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Serbia is situated at Balkan Peninsula, and currently majority of the territory is
under warm temperate — fully humid climate type with warm summers (Cfb type,

according to Koppen-Geiger Climate Classification). Observed changes in climate
conditions since 1961 until present time show significant increase in temperature
change and change in precipitation patterns. Disturbances in heat conditions,

which are recorded to affect human health, agricultural production and forest eco-
system, are priority in climate change analysis and application in adaptation plan-
ning. Future change analysis show accelerated increase of temperature by the end
of the 21*' century, which proves the needs for immediate measures for mitigation
of negative impacts. Temperature increase averaged over the territory of Serbia is
1.2 °C for the period 1996-2015 with respect to the period 1961-1980, with highest
increase of maximum daily temperature during the summer season, 2.2 °C. Using
high resolution multi-model ensemble approach for analysis of the future changes
with respect to the base period 1986-2005, in compliance with Intergovernmental
Panel on Climate Change (IPCC) fifth assessment report (AR5), it is estimated that
temperature may increase by 1.9 °C according to Representative Concentration
Pathway 4.5 (RCP4.5) scenario and by 4.4 °C according to RCP8.5 by the end of
the century. Spatial distribution of temperature increase, intensification of high pre-

cipitation events and decrease of summer precipitation, show intrusion of subtropi-

cal climate over the Serbia and increase of high temperature and high precipitation

risks. Results presented in this paper, using high-resolution multi-model ensemble
approach, provide climate change information for short term to long term planning
in different sectors of economy and preservation of human health and environment.
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Introduction

Accelerated global warming induced increased climate change signals in all parts
of the Earth, with variety of recorded weather extremes as well as signals of change in slowly
evolving systems [1]. According to latest National Oceanic and Atmospheric Administration
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(NOAA, USA, https://www.ncdc.noaa.gov/cag/global/time-series) analysis of global tempera-
ture anomaly for the last decade (2008-2017), with respect to the 20" century average, is 0.7 °C.
Because of the different methodologies applied in the analysis of the averaged global surface
temperature change over land and ocean, in order to have higher confidence in obtained results,
itis desirable to have multi data-sets comparison. Several different observational data-sets (Had-
ley Centre of the UK Met Office and Climatic Research Unit version 4 data set — HadCRUT4,
European Centre for Medium-Range Weather Forecasts Re-Analysis data set — ERAlInterim;
Goddard Institute for Space Studies Surface Temperature Analysis data set — GISSTEMP and
NOAA data set) show that increase of global temperature during the 2007-2016 is 0.87-0.92 °C
compared to the preindustrial period climate [2]. Warmest year on record is 2016, with anom-
aly 1.1 °C. More pronounced surface temperature warming is detected over land, and thereby
the heating over the northern hemisphere is higher than over southern hemisphere. Average
temperature anomaly over Europe for the last decade is about 1.6 °C higher than during the
pre-industrial period. Temperature extremes, which indicate severe warming, especially during
the summer months, are one of the most pronounced signals of global warming impact over
this region [2-4]. Future increase of global temperature is estimated most likely to be 1.4 °C
according to RCP4.5 and 1.8 °C according to RCP8.5 scenario for the period 2046-2065 with
respect to the 1986-2005, and for the period 2081-2100 is estimated to be 2.0 °C and 4.4 °C
according to same scenarios [1].

Serbia, which is in south-east part of the Europe at Balkan Peninsula, is experiencing
warming trend [5] with accelerated temperature increase, and evident signal in trend of increase
since 1980-ties [6]. Negative impacts of temperature increase, especially in combination with
precipitation inter-annual re-distribution toward extended drought periods and more extreme
precipitation events, are recorded as increase in frequency and intensity of heat waves [7],
floods, forest fires, and disturbance in food production and general ecosystem health, which is
also predicted to continue, accelerate and intensify in the future [8].

