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Abstract Monthly, seasonal and annual sums of precipitation
in Serbia were analysed in this paper for the period 1961–
2010. Latitude, longitude and altitude of 421 precipitation
stations and terrain features in their close environment (slope
and aspect of terrain within a radius of 10 km around the
station) were used to develop a regression model on which
spatial distribution of precipitation was calculated. The spatial
distribution of annual, June (maximum values for almost all of
the stations) and February (minimum values for almost all of
the stations) precipitation is presented. Annual precipitation
amounts ranged from 500 to 600 mm to over 1100 mm.
June precipitation ranged from 60 to 140 mm and February
precipitation from 30 to 100 mm. The validation results
expressed as root mean square error (RMSE) for monthly
sums ranged from 3.9 mm in October (7.5% of the average
precipitation for this month) to 6.2 mm in April (10.4%). For
seasonal sums, RMSE ranged from 10.4 mm during autumn
(6.1% of the average precipitation for this season) to 20.5 mm
during winter (13.4%). On the annual scale, RMSE was
68 mm (9.5% of the average amount of precipitation). We
further analysed precipitation trends using Sen’s estimation,

while theMann-Kendall test was used for testing the statistical
significance of the trends. For most parts of Serbia, the mean
annual precipitation trends fell between −5 and +5 and +5 and
+15 mm/decade. June precipitation trends were mainly be-
tween −8 and +8 mm/decade. February precipitation trends
generally ranged from −3 to +3 mm/decade.

1 Introduction

Due to their importance for impact on the environment and
many spheres of human activity (water resources, ecosystems,
agriculture, economic planning, etc.), climate and climate
change are crucial fields of contemporary scientific research.
In this paper, the focus will be on the spatial variance of pre-
cipitation and precipitation trends in Serbia for the period
1961 to 2010.

Since the characterization of climate for a given area is
based on data obtained from a limited number of often irreg-
ularly distributed weather stations, the climate of areas where
no meteorological observations are performed remains insuf-
ficiently known. Therefore, it is necessary to interpolate the
values of climatic elements (knowing the impacts of various
climate factors) for areas where no measurements have been
performed. Chilès and Delfiner (1999) suggest that the recon-
struction of a phenomenon over a domain on the basis of
values sampled at a limited number of points is the central
problem in corresponding studies. When interpolating values
of climatic elements, the lack of observations from a suffi-
ciently large number of weather stations can be compensated
for by using indirect data (e.g. data about areas where there are
data from weather stations regarding altitude, latitude, longi-
tude and distance from the sea) and by determining the func-
tional dependence of the values of climatic elements from
these data. For this purpose, a large number of interpolation
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techniques, e.g. various types of kriging (Burrough and
McDonell 1998), have been devised. However, after interpo-
lation, there is still a need to verify and evaluate the obtained
results and the used methods. In this regard, a particularly
important study for Serbia is a study by Bajat et al. (2013),
in which the authors performed the interpolation of precipita-
tion data for Serbia based on data obtained from 1014 precip-
itation stations using regression kriging and multiple regres-
sion analysis and ran an accuracy assessment by comparing
the results obtained by the two methods. It should be pointed
out that the authors performed the interpolation of precipita-
tion data and an assessment of various interpolation tech-
niques for an earlier period (1961–1990), while Prohaska
et al. (2012) performed the interpolation of precipitation in
the period 1946–2006 using elevation data for 437 precipita-
tion stations. Štrbac (2014) presented an indirect method for
modelling the spatial distribution of precipitation. By intro-
ducing a coefficient defined as the ratio between precipitation
and altitude, he obtained an annual precipitation for Serbia in
the period 1961–2010.

