to which farmers are willing to take risks), (b) risk perceptions (the risk sources that are subjectively
considered most relevant) and (c) socioeconomic factors, as shown in Figure 1. The goal is to evaluate the influence and
relationships between variables in general, not to make specific hypotheses about the expected direction of the

variables.

Risk attitudes

Farmers' risk
management
strategies

Socioeconomic
variables J

Risk perceptions

./

Figure 1. Model of analysis: factors affecting risk management strategies.

Based on available data, this paper tests five different strategies: 1) use of futures; 2) crop storage?; 3) plans for vertical
integration; 4) use of professional advisory services and 5) preference for cost control.

3 Model & Data

3.1 Model

We use a response model to determine the probability of choosing a specific risk management strategy. In
particular,

P(ys = 1|x) = G(xB) D

Where y; = 1is the election of a strategy s, x is a row vector of K explanatory variables, 8 is a column vector of
parameters. This model is generally called an index model because the function G(.) maps the index into the
response probability (Wooldridge, 2002). As any probability is between 0 and 1, we choose a function G(.) that
ensures that condition. In this case, the standard normal density function. In other words, we use the probit model
to estimate 8 for each strategy s:

y;: Using futures

y,: Storing crops

y4: Plans for vertical integration

v, Use of professional advice in decisions
ys5: Preference for cost control

2 In the Argentine case, storing crops may be interpreted as a way of financial buffering since producers tend to save crops (mainly
in silo-bags) to wait for better prices or to sell later to cover cash shortages.
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As we are interested in what determines the probability of choosing a specific strategy, we focus on vector f.
However, the interpretation of estimated parameters is not straightforward in probit models, because the partial
effect of each covariate on P(y, = 1|x) is affected by the nonlinear function G(.). In order to obtain a
comprehensive interpretation, there are two possible approaches: estimating the partial effect at the mean (PEA),
or the average partial effect (APE). The former means estimating the partial effect at the level of the “average
farmer in the sample”. This can be misleading in the case of discrete variables (just as most of the variables in our
dataset). On the other hand, the APE is more intuitive for binary covariates. For each observation, the probability
of success is calculated when one of the binary covariates x;, = 1 and when x;, = 0, holding the other covariates
constant. The difference would be the conditional effect of x;, on y, for each farmer. Then, we average this effect
across farmers and we obtain the APE, which is the way we show results in Section 4 (Wooldridge, 2013).

3.2 Data

This paper’s main source of information is a survey on farmers’ purchasing habits and managing behavior called “Needs
of the Argentine Agricultural Producer 2017”. A total of 818 surveys were carried out among agricultural producers from
the Humid Pampa (covering the provinces of Buenos Aires, Santa Fe, Cérdoba, and Entre Rios). Approximately 85% of
the soybean national production (considering an average from 2012/13 to 2015/16) is grown in the surveyed area. The
survey includes agricultural producers, defined as the physical or legal persons dedicated to the production of soybeans,
wheat, corn, etc. on owned and/or leased land. The fieldwork was conducted during June and July 2017. This is the only
survey in Argentina that is aimed at understanding farmers’ strategies and purchasing behavior.

3.2.1 Risk attitudes

The survey includes a section to study farmers’ risk profiles, with three self-assessment questions. Question number 32
inquires about risk attitudes: “How willing are you, as a businessman, to take risks with the aim of making a profit? (1 =
not very willing; 9 = very willing)”. This question shows a structure similar to that proposed by Dohmen et al. (2011) but
is constrained to the producer’s risk attitudes “as a businessman”. When analyzing the responses given, the mean of
the 818 responses is 6.03.

Most farmers were very cautious in their answers; as shown in Figure 2, responses around the mean —options 5, 6, and
7— capture 57.2% of the total, representing approximately quintiles 2 to 4. The riskiest selections, values 8 and 9, fall
approximately in the last quintile of the sample (22.6%), while the most conservative responses (values 1 to 4) are in
the first quintile. Based on these results, two dummy variables were defined and included in the model, one for the last
quintile (risk takers) and one for the first (risk-averse).

25% -

20.3%

20% - 18.3% 18.6%

15% -
10.8% 115% 11.1%

10% -

Percentage of producers

5%

0% -

1 2 3 4 5 6 7 8 9

Self-asessment scale

Figure 2. Histogram of the ‘willingness to take risks’ variable.

