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1. Introduction
Paraguay is a country located in South America. Thus, it is part of the picture of the Global South:
denoting a low-income country, with large inequality and political marginalization (Dados, 2012).
Further, it is bordered with Argentina, Brazil and Bolivia. Geographically, the Paraguayan river
divides the country in two regions: the occidental and oriental region. The occidental region encloses
60% of the country area, contains 40% of the livestock yet only have 2.7% of the human population
(Arce & Arias, 2014). Paradoxically, within this region there is also a major conservation area (Dry,
humid Chaco and Cerrado) (Figure 1.A). This contradiction offers a glimpse on the grounded
problems that the country face within its development framework. The north occidental ecosystems
cannot be properly protected if the land used for livestock farming is not spatially configured in
synergy with the forest connectivity, also livestock farming needs more space and imaginative ways
of being more efficient while accounting for the scarcity of natural resources (Yanosky, 2013). Hence,
the course of discussions related to this part of the territory have played a determinant role in the
development and economy of the country (Yanosky, 2013; Cabrera, A. et al., 2001).

Figure 1A. Geography of PY highlighting areas of ecological interest. Adapted from (Paraguay Birding and
Nature, 2019). 1B. Network of agricultural productive systems. Adapted from (Arce, C & Arias, D., 2014)

By the end of 2019, agriculture activities (including livestock farming) accounted for 23% of the
gross domestic product of the country ($41.854 Billion). In fact, the agricultural sector was
responsible for 60% of the country exports ($6.28 Billion) (WEO, 2019). At the same time, this sector
is heterogeneous and each geographic region has its own agricultural business framework (Figure
5

1B). Due to the climatic conditions with the average precipitation level decreasing from east to west,
the oriental region is more focused in corporate and familiar agriculture, while the occidental region
is predominant in livestock production (Arce, C & Arias, D., 2014) (Figure 1B).
In the last ten years, in order to supply the international incremented demand on livestock
commodities, cattle farming have increased and have become more consolidated in the north
occidental region of the country (Figure 1B; 2) , consequently it has traded conservation area with
productive area for pasture (Arce & Arias, 2014; Yanosky, 2013). As a response to this, law
enforcement through environmental licensing has iterated on two types of interventions. First, a failed
zero-deforestation law that on practice, according to monitoring data, have worsed deforestation
(Yanosky, 2013). Followed by a mandatory protection measure of at least 25% of forest area in every
property, which has been actively followed by livestock farmers. Having learned from the zerodeforestation pilots, the government disagrees on acute prohibition on land-use change and seeks to
achieve sustainable economic development of the region without compromising beef exports
(Yanosky, 2013).

Figure 2. Number of livestock in PY from 1999 to 2012. Adapted from (Arce, C & Arias, D., 2014)

Sustainable development depends on the ability of farmers to manage scarce natural resources,
enhancing environmental stewardship while also increasing farm productivity (Krintz et al, 2016).
Allegedly, livestock farmers in North of Paraguay have been motivated to implement more
sustainable practices. Institutional finance support and technical extension have been provided by the
government, through the “LEGAL FRAMEWORK OF STRATEGY AND DEVELOPMENT FOR
AGRICULTURE 2009-2018”, which calls for adopting intensive livestock production systems that
make use of technology that is more resource efficient and sustainable (Arce & Arias, 2014). Still,
farmer orientation on their environmental stewardship and the relation with their natural resources is
influenced greatly by its profitability (Swinton, 2001; Cary & Wilkinson, 1997). Hence, reaching
farmers with strategies that improve the productivity of the farm appear as a reasonable approach to
6

stimulate farmers economy while improving environmental performance, as has been proved in
different scenarios for livestock operations (Chará, J. et al, 2019).
One of the most effective elements accounting for the increase of production in different countries
has been successful adoption of innovations and their diffusion among farming communities
(Diederen, 2002). As has been the case in the global north with precision agriculture and with
silvopastoril systems [agroforestry arrangements with endemic trees and shrubs in combination with
rotations that intensify livestock production (Murgueito et al, 2011)] in the global south (Krintz, C et
al, 2016) (Chará, J. et al, 2019). The success of both technologies come from understanding and
solving problems according to their context, thus is said that both are relevant. The studies related to
the adoption of innovations -and the variables that influence them- point that farm characteristics and
risk related issues are an strong influential factor in this decision making process (Greiner & Gregg,
2009; Ghadim et al, 2005; Shappiro et al, 1992; Just & Zilberman, 1988).
Risk is an objective measure defined as the non-zero probability that one or more undesirable
outcomes will occur (Keil, 2000). However, individual risk perception (Risk perception) differ from
one person to another (Slovic, 1982). The magnitude of the loss is objective and determinable, but
what varies is the weight and the probably attributed to a situation. Following, there is an intrinsic
trait called risk attitude (Risk Attitude) in every individual that dictates one’s orientation toward
taking risks (Dave, 2007). Risk Attitude can range from risk adverse, risk neutral and risk loving
profiles (Dohmen, 2011). An individual can hold different Risk perceptions towards risk regardless
of their individual Risk Attitude. Thus attributing more chances and weight to a risk does not
necessarily nudge an actor to decrease its risky behaviors – defined as the choice of individuals to act
upon risk (Winsen et al, 2014)-. The group of actions that individuals undertake to decrease the
probabilities and/or the impact of adverse events is known as risk management (Risk Management).
The group of Risk perception, Risk Attitude and Risk Management are mentioned collectively in this
research as risk elements.
These set of risk variables can be evaluated through a risk assessment. This studies are highly relevant
in agricultural production systems because of the uncertainty permeated on its physical foundation in
the natural environment and the volatile markets where the products are offered (Winsen et al, 2014;
Meuwissen, 2001). Deciding to adopt a farm innovation is confronted with uncertain consequences
and unknown probabilities (Greiner, 2009). The way in which different farmers perceive possible
losses due adopting an innovation depends on their risk perception, risk attitude and the already risk
management strategies that are identified as effective in the operation (Joffre, 2019).
Risk perception, risk management and risk attitude have been thoroughly revised theoretically in the
literature (Greiner & Gregg, 2008; Flaten, O et al., 2005; Meuwissen, 2001). However, there are
limited empirical studies which address practical applications of risk, specifically in adoption of
innovations. Further, risk agricultural studies in the global south have been acknowledged by
international development figures as urgent, because are seen as a first step to estimate how to
compensate vulnerable farmers that face collaterals due to climate change (Arce & Arias, 2014). Even
more, risk assessment is valuable for giving cues on what information is consider valuable by the
farmers and how does influence their decisions regarding their operations (Girdziute, 2012; Ghadim
et al, 2005). This information hardly is useful to make predictions on risk behavior (what they actually
do), however becomes important if the goal is explorative on the underlying processes in risk behavior
7

(Weber, 1997). To my knowledge, this is the first individual farm risk study in the Paraguayan cattle
farming context.
This is a case study of the biggest cattle farming association in the north of Paraguay (Asociación de
Productores de Agua Dulce; APAD), who play an important role in its economy. Their operations
work despite the precarious infrastructure but it has come to the resolution that business as usual in
Paraguayan livestock farming won’t be possible in the near future. Hence, is engaged on consultancy
with Wageningen Metropolitan food clusters (WMFC). WFMC is an international consultancy firm
based on Wageningen that specializes on sustainable food production in urban areas, they do research
& development, project implementation and offer technological solutions. This alliance aims to
innovate and develop the agricultural business sector of the region. Thus understanding the risk
profile within the members of the organization allows to start addressing how to shape the internal
strategy of the association in order to be more innovative and competitive. Even more, I consider that
this study creates a first bridge that allows an external actor to understand the values of this
association.
Subsequently, the main objective of this research is to provide empirical insights into the risk
perception, risk attitude and risk management strategies of the APAD livestock farmer association
within themselves and how does it relates to the adoption of innovations. It carries out this through
the following research questions:


What would be a relevant framework for studying risk elements in the context of the North
of Paraguay ?



How do risk elements of APAD livestock farmers’ relate to their implemented innovations?
o Null hypothesis: there is an inexistent relationship between risk elements and the
o



implemented innovations of APAD members.
Alternative hypothesis: risk elements relate with the implemented innovations

How do risk elements of APAD livestock farmers’ relate between them?
o Null hypothesis: the risk elements of APAD livestock farmers are inconsistent within them.
o Alternative hypothesis: the risk elements of APAD livestock farmers are consistent within
them.

This study intends to be useful in practice for policymakers (i.e. improving Risk Management ex-ante
for these farmers), developers of Risk Management strategies (i.e. insurances) and technological
innovations (i.e. innovative livestock technologies) since this study provides knowledge on
underlying behavior and process heuristics of APAD. To meet this goal, this thesis is divided in the
following sections: first, the methodology that is used to respond to this questions is developed.
Which starts with a literature review that operationalize risk concepts and explores how they are
studied. Following, results, discussion and conclusion.
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2. Materials and Methods
2.1. Literature review
First, a literature review was performed focusing on risk and its elements to evaluate what theoretical
framework would be more relevant and gain more information about the underlying processes in risk
behavior of a farmer in this context. The review included three steps: (1) Using Google Scholar and
WUR Library as the main searching engines predominantly in databases such as: Wiley Online
Library, SpringerLink, ScienceDirect, Taylor and Francis Journals and JSTOR. Following the queries
Risk OR Risk Perception OR Risk Attitude OR Risk Management AND Agriculture (AND
Innovation) in the title, abstract or keywords. (2) Peer-reviewed journals were added following the
snowball technique (de Vaus, 2001) parting from two main articles when they defined risk elements:
“Risk and Risk Management, an empirical analysis of Dutch livestock farmers” by Meuwissen (2001)
and “Motivations, Risk perceptions and adoption of conservation practices by farmers” by Greiner
(2009).The reason behind using these papers as starting points it’s that both were the first entry for
the searches with the query “AND Agriculture” and “AND Innovation”. Both are also a reference
point for empirical risk studies. Even more, the Meuwissen paper bifurcate in a series of papers that
follow the same methodology but in different farming context worldwide, as can be seen in Greiner
(2009) in Australia but with the added component of adoption of conservation strategies. (3) A
screening on the relevancy of the papers was done through inclusive criteria such as using the
psychometric construct approach for studying risk, the studies had to assess empirically risk
perception of a group of farmers, and assess multiple sources of risks. Finally, a total of 30 peer
reviewed papers were found in the first screening.

