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Abstract— The aim of the study is to present some specific climatic conditions on the 
territory of the Republic of Serbia based on the analysis of four climate indices, which can 
help in understanding contemporary climate changes. Temperature and precipitation data 
from 31 meteorological stations for the period 1951–2010 were used. The relative 
homogeneity of the data series was done using the MASH v3.02 method. The indices used 
are: Johansson Continentality Index, Kerner Oceanity Index, De Martonne Aridity Index, 
and Pinna Combinative Index. Geospatial analysis of the distribution of the values of the 
four mentioned indices was done using the QGIS package 2.8.1. The results of the research 
show that the continentality effect is present in most of Serbia, while oceanity is observed 
locally, mainly in the western and southwestern parts of the country. The further analysis 
showed that there is no dry and semi–dry Mediterranean climate in Serbia. Considering 
that it is dry in the warmest part of the year (July–September), when the need for water is 
increased, which is clearly shown by the Walter climate diagram, as well as the fact that an 
increase in temperature and a decrease in precipitation during the vegetation period were 
observed in the second 30–year period (1981–2010), it can be concluded that in Serbia 
there is a tendency towards arid climate. The results presented in this paper can help 
decision makers to plan certain climate change adaptation measures. 
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1. Introduction 

Based on the analysis of monthly, seasonal, or annual values of temperature and 
precipitation, a general picture of the climate of a given area can be obtained. But, 
very often, it is necessary to determine some specifics of the climate. Then the 
analysis of additional climate indicators obtained with the help of climate indices, 
which complexly represent the climate of a place, is approached. Thus, climate 
indices show some specifics of climate, such as the degree of continentality, 
oceanity, aridity, or they are used to consider the influence of weather types on 
the human body. A more detailed spatial distribution and variation of climate 
indices has been done for the northern parts of Greece (Baltas, 2007) and Italy 
(Nistor, 2016), as well as for the area of Turkey (Deniz et al., 2011) and Pakistan 
(Gadiwala et al., 2013). There are also other analyses in numerous studies 
(Sjögersten and Wookey, 2004; Filatov et al., 2005; Croitoru et al., 2013; Blanka 
et al., 2013; Andrade and Corte-Real, 2015; Araghi et al., 2018; Jahangir and 
Danehkar, 2022). There are a lot of research papers dealing with climate indices 
in Serbia and other countries of the Balkan Peninsula (Vujević, 1961; Maćejka, 
2003; Malinović-Milićević, 2013; Pecelj et al., 2013, 2017; Basarin et al., 2014, 
2017; Stojićević et al., 2016; Burić et al., 2018, 2019; Milentijević et al., 2018). 
Climate indices have found their application in many industries, especially in 
forecasting agricultural production and opportunities for the development of 
certain types of tourism (Dalezios et al., 2001; Deniz et al., 2011; Moral et al., 
2016; Ren et al., 2017; Kamyar et al., 2020; Gudko et al., 2021). 

In the reports of the Intergovernmental Panel on Climate Change (IPCC, 
2021) it is pointed out that Europe has warmed significantly in the last 5–6 
decades. The area of Southern Europe and the Mediterranean also registers a 
significant trend of rising temperatures, while regional differences are observed 
in precipitation, but many studies indicate the presence of a negative trend and 
more frequent and prolonged droughts (Komuscu, 2001; Gao and Giorgi, 2008; 
Feyen and Dankers, 2009; Koutroulis et al., 2010; Tsanis et al., 2011; 
Kjellström et al., 2011; Hoerling et al., 2012; IPCC, 2014; Karabulut, 2015). 
In the Western Balkans, the region to which Serbia belongs, there is also a 
significant trend of rising temperatures, while annual precipitation in general 
had a slight negative trend (Kurnik et al., 2017). Climate projections suggest 
that the Western Balkans could face significant climate change in the future, as 
the region is very vulnerable in relation to the most part of the European 
continent (Lung and Hilden, 2017; IPCC, 2021). As a result of climate change, 
i.e., the anthropogenic greenhouse effect, the results of projections for Serbia 
(Kržič et al., 2011; Djurdjevic et al., 2019) and the neighboring Montenegro 
(Burić and Doderović, 2020; Doderović et al., 2020; Burić and Doderović, 
2021) show that in the future we can expect a reduction in precipitation and a 
significantly warmer climate, with more frequent extreme weather and climate 
events (more frequent and prolonged droughts, heavy rains, floods, etc.). Yet, 
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Burić and Stanojević, (2020) point out that changes in cloudiness over 
Montenegro, and thus fluctuations in precipitation, can be largely attributed to 
variations in teleconnections (atmospheric and oceanic). 

In the era of contemporary climate change, there is no doubt that climate 
indices will have an increasingly important application not only in agriculture, 
tourism, and other sectors of the economy, but may indicate the need for more 
rational water use, especially in areas where precipitation trends are registered and 
projected. Therefore, the aim of this paper is a more complex presentation of 
climatic conditions in Serbia, using geospatial analysis of the distribution and 
variation of four climate indices: Johansson Continentality Index (Johansson, 
1926; Conrad and Pollak, 1951), Kerner Oceanity Index (Kerner, 1905; Retuerto 
and Carballeira, 1992; Gavilan, 2005; Baltas, 2007), De Martonne Aridity Index 
(De Martonne, 1926), and Pinna Combinative Index (Zambakas, 1992). For the 
purposes of this paper, the period 1951–2010 was used, and the indices were 
calculated on the basis of average monthly and annual values of temperature and 
precipitation from the 31 meteorological stations in Serbia. A Walter climate 
diagram was made, using as an example a typical representative of the climate of 
Serbia, and in order to see if there is a dry period in the year, based on the monthly 
values of temperature and precipitation. In order to determine the aridization 
trend, monthly data were also used to make polar diagrams for two 30-year 
periods (1951–1980 and 1981–2010). Thus, by applying the climate indices of 
continentality and oceanity, numerical differentiation is given, and the degree of 
influence of the mainland and neighboring sea and ocean basins (Adriatic, 
Mediterranean, Atlantic) on the climate of Serbia in the observed 60-year period 
is indicated.  

