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Abstract

The Water-Energy-Food (WEF) Nexus concept has great potential for understanding a region’s vulnerability to climate

change. This paper examines individual components that form the supporting pillars of the nexus in Central and Eastern

European (CEE) countries. An overview of specific CEE political environments that govern economic and environmental

policies are examined to select several domains representing higher risks to society, environment and economies of selected

countries, together with evaluation of extant interlinkages between climate change, agriculture and the WEF nexus. While a

variety of studies quantify and analyze climate change impacts on water availability, crop yields, yield variability, or alternative

energy needed to mitigate global warming effects, this paper shows there is no clear evidence of a nexus-based integration to

help manage or mitigate extreme future climate change-related events in the region. The study provides a model for supporting

WEF pillars and advances recommendations for consideration of the nexus approach in relation to climate adaptation.
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Introduction

Since the 2004/7 eastward expansion of the European
Union (EU), research related to agricultural reforms and
their ecological impacts in Central and East Europe (CEE)
has climbed sharply (Stoate ez al, 2009). And, since
sustainable economic growth and public wellbeing are
indelibly linked to water, energy and food (WEF) security
(OECD, 2014), rescarchers, business leaders and policy
makers have embarked on a path to better understand how
the interconnections of the WEF nexus may impact policy
development and implementation (Leck e a/., 2015). This
already intricate task is further complicated not only by
shifts in population, but also by climate change which
increases competition for resources and may threaten food
security (Bizikova et 4l., 2014). Herein, climate change
trends, and the political and economic context of
agriculture in CEE countries, are examined to identify the
extent that WEF components are considered to support
decision-making and climate change mitigation.

Food, water and energy are managed/priced according
to political economies and are highly significant in
establishing emotional relationships between society and
the government that is responsible for their security (Allan

et al., 2015). Thus, an overview of specific CEE political
environments that govern economic and environmental
policies are examinec% to select several domains representing
higher risks to society, environment and economies of
selected countries, together with evaluation of extant

interlinkages between climate change, agriculture and the
WEF nexus.

Geographic area considered

The geographic region of CEE has witnessed significant
turmoil in national boundaries with sixty percent of current
borders being drawn during the 20th century (Foucher,
1998); indeed, 8000 miles of new state line have appeared
since 1989 (O’Dowd, 2002). Herein, however, attention
centers on six of the ten countries listed by the UN under
the “developed region” (UN, 2016) Europe-Eastern Europe
(area code #151, Fig, 1), viz. member states of the European
Union (EU): Bulgaria, Czech Republic (former Czech
Republic), Hungary, Poland, Romania, and Slovakia.

Taken alone, Eastern Europe is too heterogencous to
allow for a more in-depth analysis, especially when the
Russian Federation and Ukraine are included, because these
nations play significant roles in relation to national security
and in the international food and energy markets; they have
potential to significantly skew economic, social, and
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Fig. 1. Nations of Central and Eastern Europe. Red shaded; UN area code #151, Bulgaria, Czech Republic, Hungary, Poland,
Romania, and Slovakia considered in the present study (Source: the authors)

environmental data analyses. In addition, Slovenia, another
EU member, is treated here more as a buffer country, a
gateway between Central Europe and the Balkans while
Czech Republic, advantaged economically due to its
geographic position, represents a gateway between the West
and the East. As part of the Balkans sub-region, only two
EU member states are counted, namely Bulgaria and
Romania. When considered as a region, Czech Republic,
Hungary, Slovakia, and Poland will be referred throughout
as “Central Europe”. Geographical location plays a major
role in the region’s agrarian development since countries
closer to the West are advantaged despite being equipped
with similar or even fewer resources needed to insure
successful agriculture.

Political and economic environment for sustainable

agriculture in CEE

Until 1989 Eastern European countries were united by
their political regimes and very similar economic structure
as part of the Council for Mutual Economic Assistance or
“Comecon” system (Swinnen and Van Herck, 2013).
Comecon was founded in 1949 to stimulate several socialist
economies and to increase economic prosperity and
efficiency. Despite its noble goal, Comecon’s lack of success
was due to its tight state planning and national egotism
(Dale, 2016). During this period, the agricultural sector
functioned under a collectivization po{fircy, which was
associated with higher yields but also with unfavorable
changes in land use and cropping patterns, leading to
acidification, soil erosion, salinization and chemical
pollution (Bouma ez al, 1998). When this system
disintegrated in 1989, Eastern Europe experienced a
dramatic = shift, becoming more heterogeneous and
recording different levels of economic growth. Central
European countries had a jumpstart and joined the EU 3-
years carlier than Balkan countries. Progressively, until 2007
when Romania and Bulgaria joined the EU, all Balkan states
became fully-fledged democracies (Swinnen and Van
Herck, 2013). Socio-political history, coupled with lack of
access to technology, represented limitations for industrial

