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ANALYSIS OF ARIDITY INDICATORS
IN THE DELIBLATO SANDS

Abstract: Deliblato Sands are located in the southern part of Banat region in Vojvo-
dina province. According to the estimated changes of basic climate parameters in
this part of the Republic of Serbia during past decades very strong rise in annual air
temperatures (T) was registered, an average of 0.52°C per decade. This rise in tem-
perature increased the potential evapotranspiration (PET), which together with pre-
cipitation can increase the degree of aridity of climate in the study area. However, in
the same period an increase in annual precipitation sum (P) was observed, an aver-
age of about 35 mm per decade, which may somewhat slow the aridisation of desert
sands. Considering the nature, origin and significance of Deliblato Sands ecosys-
tem, the main goal of this paper is to analyse the drought and aridity index (AI=P/
PET), analyse the trend of aridisation process and its possible impact on ecosystems
of this special nature reserve. Aridity index analyses were performed in meteoro-
logical stations Banatski Karlovac, Vrsac and Bela Crkva for the period 1981 —2010
at the annual values and for the growing season. Results showed that Deliblato des-
ert sands (Banatski Karlovac) stand at a higher frequency of arid years (Al < 0.65)
compared to locations of Vrsac and Bela Crkva. On the other hand, the level of arid-
ity has considerably increased during the vegetation period in desert sands as well
in its surroundings. This intensified aridity is the result of considerable increase of
potential evapotranspiration (PET) connected to season precipitation.
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AHAJIU3A UHAUKATOPA APUJHOCTHU HA NNIOAPYUJY AEJUBJIA-
TCKE [EIIYAPE
H3Boa: [lennbnarcka nenrdapa ce Hayiasu y jyskHom peny banara y Bojsoguam.
[Ipema mponemeHNM IIpOMeHaMa OCHOBHUX KJIMMATCKUX [TapaMeTapa y OBOM Jie-
1y Penmy6nuke CpOuje TOKOM MPOTEKJINX JAEleHUja PErHCTPOBAH jé BeOMa nU3pa-
JKEH pacT TOOUINBIX TeMmrepaTtypa Baszayxa (T), y mpocexky, 0,52° C o nenenu-
ju. OBaj mopact Temrmeparype mnosehao je MOTEHIMjalHy €BaNOTPAHCIHPAIH]y
(PET), xoja 3ajenHo ca majaBHHAMa MOXe MOBehaTH cTeneH apiuaHOCTH KINME y
HCTPAXXMBAHOM IIOAPYydjy. MehyTum, y ncToM neprony 3abeexeH je ImopacT ro-
JUIIBUX cyMa nanasuHa (P), ox y mpoceky oko 35 mm 10 AeeHUjH, IITO MOXKe
JIOHEKJIC YCTIOPHTH apuau3annjy mecka y nemrdapu. C 063upoM Ha NpHPOLY, HO-
pexIIo U 3Havaj ekocucTeMa Jlenubnarcke nenrdape, OCHOBHH IIUJb OBOT pajia je aa
aHaNM3upa cymry u naaekc apuaaoctu (Al = P/PET), Tpenn nponeca apuansanuje
1 BeH Moryhu yTHIaj Ha eKOCHCTeMe OBOT ITOCEOHOT pe3epBaTta Ipupose. AHaIH-
3e MHJIeKca apUTHOCTH CY H3BPIICHE y METEOPOJIOMIKHUM CTaHHIaMa y banaTtckom
Kapnosy, Bpummy n bernoj Lipksu 3a mepruox 1981 — 2010, y3umajyhu roqumme
BPEIHOCTH 3a MEpHOA BereTanuje. Pesynratu cy mokasann na Jenubnarcka rme-
mraapa (banarcku Kapnosamn) nma Behy ¢ppexsennujy apuaaux roquna (Al <0,65)
y oxnHOCy Ha jokanutere Bpman u Bena L{pksa. Ca npyre ctpaHe, HIBO apHIHO-
CTH Ce 3Ha4ajHO ToBehao TOKOM BereTar[HoHOT epHo/ia y MeIYapH, Kao U y HheHOj
oxosnHU. OBa HHTEH3UBHPAHA APUITHOCT j€ pe3yJITaT 3HaYajHOT moBehama MoTeH-
nujanne esanorpancnupanyje (PET) koja je moBe3aHa ca Ce30HCKHM IaaBHHAMA.
Kibyune peun: [lenubnaTcka memdapa, WHIAKATOPU apUIHOCTH, AETpajaniuja
3eMJBHINTA, ITYMCKH €KOCHCTEMH