2.2. Sources of data
The study was developed through the partnership between WFMC and APAD. They facilitated an
interview with the directory Board of APAD on February of 2020. Which explained that this livestock
association works as a marketing-institutional cooperative, acting as representative agent in bargain
and negotiate terms with other tiers in the livestock industry and the Paraguayan government, this
organization consists of 80 members. In addition to this, the meeting was also about discussing how
the data collection was going to be arranged and ask for traveling funds to go to Paraguay. Which
was approved but later cancelled due to COVID-19. As a response to this, regular telephone
communication was maintained with the director. Whom distributed through email to the 80 members
an introductory video explaining the goals of the research. Even more, he proportionated a list of
telephone contacts to reach out personally.

2.3 Questionnaire development and interview with APAD
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A questionnaire was developed and then sent to all the members of the association. The starting point
for its creation, were the questionnaires employed in the two-main articles of the literature review
which assessed several risk elements. The original questions had to be modified to be relevant in the
global south-Paraguayan context because: (1) most of the risk profiling literature in agribusiness has
been evaluated in the global north, (2) Risk perception is volatile and changes from every individual
(an individual from global north will differ considerably from one in the global south) (Slovic et al,
1982) and (3) innovations adjust to particular geographical circumstances with their specific uses
(Diederen, 2003).
In addition to the literature review on risk that make the foundation of the questionnaire, an
examination of local reports on risk of the Paraguayan supply chain of agricultural commodities made
by the World Bank (Arce & Arias, 2014) and a study of Ferreira & Palleros (2015) on the development
and sustainability of agriculture in the region were used to study the most updated report on the issues
of risk in agribusiness and development. This set the point to go into an iterative process of trials on
assessing its comprehension of the questionnaire with the Paraguay project account manager of
WFMC.
The result of this process were 66 questions measuring: socio economic characteristics, extent of
implementation of innovations, risk management strategies, relative risk attitude and risk perception
(all three measured in Likert scales of five levels treated as continuous variables (Meuwissen, 2001)).
The questionnaire can be found in Annex 8.1. The questionnaire was sent through e-mail to the 80
members of the association. After screening on completeness and flaws on the entries, a total of 31
responses were available for conducting the analysis.

2.4. Variables assessed through the Questionnaire
First, socio economic characteristics were assessed through the variables: (1) range of cattle number,
(2) type of ownership of the land, (3) purpose of farming activities, (4) final buyer, (5) age of the farm
director, (6) level of education, (7) range of area, (8) yearly percentage of tax costs, (9) percentage of
financed farming assets and (10) experienced bankruptcy. The category of each variable and its
coding is presented in Table 1.

Table 1. Detail of the socio economic variables with their options on the survey, the coding use for analysis
and the categorization in which was used.

Socio economic variable

Coding
Yes

Category of variable
1
10

Bankruptcy
% of financed assets

Yearly % of tax costs

Level of education of the
directory
Age of the director
Purpose of livestock operation

Range of operation area

Type of land ownership

Final buyer

Range of cattle number

No

0

0-25%
Low
25-40%
Medium
>40%
High
3-10%
Low
10-20%
Medium
>20%
High
High school
Bachelor
Master

“Dummy variable”

Categorical ordinal

Numerical discrete
Raising for genetics
Raising for full cycle
Fattening
Mix
1.000 – 4.000
Low
ha
4.000 – 8.000
Medium
ha
> 8.000 ha
High
Owned land
Rented land
Mix
Industrial freezer
Auction
Mix
1.000 – 2.500
Low
units
2.500 – 2.000
Medium
units
> 5.000 units
High

Categorical ordinal

Categorical nominal

Categorical ordinal

Next, reckoning that farmer perception on risk management strategies doesn´t necessarily reflect the
adoption of this strategies (Van Winsen et al, 2016; Meuwissen, 2001), the extent in which farmers
already have adopted innovations was used as a proxy following the approach developed by Diederen
(2003), studying adoption of innovations based on currently technology in use. An innovation was
defined sensu Hargrave, T et al. (2006), “as a difference in the form, quality or state over time of the
management activities in an organization, where the change is a novel or unprecedented departure
from the past’’. A set of innovations were identified from the report of sustainable livestock
production of elaborated from the alliance between WWF Paraguay and USAID. The following were
all assessed as a dummy variable (0 “no adoption”, 1 “adoption”): (1) Artificial insemination: full
seizing of reproduction potential of certain cohorts by refrigerating, preserving and transferring
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reproductive cells of individuals of interest (USAID, 2018). (2) Embryo transfer: due to the biological
constrain of just been able to have a calf per year, with this technology cows can have multiple
ovulations thanks to receive ovules from another cow (Frutos, 2010). (3) Nutritional mixtures with
pasture and supplements: an agroecological configuration of eatable grass with a mix of either forage
crops, silage, mineral salts, protein salts or hay (Control Union, 2018). (4) Solar pumping: Electric
pumps that are fed by photovoltaic panels. This panels work without batteries as it is less expensive
to store water than electric energy (Pulfer, 2016). (5) Artificial underground water bodies: vertical
perforations of the ground for seizing water layers (Gavilan, 2017), (6) Water purification systems
and (7) Use of solar panels.
For the assessment of importance of Risk management strategies and relative Risk attitude,
respondents evaluated their views using a five-point rating scale from 1 (“Not Important”) and
(“Much less”) to 5 (“Extremely Important”) and (“Much More”) respectively. On another hand, the
Risk perception was evaluated through a matrix with a rating of the likelihood of impact: low, medium
or high, with the extent of the impact with a scale ranging from 1 (“No Impact”) to 5 (“Fatal Impact”).
The sources of risk were built from Meuwissen (2001) and Greiner (2009) including managerial,
market, institutional, production, environmental and personal risks, following the risk taxonomy of
Hardaker (2004). Relative Risk attitude differ from risk perception and risk management as it is
evaluated relationally according to how livestock famers perceived themselves regarding other
livestock farmers. They are intended to respond when comparing themselves to their peers if they are
willing to take more or less risk with respect of different aspects of the farming operation such as
marketing, production and finance. Relative risk attitude was evaluated in six different domains: (1)
Relative risk attitude towards implementing innovations, (2) Relative risk attitude towards
implementing sustainable development measures (good practices and governmental-institutional
recommendations for a sustainable development), (3) Relative risk attitude towards administrative
management, (4) Relative risk attitude towards production, (5) Relative risk attitude towards market
and (6) Relative risk attitude in general. The creation of items (1) and (2) was intentional to see the
difference between this two concepts.

2.5 Statistical analysis
The different combination of the 66 variables create unique configurations for every sampled
individual. The socio economic characteristics hold a mixture of qualitative, categorical ordinal and
nominal data, with the exception of age of the owner that is quantitative and discrete. For risk
perception, a coding matrix for mixing the likelihood of the happening and the extent of the negative
impact from Greiner, 2009 was adopted following the Table 2. This approach seem adequate taking
into account the issues with subjects’ treatment to probability (Komarek, 2020; Weber, 2002). Giving
as a result a risk score ranging from very low to extremely high risk.
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Table 2. risk perception matrix that mixes likelihood and extent of negative impact into a categorical score.
Composed by the likelihood of the event (low, medium and high) and the extent of negative impact on a five
point scale from 1= no impact to 5= catastrophic impact

Extent of negative impact
Likelihood

Very low
1

Low
2

Medium
3

High
4

Catastrophic
5

Low

Very low

Very Low

Low

Moderate

High

Medium
High

Very low
Low

Low
Moderate

Moderate
High

High
Very high

Very high
Extremely
high

First an exploration of each group of variables within the sample population was studied spatially
through Principal component analysis (PCA). This method allows to inspect if the sample population
clusters according to different variables, and make the starting point for summarizing a large set of
variables into a smaller set, without losing information (Greiner, 2009).
For validating subgrouping statistically, factor analysis is used, this assess if a determined number of
factors achieves to capture the full dimensionality of the data (Hair et al, 1995) (Gifi, A et al., 1990).
A factor is a constructed latent variable that summarizes a system of numerous variables (Rahn,
2019). The null hypothesis for this statistical test is that a determined number of factors is sufficient
to capture the full dimensionality of the data, rejecting the null hypothesis means that the number of
factors is too small (Teetor, 2011). To select the number of factors to be tested a scree-plot is
performed to visualize the eigenvalues with its percentage of explained variance, a number of
eigenvalues that captures above 80% of variance was the criteria. Moreover, for having a high level
of stringency in the factors, loadings bigger than 0.7 were used. The loadings are the coefficient
between each variable with its factor.
Then, having different subgroups (factor) according to their groups of variables (Socio economic
characteristics, risk attitude, etc.) their relations can be tested. Linear regressions models were made
to explore the r-squares which shows the extent in which the variance of the dependent variables are
explained by the independent variable. An overview of all the assessed linear regression models can
be found at Figure 3. Since the study intended to capture the relation that exist from the risk elements
associated to which innovations are implemented, the dependent variable in the analysis is the
implemented innovation and the independent are risk attitude, risk perception and risk management
strategy.
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Figure 3. Overview of the linear models evaluated for the risk variables and implemented innovations. The
start of the arrow denote the independent variable and the top of the arrow point at the dependent variable.

3. Literature Review
Risk study in agriculture is a young field that encompasses multiple disciplines. It has gain more
attention as has been seen as a powerful tool to response to coping with complex decision making
regarding climate change and the paradigm of sustainability. Applying this framework to this
particular case, in the global south with the treatment of multiple sources of risk required to review
how does this type of studies are done and what type of results do they offer, in order to set the most
relevant research design and getting the right proxies through the questionnaire for solving the
proposed research questions.
Due its inherent variability of the natural environment in which is placed and the markets in which
the products are sold, farming is a business with high levels of risk (Beal, 1996). According to
Meuwissen (2001), the market opportunities of farmers are rapidly changing due to increase
liberalization and the industrialization of agriculture. For this reason, governments’ advice farmers to
approach private Risk Management strategies due to their lacking capacities to protect them in
economic instability (Zulauf, 1996). This wraps briefly the complexity of the different layers of
uncertainty that agriculture business have.
However, the most evident uncertainty for farming is nested in the natural environment where it
occurs physically. This layer is reaching a critical state playing an important relation with planetary
boundaries for the human species to operate safely (Rockström et al, 2009) (Figure 4). According to
Campbell (2017) and Rockström (2009), “the transgression of these boundaries result in non-linear
abrupt environmental change in planetary scale systems”. Such changes have a direct impact in the
complexity of agricultural systems, increasing its impacts to cope with hostile conditions while on
the struggle making the conditions worse. Thus making more difficult to model uncertainty, decisions
and the consequences of risk behavior for the actors that transit in this wicked scenarios (Martin et
al, 1998).
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Figure 4.Current state of the nine planetary boundaries. Green, yellow and red coded to point their threat.
Juxtaposed with the impact of agriculture in dots. Retrieved from (Campbell al, 2016).