agriculture while the region began to be concomitantly
valued for its specific landscape character (Sutherland ez 4/,
2014). Although sharing the legacy of communist
agricultural  policy, national economic development
outcomes varied among states with geography playing an
important role. Czech Republic, for example, neighboring
Germany and Austria, had an advantageous starting point
for successful transition (Svejnar, 2013). Poland, supported
by the same two countries (especially Germany), increased
gross agricultural output signié)cantly in real terms over the
period 2000 to 2011 (Csaki and Jambor, 2013), and was the
only country to increase numbers of agricultural employees
following EU accession (Csaki and Jambor, 2009).

As demonstrated by Gerdessen and Pascucci (2013), it is
very difficult to measure the concept of sustainability of a
regional agricultural system due its complexity and variety of
possible approaches. Still, there seems to be a consensus over
the inclusion of three elements, namely: a feasible economic
dimension, an acceptable social dimension, and an
environmental dimension (Gerdessen and Pascucci 2013).
A similar structure is followed here as the three dimensions
of sustainability were used to incorporate four variables
selected from the 45 indicators identified by the European
Commission to describe how policy measures are designed,
planned and implemented (CAP 2011, CAP 2007-2014,
and CAP 2014-2020). These were: Gross Value Added
(GVA), Standard of Living, Farm Input Intensity and, High
Efficiency Agricultural Systems.

The share of agriculture, in terms of Gross Domestic
Product (GDP), provides a good estimation of its
importance to a nation’s economy. For example, Bulgarian
and Romanian agriculture represents 14% and 13% of GDP
respectively; but each country has also recorded greatest
declines in production since joining the EU. In the CEE
region Poland, Romania and Hungary are the principal
agricultural producers (Csaki and Jambor, 2009). In most
cases, the return of land to private ownership in CEE
countries has led to the creation of small semi-subsistence
holdings (generally < 5 ha in size) and only a few very large
industrial farms (Davidova e# al, 2012; Sutcliffe 2015).
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Overall agricultural productivity dropped dramatically in
the CEE and large areas of both cropland and grassland
were abandoned in the 1990s and early 2000s (Sutcliffe ez
al., 2015). Indeed, in most countries transitioning their
economies after 1989, agricultural output dropped 25-50%
(Macours and Swinnen, 2000; Liefert and Swinnen, 2002),
with price liberalization and subsidy cuts being the major
contributors to the decline, followed by a 10% output fall
caused by severe drought (Macours and Swinnen, 2000).

Unlike its Balkan neighbors (Romania and Bulgaria),
agriculture is of little importance to Slovenia, contributing
less than 3% to its GDP. In addition, Slovenia represents a
special case scenario since 99% of its agricultural assets are
privately owned, thereby preserving traditional family
farming (Erjavec, 2005).

Overall, there is general agreement that before joining
the EU the CEE area’s agriculture was characterized by a
high incidence of small-scale farmers who were not
producing for the market (Mathijs and Noev, 2004). These
family farms or “home gardens” were expected to decrease in
number after joining the EU, with farmers located in less
isolated areas switching to lower levels of agricultural
biodiversity to insure food security (Smale, 2005). However,
while marginal agricultural land was abandoned, the
remainder experienced intensification (Verhulst ez 4,
2004). A 2012 study in five new EU member states
suggested that the largest cluster continues to be formed by
the poorest houscholds with “low natural, physical, and
social capital, operating small-scale and undercapitalized
farms with little nonagricultural income” (Davidova ez al,
2012). The same study concluded that the specific needs of
these poor subsistence farmers are not met by instruments
of the EU Common Agricultural Policy (CAP) (Davidova
et al., 2012). The CAP represents the EU’s most important
common policy, taking also a large percentage of the EU’s
budget (European Commission, 2017). Established in
2007, the European Agricultural Guarantee Fund (EAGF)
replaced the carlier European Agricultural Guidance and
Guarantee Fund. EAGF provi§es direct payments to
farmers as well as regulating agricultural markets through
national governing bodies which, in turn, regulate internal
agencies (¢.g., APIA in Romania; EFGR in Poland).

