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VARIOUS ASPECTS OF DRYNESS IN SERBIA

Abstract: In this manuscript we analyze daily rainfall observational records from 22
weather stations located in different regions over Serbia in the period 1949—2007. We
examine the characteristics of dryness by using the Dry Days Since Last Rain — DDSLR
approach. In order to quantify the DDSLR we use three metrics for each weather station:
severity, consistency and uncertainty. Results show that these three metrics vary
independently of each other as well as that there is a weak relationship between them.
Weather stations in the northern parts of Serbia, with moderate annual amount of rainfall
less than 650 mm, present higher dryness conditions whereas the lowest values were
obtained for central parts in Serbia. Limited number of studies examined drying
tendencies in Serbia and neighboring countries so far. We consider Serbia as an area of
particular interest because of its position in a frontier between Mediterranean conditions
on the southwest and the continental inland.
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Introduction

Dryness can cause many negative consequences on the environment, economy and
societies in different regions around the world. Prolonged dry periods may affect water
supply, may cause large damages to the agriculture and the environment, enhance and
intensify forest fires and land degradation.

Precipitation deficit during the rainy season, including prolonged droughts (Seager et
al., 2014), is nothing new to Mediterranean region referred to as climate change hotspot.
Mediterranean region is devoted to agriculture, consuming 60-80% of water supply
(Hoerling et al., 2012). Increased drought frequency is a serious threat to the regions’ food
security. Therefore, the study of precipitation patterns (Zhang et al., 2000; Osborn et al.,
2000; New et al., 2001) is a key to predicting changes in agriculture, water resources and
ecosystems alike.

In Serbia, recent studies that analysed the rainfall regime were mainly focused on
trend analysis, relationship to global circulation patterns and the analysis of climate
extremes (ToSic, 2004; Unkasevic et al., 2004; ToSic & Unkasevic, 2005; UnkaSevic &
Tosic, 2011; Bajat et al., 2012; Lukovic et al., 2013; ToSic & Unkasevic, 2013; Hrnjak et al.,
2014).

To date, there is a limited number of studies examining droughts in Serbia and
neighboring countries despite the fact that recent drought events has led to decline in crop
yields and rise in prices2. Serbia is an area of specific interest due to its position between
Mediterranean conditions on the southwest and the continental inland. Three main types
of climates are characterizing Serbia: continental, moderate continental and modified
Mediterranean climates. A typical continental climate characterizes the northern parts of
the country (Unkasevi¢ & Radinovi¢, 2000), while the south and southwestern regions of
the country are subjected to Mediterranean influences.

In this manuscript we aim to quantify, analyze and map dry events in Serbia over the
last recent decades. The structure of the paper is as follows: "Data sets and methods"
section contains a brief description of observational precipitation records and metho-
dology applied. "Results" section provides details about DDSLR, while "Conclusions"
section concludes the paper.

Data and methodology

Daily rainfall observational data from 15 weather stations across Serbia for a period of 59
years (56 in some stations) from 1949 to 2007 were analyzed. Fig. 1 displays their location
and their average annual rainfall. The study area comprises countries of Serbia which
cover an area of 88,361 km? or approximately 18% of the Balkan Peninsula.

All data are compiled from weather stations. They are quality controlled in terms of
correction of misprints and relocation of the stations (WMO, 2002). There were no
missing data. Tosi¢ (2005) tested homogeneity for the precipitation series in Serbia using
the Alexandersson test (1986) and found that some stations were not homogenous. As a
result, the time series with inhomogeneities were excluded from further analysis.

2 https://www.rs.undp.org/content/serbia/en/home/blog/2019/the-climate-changes-and-so-must-
we---climate-change-as-a-definin.html
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Fig. 1. Location map and the average annual rainfall in 1949-2007 (mm)

Dryness was analyzed using the Dry Days Since Last Rain (DDSLR hereafter)
approach. This methodology, first suggested and developed by Kutiel (1985), has many
advantages upon the traditional use of dry-spells (Aviad et al., 2009) and has been
recently reemerged and applied for the analysis of dryness for the entire Mediterranean
basin (Reiser & Kutiel, 2010), Spain (Lana et al., 2012; Ruiz et al., 2012) and Lisbon
(Kutiel & Trigo, 2014).

