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Abstract: Ensuring sustainable and economically viable agriculture requires economic resilience
before, throughout, and after a shock. This paper studies the economic resilience of Austrian
agriculture within the period of 1995 to 2019. However, methods for tracking changes in economic
resilience have so far seen only limited application in agriculture. The index for the analysis and
measurement of economic resilience is based on four areas: financial flexibility, stability in following
the development path, diversification of activities, and diversification of export markets. As results
show, Austrian agriculture is of interest because of the very high level of economic resilience, ranging
from 0.83 to 0.92 in the period researched, thereby displaying a high capacity to absorb shocks.
Generally, these results indicate that Austrian agriculture is forgiving of shocks and thus very
economically resilient. These results provide context for developing generalizations on economic
resilience in agriculture and its fundamental function for producing effective food security within a
sustainable transition path. Some concluding suggestions propose possible future areas of research.

Keywords: economic resilience; agricultural sector; index; Austria

1. Introduction

Due to changes in economic and political conditions, societal demands, and technological
innovations, the Austrian agricultural sector has been exposed to fundamental changes in the last
decades. The most fundamental change was the accession to the European Union (EU), i.e., its markets
and competition were affected by the Common Agricultural Policy (CAP). The share of the agricultural
sector in the Austrian economy has been steadily declining. The share of agriculture in the total gross
value added of the economy currently fluctuates around 1%, whereas, in 1995, it was 1.9%, and in
1976, it was 4.5% (Quendler et al. 2016, p. 303). Agriculture plays an important role for Austria’s
economy, going far beyond the production of food, in that it has a positive impact on other industries.
The Austrian agricultural sector also continues to exhibit its important historic environmental, social,
political, and societal significance. Austrian agriculture is exposed to fluctuations in demand, e.g.,
based on government interventionism (e.g., export bans to Russia), seasonality, weather conditions
(e.g., droughts and floods), price fluctuations, and diseases at regional and global level (e.g., swine or
bird fever and COVID-19), as well as technological innovation. Therefore, from the economic point of
view, the agricultural sector must be sustainable not only under average conditions in the long run,
but it also must be resilient during times of extreme shocks.

In anticipation of future times of extreme shocks, we add lack of resilience as an important
constraint to agricultural sustainability. In 2015, van Wyk (2015) advocated for a paradigm shift from
an emphasis on sustainability to be supplanted by resilience in the ongoing process of transition.
For the OECD (2017), “economic resilience” has become a guiding principle in the context of economic
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research. This is based on the idea that resilience is of particular importance to an imbalanced or
unstable economic system. We contend that resilience is not an alternative to sustainability, but,
instead, is an essential aspect or characteristic of sustainability. Resilience is defined as the ability of an
economy to withstand shocks and reduce the probability of further deep shocks or at least to mitigate
the effects of a shock (Morkūnas et al. 2018). The concept of economic resilience may offer a potential
framework to overcome shocks and to enable sectoral development in a sustainable way. Moreover,
it provides a new perspective on the agricultural sector by building economic resilience and adaptive
capacity within the system. The focus is not on the attempt to control the sector and the system for
stable optimal production and short-term economic gain. It is alleged that the ability with which
individuals, companies, sectors, policy, NGOs, and international trading bodies function, withstand
shocks, and return to a stable state after major negative impacts of external shocks is essential for a
long-run transition to sustainability (Bailey and De Propris 2014; Quendler 2017). An economically
resilient agricultural sector is essential, as it contributes to the ongoing viability of the economy and
the wider community (cf., McManus 2008). In this sense, economic resilience reflects the financial
strength and stability of the sector, including the economic vitality and diversity of the system in which
it operates, the supply chain that it rests on, and the markets that it serves (cf., Found and Rich 2006;
UNDP 2015, p. 4).

There has been an increasing number of analyses (country, region, province, city, local
labor market, neighborhood, etc.) on how shocks effect economic resilience (cf., Hallegatte 2014;
Modica and Reggiani 2015). They suggest ways to combat a shock, touch on how the economic system
in general could react in the long-term, and discuss the role of the state, i.e., policy. To explain the
resilience of the agricultural sector, the literature has examined the relationship between economic
resilience based on gross value added, intermediate consumption, financial capital deviations in income,
export orientation, and diversification (Andersen et al. 2014; Angeon and Samuel 2015; Hallegatte 2015;
Gößling-Reisemann 2016; Noy and Yonson 2016; Rose and Krausmann 2013; Swamy 2019).

In this context, the question of what constitutes the economic resilience of an agricultural sector
and how is it assessed or measured is currently coming to the fore. This paper is guided by the research
question of how Austrian agriculture has performed after the accession to EU in terms of economic
resilience. In order to assess the economic resilience of Austrian agriculture, an index which measures
resilience of the agricultural sector was calculated. The data were taken from the Economic Accounts
for Agriculture (EAA) (Statistics Austria 2020a), Austrian foreign trade (Statistics Austria 2020b) and
OECD.Stat (OECD 2020) for the statistical analysis and econometric modeling. This paper expands on
previous work on economic resilience by Morkūnas et al. (2018). It is one of the first papers devoted to
investigating economic resilience in the Austrian agricultural sector. This paper is more theoretical in
nature, although it gives some insights to policy makers to strengthen support policy in order to avoid
the shocks of 2008 and 2013. However, it was recognized at the outset that the subject is complex and
multifaceted and, thus, that this paper would probably touch on many areas worthy of future separate
research beyond its scope. This notwithstanding, this paper is intended as a contribution to increase
understanding of economic resilience. Moreover, it contributes toward the development of a unified
model of an economically resilient agricultural sector, to help embrace and manage change effectively
(Bontoux and Bengtsson 2015; cf., EC 2019) within a transition to a more sustainable EU economy.