Another important segment of acquiring information on
climate and climate change in a particular area is the time
series analysis of the observed climatic elements. There are
a number of papers dealing with the trend analysis of air
temperature or precipitation of Serbia which generally cov-
er a fairly small number of weather-observing stations (e.g.
Bajat et al. (2014) for temperature; Luković et al. (2014)
for precipitation; Milovanović (2014) for urban tempera-
ture; Savić et al. (2014) for extreme temperature in relation
to atmospheric circulation), and there is only one study
discussing the cyclic component of precipitation based on
data obtained from more than one weather observation sta-
tion (Tošić 2004). To the best of our knowledge, there are
only two contributions (Pandžić et al. 2013; Prohaska et al.
2012) which deal with the stochastic time series analysis of
precipitation in Serbia. Along with the lack of studies deal-
ing with deterministic and stochastic components of the
time series of precipitation amounts obtained from a large
number of weather observation stations in the recent period
(until 2010), there is also an evident lack of spatially con-
sistent information on climate elements. In particular, the
last Climate Atlas of the Socialist Federal Republic of
Yugoslavia (1985) presented data analyses for the period
1931–1960. Other more recent station-based datasets that
include the study area such as the Climate Research Unit
dataset of the University of East Anglia (Harris et al. 2014)
or daily precipitation products of the Global Precipitation
Climatology Centre (GPCC) at the German Weather
Service (Schamm et al. 2013) are provided at much lower
spatial resolution only than the one aimed at in this study.

Bearing in mind the aforementioned information, the main
objective of this study is to achieve more detailed and accurate
knowledge about the spatial distribution of precipitation and

precipitation trends in Serbia for the period 1961–2010 while
approaching the following key questions:

1. What are the temporal and spatial variations of precipita-
tion amounts in Serbia in the period 1961 to 2010?

2. What would be the optimal approach to interpolate the
values of precipitation on the basis of indirect data (spatial
data: altitude, latitude, longitude, slopes and exposition of
the terrain near precipitation stations)?

3. How accurate are the interpolated values?

In this study, we limit the set of methods to the statistical
analysis and spatial interpolation using as predictors only tem-
porally invariant predictors. This allows processing of data
within a geographical information system (GIS) without ex-
tensive computational costs. Since this approach is not build-
ing on atmospheric numerical modelling but only on observa-
tions and statistical approaches, the results can be used to
compare with and benchmark against more advanced numer-
ical weather modelling products or dynamically downscaled
products from global weather or climate models. All spatial
data produced in this study can be downloaded as geo-coded
GIS raster data from a website hosted at Humboldt University,
Ber l in (ht tps : / /www.geographie .hu-ber l in .de/en/
professorships/climate_geography/climate_serbia/).

2 Data and methods

Serbia is located in the southeast of Europe (Fig. 1) covering a
topographically diversified area of over 88,000 km2. In the
north, there is а plain (Pannonian Plain), while hilly and
mountainous terrain prevails in the rest of the country. The
altitude varies from 28 m (northeastern part of the country)
to 2656 m on Peak Djeravica (southwestern area). There are
three main types of climate in Serbia: continental (in the
north), moderate continental (in the central, western, eastern
and southern parts of the country), and modified
Mediterranean climate (in the southwest). Precipitation ranges
from 500 to 600 mm in the northern part of Serbia to more
than 1100 mm in the western mountains. In almost the whole
study area, the precipitation regime is continental with two
maxima (the primary in May or June and the secondary in
November or December) and two minima (the primary in
January or February and the secondary in September or
October) except for the southwestern part of the country
(Metohija), where influences of Mediterranean climate with
a precipitation maximum during winter months and a mini-
mum in August can be observed (Ducić and Radovanović
2005).

The data of Republic Hydrometeorological Service of
Serbia obtained from 421 precipitation stations in the period
1961–2010were used to create a spatial model of precipitation
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in Serbia (Fig. 1). Except for Kosovo and Metohija, for which
we have had data for seven stations only, the remaining part of
Serbia is relatively well and uniformly represented by weather
stations. However, in mountainous terrains, with increasing
altitude, the number of stations decreases significantly
(Table 1).

In the process of filling in missing data, we first sought to
determine the correlation coefficient between spatially close
pairs of stations. Correlation coefficients were not established
at the level of annual values, but for each pair of stations, the

correlation coefficient was determined separately for each
month. For missing data, a combination of methods was then
used in order to fill in the missing values based on pairs of
stations with maximum correlations in the specific month of
consideration. The method of data reduction with the same
number of years was used in the first place: At station A for
which there is a lack of data of the amount of rainfall for a
specific month in a given year Yt, the mean value of precipi-
tation Ra for the particular month in all other months is calcu-
lated. Then the mean value of Rb is calculated over the same

Fig. 1 Relief of Serbia and
position of precipitation stations.
Stations marked with red circles
show statistically significant
trends of precipitation on annual
scale; inset: position of Serbia in
Europe

Spatial and temporal variability of precipitation in Serbia



months at station B, where there is a measured amount of
rainfall in the particular year Yt (Rb Y tð Þ ) as well. Then a pro-

portion is set to derive rainfall in month i at station A in the
year Yt (Ra Y tð Þ ) according to

Ra Y tð Þ ¼
RaRb Y tð Þ

Rb
ð1Þ

Secondly, we interpolated missing data using a
matrix-based approach. For this purpose, we used a matrix
with eight elements.