1. INTRODUCTION

The United Nations Convention to Combat Desertification (UNCCD, 1995) de-
fines desertification as “land degradation in the arid, semi-arid and dry sub-humid areas
resulting from various factors, including climatic variations and human activities”. The
main processes in soil desertification are water and wind erosion, as well as chemical,
physical and biological degradation. Each form of soil degradation has its own specificity.

The problem of desertification is more prominent not only in arid regions in the
world but also in humid regions. The increase in frequency and intensity of numerous
hydro-meteorological extremes (drought, heat waves, forest fires, floods, storms...) was
the consequence of global climatic changes in the regions of the Balkan Peninsula, and
wider region of the Mediterranean, and South-East Europe. These extreme natural oc-
currences directly influence the process of desertification and together with inadequate
human activities (which are the main causes of desertification) cause great damages to
economy and society as a whole.

Climate factors play an important role in soil degradation by wind erosion. The
climate factors mainly include wind regime, precipitation, temperature, and humidity,
among which wind speed is the primary factor because it is the most direct power source
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of soil wind erosion. Temperature and precipitation are also important factors affecting
soil degradation. These two factors determine the drought degree of a region, and a drier
soil is more feasible for wind erosion.

The analysis of annual temperatures in the second half of the 20t century showed
that the increase in temperature occurred in most parts of Serbia, whereas the most prom-
inent increase occurred in the last two decades of that century (Spasov et al, 2002). On
the other hand, general reduction in annual precipitation for the given period of 50 years
was recorded in the territory of the Republic (with the exception of mountainous areas in
West Serbia). Those climate changes, the consequence of which is temperature increase
and precipitation reduction, create more favourable conditions for soil degradation in
these areas.

The research on other degradation and desertification factors which are not of cli-
matic origin showed that the land use in Vojvodina, which has only 7.1% of forest cover,
creates favourable conditions for strong wind erosion processes (Kostadinov S, Spasov P,
2006). Deliblato Sands are particularly jeopardized by this process in a certain part of the
year, when strong east and south-east winds occur.

Extreme habitat conditions (edaphic and climate) and the origin of forest cultures
are the reason for instability of these ecosystems. As a consequence, vitality and stability
of forest ecosystems weaken, and harmful factors appear in succession and have impact
on irreversible devastation and degradation processes.

2. MATERIALS AND METHODS

2.1. Field of Study

The field of study of this paper is
the special nature reserve (SNR) Delib-
lato Sands located in the southern part
of Banat covering the area of approxi-
mately 348 km? (Fig. 1) Deliblato Sands
with its mighty eolian sand deposits
and distinct dune relief, sand, steppe,
and forest ecosystems, as well as dis-
tinct mosaic of animal communities
and typical representatives of flora and
fauna, is a natural phenomenon unique
in Europe.

The climate of Deliblato Sands

is generally Semi—arid. HOW@V.GIG Ol Figure 1. Study area - Deliblato Sands
dune slopes which are south oriented,  Camka 1. Vctpaxusana obnact - Jlenu6narcka
during summer and particularly in the nenrgapa

Deliblato sand
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hottest month (August), climate conditions show the tendency toward aridity since soil
temperatures can go almost above 60°C during the day, and water loss in the soil of about
25% of the total precipitation can occur (Vuleta et al, 2009).

Anti¢ and associates (1969) gave the genetic classification of soil in Deliblato
Sands, where the initial phase is syrozem and the final phase is sand pararendzina. There
are great numbers of transitions between the initial and final phases with the quantitative
character which acquire qualitative properties only at a certain level of evolution.

Sand evolution into soil, which occurs by the influence of vegetation, starts by bio-
tization in Deliblato Sands. Vegetation, especially forest vegetation, plays a positive role
in the process of pedogenesis in the area of Deliblato Sands. Forest trees with their root
systems reinforce the sand and with their crown mitigate the habitat extremes, creating
unique microclimate. Grass communities also have positive influence on soil, but their
influence on microclimate is considerably reduced (Ko§anin, 2001).