According to the DDSLR methodology, each rainy day is attributed a "0" value, the
first dry day is attributed a "1" value, the next consecutive dry day, a "2" value and so on,
until the next rainy day which is attributed again a "0" value. Values are accumulated
from one year to the consecutive one. Once all days in the analyzed period were attributed
with a specific value that describes the distance/timing in days since the last rainy day, all
values in each day are sorted in an ascending order, thus enabling to present values in a
probabilistic way.

Three different aspects of the dryness are examined; its severity, its consistency and
its temporal uncertainty (Fig. 2). The following charts on these panels show the sorted
dry days since last rainfall - DDSLR.
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Fig. 2. The three metrics of the DDSLR

Each row represents a different day, starting on January 1, on the top line and ending
at December 31, at the bottom line. The leftmost column represents the shortest elapsed
period since last rain (usually 0, meaning a rainy day), while the rightmost column the
longest elapsed period since last rain, to that day. The first band of color represents a
rainy day, the next a period of 1-7 days after last rain, 8-14 days, 15-30, etc.

The severity of the dryness measures the longest length of the dry period. The longer
this period is, the more severe the dryness is.

The consistency considers how frequently a dry period of a given length occurs. The
higher this figure is, the more consistent the dryness is.

Finally, the temporal uncertainty considers the span of time when a dry period of
certain duration can be expected. The longer is this period, the higher is the temporal
uncertainty.
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Results and discussion

Tab. 1 presents the various aspects (severity, consistency and uncertainty) of the dryness
in the different stations. Stations are arranged in a descending order of severity of the
dryness. These values represent the longest DDSLR in each station. Values given in the
table range from 72 consecutive dry days in Novi Sad to 44 in Kraljevo. The most severe
dryness is obtained for Novi Sad and Negotin, both located in the northern parts of Serbia
with the average annual totals less than 650 mm (Fig. 1). On the other hand, the two
stations that receive the lowest annual rainfall, Pali¢ and Kikinda, in Northern Serbia, do
not show the most severe dryness conditions.

Tab. 1. The various parameters of the dryness in the different stations

Severity Consistency Uncertainty

Longest % of years Return

DDSLR with period Range [days]
DDSLR>30 [years]

Novi Sad 72 10.2% 10 190
Negotin 68 8.9% 11 209
Zajecar 67 7.1% 14 157

Nis 67 5.1% 20 205
Vranje 67 5.1% 20 166

Zrenjanin 60 10.7% 9 153

Kikinda 60 8.9% 11 159

Novi Pazar 60 5.4% 19 153
Palié 55 5.1% 20 173
Veliko Gradiste 53 6.8% 15 132
Kragujevac 53 5.1% 20 123
Sremska Mitrovica 51 5.1% 20 104
Loznica 51 3.6% 28 50

Belgrade 48 5.1% 20 117
Kraljevo 44 3.4% 30 61

There is only a weak correlation between severity and consistency. The consistency
measures the percentage of years in which we may expect a dry period of a given length. It
is also presented as return period [years] which is calculated as the inverse of the
percentage. For example, Novi Sad and Negotin present both the highest severity and
consistency values. In 10.2% of the years in Novi Sad and in 8.9% of the years in Negotin
we may expect a dry period longer than 30 days. These values correspond to return
periods of once every 10 years in Novi Sad and once every 11 years in Negotin. However,
in Ni$ and Vranje for example, that share very similar severity degree like Negotin, a dry
period longer than 30 days may occur only once every 20 years. On the other hand, in
Zajecar, which has the same severity as Ni§ and Vranje and similar to the neighboring
station of Negotin, a dry period longer than 30 days is expected once every 14 years (Tab.
1).