Basically, the method of interpolation using the matrix ap-
proach consists of the following steps: if at a station A there is
a lack of information on the amount of rainfall for a certain
monthMt in a certain year Yt, then the sum of precipitation in
Mt − 1,Mt andMt + 1 is calculated in the years Yt − 1, Yt and Yt +
1 (so we obtain a matrix of eight data). Here we setMt for Yt at
station A to 0. The same procedure is applied to a station B in
which there is a measured value of rainfallMt for Yt and which
has a high correlation in this month with a station A. Then the
quotient of the two sums of stations A and B (Q) is calculated.
Subsequently,Mt for Yt of station B is multiplied with Q. The
result is entered in the place ofMt for Yt at station A (Vujević
1956).

The third method used was an extrapolation based on the
assumption of constant statistical relation of shorter and longer
series (Radovanović and Milovanović 2003).

Extrapolation of precipitation for a station A at which there
are no data for a particular month i in one or more years is
performed by the calculation of the monthly mean of precip-
itation at station A in month i (Rai). Then for station B that has
all the information for the same month, the mean value of the
entire series (Rbc) and the mean value (Rbi) of the incomplete
series are calculated, that is, only for those years for which
data are available at station A. The calculation of the mean
rainfall to complete the record at station A for a particular

Table 1 Distribution of precipitation stations by altitude ranges

Altitude
range
(m a.s.l.)

Number of
stations

Surface area
(km2)
(Ćalić et al.

2017)

Percentage of
Serbia

28–100 104 20,897.61 23.6

101–200 79 11,592.39 13.1

201–300 56 8180.55 9.2

301–400 41 6839.39 7.7

401–500 41 6660.39 7.5

501–600 25 6746.58 7.6

601–700 24 5790.80 6.5

701–800 9 4743.75 5.4

801–900 12 3873.98 4.4

901–1000 11 3170.70 3.6

1001–1100 10 2619.72 3.0

1101–2656 9 7327.53 8.2

Table 2 Statistics of multiple
linear regression model Dependent variable (precipitation

amount)
Predictor significance (t value / p level) Coefficient of

determination (R2)
Longitude Altitude Slope

January −6.10 / 0.01 3.97 / 0.01 7.47 / 0.01 0.34

February −3.48 / 0.01 4.80 / 0.01 8.47 / 0.01 0.41

March −5.60/ 0.01 4.75 / 0.01 9.08 / 0.01 0.43

April −2.73 / 0.01 5.11 / 0.01 9.58 / 0.01 0.47

May −9.34 / 0.01 6.92 / 0.01 12.01 / 0.01 0.59

June −15.81 / 0.01 2.41 / 0.02 6.31 / 0.01 0.41

July −20.27 / 0.01 2.95 / 0.01 8.30 / 0.01 0.53

August −21.19 / 0.01 3.09 / 0.01 7.90 / 0.01 0.55

September −17.64 / 0.01 6.30 / 0.01 9.19 / 0.01 0.56

October −10.91 / 0.01 5.46 / 0.01 8.35 / 0.01 0.48

November −7.76 / 0.01 7.26 / 0.01 8.76 / 0.01 0.50

December −5.34 / 0.01 3.55 / 0.01 7.43 / 0.01 0.32

Annual −12.77 / 0.01 5.45 / 0.01 10.03 / 0.01 0.51

Spring −6.59 / 0.01 6.11 / 0.01 11.13 / 0.01 0.54

Summer −19.17 / 0.01 2.92 / 0.01 7.79 / 0.01 0.52

Autumn −13.23 / 0.01 7.01 / 0.01 9.64 / 0.01 0.54

Winter −5.12 / 0.01 4.20 / 0.01 8.01 / 0.01 0.37

Statistically significant values of R2 is shown in italic

B. Milovanović et al.



month (Rac) of all years for which data are available at station
B is made according to

Rac ¼ RaiRbc

Rbi
ð2Þ

Given the expectation to be justified that the use of a large
number of predictors will result in more accurate information
on the criterion variable, in our case on precipitation, such an
approach is selected in this paper.