2.2. Methods

Vulnerability of Deliblato Sands to hydro-meteorological disasters (floods, storms,
snowdrifts, droughts...), which have an unfavourable influence to soil degradation pro-
cesses and potential desertification, was analysed on the basis of the climate factors most
commonly used in soil degradation studies. Those are primarily precipitation (P), tem-
perature (T), wind (V) and their extremes, potential evapotranspiration (PET), and aridity
index (AI). Immediate parameters and derived quantities were acquired from three me-
teorological stations, out of which Banatski Karlovac is located on the northern border of
Deliblato Sands, and Vrsac and Bela Crkva somewhat more east from the Sands.

The assessment of aridity degree in Deliblato Sands was performed on the basis of
annual precipitation regime (P) and potential evapotranspiration (PET) bearing in mind
their ratio P/PET. This ratio is named Aridity Index and marked as AI. The Thornth-
waite’s method (1948), used by UNEP (1992) for the classification of aridity/humidity at
the global level on the basis of P/PET ratio, was chosen out of many methods for calcu-
lating the potential evapotranspiration. Aridity zones which were defined on the basis of
this ratio were shown in Table 1.

Table 1. Aridity zones defined by P/PET ratio (UNEP 1992)
Tabeuna 1. 3one apunnoctu nepunncane ognocom P/PET(UNEP 1992)

No. / Bpoj Climate zone / Kiiumarcka 30Ha P/PET
1. Arid / Apunna 0.05-0.20
2 Semiarid / CemuapuaHa 0.21-0.50
3. Sub-Arid / Cy6. apuana 0.51-0.65
4 Humid / Xymunna >0.65
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3. RESULTS

3.1. Climatic Factors in Soil Degradation

The data on monthly and annual precipitation for Banatski Karlovac and other sta-
tions were analysed for the period 1981 — 2010 (Diagram 1). Average annual precipitation
(Table 2) varies from 31.6 mm in February to 87.4 mm in June, with the annual average of
618.6 mm. This month is characterized by the highest monthly maximum precipitation of
356.1 mm registered in 1999. Very high precipitation was recorded in other months: May
1987 (219 mm), June 1995 (195.3 mm), September 2001 (159.8 mm), etc. The absolute mini-
mums of monthly precipitation which in 9 out of 12 months does not exceed the sum of 10
mm. When it comes to extremes in annual precipitation sum, two years stand out: 1999 with
the maximum precipitation of 1038.7 mm and 2000 with only 295.2 mm of precipitation.

Table 2. Average annual rainfall and temperature of meteorological stations B. Karlovac, Bela
Crkva and Vrsac
Tadena 2. [Ipomeyne roguiime NaJaBUHE M TEMIIEPAaType Y METEpEosomKAM craHunama b.
Kapnosau, bena upxsa n Bparg

B. Karlovac Vrsac Bela Crkva

annuat £54 618,6£147,5 649,7+157,1 643,7+133,7

Rang 295,2-1038,7 327,2-1009,0 315,7-964,4
" anuar £50 11,5+0,74 11,9+0,78 11,6+0,86
Rang 10,1-13,2 10,4-13,4 10,1-14,2

Ve = 3,6598x - 6684,4

V, =3,297x - 5929,4

—&— Vrsac

Linear (B. Cr.)
Linear (Vrsac)
Linear (B. Karl.)

1975 1980 1985 1990

1995

2000 2005

2010

2015
god/year

Diagram 1. Annual precipitation trend in Banatski Karlovac, VrSac and Bela Crkva for the period

1981-2010

I'padukon 1. lonummu Tpena nagaBuna y banatckom Kapiosiy, Bpuiy u Benoj Lpksu 3a

nepuon 1981-2010
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Figure 2. The probability of the number of
days with precipitation > 20 mm

Cuauka 2. BepoBatHoha Opoja nana ca nagaBu-
Hama > 20 mm

Figure 3. The probability of storm wind occur-
rence > 17.2 m/s

Cauxa 3. BepoBarHoha mojaBe oyjHOT BeTpa
>17.2 m/s

The month with most rain on average is June (84.6 mm), and the month with the
least rain is February (35.5 mm). Absolute maximum in monthly precipitation occurred
in July 1999 (214 mm). Driest year was 2000, but the highest precipitation in Vrsac was
measured in 2005 (1009 mm) not in 1999 (Figure 2).