Other sources suggest that EU accession has had a
significant impact on agriculture in new EU member
states, although they capitalized their opportunities in
different ways (Csaki and Jambor, 2009, 2013). Except for
Poland and Slovenia, the two countries that had a
consolidated and advantageous farm structure to start
from, factors such as different agricultural policy
frameworks, restrictive land policies, uneven CAP support
and supplement payments, increasing competition with
limited domestic market capacity to withstand such
strains, negativist attitudes regarding the attractiveness of
the economic sector, and the degree of investments (see
detailed data in Csaki and Jambor, 2009, 2013; Ciutacu ez
al., 2015) seemed to impact country performances and
created different outcomes. In the case of Bulgaria and
Romania, for example, even if pre-accession (PHARE,
ISPA, SAPHARD) and post-accession funds were
significant, they struggled to keep up with disbursements
as seen in other CEE countries (Paliova and Lybek, 2014).
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Further reasons, such as redistribution of labor to other
economic branches - a long-time process going back to
1950s, and sustained migration to urban areas, followed by
EU labor migration after EU accession, further contributed
to the creation of a “deeply imbalanced, dysfunctional, and
non-competitive” agricultural sector (Ciutacu ez al., 2015)
in countries unable to create a successful transition and
implementation framework.

Gross Value Added (GVA)

Statistic measures  agriculture's contribution to a
total economy gross value added, being calculated as output
minus intermediate consumption. Agricultural producers
are highly dependent on public support. In 2014, GVA at
producer prices in the studied area was highest in Poland
followed by Romania. Therefore, these two countries were
expected to receive the highest level of subsidies like
Western EU members (Germany, France, Italy). The lowest
GVA was registered in Slovakia, Slovenia, and Czech
Republic. In the East, however, the distribution of public
support did not follow the Western model: Slovakia,
Slovenia, and Czech Republic received significantly higher
levels of subsidy when compared to Romania or Poﬁmd

(CAP2013).

Standard of living

One of the principal objectives of the CAPis to
provide farmers with a reasonable standard of living
Common context indicator (CCI) 26-Agricultural
entreprencurial income is calculated based on two units of
measurement: (1) Standard of living of farmers, measured
as net agricultural entreprencurial income in real terms per
non-salaried annual work unit and, (2) Standard of living
of farmers, measured as share of the standard of living of
employees in the whole economy based on € per hour
worked (European Communities, 2014).

Fig. 2 shows farmer standard of living as measured as a
percentage change in income per family work unit
between 2007-2014 in the nations of Central and Eastern
Europe considered in the present study. When looking at
the Common Context Indicator (CCI) # 26 Agricultural
entrepreneurial income data per family work unit for the
period 2007-2014, there is a significant discrepancy
between Western and Eastern EU members. All the
Eastern European countries considered in this study
(except Slovenia that had a slight increase) registered
significant decreases in agricultura% entrepreneurial income
per family work unit between 2007 and 2014; Romania
and Bulgaria entered the EU in 2007. When comparing
income per agricultural family worker to national average
wages, four out of seven countries registered a decrease
since 2007. Interestingly, the highest wage increase was
recorded in two of the three countries with lowest GVA,
but higher subsidy levels (Czech Republic and Slovenia),
while the worst affected countries were Hungary, Bulgaria
and Poland. Coupled with the fact that birth rates are
declining in most of the developed world, as children had
become an economic liability rather than an economic
asset to families, farming is not an attractor to the future
workforce, with more people leaving agricultural
professions and moving to urban areas.
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Farm input intensity

an agri-environmental indicator, is a common context
gauge for rural development programs. Based on the
Eurostat  statistics  definition ~ (Eurostat,  2016),
intensification of farming, which is the process of increasing
the use of capital and labor (eg fertilizers, pesticides,
machinery), relative to land area, to increase agriculture
production per hectare (ha), is defined as the increase in
farm intensity, while extensification describes the opposite
trends (Eurostat 2016). When looking at farmed arca
(UAA) managed by farms with low input intensity per ha,
Romania and Bulgaria still have the highest percent of total
UAA (at 80% and 61% respectively), followed closely by
Hungary (at 52%). Again, Czech Republic is closer to
Western EU states at only 24%. While development of low
farm intensity is a priority for a sustainable future
(Pointereau ez al., 2012), the overall trend in the region is
intensification ~ (Eurostat 2016,  agri-environmental
indicator-intensification-extensification, Nov. 2012), the
high percentages of low input intensity being attributable to
the economic size of farms in these countries. Despite its
average payment of 237 € ha'of farmland in the last
programming period, the CAP efforts to support EU
farming through subsidies barely achieved subsistence and
semi-subsistence holdings that make up such a large
proportion of CEE farms (Sutcliffe ez 4/, 2015). Thus, farm
abandonment or intensification might become the only and
best option available. Time will show if the planned single
payment in the 2014-2020 CAP for “small farms”, has the
ﬁotential to improve the financial situation of these
oldings. Concomitantly, along with low input intensity,
there is need for high efficiency agricultural systems
commonly linked with farmer skills and global coherence of

farm management (Pointereau ez 4/., 2012).