Since Republic of Serbia has signed and ratified Paris agreement, and thereby has re-
sponsibility to report on climate change impacts, mitigation and adaptation planning and im-
plementation, and on success of undertaken measures for reducing negative impacts, it is of
high importance to have climate change analysis with high confidence in information derived
from observations and future projections. Complexity of terrain and high dependence of citizens
safety and life quality, and economical sustainability on weather conditions justify the need for
high resolution multi-model approach in analysis presented in this paper, because small scale
features of climate impacts are significant on national level. Here are presented results obtained
for change of temperature and precipitation and example of future change for several indices,
which reflect significant risks over the territory of Serbia. Observed temperature change analysis
is done using E-OBS gridded daily data set, for the period 1961-2015 [9]. For gridding of daily
temperature and precipitation over Serbia, 28 stations were used in E-OBS data set. Independent
verification of E-OBS data, using 46 stations over Serbia showed that correlation coefficient for
daily and monthly temperature between E-OBS and observations on meteorological stations
are 0.99 and 1, respectively, and for precipitation, correlation coefficients for daily and monthly
values are 0.85 and 0.98, respectively, [10]. Future changes with impact analysis are estimated
for the period 2016-2100 with respect to reference period 1986-2005, using EURO-CORDEX
datasets for nine different models [11, 12] and two Representative Concentration Pathway (RCP)
scenarios of GHG emissions: RCP4.5 — stabilization scenario, with GHG emissions peak around
2040 and decline afterwards [13] and RCP8.5 — constant increase scenario [14]. This selection
of methodology in future change analysis is in compliance with IPCC ARS, and enables com-
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parison of results with other regions, which contribute in assessing cross-border priorities and
motivate international collaboration in combating negative impacts of rapid changing climate.

Presented study on future climate change is continuation of different studies per-
formed for Serbia, but common for all is the use of the regional models data, i. e. dynamical
downscaling approach. Some of the initial studies are done using coupled atmospheric—ocean
model Eta Belgrade University — Princeton Ocean Model (EBU-POM) with resolution 0.25° of
atmospheric part of the model, according to A1B and A2 Special Report on Emissions Scenarios
(SRES), [15, 16]. Later, these projections are bias corrected, using quantile mapping approach,
and applied for impact assessments [8, 17], and compared with other regional models results
obtained from ENSEMBLES project [8] in order to introduce future projections uncertainty in
assessment of climate change and its impact in Serbia. After the release of [IPCC ARS with new
scenarios on GHG emissions [1], climate change studies in Serbia are updated with high reso-
lution non-hydrostatic multiscale model on B-grid (NMMB) on resolution 0.06°, according to
RCPS8.5 scenario [18], which is also bias corrected [19] and used in some impact studies giving
much more detail spatial assessment of climate change [20, 21]. Finally, this paper represents
both, high-resolution and multi-model ensemble approach, in climate change study according
to the latest scenarios on GHG emissions, RCP 4.5 and RCP8.5, in order to comprehend un-
certainty of future projections and investigate spread of future climate characteristics and its
impacts in relation to future human behavior in GHG emissions.

Observed and projected climate change
Study area

Serbia is located on Balkan Peninsula between latitudes 41°-47°N and longitudes 18°-
23°E. The northern, low land with flat terrain, part of the country belongs to Pannonian basin.
Central and southern parts, which are separated from northern with Sava and Danube rivers, have
hilly and mountain configuration intersected with local rivers basins, forming relatively small
scale terrain features and rich forest taxa distribution. This shapes food, water and hydropower
production, defining local and global agricultural economy, which is highly dependable on weath-
er conditions. Since country’s economy and therefore citizens safety issues are affected, Serbia
needs high resolution climate change analysis [19-22]. Serbian territory is under warm temper-
ate — fully humid climate type with
warm summers, Cfb type acoording
to Koppen-Geiger Climate Classifica-
tion [23], with precipitation maximum
during the late spring and early sum-
mer, e. g. during the June. Figure 1
shows topography of Serbia at resolu-

800
tion that reflects real values, fig. 1(a), 600
and at resolution of data used for the 400

analysis in following text, fig. 1(b).

Observed temperature and

precipitation change Figure 1. Altitude of the terrain in Serbia at resolution

0.004° (a) and 0.11° (b). Note: maps in this figure and
Observed temperature and pre- other figures with presented territory of Serbia are

cipitation change analysis is done us-  displayed using grid analysis and display system

ing E-OBS daily temperature data for ~ (for color image see journal web site)
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the period 1961-2015, originally available on regular latitudes-longitudes grid with resolution
0.25°. In the analysis presented here, daily data are re-gridded on 0.11° resolution, to match
resolution and grid configuration of the future climate projections. Interpolation of daily data is
done using method of successive corrections [24], which is usual in numerical weather forecast
for creating initial fields for forecast runs. This method is used for interpolation of daily data
used for climate analysis in viticulture zoning of Serbia [25].

