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Abstract

In the research we made an assumption that farmers’ proper responses to increasing risks are
fundamental for building farms’ resilience. Simultaneously in our approach we assumed that
farmers’ reactions are largely determined by their risk perception and risk aversion as well
available farm resources. Thus, in the paper we made an attempt to integrate some aspects of
farm risk management with resilience concept in the context of sustainability challenges. Selected
results show that the biggest risk factors perceived by farmers are price volatility of agricultural
commodities, drought and volatility of inputs prices. Potential factors of farms resilience,
however, are strongly differentiated considering economic size of farms.
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Introduction

Agriculture is an economic activity exposed to a variety of risks beyond control of producers
(farmers) [Asseldonk et al. 2016, Hardaker et al. 2015]. In the literature [Hardaker et al. 2015,
Berg 2005, Majewski et al. 2008] many different classifications of risk factors in agriculture can
be found, but most often authors points out categories like: production risk (manifested by
variability of yields and fluctuations in animal performance), price risk (associated with
instability of prices of agricultural products and means of production), property risk (regarding
possible losses in farm assets), financial risk (associated with fluctuations in interest rates and
liquidity disturbances), institutional or political risk (related to changes in agricultural law and
policy) and personal risk related to unexpected events affecting persons working on the farm.

According to Huirne et al. [2000] and Hardaker et al. [2015] production and price risk together
form the basic dimension of business risk (it can be extended to the category of institutional and
personal risk). In addition to business risk, the cited authors point to financial risk results from
the method of financing the farm. Income risk is derived from those risk factors [Meuwissen et
al. 2008], although it is not a simple sum of individual risk factors, because there are a number of
complex relationships in agricultural activities - e.g. the opposite direction of yield and price
changes is possible, or state intervention is possible to mitigate the effects of certain types of risk
[Finger 2012, Sulewski 2015, Kobus 2014].



Climate changes, globalization and liberalization of international trade of agricultural products as
well as changes in policy cause that the income and production risks in agriculture are becoming
more and more severe [Antén et al. 2012, OECD 2011]. It is also worth to emphasize that the
increase in uncertainty and the possibility of various turbulences in agriculture are not only a
problem for farmers themselves, but are important for the entire society, which results from the
fact that farms provide food as well as play an important role in maintaining social cohesion,
providing energy from renewable resources, offering recreational services and maintaining
cultural landscape [Darnhofer 2014, Boto et al. 2013, Cabell and Oelofse 2012, McManus et al.
2012]. The growing level of risk may discourage farmers from continuing their activity and
incline to abandon agricultural land [Terres et al. 2013], which is a threat to functions
implemented by farming systems [Meuwissen et al. 2018, Spiegiel et al. 2019].

Changes observed in economic, social and natural environment and the growing number of risk
factors create serious threats to the realisation of basic functions of the farming sector - food
production and provision of public goods [Meuwissen et al. 2018]. This justifies raising questions
about resilience of farms as single units and the whole farming sector.

The conceptual scope of the word "resilience™ is very broad [Alexander 2013]. However it is
possible to point out major dimensions of the resilience which are “the capacity of a system to
absorb disturbance and reorganize while undergoing change so as to still retain essentially the
same function, structure, identity, and feedbacks” [Walker et al. 2004 , Folke et al. 2010] or
capacity of “a complex system to remain within a regime in the face of external perturbations and
internal change” [Garmestani and Benson 2013] or ,,resilience can be described as the capacity of
systems, communities, households or individuals to prevent, mitigate or cope with risk, and
recover from shocks” [Gitz and Meybeck 2015].