3.2.2  Risk perceptions

To explore farmers’ risk perceptions, in question number 30 they are requested to rank the following risks from 1 to 5,
1 being the most important and 5 the least important: production risk; climate risk; marketing risk; financial risk; legal
risk and human risk. For a better interpretation, the responses were characterized in clusters that help to determine
risk perception groups. This approach is similar to Thompson et al. (2019).

Cluster analysis is a statistical methodology that allows dividing a finite set of individuals into groups. Those individuals
in the same group are similar, and those in different groups are dissimilar. Most of the various grouping algorithms
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proposed in the literature are framed in two differentiated classes, non-hierarchical (or partition methods) and
hierarchical methods (James et al., 2013).

This paper uses the k-means method, which belongs to the non-hierarchical type. In this method, the data set is
partitioned in k distinct, not overlapping clusters, trying to minimize the variability within each cluster, W (C,). The most
common measure to define cluster variation is based on the Squared Euclidean Distance (James et al., 2013):

p
1
w(C,) = Gl Z Z(xij - xi’j)z (2)

ii'ecy j=1

Where | Cy | is the number of observations in the kth cluster and p is the total number of pairwise squared Euclidean
distances between observations x;; in a particular cluster.

Using the algorithm (5), we obtain three different groups of farmers?, following an approach similar to Thompson et al.
(2019). Table 3 summarizes the characterization of each cluster in terms of risk perceptions for the six different risk
sources evaluated in the survey.

Table 3.
Cluster analysis. Risk perceptions by cluster.

F-statistic

Cluster1l Cluster2 Cluster3 All ANOVA Pairwise comparison
Climate risk 1.537 5.170 1.433 2.002 1160.25  *** Cluster 2 is different from 1 and 3
Productive risk 2.236 2.241 4.162 2.89%4 263.94 *** Cluster 3 is different from 1 and 2
Financial risk 3.586 2.482 3.726 3.482 41.08 *** Cluster 2 is different from 1 and 3
Commercial risk 3.414 2.786 4.018 3.533 44.99 *** All clusters are different from each other
Legal risk 5.243 3.777 2.130 3.979 898.81  *** All clusters are different from each other
Human risk 4.983 4.545 5.531 5.110 33.82 *** All clusters are different from each other
Observations 423 112 217 812
% of sample 52.1% 13.8% 34.1% 100.0%

Pairwise comparison test with Bonferroni correction, 0=0.1C1
ANOVA test for differences in multiple means *** p<0.01, ** p<0.05, * p<0.1
Note: Rate according to preference, where: 1 = the most important and 6 = the least important

The first group is the largest one, with more than half of the respondents in the sample (52.1%). For modeling purposes,
this will be the benchmark group. These farmers are the closest to the average or ‘typical’ Argentine farmer, in terms
of risk perception. Members of this group are mainly output-centered and consider climate and production risks to be
the most important. Financial and commercial risks come third and fourth, while risks from legal or human aspects are
the least valued. These are young producers farming in the core area, they are mid-sized, and operate a high share of
rented land.

The second group's assessment of productive risk is similar to that of the base group. However, it does not consider
climate as important and gives the highest weight to financial and commercial risks. These farmers are more focused
on business and commercial issues and, on average, their size is the largest. This second group accounts for 13.8% of
the sample.

Finally, the third group (34.1% of the sample) values climatic risk similarly to the base group and estimates every risk
less than the other two groups (except for legal risks). This group is the one that gives more value to risks coming from
legal sources. These farmers see that weak property rights and an adverse institutional environment as risks. On
average, these farmers are the oldest. They are traditional, small-scale Humid Pampa landowners.

Appendix 2 includes a characterization of each cluster based on the variables introduced in the models. Appendix 3
briefly describes each cluster.

3.2.3 Risk management strategies and socioeconomic variables.

The survey questionnaire let us distinguish different risk management strategies adopted by farmers.

3812 out of the total 818 farmers that make up the sample were classified since six did not answer question number 30. Therefore,
these 812 farmers will be our base group for modelling purposes.
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Appendix 1 lists and defines the risk management strategies included, as well as the socioeconomic variables. Table 4
summarizes some descriptive statistics for the main variables.