Figure 2 shows anomalies with respect to the mean values for the whole period 1961-
2015 (left panels) and moving averages (right panels) of annual values for temperature (mean,
mean maximum, and mean minimum) and for annual accumulated precipitation, averaged for
the territory of Serbia. In Anomalies of temperature and precipitation for two selected periods
1986-2005 (the reference period for future climate change analysis) and 1996-2015 (as present
climate period), with respect to the climatological period 1961-1980 are presented in tab. 1.
The main conclusions derived from presented results are that temperature is increasing with
accelerated rate, with more pronounced increase of maximum temperatures, especially during
the summer. According to the used data the hottest year for the territory of Serbia is 2014, and
from 10 hottest years, 9 happened since year 2000. Highest average maximum temperature over
Serbia was in 2000, and minimum in 2014, which had hottest winter months. Hottest summer
was during 2012. Since the end of the 1980’s variability in mean annual temperature increased
and is much more pronounced in mean annual maximum temperature than in mean annual
minimum temperature. Mean annual temperature for the period 1996-2015 increased by 1.2 °C
with respect to the 1961-1980. Highest increase, of 1.8 °C, is recorded for the summer season.
Mean maximum temperature increased by 1.3 °C, and during the summer by 2.2 °C. Mean min-
imum temperature increased by 1.1 °C, and in summer by 1.5 °C. Season with second highest
increase of temperatures is winter.

Annual precipitation averaged over Serbia shows more complex variability during
the period 1961-2015. During the 1980°s and first half of 1990’s precipitation over Serbia was
decreasing, and started increasing from mid 1990°s, but with higher variability in values and
intercepted with significantly dry years. Highest annual precipitation averaged over Serbia is

Table 1. Annual (ANN) and seasonal December-January-February ( DJF), March-April-May
(MAM), June-July-August (JJA), September-October-November (SON) values for area averaged
mean temperature (7imean), mean maximum (7max) and minimum (7 in) temperature, and mean
accumulated precipitation (RR) for the period 1961-1980 and difference for these parameters

(AT means AT maxs AT min, ARR) for the periods 1986-2005 and 1996-2015 with respect to the 1961-1980

Parameter Period ANN DJF MAM JJA SON
Tinean [°C] 1961-1980 9.6 -0.4 9.7 18.5 10.6
AT mean [°C] 1986-2005 0.7 0.8 0.4 1.2 0.2
ATean [°C] 1996-2015 1.2 1.3 0.9 1.8 0.7
Tinax [°C] 1961-1980 14.7 3.1 15.0 24.6 16.0
ATmax [°C] 1986-2005 0.8 1.1 0.6 1.5 0.1
ATmax [°C] 1996-2015 1.3 1.4 1.2 2.2 0.5
Tmin [°C] 1961-1980 4.6 —-4.0 4.3 12.5 53
ATmin [°C] 1986-2005 0.5 0.5 0.2 1.0 0.3
ATwin [°C] 1996-2015 1.1 1.2 0.7 1.5 0.9
RR [mm] 1961-1980 673.0 144 .4 174.9 197.8 155.8
ARR [mm (%)] | 1986-2005 | —29.6 (4.4) | —11.5(-8.0) | —13.6 (-7.7) | —16.6 (-8.4) | 12.1(7.7)
ARR [mm (%)] | 1996-2015 26.8 (4.4) 6.1 (4.2) 5.0(2.9) —18.1(-9.2) | 33.8(21.7)
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Figure 3. Mean 10 year trend for the period 1961-2015 (left panels) for temperature [°C| and annual
accumulated precipitation [mm], mean temperature [v] and annual accumulated precipitation (%)
change (middle panels) and the same but for JJA season (right panels) for the period 1996-2015 with
respect to the 1961-1980; temperature is presentenced in upper panels and precipitation data in lower
panels (for color image see journal web site)

recorded for 2014 and lowest for 2000. Mean annual accumulated precipitation over Serbia in
the period 1996-2015 increased by 4.4% compared to the period 1961-1980, with highest in-
crease during autumn (21.7%), but with decrease during summer (—9.2%).

Spatial distribution of mean 10 year trends of annual values of temperature and pre-
cipitation in the period 1961-2015 (left panels) and differences of mean values for two clima-
tological periods, 1996-2015 and 1961-1980, annual (middle panels) and for summer season
(right panels), which is most affected by increase of temperatures and decrease in precipitation,
are presented in fig. 3. Central parts of Serbia are most affected by temperature increase, which
is between 1.2 °C and 1.6 °C, and during summer even over 2.0 °C. Precipitation increase is
most pronounced over northern parts of Serbia, exceeding 10% during the period 1996-2015
with respect to 1961-1980. This part also does not suffer decrease in accumulated summer pre-
cipitation, while central and southern parts show summer decrease exceeding 10%.

