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Western Balkans (WB) region consists of six econ-
omies (Albania, Bosnia and Herzegovina, Kosovo*, 
Montenegro, Serbia and The Former Yugoslav Re-
public of Macedonia), occupying the territory of 
about 208 000 km2 with population of about 18 
million. The region spreads over the low altitude 
Pannonia valley on the north, hilly and mountain re-
gions towards central-south and west, and coastal 
area of the Adriatic Sea. Spatial climate variability, 
from coastal subtropical to temperate continental 
with high mountains in between, gave this area 
large diversity in vegetation cover, which is consid-
ered as natural treasure of the region (Figure S1, 
left panel). People are mainly engaged in activities 
within weather and climate related sectors, such as 
agriculture, forestry, tourism and supporting servic-
es. All economies have a common goal of increasing 
income per capita, while reducing the percentage 
of unemployed citizens. As candidates and potential 

candidates for EU accession, all are motivated to 
respect the Paris Agreement and to achieve EU2020 
and EU2030 goals in Greenhouse Gas (GHG) emis-
sion reduction, to increase energy efficiency and 
energy production from renewable sources. Under 
the great impact of global warming and significantly 
vulnerable to climate change, with observed tem-
perature increase of 1.2ºC and destined to warm 
further by 1.7 – 4.0°C depending on the global effort 
in GHG emission reduction (Figure S1- right panel), 
WB economies analyse and report on adaptation 
options, with optimal selection and prioritisation in 
compliance with mitigation measures. The burden 
of the total work related to climate change issues, 
required to implement within each economy, is rec-
ognised as significant setback because of the lack 
of human and financial resources, which motivates 
renewal and development of regional collaboration.

SUMMARY

*  This designation is without prejudice to positions on status, and is in line with UNSCR 1244/1999 and the ICJ Opinion on the 
Kosovo declaration of independence

Basic information on climate change in the Western Balkans show alarming increase of temperature over the whole 
territory with observed temperature increase of 1.2ºC in the near future and destined to warm further by 1.7 – 
4.0°C by the end of the century, depending on the global effort in GHG emission reduction.

Data: RCC’s Study on Climate Change in the Western Balkans Region, May 2018
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Integral vulnerability and risk assessment of the WB 
economies provided the insight on common issues 
related to climate change. Guided by the analysis 
performed in the Study on Climate Change in the 
Western Balkans Region (May 2018), supported by 
the South East Europe (SEE) 2020 Strategy (2013) 
and Intergovernmental Panel on Climate Change 5th 

Assessment Report (IPCC AR5, 2014), WB priorities 
in adapting to climate change and mitigating its 
impacts are identified. As the most probable, ac-
cording to the current human behaviour, two sce-
narios of global GHG emissions, represented with 
IPCC AR5 Representative Concentration Pathways 
scenarios (RCP), are selected to mark the lower and 
higher thresholds for future change: stabilisation 
(RCP4.5) scenario as lower end – in case of global 
GHG emission reduction after 2040, and continuous 
rise (RCP8.5) scenario as higher end – in case none 
of the global GHG emission reduction measures are 
implemented, also called “business as usual” sce-
nario.

Basic information on climate change in WB region 
(Figure S2, ΔT values) show alarming increase of 
temperature over the whole territory: 

��during the near future (2016-2035) period, which 
is already happening, mean annual temperature 
increase is expected to reach 0.5-1.0ºC, but with 
constant global GHG increase up to 1.5ºC;

��during the mid-century (2046-2065) period, 
mean annual temperature increase is expected 
to reach 1.0-2.0ºC, and up to 2.0-3.0ºC with con-
tinuous rise of global GHG;

��during the end of the century (2081-2100) peri-
od, mean annual temperature increase behaviour 
shows that even if global GHG emissions stabilise 
it will continue the rise for additional 0.5-1.0ºC 
since the mid-century period (up to 2.0-3.0ºC 
with respect to present climate), and in case of 
constant global GHG increase, the temperature 
increase will reach 4.0-5.0ºC over the whole re-
gion with respect to the present climate;

�� summer temperature (June-July-August: JJA) 
increase is higher than the mean annual up to 
0.5-1.0ºC, and in case of constant global GHG 
increase, the temperature for this season will 
exceede 5.0ºC increase at the end of the century 
period compared to the present climate;

�� somewhat lesser increase of temperature (up to 
0.5ºC) can be expected only on far north of the 
region (north Bosnia and Herzegovina, and north 
Serbia), but compared to the intensity of change 
this difference is not significant.

Accumulated precipitation change is more complex 
to analyse (Figure S2, ΔP values), where most im-
portant conclusions are:

Figure S1. Climatology of the WB region (left panel), with distinguished coastal areas (marked as “hot” – red), 
mountain areas (marked as “cold” – blue) and areas with temperate and temperate-warm climate (marked as 
“warm” – orange). The area with highest annual precipitation is shaded (green dots). Mean annual temperature, 
averaged over the WB region, is shown on the right panel. The data represents average values for the 20-year 
period, assigned to the last year of the period (“moving average” approach), and are calculated for the period 1961-
2100. Values obtained from observations are in blue, from regional climate models median according to stabilisation 
(RCP4.5) scenario are in orange, and according to continuous rise (RCP8.5) scenario are in red.
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��noticeable change in annual accumulated pre-
cipitation starts from the mid-century period, 
with gradient of change that shows increase in 
the northern parts of the region (north Serbia) 
and intensifying decrease towards the south, in-
cluding coastal areas;

��by the end of the century drying of the WB region 
will prevail;

�� impact of climate change is more visible in 
change of annual precipitation distribution, 
which is evident from severe drying of the sum-
mer (JJA) season, more pronounced towards the 
south of the region and in coastal areas.

Impact of climate change on the climate system and 
especially human livelihood requires complex anal-
ysis of different climate indices and indicators. Most 
significant impact signals, relevant for two seasons 
(summer and winter) that best reflect the climate 
change in WB region (Figure S3), are summarised 
and outlined here. Mapping of high risk areas shows:

�� summer drying and heating, already observed, 
will continue this trend with increased frequency 
and duration of heat waves, which threatens the 
whole WB region by the end of century in case of 
constant global GHG increase, with extension of 
dry period especially in the south and near coast 
and coastal areas;

��winter season will receive more extreme pre-
cipitation, as well as more of total accumulated 
precipitation, over the regions with temperate 
continental climate, and alarming loss of snow 
pack is expected. 

In general, climate change shows intrusion of 
sub-tropical climate further to the north, leaving 
coastal and southern areas very hot and dry during 
the summer season which is expected to have pro-
longed duration by one to two months increasingly, 
from near future to the end of the century.

Climate change impacts, which are observed and 
reported in official documents by WB economies, 
tend to intensify in the future:

��environmental signals: increased frequency and 
duration of heat waves and drought – frequently 
overlapping; early start of vegetation; increased 
frequency of flooding, increased frequency and 
spreading of forest fires, forest defoliation and 
mortality, decreased river discharge; 

�� sectorial vulnerability: more frequent decrease 
in yield quality and quantity (risks of drought, 
high temperatures and late spring frost), in-
creased summer energy consumption, decreased 
drinking water supply especially during summer; 
potential for, or already recorded, spread of new 
diseases.

The climate change shows in the Western Balkans
intrusion of sub-tropical climate further to the north,
leaving coastal and southern areas very hot and dry
during the summer season which is expected
to have prolonged duration from near future
to the end of the century.

Data: RCC’s Study on Climate Change in the Western Balkans Region, May 2018

Overall analyses recognise the human health, safe-
ty and life quality as highly vulnerable to natural 
hazards and sectorial weather related losses. The 
risk assessment shows significant increase of such 
vulnerability in the future and thereby defines it as 
the top priority that requires immediate attention 
according to the following list, which is developed 
by prioritising optimal measures considering the ur-
gency-cost-benefit analysis:

��development of WB early warning system, infor-
mation dissemination and preparedness of the 
general public, supported by readiness of gov-
ernmental institutions related to disaster risk 
management;

�� implementation of WB seasonal forecast in deci-
sion-making, and efficient dissemination of fore-
cast data to stakeholders;

��adapt food production by implementing WB 
short-term to seasonal weather forecast and 
climate change information in decision-making 
(timing of sowing, varieties and hybrid selection, 
adaptation of agro-technical measures, housing 
for livestock, etc.);

��plan and develop sustainable irrigation systems 
where necessary, optimal to water availability 
and applying rainfall harvesting approach;

�� supress forest degradation by immediately im-
plementing the long-term planning;

��optimise energy production/availability accord-
ing to inter-annual consumption assessment;

��constant re-evaluation of impacts, measures, 
efficiency and plans, supported by exchange of 
expertise, knowledge and implementation in ed-
ucation. 

Specifics and more details on the presented results, 
vulnerability and risk assessment and outlined pri-
orities with recommendation for their implementa-
tion are described in the document Study on Climate 
Change in the Western Balkans Region, Regional Co-
operation Council (RCC), May 2018.
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Figure S3. Maps of the most pronounced risks related to climate change over the WB region, derived from both 
scenarios (RCP4.5 and RCP8.5) taking the higher values into consideration. Two seasons are selected, summer (left 
panels) and winter (right panels), for two periods, mid-century (upper panels) and end of the century (lower 
panels). Maps show areas with most pronounced changes in comparison to present climate. Presented indicators are 
of utmost importance for each season: summer – increase of dry and very hot period, winter – increase of very heavy 
precipitation and decrease/disappearance of snow pack.
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This Study aims to support the Western Balkans re-
gion in creating its sustainable development cycle 
coordinated by the priorities of the WB economies, 
which is in compliance with global and EU respon-
sibilities, releasing some burden of extensive work 
expected from each economy to implement. It pro-
vides quantitative data for implementation of the 
South East Europe 2020 Strategy, decision-making 
process and supports further advance in the work 

of the Regional Working Group on Environment. In 
addition to its initial motive, the Study analyses 
and outlines the issues of cross-border dependence, 
which require WB coordinated approach. Results 
obtained during this Study are beyond the present-
ed conclusions, and hopefully will find purpose in 
further detail assessments of more specific issues 
related to future planning.