The conceptual model used in this paper is that the influences of sea surfaces 
on continental masses are important, and their influence rate on the weather and 
climate of the surrounding geographical areas depends on the distance and relief 
characteristics. The relationship between oceanic and land surfaces is one of the 
most important in the Earth's climate system. It can be said that oceanity is the 
degree of influence of the ocean and sea surfaces on the neighboring land, which 
is the opposite in the case of continentality. In fact, these influences are mostly 
predisposed to synoptic situations during the year, i.e., they relate to the 
trajectories and position of cyclones and weather fronts coming from the sea, in 
general. In that sense, the results presented in this paper represent a kind of 
"synoptic" classification of climate indices in Serbia in the mesoscale. 
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2. Databases and methodology 

2.1. Area of interest 

The field of research is Serbia, a country in Southeast Europe and the Balkan 
Peninsula. It is a landlocked country (no access to the sea), with an area of 88361 
km². The air distance between the capital (Belgrade) and the Adriatic and Aegean 
Sea is about 350 km, or about 500 km, while the Black Sea is about 620 km, and 
the Atlantic coast is over 1300 km away. The relief is lowland in the north (part 
of the Pannonian lowland), and in the rest of the country it has a hilly–
mountainous character. The lowest point is in the east (28 m above sea level) – at 
the confluence of the Timok River and the Danube (tripoint of Serbia, Bulgaria, 
and Romania), while the mountain peaks in the south reach a height of just over 
2500 m. Serbia is located almost in the middle of the northern hemisphere, i.e. 
between the coordinates 41053' and 46011'N (Fig. 1). Latitude, relief 
characteristics, distance from the sea, and variations of upper air currents are the 
main factors that shape the climate of this country. In general, according to the 
Köppen climate classification, moderately warm (C) and moderately cold or 
boreal (D) climates are present in Serbia. Lower terrains have the characteristics 
of C climate, while mountainous areas above 1000 m above sea level are 
characterized by D climate. 
 
 

 
 

 
 

Fig. 1. Locations and altitude of meteorological stations used in the analysis. 
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2.2. Data 

For the purposes of this research, monthly/annual data of temperature and 
precipitation from the 31 meteorological stations (MS), obtained from the 
Republic Hydrometeorological Service of Serbia, were used. Time series, for the 
observed 60-year period (1951–2010), were complete for 20 MS, while for 5 MS 
a negligible percentage of data was missing (up to 0.5%). The other 6 MS, located 
in southern Serbia, lacked up to 15% of the data in series (MS: Kosovska 
Mitrovica, Pristina, Prizren, Dragas, and Pec), mainly for the period after 2000. 
After visual inspection, the relative homogeneity of data sets from all MS was 
examined. For these purposes, the Multiple Analysis of Series for 
Homogenization (MASH) method, developed by the Hungarian Meteorological 
Service, was used (Szentimrey, 1999, 2003). Using MASH methods, parts of time 
series that did not meet the conditions of homogeneity (which were 
inhomogeneous) were excluded from further analysis (0.1–0.9% of data, 
depending on the time series). For the purposes of this paper, version MASHv3.02 
was used (Szentimrey, 2007), which is used not only for data quality control, but 
also for estimating missing (and removed inhomogeneous) data in arrays. In this 
way, time series (data series) of temperature and precipitation for 31 MS were 
completed. The hypsometry of MS is as follows: 24 MS are up to 500 m above 
sea level (77.4%), two are at altitudes between 500 and 1000 m (6.5%), and 5 MS 
are at altitudes above 1000 m (16.1%). 

2.3. The used methods 

Based on the mean monthly values of temperature and precipitation, and the data 
on the latitude of the MS included in the analysis, calculations were made for the 
Johansson Continentality Index, Kerner Oceanity Index, De Martonne Aridity 
Index, and Pinna Combinative Index. The spatial distribution of the obtained 
results was done using the Quantum Geographic Information System (QGIS), and 
in order to make the maps as clear as possible, raster GIS was used.  

Johansson Continentality Index (CCI). Conrad and Pollak (1951) 
suggested a modification of Johansson (1926) equation of climate classification, 
because the continentality index tends to infinity when tends to zero. The modified 
equation has the following form (climatic categories according to Conrad and 
Pollak are given in Table 1):  
 
 𝐶𝐶𝐼 = 1.7 𝑇௔௧௔/ 𝑠𝑖𝑛(𝜙 + 10)− 14.0  (1) 
 
where Tata is the annual temperature amplitude and  φ is the station latitude in 
degrees. 
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Table 1. Climate classification according to Conrad and Pollak (1950) 

Climate type CCI 

hyper–oceanic -20 ≤ CCI <  20 

oceanic/maritime  20 ≤ CCI <  50 

sub–continental  50 ≤ CCI <  60 

continental  60 ≤ CCI <  80 

extreme/hyper–continental  80 ≤ CCI ≤ 120 

 
 
 
 
 
 

Kerner Oceanity Index (KOI). Assuming that in a maritime climate, 
autumn is a little warmer than spring, Retuerto and Carballeira (1992), Gavilan 
(2005), and Baltas (2007) define the Kerner Oceanity Index by the following 
formula (categorization of climate according to KOI values is given in Table 2): 
 
 𝐾𝑂𝐼 = 100 (𝑇௢௖௧ − 𝑇௔௣௥)/𝑇௔௧௔,  (2) 
 
where Toct  and Tapr are the average monthly temperature in October  and April, 
respectively.  