Absolute daily precipitation maximum in Bantski Karlovac for the period 1981 —

2010 was 92 mm (July 1999) and was lower than the maximum of 126.7 registered in July
1974. Considerably higher maximum was registered in Vrsac which in July 1995 reached

189.7 mm.

T (0

2 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

—— Vrsac

Linear (B. Cr.)
Linear (Vrsac)
Linear (B. Karl.)

0 T T T T

1975 1980 1985 1990 1995

god/year

2000 2005 2010 2015

Diagram 2. Annual air temperature trend in Banatski Karlovac, Vr$ac and Bela Crkva for the pe-

riod 1981-2010

I'padukon 2. Togumumu TpeHa Temneparype Bazayxa y banarckom Kaprnosiyy, Bpuigy u Benoj

Lpxsu 3a nepuoxn 1981-2010
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The data on the average number of days with wind storms, i.e. days when wind
speed exceeds 17.2 m/s, which indicates that Deliblato Sands and south Banat as a whole
are the parts of Serbia most likely to deal with storm winds. The map (Figure 3) shows
that the probability, which is most prominent in Vrsac (0.183) slowly decreases towards
Belgrade. The probability of storm wind occurrence in Banatski Karlovac is 0.091 (9.1%),
i.e. half the probability for Vrsac (18.3%).

During the studied 30-year period (1981 — 2010) significant increase in annual air
temperature was recorded in the area of Deliblato Sands (Diagram 2). The average tem-
perature increase in the decade was 0.52°C, ranging from 0.48°C in Banatski Karlovac to
0.57°C in Bela Crkva. The annual temperature increase for the 30-year period was more
than 1.5°C.

At the same time, (unexpectedly) the increase in annual precipitation (P) was reg-
istered; an average of 35 mm per decade (Figure 2), i.e. 100 mm for the whole period.

3.2. Aridity Index

Calculation results showed that the average annual sum of PET in Banatski Kar-
lovac is 770.6 mm, varying from 639 mm (in 2006) to 1083 mm (in 2000). The highest
monthly values of PET are mainly during summer months, from 132 mm in June to 150
mm in July. The absolute maximum value was registered in August 2000. Vrsac and Bela
Crkva have somewhat lower values of PET compared to the above mentioned locality, i.e.
725 mm and 719 mm annually. Moreover, these two stations show less variability in an-
nual sums of PET.

Table 3: Aridity index for the year and the growing season in the period 1981-2010.yr.

Tabela 3: naekc apuaHOCTH TOOUIIBGA U 3a iepron Bererauje 1981-2010 rox.
B. Karlovac Vriac Bela Crkva
AI (I-XID+Sd 0,82+0,22 0,90+0,23 0,90+0,20
AT (I V-1IX)+Sd 0,56+0,19 0,63+0,19 0,61+0,20

Diagram 3 and figure 4 summarize the results of aridity index for a year (January-
December) and vegetative period (April — September). It can be noticed that only the year
2000 belongs to the category of semi-arid at the annual level with the values of AI<0.5.
It can also be noted that Banatski Karlovac, which is located at the north-east border of
Deliblato Sands, is distinguished by the frequency of years (6) in the category of dry sub-
humid with the AI=0.5 — 0.65, compared to Vrsac (3) and Bela Crkva (2).

Diagram 5 summarizes the results of aridity index for the June-July-August pe-
riod. It can be noticed that for Banatski Karlovac 16 years, and 15 years for VrSac and 18
years for Bela Crkva, belongs to the category of arid and semi-arid on JJA level with
the values of AI<0.5.
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Vo = 0,0044x +0,7131 Y, =0,0062x +0,7565 Vo =0,0061x +0,7567
R e
’ \

AI (I-XIT)

—&— Vrsac

Linear (B. Cr.)
Linear (Vrsac)
Linear (B. Karl.)

30 35 40
god/year

Diagram 3. Aridity index series for the reference periods January-December in Banatski Karlovac,
Vrsac and Bela Crkva for the period 1981 — 2010
I'paduxon 3. Cepuje nHAeKca apuIHOCTH 3a peepeHTHU MEPHOI Of jaHyapa 10 AeuemOpa y
Banarckom Kaprosiyy, Bpmty u benoj Lipksu 3a nepuon 1981-2010

R R
—e— B.Karl
B. Cr.
| = —e— Vrsac
1,0 Linear (B. Cr.)

