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Abstract

Background: This paper aims to analyze the possibilities of the agricultural sector of the Western Balkan to assess
compliance with the European Green Deal, which provides for the implementation of activities, which should enable
the transition to sustainable agriculture and climate change mitigation. This paper is among the first to present the
causality of agriculture and climate change (status, mitigation, and perspectives) in general and in light of the Euro-

pean Green Deal for the Western Balkan territory.

Main text: Agricultural production is a leading industry in the Western Balkan. Climate change and predictions that
temperatures will increase by 4 °C in the coming decades pose a risk not only to agricultural production but also to
the safety of the population, because agriculture is the main source of income for a significant part of it. Uncontrolled
floods and droughts caused by climate change are a particular danger for agriculture and human existence. This
paper demonstrates that agriculture in the WB can be considered critically affected by climate change.

Conclusions: Unless appropriate measures are taken and risk management for water resources and agriculture

is improved, there will be a further decrease in precipitation and an increase in dry days by 20%. Such a scenario
endangers not only the already vulnerable climate sustainability and biodiversity of the region but also the existence
of a population employed in agriculture and the contribution of the agricultural sector to the gross domestic product.
However, future planning based on the Common Agriculture Policy (CAP) and European Green Deal, the adoption

of a related regulatory framework, the establishment and regular monitoring of supporting financing mechanisms,
regional cooperation, and improving risk management (with emphasis on the local level) can mitigate the present
impact and decrease the expected negative impact of climate change on agriculture and biodiversity in the WB

region.

Keywords: Climate change, Sustainable agriculture, Risk management, Western Balkan countries, European Green

Deal

Background

The Western Balkans region covers an area of about
208,000 km? and includes the Republic of Serbia, Alba-
nia, Bosnia and Herzegovina, Montenegro, and the
Republic of North Macedonia. In this area, coastal
subtropical to moderately continental climates are
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represented. Consequently, there is a great variety in the
vegetation cover, which is considered the natural wealth
of this region. With this in mind, in all WB (Western
Balkans countries), agriculture is an important sector
with a significant share in the Gross domestic product
(GDP,~10%). In the Republic of Serbia, the total gross
value of agricultural production in 2019 amounted to 5.5
billion USD; in Albania, it is the basis of the social well-
being of the population and the system of protection
against unemployment, while in Bosnia and Herzego-
vina one fifth of the population is employed in this sector.
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Fig. 1 Climatology of the Western Balkans [2]

Montenegro has a significant share of the agriculture sec-
tor in its GDP (8%), while in the Republic of North Mac-
edonia, agriculture accounts for 13% of GDP.

However, despite the wealth of natural resources, agri-
food systems in all WB countries face several challenges.
The agricultural sector is one of the most important
sectors, which plays a key role in food production and
safety; at the same time, it is responsible for environmen-
tal protection, climate change, and gas emissions [1]. In
addition, agriculture can be threatened by the impact of
many other factors related to climate change (storms,
erosion, and landslides caused by climate variability and
extreme weather events). Because forestry is important,
in addition to agriculture, WB economies are considered
medium to highly sensitive to climate change. The main
climatological characteristics of the Western Balkan
region are shown in Fig. 1 [2].

Figure 1 shows the climatological features of the West-
ern Balkans region with prominent coastal (in red) and
mountainous (in blue) areas, as well as areas with tem-
perate and moderately warm climates (in orange). The
areas with the most annual precipitation are marked in
green. The right panel shows the average annual tem-
perature for the Western Balkans region from 1961 to
2100 (projected) [2]. The “moving average” approach was
used to predict average temperatures. Climate change
has been recorded for several decades and is a conse-
quence of intensive industrialization and other human
activities [3]. Urbanization, deforestation, and the burn-
ing of fossil fuels (primarily coal) are the main causes of
accelerated and unexpected climate change. In addition,
climate change poses serious threats to the environment,

ecological, and socio-economic systems [4]. For example,
it is predicted that the average summer temperature in
the Western Balkan region could rise to 7.5 °C above pre-
industrial levels, which would lead to the disappearance
of small glaciers within a few decades. This increase in
temperature poses a risk not only to agriculture but also
to the safety of the population.

