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Introduction
Phreatic (unconfined, free, first, shallow) aquifer is 
the shallowest water horizon which most often ap-
pears in the sediments of intergranular porosity. Its 
formation and distribution primarily depends on the 
processes whose character is defined by numerous 
natural and anthropogenic factors. Among the natu-
ral factors hydrogeological, climatic, pedological, ge-
omorphological and phytogeographic factors are the 
most significant (Pavić et al., 2012). However, anthro-
pogenic factors can modify the natural regime of the 
phreatic aquifer in areas where hydrotechnical works 
were performed (Pavić, 2006; Pavić et al., 2006; Pen-

nington, Cech, 2010). The fluctuations of the water ta-
ble of primary aquifer is, above all, a result of unsteady 
input and output of water which is directly dependent 
on the distribution of precipitation and temperatures 
of air and soil and the quantity of evaporation (Pavić 
et al., 2006).

The phreatic aquifer represents highly significant 
natural resource of water for agricultural production 
in areas like Vojvodina. In contrast, during wetter pe-
riods, a negative consequence of high phreatic aqui-
fer water table occurs when phreatic water reaches the 
topographic surface causing damages, e.g. floods of 
arable land and lower parts of settlements. Numerous 
authors have been dealing with the problem of water 
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regime of the phreatic aquifer and impacts of natural 
and anthropogenic factors on its formation and distri-
bution in different parts of Vojvodina (Petrović et al., 
1973; Milošev et al., 1977; Vasileva, 1978; Bogdanović, 
1982; Dedić et al., 1984; Stojšić, 1994; Marković, 
Bogdanović, 1995; Marković, 1996; Davidović et al., 
2000; Pavić, 2006; Pavić et al., 2006; 2012). 

The main goals of this paper are to present the ma-
jor characteristics of water regime of phreatic aqui-
fer in Šid municipality and to highlight the problems 
with inadequate monitoring of water table depth in 
the area (non-continuous measurements and small 
number of wells). Also, one of the aims is to empha-
sis the need for establishing a denser network of mon-
itoring wells and more frequent measurements of wa-
ter table level of the phreatic aquifer for the purpose of 
more detailed research.

StudyArea
Šid municipality is situated in south-western part of 
Autonomous Province of Vojvodina. It occupies the 
western part of Srem, one of the three territorial units 

of AP Vojvodina (Figure 1). The territory of Šid mu-
nicipality borders the Republic of Croatia to the north, 
west and south-west, the Republic of Bosnia and Her-
zegovina (Republic of Srpska) to the south-west, the 
municipality of Sremska Mitrovica to the east and the 
municipality of Bačka Palanka to the north-east. Šid 
municipality covers 687 km2 (Đurčić, 1984) which is 
18.7% of Srem territory or 3.2% of the territory of AP 
Vojvodina. Beside the urban center of Šid (14,893 in-
habitants), eightteen other rural settlements are lo-
cated in the research area with 19,295 inhabitants liv-
ing in them (Statistical Office of the Republic of Serbia, 
2011).

Quaternary sediments (loess, sand, gravel, clay, etc.) 
cover the largest part of the investigated area. The ter-
ritory of Šid municipality stretches on four relief units: 
the Fruška gora Mountain, Srem loess plateau, Srem 
loess terrace and alluvial plains of river Sava and its 
tributaries (given its location from north to south). 
The Fruška Gora Mountain stretches for 20 km in the 
northern part of the investigated territory in west-east 
direction with the highest peak Liske (294 m). Two flu-
vial terraces (240-270 m and 200-220 m) are present 

Figure 1. Geographical position of Šid municipality in AP Vojvodina and Serbia
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on the slopes of Fruška Gora Mountain (Milić, 1973). 
The eolian landforms of relief in Šid municipality are 
represented with two loess plateaus (Srem loess pla-
teau) located on the slopes of Fruška Gora, with differ-
ent heights: 130-150 m and 110-120 m (Milić, 1973). The 
Srem loess terrace is located south from Srem loess pla-
teau and is lower that it from 10 to 20 m (Đurčić, 1984). 
The lowest and largest part of Šid municipality is cov-
ered with the alluvial plain deposits of river Sava and its 
tributaries (height around 80-85 m) in the south-west-
ern part of the investigated area.