In the following section, the paper first explores definitions of economic resilience and gives an
overview of indicators of economic resilience in agriculture. Section 3 outlines the method employed,
summarizes the data collected, and shows the rationale of their selection. Section 4 presents the results
for Austrian agriculture for the period 1995 to 2019 and provides insights into the reasons for its
dynamics. Section 5 concludes with a look at further research needs and a word of caution relating to
the interpretation of results. This paper complements the research on economic resilience of agriculture
(e.g., Lin 2011; Pant et al. 2014; Webb et al. 2017; Wairiu 2017; Birthal and Hazrana 2019) and may help
to frame our overall understanding of evolutionary resilient pathways and sustainable transitions in
the agricultural sector.
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2. Theoretical Background

The resilience1 concept has a long tradition in some disciplines (especially in psychology and
ecology, and economics). In sectoral research, economic resilience is relatively new; it has been a key
subject of research for the last decade. This section discusses the term “shock”, within the concepts of
transition and sustainable development, addresses the concept of economic resilience, and outlines its
application in agriculture through a literature review.

2.1. Shocks and Sustainable Transition

Nothing challenges an agricultural sector like a shock. Zseleczky and Yosef (2014, p. 1) defines
shocks as “external short-term deviations from long-term trends, deviations that have substantial
negative effects on people’s current state of well-being, level of assets, livelihoods, or safety, or their
ability to withstand future shocks”. They identified five types of shock: conflicts (state-based, non-state,
and one-sided violence), natural disasters (droughts, floods, hurricanes or cyclones, and earthquakes),
climate change, food and price volatility, and health crises.

In highly volatile and uncertain times, a sector is frequently confronted with such extreme
and, most of the time, unexpected or unforeseen shocks. These shocks can profoundly change the
economic equilibrium or homeostasis of the sector. In the context, these changes or a series of changes
may severely compromise the operation or disrupt the economic performance and well-being of the
sector (cf., Rose and Krausmann 2013). These changes can be idiosyncratic in nature, e.g., financial
crises, diseases, society crises, or the impacts of extreme weather conditions. On the other hand,
they can also be structural, i.e., affecting the whole sector or only a branch of a sector (e.g., dairy),
through policy reforms. A resilient agricultural sector withstands shocks, such as volatile markets
and erratic weather events, and adapts to changing circumstances and societal requirements, as
well as general demographic trends (Meuwissen 2018). With regard to the management of shocks,
the CAP includes changes of intervention prices and risk management measures over time, but also
deals with the provision of ad hoc disaster aid (Meuwissen 2017, p. 6). The European Commission
considers improving the resilience of the agricultural sector in order to achieve the objectives of the
CAP (Meuwissen 2018).

Within the evolutionary economy, researchers, in particular, have asserted that resistance to and
recovery from shocks may be a consequence of its previous growth path (Martin and Sunley 2015).
This path coins a transition process. Ideally, the sector in transition has to be resistant to external
and internal shocks in the short-term and have the ability to refocus on a sustainable transition after
the shock—even after the passage of decades (or centuries) (cf., Olsson et al. 2014). The transition
toward more sustainable economies and sectors is a central challenge of our time. As sustainability
is the more comprehensive concept, resilience represents a necessary but not sufficient condition for
sustainability. In the sustainability science discourse (cf., van Wyk 2015; OECD 2017), transitions
have purposely been associated with Sustainable Development Goals (SDGs) (Markard et al. 2016).
Several of the goals are directly related to building resilience to extreme shocks in relation to economic,
social, environmental, and also cultural issues (UN 2018). Thereby, sustainability transitions can be
defined as “long-term, multi-dimensional, and fundamental transformation processes through which
established socio-technical systems shift to more sustainable modes of production and consumption”