3.1 Definition of risk
Risk is an objective measure defined as the non-zero probability that one or more undesirable
outcomes will occur (Keil, 2000). Scenarios where probabilities are objectively known are rather the
exception than the rule. Consequently, uncertainty is defined as imperfect knowledge and risk as
uncertain consequences (Hardaker, 2004). The heuristics and mental strategies of individuals making
decisions in an uncertain world has it’s scientifically beginnings in cognitive psychology (Slovic,
1982). However, is still urgent in a myriad of topics, including farming issues (Hardaker, 2004).
The first broad classification of types of risk follows the capital structure theory classification where
it can be either systemic or unsystemic risk. Systemic risks are inherent to the market while
unsystemic risk are industry specific (Girdziute, 2012). Next, it can be divided into more specific
types following the classification by Hardaker (2004) (Figure 5). According to his typology there
are: production risk, market risk, institutional risk, business risk and financial risk.

Risk
Capital structure
theory

Systemic risk

Unsystemic risks

Instutional

Production

Financial

Market
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Figure 5.Typology of risks. Adapted from (Girdziute, 2012).

Production risk has to do with the uncertainty in both natural environment and other irregularities that
impact the performance of the commodities produced in the operation. This level occupy ranges from
uncontrollable natural events, biological phenomena or technological obsolescence (Girdziute, 2012).
Market risk is about the uncertainty of acquiring inputs according to assumptions of the amount of
outputs that will be sold in order to have a margin revenue for the operation. The market of agricultural
commodities is highly volatile (Hardaker, 2004). Changes in the policies and regulations that
constrains the agricultural operation are called institutional risks. On this level, environmental
regulations and food safety take place. The aggregate effect on the profitability of the farm operation
by production, market and institutional risk is business risk. Finally, financial risks results from the
method of financing the farm business (Hardaker, 2004; Meuwissen, 2001). Financial risk can be
further divided into leverage and credit issues. Financial leverage is defined as the use of debt capital
to finance assets (Atrill, 2017). On another hand, credit pose more uncertainties because of
unexpected increases in interest rates, failing to meet calling of loans or lack of availability of loan
finance (Hardaker, 2004). In conclusion, institutional and finance risk are both systemic, while
production and market risk are unsystemic risks.
The reason for classifying different types of risk comes from policy intention to determine the most
effective strategies of reducing the collaterals of risks (Komarek, 2020). Still with the long
acknowledgement of the existence of multiple type of risks, production risks have been the most
studied. After a review of 3283 peer-reviewed risks studies made by Komarek (2020), this risk
category occupied 66% of all the studies, while only 15% studied more than one type of risk. With
just 18 studies that combine the 5 different risk categories. This review also caught the attention on
the importance of risks differing within the context, also on the importance of realizing that are risks
more easy to study than others (that might be more important for researches) but are not necessarily
informative about the farmers. E.g. the shocks in temperature variability relating production risk but
not considering the institutional category.

3.2 Risk perception & risk attitude
Studying risk has been motivated by the lack of a robust normative framework for decision making.
How people react to uncertainty is related on how they perceived it (Van Winsen et al, 2016).
Individual perceptions of risk differ from one individual to another (Slovic, 1982). The magnitude of
a loss is objective but its relative weigh and the probably attributed to the situation to happen is
variable (Keil, 2000). This configuration in one’s psychic determines the decision made in response
to risk (Van Winsen et al, 2016).
Another key factor determining how individuals respond to risk is their Risk Attitude (also called risk
preference) of individuals (Van Winsen, 2016). This trait can vary from risk averse, risk neutral and
risk loving (also found as risk seeking). It is intrinsic and dictates one’s orientation toward risk taking
(Weber, 2002). MacCrimmon & Wehrung (1990) and other authors, support that this trait is stable
over time. Yet, other studies point that the Risk Attitude of an individual appear to be dependent on
the domain and even the situation when using the same assessment method (Schoemaker, 1982). E.g.
managers appear to have different Risk Attitudes in their decision making process with money from
the company than from their personal funds. Even more in financial scenarios compared to
recreational ones (MacCrimmon & Wehrung, 1990). Kahneman & Tversky (1979) framed
individuals as being risk averse in the domain of gains and risk loving in the domain of loses.

16

Even though Risk perception and Risk Attitude have been independently defined and are attributed
to have an important role in decision making, the way in which they interact has not been still fully
empirically validated. This relation is masked by some of the following factors: Risk perception can
change as more details of the decision unfold. Thus this pose difficulties in empirical studies, where
researchers try to spot if there was a change in attitude what changed or if it was a result in change in
how the risk was perceived (Weber, 2002).
Next, there is an attributed confound error that the instruments used for studying Risk Attitude cause,
compromising the relationship between the independent and dependent variable (de Vaus, 2001). In
this case, Risk Attitude being independent and risk behavior dependent. Weber (2002) explains this,
pointing that every individual expose naturally “repugnance” to risk and only take chances if they are
rewarded somehow. In this sense everyone would be risk averse. However, on practice, this is not the
case. This phenomena is driven by the discrepancy that exists between the decision maker that
perceives an expected benefit and an “objective” impartial observer (Weber, 2002). This creates the
difficulty in separating Risk perception and the attitude towards perceived risk. Attitude towards a
perceived risk is the desirability resulting of outweighing expected benefits and perceived risks, this
way of defining risk don’t change with the domain (Weber, 2002). Indeed, an entrepreneur and
manager from a stable firm might have the same Risk Attitudes, yet the first have a more
optimistically perception on risk since it expects a worthy reward (hence a risk loving attitude towards
its entrepreneurship).
Nevertheless, the most parsimonious hypothesis holds that Risk Attitude affect risk behavior directly
while also affects Risk perception indirectly; Hence also having an indirect effect on risk behavior
(Figure 6) (Van Winsen et al, 2016). For this reason, farmers can hold different perceptions towards
a risk regardless of their Risk Attitude configuration however both will outweigh how they behave.

Figure 6. Relationship between Risk Attitude, Risk perception and risk behavior. The continuous line
represent a direct relation, while the doted one an indirect relation.

Even more, Risk perception can be deeply unraveled into more underlying considerations. Indeed,
situational variables such as outcome framing or outcome history (the reference points that individuals
have in relation to a certain risk) affect people’s Risk perception but not their Risk Attitude (Schurr,
1987). E.g. A farmer bankruptcy event have an impact in the way in the way they further relate to
their business. On another hand, perception of a risk varies due to the relative emphasis that people
put on probability and magnitude of outcomes due demographic characteristics and wealth levels
(Weber, 1997). Furthermore, Barron (1976) found that individuals in a same laboral group shared a
fair score classification in Risk perception (both probability and outcome). This show consistency
with the empirical study of Meuwissen, (2001) where there is homogeneity in the deviations of Risk
perception of 612 mixed Dutch farmers, who regardless of managing different agricultural
commodities are in the same laboral group. Finally, one of the most recent studies related to Risk
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perception deepens in this concept, where confounds are proposed in risk behavior due to the
membership or social clustering that farmers have, allegedly driving influence on their managing
decisions (Joffre, 2019).

3.3 Methodologies for studying Risk perception & Risk Attitude
The methodologies used for studying what are the attitudes of individuals towards risk can be divided
in two type of approaches: the Expected Utility (EU) framework and psychometric constructs
(Pennings & Garcia, 2000). The expected utility framework is the mayor paradigm that try to define
mathematically decision making. It does this, through creating a probability distribution for utility.
Its creation dates back to the Saint Petersburg Mathematical Paradox in the eighteen century. It
consists in explaining why gamblers would pay little money for a game of infinite revenue
expectations1 according to the sum of all the probabilities and their payout (∑𝑖 𝑝𝑖 ∙ 𝑥𝑖 ) (Figure 7)
(Schoemaker, 1982). The response of Swiss mathematician Daniel Bernoulli, was that money has a
declining marginal utility and that rationality makes us maximize our utility (Schoemaker, 1982).
However, this claim didn’t solve the actual fact that individuals value money in different ways.
Followed by this, von Neumann & Morgenstern (1947) proved that if your gambling preferences
meet certain constrains, they can be represented by a unique utility function (Doody, 2017;
Schoemaker, 1982).

Figure 7. The Saint Petersburg Paradox and its expectation express in probabilities. (H: heads, T: tail). First
column has the results of the experiment tossing the coin. The other two are the pay-out for the bet and the
probability respectively in form of fraction. The expected pay-out is presented with the sum of column 2 and
3 which is infinite. Retrieved from (Doody, 2019).

Following this classical foundation, the EU framework has been put into practice through the
curvature of utility functions aiming to reflect different Risk Attitude into three broad classifications
based on a subjective probability to a reward (Figure 8). The curvature is placed on a cumulative
distribution of a lottery. The classifications are based on the attitude towards the utility and the
objective value of the lottery. A concave utility function represent risk aversion, meaning that the
gambler prefers wealth levels of the actual value of the lottery rather than its expected utility. The
convex utility function represent risk loving, this gambler prefers the expected utility of the lottery
rather than the actual value of it. Finally, the risk neutral gambler is indifferent (Doody, 2017). One
The wager consisted in tossing a coin until it comes heads up (H). If the first time it comes up heads is the 𝑛𝑡ℎ then
you’d get paid$2𝑛 . E.g. if the second time it comes heads then you’d get paid $4.
1
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example of this methodology is presented in Figure 9. Where Risk Attitude was assessed regarding
the application of an insecticide making farmers choose between two insecticides, were one had more
stable economic return than the other because it has been longer in the market, while the other one is
new but allegedly presents more efficiency. Following this, farmers had to choose from one or the
other in different scenarios (Knapp et al, 2019).

Figure 8. Utility function for the three different Risk Attitudes: risk adverse, risk neutral and risk loving
respectively. The y-axis represent the utility of the lottery while the x-axis represent the objective value of the
lottery. Retrieved from (Spiegel, 2019)
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Figure 9. Survey for determining Risk Attitude retrieved from Knapp, 2019. Insecticides A and B have
different probabilities of economic return given the certainty that one has been longer established than the
other, however one is more efficient. Different scenarios are presented to the sampling population to choose if
they would pick A or B depending on the probabilities.