 
 
 
 
 

Table 2. Climate classification according to Kerner (1905) 

Climate type    KOI 

hyper–continental             KOI ≤ -10 
continental -10 <  KOI ≤ 0 

sub–continental      0 <  KOI ≤ 10 
oceanic    10 <  KOI ≤ 20 

hyper–oceanic    20 <  KOI ≤ 50 
 
 
 
 

De Martonne Aridity Index (IDM). There are several aridity indices used in 
climatology, the most famous being the De Martonne Aridity Index (De 
Martonne, 1926), which was also applied in this research. De Martonne's climate 
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classification is based on the duration of drought during the year, and this aridity-
humidity index is defined  as the ratio of average annual precipitation (R) and 
temperature (T) values increased by 10 °C (the climate classification according to 
De Martonne is given in Table 3):  

 
 𝐼஽ெ = 𝑅/(𝑇 + 10) . (3) 
 

 

 

Table 3. Climate classification according to the De Martonne Aridity Index 

Climate type IDM Annual precipitation  
(mm) 

dry             IDM < 10          R < 200 

semi–dry     10 ≤ IDM < 20 200 ≤ R < 400 

Mediterranean     20 ≤ IDM < 24 400 ≤ R < 500 

Semi–humid     24 ≤ I DM < 28 500 ≤ R < 600 

humid   28 ≤  IDM <35 600 ≤ R < 700 

very humid     a) 35 ≤ IDM ≤ 55 
    b)          IDM > 55 

 a)    700 ≤ R < 800 
 b)              R > 800 

 
 

 
 

 
Pinna Combinative Index (Ip). Pinna has developed a combinative index 

(Zambakas, 1992; Baltas, 2007; Deniz et al., 2011), which has the following form: 
 
 𝐼௉ = 1/2/(𝐼஽ெ + 12𝑅ௗ/𝑇ௗ + 10) , (4) 

 
where Rd and Td are the mean values of precipitation and temperature of the driest 
month and Ip is used to indicate drought-prone regions that need irrigation. The 
modified climate classification according to the Pinna Combinative Index is 
shown in Table 4. The modification was performed by the author in order to adapt 
the climate classification categories to the temperate climate in which Serbia is 
located. 

 
 
 

 
  



386 

Table 4. Modified climate classification according to the Pinna Combinative Index by the 
author 

Climate type IP Type of vegetation 

arid         Ip < 10 not specified 
semiarid Mediterranean 10 ≤ Ip ≤ 20 formal Mediterranean 
modified Mediterranean 20 < Ip ≤ 30 sub Mediterranean 

humid continental 30 < Ip ≤ 44 mixed forests and steppes 
perhumid continental A 44 < Ip ≤ 80 coniferous forests 
perhumid continental B         Ip > 80 coniferous forests and tundra 

 
 

2.3.1. Procedure of creating raster maps using QGIS 2.8.1. 

The spatial distribution of the obtained results was done using the Quantum 
Geographic Information System, version 2.8.1 (QGIS 2.8.1). In order to make the 
maps as clear as possible, raster GIS was used. Data from 31 weather stations 
were used to create the raster. Latitude (φ), longitude (λ), and altitude (h) of MS 
were used as a predictor variable to create a regression model based on which the 
interpolation of temperature/precipitation was done. Further, based on the Shuttle 
Radar Topography Mission (SRTM) and Digital Elevation Model (DEM), at a 
resolution of 30x30 m, the mean and standard deviation of slope and terrain 
exposure were calculated from circular zones with a diameter of 10 km that were 
formed around the stations. Due to the later phases of the work, two auxiliary 
rasters were formed for φ and λ. The choice of predictors was made based on the 
significance they have in the regression model. It turned out that in the case of 
precipitation, the highest percentage of variance affects combinations λ, h, and the 
mean values of the slope of the terrain around the station. Considering the 
temperature, the highest percentage of the variance covers h and φ.  

The next step was to divide the dataset into a subset for interpolation 
(27 stations) and a subset for testing the accuracy of modeled temperature and 
precipitation values (4 stations, mostly evenly distributed from north to south: 
Vrsac, Cuprija, Leskovac, Smederevo). In the subset for interpolation, new values 
of temperature and precipitation were formed by multiplying the coefficients from 
the regression model with the values of the selected predictors for each station 
and subtracting the values thus obtained from the observed ones. A separate layer 
was made out of these new values of temperature and precipitation, using simple 
kriging, which was then transferred to a raster shape. Multiplying the coefficients 
from the regression model by the corresponding rasters (DEM, auxiliary rasters 
for φ and λ) and by adding to the previously formed temperature and precipitation 
rasters, raster maps were obtained.  

The accuracy of the applied approach was verified by comparing the 
temperature/precipitation values, with the cells from the subset for testing and the 
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pixel values in which the stations are located. The difference between such 
modeled and observed values is expressed through mean absolute error (MAE) 
and root mean square error (RMSE), and the obtained results are shown in 
Table 5. 

 

 

 

 

Table 5. Mean absolute error (MAE) and root mean square error (RMSE) of the modeled 
air temperature and precipitation values for all three series (1951–1980, 1981–2010, and 
1951–2010) 

 Error Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Temperature 
1951–1980 RMSE 0.6 0.3 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 
 MAE 0.5 0.3 0.4 0.5 0.6 0.5 0.5 0.5 0.5 0.4 0.5 0.5 0.5 
1981–2010 RMSE 0.6 0.5 0.5 0.5 0.5 0.3 0.5 0.4 0.5 0.7 0.9 0.5 0.5 
 MAE 0.5 0.4 0.4 0.3 0.3 0.2 0.3 0.4 0.4 0.5 0.7 0.5 0.4 
1951–2010 RMSE 0.9 0.5 0.5 0.5 0.4 0.3 0.3 0.4 0.5 0.6 0.7 0.9 0.5 
 MAE 0.8 0.4 0.4 0.4 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.7 0.4 
Precipitation 
1951–1980 RMSE 6.1 8.6 7.8 4 3.6 4.1 6.7 5.9 6.7 7.5 3.9 6.4 55.4 
 MAE 5.8 7.8 6.5 2.9 3.2 3.3 6.3 5.4 6.6 7.2 3.6 5.5 49.9 
1981–2010 RMSE 7.9 6.6 7.8 6.4 2.6 6.9 2.9 3.1 3.8 7.6 7.7 5.1 56.6 
 MAE 6.9 5.3 7.8 4.1 2.0 5.9 2.3 2.7 3.2 7.3 7.1 4.9 56.3 
1951–2010 RMSE 6.0 5.6 7.0 3.8 2.5 4.4 3.7 3.4 4.9 6.6 5.8 5.7 54.4 
 MAE 5.8 5.5 6.9 2.9 2.2 3.5 3.1 3.3 4.7 5.7 5.5 5.4 53.0 

 
 
 
 
 
 

The whole procedure was performed in QGIS 2.8.1, while the softwares R 
and STATISTICA 8 were used to form the regression model and calculate the 
errors. Only the Inverse Distance Weighted (IDW) geostatistical interpolation 
method was used to create maps of the Pinna Combinative Index and Johansson 
Continentality Index. This geostatistical interpolation method was used due to the 
complexity of the Pinna Combinative Index (Johansson Continentality Index) 
formula, which takes into account precipitation and temperature of the driest 
month, and the driest month is not the same at each meteorological station in 
Serbia. 