1 The resilience of a sector is not to be equated with its vulnerability. “Vulnerability” is the broader term. Vulnerability
encompasses the extent to which a system is prone to crisis (Rose 2004); thus, it is minimized through successful
crisis-prevention measures. Furthermore, lower moving economic, ecological, social, and demographic stressors create
vulnerability, which in turn can have long-term consequences by reinforcing pre-existing vulnerabilities. By contrast, the
degree to which resilience has been achieved can be assessed only with respect to a crisis. A system in which crisis-prevention
measures have been successfully carried out reduces its vulnerability. However, it does not necessarily thereby improve its
resilience (in the case in which the now-less-probable crisis disruptive change nevertheless takes place). Note that it is not
the increase in shocks that creates vulnerability, but rather the decline in coping and adaptation mechanism for facing and
surviving (cf., Kirby 2006).
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(Markard et al. 2012, p. 956; Bontoux and Bengtsson 2015; cf., Bontoux and Bengtsson 2015; EC 2019).
In order to meet the post-2015 development goals, cf. 2030 Agenda for Sustainable Development one
global target of the Sendai Framework is a reduction in economic losses in relation to global GDP
(UNSDIR 2015, p. 12). In this context, Ranger and Surminski (2013, p. 3f) have proposed to reduce
economic losses by 20% and to develop an operational framework for monitoring resilience, using
economic indicators. Beyond focusing on economic indicators, a clear comprehensive metric system
should also include social, environmental, and governance systems as a prerequisite, in development
efforts at all levels of the SDGs (Bhamra 2015). There appears to be a lack of studies explicitly discussing
the role of economic resilience in the sustainable transition of specific sectors. According to Sondermann
(2017) “economic resilience is essential to better withstand adverse shocks and reduce the economic
costs associated with them”. Furthermore, there is a potential for conflict between economic efficiency
or productivity and sustainable transition, e.g., an increase in gross domestic product (GDP) can, and
often does, conflict with building social and ecological resilience (cf., Greenham et al. 2013).

2.2. Defining Economic Resilience

Today, all economic fields have generally adopted the concept of resilience. Given the breadth
of the disciplinary origins and despite the growing importance of the idea of economic resilience,
the conceptual framing and clarity of the notion of economic resilience remains the subject of
considerable academic debate (Boschma 2014; Martin and Sunley 2015; Bristow and Healy 2018).
Furthermore, the concept has been approached in many different ways by many different economists.
Martin (2012) describes how resilience is embedded in the broader economic literature as a fuzzy
concept (Markusen 1999), whereas Swanstrom (2008) thinks of resilience as more than a metaphor but
less than a theory, or, in other words, as a conceptual framework.

There is much ambiguity and difference of view as to the precise meaning of the notion and
interpretation of economic resilience (Table 1), how it should be measured, whether resilience is a
positive or negative attribute, and what it implies for policy intervention (Hill et al. 2008). According to
Simmie and Martin (2010), the focus of economic resilience seems, on the one hand, to be an
analysis of the speed with which a system returns to its pre-shock condition (cf., engineering
resilience), and on the other hand, the capacity of a system to reach new possible equilibria (cf.,
ecological resilience). In this research on economic resilience, we focus on the capacity of a system
to absorb external shocks and use any new possibilities (cf. Duval et al. 2007; Hill et al. 2008;
Briguglio et al. 2009; Martin 2012; Tan et al. 2017; Morkūnas et al. 2018) that shocks provide to achieve
a continuing transition to sustainability. It is aimed at measuring the potential of the sector researched
to stay on an earlier predetermined development path or to exploit possibilities arising. It does not,
however, use the speed of recovery as a measure of resilience.

Economic resilience is undoubtedly of interest in the current era of globalization, regional
democratization, instability, and uncertainty, where small or extreme shocks can induce new
unpredictable dynamics in economic systems because of the high level of network connectivity
among all their subsystems. In sum, the equilibrium or stability notions, as well as the uncertainty and
unpredictability of current economic phenomena in an economy, not only reinforce the importance of
the concept of economic resilience but also call for a greater emphasis on the investigation of economic
resilience in economics, especially in agriculture.
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Table 1. Selected definitions of economic resilience over time.

Year Author Definition—Economic Resilience

2007 Duval et al.

“may be loosely defined as the ability to maintain output close to potential
in the aftermath of shocks. Hence, it comprises at least two dimensions: the
extent to which shocks are dampened and the speed with which economies
revert to normal following a shock” (p. 6)

2008 Hill et al. *
“the ability to recover successfully from shocks to its economy that either
throw it off its growth path or have the potential to throw it off its growth
path” (p. 4)

2009 Briguglio et al. *

“refers to the policy-induced ability of an economy to recover from or
adjust to the negative impacts of adverse exogenous shocks and to benefit
from positive shocks. The term is used in two senses in this paper,
respectively relating to the ability to: (i) recover quickly from a shock; and
(ii) withstand the effect of a shock” (p. 5)

2012 Martin

“the capacity of an [ . . . ] economy reconfigure, that is adapt, its structure
(firms, industries, technologies and institutions) so as to maintain an
acceptable growth path in output, employment and wealth over time”
(p. 10)

2017 Tan et al.

“should be conceptualized as (1) the long-term capacity . . . to develop new
growth paths such as new industries or technological breakthroughs; and
(2) the capacity to resist and recover from short-term shocks; and (3) the
relationship between the two meanings of resilience, that is, how shocks
affect the capacity to develop new growth paths” (Carpenter et al. 2005;
Simmie and Martin 2010; Davoudi et al. 2013; Boschma 2014). (p. 472)

2018 Morkūnas et al.

“of a state, region, economic sector or other type of economic system can be
defined as the ability to maintain a pre-existing state (usually assumed to be
an equilibrium state) or return to it very quickly, typically, acquiring new
abilities, after being affected by some type of exogenous shock” (p. 323) *