Notwhistanding, the EU framework have failed in multiple studies to give a practical heuristic in
decision making for individuals, it even shows different Risk Attitudes classifications for the same
person in the modeled function (Weber, 2002; MacCrimmon & Wehrung, 1990). One identified
reason is the way in which the utility function is set, based on different lotteries reference (Asking for
the preference between different sets of rewards in a 50% of winning vs. 50% of losing, 70% of
winning vs. 30% of losing. As noted in the example in Figure 9). Due to individual subjective
perception and their treatment of probability there are discrepancies between domains and different
situations. Hence incompatible results within the models (Weber, 2002; Hershey, 1985).
This is consisted with the aforementioned revision of risk studies in agriculture made by Komarek
(2020), where he points that risk studies assessing multiple categories of risk with this methodology
are scarce because their difficulties. Proposing for example, conducting a research into the variability
of a production risk (changes in temperature or pests) and its relation through a sensitivity analysis
with other systemic risks (finance and institutional factors). Nevertheless, this is challenged by
figuring the right probability distributions for the Risk Attitudes of the farmers (Komarek, 2020). The
aforementioned study of Knapp et al (2019) acknowledges this and corrects this measure with other
variable called handling probabilities (following Meraner et al, 2017), where Likert-scales are
performed with questions such as: “When people tell you the probability of an event, do you prefer
that they use words (‘‘it rarely happens’’) or numbers (‘‘there’s a 1% probability’’)?” and “How good
are you at figuring out how much a piglet will cost if it prices dropped by 25%?”

One noteworthy attempt in which the EU framework was considered theoretically different for
assessing Risk Attitude was developed by Dyer & Sarin (1982). Who introduced the term relative
risk-attitude, as an attempt to explain the volatility of Risk Attitude on different cross-situations. It
expected to show that a determined Risk Attitude can be the result of the combination of
complementary marginal value and its utility function (Figure 10). E.g. labeling an individual that
takes the decision of three oranges for sure vs. a lottery of 50%-50% chance of getting 8 oranges2 as
risk averse, can be misleading if the attitude towards orange marginality is not taken into account.
The proxy of this individual in this case can be both because of risk or marginality, hence relative
risk loving sensu Dyer & Sarin (1982). However, this proxy was disproven to work for its
discrepancies between Risk Attitudes in different domains and the proposed relative Risk Attitudes
(Keller, 1985).

2

Based on the assumption that the individual prefer more oranges than less oranges
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Figure 10. Relative Risk Attitudes based on the combination between marginal and utility function. Left
panel shows a risk indifference context with a decreasing marginality, right panel marginality indifference
with risk aversion. Both resulting in a proxy of relative risk aversion.

Even with its flaws, the EU framework is the most robust methodology that can make short
predictions based on the individual Risk Attitudes in a certain domain, as an observed behavior cannot
be associated predictively from the attitude to a perceived risk (Weber, 1997). However when the
goal is to understand the underlying behavior (as in the case study to adopting innovations that allow
sustainable development), the psychometric methodology is employed. It is based on the approach
from the psychometric theory of Nunnally & Bernstein (1994), where Risk Attitude is measured as a
descriptive label where an individual appears to avoid or seek out risky options and the considerations
in differences in the way risks are perceived. Further, it manages descriptively the conflict with
“attitude towards perceived risk” as it considerate individual preferences for risk depending on the
situation to later labeled them under certain Risk Attitude profile (Weber, 1997). It works asking
questions to indicate the extent that individuals agree or disagree on a set of statements related to risk
based on a Likert scale (Pennings & Garcia, 2000; Weber, 1997).
One example of the use of this construct can be found in Meuwissen (2001), where mixed Dutch
farmer perceptions of all categories risk sources, Risk Management and its Socio economic
characteristics were empirically studied. Even more, this study uses the proxy relative Risk Attitude.
Which gives insight of the self-perception of an individual regarding its Risk Attitude relative to other
farmers in different categories of the farm business. After summing the scores of all the categories, a
median split is used to assign respondents in risk averse or risk loving groups. E.g. If a farmer
disagrees in to the statement “I am willing to take more risks than my colleagues with respect to:
production, marketing, financial issues and farming”, then would be labelled in the risk averse group.
This approach has been predominant in the empirical literature under the psychometric construct, as
can be seen as seminal work for other 14 papers that assess all the categories of risk sources, such as:
Flaten (2005), Akcaoz & Ozkan (2005) and Greiner (2009) (Komarek, 2020).

3.4 Risk Management
Risk Management is defined as any action with the deliberate goal to modify the probability and/or
impact of adverse events, this strategies for coping with uncertainty varies from farmer to farmer
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(Van Winsen et al, 2016). Deciding which management strategies they use reflect their perspective
on risk (Meuwissen, 2000) (Figure 11). The strategies can be grouped in different categories: avoid
financial problems (evading unnecessary liabilities and credit dependency and having savings for
buffering in moments of hardship), having an off-farming income, making use of private or public
risk services (setting agreements through the supply chain, get premiums or insurance) and
diversifying the farm production and saving on private expenditure (Van Winsen, 2016; Hardaker,
2004).

Figure 11. Relationship between Risk Attitude, Risk perception and Risk Management strategies. The
continuous line represent a direct relation, while the doted one an indirect relation .

Combining all the strategies don’t necessary provide protection from all types of risk (Ackaoz, H &
Ozkan, O., 2003). Yield uncertainty can be partly reduced by management practices but not
eliminated. On another hand, market uncertainty can be either dealt individually or collectively
(Meuwissen, 2000; Beal, 1996). Price fluctuations are managed through forward contracting
arrangements that are usually limited. However, collective figures have other financial figures such
as owing reserves or access to banking products (Beal, 1996). Financial Risk Management involves
leverage, liquidity and insurance protection against disaster that jeopardize farming operations
(Hardaker, 2004). So far the international fund for agricultural development and the World Bank still
urge for contingency plans to manage multiple sources risks, particularly evidence that compares the
efficiency of different Risk Management strategies (Komarek, 2020).

3.5 Socio economic characteristics
Risk studies in the 1990 started assessing empirically how Risk Management practices varies across
different Socio economic groups, this showed that this characteristics are influential in Risk Attitude
and Risk perception (Martin et al, 1998). Taking into account the sum of the aforementioned relations
between variables make relevant to consider the Socio economic characteristics (Figure 12).
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Figure 12. Risk relational framework for farm business adapted from (Van Winsen, 2016)

3.6 Reporting the combination of the variables
A summary of the 18 peer-reviewed studies that deal with multiple categories of risk was already
conducted by Komarek (2020). In the results of this study there is an overview with the geographic
focus, the agricultural activity, main findings and the methodology that is almost in every case surveys
with Likert-scales. However, there is not an underlying wrapping conclusion from this table more
than every case is particular. Building from this, a different table (Table 3) was constructed just with
the studies that follow the same PCA-factor analysis methodology with: sampled population, average
farm characteristics, ranking of the most explicative sources of risk, risk management strategies and
how does the risk attitude was assessed (if it was considered).

Table 3. Comparison of perceived risks and factoring for different countries on farm risk studies. The sample
population indicate the geography of the population, average farm characteristics if were available had the
Socio economic characteristic of the directory of the farm operation. It includes perceived risk, Risk
Management strategies and a consideration on how the Risk Attitude was measured.

612 mixed
livestock
farmers in the
Netherlands

Sample
population

(2001)

Meuwissen

Peer review
study

Average farm
characteristics

Perceived risks3

Risk Management
strategies4

1.7 Labor units
(man – year)

Meat price
(institutional)

Producing at lowest
cost (insurance)

44 year old

Epidemic animal
diseases (personal)

Buying insurance
(insurance)

Risk Attitude

3

Ordered by the average Likert-scale score of the sample population. Followed in brackets by the source of risk in which
was clustered after the dataset treatment.
4 Ordered by the average Likert-scale score of the sample population. Followed in brackets by the Risk Management
categories in which was clustered after the dataset treatment.
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48 % Solvency

Milk price
(institutional)

109 NGE5

94 livestock farmers in
Australia

Greiner (2009)

Akcaoz & Oszkan (2005)

112 mixed farmers in Turkey

Flaten (2005)

525 Dairy farmers in Norway (half
organic and half conventional)

Death of an operator
(personal)

Apply strict hygiene
rules (insurance)
Increase solvency
(insurance)

2.1 Labor units
(man – year)

Change in gov.
support (institutional)

47 years old

Changes in tax policy
(institutional)

Prevent –reduce
livestock diseases
(production)

Milk price variability
(institutional)

Buying insurance
(insurance)

Meat price
(institutional)

Reducing costs of
operation
(costs)

Gov.policy
(institutional)

Growing more than
one crop
(diversification)

Economic situation
(financial)

Growing more than
one variety
(diversification)

28 ha

Relative Risk Attitude.
Classified through the
median of their scores.

Liquidity (financial)

Assessed through relative
Risk Attitude but
classified through nonhierarchical cluster
analysis

44 years old

Input costs
(financial)

34.3 ha

Crop prices
(financial)

Spreading sales
(diversification)

Uses the EU framework
with reference lotteries.
After the different groups
are made it do separately
the relations with the
other variables

Gathering market
information
(planning)

Severe drought
(production*)

Maintain grass
cover
(farm management)

Rise in input cost
(market)

Produce high
quality
(production)

45 years old

69 ha
Vegetation change

5

NGE is the Dutch size unit for agricultural activities. Related the activity proceed discounting the costs. 1 dairy cow is
equivalent to 1.2 NGE (CBS, 2020)
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70 mixed farmers in Slovakia
480 Cotton farmers in Pakistan

Jankelova et al. (2017)
Iqbal (2018)
6

(production)

Improve
productivity
(production)

Cattle disease
(market)

Maximize
productivity
(production)

90 Employees
(st.dv.6 = 85)

Market

Diversification

14 years of
experience in
farming
(st.dv. = 14)

Production

Conclusion of
production contracts

Relative Risk Attitude.
Classified through the
median of their scores

NA

Institutional

Vertical integration

Financial

Choice of a product
with low level of
risk

47 years

Changes in
agricultural policy
(institutional)

Technologicalvernacular
innovation
(financial)

7 Ha

Price in farming
equipment
(financial)

Off-farm income
(financial)

Lack of farm
cooperatives
(institutional)

Production diversity
(financial)

Supply of private
capital
(financial)

Up to date market
information
(planning)

1909 Ha
(st.dv. = 1500)

24 years of farming
experience

NA

Standard deviation
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128 Blueberries farmers in Chile

Lobos (2018)

Climatic events
(market and climatic)

Sales price (market
and climatic)

NA

NA

NA
Yield
(yield and legal)

Amount to market
(market and climatic)

Erratic rainfall
(production)

Diversification of
enterprises
(diversification)

Inadequate credit
(financial)

Primary processing
(management)

Low price of product
(market)

Intercropping
(management)