High efficiency agricultural systems

Efficiency involves farmer skills and management know-
how to allow for improved practices such as pesticide
reduction, nitrogen management, nutrient balances, use of
renewable energy, adaptation to climate and soil
modifications (erosion, fertility) and improvements in
farming systems such as biological control, crop rotation,
crop diversity, breeding and ecological infrastructures
(Pointereau et al, 2012). When examining the latest
Eurostat statistics, Romania and Bulgaria have the highest
percentage of farm managers with limited practical
experience at 96 and 93% respectively. At the opposite end
of the spectrum, Czech Republic has the highest percentage
of farm managers with full agricultural training (34.6%),
significantly higher even than western EU members, with
strong agricultural traditions, such as Germany or France.
While Slovenia still has 50% of farm managers with limited
practical experience, of these, 76% have received basic and
24% full agricultural training, Poland has a similar situation
with 40 and 55% respectively. If the low level of agricultural
training in Romania and Bulgaria is perceived as “structural
difficulty” (Ferrindez, 2002) it represents a significant
obstacle to improving productivity, accessing funding, and
preserving the environment. Added to this, the aging
structure of farm managers in the EU denotes a reason for
concern over the future of agriculture. Except for Poland
and Austria, all other EU members have fewer than 10 % of
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Fig. 2. Farmer standard of living as measured as a percentage
change in income per family work unit (based in real terms on
percent change in € per average work unit) in between 2007-
2014 in the nations of Central and Eastern Europe considered
in the present study (Source: European Commission, DG
Agriculture and Rural Development, CAP context indicators
2014 and 2015)

their farm managers of 35 or less years of age. Indeed, more
than half are 55 years and older in Romania (64%), Bulgaria
(62%), Hungary (60%), Czech Republic (57%), Slovenia
(54%) and Slovakia (52%).

In summary, based on the four selected indicators, all
but two Eastern European countries (Czech Republic and
Slovenia, both advantaged by their geographic location) are
facing significant challenges in sustaining their agriculture
concomitantly with their economic and demographic
problems. Low levels of subsidies, decreasing standards of
living for an aging population of farmers, small numbers of
farm managers with at least basic training in modern
agricultural practices, reduced economic size of farms with
produce mostly self-consumed by household members, all
suggest a dire prospect in relation to the future of agriculture
in this region and contribute to significantly lower chances
of high productivity and resource efficiency to meet the
needs for sustainable regional food security. To address
these problems more investment is needed in countries with
higher GVA and percent total UAA to insure positive
effects on the agricultural economy through improvements
in farm-input intensity, farming efficiency, and farmers’
standards of living,

Climate change and agriculture

One of the greatest challenges facing humanity today is
how to adapt to climate change and manage the effects of
global warming (Rasul and Sharma, 2015). Climate is often
characterized by surface variables such as air temperature,
precipitation, radiation, humidity, cloud cover, and wind
(Anders ez al, 2014). Climate change is defined as
achange in the state of the climate that can be identified
by modifications in the mean and/or the variability of its
properties together with persistence, which may be for
decades or longer (Bernstein ¢ al., 2008). As mentioned by
NASA, the evidence for rapid climate change is
“compelling” (NASA, 2017) and agriculture represents a
sector of national economies strongly influenced by climatic
conditions (Blazejezyk ez al, 2015); as well as being a
primary driver of change (Rockstrom ez al, 2017).
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Adaptation to climate change requires modifications to
current agricultural systems to meet new challenges; changes
that need to be embraced even by modern agriculture
(Carof ez al., 2012). In countries where agriculture is still
characterized by lack of modern equipment and
technologies these challenges are even more prominent as
daily weather conditions represent an important factor in
farming efficiency, intensity, and health risks in farmers
performing mostly outdoor jobs. Similarly, as plants
consume large amounts of water, warmer climates make
possible a greater amount of evaporative water use, thus
leading to water shortages. Furthermore, extreme
precipitation events create wet conditions responsible for
mass movements such as landslides and mudflows as well as
surface-accelerated erosion detrimental to agricultural soil;
events particularly severe where agriculture has replaced
forestry. Climate change may also be associated with
increased occurrence of disecases and pest pressures
(Eitzinger et al., 2013) or shifts in the ranges of pest species
to higher altitudes (Svobodové ez al., 2014).