Further predictions for the region are that with the
warming of 4 °C, precipitation will decrease by 20-30%,
and the frequency of dry days will increase by 20% [5].
Reduced water availability in the summer months could
also be a problem, while annual river runoff could be
reduced by more than 45% by the year 2100. There are
also great risks of winter and spring floods, especially
along the large rivers, such as the Danube, Sava, and Tisa.
It is important to note that the average annual produc-
tion of large hydropower plants could be reduced by 15%
and 20% for small power plants.

In addition to all the above facts, there are also great
risks to human health: an increase in temperature could
increase the number of deaths by about 20% [6]. Cli-
mate change knows no borders and thus contributes
to the rapid deterioration of the quality of life and the
environment [7]. Reducing damage and losses caused
by climate change is not only an environmental but
increasingly also a matter of security, the survival of
natural resources, and economic development. Reduc-
ing the harmful human impact on climate change and its
impact on economic and social development is possible
by measuring, monitoring, and reporting on the current
impact, which is also the subject of regulation of the UN
Framework Convention on Climate Change (UNFCCC)
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and its accompanying Paris Agreement. The direction
of European agriculture is particularly important for
solving environmental and climate problems; therefore,
sustainable development strategies and programs have
been implemented for years, which remain insufficient
in terms of identified needs [8]. In this context, the Euro-
pean Commission published the European Green Deal
(EGD) in December 2019, which is an attempt to tran-
sition towards the common goal of a climate-neutral
economy by reducing carbon emissions by at least 50% by
2030 and achieving carbon neutrality by 2050 [9]. From
a broader development perspective, the European Green
Deal represents a constitutional rationale for environ-
mental protection in the EU legal order, while the focus is
on measures affecting the importance of environmental
and climate protection for the innovative and economic
power of the EU and its Member States [10].

Impact of climate change on Western Balkans
agriculture

Climate change greatly impacts the agricultural sector,
especially crop production, livestock, and fisheries [11].
Small parcel size is one of the main obstacles to adap-
tation/mitigation to climate change. It is important to
note that pastures in mountain areas have been aban-
doned and that the absence of farmers with livestock
helps accelerate the spread of invasive species. In those
pastures, fires caused by climate change are frequent.
Livestock also suffers from climate change, and livestock
production is significant in WB. Almost half of the ter-
ritory of the Western Balkans is used for agriculture,
of which 19% is pasture and 29% is arable land, while
18-58% of the workforce is related to this sector [12].

Regarding field and vegetable production, there is stress
on plants caused by poor agro-ecological conditions and
the inability to apply adequate agricultural practices and
technology. The result is reduced yields and product
quality, which (among other things) leads to irregularities
in the supply chain of raw materials for the food industry.
In addition, these changes lead to the appearance of new
pests, diseases, and weeds. The problem is microorgan-
isms, plants, and animals that often become invasive and
harmful in the new area. In addition, climate change is
well tolerated by weeds, because they adapt more easily
to changes in the environment [13].

The appearance of weeds (such as ragweed) causes
allergies, leads to changes in vegetation and seed reserves
in the soil and soil microflora yield reduction and envi-
ronmental pollution. Compared to conventional produc-
tion, sustainable agriculture is more vulnerable to the
effects of climate change due to the complexity of the
different biological, physical, and agrotechnical measures
on which it is based. Therefore, Agenda 21 of the UN
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Fig. 2 Losses in crop and livestock production in the 2005-2014
period [16]

Conference on Environment and Development (UNCED)
action plan emphasizes the need for adjustment in agri-
cultural, environmental, and macroeconomic policy to
create conditions for sustainable agriculture and rural
development.

Agricultural biodiversity is extremely important and
results from the interaction of the external environment,
genetic resources, and the natural resource management
system (land and water). Climate change also affects the
extinction of certain species, genes, and the reduction or
loss of agrobiodiversity. In addition, numerous autoch-
thonous and old varieties, which were adapted to certain
areas and ecological conditions, have become endan-
gered. The loss of flora and fauna can lead to permanent
changes in an ecosystem and serious disruption of bio-
geochemical processes. An additional problem is the fact
that the crops in Western Balkans are poorly irrigated
and that the storage capacities are insufficient. In particu-
lar, the increasing occurrence of drought, which mainly
occurs in the summer months, has been identified as a
key risk for Western Balkan agriculture [14].

