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Abstract The main goal of this study was to present the
statistical analysis of the daily precipitation exceeding
20 mm in Belgrade and their links with the prevailing
directions of the air trajectories at 500, 1,500 and 5,000 m.
For the extreme precipitation analysis, the generalised ex-
treme value (GEV) distribution and generalised Pareto dis-
tribution (GPD) were used. The estimated return levels for
100- and 10-year return periods using GEV and GPD were
obtained. Four-day backward trajectory simulations were
conducted for days with precipitation exceeding 20 mm to
investigate the regional transport of the air moisture towards
Belgrade using the hybrid single-particle Lagrangian inte-
grated trajectory model. The air trajectories were classified
into 13 trajectory categories by the origin and direction of
their approach to Belgrade. Three of the most frequent
categories of air flow from south-west, south-east and
north-west contributed to more than a half of the observed
precipitation. Almost 74.5 % of precipitation totals in
Belgrade fell during the warmer part of the year. These were
directly connected with the intensive convection of colder and
humid, usually maritime, air masses.

1 Introduction

Studies of changes in climate extremes became more prev-
alent in the second half of the twentieth century since they

have severe environmental and socio-economic consequen-
ces. In a future warmer climate, the assessment of these
changes, particularly of the frequency and intensity of the
extreme events producing flood, becomes of great impor-
tance. An estimation of the changes in the precipitation
extremes in a modified future climate could be helpful for
the development of appropriate adaptation and mitigation
strategies (Santos et al. 2008).

The list of indices for surface data based on temperature
and precipitation were recommended by the Joint Working
Group on Climate Change Detection of the World Meteoro-
logical Organization–Commission for Climatology and the
Research Programme on Climate Variability and Predictability
(Peterson et al. 2001) to analyse observed and future changes
in weather and climate extremes. Global-scale analyses of
these indices were presented by Alexander et al. (2006) and
for Europe by Klein Tank and Können (2003).

The most common approach in climate analysis is one in
which the extreme quantiles were estimated from a general-
ised extreme value (GEV) distribution. The use of extreme
value theory allows the study of extremes that are rarer than
those which can be studied with the descriptive indices
(Klein Tank et al. 2009). It was found that the frequency
of extremes follows one of three types of distribution:
Gumbel, Fréchet or Weibull, i.e. the GEV distribution
(Coles 2001; Reiss and Thomas 2001; Beirlant et al.
2004). If daily data are available, the generalised Pareto
distribution (GPD) is proposed to be applied. The GPD
has been used for the analysis of extreme values in meteo-
rology and hydrology, as well as to damage caused by these
events (Katz et al. 2002; Smith 2003; Bordi et al. 2007).

Hellström (2005) pointed out that knowledge of the fea-
tures of precipitation extremes and their links with the
atmospheric conditions could be helpful for the develop-
ment of more valid future climate change scenarios of the
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ABSTRACT: In this work, the trends of six climate indices based on the daily maximum and minimum temperatures
during the period 1949–2009 at 15 stations distributed across Serbia were analysed. The results showed seasonal changes
in the minimum and maximum temperature extremes. An analysis of the extreme temperature indices suggested that the
Serbian climate generally tended to become warmer in the last 61 years. The most significant temperature trends were
revealed for the summer season.

The influence of large-scale variables on the temperature was examined by means of the empirical orthogonal function
and correlation. It was found that the East Atlantic pattern dominated during the winter, spring and summer, while the
East Atlantic/West Russia pattern governed during the autumn. In addition, the North Atlantic Oscillation dominated the
Serbian extreme temperature variability during the winter.
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1. Introduction

Studies performed on the global scale, based on obser-
vational (Easterling et al., 1997) or model data (Inter-
governmental Panel on Climate Change-IPCC, 2007),
revealed tendencies towards warming, mainly due to
increased minimum temperatures. Heino et al. (1999)
in Finland and Brázdil et al. (1996) in Central and
Southeast Europe showed that the minimum temperatures
had a greater increase than the maximum temperatures
on an annual basis. During the 20th century, in most
European regions, an increase in the surface air tem-
perature was observed (Brunetti et al., 2000; Houghton
et al., 2001). Beniston (2004) found a strong increase
in the mean annual minimum temperatures of about 2
◦C 100 year−1 during the 20th century in Switzerland,
while the increase in the mean annual maximum tem-
peratures was much smaller. Goubanova and Li (2006)
expected the largest warming of the maximum temper-
ature over Southern Europe for the IPCC-A2 emission
scenario.

According to Houghton et al. (2001), an increase in
the frequency of extreme warm days and a decrease in
the frequency of cold nights during the summer were
observed over many areas. The number of frost days
decreased in many areas of the world (Karl et al., 1999),
but many areas of the eastern Mediterranean showed
significant increasing trends in the frost day index at the
annual scale (Kostopoulou and Jones, 2005). Efthymiadis
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et al. (2011) found decrease of cold extremes (in winter)
and the increase of warm/hot extremes (in summer) over
the central and eastern Mediterranean. Averaged across
the eastern Mediterranean region, Kuglitsch et al. (2010)
established that, since the 1960s, the hot summer daytime
and nighttime temperature have increased by +0.38 ±
0.04 ◦C decade−1 and +0.30 ± 0.02 ◦C decade−1,
respectively.

In Serbia, the extreme temperature increased at
Belgrade (Unkašević et al., 2005; Unkašević and
Tošić, 2009a). The warmest summers with regards to
heat wave duration and severity occurred within the
periods 1951–1952, 1987–1998 (especially 1994) and
2000–2007 (Unkašević and Tošić, 2009b). Because the
Serbian region is not always covered in European stud-
ies, the analysis of temperature tendencies can contribute
to better understanding of the temperature changes.