FOREWORD WESTERN BALKANS 
SUSTAINABLE DEVELOPMENT 
CYCLE
Like in natural cycles, for example cycles of energy, 
water and carbon, human activities must be coor-
dinated by artificially created cycles, which are in 
compliance with natural ones, in order to sustain 
the survival. Development of industry disrupted the 
natural carbon cycle, which led to disorder in oth-
er natural cycles and thereby call in question sus-
tainability of human life as it is. To restore natural 
balance and sustainability of human development, 
global effort has been reinforced to create artificial 
cycle of human society behaviour and harmonise it 
with nature. The complexity of such cycle requires 
coordination from global to local level, which means 
global sustainable development cycle (SDC) must be 
supported by regionally created gear wheals, i.e. 
regional SDCs. 

The chart (Figure WB-SDC) describes simplified 
workflow or “cycle” of the functioning mechanism 
necessary to ensure human livelihood quality and 
sustainable development of a region, like the one 
sampled here – Western Balkans (WB) region. The 
foundation of WB SDC is information provided by 
the economies, mainly through their climate change 
policy framework. Following the chart, the main 
branches of the assessments performed by the econ-
omies are: climate change (climatological param-
eters and indices), and impacts on human health, 
economy sectors and environment reflected through 
number of indicators. Horizontal connections be-
tween activities related to the listed branches are 
very complex, and not presented here where WB 
SDC is in focus; however became important within 
economies’ self-assessment. All branches systemat-
ically trace climate change impact from bottom up, 
as listed in the chart. Human health is an exception, 
ending with risk assessment and not providing prior-
ities, because every observed risk is considered im-
portant. The link between environment and climate 
change, marked with dashed line, has distinguished 
relation on global level, because natural processes 
triggered with global warming in total tend to in-
crease climate change signals, such as melting of 
permanent snow and glaciers that lead to enhanced 
warming. This effect becomes more pronounced on 

smaller scales and is possible to reach significance 
at local level. After information from all branches 
are collected and coordinated, priorities are out-
lined. To this end, two more outputs are needed: 
assessment of benefit and complexity of proposed 
measures implementation, which considers cost 
analysis, and definition of future deadline for pro-
posed activities. Economies’ self-assessment must 
be coordinated with strategies of the wider region 
and, finally, with global strategy.

Regional strategy of the wider region, which in this 
case is considered to be South East Europe (SEE) or 
European Union (EU), coordinates information from 
the region with global efforts stated in the Paris 
Agreement. It is more focused on mitigation activi-
ties related to reduction of GHG emissions, increase 
of energy production from renewable sources and 
energy efficiency. However, some of them include 
adaptation measures and measures for mitigation 
of climate change impacts on economies’ branches. 
The Paris Agreement tends to strengthen the latter 
and to engage economies to plan, implement and 
report on such measures. This reflects the main mo-
tive of this Study – to support adaptation and miti-
gation measures in favour of future climate change 
adapted economic development and to prevent or 
reduce negative impacts.

After coordinating assessments carried out by the 
economies with the planned regional strategy, WB 
priorities have been outlined. To continue WB SDC, 
regional WB cooperation must be established or ex-
isting must be strengthened. Also, in the absence of 
coordinated approaches in climate change branch 
in economies’ self-assessment, it is necessary to 
provide an integrated climate change assessment 
for the whole WB region that implements the latest 
Intergovernmental Panel for Climate Change Assess-
ment Report (IPCC AR, in this case IPCC AR5) knowl-
edge and approach in the analysis, which makes the 
results current and comparable to other regions and 
to global assessments. Collected information on 
WB priorities, cooperation and climate change im-
pacts, must go through verification. It will confirm 
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that they support the needs of each economy and 
their potential to implement proposed measures. 
The final outcome is the optimised list of priorities 
and recommendations for their implementation 
throughout the WB region. Implementation needs to 
be done within each economy separately with which 
WB SDC is completed.

The next and following go-passes (repetitions) of 
the SDC are supplemented with additional reporting 

on success of implemented measures and renewed 
economies’ self-assessment, which provide up-
date to prolonged regional strategy development. 
All listed activities contained within the branches 
showed on the chart need not be repeated if signif-
icant change has not been imposed, such as a new 
bounding agreement or new IPCC AR, etc. Thereby, 
the first SDC go-pass is most difficult to achieve and 
most extensive, but following cycles should be an 
efficient part of the complex global SDC.

WB SUSTAINABLE DEVELOPMENT CYCLE
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Figure WB-SDC. The chart of Western Balkans Sustainable Development Cycle

1. INTRODUCTION 
Climate change is proven to manifest its negative 
impact on the Western Balkans region, with more 
pronounced changes than globally averaged. WB 
is the area with high spatial natural diversity and 
consists of six economies (Albania, Bosnia and Her-
zegovina, Kosovo*, Montenegro, Serbia and The For-
mer Yugoslav Republic of Macedonia). Coordinated 
approach in studying climate change and planning 
the activities to mitigate negative impacts and 
to adapt to climate trend represents a challenge, 
however justified by strong motivation since econo-
mies individually recognised a lack of capacities to 
self-sustain in overcoming climate change related 
problems. 

Activities related to climate change mitigation and 
adaptation, which lead to implementation of specif-
ic measures in practice and regulations in policies, 
are based on analysis of collected data to evaluate 
present state with necessary scientific upgrade in-
volving climate modelling of the future. This high-
lights the uniqueness of climate change problem, 
where fast development and high reliability of sci-
entific findings are required and immediately ap-
plied for the purpose of practice and decision-mak-
ing up to the governmental level. 

WB economies employed significant effort to collect 
and comprehend all relevant data and analysis for 
their region, consisting of natural, socio-economic 
and political issues and relating them to climate 
change mitigation and adaptation demands. Since 
WB economies are candidates for European Union 
(EU) accession (except Bosnia and Herzegovina and 
Kosovo*, which are recognised as potential candi-
dates) and Parties (non-Annex I) to the United Na-
tions Framework Convention on Climate Change (UN-
FCCC, except Kosovo* that, nevertheless, responds 
according to the requirements of the Convention), 
they are all motivated to implement EU2020 Strat-
egy and meet EU2030 goals in GHG emission reduc-
tion and to increase energy efficiency and energy 
production from renewable sources, while regularly 
monitoring climate change and its impacts on dif-
ferent sectors, analysing future scenarios and pri-
oritising adaptation measures in the effort to apply 
systematic approach in compliance with mitigation 
demands. This work requires dynamical approach 
because of the accelerated and devastating climate 
change impact on the WB region, indicating that 
regular update of knowledge, planning and imple-
mentation in practice is required. Combined with 

urgency and importance, such tasks require exten-
sive and complex engagement and coordination of 
expertise in interdisciplinary, scientific, cross-sec-
torial, decision- and policy-making activities. 

Collected knowledge on the related issues in the WB 
region indicates the common needs. The outlined 
features include a lack of human resources to deal 
with the climate change issues, high vulnerability 
and proposal for coordinated work at regional lev-
el to ensure sustainable development and improve 
life quality. Regional approach, motivated by imple-
mentation of SEE 2020 Strategy, must be initialised 
with integrated analysis of present and future cli-
mate change impacts for the whole region, ensuring 
comparability with Intergovernmental Panel on Cli-
mate Change 5th Assessment Report (IPCC AR5). This 
Study is employed to provide scientific base, the 
initial activity for latter prioritisation of measures 
and implementation in practise and policies, for the 
purpose of comprehending the climate change is-
sues at regional level. 

The Study contents is divided into the overview of 
most relevant information about the WB region to 
provide basic background knowledge, analysis of 
the observed climate change, analysis of the future 
climate change, highlights of the most pronounced 
climate change impacts with risk assessment, dis-
cussion on recommendations for the further stud-
ies and analysis derived from presented results and 
collected documentation, and final summary of this 
Study in concise form with outlined highlights that 
can be considered as stand-alone material.
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2. BACKGROUND KNOWLEDGE
Six WB economies cover the area of about 208 000 
km2 and have population of about 18 million in to-
tal, with straight latitude-longitude distance north-
south of about 700 km and west-east 670 km (Table 
1). High natural and social spatial variability over 
the relatively small region complicate integral as-
sessment, because of the large diversity of meth-
odologies applied and number of documentation 

provided by each economy, which is the main mo-
tivation for implementation of this Study. Two most 
significant sectors in WB region are outlined: agri-
culture and forestry, because of their significance to 
GDP, income per capita and/or spatial area cover-
age (Table 1). They represent good examples for as-
sessment and prioritisation in case of need for near 
future and for far future planning.

Table 1. WB economies relevant data

Area (km2) Population Agriculture 
(% of GDP)

Forest 
(% of area)

Albania 1 128 745 2 821 997 19.5 36
Bosnia and Herzegovina 1 151 209 3 791 622 8.6 53
Kosovo* 2 210 908 1 907 592 14.1 47
Montenegro 1 113 812 620 029 7.4 60
Serbia 1 188 361 7 058 322 10.0 29
The Former Yugoslav Republic of Macedonia 1 125 713 2 022 547 11.5 39

1 Data are derived from National Communications;
2 data is derived from Climate Change Framework Strategy.

WB region lies on a complex terrain, which spreads 
over the low altitude Pannonia valley on the north, 
hilly and mountain regions towards south and west, 
and coastal area of the Adriatic Sea (Figure 1). High-
er areas are distinguished from low altitudes with 
10°C isotherm. Highest values of annual precipita-
tion are over the western part of the WB region, and 
in steep coastal areas, with decreasing gradient to-
wards the east and south-east of WB. Climate and, 
consequently, spatial variability of vegetation cov-
erage are natural treasures of this region. Hot sum-
mers and cold winters are reflecting the continen-
tal, but recently temperate continental climate at 
the north. Summers become mild in high altitudes 
with prolonged duration of higher snow. Coastal ar-
eas are characterised by sub-tropical Mediterranean 
climate, with hot summers and mild winters. Spatial 
and annual variation in precipitation in the region 
is under the influence of temperate continental 
and Mediterranean regime. Maximum precipitation 
in coastal areas is seen in the colder part of the 
year, and on the north during the late spring and 
early summer, leaving central parts as the mixture 
of both with prevailing influence depending on the 
location, i.e. distance from the sea.

WB economies are considered medium to highly 
vulnerable to climate change, because of the rel-
atively high percentage of population employed in 
weather and climate related sectors, such are ag-
riculture, forestry, tourism, etc. Also, high unem-
ployment rate is an evident common setback for the 
whole region. 