High input costs
(market)

Gathering market
information
(planning)

37 years of
experience

Increasing feed cost
(market)

Search off-farm
employment
(diversification)

3.1 ha of total land

Climatic risk
(production)

518 Cassava farmers in Nigeria
1000 Livestock farmers in
India

Chand
(2018)

Ndem (2018)

48 years

1.2 Ha

Prevent cattle
disease
(management)

5 point Likert-scale
questionnaire. Then the
sum of the values was
divided by 5. 3 meaning
risk neutral, less than 3
were considered risk
adverse and above 3 risk
loving

NA
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6.23 livestock units

Poor infrastructure
(financial)

Accessibility to
animal health services
(financial)

Invest in quality
breeding inputs
(management)

Protect from
extreme weather
(management)

First, it can be noted a degree of flexibility in the risk categories by Hardaker as the studies are
juxtaposed. In the case of Akcaoz & Ozkan (2005) the clustering effect of the risk classified “input
costs” and “crop prices” both as a financial source. Different to the Hardaker (2004) theoretical
definitions, in which the first would be a market risk and institutional-market risk for the second,
depending on the degree of intervention of policy in these economies. Also epidemic diseases labeled
as personal risk in Meuwissen (2001), cattle disease labeled as market risk by Greiner (2009). Even
more, Greiner (2009) ascribed thematically the categories of risk in face of lack of explanatory power
of the factor analysis.
Further, it is remarkable that there has been less engage in the variable risk attitude in the most recent
studies with an exception with Ndem (2018). On the other hand, the average farm characteristics
shows a lack of studies for big scale farming as the biggest one is 70 ha (discounting the study of
Jankelova et al, 2017 that have some out-groups with huge areas as can be noted in their standard
deviation). Also the range of age all over the world was homogeneous, with people in their forties.
Finally, regarding the risk perception and management strategies there seem to be heterogeneous and
context-specific.
Taking into account that only three out of nine studies considered Risk Attitude, a zoom-in to this
studies was made to compare the groups. Ndem (2018) methodology doesn’t follow the relative Risk
Attitude proxy as Meuwissen (2001) and Greiner (2009) thus cannot be compared. Figure 13 does a
visual comparison of the results on this variables of the two studies, as it is presented in Greiner
(2009). The livestock farmers from the Australian study perceive that they take more risk than their
peers in general compared to the Dutch ones in aspects of production, financial and marketing. Even
more, the Australian group is more homogeneous (the two predominant groups are bigger) than in
the Dutch case study in general, the bars describing their risk attitudes are bigger hence encompass a
bigger part of the population. Finally, the Australian livestock farmers see themselves as taking more
risks than their peers in the introduction to new practices.
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Meuwissen (2001)
Greiner (2009)

Relative RA
Production
Financial management
Marketing

Introduction of new practices
Production
Financial management
Marketing
0%
Much less

Somewhat less

20%

40%

About the same

60%

80%

Somewhat more

100%

120%

Much more

Figure 13. Relative Risk perception of Dutch mixed farmers and the Australian livestock farmers adapted
from Meuwissen (2001) and Greiner (2009). Relative Risk Attitude uses a Likert-scale with the question:
when comparing themselves to their peers, are you willing to take more or less risk with respect of the
following aspects of the farming operation. The colors represent visually the scale of red as seeing themselves
being more risk averse while in green they would see themselves more risk loving.

4 Results
This section follows the outputs of the methodology applied on the sample of 31 livestock farmers
from the association. The results are divided in 5 Subchapters, each presents different ways of
clustering this population. Sub chapter 4.1 starts with the empirical findings regarding their Socio
economic characteristics and the extent in which they have implemented the available innovations.
4.2 consider their relative risk attitude. 4.3 deals with their risk perception. 4.4 is about their risk
management strategies. Finally 4.5 evaluates their relation that exist within the risk variables.

4.1. Socio economic characteristics and implemented innovations
First, an overview of the socio economic variables assessed in the survey is presented in Figure 14,
excluding (5) age of the livestock farmer due to not being categorical as the other variables. The
average value for this variable was 52 years old with a standard deviation of 11. The figure suggests
with its percentages that for each variable of the socio economic, at least half of the sampled
population can be described with the same characteristics: A livestock farmer that haven’t
experienced bankruptcy, with the highest level of education being high school, owner of land ranging
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from 4.000-8.000 ha with livestock units ranging from 2.500-5.000, with low –almost inexistentfinanced assets, raising cattle for the whole cycle (from calf until the delivery to slaughter house),
selling its products to an industrial freezer, with its yearly tax costs ranging from 3-10%.

Figure 14. Summary of 9 of the Socio economic characteristics of the sampled livestock farmers from
APAD7.

Following, a PCA allows to visualize clustering of the sampled population according to the variance
of the socio economic variables (Figure 15). The two dimensions compile 55% of the variance of all
the socio economic questions. Within the spatial distribution two tendencies can be noted. One
dominated by Age + cattle and the other by Education. The age and amount of cattle are good proxies
to describe numbered farmers 22, 19, 10 and 24. Since both vectors are relatively parallel, the
characteristics have a degree of correlation.

7

# of financed assets low, medium and high correspond to 0-25%, 25-40%, more than 40%. Yearly % of tax costs low,
medium and high correspond to 3-10%, 10-20% and more than 20%. Range of operation area low, medium and high
correspond to 1.000-4.000 ha, 4.000-8.000 ha and more than 8.000 ha. Range of cattle number low, medium and high
correspond to 1.000-2.500 units, 2.500-5.000 units and more than 5.000 units.
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Figure 15. Principal component analysis of the Socio economic characteristics. Every numbered point is a
sampled livestock farmer. The two dimensions (also named components8) summarize the cumulative
percentage of variance of all the Socio economic questions. The bar on the right shows the extent in which a
question contributes to the variance for the two dimensions. The three questions with the highest contribution
are presented. The scale of the axis are the magnitude of the eigenvector of this geometrical subspace.

At the time of the survey, sampled livestock famers across North of Paraguay had implemented
innovations9 to varying extents (Figure 16). In spite of the apparent homogeneity in the socio
economic characteristics of the sample population, the highest levels of implementation were for solar
panels and underground water bodies’ reserves. On another hand, the potabilization of water and solar
water pumps were the least implemented.

8

The first component accounts for the largest variance with the least projection error in a possible geometrical subspace,
the second accounts for the second largest variance
9 Explained in detail section 2.4
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Figure 16. Extent of implementation expressed in percentage of the innovations used by sampled livestock
farmers.

4.2. Relative risk attitude
Sampled livestock farmers were assessed on how they perceived their own Risk Attitude in
comparison to their peers through relative risk attitude. Most of the livestock farmers depicted
themselves as somewhat taking more risks than their peers in the domain of implementing innovation,
thus risk loving. In the domain of implementing sustainable development innovations, they distributed
evenly in taking somewhat less risks, risk adverse; Followed by the next biggest segment which
considered itself taking much more risks in this domain, risk loving. While in the domains for running
the farming operation (administrative management, production, market and in general) appeared to
be risk neutral, as most of the livestock farmers considered that they take about the same risks (Figure
17).

Figure 17. Distribution of the sampled livestock farmers regarding their relative risk attitude in different
domains. Responding to: when you compare yourself to other livestock farmers, would you say that you are
willing to take more or less risks with respect to the following aspects of your operation? Rating scale from 1
= “Much less” to 5 = “Much more”. The x-axis shows the extent of the population that classify itself in each
rating scale.

Next, a linear model was conducted to evaluate to what extent the assessed implemented innovations
are explained by their relative risk attitude towards implementing innovations and sustainable
development measurements. The implementation of eolic energy is explained statistically by being
risk loving in the domain of implementing innovations. While the implementation of underground
water bodies is explained by being risk loving in the domain of implementing sustainable
development (Table 4).
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Table 4. Adjusted R-squared of the linear model between the assessed implemented innovations and the
relative risk attitude towards implementing innovation + sustainable development measures

Implemented innovation

Underground water bodies
Solar Panels
Eolic Energy
Artificial insemination
Pasture mixed with supplements
Solar Water Pump
Water potabilization

Relative Risk Attitude
towards implementing
innovations

Relative Risk Attitude
towards implementing
sustainable
development measures

0.26

0.45**

0.20
0.44**
0.28
0.18
0.20
0.35

- 0.22
- 0.007
0.45
-0.023
0.04
0.05

Pearson rho
** Significant at p < 0.050
*** Significant at p < 0.010

4.3. Risk perception
Respondents classified the likelihood and impact of 23 potential sources of risk for the viability of
their operation. Figure 18 shows the perceived impacts that this risks pose to the operation. The three
most important sources of risk were considered to be new environmental regulations that hinder
livestock farming, reduced access to water, and severe drought. The least important were death of an
operator and separation of marriage assets. Cattle disease showed the biggest deviation within the
respondents.
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Q16. New environmental regulations that hinder
livestock farming
Q19. Reduced access to water
Q21. Severe drought
Q4.

Change in prices within the supply chain of meat
products
Q10. Declining product prices
Q5.

Change in public policy that affects livestock
agribusiness
Q23. Fires

Q7.
Q3.

Ignore new emergent trends in the consumer
market
Global pandemics (the event of something like
COVID-19 happening again)
Q2.
Q1.

Cattle disease
Tax increase

Q20. Periodical decrease in the gains of cattle weight
Q6. Use of new technologies by other incumbents
that add value to their product (traceability and QR…
Q8.

Climate change increasing the variation between
drought and rain

Q13. Disease within a member of the family business
Q14. High interest rates for financing assets of the farm
Q15. Death of a member of the family business
Q12. Rise in transportation costs for the livestock
Q17. Rise in input costs (feed inputs, medicine inputs or
agronomic inputs for the pastures)
Q11. Declining prices in land
Q18. Rapid change in consumer preferences (more
consumers turning vegetarian
Q9. Death of an operator
Q22. Separation of marriage assets
0

1

2

3

4

5

Risk impact score
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Figure 18. Risk impact score for sources of risk. Items are sorted by their mean and error bars depict the
standard deviation.