Linear (Vrsac)
Linear (B. Karl.)

Ve =0,0005x - 0,3917 VYV, =0,0007x - 0,7496  V,.=0,0018x - 3,0788

1975 1980 1985 1990 1995 2000 2005 2010
god/year

Diagram 4. Aridity index series for the reference periods April- September in Banatski Karlovac,
Vrsac and Bela Crkva for the period 1981-2010
I'paduxon 4. Cepuje nHmeKCca apuAHOCTH 3a pedepeHTHH TMEPHOJ O ampuia A0 cenrtemopa y
Banarckom Kapmosiyy, Bpmy u benoj Lipksu 3a nepuon 1981-2010
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Diagram 5. Aridity index series for the reference period JJA in Banatski Karlovac, Vr$ac and Bela
Crkva for the period 1981-2010
I'paduxon 5. Cepuje nageKca apuaHoCcTH 3a pedepentHu nepuon JJA y banarckom Kaprorimy,
Bpuy u benoj Lpksu 3a nepuon 1981-2010

Aridity index values for the summer months (JJA) at meteorological stations
Banatski Karlovac, Vrsac and Bela Crkva are shown in Table 4.

Table 4. Aridity index values for the summer monts June, July and August in Banatski Karlovac,
Vrsac and Bela Crkva for the period 1981 — 2010
Ta6ena 4. BpeqHoCcTH WHAEKCA apUIHOCTH Yy JETHRHUM MECCIHMa jyHY, jyAy W aBrycry y
banarckom Kaprnogiy, Bputy u benoj Lpxeu 3a nepruox 1981 — 2010

B. Karlovac Vrsac Bela Crkva
Al (VD)= Sd 0,7+0,34 0,73+0,42 0,70+0,39
Al (VID)+ Sd 0,4+0,43 0,52+0,40 0,50+0,38
Al (VIID)+ Sd 0,4+0,32 0,5+0,40 0,47+0,38

In relation to the number of years in which the aridity index lower than 0.5 (arid
and semiarid) appeared, the situation is as follows: in June this value appeared for 13
years (Banatski Karlovac), 11 years (Vr$ac) and 9 years (Bela Crkva) in July - 21 years in
(Banatski Karlovac), 20 years (Vrsac) and 19 years (Bela Crkva), in the month of August
- 19 years (Banatski Karlovac), 19 years (Vrsac) and 21 years (Bela Crkva) .
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4. DISCUSSION

Precipitation is the most important climate factor in determining the areas which
run the risk of soil degradation and potential desertification. Precipitation has the main
role in the growth and spread of plant cover, but changeable and extreme precipitation can
cause soil erosion and other adverse effects. It is observed in the area of Deliblato Sands
that precipitation varies, both in monthly and annual intervals. The monthly and annual
extremes could have significant negative influence on soil degradation in Deliblato Sands.
The properties of precipitation disposition in Bela Crkva are almost completely consistent
to the ones in Vrsac.

The analysis of the number of days with extensive precipitation (more than 20
mm) showed that the area of south Banat, which includes Deliblato Sands, has somewhat
more probability compared to central and north areas of Banat (Figure 2). However, the
frequency of precipitation above 20 mm is considerably increased going from these low-
lands towards west and south-west of Serbia. On the basis of the data on maximal pre-
cipitation, the largest number of days with abundant precipitation is in the months of the
vegetative period.

Apart from damages that could be caused by short term rainfalls of strong inten-
sity (Kadovi¢ et al, 2013), wind impact is also an important factor of soil degradation
in the sands. The effects of wind erosion and associated deposition include damage to
soils through the loss of chemical fertility, the loss of soil depth, damage to crops and
pastures through sandblasting and burial, damage to infrastructure by drift sand and dis-
persion of weeds and diseases Faghihinia and Afzali (2013). According to the results
of storm wind, it is a certain extent sufficient for Deliblato Sands because the less fre-
quent storm wind in this part of KoSava area the less unfavourable consequences caused
by wind erosion.