WB economies provided data, analysis and proposed 
measures related to climate change issues, adapta-
tion and mitigation, with distinguished similarities:

��constant improvement in complexity of report-
ing and data analysis;

��undoubtedly proving and recognising that cli-
mate and, consequently, living environment and 
economic practice (except the introduction of 
new technologies) are no longer static or slowly 
evolving, but rather characterised by significant 
trend of change;

��high motivation to meet the requirements relat-
ed to EU accession;

��extra effort to protect small stakeholders; 

Figure 1. Mean temperature and annual accumulated precipitation for the period 1996-2015

��harmonized implementation of mitigation and 
adequate planning of adaptation measures;

��highlighting the priority and necessity of integra-
tion of climate change aspects in existing envi-
ronmental and other relevant policies;

��use the maximal potential to develop and imple-
ment strategy which leads to sustainable devel-
opment and preferably sustainable increase of 
income per capita;

�� introduce climate change in education and raise 
awareness;

��coordinate the inter-disciplinary and cross-sec-
torial collaboration through representative body 
(for example National Committee), which con-
sists of parties from academia, government bod-
ies, private sector and civil society and is under 
the responsibility of Ministry of Environment or 
other ministries with environmental obligations;

��besides other obstacles, all economies outlined a 
lack of sufficient human resources as significant 
problem to comprehend the wide range of activ-
ities and commitments under the UNFCCC.

General conclusions withdrawn from the available 
documentation (provided in the List of References) 
are:

�� the whole region is under the significant increase 
of temperature, with most pronounced signal 
over Montenegro and Bosnia and Herzegovina, 
and lesser over The Former Yugoslav Republic of 
Macedonia;

��precipitation changes are not significant in gen-
eral and are reported to increase over the most 
part of the region, except more pronounced de-
crease over Albania;

��expected future changes in general follow the 
observed trends, with more severe temperature 
increase and precipitation decrease during the 
summer by the end of the century;

��annual precipitation increase, with respect to 
the selected climatological baseline periods, will 
continue by the half of the century, when its ten-
dency changes and starts to decrease over the 
region, which makes it important for long-term 
planning;

��annual regime and cumulative distribution of 
precipitation by intensity also change, favour-
ing spread of sub-tropical regime further to the 
north with increase of high precipitation share in 
total values;

��consequences of climate change are well re-
viewed and are already evident mainly in sec-
tors of agriculture, forestry and water resources, 
with occasional signals related to health;

��all economies reported high risk of extreme 
events: heat waves, droughts and floods;

��depending on economic priorities other sectors 
are also reviewed: tourism, cultural heritage, 
services, etc.

Adaptation priorities for reducing the vulnerability 
and risks, which are prioritised within the econo-
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mies and have importance for the whole or major 
part of the WB region, are:

��agriculture: develop irrigation systems optimal 
to water resource capacities, reduce risk of late 
spring frost and high summer temperatures, op-
timise hybrid and variety selection and apply 
appropriate agro-technical measures to reduce 
the risk of reduction in yield mass and quality; 
better housing for livestock and regular food 
control; provide education to farmers;

��water resources: protect drinking water qual-
ity and optimise its consumption, develop and 
improve water supply systems, and avoid un-
necessary losses; improve monitoring of surface 
and underground watercourses; improve river 
management and protect vulnerable areas from 
flooding;

�� forestry: improve protection from fires by 
strengthening monitoring capacities and read-
iness for fire suppression; monitor and protect 
from pests, fungi and diseases; implement long-
term planning for species displacement to re-
duce climate change induced mortality;

��health: improve emergency response during the 
extreme events; improve monitoring of drink-
ing-water quality; improve dissemination of 
information related to health risk; monitor ap-
pearance of new diseases especially the ones 
carried by vectors (insects);

��other: participate in early warning system devel-
opment and warning dissemination and improve 
preparedness of general public; improve moni-
toring related to biodiversity; protect cultural 
heritage from extreme weather events; focus 
summer tourism development at higher altitudes 
and prevent losses during mild winter seasons 
in ski centres; create seeds treasury of rare and 
autochthonous varieties to prevent their extinc-
tion; introduce climate change knowledge in ed-
ucation to ensure sustainable development, etc.

Quantifying integrated conclusion on the severity 
of climate change impact for the whole WB region, 
and spatial distribution of vulnerability and risk as-
sessments, has several setbacks due to the differ-
ence in methodologies used for economies’ self-as-
sessment:

��use of different baseline period as climatological 
normal;

��use of different models, statistically downscaled 
Global Climate Models (GCMs) or Regional Cli-
mate Models (RCMs), some with and some with-
out models bias (systematic model error) correc-
tion;

��use of different scenarios, but still mainly relying 
on IPCC AR4 scenarios.

Taking into consideration knowledge collected on 
the WB region climate change related issues, this 
Study aims to provide basis for further work in this 
field enabling upgrade of assessment and planning 
with regional component, and possible regional co-
operation on common issues. 

This Study recognised the need for integrated re-
gional analysis of climate change in the WB area by 
using the methodology which implies high quality 
and reliability of the results and supplements the 
collected knowledge. This unified approach quan-
tifies the global warming impact on climate change 
on regional level and is in compliance with IPCC 
AR5, which is the main scientific support to the Paris 
Agreement, signed by WB economies (except Koso-
vo* that is not part of the UNFCCC, but responds 
according to the requirements of the Convention).

3. OBSERVED CLIMATE CHANGE
This section will provide concise analysis of the ob-
served climate change in the WB region, using anal-
ysis of the observed temperature and precipitation 
and collected knowledge on the observed impacts 
reported by the WB economies, relevant on the re-
gional level.

To evaluate impact of global warming on climate 
change throughout the WB region, two meteorolog-
ical parameters are selected: temperature (daily 
mean, maximum and minimum) and precipitation 
(daily accumulation). Daily values for the period 
1961-2015 are analysed, defining the period 1961-
1980 as the “past” climate baseline period, and 
1996-2015 as the “present” climate period. The 
trend of temperature increase became significant 
since the 1980s in the WB region which supports 
the selection of the past climate period as the one 
with closest characteristics to the preindustrial cli-
mate, since longer period of observation before the 
1960s is not available in the required quantity and 
quality. Use of 20 years for climatological period is 
in accordance with the IPCC AR5 and with the next 
Chapter of this Study, where future climate change 
results are presented. More details on the method-
ology used for observed data manipulation and data 
sources can be found in the Appendix.

3.1 Observed 
temperature and 
precipitation change
Average temperature for the whole region in the 
present climate period is 10.9°C, and has increased 
by 1.2°C with respect to the past climate period. 
Annual accumulation of precipitation averaged over 
the region did not change; the present climate val-
ue is 807 mm with 0.2% change relative to the past 
climate. Figure 2 shows mean annual values for the 
WB area averaged values, together with moving av-
erages for different averaging intervals (5, 10 and 
20 years) with the values assigned to the last year 
of the averaged period. This approach provides bet-
ter comprehension of temperature and precipita-
tion climatological and sub-climatological change. 
Results show that significant temperature increase 
began during the 1980s. Precipitation has been re-
ducing during the 1980s and 1990s to then begin to 
increase and returned, in present climate, to the 
values from the period defined as past climate. This 
is the reason for a small change of 0.2%.

Figure 2. Mean temperature and annual accumulated precipitation averaged over the WB region, and moving 
averages for 5-yr, 10-yr and 20-yr period, with values assigned to the last year of the averaged period.

Spatial variation of the difference between the 
present and past climate annual values is present-
ed in Figure 3, together with average 10-year trend 
slopes. Temperature increase is intensifying from 
south to north. Over The Former Yugoslav Republic 

of Macedonia and central and south Albania changes 
are in the interval from 0.5°C to 1.0°C, and over 
the north Albania and other four WB economies 
within the interval 1.0-1.5°C. Average 10-yr trend 
calculated for the whole 1961-2015 period has sim-
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Figure 3. Mean 10-yr trend for the period 1961-2015 (left panels) for temperature (°C) and annual accumulated 
precipitation (mm), mean temperature (°C) and annual accumulated precipitation (%) change (middle panels) and 
the same for JJA season (right panels) for present climate period with respect to the baseline period; temperature 
data are in upper panels and precipitation in lower panels.

ilar spatial distribution of intensity of change, with 
values from 0.15°C to 0.2°C/10yr over the most 
part of the territory, decreasing towards the south, 
and increasing mainly over the central part of the 
region, exceeding the value of 0.2°C/10yr. Spatial 
distribution of the maximum (Tx) and minimum (Tn) 
temperature increase (provided in the Appendix) 
shows more intense Tn than Tx change in southeast 
parts of the region, exceeding 1.0°C. However, in-
crease of Tx is much higher in northern part of Alba-
nia and over the territories of Kosovo*, Montenegro, 
Bosnia and Herzegovina and Serbia with values in 
the interval from 1.0°C to2.0°C. Tn increase over 
this area is mainly 0.5-1.5°C.

Spatial distribution of annual accumulated precipi-
tation change shows a change in major part of the 
area within the interval from -5% to +5% in favour 
of precipitation increase, and in some parts of up 
to about 10% increase. Albania and western parts 
of The Former Yugoslav Republic of Macedonia show 
decrease and most pronounced signal on the side 
towards coastal area, mainly up to 20%. Average 10-
yr trend calculated for the whole 1961-2015 period 
has similar spatial distribution, showing the trend 
of increase of mainly 10-20mm/10yr, but negative 

trend over Albania of 10-30mm/10yr, increasing to-
wards the northern coastal region.

Seasonal analysis of temperatures and precipitation 
are done for the December-January-February (DJF 
– winter), March-April-May (MAM – spring), June-Ju-
ly-August (JJA – summer), and September-Octo-
ber-November (SON– autumn). Figures are available 
in the Appendix. Least affected seasons are autumn 
and spring with values for average mean, maximum 
and minimum temperature increase mainly within 
0.5-1.5°C interval. Larger Tn than Tx increase is 
observed during autumn, while during spring larger 
Tx than Tn increase is observed. Winter season has 
temperature increase of 1-1.5°C over the largest 
part of the region, with more pronounced Tx in-
crease of 1.5-2.0°C especially in the central parts. 
Heating during the summer season has undoubtedly 
the highest values. Mean annual temperature in-
crease is 2-2.5°C over the large part of the region, 
mainly in Bosnia and Herzegovina, Montenegro and 
Serbia. Average maximum temperature increase 
has far more pronounced change than average min-
imum, with values of highest increase over 2.5°C 
mostly over Bosnia and Herzegovina, Montenegro 
and some parts of Serbia.