Table 4.
Summary statistics for socioeconomic and management strategies variables.

Variable Observations Mean sd min max
Age(years) . 818 45785 12357 9 o 84 .
Mele 818 | 093 0246 R 1.
Graduate studies 818 0.601 0.490 0 1
Corearea ... 818 | 042L 0494 | 0 1.
Livestockarea 818 | 0323 0468 O 1.
Farmsize (hectares) 818 216835 721520 310 190000
Landtenue 818 | 0472 0500 | 0 . 1
Mixed farmers 818 0.315 0.465 0 1
Operate with future markets 818 ... 0355 0479 ! O 1
Cropstorage . 9% 02r4 0446 | 0 1.
Verticalintegration 818 0414 0493 0 ° 1
Decides with professionals 818 0544 0498 0 1
Cost control 818 0.331 0.471 0 1

Source: Needs of the Argentine Agricultural Producer 2017 survey

4 Results

Table 5 details the results for each probit model, expressed as Average Partial Effects (APE)?, as explained in Section
3.1. The model shows that farmers' risk beliefs, attitudes, and perceptions, significantly affect their adoption (or not) of
risk management strategies.

4.1 Risk attitudes

The first striking aspect is that risk attitudes operate in a different direction than expected. One would anticipate that
risk aversion positively correlates with the use of risk-reducing strategies, as reflected by van Winsen et al. (2016),
Theuvsen (2013), and Meuwissen et al. (2001).

Nevertheless, those Argentine farmers that declare themselves as more willing to take risks are more likely to use
futures (9.6%) and store crops (8.7%) compared to the base group. On the contrary, being part of the group self-declared
as risk-averse implies being less likely of using futures (-7%) and integrating vertically (-12%) compared to the base
group. In addition, risk aversion significantly and positively relates to a preference for cost control (this result is as
expected).

Futures and options are not popular among Humid Pampa producers as shown by Leavy and Allen (2015). It does not
necessarily imply that farmers are unaware of the need to manage price risks. Results from the previous survey (Needs
of the Argentine Agricultural Producer 2012) indicated that 74% of respondents stated they were not trading in futures
markets, but at the same time, 55% of them reported they were using forward contracts. Producers argued information
and knowledge issues that add to the high costs of trading in futures markets (Mac Clay et al., 2020). Local producers’
lack of information causes them to consider agricultural derivative markets as speculative rather than as a price
coverage option. Franken et al. (2014) obtained a similar result among lllinois farmers, where risk aversion increases
the proportional use of forward contracts, but not futures and options.

A similar explanation can be drawn over vertical integration. Farmers may see vertical integration not as a risk
management strategy but, on the contrary, as a risk-increasing decision. Argentine macroeconomic instability and
cyclical policies may discourage farmers from integrating forward or backward in businesses when they are not well
informed and may expose them to additional market fluctuations, government regulations, or unions’ pressures.
Therefore, farmers see vertical integration as risky, whereas in normal contexts it may be considered risk-reducing.

4 partial Effects at the Means were also calculated, with no substantial differences with APE.
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Table 5.