Only a weak correlation exists between the uncertainty and the other two metrics. In
Negotin and Ni$ a dry period longer than 30 days may occur any time during a period of
almost 7 months, in Novi Sad that period is longer than 6 months. On the other hand, in
Kralievo this may happen during a limited period of only two months and in Loznica even
during a shorter period (Tab. 1).
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Conclusions

In this manuscript we analyzed dryness in Serbia using methodology developed by Kutiel
(1985). Based on the results we show in the manuscript our conclusion is that the dryness
is not a crucial climatic threat in Serbia. This is also evident from a recent publication in
which this issue was addressed in the Vojvodina region, in Northern Serbia (Hrnjak et al.,
2014). Being subjected to Mediterranean climate only in the southwestern parts with
calculated Mediterranean index lower than 1, dryness threat is considerably reduced. On
the other hand, seasonal distribution of rainfall in Serbia and slight tendency towards
aridity during spring (Lukovic et al., 2014) might have implications on ecological,
economic, agricultural and social processes. Agricultural land in Serbia occupies 70%
(57,340 km?) of the total area. Since irrigated areas cover only 3.7% of the total farmland
(Drum et al., 2010) Serbia is significantly dependent on rainfall. In this manuscript we
show that the highest severity of dryness occur in the north and eastern parts of Serbia,
which present the lowlands with most productive soil types (Babovic et al., 2009). Better
understanding of dryness with its societal and economic implications is our key aim in the
future research.
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Haim Kutiel’, Jesena Jlykosuh™

* Yuueepsumem y Xaugu, /lenapmman 3a 2eozpadujy u sxcusomuy cpeduHy, Jlabopamopuja 3a
Kaumamonoaujy, H3paen
** Yuueepsaumem y beoepady, I'eoepagcku gpaxyamem, Cpbuja

KAPAKTEPMCTHUKE CYIIIHOCTH Y CPBUJUA

Pesume: /lyru nepuosnu 6e3 Kullle MOTY M3a3BaTH HETaTHUBHE IOCEAUIlE HA JKUBOTHY
CpeAVHY, €KOHOMHjy Hu ApymuTBo. Cyllle HeCyMIHBO YTHUy W Ha BOJHE pecypce,
MOJBOIIPUBPEAY, UHTEH3UTET LIYMCKUX I0Kapa U IeTPaialiijy 3eMJbUIIITA.

VY oBoM pajly aHaJIM3UpaHe Cy OCMOTpPeHe JIHeBHe NajiaBuHe y CpOuju y mepuony
usmel)y 1949. u 2007. ronune. IIpoctop Cpb6uje je ox moceGHOT UHTEPeca ¢ 063UPOM Ha
BeroB reorpadCKy M0JI0Kaj U3Mel)y MeAUTEPAaHCKUX U KOHTUHEHTAIHUX YCJIOBA KIIUME.
VY oBoM pajly HCIIUTHBaHE Cy KapaKTepUCTHKe cyiie kopucrehu mpuctyn Dry Days Since
Last Rain — DDSLR. 3a kBautudukanujy DDSLR aHanu3upaHa cy Tpu IapaMeTpa Ha
CBaKOj CTaHUIM: Severity, consistency u uncertainty. CeBepuu aenoBu CpOuje, Koju
UMajy PeJIATHBHO yMepeHYy KOJIWYNHY I1aJJaBUHA TOKOM TO[MHE, IOKA3aIN Cy CYyIIHe
TeHzieHnyje. C Apyre cTpaHe, HAjHUKE BPETHOCTH UCTPA’KMBAHUX IIapaMeTapa youeHe ce
y neHtpasnnoj Cpouju.

Vwmajyhu y Bugy pesynraTe HCTpakuBarkbha MOXKE Ce 3aK/byUWTH Jia Cylla HUje
3HauajHA KJIMMAarcka mperwma 3a CpbOujy. Jpyrum peunma, kako je CpOuja u3soxkeHa
yTUIajIMa MEeIUTEPAHCKE KJIUME y HeHUM jyro3amaZHiuM AeJI0BHMa, ca BPEIHOCTHMA
MeIUTEPAHCKOT MH/EKCA O 1, MOTYRHOCT o1 TojaBe cyllla 3HavajHo je ymameHa. [lojaBa
cyme y CpOuju u3pakeHa je y CeBepHUM M UCTOYHUM JI€JIOBUMA 3eMJbe, PaBHUIIAMA Ca
HajIPOAYKTUBHUJUM TUIIOBHMA 3eMJbHINTA. 300T TOra je 60J/be pasyMeBame OBe I0jaBe Y
Cpbuju ¥ IEHUX [JPYIITBEHHX W EKOHOMCKUX IIOCHEeANIa KBYYHO y Oymayhum
HCTPAKUBABUMA.
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