To obtain more information on altitude, slope and aspect,
data of the SRTM (Shuttle Radar TopographyMission) digital
elevation model (DEM) were used at a resolution of
30 × 30 m. Additionally, two extra rasters were formed for
testing the impact of longitude and latitude on precipitation.

In order to get information on the local factors (slope and
aspect of the terrain around the station), circular ‘buffer’ zones
with a radius of 10 km around each precipitation station were
selected. The mean values and standard deviations of the var-
iables were calculated for each station’s buffer from the DEM.
This created a set of seven predictor variables (latitude, longi-
tude, altitude of station, mean values and standard deviations
of the slope and aspect of the buffer zones around precipitation
stations).

The variables were selected as predictors due to their
explaining power for the spatial distribution of precipitation
according to direct linear correlations. Masson and Frei (2014)
have shown that the consideration of topography effects is
important for spatial interpolation of precipitation. Guan
et al. (2005) suggest that the exposure of the terrain in relation
to sources of moisture plays an important role in the spatial

variability of rainfall but that this is often not captured by
precipitation products with low spatial resolution. Gao et al.
(2006), using data of extreme and mean rainfall from a region-
al model (RegCM3), revealed that there are substantial and
seasonally dependent fine-scale topographically induced
structures in the climate change signal over a number of re-
gions of the Mediterranean area (i.e. the Alpine and Balkan
regions, the Iberian, Italian and Hellenic peninsulas, and the
Northern African coastal regions). Serbia is characterized by
highly dissected relief. It is separated by a mountain range
from the Mediterranean Sea as a source of moisture.
Therefore, with increasing latitude and longitude, i.e. with
distancing from the sea, precipitation decreases and the degree
of continentality increases. Rakićević (1979) states that com-
paring pluviometric gradients, it was found that the places at
the same altitudes and approximately the same parallels re-
ceive annually 1.11 mm less rainfall at every kilometer dis-
tance whenmoving fromwest to east. This is supported by the
fact that the maritime pluviometric regime is recorded only in
the extreme southwest of the country, which is connected to
the Adriatic Sea by the Beli Drim river valley.

The Mann-Kendall test was applied to detect and evaluate
the statistical significance of precipitation trends. According
to Salmi et al. (2002), this test is useful in cases where there is
a monotonic trend (excluding seasonal and cyclical variations)
while Sen’s method is suitable for assessing slope trends. In
the application of these methods, the series can also be used in
case of missing values. Further, these tests are independent of
the type of distribution. Given the fact that Sen’s slope rating
trend represents the median value of the successive changes
per unit of time, this method is insensitive to individual errors

Table 3 Root mean square error
(RMSE) and the mean absolute
error (MAE) of the modelled
values for precipitation in Serbia

RMSE (mm) MAE (mm) Average (mm) RMSE (%) MAE (%)

I 4.9 3.5 48.5 10.1 7.2

II 4.0 3.2 46.3 8.6 6.9

III 5.3 3.7 50.3 10.5 7.4

IV 6.2 4.4 59.4 10.4 7.4

V 4.3 3.2 72.9 5.9 4.4

VI 5.8 4.6 85.9 6.8 5.4

VII 5.2 4.1 65.6 7.9 6.3

VIII 5.4 3.6 56.2 9.6 6.4

IX 4.5 3.5 56.2 8.0 6.2

X 3.9 2.9 51.7 7.5 5.6

XI 5.6 4.1 61.7 9.1 6.6

XII 5.9 4.3 60.8 9.7 7.1

Annual 68.0 46.6 715.5 9.5 6.5

Winter 20.5 13.1 152.5 13.4 8.6

Spring 16.9 12.7 182.4 9.3 7.0

Summer 18.3 11.1 207.5 8.8 5.3

Fall 10.4 7.9 169.5 6.1 4.7
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and outliers (Ahmad et al. 2015). According to Sutapa and
Galib (2016), Sen’s slope estimation can be calculated if there
is a linear trend in the form

f t ¼ Qt þ B ð3Þ

where Q is the slope and B is a constant. To obtain slope Q in
Eq. (3), it is necessary to calculate the slope for all data with
the equation