The Šid municipality is situated in the area of con-
tinental climate (Rakićević, 1980; Ducić, Radovanović, 
2005). According to average annual air temperatures 
for the perennial period (1949–2011) at the Sremska 
Mitrovica meteorological station (45°06’ N and 19°33’ 
E, 82 m), January is the coldest month and the only 
one with negative mean monthly air temperature 
(-0.4°C), whereas July is the warmest month (21.3°C). 
The mean monthly air temperature increases contin-
ually from January to July, and then decreases con-
tinually to the end of the year. The mean annual air 
temperature for perennial periods is 11.1°C. Mean air 
temperature in winter is 0.9°C, in spring 11.5°C, in 
summer 20.6°C and in autumn 11.3°C. Vegetation pe-
riod has mean air temperature of 16.9°C. The meteor-
ological station Sremska Mitrovica is located less than 
20 km to the east from the investigated area and was 
selected for meteorological parameter investigation 
for the territory of Šid municipality because the mete-
orological station in Šid stopped working in 1990.

Perennial data on precipitation (1949–2011) from 
the meteorological station Sremska Mitrovica indicate 
prominently uneven annual distribution. The month 
with least precipitation is February with 36.1 mm 
while June is month with the most precipitation (84.3 
mm). Mean monthly precipitation continually increas-
es from February minimum towards its maximum in 
June and then continually decreases to September. In 
October and November precipitation shows a slight in-
crease and then continually decreases towards Febru-
ary minimum. Mean annual precipitation for the mete-
orological station Sremska Mitrovica is 624.6 mm. The 
maximum precipitation occurs in summer (201.6 mm), 
followed by autumn (148.0 mm), spring (146.2 mm) and 
the minimum in winter (128.8 mm). Mean precipitation 
for the vegetation period is 402.5 mm. 

Surface waters of Šid municipality are represent-
ed by natural water courses, canals, artificial lakes 
and swamps. The lower courses of rivers Sava (16.5 
km), Bosut (38 km) and Studva (18 km) flow through 
the area covered in the study (Đurčić, 1984). Among 
the canalized courses, the most important are Šidina 
(Šarkudin) (40 km), Lipovac, Boris, Vagant, Vrtić and 
Eastern (General) channel. The artificial lakes are rep-

resented by small accumulations of water on Moharač 
stream (Lake Moharač, 0,55 km2), on Šidina stream 
(Lake Sot, 0,22 km2) (Davidović et al., 2000) and on 
Bruje stream (Lake Bruje, 0,12 km2) (Bugarčić, 2007). 
Swamps are located in south-western part of the in-
vestigated area in the alluvial plain of river Sava and 
its tributaries. The largest swamps are Breg and Slezen 
swamp near village Morović (Davidović et al., 2000). 

Within the study area, there is a heterogeneous 
soil cover represented by various soil types: pseu-
dogley-lessive, alluvial loam-clayish soils, hydro-
morphic mineral gleyed soil sporadically salinized, 
chernozemlike calcareous meadow soils, chernozem 
calcareous, chernozem with signs of swamping in 
the past, chernozems with various degree of brown-
ization or with spots of solođi soil, etc. (Živković et 
al., 1972a; Živković et al., 1972b). The largest part of 
the study area is covered with agricultural vegeta-
tion (wheat, corn, etc.), while on the slopes of Fruška 
Gora and in the alluvial plain near river Sava and its 
tributaries, deciduous forest is present (oak, tilia, etc.) 
(Đurčić, 1984).

Materials and methods
The data about the observations of the phreatic water 
table depth, taken from the database of Water man-
agement company “Šidina” from Šid which are part of 
Water management company “Vode Vojvodine”, have 
been used as basic material for the analysis of water 
regime of the phreatic aquifer in the study area. A sys-
tematic observation of phreatic water table depth (2–3 
times monthly) on the territory of Vojvodina start-
ed in the second half of the 20th century. Only on the 
territory of Šid municipality more than 40 monitor-
ing wells (piezometers) were established. However, in 
the following years, the observations were not carried 
regularly in a number of wells, whereas majority of 
wells stopped functioning completely.

The wells are unevenly distributed on the investi-
gated territory and the data obtained covers two peri-
ods (1981-1988 and 2001-2011). During the first inves-
tigated period more than 40 wells were working, but 
38 wells were chosen for the research because they had 
adequate data (less than 10% of missing data). In the 
alluvial plain of river Sava and its tributaries 32 wells 
are present (near village Jamena there are 12 wells, but 
also wells near villages Višnjićevo, Batrovci, Adaševci, 
Vašica, Ilinci, Gibarac, Bačinci and Kukujevci), three 
wells are located on the Srem loess terrace (Š-32, B-40 
and E-44) and three wells are located on the Srem 
loess plateau (BE-33, BE-35 and BE-36). During the 
second investigated period, there is still an uneven 
distribution of monitoring wells with significant de-
crease in their number: six wells are located in the al-
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luvial plain (A-19, BA-21, BA-22, VA-27, I-30 and G-39), 
one on Srem loess terrace (Š-32) and one on Srem loess 
plateau (BE-35). The reason for establishing a monitor-
ing network of wells with such uneven distribution is 
that the alluvial plain is at biggest risk from floods so 
the majority of wells were established there (Figure 2).