In a 2013 study, it was predicted that significant
agroclimatic changes would affect future agricultural crop
production in the CEE region (Eitzinger ez al, 2013).
Similarly, the latest IPCC report (IPCC, 2015) provides
multiple lines of evidence to support significant climatic
changes between 2081-2100. One of the most valuable
contributions to understanding, homogenizing, and
assessing the existent climatic citabases covering large
territories in the CEE is represented by the Climate of the
Carpathian Region (CARPATCLIM) project, 2016. The
Carpathian Mountain Region (CMR) covers seven
countries of Central and Southeastern Europe (Czech
Republic, Slovakia, Hungary, Poland, Ukraine, Romania
and Serbia) (Birsan ez 4/., 2014). Each of these countries has
contributed data to the CARPATCLIM, for the period
1961-2010, from ground-based meteorological stations.
The variables considered included: maximum and
minimum air temperature, precipitation amount, average
and maximum wind speed, sunshine duration, cloud cover,
global radiation, relative humidity, air pressure, water vapor
pressure and snow depth (Cheval ez 4/, 2014). Based on
CARPATCLIM information and the European Climate
Assessment & Datasets (ECA&D), Cheval e 4l (2014)
summarized and analyzed trends in all the variables. Because
precipitation, air temperature, and drought events have the
highest potential to significantly influence regional
ialgricultural output, these three variables are considered

erein.

Changes in precipitation
In recent years, Bulgaria, Czech Republic, Hungary,
Poland, Romania and Slovakia, have all experienced lower
precipitation (Alexandrov and Genev, 2003; Domonkos,
2003; Alexandrov ez al., 2004; Degirmendzi¢ et al., 2004;
Kysely, 2009; Chenkova and Nikolova, 2015; Portela et 4l.,
2017). Kysely (2009) remarks that temporal changes are
enerally more pronounced in the western than eastern part
of Czech Republic and that the pattern of change is more
complex and less coherent in eastern than in western
Europe. In Hungary, annual precipitation decreased by 15-
20% during the 20th century, with the country’s summer
moving to a more Mediterranean-like climate (Domonkos,
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2003). Croitoru e al. (2016), examined Romanian
precipitation trends between 1961-2013 and reported a
wetter climate, especially in the north of the country, due to
increased precipitation magnitude and with decreasing
trends in the southern region of the country (Micu e al.,
2016). This is like the situation in Czech Republic, where
precipitation differs significantly between its western and
castern regions (Kysely, 2009). Similar decreasing trends in
annual, and especially summer precipitations, were
identified in Bulgaria, Romania’s southern neighbor
(Chenkova and Nikolova, 2015; Alexandrov et al., 2004;
Alexandrov and Genev, 2003). Overall, there is an
increasing trend for extreme precipitation events in the
region, with higher precipitation magnitudes and
frequencies, but generally decreasing precipitation, relatively
low spatial coherence of precipitation indices, and longer

dry periods projected for the future (Cheval ez 4/, 2017).

Air temperature

Changes in air temperature in different regions of
Europe have shown upward trends, with frequent
occurrence of extremely hot months, especially during
summertime (Tomczyk and Bednorz, 2016). In Central
Europe, the average number of hot days has increased over
the past ten years, occurring mostly between April and
October and with maxima in June through August
(Tomeczyk and Bednorz, 2016). Heat waves (HW),
characterized by persistence of hot days over a period of
time (usually five days or more), may have significant
negative social and agricultural effects. They have become
common during summertime in Bulgaria and south
Romania (Simeonov ez 4l., 2013), with dangerous impacts
on agriculture associated with increased heat stress episodes.
As recently presented at the EU General Assembly 2016,
the summer of 2015 was the warmest ever observed in
Central Europe, especially due to overall severity of HW
(Lhotka et 4l., 2016), continuing the trend identified by
Tomczyk and Bednorz (2016) of significantly increased
numbers of HW between 2001 and 2010 as compared to
1981-1990. Similarly, according to Birsan e 4l. (2014), the
CMR has witnessed decreasing trends in cold-related
indices, especially in the number of frost days, and
increasing trends in warm-related ones. In addition, the
number of summer days and daily maximum temperatures
(Warm Spell Duration Index) has also increased, especially
at lower elevations (Birsan ez 4/, 2014). Busuioc er al.
(2015) suggest the influence of the Carpathians over both
temperature and precipitation extremes in the region. For
example, after computing ten indices associated with six
temperature extremes and four precipitation extremes over
the period 1961-2010 in Romania, they found significant
increasing trends for the six temperature extremes with
higher VQ%UCS over the southern and eastern region in winter,
and over western, southern and southeastern regions during
the summer.