The temperature of air and soil, apart from precipitation, is the main factor deter-
mining the climate in all world regions as well as the distribution of plant cover on vari-
ous soil types (WMO, 2005). Seasonal and daily changes in temperature and precipitation
can influence soil humidity, biological activity, the speed of chemical reactions, the type
of vegetation, and other. Soil degradation is increased in longer periods with insufficient
precipitation, high temperatures, and strong winds because they contribute to drying of
the surface soil layer and the loss of its structure (Zhenghu et al., 2004, Jia et al., 2011).
With all of the above, reviewing direct influence of temperature and precipitation to the
process of degradation should be completed with the frequency of droughts of various
durations (L1 et al. 2009).

The increase in annual temperatures and precipitation in Deliblato Sands and wid-
er, caused many stressful climate changes which had a negative influence on the process
of soil degradation. Those increases primarily manifest in longer drought periods which
lead to vegetative destruction and loss of biological and economic productivity in the re-
gion, and wind and water erosions (extreme drought periods are usually followed by ex-
cessive and strong precipitation which cause strong soil erosion).
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In order to determine the degree of aridity of Deliblato Sands climate, the balance
between precipitation (as input) and evapotranspiration (as output) is particularly impor-
tant. It is clear that the actual (AET) and not potential evapotranspiration (PET) is the
real output, but the adoption of AET could complicate the assessment of drought enor-
mously (Tsakiris G. and Vangelis H., 2005). Therefore PET can be selected as the
key parameter representing the intensity of the atmosphere to absorb water from various
ground surfaces, and PET is the basis of most actual evaporation estimations (Milly,
1992; Wang and Dickinson, 2012). Consequently, the changes in PET due to climate
change are likely to produce an effect on actual evaporation and more generally on the
primary production of plants (Barella-Ortiz et al, 2013).

As it was mentioned in the methodology, aridity index (AI) was defined as the
ratio between annual precipitation (P) and potential evapotranspiration (PET). It repre-
sents the basis for defining the areas prone to the risk of soil degradation and potential
desertification. There are different methods for assessing PET. The most complex ones
are based on the energy balance equation and require a large amount of climate data such
as Penman-Monteith equation (Allen et al, 1998). Simpler methods usually require one
or two meteorological elements (Thornthwaite, 1948; Priestly and Taylor, 1972,
Hargreaves and Allen, 2003).

The advantage of applying the Thornthwaite (1948) method is reflected in the fact
that the potential evapotranspiration is determined only on the basis of average monthly
air temperatures.

When monthly and annual sums of potential evapotranspiration are determined,
the conditions are created for determining the aridity index (AI) which is the end prod-
uct of this analysis. On the basis of the annual ratio between precipitation and potential
evapotranspiration (P/PET), humid climate (A[>0.65) prevails in Deliblato Sands. How-
ever, when aridity index for the warm half of the year is taken into consideration, the as-
sessment of aridity is completely changed. The results of these assessments for the April
— September period were given on the right hand side of figure 7. It is obvious that the
number of seasons with semi-arid and dry sub-humid characteristics is considerably
increased compared to the previous case scenario. Twelve out of 30 seasons in Banatski
Karlovac were in the category of semi-arid, 12 were dry sub-humid, and 8 were humid;
in Vrsac 11, 7, and 12; and in Bela Crkva 8, 12, and 10, respectively.

Summer months (Jun, July August) at studied meteorological stations appeared to
be the predominant season with arid and semiarid characteristics.

5. CONCLUSION
The vulnerability of the special nature reserve Deliblato Sands to hydro-meteoro-

logical disasters (excessive precipitation, floods, wind storms, droughts ...) was analysed
on the basis of climate factors which have the unfavourable influence to soil degradation
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processes and potential desertification. Aridity level of the climate in Sands was deter-
mined by applying the available aridity index (AI) which is the ratio between annual (sea-
son) precipitation (P) and potential evapotranspiration (PET).

The results of researches performed for the last 30-year period (1981 — 2010), show
an increase in annual air temperatures (T) and annual precipitation sum (P). The increas-
es in annual temperatures and precipitation in Deliblato Sands and wider, caused numer-
ous stressful climate changes which had negative influence on soil degradation processes.