There are authors (Barthel and Isendahl 2013; Tidball and Stedman 2013;
Farley and Voinov 2016) who research resilience as an ability of the
economic system being able to avoid being pulled out of its previous
equilibrium state by an exogenous shock. This could be achieved in two
ways: having the ability to avoid external perturbations (by producing
goods or services that are unlikely to be subject of negative external demand
shock, etc.) or maintaining the capacity to withstand the impending
external shock with little or no negative impact (by producing a wide range
of goods sold in different markets, or having broadly diversified economic
activities, the possible external shock has little adverse effect). (p. 323)

Authors such as Tonts et al. (2014), Williams and Vorley (2014),
and Boschma (2014) “perceive economic resilience from the
path-dependence perspective. The concept of path-dependence, sometimes
called a ‘historical lock-in’, assumes that an economic system has more than
one equilibrium and that not all of it is efficient enough (regardless of the
fact that the static or dynamic state of resilience is being researched). Due to
the gamut of the decisions and actions taken during a period of time, an
economic system can find itself ‘locked into’ a degree or growth path that is
not optimal (Hill et al. 2008; Modica and Reggiani 2015). It offers a notion of
economic resilience in which resilience is understood as a capacity of an
economic system to avoid being locked into such a suboptimal equilibrium
or, if it became, to transform to a more efficient equilibrium quickly and
spatially” (p. 323)

Source: own work. Note: * This attitude toward economic resilience can be called static economic resilience or
adaptive economic resilience. In this scenario, an economic system, as an entity, takes no action to avoid being
thrown out of the equilibrium state and relies on the flexibility to minimize the negative consequences of the
impending exogenous shock (Morkūnas et al. 2018, p. 322). Furthermore, the system, either in anticipation or as a
reaction, undergoes a reorganization of form and/or function in order to minimize the impact of a destabilization
(Martin 2012, p. 6).
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It is quite evident that the definition of resilience has become more concrete over time as shown
in Table 1. Looking at these definitions, we see there are various factors which contribute to the
potential for a system to be resilient. Taken from the definitions, these factors include the choice
of product or service, the diversity of product and service, the diversity of the market (cf., second
definition by Morkūnas et al. 2018 in Table 1) and the inflexibility of a system (cf., third definition
by Morkūnas et al. 2018 in Table 1). It is also clear that these factors involve both the supply and the
demand sides of any sector. Correspondingly, measuring resilience should include indicators geared
to all aspects of these definitions and should realize that a level of resilience is only achieved through a
combination of these factors. Since it is impossible to predict entirely the type and nature of any shock,
especially in the case of agriculture, any indicator set chosen can serve only as a proxy for an assumed
level of resilience.

2.3. Measuring Economic Resilience in Agriculture: A Selection of Indicators

The literature on measuring economic resilience can be divided into three streams: studies
based on a qualitative research design (Williams et al. 2013), papers which use a mix of qualitative
and quantitative data (Vugrin et al. 2011; Evenhuis 2020), and papers based on purely quantitative
approaches, which, in turn, can be divided into investigations that (i) typically use some artificial proxy
indices for measuring economic resilience (Faggian et al. 2018), (ii) draw conclusions from a trend
analysis (Sensier et al. 2016), or (iii) create indices for measuring this fuzzy concept (Briguglio et al. 2009;
Rose 2017). We follow the latter approach by selecting the most suitable indicators for assessment
of the economic resilience level of a state’s agricultural sector. It should be noted that we selected
indicators which help to measure and promote a system’s economic resilience, without regard for the
implications for its stagnation (Mühlemeier et al. 2017).

Xu et al. (2011), measuring economic resilience of the US economy, proposed to investigate the link
between general output and intermediate consumption as one of the indicators of economic resilience.
The relationship between revenues and intermediate consumption in defining economic resilience
was explored also by Hallegatte (2015). Intermediate consumption and financial capital are among
the variables comprising the Dormady et al. (2019) economic-resilience measuring index. This ratio
between output levels and intermediate consumption was also exploited to measure resilience in
agriculture. Andersen et al. (2014) employ this ratio in assessing the resilience level of agricultural
sectors of selected Latin American countries.

The ability to follow a predetermined development path is considered as one of the features
of a resilient economic system (Wink 2014). In the economic-resilience concept, a main focus is on
the stability of financial flows (Masik and Rzyski 2014). Deviations in income levels as one of the
measurements of economic resilience are mentioned by Angeon and Samuel (2015), Noy and Yonson
(2016), Swamy (2019). The absences of extreme fluctuations and significant deviations from the
predetermined development path are also viewed as main indicators of resilience in agricultural systems
(Elgersma et al. 2018). Cabell and Oelofse (2012), while researching agroecosystems’ resilience, pointed
out the reasonable profit which should be generated in resilient agricultural systems. This dimension
is of utmost importance when investigating agricultural resilience, as agriculture is a unique and
susceptible ecosystem, combining people, machinery, land, and climate, where the latter two play
a major role in generating output (Čiegis 2009). Increasingly high profits in agriculture, compared
to other sectors, may be followed by overinvestment, which in turn, leads to overexploitation of
production capacity, land degradation (Webb et al. 2017; Wairiu 2017), decreasing quality of life in
rural regions (Volkov et al. 2019a), and lowering the long-term resilience level (Kosmas et al. 2016).
Unreasonably low profit may lead to a migration of skilled workers to other sectors of the economy
(Giannakis and Bruggeman 2017) and insufficient investment in machinery and land conservation,
which in turn affect yields harvested, decreasing the economic viability and resilience of farms
(Ringwood et al. 2019). This unusual economic situation where extremely high profit is not considered
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an absolute positive factor motivates us to include an indicator measuring deviation of income levels
between agriculture and the whole economy into our research.