388 

3. Results and discussion 

The first part of the results provides an analysis of the spatial distribution of 
precipitation and temperature in Serbia. The second part will present the results 
of the considered climate indices. 
 

3.1. Spatial distribution of average annual precipitation and temperature in Serbia 

The average annual rainfall in Serbia, calculated for the period 1951–2010, varies 
a lot. The highest amount of precipitation is registered in the southwestern and 
western parts of the country (827.4–1134.1 mm), and the lowest in the 
northeastern and northern parts (520–600 mm). In the average year, the difference 
in precipitation between the wettest and the driest place is 613.4 mm. In general, 
it can be concluded that precipitation is decreasing from the southwest and west 
to the northeast and east of the country (Fig. 2a). Differences in the amount of 
precipitation in Serbia are due to relief dissection and the influence of cyclonic 
circulation. Namely, the southwestern and western parts of Serbia (areas richest 
in precipitation) are much more often affected by the periphery of cyclone activity 
from the south (when the center of the cyclone is above the Adriatic or when the 
so-called Genoa cyclones are active), while the northern parts remain out of reach. 
When it comes to temperature, the average annual values for the period 1951–
2010, range from 1.0 °C in the higher mountain areas to 11.7 °C in the plains and 
valleys of Serbia (Fig. 2b). In general, the temperature decreases from lowland 
areas in the north to the mountainous areas in the south. 
 

 
 

 
Fig. 2. Average annual values of precipitation (a) and temperature (b) in Serbia for the period 
1951–2010. 
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3.2. Spatial distribution of climate indices 

Analysis of the Johansson Continentality Index (CCI), which indicates the degree 
of continentality, showed that its values range from 23.1 (MS Kopaonik) to 34.8 
(MS Negotin). Thus, the absolute difference of CCI in Serbia, for the period 
1951–2010, is 11.7, which speaks in favor of how the climate under the influence 
of general synoptic schemes above Serbia is diversified in a relatively small 
area. The lowest values of this index are distributed mainly on the stations in 
western and southwestern Serbia, which are more influenced by maritime air 
masses. Moreover, all categories of climate types according to the CCI index 
in Serbia (Fig. 3a) belong to the oceanic/maritime climate with varying degrees 
of this effect. The minimum values of the CCI index occur at mountain stations 
at higher altitudes, which is in line with the laws of general synoptic schemes 
over Serbia. The maximum values of the CCI index indicate the more 
continental parts of Serbia, namely the northeastern and northern parts (the 
edge of the Pannonian Plain). The average value of CCI for the entire territory 
of Serbia is 30.7 and indicates that the climate of this country is 
oceanic/maritime, in general.  

However, the values of the Kerner Oceanity Index (KOI) indicate that both 
continental and oceanic climates are present in Serbia. This is in line with the 
geographical position, the influence of relief elements, and variations in synoptic 
conditions over Serbia. The values of this index vary from -2.5 (MSNegotin) to 17.6 
(MSKopaonik). According to the values of KOI, MSs in the northeast and north 
(Negotin, Zajecar, Sremska Mitrovica, Sombor, and Palic), i.e., parts of the country 
that are less influenced by maritime air masses from the Adriatic and Mediterranean, 
have the highest degree of continentality in Serbia. On the other hand, MSs located 
in higher mountain areas in the southwest and south, i.e., parts of Serbia that are 
closer to the Adriatic and Mediterranean, have the highest amounts of precipitation 
in the country and the highest values of KOI (Fig. 3b). In support of the fact that 
maritime and continental influences intertwine in Serbia is the average value for the 
entire territory of the country, which is 1.75. 
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Fig. 3. Spatial distribution of the Johansson Continentality Index according to Conrad and 
Pollak (1951) (a) and the Kerner Oceanity Index (b) for the period 1951–2010. 

 

 

 
The values of the two previous indices (CCI and KOI) largely correspond, 

which shows a statistically significant correlation and coefficient of 
determination, which is r2 = 0.69 (Fig. 4). However, if the results of CCI and KOI 
were to be evaluated, it would be concluded that the Kerner Oceanity Index (KOI) 
is more appropriate for the territory of Serbia, regardless of the fact that the 
classification distinguishes only two categories (continental and maritime 
climates). 

 
 

 
Fig. 4. Statistical analysis between the CCI index and the KOI index for the period 1951–2010 
(blue lines indicate a 95% confidence interval). 
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One of the most frequently used indicators of aridity is the De Martonne 
Aridity Index (IDM). For the period 1951–2010, IDM ranges from semi-humid 
values in the northern part of the country (min. 26.7) to a very humid climate in 
the southern part of Serbia (max. 72.8). Therefore, the values of this index are 
gradually increasing from the northern, northeastern, and eastern parts of Serbia 
to the western, southwestern, and southern parts (Fig. 5), which is in line with the 
spatial distribution of precipitation. In other words, on the annual level, the degree 
of aridity increases from the southwest and west to the northeast and north of 
Serbia. When observing the entire period (1951–2010), the average value of the 
aridity index for the territory of Serbia is 34.7, i.e., it is on the border of the semi-
humid and humid climates. 

 
Fig. 5. De Martonne Aridity Index in Serbia for the period 1951–2010. 