Qi ¼
X j−X k

j−k
ð4Þ

with j > k. If there are ‘n’ values of ‘Xj’ in a time series,Q is
obtained as N = n(n − 1) / 2 slope estimation Qi. Sen’s slope
estimate is the median of N values of Qi. N values of Qi are
ranked from small to large, with an estimated Sen’s slope:

Q ¼ Q Nþ1
2½ � if N is odd

or

Q ¼ 0:5 Q N
2ð Þ þ Q Nþ2

2ð Þ
� �

if N is even

To obtain estimates of B in Eq. (3), the values of n data
from the difference (Xi −Qti) are calculated. The median value
is the estimate for B.

For interpolation of Sen’s slope estimation of trends, the
method of radial basis functions was used whereby (at this
stage) their possible dependence on the characteristics of the
terrain (position and altitude of the stations, slope and orien-
tation of the terrain in their environment) was not investigated.

All data preprocessing and statistical computing
concerning multiple linear regression and trend analysis have
been done using R (R Development Core Team 2008); for
interpolation, spatial analysis and mapping, ArcGIS by Esri
(Esri 2011) and open-source QGIS (QGISDevelopment Team
2015) were used.

3 Results and discussion

Using the data and procedures described above, 34 maps were
produced (17 maps of the spatial distribution of precipitation
and 17 maps of the precipitation trends for the period 1961–
2010). The combined influence of the predictors according to

Fig. 2 Spatial distribution of
annual amounts of precipitation in
Serbia in the period 1961–2010
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the best fitting statistical model was subtracted from the ob-
servations. Residuals were interpolated using simple kriging.
Using the inverse of this procedure, a raster of the values of
precipitation at each grid point was created. In other words, by
adding the interpolated residual at each grid point to the
modelled influence of altitude, longitude and slope, precipita-
tionwas obtained for any grid point of the study area. To avoid
overfitting and visualization of unrealistic micro-scale details,
the final computation of spatial precipitation products was
carried out at a raster size of 500 m. Due to the fact that they
cannot be all presented here, a description of the results will be
given using six selected maps (mean annual precipitation,
mean precipitation in June as the rainiest month and in
February as the month with the lowest rainfall at most stations,
and trends of mean annual, June and February precipitation).
Further, the variability of annual precipitation sums in the
period of observations is presented.

3.1 Model accuracy

As it is already mentioned, a set of seven predictor variables
was created. A regression model drawing the greatest propor-
tion of the precipitation variances was chosen. It turned out

that in all cases (at the level of monthly, seasonal and annual
precipitation), the most statistically significant were the pre-
dictors of altitude, longitude and mean value of slope. The
value of the coefficient of determination in the regression
models from these three predictors ranged from R2 = 0.32 in
December to R2 = 0.59 in May (Table 2). The effect of other
predictors was not statistically significant or marginally con-
tributing to the involvement of the variance of precipitation
(<1%). In the next step, the set of data was divided into a
subset of test data (10% of all stations, that is, 42 randomly
selected stations) and a subset for modelling (the remaining
90% or 379 stations).

The accuracy of the model was validated by calculating the
root mean square error (RMSE) and the mean absolute error
(MAE) between the modelled values for precipitation and the
observed precipitation from the test data (Table 3). Regarding
the seasonal precipitation values, the greatest errors of the
model occurred during winter (13.5% of the average precipi-
tation at all stations), while the lowest were found in autumn
(6.1% of the average precipitation at all stations). For monthly
values, the lowest errors were detected for May and June (5.9
and 6.8%, respectively), which are the rainiest months in most
parts of Serbia, while the highest errors occurred in January,

Fig. 3 Spatial distribution of the
variability of annual precipitation
in Serbia in the period 1961–2010
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March and April, ranging from 10.1 to 10.5%. Generally, the
errors of the model are less than 10% (Table 3). MAE of
monthly values fell between 2.9 mm in October (5.6% of the
average amount of precipitation for this month) and 4.6 mm in
June (5.4% of the average amount of precipitation for this
month). For seasonal sums, MAE ranged from 7.9 mm during
autumn (4.7% of the average amount of precipitation during
this season) to 13.1 mm during winter (8.6% of the average
amount of precipitation during this season). On the annual
scale MAE was 46.6 mm (6.5% of the average amount of
precipitation).