Drought

Decreasing precipitation trends and increasing regional
air temperature lead to increased risk for droughts.
Recognized among the major contributors to natural
disasters, droughts have the potential to negatively impact
the socio-economic condition of people living in drought-
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prone areas. Droughts have adverse effects on water
availability and quality, agricultural and energy production,
and ecosystem health (Bokal e# 4/, 2014). To address the
region’s vulnerability to drought, the CEE of the Global
Water Partnership (GWP) launched a regional Integrated
Drought Management Programme (IDMP) for 2013-2015
as part of the global joint World Meteorological
Organization (WMO)/GWP IDMP. Bulgaria, Hungary,
Moldova, Romania and Slovenia were founder members of
the Drought Management Centre for South-Eastern
Europe (DMCSEE) established in 2006 by WMO and
UNCCD. In these countries, agriculture is the most
vulnerable sector to drought (Bokal ez al, 2014). According
to Spinoni et al. (2016), CEE has a tendency to exhibit
more intensive drying, mainly in spring (Central Europe)
and autumn (Eastern Europe) for drought frequency and in
all seasons for drought severity. Bulgaria and southern
Romania appear particularly vulncrabi to water scarcity
and drought events and Popova ez a/. (2015), in their study
of eight Bulgarian climate regions for 1951-2004, confirmed
that agricultural lands had experienced increased
vulnerability to water stress.

While Europe overall is not expected to have large
problems with self-sufficiency (Fader ez 4l, 2013),
projections to 2050 indicate that the CEE will experience
the highest increase in competition for water, especially in
Bulgaria, Romania and Poland (Stigson ¢ 4., 2014; Popova
et al., 2015). The climate signal regarding precipitation
extremes is not as clear as for temperature extremes
(Busuioc e al, 2015), showing a great regional
variability. Significant increases in the summer frequency of
very warm days, and in the maximum length of dry intervals
has been determined with higher anomalies in the southern
regions of the countries examined. It is important to note,
however, that temperature criteria that may be the norm in
a type A climate has the potential to be considered extreme
in a type C climate; leading to significant imbalances in the
social, economic, and political arenas. Extreme climate
change-associated weather events may lead to a substantial
increase in agricultural risk and unstable farming outcomes.
Temperature changes may alter weather patterns, which
may reduce agricultural outputs and influence energy needs
that have the potential to lead to increased economic

instability (Bokal ez a/., 2014).

Management of natural resources and land use practices

Here we consider three essential natural resources: soil,
air, and water and countries that plan to manage their lands
sustainably need to focus efforts on mitigating the potential
negative impacts that management activities may have on
these resources. In the CEE region, accession to the EU has
been accompanied by governance directives, quality control
and corruption mitigation action plans for managing
natural resources. But, despite such measures, natural
resource management still spills over regulatory, spatial, and
bureaucratic boundaries (Salukvadze, 2010), especially
when value outweighs the risks. The development and
implementation of policies and decision-making regarding
Agriculture, Forestry, and Other Land Use (AFOLU),
known to be a significant source of greenhouse emissions,
constitute a major challenge in CEE where, compared to

Western European countries, biodiversity is higher but
rescarch budgets lower (Mihék ez 4l., 2015). Globally there
is robust evidence that AFOLU accounts for close to 15%
of anthropogenic GHG emissions, mainly from
deforestation and agricultural emissions from livestock, soil
and nutrient management (Smith ez 4/, 2014); although
there is considerable variation between countries (MacLeod
et al., 2015). Anthropogenic forest degradation and biomass
burning (forest fires and agricultural burning) represent
additional contributors. Unfortunately, agricultural systems
continue to degrade land, water, biodiversity and climate on
a global scaj%e, impacting world food security and
sustainability needs (Foley ez 4/, 2011). On the positive side,
while worldwide sustainable agricultural intensification has
dramatically increased in recent decades (Foley ez al.,, 2011;
Rockstrom ez al., 2017), the CEE region’s legacy of
communist agricultural policy has led to lower average levels
of land use intensity, affecting not only the structure and use
of farmland, but also better preserving farmland
biodiversity, which has been lost in the West (Sutcliffe ez 4.,
2015). Even today, in some of the CEE countries, farming
and pasture are managed as they were in the past (Pitru-
Stupariu ¢z al., 2015).

On the negative side, however, farm intensification has
been encouraged in the CEE through EU CAP funding and
implemented based on “imported EU policies” that may not
fit regional or local conditions (Sutcliffe e 4/, 2015), placing
CEE at risk of future unsustainable agricultural practices.
The return of land to private hands, after the fall of
communism in the CEE, has further contributed to the
predominance of small, subsistence farming, with many
areas of cropland or grassland (especially marginal ones),
being abandoned. As evidenced by a recent study conducted
by Patru-Stupariu et al. (2015), land-tenure and social
changes, land use intensification, and foreign investments are
three out of the top five causes of landscape changes
identified through remote sensing in Romania as presented
by local stakeholders. The same study identified some of the
factors that have impacted these three categories, including
but not limited by:

e Change in land tenure to private ownership
has created boundaries to animal grazing, also
leading to the abandonment of marginal
and/or poor soils from large pasture lands;

e Consistent to the prior observations on
farmers’ Standards of Living, young farmers’
migration to cities in search of more desirable
employment has further contributed to
farmland abandonment;

o Increasing government  subsidies  for
agriculture and livestock, especially subsidies
for pasture maintenance (Hartel and
Plicninger, 2014), and use of fertilizers
monitored  through  remote  sensing
technology, has led to land use intensification.