Future temperature and precipitation change

Analysis of future temperature and precipitation change is done using multi-model
ensemble approach, using daily bias corrected temperature and precipitation data from nine
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different models, tab. 2, on 0.11° horizon-  Table 2. Multi-model ensemble members,
tal latitudes-longitudes resolution (WGS84 consisting of results from listed regional climate

co-ordinate system), and for two scenarios of models (RCM), which use initial and boundary
’ conditions from global climate models (GCM)

future GHG emissions: RCP4.5 (stabilization
scenario) and RCP8.5 (constant increase sce- RCM GEM
nario). Results are available available from CCLM4-8-17 | CNRM-CERFACS-CNRM-CMS3
EURO-CORDEX. Bias correction was done | eeraa-o-17 ICHEC-EC-EARTH
following quantile mapping technique [19 CCLMA-8-17 | MOHC-HadGEM2-ES.rcp83
26, 27], for each separate grid cell. More de. |[CCLMA-8-17 MPIM-MPI-ESM-LR
e parate g e HIRHAMS ICHEC-EC-EARTH
tails about this data set.ca.n be .ou.nd in [12]. RACMO22E ICHEC-EC-EARTH
Assessment of t.he stapstlcal mgmﬁcqnce of RACMO22E MOHC-HadGEMZ2.ES
the selected variables is calculated using the REMO2009 MPIM-MPLESM-LR
t-test for each model and each separate grid REMO2009 MPLM-MPLESM-LR

cell, which has the purpose to distinguish the
change beyond the natural variability range.
For each separate grid cell, the ensemble median change is denoted as significant if more than
50% of the models in the ensemble have a change that is significant according to #-test [27].
Each cell with significant change is marked with dot on figures.

Results for anomalies of area averaged mean annual and seasonal temperatures (mean,
maximum, and minimum) and accumulated precipitation, is presented in tab. 3. Presented anom-
alies are ensemble median and ensemble average values, and show the difference between values
obtained for three future periods (2016-2035 as near future period, 2046-2065 as mid-century
period and 2081-2100 as end of century period) and values for the reference period 1986-2005.
Periods are selected according to IPCC ARS. Representative results from ensemble of data are
median values, but average ensemble values are given to show variability of ensemble members.
If median and average values do not much differ it means that models results are well distributed
in some interval of values between ensemble minimum and maximum value, and if they do differ
significantly it means that results of some model or models much overestimate or underestimate
values compared to other ensemble members.

During the near future period (2016-2035) mean temperature increase is expected to
be up to 1.0 °C in average over Serbia according to RCP8.5 and somewhat lesser according to
RCP4.5, with larger differences in summer than in autumn. Similar increase is projected also
for mean minimum and mean maximum temperature. Change of accumulated precipitation
averaged over Serbia does not show significant change, but decrease in precipitation is present
during the summer according to both scenarios.

During the mid-century period (2046-2065) increase of mean temperature is expected
to be 1.5 °C with higher increase during summer, according to RCP4.5, and 2.1 °C with higher
increase during colder part of year, according to RCP8.5. Again, mean minimum and maximum
temperature change show similar behavior. Annual accumulated precipitation over Serbia may in-
crease up to 4.4% according to RCP8.5, and according to both scenarios decrease is expected
during summer, more pronounced according to RCP4.5 (5.1%).

During the end of century period (2081-2100) according to RCP4.5 mean temperature
will be higher by 1.9 °C than during 1986-2005 according to RCP4.5, but higher by 4.4 °C
according to RCP8.5, with highest increase during summer and somewhat higher increase of
maximum than minimum temperature, according to both scenarios. Annual accumulated pre-
cipitation over territory of Serbia in total will be higher by 3.5% and 6.8%, but with decrease
during summer by 3.2% and 4.5%, according to RCP4.5 and RCP8.5, respectively.
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Table 3. Anomalies of annual (ANN) and seasonal (DJF, MAM, JJA, SON) values for area averaged
mean temperature (7 mean), mean maximum (7 yay), and minimum (7in) temperature, and mean
accumulated precipitation (RR) for the periods 2016-2035, 2046-2065, and 2081-2100, with respect to
the reference period 1986-2005, according to RCP4.5 and RCP8.5 scenarios; results are given for
models ensemble median and average values