Doorn (2017) stresses the importance of a vulnerability facet in defining and measuring resilience.
For this purpose, an agricultural sector is faced with shocks, carrying various vulnerability facets, e.g.,
extreme weather conditions, price fluctuations, export customer monopolization, etc. The dependence
on a few main customers is seen as a main factor in increasing vulnerability values by Svensson
(2004). This was augmented by Gößling-Reisemann (2016), who emphasized the focal position of
diversification in building resilience capacity. Trade related diversification indicators are significantly
more important in defining the economic resilience of agriculture, as compared to other economic
sectors (Pant et al. 2014). The diversification of export customers is important in defining agricultural
economic resilience on a micro level also. The nature of export markets is one of revealed focal
indicators of farms resilience in Blesh and Wittman (2015) study. Seufert et al. (2019) indicates
the risks to agricultural production arising from the lack of diversification in customers’ portfolio.
Diversification of clients is among the most important economic resilience measurement indicators in
the Michel-Villarreal et al. (2019) study on agri-food systems.

The high diversification of activities is seen as a prerequisite for flexibility in absorbing the
arising possibilities (Broekaert and Debackere 2016). This, in turn, is considered to be one of
the focal points in building adaptive economic resilience (Yu et al. 2018). The diversification
of economic activities is also considered fundamental in building passive economic resilience
(Dinh and Pearson 2015), which acts as a disturbance-absorption mechanism by dampening the
external disruptive changes through the ability to more easily reallocate resources from less profitable
to more profitable activities/products/services. Although it requires high entrepreneurship levels of
researched economic sector to fully exploit the potential of diversification in building economic resilience
(Kitsos and Bishop 2018), industrial diversity is widely accepted as an indispensable component
of sectoral economic resilience (Rose and Krausmann 2013; Williams and Vorley 2014; Di Caro 2017).
This is typical also at a microeconomic level (Graveline and Gremont 2017). The general diversification of
activities is considered necessary for enhancing the economic component of resilience by Psycharis et al.
(2014) and Sharifi and Yamagata (2016). This feature is also characteristic of resilience in the agricultural
sector. The diversification of crop varieties as a component of agricultural resilience was researched by
Lin (2011), Birthal and Hazrana (2019). This argument is augmented by Seo (2010), who showed the
increase in resilience indicators of integrated farms compared to specialized entities. De Roest et al.
(2018) showed the vulnerability of regions growing only a few crop varieties, thus confirming the
relevance of diversification in a macro-economic perspective of economic resilience. Kremen et al.
(2012) exploited this view in a micro-economic approach, suggesting diversification of activities on
the farm level, in order to enhance the latter’s resilience. Makate et al. (2016) findings support this
scientific view, substantiating the inclusion of an indicator on the diversification of crops cultivated
in our study. Due to the abovementioned increased scientific focus on diversification in researching
the resilience concept, we included two different types of diversification into our economic resilience
index of agricultural sector—namely diversification of agricultural activities and diversification of
export markets served.

We distinguish between the diversification of export customers served and diversification in
agricultural activities because of their different nature and limiting constraints. The increasing export
diversification can be achieved by improved management techniques and sales personnel’s skills
(Shaver 2011) and has quite low external constraints due to Austria’s favorable position as an EU
Member enjoying advantageous international trade terms. It appears more difficult to increase the
diversification of agricultural activities, as limitations, such as climate conditions, soil quality, etc., exist.

3. Materials and Methods

Based on the literature on economic resilience, this section describes, in more detail, a quantitative
research methodology that can be used to operationalize the concept and assess the determinants
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of economic resilience of the agricultural sector. It is hypothesized that elements of resilience in the
agricultural sector can be found in the following areas: financial flexibility, stability in following the
development path, diversification of activities, and diversification of export markets.

First of all, we calculated the values for individual indicators, from which the index (ER, 7) is
being composed.

Financial flexibility (Cai) is about the costs of additional revenues, expressed as a ratio between
general output (GO) and intermediate consumption (IC), as follows:

X1: Cai = GO/IC (1)

where GO is the general output, and IC is the intermediate consumption (Morkūnas et al. 2018).
The stability in following the development path (Rin) (Perrings 1994) can be expressed as the ability of

a sector to provide a reasonable income compared to the whole economy (Rin), as defined by Morkūnas
et al. (2018). It is a composite indicator that is given by (2):

X2 : Rin −

Pgc
Cgc
Pga
Cga

∗ 100% (2)

where Pgc is the production (gross value added) growth in a country, Cgc is the average wage growth in
a country, Pga is the production (gross value added) growth in agriculture, and Cga is the average wage
growth in agriculture.