 
 

 
According to climate models, in the conditions of contemporary climate 

change in the area of Southeast Europe, i.e., the Balkan Peninsula, and thus in 
Serbia, an increase in aridity should be expected. To verify this, the years were 
categorized according to the IDM values for the two subperiods 1951–1980 and 
1981–2010. The results showed that the frequency of years belonging to the 
classes very humid and humid did not change significantly during the two 
observed periods. However, the frequency of years with semi-humid 
characteristics in the first 30-year period (1951–1980) was 3 years (10%), and in 
the second period (1981–2010) it was doubled (20%). This means that the climate 
of Serbia in the second 30-year period, observed on an annual basis, has become 
more arid (Table 6), which is a consequence of a significant trend of increasing 
average annual temperatures, because no significant changes are observed in 
precipitation. In any case, the previous analysis clearly identified the signal of 
climate change in Serbia, which can be linked to global warming and the problem 
of aridity in Southeast Europe in general. 
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Table 6. Annual frequency according to the De Martonne Aridity Index (IDM) climate 
classification for the periods 1951–1980 and 1981–2010 

Climate type IDM 1951–1980 1981–2010 
 s Frequency Frequency 

(%) 
Frequency Frequency 

(%) 
dry         IDM < 10 0 0 0 0 

semi-dry 10 ≤ IDM < 20 0 0 0 0 
Mediterranean 20 ≤ IDM < 24 0 0 0 0 

semi-humid 24 ≤ IDM < 28 3 10 6 20 
humid   2 ≤ IDM < 35 18 60 16 53.3 

very humid 35 ≤ IDM    9 30 8 26.7 

In order to determine in more detail the climatic characteristics in Serbia, the 
Pinna Combinative Index (Ip) for the period 1951–2010 was calculated (Fig. 6). 
At all meteorological stations included in the analysis, the values of this index 
ranged over 20, which means that the climate is humid, in general. Therefore, 
according to the values of Ip, the arid and semiarid Mediterranean climate is not 
present in Serbia, which is in line with the geographical position of Serbia and the 
dominant physical-geographical factors.  

 
 

 

Fig. 6. Pinna Combinative Index in Serbia for the period 1951–2010. 
 
 
 

The obtained value of Ip (25.3–26) belonged to the class of modified 
Mediterranean climate (semiarid climate) only for two MSs (Negotin and 
Prizren), and this can be related to smaller annual precipitation amounts and 
pluviometric regime. In the higher mountain areas, i.e. in the places that register 
the highest precipitation, Ip values go up to 104.8 (MS Kopaonik), so that the 



393 

western and southwestern parts of Serbia have the characteristics of perhumid 
continental A and B climate. The average value of Ip for the entire territory of 
Serbia is 39.8, which corresponds to the humid continental climate in which 
mixed forest and steppe vegetation dominate. 

In any case, the territory of Serbia is outside the Mediterranean (semiarid) 
climate, but it should be noted that the two mentioned localities are close to this 
type. The influence of the Mediterranean reaches the southern parts of the country 
(MS Prizren – parts of the country closest to the Adriatic and Aegean Sea), while 
in the northeast (MS Negotin), there is less rainfall, as well as in northern Serbia, 
but these areas cannot be meteorologically linked to the Mediterranean climate in 
climatic-vegetation sense. 

The spatial distribution and variation of Ip and IDM in Serbia is quite similar, 
which is confirmed by the high value of the coefficient of determination of r2 = 
0.78 (Fig. 7). The limit value of the De Martonne Aridity Index of 28 (humid 
climate) coincides with the Pinna Combinative Index greater than 20 (all values 
> 20 indicate the humidity of the climate). However, when it comes to isolating 
the arid or humid climate of MS included in the analysis, evaluating the results of 
these two indices, we believe that IDM can be preferred over Ip. 

 
 

 
Fig. 7. Statistical analysis between the De Martonne Aridity Index (IDM) and the Pinna 
Combinative Index (Ip) for the period 1951–2010 (blue lines indicate a 95% confidence 
interval). 

 

 

3.3. Climate analysis on a monthly basis 

 
In order to conduct an analysis on a monthly basis and to be efficient, one MS was 
chosen as a typical representative of the dominant climate in Serbia. The decision 
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that it should be MS Kragujevac is due to the fact that it is located almost in the 
geographical center of Serbia and at an altitude of less than 500 m (about 65% of 
the territory of Serbia has an altitude of up to 500 m). We first constructed a Walter 
climatic diagram, specificity of which is that the curves of temperature and 
precipitation are in a certain ratio (1:2, 1:3, and 1:10), in order to highlight dry 
and/or rainy periods. (Walter et al., 1975). In Kragujevac, in general and in most of 
Serbia, during the colder part of the year (October–March), the amount of 
precipitation is lower than in the warmer half (April–September). The month, in 
which the ratio of precipitation (R) and temperature (T) is 1:2 (R < 2T) on the 
diagram is dry, and semi-dry when the ratio is 2T < R < 3T. The graph clearly shows 
that the dry season lasts from July to September, in general (Fig. 8). 
 
 
 

 
Fig. 8. Climate diagram of temperature and precipitation for MS Kragujevac (1951–2010). 

 
 
 
 

The polar diagrams show the average monthly values of precipitation (Fig. 
9a) and temperature (Fig. 9b). When it comes to precipitation, it is noticed that 
the monthly amounts range from 40 mm (February) to 80 mm (June). Comparing 
two simultaneous periods (1951–1980 and 1981–2010), it can be concluded that 
in the second 30–year period there was a decrease in precipitation in the period 
when water is most needed by vegetation (May–June–July) and an increase in 
temperature, especially in the warmer part of the year (May–August). The facts 
that the dry season lasts from July to September (Walter climate diagram), i.e., in 
the warmer part of the year when the need for water is higher, and that in the 
second 30–year period there was an increase in temperature and a decrease in 
precipitation during the vegetation period, clearly indicate the tendency towards 
more arid conditions in Serbia. 
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Fig. 9. Polar diagram of precipitation (a) and temperature (b) for MS Kragujevac, for the periods 
1951–1980 and 1981–2010. 