3.2 Spatial distribution of precipitation

The average annual precipitation of 500–600 mm is charac-
teristic of the eastern part of Vojvodina (the northern province
of Serbia) and smaller parts of the Južna and the Velika
Morava valleys (Fig. 2). In the western part of Vojvodina,
central parts of Serbia at the lower terrains and the largest part
of Kosovo and Metohija, precipitation ranges between 600
and 700 mm. In the mountainous areas of central Serbia, rain-
fall reaches 700–800 mm. This amount of precipitation is also
characteristic of parts of southwestern Serbia, parts of

Metohija and the north of Kosovo and the parts of the lower
mountain terrains of eastern and southern and southeastern
Serbia. The average annual precipitation of 800–900 mm is
characteristic of the mountainous terrains of eastern and south-
ern Serbia, as well as the hilly and mountainous areas of cen-
tral Serbia, while the mean annual precipitation of 900–
1000 mm is found only at the highest terrains in the central
part of Serbia. The average annual amount of 1000–1100 mm
mainly characterizes the westernmost and the furthest south-
western parts of the country, while precipitation above
1100 mm can only be found in the highest terrains in this part
of Serbia. The computation of spatial variability of annual
precipitation (Fig. 3) was carried out in the same way as
outlined above for the precipitation sums using primarily alti-
tude (r = 0.26) and subsequently on residuals longitude
(r = 0.2) and slope (r = 0.11) as predictors. Residuals were
interpolated using simple kriging in the same way as for pre-
cipitation sums and precipitation trends. Variability at each
station or grid point is defined as the percentage of calculated
as the ration of mean standard deviation and annual precipita-
tion sum. An obvious spatial pattern occurs with larger vari-
abilities of up to 27% in the north of the study area and lowest
variabilities of between 12 and 15% in the central western

Fig. 4 Spatial distribution of the
June amounts of precipitation in
Serbia in the period 1961–2010
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parts of Serbia. The RMSE of the statistical spatial model for
the standard deviation amounts to 19.5 mm, which overall is
14% of the mean standard deviation or 3% of the average
precipitation sum. The spatial distribution of precipitation in
June and February as the rainiest and driest months, respec-
tively, of the year is very similar to the annual spatial distribu-
tion. The precipitation ranges from 60 to 140 mm in June and
from 30 to 100 mm in February for the largest part of Serbia
(Figs. 4 and 5).

3.3 Precipitation trends

According to the EEA (2017), in the period 1960–2015, there
are very large regional differences in changes in annual pre-
cipitation in Europe. Great Britain, Scandinavia and the Baltic
countries have recorded an increase, while the most prominent
decrease is on the Iberian Peninsula. The area of southeastern
and central Europe recorded either decreases in precipitation
from −20 to 0 mm/decade or an increase in precipitation from
0 to 20 mm/decade, whereby the boundary of change from the
negative to the positive trend passes through Serbia to around
22° eastern longitude. However, it seems that this is still a
largely generalized survey. Regional studies provide a more

precise insight into the changes in precipitation in this part of
Europe. According to Gajić-Čapka et al. (2015), in the eastern
part of Croatia (northwest of Serbia) in the period 1961–2010,
there is a slight positive trend of annual rainfall. Hungary
(which is located north of Serbia) in the period 1961–2009
did not record changes in annual precipitation (Klapwijk et al.
2013) while in western Romania (to the northeast of Serbia) in
the period 1961–2013, some stations recorded a statistically
significant increase in the mean annual precipitation while the
stations in the southwest of Romania (to the east of Serbia)
recorded a statistically significant decrease in the mean annual
precipitation (Croitoru et al. 2016). Bulgaria (east, i.e. south-
east of Serbia) recorded a decrease in precipitation but without
statistical significance in the period 1961–2005 (Bocheva
et al. 2009). Southwest of Serbia, in northern Montenegro,
there has been an increase in the annual precipitation in the
period 1951–2010 (Burić et al. 2015). All these changes in
precipitation are in accordance with the trends shown in
Serbia in this study.