Beside the above mentioned basic materials, rich 
cartographic material (topographic, geological, geo-
morphological and pedological maps, etc.) and refer-
ence resources were used in this work, as well.

The main characteristics of water regime of the 
phreatic aquifer in the study area are defined by the 
analysis of annual variation of mean monthly phreat-
ic aquifer water table depths for 38 monitoring wells 
in the first investigated period (1981-1988, includ-
ing well VI-17 with slightly moved monitoring peri-
od 1980-1987) and from eight monitoring wells in the 
second investigated period (2001-2011, including well 
Š-32 with shorter monitoring period 2000-2007). Data 
was gathered during these periods with a pause in the 
data gathering of phreatic water table depths during 
the ‘90s because of the bad political situation during 
that time (war in Yugoslavia, international sanctions, 

NATO bombing). Only 10 monitoring wells are work-
ing at present of which eight wells had missing data 
less than 10%.

The estimation of the influence of dominant climat-
ic factors on the phreatic water regime of the study 
area has been done through the comparison of annual 
variation of the mean monthly values of the water bal-
ance of climatic factors with the annual variation of 
the mean monthly phreatic water table levels for rep-
resentative wells (for investigated periods). The water 
balance of the climatic factors represents the differ-
ence between the total precipitation and evapotran-
spiration. The mean monthly values of potential evap-
otranspiration were calculated by the Turc formula 
for the meteorological station Sremska Mitrovica. The 
Turc formula is as follows (Turc, 1961): 

ETp = 0.40 × (Ig + 50) × [T ÷ (T + 15)]

ETp potential evapotranspiration for the given 
month (mm)

T average monthly air temperature (oC)
Ig intensity of sun radiation (gr cal/cm2) 

Figure 2. Position of the analysed wells in both periods; italic – well (BA-21) used only in the period 2001-2011
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The perennial data about mean annual and month-
ly air temperature and precipitation quantities for 
meteorological station Sremska Mitrovica was taken 
from the Yearbooks of Republic Hydrometeorological 
Service of Serbia. Annual and monthly values of in-
tensity of Sun radiation was used from Stamenković 
(2009) for Belgrade which is located on similar lati-
tude as Sremska Mitrovica.

The estimation of the influence of dominant hy-
drological factors on the phreatic water regime of the 
study area has been done through the comparison of 
annual variation of the mean monthly values of the 
water level of river Sava at surface water station Srem-
ska Mitrovica with the annual variation of the mean 
monthly phreatic water table levels for representative 
wells (for investigated periods). 

Results and discussion
The phreatic aquifer is continuously present on the 
territory of Šid municipality due to favourable hy-
drogeological conditions. This is possible because of 
the presence of Quaternary sediments of intergran-
ular porosity (aluvial deposits, terrace and typical 
loess) which represent water colecting environment 
in the investigated area (Živković et al., 1972a). In the 
bottom, at the depths ranging from several meters 
to several dozen meters,impermeable clay sediments 
represent a barrier for the water to move downwar-
ds and so the lower boundary of the phreatic aqui-
fer is formed. Pedological conditions on the investi-
gated territory (alluvial soils, chernozem soils, etc.) 
are also favourable for the filtration of water to the 
aquifer.

Characteristics of the water regime of phreatic aq-
uifer may be observed through the analysis of the wa-
ter table level oscillations and estimation of the size 
and forms of various factors that cause oscillations. 
According to dominant natural and anthropogenic 
factors, Stojšić (1994) classifies four types of water re-
gime of the phreatic aquifer in Vojvodina: 
•	 climatic type – as the most frequent, it is formed 

under the influence of climatic factor, primarily 
precipitation and temperature conditions;

•	 hydrological type – formed under the influence of 
large water courses (the Danube, the Tisa and the 
Sava);

•	 climatic-hydrological type – formed under joint in-
fluence of climatic and hydrologic factors in their 
influence transfer zone;

•	 climatic-anthropogenic and hydrological-anthro-
pogenic type – formed by artificial modification of 
natural regime (melioration, hydrotechnical meas-
ures, etc.).