3.2 Observed change 
of climate indices and 
indicators
Presented results outstand the fact that tempera-
ture over the whole region is increasing faster than 
global average trend, with especially pronounced 
signal during the summer season and even more ac-
celerated increase of maximum temperature which 
highlights the alarming disturbance of WB climate. 
Overall results of the analysis are in compliance 
with the observed climate change impacts listed 
in National Communications of the WB economies 
and provide regionally integrated data for risk as-
sessment and prioritising the adaptation options of 
regional importance. Some of the common conse-
quences of climate change impacts have more pro-
nounced signal over the whole region:

�� increased duration and frequency of heat waves 
and droughts;

�� increased risk of flooding;

�� forest degradation related to increased fire fre-
quency and spreading, defoliation and mortality;

��early growing season start and high risk of late 
spring frost, decrease in yield quality during the 
years with warmer and/or drier growing period; 

��decreased average river discharge and problem 
with drinking water quality and supply especially 
during summer season;

�� increased energy consumption during summer 
season;

�� increased health and safety risks.

In addition to the climate change impacts of re-
gional importance, diversity of significant impacts 
is outlined by the economies, which are observed 
to have high local importance. Results of this Study 
may support further analysis of these specific is-
sues, because of the high spatial resolution analysis.
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4. FUTURE CLIMATE CHANGE
The main task in this Chapter is to present the fu-
ture climate change impacts in compliance with 
IPCC AR5 approach analysing the temperature and 
precipitation, indices and indicators selected ac-
cording to the highlighted priorities of the region. 

Climatological periods for the analysis are adopt-
ed following the latest IPCC AR5: 1986-2005 as the 
baseline period; 2016-2035 as the near future pe-
riod; 2046-2065 as mid-century period; and 2081-
2100 as end of the century period. Selected periods 
serve the purpose of planning requirements for di-
versity of activities, for example agriculture finds 
most use in the near future planning, while the 
long-term predictions are needed in forestry and for 
water resources. For future periods two Represent-
ative Concentration Pathways (RCP) scenarios are 
selected, which find most use in planning activities, 
according to the current trends: RCP4.5 (stabilisa-
tion scenario, with GHG emission peak around 2040 
and afterwards declining) and RCP8.5 (continuous 
rise scenario, where GHG concentration contin-
ues to increase by the end of the century, known 
as business-as-usual scenario). For proper prepar-
edness for the upcoming changes RCP4.5 scenario 

will be considered as best possible scenario (lower 
end) and RCP8.5 as extreme scenario (higher end) 
in this Study. It should be stressed that according 
to the present trends it is more likely to reach cli-
mate disturbance prevailing towards RCP8.5 projec-
tions than to stay in stabilisation scenario, which 
requires the use of both for proper assessment. The 
high resolution multi-model approach has been ap-
plied, using CORDEX model results of nine Regional 
Climate Models (RCMs). This way most probable fu-
ture outcome can be evaluated, and thereby impact 
studies, prioritisation and decision-making could be 
supported by data with high confidence. RCMs me-
dian value is adopted as most probable and used in 
analysis of the results. More information about the 
methodology for data manipulation and sources of 
data can be found in the Appendix. 

Figure 4 presents moving average of the area av-
eraged mean temperature for 20-yr periods (cli-
matological intervals) for observed and ensemble 
median, maximum and minimum values, which 
demonstrates the spread of different model results 
and proves good choice of the ensemble.

Figure 4. Area averaged mean temperature 20-yr moving average for observed values and model ensemble median, 
maximum and minimum data according to the RCP4.5 and RCP8.5 scenario; averaged values are assigned to the last 
year of the 20-yr period.

The ensemble median change is denoted as statis-
tically significant if it is found that the change is 
significant for more than 50% of the models in the 
ensemble, and it distinguishes the change far be-
yond the natural variability. 

In this Study the following climate parameters and 
indices have been analysed:

�� standard climate parameters:

�» mean temperature, seasonal and annual;

�» mean minimum temperature, seasonal and 
annual;

�» mean maximum temperature, seasonal and 
annual;

�» mean annual and seasonal precipitation accu-
mulation;

�� temperature related indices: 

�» number of frost days (Tn<0°C), annual;

�» number of icing days (Tx<0°C), annual;

�» number of very hot days (Tx>35°C), annual;

�» number of heat waves (at least 6 consecutive 
days with Tx>35°C);

�» average maximum length of heat waves;

��precipitation related indices:

�» number of days without precipitation;

�» number of days with very heavy precipitation 
(RR>20mm);

�» percent of total precipitation accumulated in 
days with very heavy precipitation;

�� special climate indicators:

�» growing season duration, start and end date, 
for the biological minimum of 10°C;

�» very hot dry spells (HDS) – average maximum 
length of consecutive very hot and dry days 
and number of appearance of at least 6 con-
secutive days with Tx>35°C;

�» Seljaninov Hydrothermal Coefficient (SHC) 
and number of when values for April-Septem-
ber and June-August are both <1 – index that 
shows the climate suitable for maize growing;

�» Ellenberg’s Climate Quotient (ECQ) – index 
that shows the climate suitable for beech 
growing.

According to the knowledge collected from the WB 
economies’ documentation, significant reduction of 
maize yield is detected during the dry years, higher 
than of other crops. Seljaninov hydrothermal co-

efficient values lower than 1 show dry conditions 
for maize cultivation, 1-1.3 insufficiently humid, 
and above humid. It is calculated for the growing 
period of maize April-September and for the peri-
od June-August when maize needs water but is at 
high risk of draught. When both values are below 1 
that year is considered unsuitable for maize growing 
without irrigation. Also, according to the collected 
knowledge, beech is spread wide across the region 
and its vulnerability has already been detected, 
which makes it a regionally important indicator. El-
lenberg’s climate quotient is used for assessment of 
suitable habitat for beech and mixed forest (beech 
and oak). If the values are below 20 it is considered 
that it is suitable for beech forest, and if values are 
between 20-30 beech can coexist with oak in mixed 
forest habitat. 

4.1 Future temperature 
and precipitation 
change
The main climate parameters are averaged, mean 
maximum and minimum temperatures, and mean 
accumulated precipitation. Figure 5 and Figure 6 
contain the most relevant maps of temperature and 
precipitation change while values obtained for all 
seasons and all scenarios can be found in the Ap-
pendix. 

During the near future period (2016-2035) with 
respect to the baseline period (1986-2005) the ex-
pected temperature and precipitation changes are:

��according to the RCP4.5 scenario:

�» temperature change is significant over the 
whole region, with average increase of 0.8°C, 
and seasonally significant change is expected 
during the JJA and SON, with more significant 
change in Tn than Tx;

�» precipitation change has no significant change 
in annual nor in seasonal values over the re-
gion, mean annual accumulation change is 
within the -5% and +5% interval, with decrease 
over the major part of the region during the 
JJA;

��according to the RCP8.5 scenario:

�» temperature changes are significant over the 
whole region with average regional increase 
of 1.0°C, reaching highest increase during the 
JJA;
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�» precipitation change shows similar signal as in 
stabilisation scenario, but with somewhat dif-
ferent distribution.

During the mid-century period (2046-2065) with 
respect to the baseline period (1986-2005) the ex-
pected temperature and precipitation changes are:

��according to the RCP4.5 scenario:

�» mean temperature area averaged increase is 
1.6°C, with most pronounced change in JJA 
and in Tx, within the values between 2.0°C 
and 3.0°C over the major part of the region;

�» precipitation change still does not show sta-
tistically significant change in mean annual 
accumulation nor in seasonal values, but the 
annual values decrease tend to spread over 
the region, and during JJA the whole region 
suffers the decrease;

��according to the RCP8.5 scenario:

�» mean temperature area averaged change is 
2.1°C, and spatial analysis shows above 2.0°C 
over the major part of the region during the 
most part of the year;

Figure 5. Temperature change (°C) for the near future (top row), mid-century (middle row) and end of the century 
(bottom row) periods with respect to the baseline period for mean annual values according to RCP4.5 (left), to 
RCP8.5 (middle) and mean JJA maximum temperature according to RCP8.5 (right); statistical significance is marked 
with dots.

Figure 6. Accumulated precipitation change (%) for the near future (top row), mid-century (middle row) and end of 
the century (bottom row) periods with respect to the baseline period for mean annual values according to RCP4.5 
(left), to RCP8.5 (middle) and mean JJA according to RCP8.5 (right); statistical significance is marked with dots.

�» precipitation change decrease becomes sig-
nificant over Albania and part of Montenegro 
during JJA and, including The Former Yugoslav 
Republic of Macedonia but not statistically sig-
nificant, the values of decrease are over 20%; 
other seasons and annual values do not show 
significant change.

During the end of the century period (2081-2100) 
with respect to the baseline period (1986-2005) the 
expected temperature and precipitation changes 
are:

��according to the RCP4.5 scenario:

�» temperature increase shows stabilisation and 
area averaged increase is 2.0°C, with more 
pronounced increase of Tx during the JJA and 
SON;
�» precipitation change is stabilised, as noticed 

in the temperature change, stayed over the 
southern parts of the region, where values are 
over 20%;

��according to the RCP8.5 scenario:

�» temperature will not stabilise and will contin-
ue to significantly increase, reaching area av-
eraged value of 4.4°C, with most pronounced 
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increase during JJA with values over 5.0°C 
over major part of the region;
�» precipitation decrease is significant in annual 

values, because of the severe decrease during 
the JJA season, over 20%, over the large part 
of the region and even over 30% in southern 
Bosnia and Herzegovina, Montenegro, Albania, 
and The Former Yugoslav Republic of Macedo-
nia, except in northern part of Serbia where 
significant increase is expected during the DJF.

4.2 Future change of 
climate indices and 
indicators
The most significant findings related to the temper-
ature and precipitation indices and specifically se-
lected climate indicators are listed in this Section. 
Change of some selected indicators is presented in 
Figure 7, while other results can be found in the 
Appendix.