This study focuses on an analysis of the changes and
trends in the extreme temperature indices over Serbia, as
well as on the connection between the temperature indices
and large-scale circulation patterns. The studied indices
were selected from the list of climate change indices
recommended by the World Meteorological Organization
(WMO) – Commission for Climatology and the Research
Programme on Climate Variability and Predictability
(CLIVAR). The influences of large-scale patterns, such
as the North Atlantic Oscillation (NAO), the East
Atlantic (EA) and East Atlantic/West Russia (EA–WR)
patterns, on the extreme indices were examined by
means of the empirical orthogonal function (EOF) and
correlation.

 2013 Royal Meteorological Society
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ABSTRACT: In this study, wet and dry periods were analysed using the Standardized Precipitation Index (SPI) on
timescales of 1, 3, 6 and 12 months (SPI1, SPI3, SPI6 and SPI12) at ten stations in Serbia during the period 1949–2011.
The onset of severe wetness and drought during the period 1999–2001 was presented. The distributions of the monthly
precipitation amounts for each station were modelled by a gamma distribution. The severity and duration of the wet and
dry periods were calculated. The generalized Pareto distribution (GPD) was applied to the SPI values for the timescales
of 1 and 12 months during the period 1936–2011 in Belgrade. Furthermore, the severity and duration of the wet and dry
periods for timescales of 1 and 12 months were analysed using the extreme value theory. Using the time series of the SPI,
it was found that the frequency of droughts in the southern part of Serbia was higher than in the other parts of the country.
The obtained results indicated that the GPD could be an appropriate distribution for SPI values less than −1 at the 1- and
12-month timescales, and for the severity of the wet and dry periods at the 1-month timescale.
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1. Introduction

An analysis of precipitation characteristics is a critical
component of drought risk assessment. If we wish to
compare the climatic conditions of different areas, which
often are characterized by different hydrological bal-
ances, a standardized variable able to objectively capture
the drought condition of a region is required (Bordi
and Sutera, 2007). For this purpose, the Standardized
Precipitation Index (SPI) appears to be the most powerful
index. McKee et al. (1993) developed the SPI to quantify
precipitation deficits on multiple timescales (3, 6, 12,
24 and 48 months). It is based only on the precipitation
field and can be computed on different timescales (Bordi
and Sutera, 2007; Bordi et al., 2009). As the index is
standardized, wetter-than-normal conditions can also
be monitored (Seiler et al., 2002). Positive SPI values
indicate greater than median precipitation, and negative
values indicate smaller (Bordi and Sutera, 2001). Thus,
the SPI seems to be a useful tool for monitoring wetness
and drought on multiple timescales (Bordi et al., 2009).
The different timescales used for the computation of
the SPI reflect the impact of drought on the available
water resources; typically, a 3-month timescale is used
to characterize meteorological conditions, whereas 12-
or 24-month timescales are used to monitor hydrological
drought.
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Lloyd-Hughes and Saunders (2002) presented multi-
temporal climatology for the incidence of 20th century
European drought based on monthly SPIs calculated on
a 0.5◦ grid across the whole of Europe for the period
1901–1999. They found the longest droughts in Italy,
northwest France and northwest Russia, with typical
durations of 40 months. Bordi et al. (2004) evaluated
the potential predictability of dry and wet spells at two
regions in Europe (Sicily and Elba) using the SPI com-
puted on a 24-month timescale. They concluded that there
might be a potential for the predictability of dry and wet
periods for these two regions. Sienz et al. (2007) anal-
ysed monthly extremes of dryness and wetness in Iceland
based on the SPI. They showed that the SPI extremes
are linked to the Europe–Greenland Index describing
southwesterly flow anomalies by a dipole and the related
geopotential height differences. Mihajlović (2006) anal-
ysed the 2003–2004 meteorological drought in the Pan-
nonian part of Croatia (including two stations in Serbia)
using the SPI on timescales of 1, 3, 6 and 12 months
at 32 stations. He concluded that the SPI on multiple
timescales could be used to follow the progression of a
drought from its development to its end and could be
operationally used to monitor drought conditions in the
Pannonian part of Croatia.

In this study, wet and dry conditions in Serbia
were assessed through the SPI on 1-, 3- and 6-month
timescales, whereas the 12-month timescale is used to
investigate hydrological conditions.

This article is organized as follows. In Section 2, the
data and methods used are presented. The results are

 2013 Royal Meteorological Society
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Spatial and temporal variability of annual and seasonal (summer andwinter) precipitation sums andmean tem-
peratures observed at forty-six stations in Slovenia from 1961 to 2011were analysed. Principal component anal-
ysis (PCA) and a varimax rotation with Kaiser normalization were used to determine the dominant precipitation
and temperature patterns in Slovenia. Time series data from the PCA (the principal components, PCs) were used
to look for the existence of linear trends and periodicity in the precipitation and temperature data using the
Mann–Kendall test and spectral analysis. The relationships between the PCs and circulation patterns, such as
the North Atlantic Oscillation (NAO), the East Atlantic (EA) pattern, and the East Atlantic/West Russia (EA/
WR) pattern, were also examined.
The first four PCs of precipitation (temperature) contributed from 78.7% in summer to 94.5% in winter (98.4% in
winter to 98.5% in summer) of the total variance, and their loadings indicated that themost (least) intensive sig-
nal was observed overmountainous northwest Slovenia. A statistically significant decrease of PC1 in annual pre-
cipitation and increase in mean annual and both seasonal temperatures was found. Significant relationships
existed between annual andwinter precipitation in Slovenia and the NAO, and temperature and the East Atlantic
pattern from 1961 to 2011. Applying the spectral analysis, periods of 2.4 years in summer precipitation and
2.8 years in winter precipitation series, and 2.1 years in annual temperature (significant at the 5% level of signif-
icance) were found in Slovenia.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Analysing meteorological variables such as precipitation and tem-
perature can provide significant information about the past and future
variability of climatic regimes. Detecting oscillations in precipitation
and temperature time series yields important information for under-
standing the climate. These oscillations can be seen as a response of
the climate system to either external forcing or feedback processes. Var-
ious methods are used to analyse precipitation and temperature vari-
ability. Principal component analysis (PCA) is a very useful tool in
climate research (Lorenz, 1956; Wilks, 1995).