Water is a basic natural resource in plant production,
because it plays a significant role in germination, growth,
transpiration, the transformation of starch into sugar, and
the absorption of nutrients [15]. Therefore, the reduction
in precipitation poses the greatest danger to the agricul-
tural sector, especially because the demand for food at
the global level is increasing. Figure 2 shows the most
common natural hazards that cause large losses in crop
and livestock production. According to the Center for
Research on the Epidemiology of Disasters (CRED) and
the Emergency Events Database (EM-DAT), floods have
occurred in all Western Balkan countries, leading to large
economic losses. In May 2014, catastrophic floods hit the
countries of the Western Balkans. Houses, bridges, and
parts of roads were destroyed in this natural disaster. The
floods devastated the cities and flooded the plowed fields.
In Bosnia and Herzegovina, the damage caused by these
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floods was estimated at 15% of the national income, while
in the Republic of Serbia, it was estimated that 11.943 ha
of land became unusable. However, observing the aver-
age values of annual economic losses, it was found that
the damages caused by floods (38.75 and 106.25 million
euros) are much less than the damage caused by drought
(500 million euros) [16] (presented in Fig. 2). It is impor-
tant to note that there are no accurate and reliable data
on the impact of drought and floods on the Western Bal-
kan agricultural sector. Such data are extremely impor-
tant, because they are used to measure the effectiveness
of disaster risk reduction investments.

Given that precipitation reduction is expected due to
climate change, water management will be essential for
the stability and productivity of agricultural production.
For example, a regional analysis showed that extreme
temperature changes in 2011 led to crop failure due
to frost damage [17]. Indirectly, drought significantly
impacts the economy, prices, and food supply, bearing
in mind that the agricultural sector suffers the greatest
consequences. For example, if the supply of a certain veg-
etable decreases and the demand still exists or increases,
there will be an increase in the product’s price. An exam-
ple of this is the drought in Tajikistan (2007—-2008) which
reduced yields by over 40% [18], which led to 2.2 mil-
lion people being malnourished [19]. Moreover, drought
directly increases the risk of fire.

From 1998 to 2008, 853 forest fires broke out in the
Republic of Serbia, covering an area of 16.357 ha. The
damage caused by the fires was estimated at 40 million
euros, and more than 5.200 ha were completely burned
[20]. The existence of a connection between drought
and pests has also been determined due to the creation
of optimal conditions for their development. Some dis-
eases are directly caused by the stress of plants caused
by drought, such as root rot, rot and wilting of trees,
and greater susceptibility to flamingos. Stressed woody
plants can experience the invasion of woody insects,
such as bronze birch, black stem, and other bark beetles
[21]. In addition, drought can reduce the competitive-
ness of indigenous plants and increase the chances of
weed invasion and thus negatively affect crop produc-
tion [22].

According to the international CRED-EMDAT disas-
ter database, floods occurred most frequently in Western
Balkans resulting in significant economic losses. How-
ever, the negative impact of drought should not be under-
estimated, although accurate data are often lacking due
to the lack of systematic and comprehensive data collec-
tion. As for Albania, it is estimated that more than three
million people were affected by the drought between
1989 and 1991, which is considered one of the most sig-
nificant disasters, and cost this country’s economy 24
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million USD [23]. Furthermore, the energy crisis that
led to power outages in 2007 resulted from droughts,
because the production of the Fierza hydropower plant
was lower by 33% [24].

Drought is predicted to have a more negative impact
on agriculture than floods and landslides. Different areas
in Bosnia and Herzegovina are prone to drought, espe-
cially between June and September. Some of the most
significant droughts that affected this country were
from 2002 (agricultural production was reduced by
60%), 2003 (agricultural damage of 200 million USD),
and 2007 (destroyed more than 40% of field produc-
tion, 250 ha affected by forest fires, which increased
food prices). In 2012, a drought hit the Western Balkans,
especially Bosnia and Herzegovina. It reduced grain and
vegetable yields by up to 70%, and corn production was
most affected. Given the large primary losses in barley,
corn, soybean, clover, and beans, livestock production
decreased, as did meat supply to the domestic market,
increasing food prices and reducing agricultural exports.
The total losses of this drought amounted to over 1 bil-
lion USD [25]. Frequent and intense droughts adversely
affect yield quality and the costs of preventing and con-
trolling the spread of diseases, insects, weeds, and irriga-
tion rates.