As it has been already explained, the data about 
the depths of the phreatic water table have been used 
from the observations on 38 mon itoring wells during 
the first investigated period (1981-1988), including one 
well (VI-17) with slightly different investigated peri-
od (1981-1987). The above mentioned problems relat-
ed with uneven distribution of wells and short inves-
tigated period prevent a more serious analysis of the 
phreatic aquifer regime of the study area. However, 
the wells may offer general over view of annual varia-
tions of water table depths and the range of its annu-
al oscillations in different parts of the study area. The 
analysis of the data for the period 1981-1988 (Table 1) 
provided following conclusions:
•	 minimun mean mothly depths of phreatic water ta-

ble within the study area most freuqently occur in 
spring (March and Apil). The March minimum is 
registered on 18 wells (mostly in alluvial plain), the 
April minimum is registered on 15 wells (mostly in 
alluvial plain), while identical minimum depths 
values in two months (March-April) occur on well 
VA-28 and in April-June on well VI-17. Minimum 
monthly depth values, slightly delayed, occur in 
May on two wells, one located on Srem loess ter-
race (E-44) and one located on Srem loess plateau 
(BE-33) and in July on well Š-32 located in the only 
city on the investigated territory which lies on Srem 
loess terrace.

•	 maximum mean monthly depths of phreatic water 
table within the study area most frequently occur 
in autumn and winter, especially during Novem-
ber, December and October. The November max-
imum is registered on 15 wells (mostly in alluvial 
plain), the December maximum is registered on 12 
wells (mostly in alluvial plain and on Srem loess 
terrace) and the October maximum on nine wells 
(all of them are located in alluvial plain). Identi-
cal maximum depth values in two months (Octo-
ber-November) occur on one well located on Srem 
loess plateau (BE-35). On one well located in alluvi-
al plain (B-41) is registered slightly moved Septem-
ber maximum of phreatic water table depth.

•	 the smallest phreatic water table depths are regis-
tered in alluvial plain with mean annual depths 
ranging from 103 cm to 379 cm on 32 wells. On Srem 
loess terrace depths of phreatic water table are big-
ger and range from 253 cm to 675 cm on three wells. 
The biggest phreatic water table depth value is reg-
istered on well BE-35 located on Srem loess plateau 
because of its high elevation and possible deeper lo-
cation of impermeable clay layer in the bottom. On 
other two wells located on this geomorphological 
unit phreatic water table depths range from 116 cm 
to 159 cm. 
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•	 annual amplitudes of mean monthly water table 
depths have smallest values on Srem loess terrace 
and range from 93 cm (Š-32) to 120 cm (E-44), than 
at the Srem loess plateau range from 97 cm (BE-
35) to 135 cm (BE-36). The highest values of annual 
amplitudes are present on wells located in alluvial 
plain and range from 105 cm (J-7) to 256 cm (VI-14). 
Annual amplitudes for absolute extreme monthly 
depths in perennial period are significantly higher.

Data was analized for only eight remaining wells in 
the second investigated period (2001-2011), including 
one well (Š-32) with a shorter analyzed period (2000-
2007) but it was choosen for the analysis because of its 
location in the city of Šid. The analysis of the data for 
the period 2001-2011 (Table 2) provided following con-
clusions: 
•	 minimum mean mothly depths of phreatic water 

table within the study area most frequently occur 
in spring (April and March). The April minimum 
is registered on four wells in alluvial plain of riv-
er Sava and its tributaries. The March minimum is 
registered on three wells (two in alluvial plain and 
one on Srem loess plateau). The slightly delayed 
June minimum occurs on well Š-32 located on Srem 
loess terrace.

•	 maximum mean monthly depths of phreatic water 
table within the study area occur in autumn (Octo-
ber and September). The October maximum is reg-
istered on six wells (five in alluvial plain and one 
on Srem loess terrace). The September maximum is 
registered on two wells, one in alluvial plain (VA-
27) and one on Srem loess plateau (BE-35).

•	 the smallest phreatic water table depths are reg-
istered on Srem loess plateau with mean annual 
depth on well BE-35 (35 cm). Bigger phreatic water 
table depths are registered in alluvial plain rang-
ing from 106 (GI-39) to 294 cm (BA-22). The biggest 
depth value is registered on well Š-32 (644 cm) lo-
cated on Srem loess terrace.