Probit regression models. Average Partial Effects (APE) Summary

MANAGEMENT STRATEGIES

@ ) ©) 4 ©)
VARIABLES Use of futures | Crop storage in\t:eegrrt;iiic:n Prz;e\:/s;::oenal Cost control
Risk attitude
Risk-averse -0.070* 0.016 -0.120*** -0.032 0.134***
(0.041) (0.040) (0.041) (0.040) (0.042)
Risk-takers 0.096** 0.087** 0.055 -0.033 0.018
(0.039) (0.039) (0.040) (0.038) (0.037)
Risk perceptions
Cluster #2 (Business-commercial) -0.206*** -0.006 0.113** 0.046 0.063
(0.039) (0.043) (0.049) (0.048) (0.046)
Cluster #3 (Legal/Property risks) -0.065* -0.159%** -0.154*** -0.152%** 0.257***
(0.036) (0.034) (0.040) (0.039) (0.039)
Socioeconomic variables
Age (40-54) 0.042 -0.005 -0.053 0.001 0.131***
(0.037) (0.035) (0.038) (0.037) (0.036)
Age (55-69) -0.010 -0.028 0.003 -0.018 0.207***
(0.046) (0.044) (0.048) (0.046) (0.047)
Age (70+) -0.038 -0.060 -0.049 -0.099 0.275**
(0.101) (0.098) (0.104) (0.106) (0.107)
Gender -0.086 -0.031 -0.072 -0.108* -0.024
(0.062) (0.063) (0.063) (0.055) (0.064)
Education (Undergraduate) -0.035 -0.038 -0.076** 0.032 0.090***
(0.035) (0.034) (0.036) (0.035) (0.033)
Education (Graduate) 0.131* -0.098* -0.040 0.128** 0.144**
(0.073) (0.055) (0.066) (0.060) (0.065)
Size 0.114%** 0.008 0.052** 0.169*** -0.070***
(0.018) (0.018) (0.020) (0.021) (0.025)
Land tenure -0.149**= -0.091*** -0.106*** -0.199*** 0.085**
(0.034) (0.033) (0.035) (0.034) (0.033)
Farm type 0.031 0.084** 0.144%*** 0.065 0.006
(0.039) (0.039) (0.041) (0.040) (0.039)
Region (Core area) 0.000 0.160*** 0.041 0.006 0.006
(0.040) (0.040) (0.041) (0.039) (0.039)
Region (Livestock area) 0.066 0.080* 0.002 -0.059 0.083**
| (0.041) (0.045) (0.044) | (0.041) | (0.040)
Observations 812 790 812 812 812

Note: The model includes two new interactions: size and land-tenure; size and farm type. They are all dummy variables
except size. Robust standard errors in parenthesis.

*%% 20,01, ** p<0.05, * p<0.1

4.2 Risk perceptions

We find risk perceptions do explain part of the risk management strategies used. Therefore, the model now includes
two of the three groups obtained via cluster analysis; the first group is the benchmark. Risk perception group #2 (the
more business-oriented group that values commercial and financial risks the most) is negatively associated with the
probability of using futures (-20.6%), which is explained by the fact that Argentine farmers believe that derivative
markets are a risky choice. Also, group #2 membership is significant to explain vertical integration (11.3% average

increase in probability).

Risk Group #3 (the group that values every risk source less but values legal risks the most compared to the other two
groups) is significant to explain the probability of using all the assessed risk management strategies. As expected,
membership in this group reduces the probability of using four out of five risk management strategies (except for cost

control).
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4.3 Socioeconomic variables

Including socioeconomic variables in the model was useful. The probability of preference for cost control activities
increases with age when compared to the base group (the youngest farmers). This seems reasonable given that cost
control is a very traditional way of managing risk in agriculture —even though it is not a risk management tool per se.

Gender is significant to explain the strategy of involving professionals in decisions: being a man reduces, on average,
the probability of resorting to professionals (-10.8%) in the decision-making process. This means that women show a
higher preference for professional advice, which is interesting since women are a small part of the sample (around 6%).
So, differences in means should be strong to reject the null hypothesis. Several studies show that women tend to be
more risk-averse, and therefore, more prudent in their decisions than their male counterparts (Donkers et al., 2001;
Charness and Gneezy, 2012).

Education positively correlates with using most of the strategies. Having an undergraduate or graduate degree is
positively associated with a preference for cost control. There is a positive association between a graduate degree, the
use of futures and the inclusion of professionals in the decisions. The more educated the farmer, the more he or she
understands the need for professionalized management, and the greater their knowledge of more sophisticated price
risk tools. These results are in line with the findings from Aditto et al. (2012), Kaczala and Wisniewska (2015), and
Sherrick et al. (2004).

As expected, farm size is positively associated with the probability of using futures, vertical integration, and professional
advisory services in the decision-making process. These results are in line with the findings from Van Asseldonk et al.
(2016) and Aditto et al. (2012). Size, though, is negatively associated with the preference for cost control. One
explanation is that farm size may probably ‘relax’ some cost-control-oriented activities: the larger the size, the easier it
is to cover some inefficiencies. Another explanation, as Bergfjord (2009) states, is that size reduces the use of more
traditional strategies and increases the importance of more sophisticated tools.

