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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
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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 Kénnen (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).

Hellstrom (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

@ Springer



INTERNATIONAL JOURNAL OF CLIMATOLOGY

Int. J. Climatol. 33: 3152-3161 (2013)

Published online 5 February 2013 in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/joc.3652

Trends in temperature indices over Serbia: relationships to
lar ge-scale circulation patterns

Miroslava UnkaSevi¢ and lvana To$ic™
Department for Meteorology, Faculty of Physics,University of Belgrade, Serbia

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 Brazdil 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—! 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™! and +0.30 4 0.02 °C decade™?,
respectively.

In Serbia, the extreme temperature increased at
Belgrade (UnkaSevi¢ et al., 2005; UnkaSevi¢ and
ToSi€, 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 (UnkaSevit and ToSi¢, 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.
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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 SP112) 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 40months. 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. Mihajlovi¢ (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
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Spatial and temporal variability of annual and seasonal (summer and winter) precipitation sums and mean tem-
peratures observed at forty-six stations in Slovenia from 1961 to 2011 were 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 the most (least) intensive sig-
nal was observed over mountainous 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 and winter 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 are more 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
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increases in northern Europe (e.g., Schonwiese and Rapp, 1997) and de-
creases in southern Europe (e.g., Schénwiese 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 (Gaji¢-Capka, 1994; Tosi¢ 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
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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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Future Changes in Drought Characteristics in Serbia
[extended abstact]

Aleksandra Krzi¢

Republic Hydrometeorological Service of Serbia
RHMSS/SEEVCCC
Belgrade, Serbia
aleksandra.krzic @hidmet.gov.rs

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 increasein the future.

Keywords— drought characteristics; SPI; SPEI; Serbia

1. 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

45

Vladimir Djurdjevi¢, Ivana ToS8i¢
Institute of Meteorology
University of Belgrade-Faculty of Physics
Belgrade, Serbia
vdj@ff.bg.ac.rs; itosic@ff.bg.ac.rs

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°.
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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



the Standardized Precipitation Evapotranspiration Index
(SPED) 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 L CLASSIFICATION OF INDICES

SPI/SPEI Values Drought category

<-2.326 Exceptional drought

-2.325to -1.645 Extreme drought

-1.644 to -1.282 Severe drought

-1.281 t0 -0.935 Moderate drought

-0.934 to -0.524 Minor drought

-0.525 t0 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.
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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.



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 Markovié (2), and Tin
Luki¢ (2)
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Novi Sad-Faculty of Sciences, Department of Geography, Novi Sad, Serbia

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.
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Prevailing winds in Northern Serbia: recent data,
geomorphological evidences and numerical simulations
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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 PeScara
(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 Pes$cara are 106.0 and 121.0 days per year, respectively. The crest di-
rections of the Banatska Pe$Cara 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 Pe$cara 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 Pescara. 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 Pe$¢ara.
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