New environmental regulations that hinder livestock farming was considered even of more impact
than the bio-climatic conditions that limits the operation. Next, death of an operator was one of the
least perceived impacts. Another compelling item was the use of technologies by other incumbents
such as traceability and QR codes which had the biggest standard deviation within the samples, points
that it is a disputed topic within the members.
Next, a preliminary visualization was made through PCA (Figure 19). In this case, the visualization
compiles 34% of the variance in the sampled population regarding the questions about risk
perception. One trend is dominated on the upper right predominantly by climate change increasing
the variation +cattle disease and in the bottom right predominantly by tax increase. This bifurcate
the group in their perception in mainly a production and a financial category in which the sampled
population is scattered in between. In a certain extent, the variance regarding this production
characteristics and financial have its x-component in common, as they occupy the right quadrant of
the graph. Thus, there is a divergence in the population in a more conventional perception of risk at
the right and the unconventional to the left10. Subsequently, the numbered livestock farmers 2, 29
and 30 are the least conventional in the perspective on risk. Moreover, numbered livestock farmer
11 is the least described by being concerned on climate change variation and cattle disease.

10

the question-vector regarding QR technologies was in the left quadrant, however not showed in the figure as is not in
the top 3 contributing questions
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Figure 19. Principal component analysis of the Risk perception of the case study. Every numbered point is a
sampled livestock farmer. The two dimensions (also named components11) summarize 20.5% and 14.1% of
the cumulative percentage of variance of all the questions regarding risk perception. The bar on the right
shows the extent of how much each question explains the variance for the two dimensions. The three
questions with the highest contribution are presented. The scale of the axis are multiples of the eigenvector of
this geometrical subspace.

Following, a ten-factor model was chosen as it offered the best explanatory power (80%) according
to the scree-plot and the p-value of the factor analysis (0.09 >0.05). Table 5 shows each factor with
the corresponding concerning risks that sub-groups, the loadings and the given label. (E.g. factor 7
group disease within a member of the family business & the death of member of the family business.
As both sources of risk relate to family business, it is labeled as a latent variable of personal risks).

Table 5. Factor loading matrix of perception of risk sources: ten-factor model. A factor is a constructed latent
variable that summarizes a system of numerous variables. The loading of the model is the correlation
coefficient between the variable and the factor.. Label of the subgroup is the attributed name to describe the
subgroup that a factor encloses.

Source of risk

12

Loadings

Cattle disease

0.66

Global pandemics
Ignore new emergent
trends in the consumer
market
Climate change increasing
the variation between
drought and rain
Rapid change in consumer
preferences
Declining land prices

0.56
0.89

Changes in the market
(ignoring consumer trends and
change in their preference)

0.68

0.71
0.80
0.78

Fires

Tax increase
Rise in transportation costs
for the livestock

Label of the subgroup
according to their
concerning risk

What happens to the land
(decrease in price or damage
by fires)

0.51
0.94

Costs

11

The first component accounts for the largest variance in a possible geometrical subspace, the second accounts for the
second largest variance
12 A loading bigger than 0.7 represent that the factor extracts sufficient variance from that variable.
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Rise in input costs
Reduced access to water

0.73
0.95
Reduced access to water

Periodical decrease in the
gains of cattle weight

0.57

New environmental
regulations that hinder
livestock farming

0.76

Separation of family property

0.80

Change in public policy
that affects livestock
agribusiness

0.70

High interest rates for
financing assets of the
farm
Severe drought
Disease within a member
of the family business

Environmental policy and
separation of assets

Changes in policy
0.57

-0.72
0.65
Personal risks

Death of a member of the
family business

0.88

Change in prices within
the supply chain of meat
products

0.83

Declining product prices

0.86

Supply chain

Product prices

Use of new technologies
by other incumbents (QR
codes)

0.90
QR codes and traceability

Factor loadings in bold > 0.7. Negative factors in italics
Then, linear models were conducted to evaluate to what extent the implemented innovations are
explained by the subgroups (factors) made according to their risk perception (Table 6). Which
looking at the totality of adjusted R-squared values were not so explicative. This with the exception
for factor 1 of risk perception, the subgroup whose concerns can be summarized as changes in the
market. Hence, the implementation of underground water bodies is slightly explained statistically
from being concerned about changes in the market. On another hand, the implementation of water
potabilization is explained statistically from being concerned with costs.
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Table 6. Adjusted R-squared of the linear model between the actual innovations implemented and risk
perception factors. Every column encloses a different risk perception factor. A factor is a constructed latent
variable that summarizes a system of numerous variables of risk perception.

Factors

Implemented
innovation

Underground
water bodies
Solar panels
Artificial
insemination
Pasture mixed
with
supplements
Solar water
pump
Water
potabilization

Changes
Reduced Env. policy Changes Personal Supply Product QR
in the Land Costs access to
+
in policy
risk
chain
price codes
market
water Separation
of assets
0.25**

0.09

0.06

0.02

0.06

0.05

0.03

0.021

0.014

0.14

0.18

0.03

0.03

0.014

0.03

0.1

0.013

0.06

0.028

0.033

0.22

0.03

0.04

0.09

0.03

0.069

0.004

0.05

0.002

0.033

0.06

0.1

0.02

0.06

0.06

0.017

0.04

0.024

0.002

0.014

0.08

0.05

0.11

0.01

0.049

0.065

0.069

0.027

0.04

0.022

0.16

0.08 0.20**

0.03

0.014

0.008

0.03

0.029

0.007

0.033

0.012

0.022

0.069

0.02

0.069

0.017

0.01

Eolic energy

0.1
0.1
0.03
Pearson rho
** Significant at p < 0.050
*** Significant at p < 0.010

4.4. Risk management strategies
Respondents classified the importance of 24 Risk management strategies for the viability of their
operation. Figure 20 shows the ranking of this strategies. The three most important were considered
have a reserve of water, intensify production, and have a strict accounting system. While the least
important were diversify the operations in another type of livestock venture and diversify the
operation in ecotourism.
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Q22. Have a reserve of water
Q15. Intensify production
Q12. Have a strict accounting system
Q1. Planning defined goals of production indexes
Q2. Implement a grazing calendar
Q13. Improve knowledge about farming/grazing
innovation through workshops
Q4. Implement “good livestock practices” on operation
Q21. Have a reserve of pasture
Q23. Restructure debt within the balance sheet to
obtain new farming assets
Q17. Have an off farm income
Q11. Implement succession plan for the “stocks”
between the members of the agricultural business
Q20. Reduce debt from the farm balance sheet
Q16. Diversify the operations in agriculture
Q19. Have an off farm investment
Q10. Implement succession plan of the directory board
of the farm operation
Q8. Plan an adaptation strategy to law regarding the
relation between climate change and livestock farming…
Q14. Plan an adaptation strategy to biophysical
characteristics regarding the relation between climate…
Q18. Plan an adaptation strategy to change in the
market as a consequence of the relation between…
Q3. Apply for institutional finance instruments when
they are available
Q7. Establish price contracts for farm outputs
Q6. Establish price contracts for farm inputs (feed
inputs, medicine inputs or agronomic inputs for the…
Q5. Diversify the operations in another type of livestock
venture different than cattle
Q9. Diversify the operations in eco-tourism
1

2

3

4

5

Mean importance raiting for RM
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Figure 20. Importance of Risk Management activities. Items sorted by mean importance. Rating scale from 1
(“Not Important”) to 5 (“Extremely Important”).

The importance of the risk management strategies defined by the sampled livestock farmers shows a
predominance in actions to protect themselves against production risks such as having a reserve of
water and intensify production. While more integral measures that accounts multiple sources of risk
such as planning adaptation strategies about changes in biophysical, market and law had the biggest
variation within the population.
Next, a preliminary group visualization was made through PCA (Figure 21). In this case, the
visualization compile for 32% of the variance in the population regarding the questions about risk
management strategies. One trend is dominated on the upper right predominantly by a Plan
adaptation strategy in market + biophysical characteristics and in the bottom right predominantly by
having a reserve of pasture. Most of the sampled population can be found between this two vectors
which is coherent with the biggest variations in the survey. Moreover, there is a small subgroup in
the opposite quadrant and in the opposite direction of the planning vectors (6,18,19,20). Thus, this
subgroup is the least to be described in their risk management on planning.
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Figure 21. Principal component analysis of the Risk perception of the case study. Dimension 1 and 2 compile
30.2% and 12.7% of the cumulative percentage of all the questions regarding risk management strategies. The
bar on the right shows the extent of how much each question explains the variance for the two dimensions.
The three questions with the highest contribution are presented.

Next, a six-factor model was chosen as it offered the best explanatory power (64%) according to the
scree-plot and the p-value in the factor analysis (0.1>0.05). Table 7 shows each factor with its
corresponding risk management strategies, the loadings and the given label. (E.g. factor 1 group plan
an adaptation strategy to changes in law, biophysical characteristics and changes in the market &
improve knowledge about farming. As there are three risk management strategies about planning and
they have loadings bigger than 0.7, the latent variable that summarize the strategies is labeled as
planner).
Table 7. Factor loading matrix of Risk Management strategies: six-factor model. A factor is a constructed
latent variable that summarizes a system of numerous variables. The Loading of the model is the correlation
coefficient between the variable and the factor. Label of the subgroup is the name generated to describe the
subgroup generated by the factor analysis.

Risk
management
strategies
Plan an adaptation strategy to changes in
law
Improve knowledge about
farming/grazing innovation through
workshops
Plan an adaptation strategy regarding
the biophysical characteristics
Plan an adaptation strategy regarding a
possible change in the market

Factor
loadings

Label of the subgroup according to
their risk management strategies

0.70
0.56
Planner
0.82

0.86

Apply for institutional finance
instruments when they are available
Have a strict accounting system

0.54
0.82

Diversify the operations in agriculture

0.50

Have a reserve of pasture

0.98

Diversify the operations in another type
of livestock venture different than cattle

0.61

Pasture accountant
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Establish price contracts for farm inputs

0.85

Establish price contracts for farm
outputs

0.80

Diversify the operations in eco-tourism

0.56

Have an off farm income

0.73

Have an off farm investment

0.83

Implement succession plan of the
directory board of the farm operation

0.44

Implement succession plan for the
“stocks” between the members of the
agricultural business

0.92

Planning defined goals of production
indexes

0.41

Implement “good livestock practices”
on operation
Restructure debt within the balance
sheet to obtain new farming assets

0.57

Trader & diversifier

External industry

Legacy

Self-sufficient

0.54

Factor loadings in bold > 0.7. Negative factors in italics
Then, linear models were conducted to evaluate to what extent the implemented innovations are
explained by the subgroups (factors) made according to their risk management strategies (Table 8).
Which looking at the totality of adjusted R-squared values were not so explicative. With the exception
of the factor “self-sufficient” with the implementation of underground water bodies, a vernaculartype innovation. Having underground water bodies is statistically explained by having a selfsufficient profile in risk management.

Table 8. Adjusted R-squared of the linear model between the actual innovations implemented and Risk
Management.