Aridity index (AI), which is the end product of this analysis, showed that humid
climate (AI>0.65) prevails in the area of Deliblato Sands. However, aridity changes com-
pletely when the warm part of the year (April — September) is separately analysed. In a
case like that, about 2/3 of seasons showed the following aridity categories: semi-arid
and dry sub-humid, whereas 1/3 were humid. In summer months (Jun, July August)
at the studied meteorological stations predominantly appeared the season with arid and
semiarid properties.

It is necessary to emphasise that the Thornthwaite method compared to the Pen-
man-Monteith, Hargreaves, Priestly-Taylor and other methods, usually shows lower val-
ues of potential evapotranspiration. The application of the above mentioned methods will
considerably reduce the ratio of annual precipitation and potential evapotranspiration (P/
PET), i.e. aridity index (AI), which will show the increased aridity of Deliblato Sands
climate for a larger number of years. On the other hand, as part of recently adopted En-
ergy and Water Balance Monitoring System in Europe (Rosema, A, de Weirdt, M,
Foppes, S.), on the basis of meteorological data obtained from the Metweosat satellite,
PET is in accordance with the Penman-Monteith equation which was calculated as the
product of net radiation (Rn) and number 0.8, i.e. PET=0.8Rn. Applying the equation in
question to available Rn data for the Banatski Karlovac and Vrsac stations, the data on po-
tential evapotranspiration were obtained and they were quite close to the results obtained
by the Thornthwaite method.
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AHAJIN3ANHAUKATOPAAPUJHOCTUHATIOAPYUYJY JEJUBJIATCKEIIEIIYAPE

Peszume

AHanu3a roguIIBUX TEMIIEpaTypa y Apyroj nojosuau 20. Beka okasana je, aa je y Behem
nery CpOuje perucTpoBaH MOpacT TenepaType, Koju je Ono HapoOYUTO U3PAKEH Yy MOCIEHE ABE
JlerieHnje nmpouutor Beka (Spasov et al., 2002). C apyre cTpaHe, TOKOM MoMeHyTor 50-rogummer
Mepro/ia, EBUACHTHPAHO j€ OIIITE CMamemhe TOAUIIBIX CyMa MaJaBiHa IIIPOM Teputopuje Pe-
nyonuke (M3y3eB Yy BUCOKHM IUTAaHMHCKUM oOnactuma 3amagHe Cpouje). [lomenyte knnmaTcke
MIpOMEHe, KOoje ce OrJIe/1ajy y moBehamy TeMIepaType U CMambey aJaBUHA, JOIPUHOCE CTBAPALY
MMOBOJPHUJHX YCJIOBA 3a AETPajalijy 3eMJbUIITA y HAIIUM KpPajeBHMA.

PesynTaru uctpaxuBama Apyrux Gpakropa gerpaaaiuje 3eMJbUIITa 1 Ae3epTuduKalmje,
HOpen KINMATCKUX MapameTapa, oKasay ¢y Aa kopuurherme 3emiprinTa y BojBoanuu, koja nma
caMo 6% LIyMCKOT IOKpHBaya, CTBapa MOBOJbHE YCIIOBE 33 Pa3B0j jAKHX IIpoLieca epo3uje BETpOM
(Kostadinov S., Spasov P., 2006.). [lenu6narcka neurdapa je noceGHO yrpoxeHa OBOM I10ja-
BOM Y jeZIHOM JieJly TOIMHE, Kaja 1yBajy jaki HCTOYHH U jyrOUCTOYHU BETPOBH.

ExcTpemuu yciioBu cTaHuIITa (e1ad)CKU U KITMMATCKH) M TIOPEKJIO IYMCKUX KYJITypa, yc-
JIOBJbaBajy HECTAOMIIHOCT OBUX cucTeMa. Kao mocnenuia tora, ciabe BUTAITHOCT U CTaOMIIHOCT
IIYMCKHX €KOCHCTEMA, a ITETHH (DaKTOPH Ce jaBJbajy Y CYKIIECHJU U YTHUY Ha HPEBEP3UOUITHE
TOKOBE FMXOBE JICBACTaIlM]j¢ U JACTpaaaluje.