During the near future period (2016-2035) with re-
spect to the baseline period (1986-2005) the follow-
ing changes are expected:

��number of frost days is expected to decrease by 
5-10 days according to RCP4.5 scenario, but with 
significant decrease (10-20 days) over the south-
ern and higher altitude parts of the region;

��number of icing days tend to decrease by 0-5 
days with possible higher decrease over some 
mountain areas in central parts;

��number of very hot days will increase by 5-10 
days and with higher significant values over some 
parts (coastal areas of Albania, Podgorica region 
in Montenegro, The Former Yugoslav Republic 
of Macedonia, northern and central Serbia, and 
some parts of Bosnia and Herzegovina);

��average heat waves length and frequency of 
appearance are slightly increasing with highly 
probable significant change over some regions 
in southern parts, which signals the increase in 
probability of appearance to be more extreme 
than observed; especially in coastal areas of 
Albania, southern Bosnia and Herzegovina, Pod-
gorica region in Montenegro and southeast of 
The Former Yugoslav Republic of Macedonia;

��change in the number of dry days is not signifi-
cant, but it is more pronounced during summer, 
and annually tend to increase by 5-15 days over 
the region, mainly during the JJA, except in 
northern parts;

��very heavy precipitation increase in number of 
days and percentage of total accumulation are 
not statistically significant, but are most pro-
nounced over the northern part of Serbia (Vojvo-
dina) according to RCP8.5, as well as an increase 
of very heavy rain accumulation percentage;

��duration of growing season is expected to in-
crease by 10-20 days, with somewhat more 
pronounced shift towards the earlier dates (5-
10 days) throughout the region; this change has 
significance for some parts that have higher in-
crease in temperature (southern and western 
parts);

��HDS is slightly increasing, mainly over southern 
parts;

��SHC shows shift towards dry conditions mainly 
over Serbia and towards insufficiently humid in 
other relevant parts, and over 10 years in this 
20-yr period (even up to 14 years in lowest alti-
tudes) will become unsuitable for maize growing 
without irrigation;

��ECQ shows reduction of suitable territory for 
beech survival over some small parts (for exam-
ple in east Serbia), and in general retreatment 
towards higher altitudes, but potentially signifi-
cant since the signals of vulnerability are already 
observed.

During the mid-century period (2046-2065) with re-
spect to the baseline period (1986-2005) the follow-
ing changes are expected:

�� significant decrease of frost days throughout the 
whole region by 10-20 days according to RCP4.5 
and 20-30 days according to RCP8.5 scenario in 
major part of the region;

�� significant decrease of icing days throughout the 
whole region by 5-10 and 10-20 days according to 
RCP4.5 and RCP8.5 respectively;

�� significant increase of very hot days in parts 
of lower altitudes (10-20 days), but most pro-
nounced in coastal and near coastal areas and 
central to south-eastern part of The Former Yu-
goslav Republic of Macedonia (20-30 days);

��duration and frequency of heat waves appear-
ance have significant increase over the low alti-
tudes, coastal and near coastal areas and parts 
of The Former Yugoslav Republic of Macedonia, 
reaching values of +1 heat wave each year and 
with increased duration over 5 days or more;

�� increase of dry days is 5-10 days over the major 
part of the territory, with significant change in 
southern parts (within Albania and The Former 
Yugoslav Republic of Macedonia); the change is 
most pronounced during JJA;

��number of days with very heavy precipitation 
shows noticeable increase throughout the re-
gion, significant over the north parts of Serbia 
(Vojvodina), while in regions which already have 
large number of such days the increase is much 
lesser relative to the present values; very heavy 
rain percentage has most increase over the re-
gion where these events are not common (north 
Bosnia and Herzegovina, Serbia, Kosovo*, parts 
of The Former Yugoslav Republic of Macedonia), 
even of around 30% during DJF and MAM, while 
during JJA the decrease is seen over the south-
ern part of the region, and according to RCP8.5 
increase in Vojvodina becomes significant;

��growing season is expected to have significant 
increase of up to 20-40 days, depending on sce-
nario, in favour of early start date in most parts 
of the region of up to 20-30 days; however in 
coastal areas heating almost caused disappear-
ance of dormant season for the plants with bio-
logical minimum of 10°C;

��HDS coincide with heat waves, which means that 
periods with hot temperatures will be combined 
with very dry periods; 

��SHC shows wider spread of dry conditions mainly 
over Serbia, while in other parts insufficiently hu-
mid climate for maize is spreading, the number 

Figure 7. Change of average maximum length of very hot dry spells (in days, left), growing season duration (in days, 
middle) and change of total precipitation accumulated in days with very heavy precipitation (in %, right) during the 
near future (upper panels), mid-century (middle panels) and end of the century (lower panels) period; all presented 
results are according to RCP8.5, while RCP4.5 results are presented in the Appendix.
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Figure 8. SHC values 
for the baseline period, 
near future, mid-
century and end of the 
century period (from 
top to bottom – left 
panels), where shaded 
area marks the need 
for planning (yellow) 
or necessary (brown) 
irrigation, and number 
of years (of total 20yr 
period) with both SHC 
(April-September and 
June-August) values 
bellow 1 – unsuitable 
for maize growing; all 
presented results are 
according to RCP8.5, 
while RCP4.5 results 
are presented in the 
Appendix.

of years unsuitable for maize growing without 
irrigation in 20-yr period is very possible to be 
more than 14 over the north and central Serbia;

��ECQ index shows increase in unsuitable climate 
conditions and further retreatment towards high-
er altitudes, for both mixed and beech forest. 

During the end of the century period (2081-2100) 
with respect to the baseline period (1986-2005), and 
considering that by the end of the century RCP4.5 
scenario stabilises, more pronounced changes are 
expected according to the RCP8.5 scenario. Accord-
ing to RCP8.5 the following changes are expected:

��decrease of frost days is over 50 days over the 
whole region, which makes it a rare event, and 
icing days will appear only in mountain regions 
but with a decrease of over 25 days;

��appearance of hot days in higher altitudes, in-
crease by 20-30 days in lower altitudes, and most 
pronounced increase in coastal and near coastal 
areas and large part of The Former Yugoslav Re-
public of Macedonia and Kosovo* of over 35 days;

�� frequency of heat waves is increasing up to 2 days 
over the whole region with prolonged duration of 
5-10 days; it is possible for heat waves to appear 
in high altitudes once in 10 years, but coastal, 
near coastal areas, large part of The Former Yu-
goslav Republic of Macedonia and Kosovo* are 
expected to have 2-5 more heat waves during 

a year with increased duration of over 15 and in 
coastal areas even over 20 days;

�� increase in very heavy precipitation days is sig-
nificant, reaching values between 5-10 days in 
some northern parts of the region and southern 
Serbia,  being especially pronounced during DJF; 
very heavy precipitation percentage follow the 
same pattern of change, however over the coast-
al, near coastal and southern part of the region 
(Albania) decrease is significant during JJA, with 
values of over 30%;

��growing season period will be prolonged by 50-70 
days, with more pronounced change in the high-
er altitudes, and with larger shift of the start 
date, the values reaching over 30 days through-
out the whole region, with over 40 days in south-
ern parts, and over 50 days in south Albania;

��HDS have highly significant change over the re-
gion showing prolonged duration throughout the 
whole region, except in highest altitudes, of 
over 8 days in Serbia and over 20 days in coastal 
areas;

��SHC shows unsuitable conditions for maize grow-
ing, and in most productive areas almost all 
years during this period will not be productive;

��ECQ index shows high risk of forest mortality, 
and highly probable widespread disappearance 
of beech. 

Figure 9. Suitable climate conditions in baseline period for mixed beech-oak forest (dark green) and for beech 
forest (light green), with assessment of suitable conditions of mixed (blue line) and beech (red line) forest for near 
future (left), mid-century (middle) and end of the century (right); assessment is done using ECQ and presented 
results are according to RCP8.5, while RCP4.5 data are presented in the Appendix.

Additionally, evaluation of suitable beech habitat 
change by altitude is done. The percentages of to-
tal WB region with suitable climate conditions for 
mixed beech-oak forest and beech forest by alti-
tude and in total are presented in Table 2. Going 
further to the future, decrease of suitable climate 

conditions for beech survival is noticeable on higher 
grounds throughout the WB region. Continuous de-
crease in percentage of area with suitable climate 
conditions is significant by the end of the century, 
which means that already observed vulnerability 
will inevitably increase and extend.
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Table 2. Percentage of WB region with suitable climate conditions for mixed beech-oak forest and beech 
forest over different altitudes, according to RCP4.5 and RCP8.5 scenarios.

RCP4.5 RCP8.5
1985-
2005

2016-
2035

2046-
2065

2081-
2100

1985-
2005

2016-
2035

2046-
2065

2081-
2100

mixed beech-oak & beech forest mixed beech-oak & beech forest
alt <500m 20.0 19.4 16.9 17.6 20.3 18.6 18.1 12.3
alt 1000m 24.6 23.1 21.1 21.8 24.6 22.5 21.8 15.2
alt 1500m 15.5 15.1 14.6 14.6 15.6 15.0 14.7 12.2
alt 2000m 4.2 4.2 4.1 4.1 4.2 4.2 4.1 3.7
alt >2000m 0.4 0.4 0.3 0.4 0.4 0.4 0.3 0.3
total 64.8 62.2 57.0 58.5 65.2 60.8 59.0 43.7

beech forest beech forest
alt <500m 6.7 6.1 4.2 4.2 6.8 5.4 4.5 1.7
alt 1000m 12.7 11.3 9.1 9.0 13.0 10.4 9.3 3.6
alt 1500m 11.2 10.1 8.3 8.3 11.2 9.8 8.5 4.2
alt 2000m 3.7 3.4 3.1 3.2 3.7 3.3 3.1 1.6
alt >2000m 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
total 34.7 31.2 25.0 25.0 35.1 29.3 25.8 11.5

5. CONCLUSIONS ON IMPACTS 
OF CLIMATE CHANGE AND RISK 
ASSESSMENT 
Based on the previous results, observed and pro-
jected climate change and its impacts, and results 
obtained from relevant official documents in the re-
gion, the important regional high risk changes are 
as follows: 

�� intrusion of sub-tropical climate to the north;

�� increase of heat waves, dry days and extreme 
precipitation;

��more pronounced rotation of severe drought and 
heavy rains, with appearance  of extreme storms 
in summer that most likely cause flash floods, 
severe high winds and hail damage.