; Ens RCP4.5 RCP8.5
Parameter | Period )
valus | ANN | DJF [MAM| JJA | SON | ANN | DJF [MAM| JJA | SON
median| 0.6 | 0.6 | 09 | 09 | 1.1 | 1.0 | 08 | 0.7 | 1.1 | 1.0
2016-2
016-2035 average| 0.8 | 0.7 | 08 | 09 | 1.0 | 1.0 | 08 | 09 | 1.1 | 1.2
AT, median| 1.5 | 13 | 13 | 20 | 1.5 | 21 | 23 | 1.8 | 2.1 | 23
mean | 046-2065
[°C] average| 1.6 | 1.7 | 1.3 | 1.9 | 1.7 | 22 | 2.1 | 1.9 | 23 | 2.5
median| 1.9 | 1.8 | 1.9 | 2.0 | 2.1 | 44 | 44 | 41 | 45 | 41
2081-2100 average| 2.1 | 2.1 | 1.8 | 22 | 23 | 46 | 47 | 41 | 48 | 45
median| 0.6 | 05 | 07 | 08 | 1.1 | 1.0 | 0.7 | 0.7 | 1.0 | 1.0
2016-2035 average| 08 | 0.7 | 0.7 | 08 | 09 | 1.0 | 0.8 | 09 | 1.0 | I.1
AT median| 14 | 13 | 13 | 1.8 | 14 | 20 | 22 | 18 | 2.1 | 23
min | 2046-2
[°C] 046-2065 average| 1.6 | 1.6 | 1.3 | 1.8 | 1.6 | 22 | 21 | 19 | 22 | 24
median| 1.9 | 1.8 | 1.8 | 1.9 | 2.1 | 43 | 42 | 41 | 44 | 42
2081-2100 average| 2.0 | 2.0 | 1.8 | 2.1 | 22 | 43 | 44 | 39 | 46 | 44
median| 0.6 | 0.6 | 1.0 | 09 | 1.0 | 1.0 | 03 | 07 | 1.2 | 1.0
2016-2035 average| 09 | 0.8 | 08 | 09 | 1.0 | 1.0 | 08 | 1.0 | 1.2 | 1.2
AT median| 1.5 | 1.4 | 13 | 22 | 1.6 | 21 | 25 | 19 | 23 | 24
M 2046-2
[°C] 046-2065 average| 1.7 | 1.8 | 1.3 | 20 | 1.7 | 22 | 22 | 19 | 23 | 25
20812100 . edian | 20 | 2.0 | 19 | 22 | 22 | 45 | 48 | 42 | 49 | 43
average| 22 | 22 | 1.8 | 23 | 23 | 47 | 50 | 41 | 50 | 4.6
median| 03 | 03 | 13 | -1.7 | 08 | 14| 06 | 1.0 | 1.0 | 1.6
2016-2035
average| 0.6 | 09 | 1.0 | 13| 00 |07 | 02 | 05 | -1.7 | 0.2
ARR median | 1.5 | 04 | 12 | =51 | 05| 44 | 1.7 | 1.6 | -1.6 | 1.4
2046-2065
[mm] average| 0.6 | 0.6 | 12 | 36| 0.1 | 1.8 | 26 | 1.1 | 3.1 1.2
20812100 | edian | 3.5 | 23 | 15 | 32| 06 | 68 | 27 | 18 | 45 | 0.
average| 1.5 | 19 | 13 | 3.0 12 | 58 | 3.1 | 13 | -74 | -06

Results presented in tab. 3 are obtained as models ensemble median and mean values
for anomalies of area averaged values (difference between area average value for the future
period and area average value for the reference period). Values obtained in this way could differ
from results obtained by calculating first ensemble median and average values for anomalies for
each model grid point separately, and than averaging for the territory of Serbia. This difference
may be very notable in values of precipitation anomalies.

Spatial variability of mean annual temperature and annual accumulated precipitation
change over Serbia are presented in figs. 4 and 5, according to RCP4.5 and RCP8.5, respective-
ly. As discussed in observed changes of these parameters, central and southern parts of Serbia
will suffer more pronounced increase of temperature and lesser water availability from precipi-
tation, than northern parts. Spatial change results are also presented for summer season, figs. 6
and 7, because this part of the year is most vulnerable to climate change. Results show that Ser-
bia will continue to suffer from increase of summer temperatures and decrease of precipitation
during the period which produced highest accumulated precipitation during the past climate.