Concerning land tenure, owning 75% or more of the land is negatively associated with the probability of using four out
of the five strategies under analysis. Being a farmer who rents less than a quarter of the land under production decreases
the probability of using every strategy if compared to farmers with a higher share of rented land (cost control being the
exception). It is reasonable since owning a higher share of the main productive asset makes farmers feel relatively safer
with their operations and decreases the need for risk management strategies. As Sherrick et al. (2004) state, greater
reliance on farmland ownership versus leasing often reflects greater stability of land control and a better wealth position
for farmers.

Regarding farm type, it is interesting to verify that mixed farms are associated positively with the probability of storing
crops (8.4%) and vertical integration (14.3%). These results work in the expected direction since the livestock business
relies on saving crops as input for the cattle; in terms of vertical integration, one may say that these farms already show
a degree of vertical integration. Kaczala and Wisniewska (2015), Meuwissen et al. (2001) and Boggess et al. (1985) also
find connections between farm type and risk strategies.

Finally, in terms of regions, producing in the core agricultural area is positively associated with the probability of storing
crops, while producing in a more livestock-oriented area is positively associated with storing crops and the preference
for cost control (in both cases, as expected). Aditto et al. (2012), Boggess et al. (1985), Kaczala and Wisniewska (2015)
and Bishu et al. (2018) find a relationship between location and risk strategies.

5 Conclusions

Previous studies on farm risks in Argentina (Pellegrino, 1999; Gallacher et al., 2016) have not addressed how farmers
tackle risk in this highly hostile macroeconomic and political context. This paper intends to offer broader insights into
on-farm risk management in adverse country contexts. Agricultural production is a challenging business in Argentina
due to output variability, unfavorable government policies, and the absence of public risk management programs.

This paper makes three main contributions. The first is that both risk attitudes (willingness to take risks) and risk
perceptions (the risk sources that farmers consider the most important) affect farmers’ probability of choosing different
risk management strategies. Some studies indicate that risk attitudes are the main factor that conditions the type of
strategies adopted, while risk perceptions show low explanatory power over risk strategies (Meuwissen et al., 2001;
Aditto et al., 2012; van Winsen et al., 2016). On the other hand, other studies claim that both, risk perceptions and
attitudes, affect strategy selection (Wilson et al., 1988; Bishu et al., 2018; Sulewski and Kloczko-Gajewska, 2014; Sitkin
and Weingart, 1995; Sherrick et al., 2004). The results in this paper go in line with the last group, as findings reveal that
risk attitudes and perceptions influence the management strategies chosen.

Second, Argentine farmers’ socioeconomic profiles help to predict the probability of adopting different risk
management strategies. This is in line with previous evidence (Sherrick et al.,2004; Kaczala and Wisniewska, 2015).
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Social variables (e.g., education, age, or location) and economic variables (e.g., farm size, land tenure regime, or farm
type) are significant to explain the probability of choosing one or more of the assessed strategies.

Finally, some idiosyncratic characteristics of the Argentinean case were found. Literature shows that the higher the risk
aversion, the higher the use of risk management strategies (van Winsen et al., 2016; Theuvsen, 2013; Meuwissen et al.,
2001). However, Argentine farmers show an inverse relationship. In other words, farmers self-declared as risk-tolerant
present a higher probability of using futures and storing crops, while farmers self-declared as risk-averse are associated
with a reduced probability of using futures and integrating vertically. These counter-intuitive results make sense in the
specific context of Argentine agricultural producers. In the matter of futures, for example, Argentine farmers mention
informative and knowledge issues regarding agricultural derivative markets: they tend to see these markets as
speculation tools rather than as coverage tools. Something similar happens with the possibility of vertical integration.

The findings presented in this paper are useful to several value chain actors. First, commercial intermediaries and
trading companies need to consider how deficiencies in information and knowledge affect farmers’ perception of the
use of future markets. A more direct communication strategy may reduce information gaps and help farmers to refine
their commercialization strategies. Second, banks and insurance companies should consider that farmers tend to
develop a defensive approach to manage their business in economically and politically unstable environments (like
Argentina). Credit or insurance products should specifically address the particularities of the farming business, and
foster farmers to venture into value-adding activities that are normally seen as risky (such as vertical integration). Finally,
policymakers need to account for the fact that persistent policy instability discourages investments and undermines
farming perspectives. Long-term and consistent policies contribute to building a predictable business environment and
reducing the number of risk sources that farmers have to manage.