When it comes to impacts on sectors those are:

��agriculture: 

�» extreme disturbance of phenology dynamics, 

�» increased risk of late spring frost in the near 
future, 

�» decrease in yield mass and quality progres-
sively by the end of the century and gradual 
decrease in climate suitability for present va-
rieties, 

�» livestock breeding at high risk due to high 
temperatures, possible food quality decrease 
and highly probable degradation of pastures,

�» increased land erosion and degradation, re-
lated to intensive precipitation events and se-
vere droughts with high temperatures;

�� forestry: 

�» high risk of widespread forest degradation 
related to the increased fire frequency and 
spreading, flash floods and mortality because 
of the faster climate change than natural mi-
gration, 

�» widespread disappearance of present taxa 
(varieties) over the region; 

��water resources:

�» decrease or absence of snow cover in high al-
titude regions, spring river discharge decrease 

and reduced regeneration of soil water reser-
voir,

�» highly probable decrease of summer river dis-
charge, longer and more frequent hydrologi-
cal droughts, 

�» increased frequency of high intensity precipi-
tation, increased risk of flash and river floods,

�» highly probable seasonal deficiency in drinking 
water;

��human health:

�» increase in frequency and intensity of heat 
waves,

�» highly probable drinking water quality reduc-
tion, 

�» highly probable wider spreading and intrusion 
of new vector-borne diseases; 

��other: 

�» degradation of natural habitats because of the 
slower natural migration of species than the 
climate change intensity, 

�» highly probable increased risk in land trans-
port infrastructure related to the increase in 
flood frequency and intensity, extreme tem-
peratures, soil erosion and landslides.

It is worth mentioning that somewhat drier condi-
tions are expected during the mid-century accord-
ing to the RCP4.5 (stabilisation) scenario  and re-
lated indices and indicators have more pronounced 
changes than under RCP8.5 (extreme) scenario; 
however in general both scenarios results show sim-
ilar patterns of change by the half of the century. 
By the end of the century RCP8.5 shows much more 
pronounced changes and is recommended to be con-
sidered as higher end threshold for future planning. 

In addition to the selected indicators related to ag-
riculture and forestry, it is of utmost importance 
to study water resources in more details, since the 
obtained results point out to alarming disturbances 
in this sector. This is beyond the scope of this Study 
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since long-term hydrology observations were not 
available.

The selected top priorities at regional level, out-
lined from the most urgent ones and having in mind 
capacities for their implementation, are:

��protect human health and safety;

��adapt food production by implementing recom-
mendations on variety and hybrid selection and 
on optimal agro-technical measures; provide 
housing for livestock; 

��develop sustainable irrigation systems, optimal 
to water availability;

�� supress forest degradation by immediately im-
plementing the long-term planning;

��optimise energy production/availability accord-
ing to inter-annual consumption assessment.

The listed priorities recognise the human health and 
safety as the top priority in the WB region, and con-
sider the protection from extreme weather events, 
outbreaks of new diseases, ensuring food quality 
and availability, and protection of the living envi-
ronment.

Overall analyses of the climate change in the western Balkans
recognise the human health, safety and life quality as highly vulnerable
to natural hazards and sectorial weather related losses.

Following sectors will experience the biggest impacts:

AGRICULTURE

(food quality
decrease,

land erosion
and

degradation,
etc)

FORESTRY

(high risk of
widespread

forest
degradation ,
disappearance

of present
taxa, etc)

WATER
RESOURCES

(deficiency in
drinking water,

etc..)

HUMAN
HEALTH

(increase of
heat waves,
intrusion of

new vector-borne
diseases, etc)

Data: RCC’s Study on Climate Change in the Western Balkans Region, May 2018

6. RECOMMENDATIONS
Having in mind the selected top priorities men-
tioned in the previous Chapter, which require atten-
tion of each WB economy, it is possible and of high 
importance to outline the recommendations that 
are most applicable and effective if implemented 
at regional level. To reduce burden on a single WB 
economy in resolving climate change related issues, 
in particular given the lack of human resources and 
other capacities, it is highly recommended to en-
hance and focus regional cooperation on the follow-
ing priorities:

�� implement reliable WB regional early warning 
system and provide efficient information dissem-
ination;

�� implement regional long range weather forecast 
system (from monthly to seasonal) and provide 
data dissemination among relevant sectors in 
order to optimise recommendations needed for 
agriculture and energy sector;

��ensure exchange of knowledge and expertise 
on regional level by strengthening regional in-
tra- and inter- disciplinary communication, in 
order to provide best quality information for 
decision-makers and best climate change policy 
implementation, as presented in this Study;

�� increase quality of regional risk assessment, pri-
oritisation and decision-making with exchange of 
observed data and cross-border communication;

��continue regional planning and prioritisation 
of common issues, more detailed analyses and 
long-term planning. 

Top priority recommendation for the WB region is 
to ensure human health, safety and life quality in-
cluding development of warning systems, informa-
tion dissemination and preparedness of the general 
public, supported by readiness of governmental in-
stitutions related to disaster risk management. Ex-
change of expertise and share of responsibilities at 
regional level are measures with the best cost-ben-
efit ratio to strengthen capacities and identify the 
potential of WB economies to provide contribution 
at regional level.

A good example for implementation of the pro-
posed activities are Draught Management Centre 
for South-Eastern Europe (DMCSEE), and South-
East European Multi-Hazard Early Warning Advisory 
System (SEE-MHEWS-A) initiated by the World Me-

teorological Organisation (WMO). For efficient im-
plementation of top priority measures, it is highly 
recommended to deploy and expand the activities 
of South-East European Consortium for Operational 
Weather Prediction (SEECOP) established in March 
2015 and supported by the directors of hydro-mete-
orological services of the WB economies. 

Medium to long-term weather forecasting, which 
includes statistical assessment, finds its use in plan-
ning of activities, particularly in agriculture and en-
ergy sector, providing data necessary for risk and 
financial loss reduction. Responsible institution 
for climate monitoring and long-term forecast in 
the region is South East European Virtual Climate 
Change Centre (SEEVCCC) hosted by the Hydrome-
teorological Institute of Serbia. It is recommended 
to expand its activities to serve the regional needs 
and sectorial priorities, and to ensure dissemination 
of information.

Reduction of climate change risk and impact by ap-
plying adaptation measures in the upcoming dec-
ades is well analysed in officail documents prepared 
by WB economies. In addition to activities on GHG 
emission reduction integrated in the EU accession 
process, increase of energy efficiency and energy 
production from renewable sources, and having in 
mind complex work in implementation of climate 
change policy related to adaptation and risk reduc-
tion measures, it is highly recommended to apply 
“a parallel” approach and implement adaptation 
measures simultaneously at governmental and 
stakeholder levels. Action plans for implementa-
tion of strategies on climate change should promote 
implementation of adaptation measures using a 
bottom-up approach. This means involving a wide 
range of stakeholders and citizens and increasing 
their awareness and knowledge on ways to protect 
their livelihood. 

Climate change impact assessment should be an in-
tegral part of planning activities (such as planning 
of construction of roads and dams, designing of ir-
rigation systems, etc.) regulated by new standards 
and regulation to be adopted by relevant authori-
ties. In this way, climate and related threats would 
be considered as variable in time, and thereby pos-
sibilities of false assessment based on past climate 
data would be avoided. Standards should define 
the length of past and future periods for climate 
analysis, according to the planned activities, and 
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propose revision of this analysis. A good example is 
agricultural production which is highly dependent 
on weather and relays on subsidies provided under 
the legislation.

This Study is developed based on IPCC AR5 report, 
by identifying common needs with the aim to pro-
vide added value to climate change impact assess-
ment on local level. High resolution multi-model 
approach provides detailed data with high reliabil-
ity, appropriate for use in separate analysis of WB 
economies. It also reduces the burden of extensive 
work related to regular reporting to the UNFCCC 
and strategic planning. It is highly recommended to 
establish a WB regional database with high resolu-
tion gridded daily observed database (possibly on 1 
km resolution) with permissions for use regulated 

by MoU and if necessary, database of high resolu-
tion bias corrected ensemble climate models data, 
which are selected and recommended by the rele-
vant experts. Such WB climate change database can 
significantly contribute to increasing the efficiency 
and quality of climate change impact and risk as-
sessment.

Results and recommendations from this Study should 
support WB economies in developing their policy 
frameworks, following integrated regional approach 
in implementation of adaptation measures and mit-
igation of negative climate change impacts in the 
WB region. The following Chapter presents the EU 
policy on climate change and provides information 
on actions carried out in the WB region.

7. CLIMATE CHANGE POLICY 
FRAMEWORK IN THE WB REGION
Climate policy framework of the economies in the 
region is created based on the obligations under 
the UNFCCC and the process of accession to the EU 
(except Kosovo* that, nevertheless, is motivated to 
respond according to the requirements of the Con-
vention). All economies in the region, which are the 
UNFCCC Parties, have non-Annex I status, meaning 
that they are obliged to submit National Communi-
cations (NC) and Biannual Updated Reports (BUR). 
Submission of the NC is an obligation defined under 
the UNFCCC, while new reporting obligation was in-
troduced in 2015 through the BUR submissions. The 
latter was introduced in order to enhance report-
ing in NCs of Annex I Parties, to present progress in 
achieving emission reduction, and to report on pro-
vision of financial, technology and capacity-building 
support to non-Annex I Parties.

All economies in the region which are UNFCCC Par-
ties regularly prepare and submit their NCs and 
BURs (financially and technically supported by the 
Global Environmental Facility (GEF) while imple-
menting agency, usually United Nations Develop-
ment Programme (UNDP), present their national and 
regional development priorities, objectives and cir-
cumstances, on the basis of which they will address 
climate change and its adverse impacts. In accord-
ance with the UNFCCC rules the NCs of the econo-
mies in the region contain information on observed 
climate change and scenarios, as well as assessment 
of vulnerability and adaptation measures, including 
identification of most vulnerable areas. Moreover, 
all of the economies submit their Intended Nation-
al Determined Contributions (INDC) as their contri-
bution to the Paris Agreement on Climate Change. 
The UNFCCC latest recommendation is to include 
vulnerability and adaptation (V&A) assessment in 
revised and updated National Determined Contri-
butions (NDC). GHG emission reduction targets are 
an integral part of INDCs of UNFCCC Parties from 
the region, while V&A is already included in Serbian 
INDC.

From the policy perspective, the process of acces-
sion to the EU is more demanding and detailed. 
However, at the same time it provides good basis 
for better and more efficient fulfilment of obliga-
tions under the Paris Agreement, especially when it 
comes to achievement of GHG emission reduction 

targets that are submitted (by the economies in the 
region) as part of their INDCs.