Risk Management strategies
P.Accountant Trader & External Legacy
Diversifier industry

Implemented
innovations

Planner

Underground
water bodies
Solar panels

-0.016

0.02

0.14

-0.02

-0.04

0.38***

0.004

-0.09

-0.12

-0.04

-0.06

-0.07

Selfsufficient
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Artificial
insemination
Pasture mixed
with
supplements

-0.06

0.17

-0.06

0.02

0.028

0.03

0.05

-0.04

0.14

0.11

-0.023

-0.03

Solar water
pump
Water
potabilization
Eolic energy

-0.11

-0.06

-0.09

-0.07

0.06

-0.03

-0.05

0.01

0.29

0.019

-0.003

-0.004

-0.08

0.15

0.22

-0.02

-0.003

-0.04

Pearson rho
** Significant at p < 0.050
*** Significant at p < 0.010

4.5. Relationship between risk variables
First, linear models were conducted to evaluate to what extent the risk management strategies are
explained by relative risk attitude (Table 9). Being a Trader & diversifier AND Planner is explained
statistically in a small extent by being risk loving in the aspect implementing sustainable development
measures. Another contribution to being a planner is explained by being risk loving in the domain of
production.

Table 9. Adjusted R-squared of the linear model between Relative risk attitude and Risk management
strategies factors.

Relative Risk Attitude in categories
Implementing
Risk
sustainable
Administrative Production
Management Implementing
innovation
development
management
strategy
measures
profiles

Market

In
general

0.2

0.16**

0.0

0.10**

0.021

-0.02

0.016

-0.032

0.05

-0.030

0.004

-0.034

Trader &
Diversifier

-0.022

0.24**

0.04

0.030

0.10

0.027

External
industry

-0.021

-0.025

-0,033

-0.032

-0.032

-0.003

Planner
Accountant
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Legacy

-0.027

0.04
Selfsufficient
Pearson rho
** Significant at p < 0.050
*** Significant at p < 0.010

-0.032

0.010

-0.012

-0.012

0.007

0.09

-0.021

-0.027

0.021

-0.027

This analysis reveals that the attitude in sustainable development weights in a bigger extent
managerial characteristics of the farm (trader & diversifier profile) rather than in planning integrally
adaptation to biophysical characteristics, law and market prospects (which relates in a way to the
bottom line of profit, people and planet). Also, the planning profile is slightly explained by being risk
loving in the domain of production in almost a similar proportion to the attitude of the aforementioned
risk domain.
Furthermore, the explanatory power of risk perception strategy profiles according to the relative Risk
Attitude different categories was almost inexistent (Table 10). Being concerned with supply chain is
slightly explained by being risk loving in the production. On another hand, being concerned with the
introduction of QR codes is explained by being risk loving in the implementation of sustainable
development measures. Showing once more how the risky attitude in sustainability can mean multiple
things, in this case incumbent use of innovative technological competences.

Table 10. Adjusted R-squared of the linear model between RRisk Attitude and Risk perception factors.

Relative Risk Attitude categories
Sources of
risk factors

Changes in
land
Land
Costs
Reduced
access to
water
Env. Policy
+separation of
assets

Implementing
Implementing
sustainable
Administrative Production
innovation
development
management
measures

Market

In
general

0.20

-0.012

-0.016

0.08

0.007

-0.014

0.016

0.032

0.018

-0.019

0.030

-0.011

-0.022

0.033

-0.033

-0.018

-0.028

-0.026

-0.021

-0.03

-0.033

0.057

-0.011

-0.033

-0.027

-0.012

0.11

-0.033

0.012

0.15
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Changes in
policy
Personal risk
Supply chain
Product price
QR codes

0.042

0.10

-0.033

-0.024

-0.019

-0.015

-0.016

0.07

-0.0014

-0.31

-0.088

-0.026

0.043

-0.025

-0.027

0.10**

-0.013

0.027

0.080

-0.016

-0.033

0.025

0.11

0.016

-0.019

0.33***

0.012

-0.031

-0.021

0.07

Pearson rho
** Significant at p < 0.050
*** Significant at p < 0.010
Finally, the explanatory power of the Risk Management strategies according to the Risk perception
was the most consistent and powerful relations (Table 11). Having a planner, trader & diversifier
AND self-sufficient profiles are explained by being concerned with changes in the market. On another
hand, having an external industry AND legacy profiles are explained by having fear of reduced access
to water. Last, in a slightly extent having a planner AND accountant profile is explained by being
concerned with environmental policy and separation of assets.

Table 11. Adjusted R-squared of the linear model between Risk perception and Risk Management strategies
factors.

Sources of risk
Risk
Changes
Reduced
Env.
Changes Personal Supply Product QR
management
in the
Land Costs access to
policy +
in policy
risk
chain
price
codes
strategies
market
water
Separation
of assets
0.04
-0.038
-0.012
-0.034
-0.012
0.07
0.46*** 0.03
0.14***
Planner
0.019
Accountant
0.29
0.03 0.046
0.07
0.02
-0.02
-0.086
-0.025
-0.03
0.16***
Trader &
0.12
0.06
0.017
-0.029
-0.025
0.09
0.0027
0.04
0.11*** 0.23
Diversifier
External
0.48
0.030 0.17***
-0.06
-0.029
0.02
0.03
-0.029
-0.03
industry
0.067
0.16
-0.04 0.13***
-0.04
-0.04
-0.033
-0.033
0.029
Legacy
0.059
0.025
Self0.09
-0.053
0.03
0.03
-0.024
-0.006
-0.024
0.44***
sufficient
0.045
0.004

Pearson rho
** Significant at p < 0.050
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*** Significant at p < 0.010

5. Discussion

5.1. Sources of data
Risk studies can be complex and limited by possible confounds between its variables. One overlooked
constraint is that most of the studied relations are based on perception through the psychometric
constructs, researchers rely on the different conceptual frameworks that the sample population have.
Particularly, this study had more obstacles between the interviewer and the interviewee, as it couldn’t
be developed in situ due to the COVID-19 outbreak. This fact augmented the barrier in trust and
perceived relevancy of the research. First, it was difficult to gain trust based on being an external
agent wanting to assess them on their socioeconomic characteristics and their perceptions. Even more,
taking into account that scientific based organizations such as World Wildlife Fund Paraguay are seen
as a threating agents. Even more, there were some first negative reactions to the presentation of the
study, as they considered the questions unpleasant and uneasy topics. However, cooperation was
achieved in the extent that the sampled population commented repeatedly that the study would
contribute the association. Finally, the current conditions of pandemic might not have been an isolated
aspect, further studies on the same population can assess if there might be differences in the responses
in less alarming contexts, as has been proved in changes of perception between different groups in
lockdown and pre-lockdown regarding their trust in science and vulnerability in face of adversity
(Sibley et al, 2020). The combination of this aspects might explain the low extent of responses (31
members out of 80).

5.2. Questionnaire development
Regarding the developed questionnaire, first can be noted that the socioeconomic characteristics were
treated as categorical which limited the depth of the research remarks. This could have explored for
instance if previous bankruptcy experiences might have some explanatory effect on their risk attitude,
just to mention one type of relation. However, getting the nominal numerical data would have
required a level of scrutiny that needs more trust with the interviewee. On another hand, some
questions in risk preferences and management strategies are too specific in the agronomical part, for
instance, asking about having a reserve of pasture and water. Even though they relate to agronomical
know-how of the farmers, are redundant for the analysis. Following studies shouldn’t hesitate in using
“less is more” in their surveys. As for risk perception, 23 variables could be summarized in 10
artificial and risk management strategies from 24 variables to 6 artificial. Also as noted by an
interviewee, more market uncertainties that relate to the transborder incumbents could be assessed in
the future as make an important part of the business accountancy related to the decision making
process.
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5.3. The effect of sample size in the methodology
Further, regarding the sample size that did the questionnaire: it caused lack aggregation in the PCAs
due to the small sample. Concerning sample size and factor analysis, there’s a compelling debate
circling around the most proper number threshold for performing it, where some authors argue for
less than 50 samples as acceptable, other regard this as improper. However, less than 50 samples can
be reliable with high loadings, and high number of variables (Winder, 2009). Thus, according to the
loadings and the variables managed, a population of 31 in this case is sound but more data is not
discouraged to add robustness to the study. Next, for assessing the explanatory power between
variables, linear models where used with their adjusted r-squared. This way of evaluating the data
assume already a causality of the relation and evaluates the extent of explanatory power (variance) of
the relation between variables. Thus, indeed a bigger sample might provide different results of pvalues, it shouldn’t dismiss that the obtained set of data still allowed to portray how this variables are
related and what its practical significance is.

5.4. Adopted innovations
Even with its considerable installation costs in the global south, solar panels were the innovation with
highest levels of adoption, this reinforces the global exponential trend of adoption for electricity
generation while posing a mitigation effort for climate change (Kabir, 2018). On the other hand,
underground water bodies are rudimentary, yet compared to the other innovations are the most
affordable ones (Per. Com. Celso Muxfeldt, 2020). Considering this with the result of the explanatory
power of risk attitude on the implemented innovations, there is a general confound for the sample
population on the domain of implementing sustainable development. Even though, is the most
affordable innovation and one of the most implemented by the sampled population, it doesn’t pose
an investment with big chances (it doesn’t have a higher expected utility compared to the actual
utility). In contrast, it is coherent that considering oneself risk loving in the domain of implementing
innovations explain statistically the implementation of eolic energy. One of the least implemented
innovations, as it is actually a big investment and supposes big chance (Pegels, 2010).

5.5. Thematically misalignment on factors
Regarding the risk typology, there was a thematically misalignment between how risk was factored
and to which theorical category belongs. As for example, the factor analysis for risk perception
grouped declining land prices and damages by fire. A decrease in price of their land would be
classified as a market risk, while damages by fire is rather a production risk. This also can be seen in
the factor analysis for risk management strategies, where subgrouping the population through this
proxy created a factor that gathers have an strict account system (for mitigating a financial risk) and
have a reserve of pasture (for mitigating a production risk). Subsequently, it can be argued that the
classification by Hardaker (2004) can be more fluid in practice. Even though the results don’t fit
explicitly in this classification, they reflect how the members of the association think about risk
elements. This phenomena is also present in other risk studies in the risk perception proxy in Akcaoz
& Ozkan (2005), Meuwissen (2001) and Greiner (2009) as can be noted in the results of section 3.6.