In a context of rapid changes in the agricultural sector and a particularly adverse country context, Argentine farmers are
forced to be resilient to remain in business. This paper has explained the factors that influence their choice of strategies
to mitigate or transfer risks. Our work presents some limitations since the survey that provided most of the information
that we used is very rich, but not specifically oriented to risk management. The approach to risk management strategies
is built indirectly, resorting to some of the questions. Therefore, the scope of the evaluated strategies leaves aside some
other important strategies, such as insurance coverage or off-farm rents. Further analysis should be oriented to (a)
incorporate other strategies not assessed here; (b) study farmers' needs and willingness to spend money on specific risk
programs, in line with Lema et al. (2019), and (c) gain deeper knowledge on the relationship between farmers and ag
derivative markets.
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Appendix 1. List and definition of the variables included in the models.

Variable Type Description
Age Socioeconomic Four age groups: 18-39; 40-54; 55-69 and 70+
Gender Socioeconomic Male=1
Female=0
Education Socioeconomic Undergrad (finished undergraduate studies)=1 Rest=0
Graduate (finished graduate studies)=1 Rest=0
Core Area = North of Buenos Aires; South of Cordoba & South of Santa Fe (core agricultural area in
Pampa Humeda with share of corn above the mean).
Location Socioeconomic | Livestock Area = West, Southeast and Center of Buenos Aires Provinces (this region captures more
than 65% of cattle heads in the sample)
Rest = Center of Cdrdoba; North of Santa Fe; West of Entre Rios & East of Entre Rios.
Farm Size Socioeconomic Overall production area (in hectares)

Land Tenure

Socioeconomic

Land Tenure =1 if 25% or less of the operated land was rented.
Land Tenure = 0 if more than 25% of the operated land was rented.

Farm Type

Socioeconomic

Farm Type = 1 for mixed farmers, if farmer has area dedicated to livestock (dairy, beef or swine)
Farm Type = 0 for farms dedicated only to agriculture.

Willingess to take
risks

Risk Attitudes

How willing are you, as a businessman, to take risks with the aim of making a profit?
(1=not very willing; 9= very willing)
Risk Averse =1to 4
Base group=5to 7
Risk takers = 8 and 9

Most important
sources of risk

Risk Perceptions

When considering the risks you face as an agricultural producer, which of the following areas of risk do
you consider to be the most important when managing your farm business?
Rate according to preference, where: 1 = the most important and 6 = the least important
Productive risk; Climate Risk; Financial Risk; Commercial Risk; Legal Risk; Human Risk.
Simplified in 3 groups via cluster anaylsis.

Future markets Strategies Use of futures = 1 if the farmer declares that usually operates with future markets.
. Crop Storage = 1 if farmer stored any percentage of his production in the last harvest season, no matter
Crop Storage Strategies
what the mode of storage was.
. . . Vertical Integration = 1 if the farmer is planning to expand vertically either in the next 12 months or in
Vertical Integration Strategies 9 P 9 P y'
the next 5 years, self-employed or associated.
Decides with . . . . . . ] .
. Strategies Professional Advice = 1 if the farmer uses professional advisory services to make decisions
professionals
. Cost Control = 1 if the farmer chose Managing/Controlling Costs as the most important activity for
Cost Control Strategies ging 9 P ty

success
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Appendix 2. Characterization of each cluster in terms of the main variables introduced in the models.