VYrpoxernoct CrenujaisHor pesepsara npupoje Jenubnarcka memdapa o XuIpomere-
OpOJIOIIKKX Heroroza (0OMIIHE IajiaBUHe, MOIUIABe, OYjHH BETPOBH, CYIIE,...), aHAJIIN3UPAHA je
Ha 0a3W KJIMMAaTCKHUX (pakTopa KOju HEHMOBOJFHO JIeNyjy Ha IIpolece Aerpajanuje 3eMJBHIITAa U
noreHuujaisHe gezeprupuxanuje. Crenen apuanoctu kinMme [lenruape je onemeH NIPUMEHOM II0-
3HATOT MHJEKca apuaHocTH (Al), Koju mpuKasyje 0OIHOC TOAUIIBHUX (Ce30HCKNX) nagasuHa (P) u
noreHuujaisHe esarnorpancnupasuje (PET).

Pesynratu uctpaxkuBama Cy m3BplieHa 3a nocienmu 30 rogummu nepuoxn (1981-2010.
TO/INHA), y KOME je PEerHcTPOBaH 3HA4ajaH MMOpacT TOAuIImke Temneparype Baznyxa (T) u ro-
qumsux cyma nagasuna (P). [TomenyTto nmoBehame roqnmmsuX TeMIIepaTypa U najgaBuHa y [le-
TUONATCKOj TeNTYapy U IHpe, H3a3Baje Cy OpojHe KITUMATCKe CTPECHE CHTYAIlHje, Koje Cy Helo-
BOJBHO YTHIIaJIe Ha MIPOIIece Jerpajaije 3eMIBHIITA.

Wnnexc apugnoctu (Al), Koju mpeacTaBba GUHATHH PE3yNTAT OBE aHAJIN3E, j€ MOKa3a0
na Ha monpyyjy Jemmbnarcke memruape mpeoBnahyje y rmodany BJakan kiauMmart (AI>0.65).
MebhyTuM, yciioBH apuIHOCTH c€ Y MOTIYHOCTH MEHajy Kaja ce OCEOHO pa3MaTpa TOIUIH JeO
rofauHe (ampui — cenremMoap). Y ToM ciy4ajy, OKo 2/3 ce30Ha cy MONpUMUIIEC KaTeropuje apuaHo-
CTHU: MOJY-CYLIHO ¥ MaJIO BJIA’KHO, a jeqHa TpehmHa BJa:KHO. Y IETHUM Mecennma (jyH, jya
aBrycT), HHACKC apUIHOCTH NOKa3yje na noapyyje JennbnaTcke nemrdape mpumajga, IpeTexHo,
apHIHOj U CEMUAPUIHO]j 30HH.

Iotpebuo je wnarmacutu ga Mertox Thornthwaite, y omgHocy Ha metome Penman-
Monteith, Hargreaves, Priestly-Taylor u np., yriaBHOM Jaje Mame BPEIHOCTH MOTCHIHjaHe
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eBanorpaHcnupanuje. [lpuMena pesynrara HOMEHYTHX METO/a Y IPHIIMYHOj MepHu fie cMamuTH
OJTHOC TOOWIIUX MaJaBHHA U MoTeHuMjanHe eBanotpaHcnupanuje (P/PET), oqHOCHO MHIekc
apunnoctu (Al), mTo he y Behem Opojy roamna ykasuBaTu Ha moBehaHy apHAHOCT KIUMeE
Jenubnarcke nenrgape. C gyre cTpaHe, y OKBUPY HeJJaBHO yCOCTaB/beHOT CHCTeMa MOHUTOPHHTA
eHepreTckor u BogHor Ommanca y EBpornu (Rosema, A., de Weirdt, M., Foppes, S.)), Ha
0a3n METEeOpOJIOIIKHX MojaTaka qooujeHnx nomohy carenurta Meteosat, PET je y carmacrHocTu
ca jeqHaunHOM Penman-Monteith pauyynara kao mpou3Bon HeTo 3padema (Rn) u 6poja 0.8, Tj.
PET=0.8Rn. IlppumeHOM TOMEHYTE jeIHaYMHE Ha PACHOJIOKHBHM MoAannMa Rn 3a craHuie
Banarcku Kapnosan n Bpman no6ujenn cy nogamnu o MOTEHIIM]alHO] €BAIOTPAHCTIMPALIUJU KOJU
ce y BeJIMKOj MepH NMoAyaapajy ca pesynraruma nobujernx merogom Thornthwaite.
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