For most parts of Serbia, the mean annual precipitation
trend for the period 1961 to 2010 falls in between −5 and +5
and +5 and +15 mm/decade (Fig. 6). A decrease in annual
precipitation is more dominant in the eastern part of the

Fig. 5 Spatial distribution of the
February amounts of precipitation
in Serbia in the period 1961–2010
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country (up to −15 mm/decade), while the area towards the
borders with Bulgaria andMacedonia recorded an appreciable
reduction in rainfall (less than −15 mm/decade). In some parts
of western Serbia, there was an increase in precipitation sums
of up to +30 mm/decade. Only a few stations recorded a great-
er increase. About 15% of the stations recorded a statistically
significant (significance level of p = 0.05) increase/decrease in
annual precipitation (marked with red circles in Fig. 1). June
precipitation (Fig. 7) increased in the northern and northwest-
ern parts of Serbia. Increases in June precipitation amounts
reach up to 3 mm/decade (with small zones where growth
goes up to 8 mm/decade), while the rest of Serbia records a
decrease in the amount of precipitation of up to −3mm/decade
(with smaller zones where reduced precipitation goes up to
−8 mm/decade). Only at few stations this decrease is statisti-
cally significant. Trends in February precipitation range from
−1.5 to +1.5 mm/decade in practically the entire study area
(Fig. 8). A more pronounced reduction in the amount of pre-
cipitation is in the furthest east and southeast of the country
(up to −3 mm/decade), while only stations in the westernmost
and southwestern parts recorded a slightly higher increase

than the rest of the country in the amount of precipitation.
As in the case of the June precipitation, a statistically signifi-
cant increase or decrease in the February precipitation was
recorded at only a few stations.

3.4 Discussion

Serbia is under the influence of the quasi-permanent action
centres of the Icelandic Low and the Azores High over the
North Atlantic Ocean in the warmer part of the year and under
the influence of the Siberian anticyclone and the
Mediterranean cyclones in the colder part of the year
(Milovanović 2005; Milovanović 2013; Milovanović et al.
2009; Savić et al. 2014).

In late spring and early summer, cyclones are frequently
passing Serbia coming from the northern Adriatic Sea or the
Atlantic. Air flow often is constrained in its direction along the
large valleys of the rivers Sava and Danube. These systems
bring the maximum precipitation in May or June. During the
summer, the Azores anticyclone ridge is extending across
southern Europe to the east, which causes dry, stable and

Fig. 6 Trends in the annual
amounts of precipitation in Serbia
in the period 1961–2010
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warm weather (Milovanović et al. 2017). Regularly, a
high-pressure field is formed in the east of Eurasia (Siberian
anticyclone) during the colder part of the year. A related
high-pressure ridge extending from the east sometimes
reaches central Europe. With these systems, cold and dry air
is moving towards the south and the prevailing winds from the
northern quadrant are prevalent in southern, southwestern and
southeastern Europe (Ducić and Radovanović 2005). In this
part of the year, the Mediterranean Sea in general is an area of
low air pressure whereby particularly expressed cyclogenesis
areas are the Gulf of Genoa in the Ligurian Sea and the north-
ern and southern Adriatic occasionally affect precipitation in
Serbia through frontal precipitation advected towards north-
east from the Adriatic Sea across the mountains (Šegota
1976).

The dominant directions of arrival of cyclonic and humid
air masses are northwest and southwest. Therefore, the spatial
distribution of precipitation is a direct consequence of the
prevailing air masses both in summer and winter. The config-
uration of the terrain in which the western part of Serbia is
dominated by high mountain ranges intensifies this pattern, so
that a reduction in precipitation from west to east (i.e. with a
change of longitude) is evident and consistent with the

presented reasoning. A similar pattern can be noticed in pre-
cipitation trends where the most pronounced increase is locat-
ed in the western parts and the most intense decrease of pre-
cipitation is found in the eastern parts of Serbia. The observed
trends indicate an overall intensification of the westerlies both
in summer and in winter during the period of observations.

A similar spatial distribution of precipitation and its trends
can also be observed in the studies of the aforementioned
authors who have dealt with this issue (Bajat et al. 2013;
Luković et al. 2014; Prohaska et al. 2012; Štrbac 2014).
However, the data on the spatial distribution of annual precip-
itation are directly comparable only to the results presented by
Štrbac (2014) because they were collected during the same
observation period at the same number of precipitation sta-
tions, whereas the calculated trends are only comparable to
the results presented in Luković et al. (2014). The methodol-
ogy used in this paper is identical to the methodology used in
our study. The observation period is very similar, 1961–2009,
but the data originated from a much smaller number of pre-
cipitation stations than that in our study: 63 stations in
Luković et al. (2014) compared to 421 stations in this study.