The temporal evolution of temperatures presents a clear warming
pattern worldwide, but the precipitation trend varies from region to re-
gion because its changes aremore spatially and seasonally variable than
temperature ones. Regarding European seasonal warming trends, re-
cent studies reported a very high increase in temperature in central-
northern Europe during winter, an overall fast increase in spring and
especially summer, and a considerably lower increase in autumn
(e.g., Bartolini et al., 2012). It was found that the annual precipitation

increases in northern Europe (e.g., Schönwiese and Rapp, 1997) and de-
creases in southern Europe (e.g., Schönwiese and Rapp, 1997; Brunetti
et al., 2000). Some studies have already shown an overall rainfall de-
crease over the Balkan Peninsula throughout the second half of the
twentieth century (Gajić-Čapka, 1994; Tošić et al., 2014).

Interannual precipitation and temperature variations could be
caused by the influence of different atmospheric oscillations. Among
the several dominant teleconnection patterns of atmospheric variability
that have an influence in Europe, four were selected: the North Atlantic
Oscillation (NAO), the East Atlantic (EA) pattern, and the East Atlantic/
Western Russia (EA/WR) pattern. The NAO has a dominant influence
on atmospheric circulation variability in the northern hemisphere
(Hurrell, 1995). The positive phase is associated with above-normal
precipitation over northern Europe and below-normal rainfall over
southern and central Europe. The anomaly centres of the EA pattern
are displaced south-eastward to the approximate nodal lines of the
NAO (Barnston and Livezey, 1987). The positive phase of the EA is asso-
ciated with a warm anomaly in Europe. The EA/WR pattern (Barnston
and Livezey, 1987) is one of three prominent teleconnection patterns
that affect Eurasia throughout the year.

This paper investigates the spatial and temporal variability of the an-
nual precipitation and temperatures in Slovenia. The results of this

Atmospheric Research 168 (2016) 220–233
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Extreme temperature indices over Serbia
I. Tosic and M. Unkasevic
University of Belgrade, Institute of Meteorology, Belgrade, Serbia (itosic@ff.bg.ac.rs)

In this work, the extreme climate indices based on the daily maximum and minimum temperatures during the
period 1949–2009 at fifteen stations distributed across Serbia were analyzed. The following temperature indices
were considered: cold nights (Tn10), cold days (Tx10), warm nights (Tn90), warm days (Tx90) and frost days
(FD). The results showed seasonal changes in the minimum and maximum temperature extremes. The most
significant trends of temperature indices were revealed for the summer season. According to the seasonal analysis
of five temperature extreme indices, it was found that a warming tendency was dominant. Tendencies significant
at the 5 % level were obtained during the spring (Tx10) and summer (Tn10, Tn90 and Tx90). The largest warming
tendencies of greater than 1 day per decade were found for Tx90 and Tn90 in the summer. A cooling tendency
was revealed only during the autumn for Tx10 and FD, suggesting a rise in the number of cold and frost days.
An analysis of the extreme temperature indices suggested that the Serbian climate generally tended to become
warmer in the last 61 years.
To describe the link of the extreme temperature indices with the large-scale atmospheric circulations, indexes of
teleconnection patterns, such as the North Atlantic Oscillation (NAO), East Atlantic (EA) and East Atlantic/West
Russia (EA–WR) were investigated. It was found that the Tn90 and Tx90 values were highly positively correlated
with the EA index during the winter, spring and summer, while Tx10 and Tn10 values were negatively correlated.
The Tn10 value probably decreased because of the trend to more positive phases of the EA. Opposite correlations
with the EA–WR were found for the Tn10 and Tn90 values in the autumn.
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Abstract— In this study, possible future changes in drought 

characteristics in Serbia were analyzed using two drought 

indices, the Standardized Precipitation Index (SPI) and the 

Standardized Precipitation Evapotranspiration Index (SPEI) on 

time scale of 12 months. 

Study showed that the SPEI index is more suitable for 

drought monitoring and projections because it includes 

evaporative demand. According to the EBU-POM model 

projections, it is very likely that the drought frequency and its 

severity will increase in the future. 

Keywords— drought characteristics; SPI; SPEI; Serbia 

I.  INTRODUCTION 

The most common tools for monitoring drought conditions 
are drought indices. Most of them are based solely on 
precipitation, some are based on precipitation and 
evapotranspiration, while others are related to runoff and 
vegetation conditions [1]. Some of the drought indices are 
Palmer Drought Severity Index (PDSI), Standardized 
Precipitation Index (SPI), Standardized Precipitation 
Evapotranspiration Index (SPEI), Crop Moisture Index (CMI), 
Keetch-Byram Drought Index (KBDI), etc. 

Numerous studies used these indices to analyze drought 
characteristics, e.g. in Turkey [2], Greece [3], Iberian 
Peninsula [4], Portugal [1], Czech [5], Serbia [6, 7, 8]. These 
studies are based on observed data sets. In [9], drought 
statistics based on the PRUDENCE multi-model approach are 
estimated. According to [9], British Isles would experience 
more intense short-term droughts but less severe longer 
duration events. The Mediterranean was identified by [10] as a 
particularly vulnerable region to global climate change. 