The EU climate policies are defined for the specif-
ic period of time. Therefore, for the period 2013-
2020, the EU climate legislative framework contains 
six main pieces of legislation, collectively called the 
climate and energy package (adopted in April 2009): 

1. Directive 2009/29/EC of the European Parlia-
ment and of the Council of 23 April 2009 amend-
ing Directive 2003/87/EC so as to improve and 
extend the greenhouse gas emission allowance 
trading scheme of the Community; 

2. Decision No 406/2009/EC of the European Par-
liament and of the Council of 23 April 2009 on 
the effort of Member States to reduce their 
greenhouse gas emissions to meet the Commu-
nity’s greenhouse gas emission reduction com-
mitments up to 2020, referred to as the Effort 
Sharing Decision; 

3. Directive 2009/28/EC of the European Parlia-
ment and of the Council of 23 April 2009 on the 
promotion of the use of energy from renewable 
sources and amending and subsequently repeal-
ing Directives 2001/77/EC and 2003/30/EC15; 

4. Directive 2009/30/EC of the European Parlia-
ment and of the Council of 23 April 2009 amend-
ing Directive 98/70/EC as regards the specifica-
tion of petrol, diesel and gas-oil and introducing 
a mechanism to monitor and reduce greenhouse 
gas emissions and amending Council Directive 
1999/32/EC as regards the specification of fuel 
used by inland waterway vessels; 

5. Regulation (EC) No 443/2009 of the European 
Parliament and of the Council of 23 April 2009 
setting emission performance standards for new 
passenger cars as part of the Community’s inte-
grated approach to reduce CO2 emissions from 
light-duty vehicles; 

6. Directive 2009/31/EC of the European Parlia-
ment and of the Council of 23 April 2009 on the 
geological storage of carbon dioxide.
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The EU’s Policy framework for climate and energy in 
the period from 2020 to 2030 (EU 2030) and Roadm-
ap for moving to a competitive low carbon economy 
in 2050 (EU 2050) are the two documents of highest 
importance for the upcoming decades. Legislative 
tools for the first policy framework are currently 
under development, while the Roadmap for 2050 
provides long-term strategic framework.

In the context of reporting, including to the UN-
FCCC, the EU Regulation 525/2013 of the European 
Parliament and of the Council of 21 May 2013 on a 
mechanism for monitoring and reporting greenhouse 
gas emissions and for reporting other information at 
national and Union level relevant to climate change 
and repealing Decision No 280/2004/EC (Monitoring 
Mechanism Regulation, MMR) is of highest impor-
tance. The availability of solid statistical informa-
tion is still one of the essential elements of the EU 
climate policy. Therefore, transposition and imple-
mentation of this piece of legislation in WB econo-
mies is particularly important, and at the same time 
it will ensure better and more efficient reporting to 
the UNFCCC.

The process of EU accession requires full alignment 
of national legislation with the EU acquis (transpo-
sition), while the negotiation process between the 
European Commission (EC) and specific EU candi-
date determines the deadlines for full implemen-
tation for each specific piece of legislation in the 
economy in question. Due to the status of EU can-
didate, WB economies (except Kosovo* and Bosnia 
and Herzegovina) are in the process of transposition 
of the above mentioned EU legal acts. 

Certain progress is seen in all WB economies in the 
field of renewables and energy efficiency, mainly 
owing to the obligations under the Energy Commu-
nity Treaty signed by all WB economies more than a 
decade ago.

Preparation of Low Carbon Development Strategy 
(LCDS) is important from both perspectives: obli-
gations under the UNFCCC and the EU. In this re-
spect, it is important to mention that Serbia is in 
the process of finalising, while The Former Yugoslav 
Republic of Macedonia is in initial stage of planning 
the preparation of the LCDS. Other WB economies 
prepared their LCDSs mostly as a framework rather 
than a detailed operational plan specifying all nec-
essary actions. Moreover, with the Paris Agreement 
and request for updating of INDCs, there is a need 
for update of LCDSs as well. In addition, these strat-
egies need to be implemented in a way that is con-
sistent with the EU 2030 framework on climate and 
energy policies and the EU 2050 low carbon econo-

my roadmap, and well integrated into all relevant 
sectors.

Concerning adaptation, there are no obligatory 
provisions in the EU legislation. Only the MMR pre-
scribes the necessity to report on status of national 
adaptation planning and strategies, outlining imple-
mented and planned actions to facilitate adapta-
tion to climate change. At the same time, the Paris 
Agreement underlines the need for development of 
National Adaptation Plans (NAPs) and establishment 
of appropriate and efficient processes for planning 
and implementation of adaptation measures and 
actions. The WB economies, except Serbia and 
The Former Yugoslav Republic of Macedonia, have 
prepared their NAPs. Green Climate Fund provides 
financial resources (up to US$ 3 million) to the UN-
FCCC Parties for establishment of planning and im-
plementation processes for adaptation measures 
and actions, including development of NAPs.

Taking into account the obligations under the UN-
FCCC, the process of harmonisation with the EU 
acquis and high vulnerability of the region, devel-
opment of legislation transposing the MMR could 
significantly contribute to better adaptation plan-
ning and its integration into all relevant sectors. 
Moreover, joint identification of vulnerability and 
adaptation possibilities, as the main motive for de-
velopment of this Study, as well as implementation 
of adaptation actions and measures at regional lev-
el, could ensure climate resilient and sustainable 
development of all economies in the WB region.
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APPENDIX

A1. Methodology 
A1.1 Methodology Applied in Observed 
Climate Change Analysis

Since daily data from meteorological stations were 
not available for this Study, eOBS database has been 
used as a source. Database provides daily data for 
the chosen period 1961-2015 interpolated on reg-
ular lat-lon grid with resolution 0.25°. Its quality 
depends on observations provided to the eOBS data-
base, especially if they reflect local specific climate 
characteristics, which cannot be visible if observa-
tions are not available to eOBS. To be in compliance 
with climate model results used in Chapter 4, daily 
data have been interpolated on the climate models 
resolution of 0.11° to provide more detailed spa-
tial representation. The method of successive cor-
rections has been applied for interpolation of daily 
data, which considers exact location and altitude of 
the data and creates gradients of change on daily 
level. This approach is an optimal combination of 
simplicity, computational efficiency and quality of 
obtained interpolated fields. This approach is com-
mon in interpolation of observed data for initialising 
numerical weather prediction models.

A1.2 Methodology Applied in Future 
Climate Change Analysis

CORDEX database has been used as a source of mod-
el data and nine regional climate models have been 

selected (Table A1). The resolution of the models is 
0.11° (~11-12km). 

To avoid interference of systematic model er-
ror – model bias - in assessment that can lead to 
false conclusions and misleading results, which are 
meant to support decision-making, bias corrected 
model data have been used. Single model approach 
lacks the probability evaluation. Specific problem 
in the WB region, which highlights the necessity for 
this approach, is the precipitation spatial change in 
trend sign, showing increase north of the WB region 
and decrease on the south in most of the climate 
models. Borderline of trend change is shifted among 
the models over the WB region, especially with high 
deviation in low resolution global models. Using the 
high resolution multi-model analysis most probable 
future outcome can be evaluated, and thereby im-
pact studies, prioritisation and decision-making can 
be supported by data with high confidence. RCMs 
median value has been adopted as most probable 
and used in analysis of the results. 

Assessment of statistical significance of the select-
ed parameters change is calculated using the t-test 
for each model, which has the purpose to distin-
guish the change far beyond the natural variability. 
The ensemble median change is denoted as statis-
tically significant if it was found that the change is 
significant for more than 50% of the models in the 
ensemble.

Table A1. Selected ensemble of regional climate models (RCM), driven by global climate models (GCM) and 
CORDEX ensemble member code.

GCM RCM ensemble
CNRM-CERFACS-CNRM-CM5 CCLM4-8-17 r1i1p1
ICHEC-EC-EARTH CCLM4-8-17 r12i1p1
MOHC-HadGEM2-ES.rcp85 CCLM4-8-17 r1i1p1
MPI-M-MPI-ESM-LR CCLM4-8-17 r1i1p1
ICHEC-EC-EARTH HIRHAM5 r3i1p1
ICHEC-EC-EARTH RACMO22E r1i1p1
MOHC-HadGEM2-ES RACMO22E r1i1p1
MPI-M-MPI-ESM-LR REMO2009 r1i1p1
MPI-M-MPI-ESM-LR REMO2009 r2i1p1
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A2. Results of Observed Climate Change

Figure A1. Mean temperature change (°C) between 1996-2015 and 1961-1980 periods; annual in the upper row, DJF 
left in the middle row, MAM right in the middle row, JJA left in the bottom row, SON right in the bottom row.

Figure A2. Minimum temperature change (°C) between 1996-2015 and 1961-1980 periods; annual in the upper row, 
DJF left in the middle row, MAM right in the middle row, JJA left in the bottom row, SON right in the bottom row.
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Figure A3. Maximum temperature change (°C) between 1996-2015 and 1961-1980 periods; annual in the upper row, 
DJF left in the middle row, MAM right in the middle row, JJA left in the bottom row, SON right in the bottom row.

Figure A4. Accumulated precipitation change (%) between 1996-2015 and 1961-1980 periods; annual in the upper 
row, DJF left in the middle row, MAM right in the middle row, JJA left in the bottom row, SON right in the bottom 
row.
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A3. Results of Future Climate Change
A3.1 Future temperature and precipitation change

Figure A5. Annual mean temperature change (°C) for the near future 2016-2035 (left column), mid-century 2046-
2065 (middle column) and end of the century 2081-2100 (right column) periods with respect to the baseline period 
(1986-2005) according to the RCP4.5 (top row) and RCP8.5 (bottom row); statistical significance is marked with dots.

Figure A6. Seasonal mean temperature change (°C) for the near future 2016-2035 (left column), mid-century 2046-
2065 (middle column) and end of the century 2081-2100 (right column) periods with respect to the baseline period 
(1986-2005) according to the RCP4.5; DJF in the first row, MAM in the second row, JJA in the third row, SON in the 
fourth row; statistical significance is marked with dots.
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Figure A7. Seasonal mean temperature change (°C) for the near future 2016-2035 (left column), mid-century 2046-
2065 (middle column) and end of the century 2081-2100 (right column) periods with respect to the baseline period 
(1986-2005) according to the RCP8.5; DJF in the first row, MAM in the second row, JJA in the third row, SON in the 
fourth row; statistical significance is marked with dots.