4. Conclusion 

In order to define the climate in more detail, i.e., the degree of continentality and 
oceanity, the paper presents the spatial distribution of climate indices on the 
territory of Serbia, and the results are presented in the form of appropriate 
thematic maps. Based on data from 31 MSs for the period 1951–2010, the 
classification of climate continentality using the CCI index is in line with the 
climate classification based on the KOI index. This is confirmed by the high 
correlation between the mentioned indices of continentality and oceanity, i.e., 
similar spatial distribution and variation. The effect of continentality was 
discovered on most MS in Serbia, while the effect of oceanity was discovered on 
the MS located in the southwestern and western hilly and mountainous part of 
Serbia. This can be attributed to general synoptic patterns over Serbia during a 
multi-year period. 

Climate classification according to the De Martonne Aridity Index (IDM) and 
the Pinna Combinative Index (Ip) has been made also, and the results obtained are 
largely compatible. This is also shown by the conducted statistical analysis of the 
coefficients of determination, which were high and indicated a similar spatial 
distribution and variation. However, a more precise classification of Serbia's 
climate is provided by the IDM. According to the results obtained by Ip, it is evident, 
that there is no arid and semiarid Mediterranean climate on the territory of Serbia, 
which is in line with the geographical position and physical-geographical 
conditions prevailing in this country (primarily synoptic conditions and relief 
characteristics). According to the results of the IDM, there are no dry and semi-dry 
Mediterranean climate zones on the territory of Serbia. The range of IDM climate 
categories varies from semi-humid to very humid climates. The Walter climate 
diagram indicates that it is dry in the warmest, and arguably the most unfavorable 
part of the year. This circumstance (dry period in the warmest part of the year, 
when the need for water is increased), as well as the fact that in the second 30–
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year period (1981–2010), higher temperatures and lower precipitation are 
registered, as it is shown by polar diagrams for Kragujevac, a typical 
representative of the climate of Serbia, indicate that the climate of this country is 
becoming more arid, in general. The results of this study could be of application 
significance in many areas of human activity, especially in the applied branches 
of agriculture, tourism, and water management. 

References 

Andrade, C. and Corte-Real, J., 2015: Spatial distribution of climate indices in the Iberian Peninsula. 
AIP Conference Proceedings, 1648(1), 110006.  https://doi.org/10.1063/1.4912413  

Araghi, A., Martinez, C.J., Adamowski, J., and Olesen J.E., 2018: Spatiotemporal variations of aridity 
in Iran using high-resolution gridded data. Int. J. Climatol., 38(6), 2701–2717.  
https://doi.org/10.1002/joc.5454 

Baltas, E., 2007: Spatial distribution of climatic indices in northern Greece. Meteorol. Appl. 14, 69–78. 
https://doi.org/10.1002/met.7 

Basarin, B., Kržič, A., Lazić, L., Lukić, T., Đorđević, J., Petrović Janićijević, B., Ćopić, S., Matić, D., 
Hrnjak, I., and Matzarakis, A., 2014: Evaluation of bioclimate conditions in two Special Nature 
Reserves in Vojvodina (Northern Serbia). Carpathian J. Earth Environ. Sci. 9(4), 93–108. 
https://www.urbanclimate.net/matzarakis/papers/Basarin_et_al_2014.pdf  

Basarin, B., Lukić, T., Mesaroš, M., Pavić, D., Đorđević, J., and Matzarakis, A., 2017: Spatial and 
temporal analysis of extreme bioclimate conditions in Vojvodina, Northern Serbia. Int J. 
Climatol., 38(1), 142–157.  https://doi.org/10.1002/joc.5166 

Blanka, V., Mezősi, G., and Meyer, B., 2013: Projected changes in the drought hazard in Hungary due 
to climate change. Időjárás 117, 219–237. https://www.researchgate.net/publication/261870735 

Burić, D., Ivanović, R., and Milenković, M., 2018: Indicator of specificity of climate: the example of 
Podgorica (Montenegro). J. Geograp. Inst. ''Jovan Cvijić'' SASA 68(3), 399–403. 
https://doi.org/10.2298/IJGI180423009B 

Burić, D., Milenković, M., and Ducić, V., 2019: The specifities of the climate of Danilovgrad 
(Montenegro). Bull. Serbian Geograph. Soc. 99(1), 19–28.  
https://doi.org/10.2298/GSGD1901019B 

Burić, D. and Doderović, M., 2020: Projected temperature changes in Kolašin (Montenegro) up to 2100 
according to EBU-POM and ALADIN regional climate models. Időjárás 124, 427–445. 
http://doi.org/10.28974/idojaras.2020.4.1 

Burić, D. and Stanojević, G., 2020: Trends and possible causes of cloudiness variability in Montenegro 
in the period 1961–2017. Climate Res. 81, 187–205.  
https://doi.org/10.3354/cr01615 

Burić, D. and Doderović, M, 2021: Changes in temperature and precipitation in the instrumental period 
(1951-2018) and projections up to 2100 in Podgorica (Montenegro). Int. J. Climatol., 41(S1), 
E133–E149. https://doi.org/10.1002/joc.6671 

Conrad, V.A. and Pollak, L.W., 1951: Methods in climatology, 2nd edition. Harvard university press, 
Cambridge, Massachusetts, pp. 459. Amer. J. Physics 19(1), 64–65.  
https://doi.org/10.1119/1.1932708 

Croitoru, A.E., Piticar, A., Imbroane, A.M., and Burada, D.C., 2013: Spatiotemporal distribution of aridity 
indices based on temperature and precipitation in the extra-Carpathian regions of Romania. Theor. 
Appl. Climatol., 112(3-4), 597–607. https://doi.org/10.1007/s00704-012-0755-2 

Dalezios, N, Domenikiotis, X, Loukas, A, Tzortzis, ST, and Kalaitzidis, C, 2001: Cotton yield estimation 
based on NOAA/AVHRR produced NDVI. Phys. Chemist. Earth, Part B: Hydrol. Oceans and 
Atmosphere 26(3), 247–251. https://doi.org/10.1016/S1464-1909(00)00247-1 