In this study, we will analyze the present and future 
changes in drought characteristics in Serbia using the SPI and 
SPEI indices estimated from the regional climate model [11, 
12, 13]. 

II. DATA AND METHODOLOGY 

A. Data 

Observed dataset used for model verification comprises 
monthly values of air temperature (29 stations) and 

accumulated precipitation (30 stations) for the period 1961-
1990 and 2001-2010. Stations are equally distributed 
throughout the country. Technical and quality control of these 
measurements were made by the Republic 
Hydrometeorological Service of Serbia (RHMSS). 

Outputs from the atmosphere-ocean two-way coupled 
regional climate model, the EBU-POM [11, 12], are used as 
well. The atmospheric part of the EBU-POM presents 
Eta/NCEP model and ocean part, Princeton Ocean Model 
(POM). The atmospheric model was initialized and forced by 
lateral boundary conditions using fields from the coupled 
atmosphere-ocean general circulation model SINTEX-G. The 
atmospheric model domain covers the greater part of 
European region (Fig. 1) with horizontal resolution of 0.25°. 
The ocean model horizontal resolution over the Mediterranean 
was 0.2°. 

 

Fig. 1. Domain of the EBU-POM regional climate model 

Regional integrations were performed as 30 years’ time 
slices of global model experiments for two periods and climate 
change scenarios: 1961-1990 – the reference period, and 2071-
2100 – projections for the A1B and A2 scenarios. Chosen 
scenarios are known as ‘medium’ and ‘high’ forcing scenarios. 
For the A1B atmospheric concentrations of CO2, at the end of 
21st century, are ~1.8 and for the A2 ~2.2 times higher than 
the present value of ~390 ppm. 

B. Indices 

In this study, we analyzed the main characteristics of 
drought using the Standardized Precipitation Index (SPI) and 
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the Standardized Precipitation Evapotranspiration Index 
(SPEI) on time scale of 12 months. The 12-month time scale 
was chosen because it is proven to be relatively good 
correlated with soil moisture and river discharge. The SPI is a 
popular index because of its simplicity, only precipitation data 
are needed. The National Meteorological and Hydrological 
Services around the world are encouraged to use the SPI in 
order to characterize meteorological droughts [14]. On the 
other side, SPEI can account for the possible effects of 
temperature variability and temperature extremes (through 
evapotranspiration and the water supply-demand relation) in 
the context of global warming [11]. 

Because indices are standardized, comparing climatic 
conditions of areas with different hydrological regimes is 
allowed. The strength of the anomaly is classified as set out in 
Table I [15]. 

TABLE I.  CLASSIFICATION OF INDICES 

SPI/SPEI Values Drought category 

< -2.326 Exceptional drought 

-2.325 to -1.645 Extreme drought 

-1.644 to -1.282 Severe drought 

-1.281 to -0.935 Moderate drought 

-0.934 to -0.524 Minor drought 

-0.525 to 0.524 Near normal 

III. RESULTS 

Both indices obtained with the observed data sets, mapped 
using open source SAGA-GIS software and ordinary kriging 
method, show normal moisture conditions for the period 2001-
2010 (Fig. 2). 

Looking at the SPI values (Fig. 3), moisture conditions in 
the period 2071-2100 will be normal with the exception of 
southwest Serbia and A1B scenario (minor drought). It is in 
accordance with a more distinct decrease of the precipitation 
amount in Serbia [12] for A1B (13 mm/season) than for the 
A2 scenario (6 mm/season). For the period 2071-2100 and 
both scenarios, significant influence of temperature increase 
and precipitation decrease is evident on the spatial distribution 
of SPEI index (Fig. 4). The whole considering area is in the 
category extreme to exceptional drought.  

 

 

Fig. 2. Spatial distribution of the SPI12 (upper) and SPEI12 (bottom) for the 

period 2001-2010 based on observational data sets 

IV. CONCLUSIONS 

The regional climate model EBU-POM reproduces well 
natural moisture conditions. Study showed that the SPEI index 
is more suitable for drought monitoring and projections 
because it includes evaporative demand. According to the 
EBU-POM model projections and looking at the SPEI values, 
it is very likely that the drought frequency and its severity will 
increase in the future, thereby enhancing the associated 
impacts. 
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Fig. 3. Spatial distribution of the SPI for the period 2071-2100 and both 

scenarios A1B and A2 based on the EBU-POM data sets 
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Variability of precipitation in northern Serbia
Ivana Tosic (1), Miroslava Unkasevic (1), Ivana Hrnjak (2), Milivoj Gavrilov (2), Slobodan Marković (2), and Tin
Lukić (2)
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Precipitation variability in northern Serbia (Vojvodina) is examined by means of the Empirical Orthogonal
Functions (EOF), trend and the spectral analysis. For this purpose, monthly precipitation sums from 92 stations
in Vojvodina during the period 1946-2006 were analyzed. It is obtained that the first EOF pattern for the annual
and seasonal precipitation is characterized by a homogeneous positive value over the whole region with higher
values over the mountains. The first set of EOFs explains from 68.8% (in summer) to 85.4% (in winter) of the
total variance. The similarity of EOF1 with the mean field is confirmed.
The time series associated with the first EOF pattern (PC1) reveals decreasing trend in the winter and spring
precipitation amounts, and an increase of precipitation during the summer and autumn. All of the analyses
conducted were coherent in demonstrating that annual, winter and autumn precipitation in Vojvodina is influenced
by the NAO. An intensification of the positive phase of the NAO could be one of the causes of the observed
decrease in precipitation in Vojvodina. We did not find significant correlations between this mode and known
teleconnection patterns during the summer.
The power spectra of the precipitation PC1 show statistically significant oscillations of 3.3 years during the spring,
and about 8.6 and 15 years during the winter. Our findings are consistent with the quasi-periodic oscillations
reported in other studies on fluctuations of European precipitation.
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Preliminary results indicate that core REM 3 covers not only Iso-
tope Stage 3 but also the early Glacial (late OIS 5 and OIS 4) and Upper 
Pleniglacial succession (OIS 2) including the Eltville Tephra layer. 