The issue of resilience is closely related to risk. This is indicated by the initial paper of Holling
[1973], which emphasized the importance of random events and instability (fluctuations) in
assessment of systems resilience. In psychology, the concept of resilience is closely related to the
individual's exposure to an increased level of risk [Luthar 2006, Rutter 2006]. However Rutter
[2006] states that “resilience differs from traditional concepts of risk and protection in its focus
on individual variations in response to comparable experiences”. It seems that a similar approach
is also justified in perceiving the relationship between risk and resilience in agriculture. Recently
growing interest in the issues of resilience in agricultural is a consequence of changes taking
place in the economic, environmental and institutional factors of agricultural’s environment
[Herrera et al. 2016, Lehmann et al. 2013, OECD 2017, Koundouri et al. 2009, Anderson 2010,
Meuwissen et el. 2018]. The growing dynamics of these processes means that both farming
systems and individual farms are under the pressure of many factors that may threaten their
existence. As emphasized by Meuwissen et al. [2018] contemporary challenges facing farming
systems result from economic, environmental, social and institutional risk that can affect farmers
both through shocks (a sharp change in a risky environment) as well as long-term uncertainties.
Resilience therefore refers to the broadly understood phenomenon of risk and its consequences
(according to Meuwisen et al. 2018 “risk” is answer for the question “resilience to what?”). In the
context of the challenges of sustainable development and sustainable agriculture, the growing
pressure of various factors leads to the fundamental question of sustainability of farms, farming
systems and food production system. It seems that achieving sustainable development goals in
the field of agriculture requires strengthening the resilience of farms and farming system to the
growing number of various risk factors [Milestad and Darnhofer 2003, Holling 2001]. As
emphasized by Milestad and Darnhofer [2003] referring to the studies of Folke et al.[2002, 1998]
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,Hresilience is a key property of sustainability and therefore the goal is to build resilience for
sustainability”.

The concept of resilience can be perceived in the category of buffer capability (capacity),
adaptive capability and transformative capability [Carpenter et al. 2001, Milestad and Darnhofer
2003], what can be reflected in farm’s ,robustness”, “adaptability” and “transformability”
[Meuwissen et al. 2018]. In practice, increasing farm resilience (or farming system resilience)
requires managing risk that may include methods increasing farm’s robustness (e.g. insurance,
compliance with the technological regime), adaptability (e.g. new more resistant varieties,
vertical integration ) as well ,,transformability” (e.g. diversification into non-agricultural activity).
Practical possibilities in this area are determined by some behavioural aspects, particular by
framers’ risk aversion and risk perception. Milestad and Darnhofer [2003] states that there is no
such thing as an ever stable system and farmers have always lived in changing environments-
politically, economically and ecologically where surprise and structural changes are inevitable.
The increasing intensity of these phenomena in the current conditions requires special attention,
which should be manifested at the farm level by efficient risk management leading to increasing
farm resilience [OECD 2018, Tedesco 2018]. However, this cannot be achieved without the
active role of farmers [Bullock et al. 2017, Reidsma 2010, Rodriguez et al. 2011] and their
understanding of the key challenges facing agriculture.

In this context the main goal of the study was to compare a real exposure on economic risk with
farmers perception regarding risk of economic failure of the farm. In the research we made an
assumption that farmers’ proper responses to increasing risks are fundamental for building farms’
resilience. Simultaneously in our approach we assumed that farmers’ reactions are largely
determined by their risk perception and risk aversion as well available farm resources (reflecting
economic and production potential). Thus, in the paper we made an attempt to integrate some
aspects of farm risk management with resilience concept in the context of sustainability
challenges.

Methodology

In this paper authors make an attempt to compare real exposure on economic risk with farmers
perceptions and the level of their adaptability to potential threats and identify their possible
responses to the growing level of management uncertainty in the context of the need to strengthen
farms resilience. The data from the FADN database were used to assess economic performance of
farms. There were 5 clusters of the economic farm size distinguished. The division into economic
size groups was based on the assumption that aversion and perception of farmers, as well as
possible ways of responding to increasing threats, depend on the economic size of farms. Farmers
perception of the economic risk, identification of main sources of risk, recognition of available
risk management tools and potential actions to be taken by farmers in cases of significant income
drops were analysed based on the survey conducted on the representative subsample of FADN
farms (600 farms). The real income risk level was presented with the use of the farm income
variability indicator and the debts to assets ratio. In addition the Arrow Pratt risk aversion
coefficient [Antle 1987] has been calculated based on FADN data. Finally, the level of resilience,
understood as a conjunction of farmer risk awareness, recognition of risk management tools and
economic potential of the farm to cope with economic crisis, has been assessed. The differences
in the perception of risk and the possible ways of response were analyzed by comparing the
average values (or frequency of responses) between the identified economic size groups.