Comparing results for precipitation anomalies obtained in tab. 3, figs. 4 and 5, it is
evident that more severe reduction of precipitation is obtained according to second approach —
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Figure 4. Mean temperature

(°C, upper panels) and annual
accumulated precipitation (%,
lower panels) anomaly for the
periods 2016-2035 (left), 2046-2065
(middle) and 2081-2100 (right)
with respect to the 1986-2005,
according to RCP4.5; regions with
dots mark statistically significant
change

(for color image see journal web site)

Figure 5. Mean temperature

(°C, upper panels) and annual
accumulated precipitation (%,
lower panels) anomaly for the
periods 2016-2035 (left), 2046-2065
(middle) and 2081-2100 (right)
with respect to the 1986-2005,
according to RCP8.5; regions with
dots mark statistically significant
change

(for color image see journal web site)
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calculating anomalies for each model point separately. For example, in this way, reduction of
summer precipitation over the Serbia is larger than 10% and in some parts larger than 20% for
the period 2081-2100 according to RCPS8.5. The methodology applied for calculation of values
in tab. 3 produce results that show the change of total amount of precipitation accumulated over
the whole territory of Serbia, and figures show change of precipitation accumulated in specific
points in Serbia. Comparing results obtained with these two approaches, authors would like to
raise attention how much information can differ and may lead to false conclusions.

Examples of climate change risk assessment

Application of multi-model ensemble in calculation of specific indices related to different
sectors (agriculture, forestry, health, etc.) provide risk assessment, mapping of vulnerable regions
and contribute to prioritization of measures for adaptation and mitigation of negative impacts.
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Figure 6. The JJA mean
temperature (°C, upper panels)
and accumulated precipitation
(%, lower panels) anomaly for
the periods 2016-2035 (left),
2046-2065 (middle) and 2081-
2100 (right) with respect to

the 1986-2005, according to
RCP4.5; regions with dots mark
statistically significant change
(for color image see journal

web site)

Figure 7. The JJA mean
temperature (°C, upper panels)
and accumulated precipitation
(%, lower panels) anomaly for
the periods 2016-2035 (left),
2046-2065 (middle) and 2081-
2100 (right) with respect to

the 1986-2005, according to
RCP4.5; regions with dots mark
statistically significant change
(for color image see journal

web site)
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Besides conclusions that can be derived from already presented results, we add here
some selected examples of results obtained according to both, RCP4.5 and RCP8.5 scenarios,
for some specific indices, figs. 8 and 9. Growing season extension (defining beginning and end
of growing season as first day after five consecutive days above 10 °C since the beginning of
the year and after five consecutive days below 10 °C during the second half of the year), number
of very hot days (Tmax > 35 °C) and change of total precipitation accumulated in days with very
heavy precipitation (days with RR > 20 mm).

Most important results related to changes relevant for agriculture show that growing
season extension will be about and over 10 days in the near future, over 20-30 days in the
mid-century and 30-50 days by the end of the century, taking into consideration both scenarios.
Having in mind increase of temperatures, with increase of very hot temperatures during sum-
mer, precipitation redistribution between seasons, with increase of high precipitation events,
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Figure 8. Change of the growing
season duration (in days; upper
panels), of number of very hot
days — Tiax > 35 °C (in days;
middle panels) and of total
precipitation accumulated

in days with very heavy
precipitation (in %; lower
panels) for the periods 2016-2035
(left), 2046-2065 (middle) and
2081-2100 (right) with respect
to the 1986-2005, according to
RCP4.5; regions with dots mark
statistically significant change
(for color image see journal

web site)
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higher risk of summer draughts, and higher variability of temperatures between years, Ser-
bia has entered the period of highly variable weather conditions within one climate period,
potentially unsuitable for traditional cultivation. Immediate measures for advanced planning
of agro-technical measures are needed, from short term planning for the upcoming season in
combating the draught, high temperatures and hail damage, and consequently risks from pests
and diseases, to long term planning in varieties displacement and change of varieties selection,
which indicate needs for significant transformation of agricultural production in service for its
sustainable development.

Increase of very hot days, besides their negative impacts on food production, endan-
gers human health and safety, and impacts higher energy consumption during summer months.
Serbia is already affected by this negative impact of high temperatures, as well as prolonged
summer draughts, and requires immediate assessment of energy and water availability during
summer season and planning of their optimal consumption.