De Martonne, E., 1926: Une nouvelle fonction climatologique: l'indice d'aridite [A New Climatological 
Function: The Aridity Index]. La Meteorologie 2, 449–458. https://ci.nii.ac.jp/naid/10027359266 



397 

Deniz, A., Toros, H., and Incecik, S., 2011: Spatial variations of climate indices in Turkey. Int. J. 
Climatol. 31(3), 394–403.  https://doi.org/10.1002/joc.2081 

Doderović, M., Burić, D., Ducić, V., and Mijanović, I., 2020: Recent and Future Air Temperature and 
Precipitation Changes in the mountainous nort of Montenegro. J. Geograph. Inst. ''Jovan Cvijić'' 
Serbian Acad. SASA 70(3), 189-201.  
https://doi.org/10.2298/IJGI2003189D 

Djurdjevic, V., Trbić, G., Krzic, A., and Bozanic, D., 2019: Projected changes in multi-day extreme 
precipitation over the Western Balkan region. In (eds. Leal Filho W, Trbic G, Filipovic D.). 
Climate change adaptation in Eastern Europe, Climate Change Management, Springer, Cham, 
15–28. https://doi.org/10.1007/978-3-030-03383-5_2 

Feyen, L., and Dankers, R., 2009: Impact of global warming on streamflow drought in Europe. J. 
Geophysi. Res.: Atmospheres, 114(D17), D17116. https://doi.org/10.1029/2008JD011438 

Filatov, N., Salo, Y., and Nazarova, L., 2005: Effect of climate variabilityon natural water bodies in 
Northwest Russia. 15th International Northern Research Basins Symposium and Workshop, 
Luleå to Kvikkjokk, Sweden,31–41. 
https://www.diva-portal.org/smash/get/diva2:1001653/FULLTEXT01.pdf 

Gadiwala, M.S., Usman, A., Akhtar, M., and Jamil, K., 2013: Empirical models for the estimation of 
global solar radiation with sunshine hours on horizontal surfaces in various cities of Pakistan. 
Pakistan J Meteorol 9(18), 43–49. 
https://agris.fao.org/agris-search/search.do?recordID=PK2014000141 

Gao, X., and Giorgi, F., 2008: Increased aridity in the Mediterranean region under greenhouse gas 
forcing estimated from high resolution simulations with a regional climate model. Glob.Plane. 
Change 62(3–4), 195–209. https://doi.org/10.1016/j.gloplacha.2008.02.002 

Gavilan, R.G., 2005: The use of climatic parameters and indices invegetation distribution. A case study 
in the Spanish Sistema Central. Int J of Biometeorol. 50(2), 111–120.  
https://doi.org/10.1007/s00484-005-0271-5 

Gudko, V., Usatov, A., Ioshpa, A., Denisenko Y., Shevtsova V., and Azarin, K., 2021: Agro–climatic 
conditions of the Southern Federal District of Russia in the context of climate change. Theor. 
Appl. Climatol. 145, 989–1006. https://doi.org/10.1007/s00704-021-03677-y 

Hoerling, M., Eischeid, J., Perlwitz, J., Quan, X., Zhang, T., and Pegion, P., 2012: On the Increased 
Frequency of Mediterranean Drought. J Climate, 25(6), 2146–2161.  
https://doi.org/10.1175/JCLI-D-11-00296.1 

IPCC, 2014: Climate change 2014. Synthesis report. In: Pachauri, R.K. and Meyer, L.A. (Eds.), 
Contribution of Working Groups I, II and III to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change Core Writing Team, Geneva, Switzerland. IPCC. 

IPCC, 2021: Summary for Policymakers. In: Climate Change 2021. The Physical Science Basis, 
Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel 
on Climate Change [(eds.)Masson-Delmotte, V., P. Zhai, A. Pirani, S. L. Connors, C. Péan, S. 
Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. 
Matthews, T. K. Maycock, T. Waterfield, O. Yelekçi, R. Yu and B. Zhou]. Cambridge University 
Press. In Press. 

Jahangir, M.H., and Danehkar, S., 2022: A comparative drought assessment in Gilan, Iran using Pálfai 
drought index, de Martonne aridity index, and Pinna combinative index. Arab J Geosci., 15, 90. 
https://doi.org/10.1007/s12517-021-09107-7 

Johansson, O.V., 1926: Über die Asymmetrie der meteorologischen Schwankungen. In: Soc. Sci. 
Fennica, Commentationes Phys. Math. 3, Iff. Google Scholar 

Kamyar, A., Yazdanpanah, H., Movahedi, S., and Morimoto, D., 2020: Assessment of the impacts of 
climate change on agro-climatic indices in Iran. Theor. Appl. Climatol. 142, 1359–1367. 
https://doi.org/10.1007/s00704-020-03385-z 

Karabulut, M., 2015: Drought analysis in Antakya-Kahramanmaraş Graben, Turkey. J. Arid Land. 7, 
741–754. https://doi.org/10.1007/s40333-015-0011-6 

Kerner, F.V., 1905: Thermoisodromen. Versuch einer kartographischen Darstellung des jahrlichen 
Ganges der Lufttemperatur. Abh. Geogr. Ges.Wien, Bd. VI, H. 3. (In German) 

Kjellström, E., Nikulin, G., Hansson, U., Strandberg, G., and Ullerstig, A., 2011: 21st century changes 
in the European climate: uncertainties derived from an ensemble of regional climate model 
simulations. Tellus A: Dynam. Meteorol. Oceanograph. 63(1), 24–40.  
https://doi.org/10.1111/j.1600-0870.2010.00475.x 



398 

Kurnik, B., Füssel, H.M., van der Linden, P., and Simmons, A., 2017: Changes in the climate system, 
Section 3.2: Atmosphere. Climate change, impacts and vulnerability in Europe 2016. An 
indicator-based report. EEA Report, Number: 1/2017, 69–88.  
https://www.yumpu.com/en/document/read/56771568/climate-change-impacts-and-
vulnerability-in-europe-2016 