Limited regulations and control of forest restituted
areas, added to a lack of reforestation culture (previously
mandated during the restrictive dictatorial regimes), and
periods of economic hardships due to bankrupt industries,
have further accelerated the deforestation process (Patru-
Stupariu ez al.,, 2015). Approximately 166 million ha have
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been already degraded by erosion of topsoil, compaction,
fertility decline, and crusting in CEE (Batjes, 2002).
Deforestation is one of the major contributors, where
biomass is still heavily utilized by the residential and tertiary
economic sectors (household, hotel, schools and hospitals’
heating and in and other public buildings; Scarlat ez 4/,
2011).

It is fascinating to observe the dichotomy of this region:
on one hand, as EU member states, CEE countries must
comply with EU environmental protection laws and,
therefore, encourage sustainable agriculture. On the other
hand, due to high land prices in the EU, the CEE neighbors
have become more attractive for agricultural production
(Salukvadze, 2010), thus leading to threatened ecosystems
because of intensified agriculture. Similarly, bound to
following EU subsidy streams, the CEE countries may miss
opportunities for integrating economic development
projects with environmental protection efforts. For
example, while abandoned farmland has become less
widespread in CEE as compared to its eastern non-EU
members (Ukraine, Russia), increased land-use change for
biodiesel or ethanol production in several countries of the
CEE did not happen on the available set-aside/abandoned
land. As evidenced by literature, increased agricultural
bioenergy crop production may have a significant impact on
land use increase and pattern changes, with potential high C
losses when native vegetation is converted to annual crops
(Banse ez al., 2008; Don ez al., 2012; Vasile ez al., 2016).
CEE are particularly at risk given that they encompass
substantial cultivated areas that can be freed up through
sustainable gains in yield in the food and feed sector (Fischer
et al, 2010). Poland, Czech Republic, Hungary and
Slovakia have significantly increased their ethanol and/or
biodiesel production (Fig. 3) since 2005 (except Slovakia
with high biodiesel but decreased ethanol production).
Romania also increased its ethanol production with rape,
sunflower and soybean (annually cultivated herbaceous
energy crops) cultivated areas replacing land cultivated with
cereals; this has also attracted new land into production
(Vasile et al., 2016). While one cannot yet largely consider
competition for scarce arable land between energy and food
markets in CEE, the regional distribution of bioenergy
crops may change the dynamics in this region, which is why
biofuel production should be managed to improve both
food security and farm income.

The Water-Food-Energy Nexus (WEF)

Based on the Képpen-Geiger climate classification, CEE
countries are mostly located in Type C climates (moderate
and temperate); areas that are usually the most productive
but also vulnerable to serious deforestation, water pollution,
increased extreme weather events, and soil erosion (Bokal ez
al, 2014). Land wuse intensification, farm land
abandonment, lack of farmer training in soil conservation
technologies and fertilizer utilization, and increased use of
fertile cropland for bioenergy crops in direct competition
with food production are some major problems identified
for the CEE region (Salukvadze 2010; Don et 4l., 2012;
Bokal ez al., 2014; Patru-Stupariu ez al., 2015). It is safe to
affirm that, based on the available research conducted in the
area, that the CEE is already facing challenges in terms of
reversing natural resource degradation, and adapting their
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farming techniques to water scarcity and global climate
change (Bokal ¢z 4/., 2014).

As suggested by Rasul and Sharma (2015), effective
adaptation to change entails efficient use of land for
agricultural production and of water and energy to insure
food security. The WEF security concept has been gaining
increased interest in the past years in the West and
elsewhere, but is still almost non-existent in CEE planning
when considering the lack of studies listing all three
elements and their interconnectivity. Even in the western
world this relationship has been investigated only
comparatively recently (2014) by the U.S. Chamber of
Commerce Foundation (USCCEF) followed by a surge in
WEF-related research. USCCF found that systematically
addressing resiliency to nexus challenges requires the
following steps: understanding connections, surveying and
data collecting to understand resources, assessing risks and
opportunities, implementing technologies and programs,
collaborating with stakeholders and /leading the change.
While climate change effects are not yet as noticeable in the
CEE region, there is enough evidence that this region may
be facing significant challenges in insuring the three
components of the nexus for its population in the future
(Bokal ez al., 2014; Cheval et al., 2014; Marin ez al., 2014;
Patru-Stupariu ez /., 2015).