•
Frechen, M. and W. Schirmer (2011): Luminescence Chronology of the 

Schwalbenberg II Loess in the Middle Rhine Valley. Quaternary Scien-
ce Journal (Eiszeitalter und Gegenwart) 60 (1): 78–89. DOI 10.3285/
eg.60.1.05.

Klasen, N., P. Fischer, F. Lehmkuhl and A. Hilgers (2015): Luminescen-
ce Dating of Loess Deposits from the Remagen-Schwalbenberg Site. 
Geochronometria 42: 67–77. DOI 10.1515/geochr-2015-0008. 

Schirmer, W. (2012): Rhine Loess at Schwalbenberg II – MIS 4 and 3. Qu-
aternary Science Journal (Eiszeitalter und Gegenwart) 61 (1): 32–47. 
DOI: 10.3285/eg.61.1.03.

Schirmer, W., A. Ikinger and F. Nehring (2012): Die terrestrischen Böden 
im Profil Schwalbenberg/ Mittelrhein. Mainzer geowissenschaftliche 
Mitteilungen 40: 53–78.

Prevailing winds in Northern Serbia: recent data, 
geomorphological evidences and numerical simulations

Milivoj B. Gavrilov1, Slobodan B. Marković1, Randall J. Schaetzl2, Ivana Tošić3,  
Christian Zeeden4, Kathrin Emunds4, György Sipos5, Albert Ruman6,  
Suzana Putniković3, Igor Obreht4, Zoran Perić1, Frank Lehmkuhl4

1	 University of Novi Sad, Faculty of Sciences, Chair of Physical Geography,  
Trg Dositeja Obradovića 3, 21000 Novi Sad, Serbia

2	 Department of Geography, Michigan State University, 128 Geography Building,  
East Lansing, MI 48824, USA

3	 University of Belgrade, Faculty of Physics, Institute of Meteorology, Dobračina 16,  
11000 Belgrade, Serbia

4	 Department of Geography, RWTH Aachen University, Templergaben 55,  
52056 Aachen, Germany

5	 Department of Physical Geography and Geoinformatics, University of Szeged,  
Szeged, Hungary

6	 Republic Hydrometeorological Service of Serbia, Belgrade, Kneza Višeslava 66, Serbia

The prevailing winds are explored in Northern Serbia, examining the 
aeolian processes, especially in the southeastern part of the Carpathi-
an (Pannonian) Basin in the area in and around the Banatska Peščara 
(Deliblato Sands). In this study, four different methodological approach-
es were used. The first two approaches are based on the identification of 
prevailing winds using climatological data on winds and synoptic data 
on atmospheric circulations from the recent period. Geomorphologi-
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cal records and numerical simulation were used as the second two ap-
proaches to determine prevailing winds in the past. Recent prevailing 
winds in Northern Serbia have been encountered mainly in the fourth 
(270°-360°/00°) and second (90°-180°) quadrants with frequencies of 113.5 
and 102.2 days a year, while their frequencies within the area of Banat-
ska Peščara are 106.0 and 121.0 days per year, respectively. The crest di-
rections of the Banatska Peščara dune field confirms that of about 1300 
dunes, the vast majority of parabolic dunes (approximately 1200 dunes) 
show direction of the second quadrant, which is dated to the Early Hol-
ocene, while the remaining ones, the so-called, transversal dunes have 
shifted their direction to the third quadrant. The grain size analyses of 
loess deposits around the Banatska Peščara shows a main accumulation 
of aeolian particles from south-east to north-west (prevailing winds from 
the second quadrant) and probably represent the period between the Last 
Glacial Maximum (LGM) and the Holocene. Modern wind measure-
ments and geomorphological results showed that the prevailing winds in 
the recent and past periods were from the same, second, quadrant in and 
around the Banatska Peščara. These results were confirmed with an ex-
plicit numerical simulation of atmospheric circulation that created pre-
vailing winds from the second quadrant in the LGM period.

	 The phenomenon of prevailing winds in Northern Serbia is the re-
sult of the interaction of atmospheric circulation of different scales over 
the European continent, especially in Southeastern Europe. The main 
carrier of this interaction is the undulation of the Polar front, which, due 
to the constant change of form and position, creates distinctive types of 
weather. Thus, the winds from the second quadrant are most often dry 
and usually cause weather conditions without precipitation, while winds 
from the fourth quadrant usually create advection of moist air and pre-
cipitation. This alternation of dry and wet winds show a great similarity 
with the shift of dry and wet monsoons in Asia, but with one difference. 
Monsoons are replaced every six months, while the dry and moist winds 
in Northern Serbia alternate many times a year and their total duration 
amounts to 227.0 days a year in the area of Banatska Peščara.
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oeorpaAY 

3 .. ,D,p 111saH Hecropos, AVInil .IIIH)!(.reoA., saHpeAHIII npocpecop rpaf)eSVIHCKOr cpaKynrera 
y oeorpaAY 