In calculating this indicator, we follow Balk (2009). We consider a range between [−10% and 10%]
as healthy and desirable, providing required resources (educated labor force, investment etc.) at a
sufficient level, without any implications to overexploitation of land or preconditions for diminishing
outputs. We consider intervals between [−20% and −10%] and between [10% and 20%] to be acceptable;
ranges from [−35% to −20%] and from [20% to 35%], we consider barely acceptable; other ranges
are treated as unacceptable from the point of agricultural resilience. If the calculated Rin indicator’s
value falls into the desirable range, it gets 100% of the indicators weight in economic resilience index
calculation for the respective year (i.e., 0.25); if it is an acceptable interval, it receives 67% of the
allocated weight (i.e., 0.1675); if the calculated value is in a range which is barely acceptable, it gets
40% of the possible score (i.e., 0.1); and if it is in an unacceptable range, it get 0%.

The diversification of activities (DA) is an adapted composite indicator (Carter 1998; Barnes et al. 2015)
which comprises 65% by the number of agricultural activities covering no less than 2.5% and no more
than 25% of the whole agricultural output (maximizing indicator) (DB) and by 35% by the number of
agricultural activities comprising more than 25% of agricultural output (minimizing indicator DS). It is
expressed as follows:

X3: DA = 0.65DB + 0.35DS (3)

where DB and DS are expressed as follows:

DB = Nsm/NAl

DS = NL/NAl

where Nsm is the number of agricultural activities covering no less than 2.5% and no more than 25% of
the whole agricultural output; Nal is the number of all agricultural activities; and NL is the number of
agricultural activities comprising more than 25% of agricultural output.

The higher importance of a number of various diversified agricultural activities in agricultural
sector compared to a more specialized model is defined by the fact that small and medium enterprises
are the backbone of every economic sector (Asheim et al. 2003; Farah and Supartika 2016), displaying
higher flexibility and adaptability—one of some prerequisites for increasing resilience.
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The diversification of export markets (Dem) is also a composite indicator which equally comprises the
number of export markets (Nem, maximizing indicator) and the number of risky markets (minimizing
indicator), as defined by (Morkūnas et al. 2018). We define risky markets as those which comprise
more than 10% of overall exports. It is calculated as follows:

X4 : Dem = (Nem + Rm)/2 (4)

where Nem is the total number of countries where agricultural and food products of Austrian origin are
exported Rm = EXr/EXt. Here, EXr is the value of the products exported to these markets, and EXt is
the number markets products exported to.

We do not assess the political or legal situation of the export markets in this model. We consider
all export countries as foreign markets, not paying attention to if they belong to some international
economic/trade blocks (e.g., EU, NAFTA, Mercosur, etc.) or not, as a resilience measuring index is
more important during a crisis time. Moreover, as the COVID-19 pandemic showed that, during crisis,
even the countries belonging to the closest economic cooperation groups (EU) may impose various
restrictions to international movements of goods for a period of time.

The complete set of indicators is presented in Table 2. The indicators over the period 1995 to 2019
are shown in Table 3.

Table 2. Indicators used in an assessment of economic resilience of Austrian agriculture.

No. Indicator Character Interpretation

1 Financial flexibility (X1) maximizing bigger is better

2 Stability in following the development path (X2) Zero objective 0 is the best

3 Diversification of activities (X3)

3.1. Number of agricultural activities comprising
less than 2.5% maximizing bigger is better

3.2. Number of agricultural activities comprising
more than 25% minimizing smaller is better

4 Diversification of export markets (X4)

4.1. Number of export markets maximizing bigger is better

4.2. Number of risky markets minimizing smaller is better

Source: own work. Note: We used data from the following sources. The data to calculate the financial flexibility
(GO, IC) and diversification of activities for the period 1995 to 2019 were extracted from the Economic Accounts for
Agriculture (EAA) dataset maintained by Statistics Austria (2020a). This EAA dataset provides parameters and
indicators for assessing the economic situation of the agricultural sector (Statistics Austria 2020d). The data for
the calculation of the stability in following the development path for agriculture (Pga , Cga) comes from the EAA
(Statistics Austria 2020a) and for the economy (Pgc, Cgc) as a whole from OECD Stat. (OECD 2020). To quantify the
diversification of export markets (Nem, EXr, EXt) we rely on the Austrian foreign trade data (Statistics Austria 2020b).
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Table 3. Indicators used for computing economic resilience (ER).

Indicators 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Volatility of
revenues 0.95 0.97 0.94 0.94 0.94 0.96 0.97 0.94 0.94 0.96 0.90 0.93 0.96 0.92 0.80 0.89 0.91 0.89 0.84 0.86 0.87 0.90 0.93 0.98 0.99

Stability in
following

development path
0.80 0.73 0.78 0.82 0.78 0.74 0.69 0.72 0.71 0.64 0.77 0.74 0.66 0.72 0.56 0.72 0.70 0.71 0.63 0.80 0.83 0.76 0.65 0.64 0.70

Diversification of
activities 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.99 0.96

Diversification of
export markets 0.74 0.78 0.81 0.76 0.79 0.78 0.82 0.86 0.87 0.87 0.88 0.93 0.94 0.96 0.96 0.95 0.99 1.00 0.97 0.98 0.98 0.98 1.00 0.98 0.99