4



Depending on the type of variables, the significance of differences was tested using the F test
(ANOVA variance analysis for quantitative variables), Kruskal-Wallis rank ANOVA test (non-
parametric equivalent of classic variance analysis) or the Chi-square test.

Results

Farmers face many risk factors in their daily activities, although not all of these factors are
equally important. It should be expected that the impact of these factors on the decisions taken by
farmers will also be different. Average assessments of the significance of various risk factors in
the sample of farms are presented in Figure 1. The biggest risk factors perceived by farmers are
price volatility of agricultural commodities (average 3,78 in 0-6 scale), drought (3,69 in 0-6
scale) and volatility of inputs prices (3,4). Hurricanes and flooding turned out to be the least
significant risk factors from the point of view of the farmers surveyed. The presented statement
shows that if the risk of drought is omitted, price risk factors are perceived by Polish farmers as a
more serious problem than production risk factors.

volatility of agricultural commodities
drought

volatility of input prices

frosts

poor overwintering

hail

heavy rain

animal diseases

floods

storm

0 1 2 3 a4
average score in scale 0-6

Figure 1. Farmers’ perception of different risk factors — average value in scale 0-6
Source: own research

In order to assess the degree of differentiation of farmers' perceptions in terms of basic risk
factors, a comparison was made of the average values within separate economic size groups (ES6
FADN 2019). Due to the nature of the variables used, the significance of differences was
assessed using the Kruskal-Wallis rank ANOVA method. A summary of mean values within
groups and test results are presented in Table 1. The analysis showed no significant differences,
suggesting that basic risk factors are similarly perceived regardless of the economic size of the
farm.



Table 1. Farmers’ perception of different risk factors — by ES6 grouping (average value in scale
0-6)

Risk factors

Economic poor volatility of | volatility
size over- | heavy animal | product | of input
group drought | hail frosts |wintering| rain | floods | storm |diseases| prices prices

ES1| 3,83 | 1,89 3,15 2,80 2,15 | 111 | 0,74 | 1,37 3,83 3,48

ES2| 3,67 | 1,69 2,85 2,58 169 | 0,89 | 0,68 | 1,21 3,80 3,45

ES3| 3,69 | 1,59 2,64 2,53 145 | 099 | 0,76 | 1,41 3,85 3,47

ES4| 3,86 | 1,50 2,87 2,70 141 | 0,70 | 0,56 | 1,43 3,78 3,43

ES5| 3,44 | 1,38 2,49 2,50 1,41 | 0,76 | 0,51 | 1,30 3,57 2,97

Kruskal-Wallis test value

511 | 2,55 6,05 2,31 7,68 | 768 | 480 | 6,32 2,96 5,9485

p-value | 0,4022 |0,7679| 0,3010 | 0,8036 |0,1747|0,1746|0,4405| 0,2761 | 0,7058 | 0,3113