Figure A8. Annual minimum temperature change (°C) for the near future 2016-2035 (left column), mid-century 
2046-2065 (middle column) and end of the century 2081-2100 (right column) periods with respect to the baseline 
period (1986-2005) according to the RCP4.5 (top row) and RCP8.5 (bottom row); statistical significance is marked 
with dots.
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Figure A9. Seasonal minimum temperature change (°C) for the near future 2016-2035 (left column), mid-century 
2046-2065 (middle column) and end of the century 2081-2100 (right column) periods with respect to the baseline 
period (1986-2005) according to the RCP4.5; DJF in the first row, MAM in the second row, JJA in the third row, SON 
in the fourth row; statistical significance is marked with dots.

Figure A10. Seasonal minimum temperature change (°C) for the near future 2016-2035 (left column), mid-century 
2046-2065 (middle column) and end of the century 2081-2100 (right column) periods with respect to the baseline 
period (1986-2005) according to the RCP8.5; DJF in the first row, MAM in the second row, JJA in the third row, SON 
in the fourth row; statistical significance is marked with dots.
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Figure A11. Annual maximum temperature change (°C) for the near future 2016-2035 (left column), mid-century 
2046-2065 (middle column) and end of the century 2081-2100 (right column) periods with respect to the baseline 
period (1986-2005) according to the RCP4.5 (top row) and RCP8.5 (bottom row); statistical significance is marked 
with dots.

Figure A12. Seasonal maximum temperature change (°C) for the near future 2016-2035 (left column), mid-century 
2046-2065 (middle column) and end of the century 2081-2100 (right column) periods with respect to the baseline 
period (1986-2005) according to the RCP4.5; DJF in the first row, MAM in the second row, JJA in the third row, SON 
in the fourth row; statistical significance is marked with dots.
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Figure A13. Seasonal maximum temperature change (°C) for the near future 2016-2035 (left column), mid-century 
2046-2065 (middle column) and end of the century 2081-2100 (right column) periods with respect to the baseline 
period (1986-2005) according to the RCP8.5; DJF in the first row, MAM in the second row, JJA in the third row, SON 
in the fourth row; statistical significance is marked with dots.

Figure A14. Annual accumulation precipitation change (%) for the near future 2016-2035 (left column), mid-century 
2046-2065 (middle column) and end of the century 2081-2100 (right column) periods with respect to the baseline 
period (1986-2005) according to the RCP4.5 (top row) and RCP8.5 (bottom row); statistical significance is marked 
with dots.
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Figure A15. Seasonal accumulated precipitation change (%) for the near future 2016-2035 (left column), mid-century 
2046-2065 (middle column) and end of the century 2081-2100 (right column) periods with respect to the baseline 
period (1986-2005) according to the RCP4.5; DJF in the first row, MAM in the second row, JJA in the third row, SON 
in the fourth row; statistical significance is marked with dots.

Figure A16. Seasonal accumulated precipitation change (%) for the near future 2016-2035 (left column), mid-century 
2046-2065 (middle column) and end of the century 2081-2100 (right column) periods with respect to the baseline 
period (1986-2005) according to the RCP8.5; DJF in the first row, MAM in the second row, JJA in the third row, SON 
in the fourth row; statistical significance is marked with dots.
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A3.2 Future change of climate indices and indicators

Figure A17. Change in annual number of frost days (Tmin<0°C) for the near future 2016-2035 (left column), mid-
century 2046-2065 (middle column) and end of the century 2081-2100 (right column) periods with respect to the 
baseline period (1986-2005) according to the RCP4.5 (top row) and RCP8.5 (bottom row); statistical significance is 
marked with dots.

Figure A18. Change in annual number of icing days (Tmax<0°C) for the near future 2016-2035 (left column), mid-
century 2046-2065 (middle column) and end of the century 2081-2100 (right column) periods with respect to the 
baseline period (1986-2005) according to the RCP4.5 (top row) and RCP8.5 (bottom row); statistical significance is 
marked with dots.

Figure A19. Change in annual number of very hot days (Tmax>35°C) for the near future 2016-2035 (left column), 
mid-century 2046-2065 (middle column) and end of the century 2081-2100 (right column) periods with respect to 
the baseline period (1986-2005) according to the RCP4.5 (top row) and RCP8.5 (bottom row); statistical significance 
is marked with dots.
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Figure A20. Change in annual number of heat waves (at least 6 consecutive days with Tmax>35°C) for the near 
future 2016-2035 (left column), mid-century 2046-2065 (middle column) and end of the century 2081-2100 (right 
column) periods with respect to the baseline period (1986-2005) according to the RCP4.5 (top row) and RCP8.5 
(bottom row); statistical significance is marked with dots.

Figure A21. Change in average maximum length of heat waves (days) for the near future 2016-2035 (left column), 
mid-century 2046-2065 (middle column) and end of the century 2081-2100 (right column) periods with respect to 
the baseline period (1986-2005) according to the RCP4.5 (top row) and RCP8.5 (bottom row); statistical significance 
is marked with dots.

Figure A22. Change in annual number of days without precipitation (RR<1mm) for the near future 2016-2035 (left 
column), mid-century 2046-2065 (middle column) and end of the century 2081-2100 (right column) periods with 
respect to the baseline period (1986-2005) according to the RCP4.5 (top row) and RCP8.5 (bottom row); statistical 
significance is marked with dots.
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Figure A23. Seasonal change in annual number of days without precipitation (RR<1mm) for the near future 2016-
2035 (left column), mid-century 2046-2065 (middle column) and end of the century 2081-2100 (right column) periods 
with respect to the baseline period (1986-2005) according to the RCP4.5; DJF in the first row, MAM in the second row, 
JJA in the third row, SON in the fourth row; statistical significance is marked with dots.

Figure A24. Seasonal change in annual number of days without precipitation (RR<1mm) for the near future 2016-
2035 (left column), mid-century 2046-2065 (middle column) and end of the century 2081-2100 (right column) periods 
with respect to the baseline period (1986-2005) according to the RCP8.5; DJF in the first row, MAM in the second row, 
JJA in the third row, SON in the fourth row; statistical significance is marked with dots.
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Figure A25. Change in annual number of days with very heavy precipitation (RR>20mm) for the near future 2016-2035 
(left column), mid-century 2046-2065 (middle column) and end of the century 2081-2100 (right column) periods with 
respect to the baseline period (1986-2005) according to the RCP4.5 (top row) and RCP8.5 (bottom row); statistical 
significance is marked with dots.

Figure A26. Seasonal change in annual number of days with very heavy precipitation (RR>20mm) for the near future 
2016-2035 (left column), mid-century 2046-2065 (middle column) and end of the century 2081-2100 (right column) 
periods with respect to the baseline period (1986-2005) according to the RCP4.5; DJF in the first row, MAM in the 
second row, JJA in the third row, SON in the fourth row; statistical significance is marked with dots.
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Figure A27. Seasonal change in annual number of days with very heavy precipitation (RR>20mm) for the near future 
2016-2035 (left column), mid-century 2046-2065 (middle column) and end of the century 2081-2100 (right column) 
periods with respect to the baseline period (1986-2005) according to the RCP8.5; DJF in the first row, MAM in the 
second row, JJA in the third row, SON in the fourth row; statistical significance is marked with dots.

Figure A28. Change in precipitation (%) accumulated in very heavy precipitation days (RR>20mm) for the near future 
2016-2035 (left column), mid-century 2046-2065 (middle column) and end of the century 2081-2100 (right column) 
periods with respect to the baseline period (1986-2005) according to the RCP4.5 (top row) and RCP8.5 (bottom row); 
statistical significance is marked with dots.
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Figure A29. Seasonal change in precipitation (%) accumulated in very heavy precipitation days (RR>20mm) for the 
near future 2016-2035 (left column), mid-century 2046-2065 (middle column) and end of the century 2081-2100 
(right column) periods with respect to the baseline period (1986-2005) according to the RCP4.5; DJF in the first row, 
MAM in the second row, JJA in the third row, SON in the fourth row; statistical significance is marked with dots.

Figure A30. Seasonal change in precipitation (%) accumulated in very heavy precipitation days (RR>20mm) for the 
near future 2016-2035 (left column), mid-century 2046-2065 (middle column) and end of the century 2081-2100 
(right column) periods with respect to the baseline period (1986-2005) according to the RCP8.5; DJF in the first row, 
MAM in the second row, JJA in the third row, SON in the fourth row; statistical significance is marked with dots.
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Figure A31. Change in growing season duration (top row), start (middle row) and end date (bottom row) for the near 
future 2016-2035 (left column), mid-century 2046-2065 (middle column) and end of the century 2081-2100 (right 
column) periods with respect to the baseline period (1986-2005) according to the RCP4.5; statistical significance is 
marked with dots.

Figure A32. Change in growing season duration (top row), start (middle row) and end date (bottom row) for the near 
future 2016-2035 (left column), mid-century 2046-2065 (middle column) and end of the century 2081-2100 (right 
column) periods with respect to the baseline period (1986-2005) according to the RCP8.5; statistical significance is 
marked with dots.
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Figure A33. Average values of Seljaninov Hydrothermal Coefficient (from April to September) for the baseline period 
1986-2005 (upper left), near future 2016-2035 (upper right), mid-century 2046-2065 (lower left) and end of the 
century 2081-2100 (lower right) periods according to the RCP4.5.

Figure A34. Average values of Seljaninov Hydrothermal Coefficient (from April to September) for the baseline period 
1986-2005 (upper left), near future 2016-2035 (upper right), mid-century 2046-2065 (lower left) and end of the 
century 2081-2100 (lower right) periods according to the RCP8.5.
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Figure A35. Number of dry years (Seljaninov Hydrothermal Coefficients from April to September and from June to 
August less than 1) for the baseline period 1986-2005 (upper left), near future 2016-2035 (upper right), mid-century 
2046-2065 (lower left) and end of the century 2081-2100 (lower right) periods according to the RCP4.5

Figure A36. Number of dry years (Seljaninov Hydrothermal Coefficients from April to September and from June to 
August less than 1) for the baseline period 1986-2005 (upper left), near future 2016-2035 (upper right), mid-century 
2046-2065 (lower left) and end of the century 2081-2100 (lower right) periods according to the RCP8.5
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Figure A37. Climate conditions suitable for beech forest (light green) and mixed beech-oak forest (dark green) in 
the baseline period (1986-2005) and its change (red line beech forest, blue line mixed beech-oak forest) for the 
near future 2016-2035 (left column), mid-century 2046-2065 (middle column) and end of the century 2081-2100 
(right column) periods with respect to the baseline period (1981-2005) according to the RCP4.5 (top row) and RCP8.5 
(bottom row).
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