Source: own work.
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We allocate equal weights to all researched indicators (ωni = 0.25), as we construct an index of
various multidimensional indicators, whose values are fluctuating in time and are incomparable to each
other. The SAW (Simple Additive Weighting) method was used in order to calculate the index. SAW is
a very well-known and commonly used method (Hwang and Yoon 1981; Deni et al. 2013). It is praised
for its simplicity in application and very high accuracy of results, which show no significant changes in
values and ranks compared to other frequently used MCDMs, such as TOPSIS (Technique for Order
Preference by Similarity to Ideal Solution) (Yeh 2002), WP (Weighted Product) (Zhou and Ang 2009),
CPI (Composite Performance Index) (Karlitasari and Suhartini 2017), etc. In this case a determination
of equal weights is recommended (Šimanskienė et al. 2011). This is also supported also by Huggins
(2003), who stated that different weights only marginally affect the final values and ranks of researched
items but may lead to accidental errors in calculations (Thompson 2011). The select indicators were
normalized (OECD 2008) for the calculation of the economic resilience (ER) index. The normalization
procedure formula by Hwang and Yoon (1981) was applied:

ri j =
ri j

max
j

ri j
(5)

The conversion of minimizing indicator (number of agricultural activities comprising more than
25% of agricultural output and number of risky markets) to maximizing was done by using the
following formula (Hwang and Yoon 1981):

ri j =

min
j

ri j

ri j
(6)

where rij is the value of the ith indicator for the j-object (in this case, year), max
j

ri j is the maximum value

of the ith indicator of all the alternatives (years), and min
j

ri j is the lowest value of the ith indicator.

The economic resilience index of agriculture (ER) can be described as a sum of the normalized
values weighted for all four indicators and should lie between 0 and 1. ER is calculated for each year
by using the following formula:

ER =
m∑

i=1

ωni
∼
rij (7)

In order to ensure the robustness of our results, we conducted a sensitivity analysis. Although
there are lots of sensitivity analysis techniques suitable for the SAW method (Memariani et al. 2009;
Simanaviciene and Ustinovichius 2010; Alinezhad et al. 2014), we have chosen a variance-based
sensitivity analysis technique proposed by Saltelli et al. (2004) which is based on Sobol method. In this
case, two sensitivity measures are being taken into account, the first-order sensitivity index, Si, and the
total-sensitivity index, STi. They are defined by (8) and (9):

Si =
Vxi

{
Ex−i(d

∣∣∣Xi
}

V(d)
(8)

where I is the number of inputs.

STi =
V(d) −Vx−i

{
EXi(d

∣∣∣X−i
}

V(d)
(9)

where I is the number of inputs.
The results of sensitivity analysis are presented in Table 4. These results show almost negligible

values of the third and fourth indicators (namely diversification of activities and diversification of export
markets). The first two indicators (financial flexibility and stability in following the development path)
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show an existing although small possible influence in the potential deviation of index measuring the
economic resilience of Austrian agriculture. Such small values of first-order and total-sensitivity indices
(Zhou and Ang 2009) allow us to consider the results of our model sufficiently robust. These results go
along with Zavadskas et al. (2007) findings about the significant insensitivity of the SAW method to
the modifications in criteria weights.

Table 4. Sobol’s first-order and total-sensitivity indices.

Input Factor Standard Deviation Si STi STi—Si

Indicator 1 (X1) 0.2413 0.04 0.11 0.07
Indicator 2 (X2) 0.2247 0.21 0.49 0.28
Indicator 3 (X3) 0.2208 0.00 0.07 0.07
Indicator 4 (X4) 0.2192 0.00 0.03 0.03

Sum 0.25 0.7 0.45

Source: own work.

4. Results and Discussion

The evolution of economic resilience index values of the Austrian agriculture is shown in Figure 1.
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By analyzing the results of economic resilience of Austrian agriculture, we can observe its very
high values throughout the whole period, ranging from 0.83 to 0.92. It indicates the maturity and
very high development level of the economic sector researched (Wang 2019). The overall trend shows
a slight but steady increase in the values of the economic resilience index, confirming the positive
transition, despite some deviations. There are two extreme negative fluctuations and also some light
ones. These fluctuations show the degree of vulnerability in the case of shocks and the latter’s impact
on the level of economic resilience.

The first extremum is in the year 2009. It can be attributed to the world’s financial crisis. It should
be noted that this demand shock does not really affect the indicators. When measuring the values
of resilience of Austrian agriculture, which still demonstrates outstanding results, the significant
decrease in the economic resilience index is due to changes in the second indicator, showing deviations
from the overall development path. Moreover, the other sectors of the Austrian economy showed
in the year 2009 a significant drop in output, cf., 6.60% in secondary and 0.11% in tertiary sectors
(Statistics Austria 2020c). Although agriculture retained its very high-resilience results, a gap occurred
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between the development paths of agriculture and the other economic sectors which, if it lasted longer,
could significantly affect the Austrian agriculture due to overinvestment or overexploitation and so on.
Thus, from a resilience point of view, it is not a desirable situation, although, by researching it from the
resilience assessment perspective, we could ascertain very satisfying results.