Source: own research

In the further part of the study, parameters reflecting the potential farm resilience were compared
within groups of farms distinguished by economic size. Income stability (farmers' rating on a
scale of 0-6), farm debt (measured by the ratio of liabilities to assets) and the level of risk
aversion measured by the Arrow-Pratt aversion coefficient were taken into account. Income
stability can be considered one of the key factors determining farm resilience. The high level of
income fluctuations is both a disincentive to continuing farming (affecting the farmer) and a
threat to the settlement of farm liabilities, especially at high debt levels. For this reason, the level
of asset debt was also included in the analysis. In turn, the level of risk aversion may determine
the willingness of farmers to use different methods of risk management (which, with an
appropriate risk management strategy, increases farm resilience), although on the other hand it
may induce farmers to limit their activity, in particular when there is a lack of knowledge about
available methods of advice risk (which in extreme cases will lead to decommissioning). The
analyzes show that there are quite clear [Figure 2] and statistically significant differences
between the distinguished economic size groups (F test value for differences in risk aversion
level F = 5.59 and p-value 0.0020; for the debt ratio F = 29.7 and p = value = 0.0000, Kruskal-
Walis test value for differences in income stability estimates (H = 22.62 and p-value = 0.0002).
The presented summary shows that along with the increase in the economic size of the farm,
income stability increases (2.31 in the smallest farms compared to 3.07 in the biggest in 1-6 scale,
while 6 means very stable income level) and the degree of debt (1% in smallest farms compared
to 13% in the biggest). This means that larger farms are on the one hand (at least in the opinion of
the surveyed farmers) more resistant to economic fluctuations, which suggests their higher
resilience, but on the other hand they are objectively more indebted (although the average level of
debt in all groups of economic size can be considered relatively short). This observation
corresponds to a clearly decreasing level of risk aversion with increasing economic size.



0,80
0,70 S~

0,60 \ _

0,50
0,40
0,30

0,20
0,10 — L

assets ratio

T
O Rk Rk NN W W A

0,00 T T T T
1 2 3 4 5
Economic farm size group [ES6]

risk aversion coeffcient / debs to
income stability (0-6 Likiert scale)

== Risk Aversion coefficient (Arrow-Pratt) =—=debs to assets ratio income stability

Figure 2. Farmers risk aversion, debt level and farmers assessment of income stability in farms
of different economic size.
Source: own research

As indicated earlier, skilful use of various risk management methods can be considered one of the
most important elements in raising farm resilience. The analyzes show that the economic size of
the farm significantly differentiates the assessment of the usefulness of various risk management
methods. In general, agricultural insurance was rated the highest, and their usefulness was
assessed on average at 3.56 points on a scale of 0 to 6. However, there were significant
differences between farms of various economic sizes. In the smallest group (ES1) the average
rating is only 2.87 while in the group of the largest farms it was as much as 4.18. Also in the case
of animal insurance, it can be observed that farmers from larger farms rated the usefulness of this
instrument significantly higher, although the average ratings in all groups were clearly lower than
in the case of crop insurance. The opposite situation can be observed in the case of "credit
avoidance" - the usefulness of such a method was rated highest by farmers from the smallest
farms (average 3.42 versus 2.15 in the largest). Compared to larger farms, this group also rated
the usefulness in reducing the risk of additional non-agricultural activity (2.95 vs. 1.36) and
additional work outside the farm (3.42 vs. 0.67) as well as additional agricultural activity (2.24
vs. 1.87). This indicates that farmers from smaller farms are more interested in diversifying
income sources. On the other hand, farmers from larger farms value slightly higher prices for
closer cooperation with suppliers of production means and recipients of products. On the other
hand, there were no significant differences between the identified groups of farms in assessing
the suitability of such risk mitigation methods as "maintaining cash reserves” and “irrigation".
While it seems understandable that the high rating of "maintaining cash” in all groups seems to
be clear, the average low assessment of the usefulness of irrigation is a certain surprise. It can be
assumed that farmers, without currently having an irrigation system, also have potential benefits
in connection with investment costs, hence the relatively low assessment of the usefulness of this
method. Information on the average value of individual instruments and the results of the
Kruskal-Wallis test are given in Table 2.