Komuscu, A.U., 2001: An Analysis of Recent Drought Conditions in Turkey in Relation to Circulation 
Patterns. Drought Network News 13, 4–6. https://digitalcommons.unl.edu/droughtnetnews/22/ 

Koutroulis, A.G., Vrochidou, A., and Tsanis, I.K., 2010: Spatiotemporal characteristics of 
meteorological drought for the Island of Crete. J Hydrometeor. 12(2), 206–226. 
https://doi.org/10.1175/2010JHM1252.1 

Kržić, A., Tošić, I., Djurdjević, V., Veljović, K., and Rajković, B., 2011: Changes in climate indices for 
Serbia according to the SRES-A1B and SRES-A2 scenarios. Clim Res. 49, 73–86. 
https://doi.org/10.3354/cr01008 

Lung, T., and Hilden, M., 2017: Multi-sectoral vulnerability and risks, Section 6.2: multi-sectoral 
impacts and vulnerabilities across Europe. Climate Change, Impacts and Vulnerability in Europe 
2016. An Indicator-based Report. EEA Report, Number: 1/2017, 273–281. 

Maćejka, M., 2003: Klima i njen zdravstveni značaj u banjama Srbije. Srpsko geografsko društvo, b.str. 
1-190. (eng. Climate and its health significance in the spas of Serbia. Serbian Geographical 
Society, pp 190). ark:/13960/t46q8tc1c (In Serbian) 

Malinović–Milićević, S., 2013: Bioclimatic Characteristic of Banat. J. Geograph.l Inst. “Jovan Cvijic” 
SASA, 63(1), 11–20.  https://doi.org/10.2298/IJGI1301011M 

Milentijević, N., Dragojlović, J., Cimbaljević, M., Ristić, D., Kalkan, K., and Burić., D., 2018: Analysis 
equivalent temperature - case of Kragujevac city. Bull. Serbian Geograph. Soc. 98(1), 61–77. 
https://doi.org/10.2298/GSGD180225003M 

Moral, F.J., Rebollo, F.J., Paniagua, L.L., García, A., and Honorio, F., 2016: Integration of climatic 
indices in an objective probabilistic model for establishing and mapping viticultural climatic 
zones in a region. Theor. Appl. Climatol. 124, 1033–1043. 
https://doi.org/10.1007/s00704-015-1484-0 

Nistor, M.M., 2016: Spatial distribution of climate indices in the Emilia-Romagna region. Meteorol. 
Appl. 23(2), 304–313. https://doi.org/10.1002/met.1555 

Pecelj, M., Krajić, A., Trbić, G., Stevanović, V., and Golijanin, J., 2013: Bioclimatic Characteristics of 
the City of Novi Sad Based on Human Heat Balance. Proc. 6th International Conference on 
Climate Change, Global Warming and Biological Problems, Recent Advances in Environmental 
Science, Cyprus, 244–249.  
https://scholar.google.com/scholar?cluster=17733867487233207995&hl 

Pecelj, M., Đorđević, A., Pecelj, M.R., Pecelj–Purković, J., Filipović, D., and Šećerov, V., 2017: 
Biothermal conditions on Mt. Zlatibor based on thermophysiological indices. Arch. Biol. Sci. 
69(3), 455–461. https://doi.org/10.2298/ABS151223120P 

Ren, W., Wang, Y., Li, J., Feng, P., and Smith, R.J., 2017: Drought forecasting in Luanhe River basin 
involving climatic indices. Theor. Appl. Climatol. 130, 1133–1148.  
https://doi.org/10.1007/s00704-016-1952-1 

Retuerto, R., and Carballeira A., 1992: Use of direct gradient analysis to study the climate-vegetation 
relationships in Galicia, Spain. Vegetatio 101(2), 183–194. https://doi.org/10.1007/BF00033201 

Stojićević, G., Basarin, B., and Lukić, T., 2016: Detailed Bioclimate Analysis of Banja Koviljača 
(Serbia). Geographica Pannonica, 20(3), 127–135. doi: 10.18421/GP20.03-01 

Szentimrey, T., 1999: Multiple analysis of series for homogenization (MASH). Proceedings of the 
Second Seminar for Homogenization of Surface Climatological Data, Budapest, Hungary: WMO, 
WCDMP-Number: 41. 27–46. 

Szentimrey, T., 2003: Multiple analysis of series for homogenization (MASH); Verification procedure 
for homogenized time series. Fourth seminar for homogenization and quality control in 
climatological databases. Budapest, Hungary. WMO-TD. Number: 1236, WCDMP Number: 56. 
193–201. 

Szentimrey, T., 2007: Manual of Homogenization Software MASHv3.02. Hungarian Meteorological 
Service. 



399 

Sjögersten, S., and Wookey, P.A., 2004: Decomposition of mountain birch leaflitter at the forest-tundra 
ecotone in the Fennoscandian mountains inrelation to climate and soil conditions. Plant Soil 262, 
215–227. https://www.jstor.org/stable/42951528 

Tsanis, I.K., Koutroulis, A.G., Daliakopoulos, I.N., and Jacob, D., 2011: Severe climateinduced water 
shortage and extremes in Crete. Clim Change, 106(4), 667–677.  
https://doi.org/10.1007/s10584-011-0048-2 

Vujević, P., 1961: Prilozi za bioklimatologiju oblasti Kopaonika. Zbornik radova Institut „J. Cvijić“ 18, 
1-91. (eng.: Contributions to the bioclimatology of the Kopaonik area. J. Geograph Inst. ''Jovan 
Cvijić'' SASA 18, 1–91. (In Serbian) 

Walter, H., Harnickell, E., and Mueller–Dombois, D., 1975: Climate-diagram Maps of the Individual 
Continents and the Ecological Climatic Regions of the Earth. Springer–Verlag, BerlinI, 1–36. 
https://www.researchgate.net/publication/245669481 

Zambakas, J., 1992: General Climatology. Department of Geology, National and Kapodistrian 
University of Athens, Athens. Google Scholar 