The second significant drop in economic resilience can be observed in 2013. Austrian agriculture
was strongly confronted with more unfavorable weather conditions and price developments than the
rest of the economy. A long winter, followed by a rainy spring, local flood damage in early summer,
and extreme heat and drought in summer had a corresponding impact on the production volume of
crop production. At the same time, producer prices for some crops fell due to the world record harvest
of maize and the higher global wheat harvest (Statistics Austria 2014).

The small fluctuations in other index values are mainly caused by the deviations in the first
component of resilience measuring index—financial flexibility. The changes in prices for agricultural
products and varying yields directly affect index values, although these changes are insignificant.
Even with these minor drawbacks, the Austrian agriculture sector manages to display a positive trend.
This path indicates marginal but steady improvement of overall efficiency of farming activities in
Austrian agriculture, which, in turn, is being reflected in the resilience index. The quite slow rate of
improvement may be attributed to the fact that even in an EU accession year the values of the resilience
index and economic efficiency level of Austrian agriculture were quite high. Based on these results,
it is hard to show significant positive changes following shocks.

Another characteristic which can be observed when analyzing the economic resilience of Austrian
agriculture is a “bounce–forward” effect (Hynes et al. 2020). Austrian agriculture not only recovers
very fast from external shocks but also shows a better end result than in years prior to crises, further
indicating a general improvement in overall resilience. This characteristic can be explained by the fact
that Austrian agriculture is mainly characterized by a small-scale agriculture. Small-scale agriculture is
more flexible and adaptable (Mishra 2016), compared to bigger ones. This may lead to better exploiting
of possibilities in the case of shocks. Furthermore, the high diversification of export markets served
and number of types of agricultural activities cultivated are quite constant over time. This level of
diversification and the big proportion of mixed farms help farmers switch from less profitable to more
prospective agricultural markets within the shortest time. These characteristics of Austrian agriculture
contribute to the reduction of the effects of negative shocks, which is referred to as “shock-absorption”
by Briguglio et al. (2006).

It should be noted that it is important not to set some predetermined deadline by which the
agricultural sector should have been recovered after a shock. In light of the current development, it is
important to maintain the production and market position, as competition levels between agricultural
producers, in particular, EU regions, may differ significantly (Volkov et al. 2019b). In this context,
the EU is encouraging shorter supply chains (Canfora 2016).

5. Conclusions

The economic resilience of Austrian agriculture frequently arouses public interest. This paper
deals with conceptual and methodological aspects associated with economic resilience and its
measurement for the agricultural sector. The index developed covers four areas of economic resilience,
namely financial flexibility, stability in following the development path, diversification of activities,
and diversification of export markets. Each of these areas contains variables which are considered
suitable to gauge the extent to which the agricultural sector is conducive to absorbing and counteracting
the consequences of shocks.

The results give insights into the economic resilience of Austrian agriculture and its transition over
time. Austrian agriculture has been performing at a very high level of economic resilience and exhibits a
very good level of transition in terms of economic resilience, despite a couple of fluctuations. The results
also show that Austrian agriculture is capable of absorbing external shocks and, therefore, serves as a
stabilizing factor in the national economy and improves food security. In general, our results show that
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the resilience level of Austrian agriculture is in line with the resilience level of the whole Austrian
economy (FM Global 2020), thus confirming the balance and sustainability of the Austrian economy.

However, the paper has some limitations. Firstly, the index developed in this paper is very
preliminary, and the work should be considered as still at an early stage of development. The index
calculation is limited by the number and the selection of variables and data. Other variables related
to the agricultural sector that could characterize economic resilience should be explored, as well.
The results, therefore, should be interpreted with caution. Moreover, the computed economic resilience
measuring index appears to be quite a multifaceted tool for measuring the economic resilience capacity
of the agricultural sector. It is, however, limited in that it is more suited to measuring static economic
resilience, which, in general, only indicates a potential for recovery. It does not provide predictions
for the recovery time, which is a characteristic that can be attributed to a dynamic resilience concept.
Secondly, the analysis in this paper is based on long-term economic observation since 1995, including
the two major shocks in the years 2009 and 2013. The impacts of these shocks on Austrian agriculture
are only included in the fluctuations of the national economy but do not reflect any focus on the
influence of agricultural policy measures. Thirdly, the paper did not take Austrian spatial inequality
at the sub-national level or farm level, or even with other countries into consideration. The ways
a region or a farm are affected may differ significantly from country to country. Having said that,
the discourse of economical resilience should go beyond asking how economically resilient Austrian
agriculture is. There are also other dimensions of sustainability, such as social and environmental
integrity. Furthermore, it may be helpful to learn more about the role of farmers within the local,
regional and national context, so as to generate targeted policies which include resilience.

However, as the calculations are based on national sector data, additional research is needed to
draw further conclusions about the resilience of agriculture. This may include in-depth analyses on
the following: (i) further areas and indicators, e.g., social and environmental ones; (ii) the regional and
farm level, including stakeholders‘ and farmers’ behavior; (iii) the identification of the ways of coping
with and adopting aftershocks by extracting success factors; (iv) trans-national comparisons; and (v)
the creation of an economic resilience index for other sectors of the economy.
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