4. ,D,p 111saHa Towr~~n , Alllnn.Mar., saHpeAHIII npocpecop ¢11131114KOr cpaKynrera y 6eorpaAY 
5. ,D,p TOMIIIcnas XeHrn, Alllnn. wyM. IIIH)!(., Wageningen University and Research Centre/ 

rocryjynr~~ npocp. rpaf)esVIHCKor cpaKynrera y oeorpaAy 

npoL.IeAypa CTVIL.I81-ba Hay4HOr creneHa AOKTopa HayKa cnposewne ce y CKila.QY ca 4IlaHoM 
123. VI 128. 3aKOHa 0 SVICOKOM o6p830Sal-by ("Cn~eHIII rnaCHIIIK PC", 6p.76/05,100/07-
ayreHTVI4HO ryMa4el-be, 97/08 Ill 44/10), a KOjVIMa je peryilVICaHO A8 Illlll...l8 KOja cy CTeKila 
aKaAeMCKIII Ha3111B MarVICTpa HayKa, MOry CTefl~ aKaAeMCKIII Ha3111B AOKTOpa HayKa OA6paHOM 
AOKTopcKe AIIICepraL.IIIIje, npeMa nponiiiCVIMa KOjl-1 cy sa)!(IIIIllll AO crynal-ba Ha cHary oeor 3aKoHa, 
HajKaCHVIje AO Kpaja WKOilCKe 2015/2016. rOAIIIHe. 

KOMIIICIIIja je Ay>KHa Aa y poKy OA 60 AaHa, OA A8Ha AOCT8Sibal-ba oee OAflYKe Ill 3aspweHe 
AOKTOpCKe A111CepT8l.-llllje, nperneAa 111 OL.IeHVI AOKTOPCKY AIIICepTaL.IIIIjy Ill nOAHece niiiCMeHIII 
1113sewraj HacrasHo-Hay4HOM eeny ct>aKYmera, ca npeAfloroM Aa ce AIIICepTa4111ja 
npr~~xsaTVI,OA6VIje VIIllll spaTVI KaHAIIIA8TY Ha AOnyHy. 

0AJ1yKa je AOHeTa jeAHOr.naCHO. 

,D,ocraeVITI-1: 
- VIMeHOSaHOM 
- 4IlaHOSIIIMa KOMIIICVIje 
- apXIIISt-1 



..: 

Ha ce~ HacTaBHO-Hayquor Belia feorpalfx;Kor <l>a.KY.JITeTa YHHBep3HTeTa y Eeo­
rpa,ey, o.npJKa.Hoj 29. cerrre~6pa 2009. ro.zurne, ,D.oHeraje 

O,nJIYKA 

0 HMeHoBaH.y KoMHcHje 3a oneey H o.n:6paey .n:mcropcKe .l{HCepTallHje KaH.zni.n:ara 
Mp fopa.Ba A.HljeJIKoBHlia rro.n: HacnoBoM: "EKCTPEMHE KJlliMATCKE IIOJABE Y 
CPEHJH". CacTaB KoMHcHje je: 

,[ij> Bn~aH ,lzynHli, BaHpe,D.HH rrpo4>ecop feorpa<Pcxor <l>aKYJITeTa 
,[ij> .JI,H.JbaHa faBpKJioBHli, pe.n;oBHH rrpo<Pecop feorpa<PcKor <l>aKYJITeTa 

,[ij> MH.rraH P~OBaHOBHli, Ha)"'HH capa..llHHK reorpa<t>cxor HHcnrryra "JoBaH QBHjHli" CAHY 
,[ij> 11Ba.Ha ToiiiHli, .n:oueHT <l>H3H'n<Or <l>aKYJITeTa 

KoMHcHja je ,lzy)l<Ha .n:a HacTaBHo-HaytmoM Beli.y y poKy o.n: ,naa Meceua o.n: .naHa HMe­
HOBaiM rro~ece pe!f?epaT o oueiDI .n:mcropcKe ,l{Hcep~je. 

---- .. '~··- ~--·.:,..... 

.-! .. .'' ,L. ;:;·...i..:'!. 
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YHMBEP311TET Y EEOfP AW 
fEOfPA<l>CKH <l>AKYflTET 

Epoj 159 
,[J;aTyM: 19. 02. 2014. ro.n;. 

Ha ce)UIH:QH HacTaBHO-HayqHor Beha reorpa!l>cKor !l>aKynTeTa y Eeorpa.ny, 

o,np)I<:<moj 13.!l>e6pyapa 2014. ro.n;HHe, .n:oHeTaje 

O,LI;JIYKA 

llMeHOBa.Ibe KoMHCHje 3a rrperne.n;, ou;eey H o.n:6paHy .n;oKTopcKe ,nHcepTau;Hje 

KaH)J;H.IJ:aTa Mp ,1J;P Ar AHA EYP1111A rro.n: Ha3HBOM: ,,l(HHAMHKA H MOrYlili 

Y3POD;H TEMITEPATYPHHX H ~HHCKHX EKCTPEMA HA 

TEPHTOPHJII D;PHE rOPE Y IIEPHO,LI;Y 1951-2010". 

CacTaB KoMHcHje je: 

,1J;p Bna.n:aH ,ZJ;yu;Hh, pe,n:OBHH rrpo!l>ecop reorpa!l>cKor !l>aKynTeTa 

,ZJ;p fopaH AHljeJII<OBHll, )J;OD;eHT feorpa!l>CKOr !l>aKYnTeTa 

,ZJ;p Marum Torrmh, BaHpe)UIH rrpo!l>ecop <l>H3WIKor !l>aKymeTa 

KoMHCHjaje .n;y:>KHa .n:a HacTaBHO-Ha~oM aehy y poKy o.n .n:aa Meceu;a o.n: ,naHa HMe­

HOBa.Iba rro,n:Hece pe!l>epaT o ou;eHH .n:oKTopc-Ke .n;HcepTau;Hje. 



 



6poj:02/16 

AaryM:12.12..1016. roA"He. 