As far as the spatial distribution of annual precipitation is
concerned, we obtained practically identical results to those

Fig. 7 Trends in the June
amounts of precipitation in Serbia
in the period 1961–2010
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presented in Štrbac (2014), although different methodologies
were used for precipitation modelling. On the other hand, in
our study, model errors, calculated based on a set of test data
collected at 42 randomly selected precipitation stations (ap-
proximately 10% of the total number of precipitation stations)
and expressed as a root mean square error (RMSE) and the
mean absolute error (MAE), account for less than 10% of the
average value of the annual precipitation of Serbia, while
Štrbac (2014) measured the deviation of the modelled precip-
itation from the observed precipitation at each station, where
the error of the modelled precipitation values was less than 5%
at about 90% of the observation stations. As far as the precip-
itation trends are concerned, in Luković et al. (2014), the
obtained values were not interpolated, but it was rather exam-
ined whether there was a specific spatial clustering of the
obtained results. On the other hand, in our study, we have
calculated precipitation trends based on data from a signifi-
cantly greater number of precipitation stations and we have
performed the interpolation of the obtained values, thereby
acquiring detailed information on precipitation changes in
Serbia.

4 Conclusion

The main conclusions of this study are related to the method-
ology of calculating the spatial and temporal distribution of
precipitation in Serbia and the analysis of results. It has been
shown that the model, in which the functional link between
precipitation and the position of stations (altitude and longi-
tude) as well as elements of the relief (slope) is calculated,
provides satisfactory results given that errors of modelled
values generally remain below 10%. We limit our approach
to purely statistical measures that allow for spatial interpola-
tion within a GIS. By these means, we derive spatial patterns
of mean precipitation and precipitation trends that are based
only on direct observations and temporally invariant parame-
ters. Therefore, our product can be used as a benchmark or at
the least comparison product to more advanced approaches
such as dynamical downscaling of reanalysis data or the up-
coming ERA 5meso-scale reanalysis product of the European
Centre for Medium-Range Weather Forecasts (ECMWF)
(https://climate.copernicus.eu/climate-reanalysis). Finally,
our GIS-based mean precipitation and precipitation trend data

Fig. 8 Trends in the February
amounts of precipitation in Serbia
in the period 1961–2010
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may be used to compare spatial and seasonal patterns as well
as trends, with data from control runs of the Coordinated
Regional Climate Downscaling Experiment (CORDEX,
http://www.cordex.org/) for this part of southeast Europe.

Bearing in mind that precipitation is largely dependent on
atmospheric circulation, these indicators should be included in
future research, e.g. the frequency of synoptic weather pat-
terns and the frequency of storm tracks impacting Serbia.
Based on the results, it can be concluded that the north of
Serbia receives the least annual amount of precipitation
(500–600 mm in a large part of Vojvodina as well as the
Velika Morava and the Južna Morava valleys). High moun-
tainous terrains in the western and southwestern parts of
Serbia receive the highest amount of precipitation (over
1100 mm), while in the eastern part of Serbia, terrains with
the same altitude rarely receive over 1000 mm. In terms of
changes in annual precipitation in the period 1961–2010, it
can be concluded that in most of Serbia, there was a slight
increase in the amount of precipitation but without any statis-
tical significance. However, some regional differences still
exist. In the eastern and southeastern part of Serbia, there is
a reduction in annual precipitation, which is especially pro-
nounced towards the borders with Bulgaria and Macedonia,
while in western Serbia, there are few zones with an apprecia-
ble increase in annual precipitation. It is shown that regional
and subregional studies using methods based on GIS and ob-
served weather station data are capable to provide
fine-resolution information on the mean precipitation and pre-
cipitation trends in the second half of the twentieth and early
twenty-first centuries—for Serbia in the case of this study. An
overview of trends in precipitation in the countries that sur-
round Serbia is discussed, and it has been shown that precip-
itation trends in Serbia are in accordance with those reported
from the neighboring countries.

All spatial data produced in this study can be downloaded
as geo-coded GIS raster data from a website hosted at
Humboldt University, Berlin (https://www.geographie.hu-
berlin.de/en/professorships/climate_geography/climate_
serbia/).
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