Furthermore, it is estimated that the agricultural sec-
tor was most affected by the drought in 2015 when water
balance anomalies were 100 mm below the long-term
average [26]. However, accurate data on specific damage
and losses are missing. The Republic of North Macedonia
is considered to be among the driest countries in Europe.
The most endangered are the region of Povadarija, and
especially the areas of the rivers Crna, Bregalnica, and
Vardar. The 1993 drought was estimated at 7.6% of total
national income and led to a complete decline in crops
[27]. According to the second statement of the Montene-
grin Ministry of Sustainable Development and Tourism
on climate change from 2015, several droughts have been
recorded since 1950. The agricultural drought recorded
in 2003 affected the coastal region, the Zeta-Bjelopavli¢
region, and the northern region up to 1000 m above
sea level. The 2007 drought is considered a hydrological
drought and has affected the entire territory, especially
the northwestern and northern mountainous regions,
while the 2011 drought is considered a social and eco-
nomic drought. The last recorded drought affected the
entire country and led to an extreme hydrological deficit
in the Zeta Bjelopavli¢i region [28]. These extreme condi-
tions led to forest fires the following year.

In the previous two decades, three catastrophic
droughts have occurred in the Republic of Serbia. From
1991 to 2010, the extremely dry years were: 1992, 1993,
1998, and especially 2000, 2003, and 2007 [29]. The most
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endangered areas are in the eastern part and the Panno-
nian Basin in the northern part of the Republic of Ser-
bia. From April to September 2009, a severe drought hit
Sremska Mitrovica [30]. During the summer of 2012,
a drought caused losses in agricultural production of
about two billion USD. The largest losses were in corn
(1 billion USD), sugar (130 million USD), soybeans (117
million USD), fruits and vegetables (100 million USD),
sunflowers (55 million USD), and other crops (600 mil-
lion USD) [31]. According to a 2013 report by WMO,
UNCCD, FAO & UNW-DPC, economic losses in agri-
culture are estimated to be caused by floods between
38.75 and 106.25 million euros, while for drought, they
were around 500 million euros [32]. These data indicate
that the impact of drought on agriculture is much greater
compared to floods. However, it should be noted that due
to insufficient available data on losses and damages in
agriculture caused by drought, one can only speak at the
level of assessment.

Response to climate change in the Western Balkans
The Western Balkans are already taking appropriate
measures to reduce the harmful effects of climate change,
including cooperation with several development part-
ners. These measures include managing risks to water
resources and agriculture, as well as using opportunities
to achieve energy efficiency and modernize infrastruc-
ture. Table 1 shows the laws adopted thus far, as well as
measures to reduce the harmful effects of climate change
on Western Balkan agriculture.

The Republic of Serbia has adopted the Law on Climate
Change, which obliges it to fulfill its obligations arising
from its membership in the Energy Community, as well
as all other obligations by which the Republic of Serbia
harmonizes its legal framework with the EU acquis in
the field of climate change, environment, and energy (EU
Climate Law). Furthermore, the Parliament of Albania
passed a law on climate change, which envisages the sub-
mission of national targets for contributing to reducing
greenhouse gas emissions in accordance with the United
Nations Framework Convention on Climate Change
(UNFCCC). Other Western Balkan countries have also
adopted laws to protect against the harmful effects
of climate change, reduce greenhouse gas emissions,
and protect the ozone envelope. The main obstacles to
implementing these laws are reflected in participation,

accountability, transparency, integrity, connectivity,
and knowledge, which are key criteria in climate change
management.