METEOPO.llO UJKO .liPYWTBO CI'GI1JE 
I ~ 00() licorrop, 6y,.cnar ()c;no()o~ero,a !ip.8 

E .. mail : JnCtL\Q.Org@gmail.com 

Aa j e 11saHa TowHh, aaHpeAHH npo<jlecop <I>H3~-<YKor <jJaKynTera YH~o<aep3HTera y 
5eorpaAy, 31\THBaH '<naH MereopOnDWKOr APYWTBa Cp6~o~je, CTPVKOBHOr YAPV)I(etba 
rpal')aHa. 

IJ ltp ://mcrcorolos kod ru•t"o. wccbly .com/ 



Yllvtl~l.Y3111 LT Y bLOI~PA/lY 

())1-Hvll!Kvt ct>i\KYJITI·T 
<.. 'ABI ·. T <Tli\1-C).' JITLTt\ 
h l' 0 I p ~~ ,Cl 

OX . HllHt'\Jliap 2012. l"ll. llll!c 

YHHBEP MTr:T 
«!Jii3 

09~)~ 
~o. 11· ..JJ;2.. 

" • 'I)( •• 

0 

ILl llCJIOU) 'l.lai!Ll 5:1. '3ai\OIIa 0 llltCOI\Il\1 nopU".lllBaJI>Y («01. J".IUCill\1\ l'L'Il)"U.IHKC CpGujc)) 
opoj 71-l -05. a~ n:IJTJtlJ 110 T)"rllH'Il'll.C 100/07. 97 iOX. ~~/ 1 () It 93/12 ). CtBCT (LhUII'II\01 cjmK)'JITL'Ta IICl 

l 'Uojoj 1\0IKnnynrlli!Oj ce; tJ 111111-1 D) l(')KaHoj OH. 1roncMGpu 2012. 1"11Jll1 11c •. "lllllcu jc c,Jc;tchy. 

() /l Jl y I( y 

Bep~HjHu.:: .i~ ec \lall . l~l"lll •uaJioaa CaucT~I <1)11"31!'11\or ~JaK~ .TI"L'Ta. JU \WJUallllJ 11cp11n; tiU rp1t l 'tJ. tlrJu.: 

11. 1 2012 .. Ill ~()15. IU )IIIIC II 'I"U : 

113 pc;w ll<ll"laiiiiiiKa 11 cnpa.UIIH\ll <l>mii'IKOI " <lhtK) .: rn:Tu - V!Ja6p~llll1 o;t erpa11c IIIIB-a 11a 

u.:.llll! l l~J .\!U O)lJ1)1WIIll\1 23 . . \Hlja II :W.jyua 2012. 

I . 
') 

... 
,) . 

·+. 
5. 
6 . 
7. 
X. 
9. 
10. 
II. 
12. 
13. 

llpocjJ. ; tp J->) Klmh Cpba11y. 

I lpmjJ. ).J,r Pn;toBattonHh 13ojll. 

I lpn<IJ. JlP ByKnBHh TaTjaml . 
llpo1j1. ;1p L J IC"30111Jh Xa1.mh C) H'I!HtH. 

II po!jl. : l]l l"ollHih VI HUll II. 

/lon. ; tp JlH>11tTplt_jcBHh MapHj 11. 

/lmt. ,·lp h~pl)cJnth B.w,: tl1i\IIIP~­

Jlou. ; q1 1Cm:u.11111ta hdlKy. 
/lmL. , 1p llo1mpHh !'opal!). 

/lolt . . lp l'ltact~jcllllh "linp~y. 
:tp 1\t!~lJI\ClHh C.J;ll\111(11. 

:tp Jlamc /l)IIIJ<~. 

- ~P C'apn;lJI l\th1p_ja1111. 

I h pc; ta i\ I! I ocooJJ,a <[JaKyiJH:Ta - 1naopm111 2 I. Maj a 2012. 

I . !''>'11rrpo1111h Cnal)allll 

2. I kp1Willlh 1\il:m; tL'II) 

I h IKJta l?T):tenam <l>aK);rn.:Ta 

J1cp11ll.l11Jl 1 o;ntlly . tal w: 

!. I lpJllwa l1rnpy. 
2. JIOII'Illj1 1\lapKy. 
3. ILial!catlJ hCBHh MapKy. 
-L KpcTHh Jym1_jallll 

H:w; ta 1\.'JI> om1 KC < 'p01!_j c. J\ao ucttltJI;l'l tuljl' . tucTaBIJJa (t"ltnlt'l 1w~1 cjJUK) ~lTC I)' m1e11a J!IIUll 

ll ~ lcJtoBallll.\ Ja tlpc .. (c"IULlJ!III\l' UClllfBU'IU • .>a 'I JJ arJctuo y CaBl'T) (]>lnii'IKOI" qJaK)JI"Jela. 

lkpH(jHJKaHHj0:-.1 l\I(J!I;l<.IT<l. C"ll!'ll' l'l' CD~jCI"BO 11.1<111<1 l'aBCTU. U llli\IC II IIJXlBO II ,'l) 'tKIIOCT )'ICtllhU y 
IXUl) Caw:: 1 a. 

ll pC,LLCc. UII IIUI <..\11\l'IU IT>Jnti'IIClll" !jltlKYJITCTa 

ll) l 2009 . . W 2012. 1"\liUHIC 

llpwjL ilP Maja b) p11h 

Juic, rs~l 



YH!t1BEP3J.1TET Y 6EOrPA.D.Y 
<P!t1311:4K!ti Cl>AKYJITET 
CABET Cl>AKY JlTETA 
E>eorpan 
24.neueM6ap 2009. roJU1Hc 

or 

J-la OCHOB)' 411UIIa 53. 3aKOHCl 0 BHCOKOM ofipaJOBUIL)' «CIT. rSi aCIIHK Pcny6JlHKC Cp6Hje» 6poj 
76/05, CaneT Cl>i13114KOr <f>at<yJJTeTa Ha cRojoj ce;HIIH.(I1 OJlp)!(aHoj 24. JlCUeMGpa 2009. ro;HIHC. 
jCLlHOf"J13CHO je LlOHCO CJ1C)lehy, 