Early adaptation actions would require an integrated
approach where WEF are considered together to insure
security (Olsson, 2013) and mitigate the impacts of climate
change. The goal of adaptation is to reduce vulnerability to
both climatic and non-climatic changes (Rasul and Sharma,
2015) by focusing on three major elements of the nexus,
namely forests (a major fuel resource and a source of
building material in the region), fresh water supplies, and
agricultural soils (Bokal e 4/, 2014). In addition, there are
three supporting pillars that the nexus needs, including: (1)
reliable and sustainable transportation infrastructure; (2)
well developed meteorological, geological, and hydrological
monitoring and; (3) targeted funding for farmer support
(training, loans, techno%ogy transfer and quality of life
support). Implementation projects should demonstrate
concerted efforts to insure the presence of all three nexus
components (Fig, 4).

As part of the model (Fig. 4), in order to successfully
manage resources, the ability to transport food supplies
safely and rapidly is of major importance to the nexus.
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Fig. 3. Production of biodiesel and ethanol in CEE from 2005
to 2012 (Source: authors based on United States Energy
Information Administration)
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Fig. 4. WEF supporting pillars (Source: the authors)

While the CEE region is mentioned as a valuable potential
supplier of biofuels to the EU (Kondili and Kaldellis 2007;
Vasile et al., 2016), it is mostly perceived from a geopolitical
standpoint within the context of EU energy dependence on
Russia (Baran, 2007). Little if any note is mentioned of the
economic and environmental value of using alternative
energy for a more extended transportation framework for
CEE internal consumption. Thus, if considering that one of
the key principles for sustainable adaptation acknowledges
that adaptation by one community (aka country, region,
etc.) should not undermine the resilience of others (Rasul
and Sharma, 2015), the CEE region should focus more on
improving its own sustainable adaptation process. In
addition, while a more sustainable physical infrastructure is
needed, it needs to be built within an integrated framework
for community-oriented development, economic growth,
social) equity, and environmental protection (Tortajada,
2014).

Furthermore, despite the EU’s political aim to restrict
bioenergy feedstock production to marginal or abandoned
land, most of this land is still used for transitional or
subsistence farming in the CEE (Don et al, 2012).
Adaptation should also involve measures that reduce
poverty and vulnerability (Rasul and Sharma, 2015),
maintaining adequate food supplies for transitional or
subsistence farmers and their families and communities
could become challenging if energy production prevails over
food security and engages in land use competition. Poverty
already contributes to challenges in expanding biofuel
production to marginal land because of the high
establishment costs of perennial energy crops and lower
yields (Don ez al.,, 2012), while climate variability would
further amplify the risks. Similarly, while almost all CEE
countries have well developed meteorological, hydrological
and geological monitoring, there is no clear evidence of how
these systems support decision makers in other sectors of
the national economies of CEE such as agriculture and
energy (Bokal ez al.,, 2014).

Last but not least, farmer’s quality of life, access to
funding, and familiarity with novel technologies (e.g.

mechanization, precision agriculture) altogether form

FOR FARMER FAMILIES

TRANSFER

another important pillar to support the nexus. As presented
in 2.2., the CEE countries lack appropriate farmer support
infrastructure and are already facing massive reduction in
farmer numbers as well as dire prospects for the future. The
value of farmer training and farmer retention is mentioned
throughout the literature. Giannakis and Bruggeman
(2015), for example, have found that high economic
performance is almost nine times greater for countries with
a highly-trained farm population, using Bulgaria’s aging
farm population as one of the worst-case scenarios. In many
of the CEE countries young and economically active
individuals have left in large numbers in search of better
paid occupations, further contributing to cropland
abandonment (Miiller ez 4/, 2013).

Conclusions

In conclusion, while climate change projections have
started to raise concerns about WEF security and needs for
adaptation, in a variety of studies that quantify and analyze
climate change impacts on water availability, crop yields or
yield variability, or alternative energy needed to mitigate
global warming effects, the tight relationship between these
three elements is lacking in the CEE literature. In general,
research is focused on individual scenarios involving only
one or two of the three, rather than large-scale
interconnected analyses that may have even more
importance to future climate change mitigation. A good
level of dystunctionality in managing natural resources with
little to no regard to their scarcity and value was expected
and supported for the region, especially in the Balkans.
Based on findings herein, there is sufficient evidence to
entertain the idea that CEE countries have capitalized their
opportunities in different ways after EU accession and that
geography (proximity to stronger economies), weather
events, the political context, and socio-economics have all
played important roles in how post-socialist agriculture has
evolved over the past twenty years. There is no clear
evidence of a nexus (in the literature or in practice) to help
mitigate more extreme future climate change-related events
and in general no evident research base to sustain and
promote attempts for providing aid to determine decisions
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that are robust across these scenarios. Therefore, future
research concerning the CEE region should consider the
study of the existent interlinkages between WEF and
provide regionally-adapted sustainable solutions to
overcome present challenges faced by an understudied
geographic area.
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