Given that one of the biggest problems of Western Bal-
kan is drought, all measures taken are aimed at apply-
ing technologies that achieve prevention and mitigation
of consequences. In recent years, various projects that
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aimed to reduce the harmful effects of drought have been
implemented on the territory of the Western Balkans.
The Agriculture Project Water Resources and Drought
Mitigation Strategy in the Western Balkans (WATER-
WEB) was aimed at strategic water management and
mitigating the effects of drought on sustainable agricul-
tural practices. The project was funded by the European
Commission (FP6) in 2004—2006 and involved four EU
countries and three Western Balkan partners (Republic
of Serbia, Montenegro, and Republic of North Macedo-
nia). As the region of Southeast Europe is also prone to
drought, 13 countries have established the Center for
Drought Management in Southeast Europe (DMCSEE).
This center aims to improve drought preparedness, con-
duct vulnerability and risk assessments, and establish an
early warning system to reduce the effects of drought.
The DriDanube project is funded by the EU and aims
to strengthen the capacity of the Danube region and
improve the response to drought emergencies. In addi-
tion to nine EU countries, Western Balkan countries (the
Republic of Serbia, Bosnia and Herzegovina, and Monte-
negro) are also participants. It is important to note that
Western Balkans emphasize the importance of enhanced
cooperation between decision-makers, the scientific
community, investors, the private sector, and farmers.
Continuous monitoring and reporting on soil moisture
and crop condition are keys in the fight against drought.
However, a major Western Balkan stimulus is needed to
meet the challenge of climate change fully. Investment
policy decisions will significantly affect the intensity of
carbon emissions and climate change in general. Bear-
ing in mind Western Balkans’ geographical and economic
interconnectedness, many issues related to adaptability,
water resources management, and energy infrastructure
will be a particular challenge.

EU and climate change, EU Green Deal

Climate change is one of the key issues of the EU, and the
adoption of the European Green Deal speaks in favor of
that. This agreement aims to reduce the harmful impact
on natural resources and emissions into the soil, water,
and air. It also represents a strategic framework accord-
ing to which the challenges of climate change and envi-
ronmental protection are transformed into development
potentials. The EU expects that carbon neutrality will
be achieved by 2050, and Western Balkan’s assistance is
expected [33]. Starting in 2021, the introduction of car-
bon taxes on products (iron, cement, and aluminum)
imported into the EU is also expected, and with the aim
of expanding to other economic branches and activities.
Thanks to this initiative, the competitiveness of products
from countries without a clear action plan against climate
change is reduced. The European Green Deal is based on:
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(1) climate action involving decarbonization, energy, and
mobility; (2) the circular economy with special emphasis
on waste, recycling, and the efficient use of resources and
sustainable production; (3) biodiversity aimed at pro-
tecting and restoring natural resources; (4) reduction of
water, soil, and air pollution and (5) sustainable food sys-
tems and rural areas.

The basic driver that will enable all of the above is digi-
talization in accordance with the concept of the double
green and digital transition. It is also necessary to imple-
ment concrete actions supported by appropriate mecha-
nisms and financial instruments. Five Western Balkan
partners have ratified the Paris Agreement, pledging to
take measures to limit global warming to 1.5 °C. Climate
neutrality will have a significant impact on EU bilateral
relations and accession negotiations with the Western
Balkans. One of the important tools for creating eco-
nomic stimulus and helping to mitigate the transition to
climate neutrality may be the early involvement of the
Western Balkans in emissions trading. All these changes
will require the support and involvement of citizens.
According to research from 2019, only 65% of Western
Balkans citizens consider climate change a threat [34],
unlike EU citizens, where 93% consider climate change
a serious problem [35]. For example, the citizens of the
Republic of North Macedonia will most likely hold the
state responsible (31%), while Albanian citizens believe
that companies are most responsible for combating cli-
mate change (27%). An interesting fact is that Monte-
negrins believe that they are personally responsible for
climate change compared to the representatives of any
other economy in the region. It is important to point out
that the European Climate Pact could be a means of rais-
ing awareness among citizens.