0 .D. Jl Y K Y 

AepH<f>HKyjy ce MalutaTH 'tJJaHosa Case-ra Cl>H3H'tKor <f>aKyJ1TCTa YBHBep3HTCTa y !Jeorpa.uy. 3a 
Mai·I.~UTIIH nepHO'"'l O.U TpH I'O.UHHC O.U 2009 . .UO 2012. 1'011HHC H TO: 

1-13 pena uaCTaBHHKa 11 capallHHKa lllaKyJrreTa - wla6paHH Ha ccLtHHUH HacTaBHO-HUY'HIOr sella 
ilJaKymeTa OfiPJKUiiOj 20. Maja 2009. f"OllHHC: 

I. np .LJ.paroMup Kpn11h, pe.uosHH npo<f>ecop 
2. np Maja E>ypHh, penonHH npo<f>ecop 
3. .up Cyu•mua EJtC30BHn Xau11h, BaHpenuH npo<f>ecop 
4. .np MHho MwrponHh, saHpeJlHH npo<f>ecop 
5. .Up b0)KHJl3p H HKOJlHh, 1.10 I.(CIIT 

6. np !tis:lHa TomHh, .uoLteH"r 
7. np AH.UpHjaHa )KeKHh . .UOLtCHT 
8. ,1p J.1 BUll iJCJl'la, LlOLtCHT 
9. .Up bpaTHCJJaB 06pa.z:tOBHti., J.l.OilC!I'I 

10. Mp MHpjaua CapoaH, UCHCTCIIT 
II. Mp .LJ.ymKo Jlarac. acHcTezrr 
12. Mp Alla)li-IMHp nyp~CBI-111. aCHCTCI!T 
13 . Mp 30pHUU flOilOlmh. 3U1CTCHT 

1-'1 3 rena A Til OC06JbU Cl>aKyjiTeTa 
onp»WHOM 0 I. jyHa 2009. roJtHHe: 

I. MaplHta OnLaHOBHn 
2. 3opaH f:loKop 

H3a6paHl1 Ha cacTaHKY '3a!locnetHIX paJti·IHKa Cl>aKyJrre-ra 

1-'13 pe.aa C1')'JlCHaTa Cl>aKymeTa - H3a6puHJ.1 Ha ceJlHHI.ll-1 Cry.ueHTcKor napnaMeHra o_up)!(aHoj 22. 
OKT06pa 2009. I'O,LtHllC: 

I. .JcJieHa llewHh 
2. MapKo JlOH'lap 
3. MapKo BJ1GHcas;heBHh 
4. Je.~eua rlajosHh 

BJ1a.ua Peny6JIHKe Cp6Hje. Kao octn1B3'1 HHje HMCHOBaJla csojc npe;.tcTaUHHKe Ja '1Jl8Hose CaneTa. 

J3ep11<f>HKUUl1jOM MUll/laTa. CTI1'1C CC CBOjCTBO 'I IUIIU ('aueTa. a HI !C 11 npaBO 11 Jl)'lt\HOCT y'leLUha )' 
pany CaBeTa. 

T 
D.Y 



YHII1Bep3111TeT y 6eorpaAv <l>V13V1YKV1 <l>AKYnTET 
CryAeHTCI<H Tpr 12, 11000 6eorpaA 

nowTaHCIH1 cjlaX 44 

Ten. 011 7158 151, 3281 375 

n~6100039173, MaT. 6p. 07048190 

University of Belgrade FACULTY OF PHYSICS 
Studentski trg 12, 11000 Belgrade 

Postal Box 44 

Phone +38111 7158151, Fax +381113282 619 

www. ff. bg. a c. rs, deka nat@ff. bg. ac.rs 

Ha ocHosy 4!1aHa 162. CTaTYTa <PH3H4Kor cj)aKynTeTa YHHBep3HTeTa y 

6eorpaAv, Hay4HO-HaCTaBHO sene <PH3H4Kor ct>aKynTera Ha csojoj ceAHHL.J,II1 

OAp>t<aHoj 27. Mapra 2013. roAHHe AOHe/10 je 

OAilYKY 

3a pyKOBOAHOU,e CMepOBa OCHOBHHX lr1 MaCTep CTyAHja 3a aKpeAHTaU,Hjy 

<PH3H4Kor ct>aKyllTeTa li1MEHYJY CE: 

npocj). AP Ja6naH AojYHilOBHn 3a CTVAHjCKH nporpaM Onwra cj)H3HKa 

npocj). AP Boja PaAoBaHOBI-1n 3a CTyAHjCKH nporpaM TeopHjcKa 1r1 

eKcnepHMeHTaJlHa cf>H3HKa 

npocj). AP li1Bal-l 6eJ14a 3a CTyAHjCKH nporpaM npHMe..beHa lr1 

KOMnjYTepcKa <1>H31r1Ka 
npocj). AP ll1saHa Tow1r1n 3a CTYAHjCKH nporpaM MeTeopo!lorHja 

li1MeHOBaHH pyKOBOAHOU,H CMepoBa yjeAHO ne 41r1Hir1T111 Ill KO!lerllljyM 

KoMHCHje 3a nposepy H yHanpef)el-be KBa!lHTera Hacrase. 

6eorpaA, 28.3.2013. 