Redistribution of accumulated precipitation during the year and its redistribution to-
wards higher intensity, show increased risk of erosion leading to suitable conditions for veg-
etation cover decrease and wind erosion, and increased risk from erosion in cases of extreme
precipitation events and consequently flash floods. Accelerated increase of temperature and in-
creased risk from forest fires related to very high temperatures and drought endangers forest
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Figure 9. Change of the growing
season duration (in days; upper
panels), of number of very hot
days — Tmax > 35 °C (in days;
middle panels) and of total
precipitation accumulated in days
with very heavy precipitation (in
%; lower panels) for the periods
2016-2035 (left), 2046-2065
(middle) and 2081-2100 (right)
with respect to the 1986-2005,
according to RCP8.5; regions
with dots mark statistically
significant change

(for color image see journal

web site)
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ecosystems in Serbia. Slower natural migration than climate spatial shifts, and additional risk of
diseases provoked by changing climate, combined with future increase of extreme precipitation
and thereby increased risk from erosion, show the need for advanced planning of long term mea-
sures in forestry that require immediate actions, considering intensity of future climate change.

It is important to notice that observed change of mean temperature by 0.5 °C between
1996-2015 and 1986-2005 (tab. 1), almost reaches value projected for the near future period
2016-2035 according to RCP4.5 (tab. 3). This means that tipping point for RCP4.5 is possible
to be overrun, and the future is more likely to follow more extreme scenarios.

Conclusions

Summary of the results derived from observed data and future climate projections
analysis shows that during the period 1961-2100 global warming in Serbia will cause increase
of mean temperature over 2.5 °C according to stabilization scenario RCP4.5, and over 5 °C
according to constant increase scenario RCP8.5, with reduction of summer precipitation and
precipitation increase in intensity, while total annual values do not show significant changes.
Values of temperature increase are near global temperature increase according to RCP4.5, but
according to RCP8.5 warming will accelerate over Serbia, especially during second half of
the century, and by the end of century will be higher by 0.6 °C than global temperature in-
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crease. Central and southern parts of Serbia will suffer reduction of water availability and more
pronounced temperature increase. Obtained results signals for immediate planning in adapta-
tion and mitigation measures in sectors of economy, planning of optimal water consumption
and preservation of natural ecosystems. Since obtained results rely on quality of EOBS and
EURO-CORDEX data, it is recommended to create high resolution gridded database of daily
data using data from all observation sites is Serbia with recorded values from 1961 for future
planning. For local impact and risk assessment, and sustainable development planning resolu-
tion should be higher than presented here. Further improvement of future projections reliability
and reduction of uncertainty of ensemble results may be obtained with models bias reduction
using all available measurements in Serbia, and selection of model ensemble members that
reproduced well observed climate change over Serbia well. This is of higher importance in
precipitation change analysis since models variability show greater uncertainty, and border that
crosses over Serbia, which divides future increase of precipitation at north and decrease at
south, differs much among models.

Acknowledgment

This study was realized as a part of projects 11143007 and TR37005, and OI176013 fi-
nanced by the Ministry of Education, Science and Technological Development of the Republic
of Serbia.

References

[1] *** IPCC, Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge University Press,
New York, USA, 2013

[2] *** EEA, Changes in the Climate System, Atmosphere, in: Climate Change, Impacts and Vulnerability
in Europe 2016. An Indicator-Based Report, No 1/2017, European Environmental Agency report, 2017

[3] Spinoni, J., ef al., Climate of the Carpathian Region in the Period 1961-2010: Climatologies and Trends
of 10 Variables, International Journal of Climatology, 35 (2014), 7, pp. 1322-1341

[4] Dong, B., et al., Understanding the Rapid Summer Warming and Changes in Temperature Extremes Since
the Mid-1990s over Western Europe, Climate Dynamics, 48 (2016), 5-6, pp. 1537-1554

[5] Unkasevic, M., Tosic, L., Trends in Temperature Indices over Serbia: Relationship to Large Scale Circula-
tion Patterns, International Journal of Climatology, 33 (2013), 15, pp. 3152-3161

[6] Ruml, M., et al., Observed Changes of Temperature Extremes in Serbia over the Period 1961-2010, 4¢-
mospheric Research, 183 (2017), Jan., pp. 26-41

[7] Unkasevic, M., Tosic, 1., Seasonal Analysis of Cold and Heat Waves in Serbia during the Period 1949-
2012, Theoretical and Applied Climatology, 120 (2015), 1-2, pp. 29-40

[8] *** MEP, The Second National Communication on Climate Change under the United Nations Frame-
work Convention on Climate Change, Ministry of Environmental Protection, Belgrade, 2017

[9] Haylock, M. R., et al., A European Daily High-Resolution Gridded Data Set of Surface Temperature and
Precipitation for 1950-2006, Journal of Geophysical Research, 113 (2008), D20119