Cluster1 Cluster2 Cluster3 All l;sNtaOtl\s/'tAlc Pairwise comparison
Age (18-39) 0.463 0.339 0.144 0.337 41.87 *** All clusters are different from each other
Age (40-54) 0.366 0.518 0.491 0.430 7.46 *** Cluster 1 is different from 2 and 3
Age (55-69) 0.149 0.125 0.329 0.207 19.97 *** Cluster 3 is different from 1 and 2
Age (70+) 0.021 0.018 0.036 0.026 0.89 No differences between clusters
Gender 0.934 0.955 0.928 0.935 0.50 No differences between clusters
Socioeconomic Education (Undergrad) 0.556 0.670 0.646 0.602 4.13 ** Cluster 1 is different from 2 and 3
Education (Graduate) 0.054 0.071 0.101 0.073 2.72 * Cluster 3 is different from 1
Avg. Size (in hectares) 2028 4440 1455 2165 7.04 *** Cluster 2 is different from 1 and 3
Land Tenure 0.366 0.473 0.632 0.472 25.02 *** Cluster 3 is dfferent from 1 and 2
Farm Type 0.355 0.384 0.217 0.312 9.19 *** Cluster 3 is dfferent from 1 and 2
Region (Core Area) 0.482 0.313 0.375 0.422 7.23 *** Cluster 1 is different from 2 and 3
Region (Livestock Area) 0.279 0.518 0.307 0.321 12.10 *** Cluster 2 is different from 1 and 3
Risk Attitudes Risk Attitude (Risk averse) 0.203 0.107 0.238 0.202 4.29 ** Cluster 2 is different from 1 and 3
Risk Attitude (Risk takers) 0.243 0.232 0.191 0.224 1.33 No differences between clusters
Use of futures 0.430 0.205 0.292 0.352 13.50 *** Cluster 1 is different from 2 and 3
Crop storage 0.353 0.315 0.127 0.271 22.77 *** Cluster 3 is dfferent from 1 and 2
Risk Management  Plans for vertical integration 0.485 0.580 0.231 0.411 32.15 *** Cluster 3 is dfferent from 1 and 2
Use of profesional advisory services  0.631 0.661 0.361 0.543 30.24 *** Cluster 3 is dfferent from 1 and 2
Preference for cost control 0.191 0.268 0.574 0.333 65.26 *** Cluster 3 is dfferent from 1 and 2
Observations 423 112 277 812
% of sample 52.1% 13.8% 34.1% 100.0%

Pairwise comparison test with Bonferroni correction, a=0.1[]
ANOVA test for differences in multiple means *** p<0.01, ** p<0.05, * p<0.1
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Appendix 3. Brief description of each cluster.

Cluster 1 Cluster 2

Cluster 3

Risk Perception

Socioeconomic characteristics

Risk Management Strategies

This is the average cluster in terms of perception. It represents
the 'typical' Argentine farmer. This group will be used as This is the group that gives the least importance to climatic risks.
benchmark for modelling purposes.
Compared with the other two clusters, this group of farmers

Farmers in this group put focus on productive aspects. They tend gives the highest rank to commercial and financial risks.

to be output-oriented, and give more importance to climate and
productive risks. In second place come financial and commercial  This is a group less centered in output and more focused on

risks. The least valued sources of risk by this group are those economic or business aspects.

coming from legal and instutional aspects.

Farmers in this group show the lowest average age.
These are the farmers that show the largest size. Aproximately
These are young farmers, that mainly produce in the core area, | half of these farmers rent 25% or less of the land they explote.
focused on agriculture. These farmers are mid-sized compared | This group produces mainly in the area with the highest number
with the other two groups. These farmers produce mostly on of livestock cattle. Low age average (but not the lowest).
rented land.

Almost 43% of these farmers use futures. This is the group with | With the exception of the use of futures, this group do not show
the highest rate of use of this strategy, compared with the other = differences with the base group in terms of risk management
two clusters. strategies.

This group see that main risks come from institutional and
property right aspects, and not from the rest of the sources.

These are the oldest farmers, and show slightly higher education
level compared with the other two groups (mainly in term of
graduate education).

These are traditional land-owners, with the smallest size
compared with the other two groups. Productive profile more
oriented to agriculture.

This group show differences with the other two groups in terms
of four out of five strategies. This is the gruop with the highest
rate of application of cost control (57,4% of farmers use this
strategy). Since this group is mainly composed by older farmers
that are landowners, it is expected for them to use a very
“traditional" form of risk management such as cost control.

As expected, this group is the one with the least rate of adpotion
of strategies such as crop storage, vertical integration and use of
professionals in decisions. This is expected since this group
value the least every risk compared to the other two groups
(except for legal risks). They see risks in a more general way,
associated with the institutional environment.

Observations
% of sample

423 112
52.1% 13.8%

217
34.1%
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