5.6. Explanatory power of risk elements
The aspect of considering itself risk loving in the domain of implementing sustainable development
measurements showed some diverse views on sustainability. For instance, regarding itself as risk
loving in the domain of sustainable development explained: having implemented underground water
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bodies, also explained more weighted belonging to the subgroup of trader & diversifier than to the
planner one, both risk management strategies. As well explained in risk perception being concerned
with QR & traceability being implemented by incumbents.
On a broad conceptual level sustainability is the balance between financial growth, ecological
improvement and ethical equity (Wang, 2005). Even more, Elkington (1994), the creator of the
concept of the triple bottom line stresses that complying with this three layers should still benefit
from competitive advantages. While at first elements such as trying to be profitable might seem to be
unrelated to sustainability indicators such as amount of water consumed and emissions to greenhouses
gases (Azevedo, 2017; Lebacq, 2012), recent evaluation of this type of assessments argues that there
should not be best tool ever that falls in generality. Rather, a more flexible vision of sustainability
that consider the objectives and the context of use (de Olde, 2017). In this particular case, without
being concerned on the economical features such as using affordable innovations, have good contracts
on inputs/outputs and have competitive advantage over the competition is difficult to enhance
environmental stewardship. Even more, this broad effect have already been reported in the notions
that famers perception of themselves as risk loving are not consistent with how they manage risk
(Bard & Barry, 2000).
On another hand, the factor of risk perception of changes in the market also had multiple explanatory
relations, such as: implementation of underground water bodies, also belonging to the risk
management factor planner and self-sufficient. This position is coherent with the sensing capacities
that translates into the adoption of affordable tools or innovations (Diederen, 2003). This members
with this overly sensing capacities are potential reluctant adopter of innovations.
Finally, despite the high explanatory power of risk perception over risk management, there was not
consistency with how the concerned risks with the highest scored mitigation strategy, with a notable
example of using mitigation strategies such as implementing succession plans (legacy factor in Risk
Management) explained by being concerned with reduced access to water (factor 4 in Risk
perception). However, despite the perception on this management strategies, this is not necessary the
same as the extent they would adopt such strategies (Meuwissen, 2001).

5.7. Comparison with previous finding on empirical risk studies
Doing comparisons with previous findings, particularly with the literature review might not be fair to
make as it was stressed in the manuscript, every context is quite specific. An example can be for
instance how s big majority of the Paraguayan sampled population considered itself as risk loving in
the domain of implementing innovations (almost 80%) yet prioritized risk management strategies on
production risk, and later on the sixth place, improving knowledge about farming innovation. This
instead was the most important risk management strategy for livestock farmers that also regarded
themselves as risk lovers in this domain, in a case study of Australia (Greiner, 2009). Both context
are different in their socio economic characteristics, institutional, etc. Even with the sample on the
Australian study that was of 94 respondents.
Yet on a more general focus can be done, as “New environmental regulation that hinder livestock
farming” is the risk that the sampled farmers considered with the greatest impact. However, this risk
cannot be mitigated with the risk management strategies that were considered most important (devices
to mitigate production and financial risk). Even, none of the innovations relate to this. Subsequently,
evaluating democratic and participatory mechanisms is highly encouraged. This result is in line with
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all the comparable studies on the literature review, where there is a disconnection between the most
important perceived risk and the most important risk mitigation strategy.

6. Conclusion
This study achieved depicting risk profiles of farmers in the case study of the biggest scale from the
reviewed literature. A relevant framework for studying risk in this case was developed with multiple
sources of risk based on the psychometric construct taking into account the accessibility and context
of innovations of livestock in NPY. This study achieved deepening empirically in the risk elements
and their extent of implementation in the region as was not done before for a global south geography.
Two categories of relative risk attitude (in the domain of implementing innovations and sustainable
development measures), risk perception factors (changes in the market and costs) and one factor of
risk management strategies (being self-sufficient) had explanatory power on the extent of
implementation of innovations. On another hand, while relations between relative risk attitude-risk
perception and risk attitude-risk management strategies were consistent, a lack of this was found in
the explanatory power of the concerned risks with the highest scored mitigation strategies.
Finally, this methodology can be further useful for the association or other stakeholders as it can make
use of exploring the different way of subgrouping the members according to their risks profiles and
this can unveil potential partnerships based on share interests.
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8. Annex

8.1 QUESTIONNAIRE
8.1.1 Introductory questions

The statistical analysis aims to identify groups and work with ranges of the Socio economic
characteristics. Thus this questionnaire is possible to fill anonymously. If there are
inconsistencies or doubts regarding some of your answers, your contact number would allow
me to reach you for clarifying and then having a more robust study. Fill the questionnaire as
you wish.

8. Contact
a. Email or mobile number
b. Remain Anonymous

8.1.2 Socio economic characteristics of the farm and the farmer

Please fill this questionnaire with the information regarding only the farm in the NPY,
omitting any other information about other farms located on other geographies. In case that
this farms work as a family business, being composed by multiple partners that are related,
direct the questions just considering the director. Meaning, the actor whose vote weights
more in the decision making regarding the farming operation.

9. In what range of number of bovine heads would you classify your operation in
the NPY (# of heads)?
a. 1.000 – 2-500 heads
b. 2.500 – 5.000 heads
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c. More than 5.000 heads
10. The place where your farming activities take place is:
a. Owned land
b. Rented land
c. A combination of owned and rented land
11. Purpose of the farming activities in the NPY
a. Raising for genetic improvement of the herd
b. Raising the full livestock cycle
c. Buying livestock units for fattening them
d. Mix
12. Final buyer of your product from the farm operation in NPY?
a. Selling to an “industrial freezer stock”
b. Selling on auction
c. Mix
d. Other
13. Age of the farm director * actor whose vote weights more in the decision
making regarding the farming operation.
14. Level of education of the farm owner * actor whose vote weights more in the
decision making regarding the farming operation.

15. In what range of area would you classify your operation in NPY (Ha)?
a. 1.000 – 4.000 Ha
b. 4.000 – 8.000 Ha
c. More than 8.000 Ha
16. Approximately what percentage of the yearly net costs in the annual balance sheet
of your operation are allocated just in taxes (%)?
a. 3%-10%
b. 10%-20%
c. More than 20%
17. Approximately what percentage of your farming assets in your annual balance
sheet are financed in the farm operation of NPY (%)?
a. 25% - 40%
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b. 40% - 60%
c. More than 60%

18. Have you experienced bankruptcy events in the course of your life?
a. Yes
b. No

8.1.3 Implemented innovations

Sustainable development in the region of NPY depends on the work that is done by
livestock farmers. This, regarding the increase of their productivity in relation with the
resource management in perspective of the future. This research acknowledges and aims
to deepen on your production strategies, for without stimulating this chain in the
economy is not possible to improve the social and environmental performance. One of
the most relevant elements in this context are the implementation of innovations in the
production and their diffusion within other livestock farmers. When you assess this
scenario you are faced with uncertain consequences, indeed, risky. Understanding how
this heuristics does work are part of the objective of this study.

19. Do you make use of one of the following technological innovations in your farm?
a. Artificial insemination
b. Embryo transfer
c. Nutritional mixtures with pasture and supplements
d. Solar pumping
e. Artificial underground water bodies for reserve
f. Water purification systems
g. Other

8.1.4 Risk management

Risk Management is defined as any action with the deliberate goal to modify the probability
and/or impact of adverse events. This decisions reflect the perspective on risk.
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How important are the following strategies and activities to you in managing all domains of
your risk in your operation?

1= Not important
2= Minor importance
3= Moderately important
4= Of mayor importance
5= Extremely important

20. Planning defined goals of production indexes
21. Implement a grazing calendar
22. Apply for institutional finance instruments when they are available
23. Implement “good livestock practices” on operation (Sensu the framework of the
alliance for sustainable development, evaluated recently by Control Union)
24. Diversify the operations in another type of livestock venture different than cattle
25. Establish price contracts for farm inputs (feed inputs, medicine inputs or
agronomic inputs for the pastures)
26. Establish price contracts for farm outputs
27. Plan an adaptation strategy to law regarding the relation between climate change
and livestock farming production
28. Diversify the operations in eco-tourism
29. Implement succession plan of the directory board of the farm operation
30. Implement succession plan for the “stocks” between the members of the
agricultural business
31. Have a strict accounting system
32. Improve knowledge about farming/grazing innovation through workshops
33. Plan an adaptation strategy to biophysical characteristics regarding the relation
between climate change and livestock farming production
34. Intensify production
35. Diversify the operations in agriculture
36. Have an off farm income
37. Plan an adaptation strategy to change in the market as a consequence of the
relation between climate change and livestock farming production
38. Have an off farm investment
39. Reduce debt from the farm balance sheet
40. Have a reserve of pasture
41. Have a reserve of water
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42. Restructure debt within the balance sheet to obtain new farming assets

8.1.5 Relative risk attitude

This indicator gives insight of the self-perception of an individual regarding its Risk
Attitude relative to other farmers in different categories of the farm business.

When you compare yourself to other operators in your industry would you say that you are
willing to take more or less risks with respect to the following aspects of your operation?
1= Much less
2= Somewhat less
3= About the same
4= Somewhat more
5= Much more

43. Implementing innovations
44. Implementing measures for sustainable development
45. Management of financial resources
46. Production (e.g. buying machinery)
47. Marketing/Market research
48. In general

8.1.6 Risk perception

Risks can be classified depending the uncertainty on the consequences of the decisions.
Imagine the ambiguity you might attribute to an undesirable event to happen. The happening
per se can be described objectively. E.g. drought on a pasture area. Nevertheless, the
attributed probability would differ between you and another livestock farmer. Even more, the
consequences and its magnitude differ as well.

In terms of your operation’s viability, how do you rate the risk that the following items pose?
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Likelihood of happening: low, medium, high
Extent of impact 1=None 2= Low 3= Medium 4= High 5= Fatal

49. Tax increase
50. Cattle disease
51. Change in the policy implementation of conservation plans that hinder livestock
farming activities
52. Global pandemics (the event of something like COVID-19 happening again)
53. Change in prices within the supply chain of meat products
54. Change in public policy that affects livestock agribusiness
55. Use of new technologies by other incumbents that add value to their product
(traceability and QR codes)
56. Ignore new emergent trends in the consumer market
57. Climate change increasing the variation between drought and rain
58. Death of an operator
59. Declining product prices
60. Decline in value lands
61. Rise in transportation costs for the livestock
62. Disease within a member of the family business
63. High interest rates for financing assets of the farm
64. Death of a member of the family business
65. New environmental regulations that hinder livestock farming
66. Rise in input costs (feed inputs, medicine inputs or agronomic inputs for the
pastures)
67. Rapid change in consumer preferences (more consumers turning vegetarian
68. Reduced access to water
69. Periodical decrease in the gains of cattle weight
70. Severe drought
71. Separation of marriage assets
72. Wild fires
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