[10] Djurdjevic, V., Krzic A., Analysis of the Downscaled Era40 Reanalysis Performed with the Nmmb Model,
Project: A Structured Network for Integration of Climate Knowledge into Policy and Territorial Planning
— ORIENTGATE, WP3 Mapping and Harmonising Data & Downscaling, 2013,
http://www.seevcee.rs/ORIENTGATE/Dwnsc-ERA40-NMMB.pdf

[11] Jacob, D., et al., EURO-CORDEX: New High-Resolution Climate Change Projections for European Im-
pact Research, Regional Environmental Change, 14 (2014), 2, pp. 563-578

[12] Dosio, A., Projections of Climate Change Indices of Temperature and Precipitation from an Ensemble
of Bias-Adjusted High-Resolution EURO-CORDEX Regional Climate Models, Journal of Geophysical
Research Atmospheres, 121 (2016), 10, pp. 5488-5511

[13] Wise, M. A., et al., Implications of Limiting CO, Concentrations for Land Use and Energy, Science, 324
(2009), 5931, pp. 1183-1186

[14] Riahi, K., et al., Scenarios of Long-Term Socio-Economic and Environmental Development under Cli-
mate Stabilization, Technological Forecasting and Social Change, 74 (2007), 7, pp. 887-935



Vukovic, A. X., et al.: Global Warming Impact on Climate Change in Serbia ...

2280 THERMAL SCIENCE: Year 2018, Vol. 22, No. 6A, pp. 2267-2280

[15]

[16]
[17]

(18]

[19]

[20]
[21]
[22]
[23]
[24]
[25]
[26]

(27]

**% IPCC, Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge University
Press, New York, USA, 2007

Krzic, A., et al., Changes in Climate Indices for Serbia According to the SRES-A1B and SRES-A2 Sce-
narios, Climate Research, 49 (2011), 1, pp. 73-86

Ruml, M., et al., On the Use of Regional Climate Models: Implications of Climate Change for Viticulture
in Serbia, Agricultural and Forest Meteorology, 158-159 (2012), June, pp.53-62

Djurdjevic, V., Krzic, A., Analysis of the Downscaled CMCC-CM Projections Performed with the
NMMB Model, Project: A Structured Network for Integration of Climate Knowledge into Policy and
Territorial Planning — ORIENTGATE, WP3 Mapping and Harmonising Data & Downscaling, 2014,
http://www.seevceee.rs/ORIENTGATE/Dwnse. CMCC-CM_NMMB.pdf

Vukovic, A., et al., Fine Scale Climate Change Analysis: From Global Models to Local Impact Studies
in Serbia, Proceedings, 7" International Conference on Information and Communication Technologies
in Agriculture, Food and Environment (Eds. Z. Andreopoulou, D. Bochtis), Kavala, Greece, 2015, pp.
892-901

Vukovic, A., et al., Climate Change Impact on Grape Growing in Serbia, Acta Horticulturae, Proceed-
ings, 111 Balkan Symposium on Fruit Growing, Belgrade, 2016, pp. 413-418

Vujadinovic, M., et al., Climate Change Projections in Serbian Wine-Growing Regions, Proceedings, X1
Terroir Congress, Willamette Valley, Ore., USA, 2016

Babi¢, V., et al., Temperature and other Microclimate Conditions in the Oak Forests on Fruska Gora (Ser-
bia), Thermal Science, 19 (2015), 12, pp. 415-425

Kottek, M., et al., World Map of the Koppen-Geiger Climate Classification Updated, Meteorol. Z., 15
(20006), 3, pp. 259-263

Cressman, G. P., An Operational Objective Analysis System, Monthly Weather Review, 87 (1959), Sept.,
pp. 367-374

Ivanisevic, D., et al., Atlas of Viticulture (in Serbian), Statistical Office of the Republic of Serbia, Bel-
grade, 2015

Piani, C., et al., Statistical Bias Correction for Daily Precipitation in Regional Climate Models over Eu-
rope, Theor. Appl. Climatol., 99 (2010), 1-2, pp. 187-192

Wilks, S. D., Statistical Methods in the Atmospheric Sciences, 2" ed., Elsevier, London, 2006

Paper submitted: April 11,2018 © 2018 Society of Thermal Engineers of Serbia
Paper revised: May 1, 2018 Published by the Vinca Institute of Nuclear Sciences, Belgrade, Serbia.
Paper accepted: May 20, 2018 This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions


http://www.seevccc.rs/ORIENTGATE/Dwnsc_CMCC-CM_NMMB.pdf

	_GoBack