Table 2. Assessment of the usefulness of selected risk management methods by farmers in farm
groups by economic size

o Risk management tools
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Source: own research

It can be assumed that the growing importance of risk should prompt a conscious (rationally
thinking) farmer to either decide to withdraw from agricultural activity or to implement solutions
consisting in adaptation to changing (deteriorating) business conditions. In order to determine the
possible reactions of the surveyed farmers to a significant deterioration of the situation, the
respondents were asked about their likely actions in the event of a permanent and significant
decrease in income (i.e. by more than 30%). Farmers could indicate the three most likely
reactions among all those listed in Table 3.

On average, the largest percentage of respondents indicated a reduction in the scale of planned
investments - in general, almost 70% of the surveyed farmers indicated such a reaction, with
quite clear differences between farms of different economic size. The percentage indicating such
action clearly increased with the increase in economic size. The largest number of such farmers
was in the group of the largest farms (over 86%), and the least in the smallest farms (52%).
Farmers from larger farms plan investments more often, hence their possibilities to reduce these
activities are also greater. The second of the most frequently mentioned reactions turned out to be
a change in the direction of production (on average 52% of farmers indicated it) - as above,
farmers from farms with higher economic strength often indicated such a reaction. In third place
in terms of the percentage of farmers choosing individual measures was "reduction of family
expenses (for home) and continuation of current activities”. On average, such a solution was
indicated by over 23% of the respondents as one of the possible reactions, but again there were
quite clear differences between the distinguished groups - the importance of this measure was
clearly smaller in the smallest farms, where due to lower incomes there are probably a lot of
possibilities to reduce spending on the house smaller than in units with greater economic
potential (which indicate a smaller resilience of smaller farms). On the other hand, farmers from
smaller farms more often indicated activities such as taking a full-time job, undertaking non-



agricultural activities, giving up commercial activity and getting rid of land. In the whole
surveyed population, relatively few farmers assumed complete cessation of activity and moving
to the city.

Table 3. Possible farmers' reactions to the potential significant deterioration of the income
situation
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Avg. 23,5 69,8 | 135 | 16,8 | 52,0 | 18,0 17,0 9,8 19,7 | 55 | 2,2
Chi-square test value
12,84 | 3353 |16,61| 420 | 245 | 1383 | 2,65 48,95 | 33,96 |10,02| 6,77
p-value 0,0120 | 0,0000 |0,0023/0,3799| 0,6535 |0,0078| 0,6175 | 0,0000 |0,0000| 0,04 |0,1487

Source: own research

Conclusions

The results show that the surveyed farmers, regardless of their economic size, similarly assess
individual risk factors - the most important were price volatility and drought. However,
significant differences were observed in relation to the basic factors affecting farm resilience,
such as the degree of debt, risk aversion and assessment of income stability. Farmers from farms
with greater economic strength, despite higher indebtedness, perceive their income as more stable
and show less risk aversion, which may suggest their higher ability to introduce adaptive
changes. Such observations seem to confirm the assessment of the usefulness of various risk
management methods made by farmers - farmers from stronger farms value farm-oriented
measures (insurance, cooperation, futures contracts) higher, while farmers from smaller farms are
more focused on conservative attitudes (avoiding credit ) and looking for additional sources of
income. The larger resilience of larger farms is also indicated by farmers' declarations as to their
potential response to the crisis - they can reduce the scope of planned investments and are willing
to increase the scale of production to maintain income, while smaller ones more often declare
abandoning commercial activity and seeking another source of income, which indicates their low
resilience.




Summing up, it can be stated that farmers perceive income risk in a correct way, although
depending on the size of farm they tend to respond differently to potential crises. Owners of small
farms concentrate on risk avoidance and show a high propensity to keep their farm unchanged
focusing rather on off-farm income, which reflects an observed high "robustness™ of small farms
in Poland. Farmers running large farms have more stable incomes and a lower risk aversion. At
the same time they demonstrate a much greater risk management skills and a greater propensity
to introduce changes in the event of a crisis which reflects higher "adaptability” and
"transformability" of bigger farms.
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