Given the EU’s mechanisms for cross-border adjust-
ment of CO, emissions (CBAM), it is necessary to point
out that the EU will continue to support the countries of
the Western Balkans in implementing the Green Agenda
and the development of carbon pricing policies. Over
the next 7 years, the economic investment plan envi-
sions a substantial €30 billion investment package for the
region. Of that, €9 billion are in the form of grants and
€20 billion in investments, duo to the financial leverage
of the new Guarantee Instrument for the Western Bal-
kans. To achieve the maximum effect of the economic-
investment plan, the countries of the Western Balkans
must resolutely implement economic and social reforms
and strengthen the rule of law. The leaders of the West-
ern Balkans are expected to make more decisive efforts
to fulfill all obligations regarding the establishment of a
common regional market, which was agreed at the sum-
mit of the Berlin Process in Sofia in 2020. Thanks to the
support of the EU and the economic-investment plan, a
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long-term impact on the green socio-economic recovery
and competitiveness of the region is intended through
the supporting of green and digital transition to increase
cooperation and convergence with the EU.

Climate change management

There are different approaches to managing climate
change risks, which can be divided into four catego-
ries: (1) mitigation to reduce greenhouse gas emissions;
(2) adaptation, which means increasing society’s ability
to cope with climate change; (3) geoengineering, which
implies additional manipulations of the soil system, to
reduce the impact of greenhouse gas emissions and (4)
expanding the knowledge base on climate systems, which
can help in proactive risk management [36].

Of particular importance are research, observations,
scientific assessments, and the development of technol-
ogy that can help identify risks and opportunities associ-
ated with climate systems. Expanding the knowledge base
enables policymakers to understand, select and improve
the management of certain risks more effectively. Thanks
to such an approach, efficiency is increased, and new
possibilities for climate protection or reducing the risk of
climate change are discovered. It should be noted that cli-
mate goals can be achieved with the active participation
of all state bodies [37]. Although local governments are
increasingly paying attention to climate change, the prob-
lem is that their policies focus on mitigation and not on
climate change adaptation strategies [38]. To respond to
climate change as successfully as possible, adaptation is
necessary, which includes planning for climate impacts,
building resilience to those impacts, and increasing soci-
ety’s ability to respond and recover [36].

Adaptation policy may include various regulations,
such as the reduction of harmful impact on the soil, dis-
aster recovery, impact assessment for critical systems
and resources (water, biological systems, agriculture,
and infrastructure), constant monitoring, and efforts
to reduce air pollution, soil loss, and degradation [39].
Regarding Western Balkan countries, the exchange of
expertise and division of responsibilities at the regional
level are the best measures for capacity building and
identification of measures for climate change manage-
ment. Furthermore, to ensures the health of the popula-
tion, safety, and quality of life, including the development
of warning systems, timely dissemination of information,
and general preparedness of public opinion, as well as the
readiness of state institutions to manage disaster risk, are
necessary.
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Conclusions

Agriculture is an inseparable part of the environment
and, as such, it is affected by all meteorological, water,
or land anomalies. Regarding climate change, all seg-
ments of agricultural production will be endangered,
especially crop production. The negative impact on
plant and livestock production will also affect the food
industry and thus the regularity in the supply chain of
raw materials. All this leads to economic and social
insecurity.

In addition to climate change mitigation activities,
the need to develop adaptation systems (i.e., adapta-
tion to changed climate conditions) has become neces-
sary. In accordance with all the above, the innovation of
this paper is focused on the subject of research, about
which there are very few studies, data are not updated,
and there are only estimates of the negative impact of
drought on agriculture, while scientific studies by authors
from the region are rare. Theoretical research and analy-
sis are supported by data from official reports, academic
literature, relevant articles, publications, and relevant
state documents of the Western Balkans. Therefore, the
analysis of data in this paper that indicates the possibil-
ity of the agricultural sector of the Western Balkans and
harmonization with the European Green Deal to mitigate
climate change is extremely important. The countries
of the Western Balkans are in the process of joining the
European Union, which, among other things, requires
countries to harmonize their policies, especially with
the EU legislative framework on climate change, which
focuses on actions in the energy sector.

Therefore, the implementation of the EU Green Deal
will require significant public and private funding,
nationally, regionally, and internationally. Negotiations
on external instruments are underway within the next
EU Multiannual Financial Framework (MFFE, 2021-2027)
with the European Council and the European Parliament.
To fill a significant investment gap, private funding is also
necessary, in addition to public funding from the EU.
Finally, education is key to preserving the environment
and must include a curriculum and acquiring skills that
will enable the implementation of the European Green
Deal.
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