•	 annual amplitudes of mean monthly water table 
depths have highest values in alluvial plain ranging 
from 73 cm (G-39) to 180 cm (I-30). At Srem loess 
terrace annual amplitude is smaller (Š-32, 67 cm). 
The smallest value of annual amplitude of mean 
monthly water table depths is registered at well BE-
35 (52 cm) located on Srem loess plateau. Annual 
amplitudes for absolute extreme monthly depths in 
perennial period are significantly higher.

Two investigated periods were compared (mean 
monthly and mean annual values for the period 2001-
2011 minus mean monthly and mean annual values 
for the period 1981-1988) for the wells that were func-
tioning in both periods. Decreasing phreatic water ta-
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ble depth, e.a. phreatic water is getting closer to the 
surface was registered on all wells in the second inves-
tigated period (Table 3). Phreatic water table depth de-
crease on annual level was from 26 cm (A-19) to 66 cm 
(VA-27) in alluvial plain, while at Srem loess terrace it 
was 31 cm on well Š-32. The biggest phreatic water ta-
ble depth decrease occured on well BE-35 (81 cm) lo-
cated on Srem loess plateau. The registered decrease of 
phreatic water table depth on all wells could be a con-
cequence of higher precipitation quantities during pe-
riod 2001-2011 (649 mm) with regard to earlier peri-
od 1981-1988 (588 mm), while water level of River Sava 
had about the same value in both periods (approxi-
mately 270 cm).

The data about mean monthly phreatic water table 
depths presented in Table 1 and Table 2 indicate the 
dominance of climatic factors and prevailing climat-
ic type of water regime of the phreatic aquifer in the 
study area. This was also confirmed by comparative 
analysis of an nual variations of mean monthly val-
ues of water bal ance of climatic factors for the mete-
orological station Sremska Mitrovica and annual var-
iation of mean monthly phre atic water table level for 
representative wells. Near the Sava river and its tribu-
taries (Bosut and Studva rivers), hydrological factor is 
also present, so combined climatic-hydrological water 
regime type could be distinguished on the wells near 
them. The precise border where climatic or hydrolog-
ical factors dominate could not be distinguished from 
avalaible, scarce data. Also it is important to consider 
that the study area is mostly agricultural area where 
measures taken in agricultural production (meliora-
tion, irrigation, etc.) could modificate natural water 
regime characteristics.

On higher geomorphological units (Srem loess pla-
teau and Srem loess terrace) the climatic factor domi-

nates the water regime of the phreatic aquifer. Name-
ly, the highest monthly water table levels in spring 
reaching their maximum in March (BE-35 on Srem 
loess plateau) and May (E-44 on Srem loess terrace) 
are the result of the prevailing positive climatic wa-
ter balance between November and March. The lowest 
mean monthly water table levels in autumn reaching 
their minimums in period October-November (BE-35) 
(Figure 3) and November (E-44) (Figure 4) are the re-
sult of negative climatic water balance between April 
and October.

In the alluvial plain of the Sava river and its tribu-
taries as the lowest relief unit in the investigated area, 
beside climatic, hydrological factors also influence 
water regime characteristics of the phreatic aquifer on 
investigated wells, especially near the Sava, Bosut and 
Studva rivers. It is hard to distinguish the strength of 
influence of the major hydrological factor in alluvi-
al plain (river Sava) because the highest water level on 
this river (April) coincide with positive spring water 
balance of climatic factors. In alluvial plain climatic-
hydrological water regime of phreatic aquifer could 
be distinguished, especially near river Sava (Figure 5) 
while moving away from it and its tributaries climatic 
factor becomes more dominant.

Considering that the biggest part of the Šid munic-
ipality is an agricultural area, antropogenic factors 
can alter the water regime characteristics of phreat-
ic aquifer. In the settlements antropogenic factors can 
change natural annual and monthly water level oscil-
lations of phreatic aquifer. This is registered on well 
Š-32 where maximum water level is moved from two 
(June, period 2001-2007) (Figure 6) to three months 
(July, period 1981-1988) because of the added, antropo-
genic feeding of aquifer with water in spring and sum-
mer.
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Figure 3. Ratio between mean monthly values of water balance of the climatic factors 
for meteorological station Sremska Mitrovica and mean monthly phreatic water table 
level at well BE-35 (Srem loess plateau) in the period 2001-2011
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Figure 5. a) ratio between mean monthly phreatic water table level at well J-9(1) 
(alluvial plain) and mean monthly values of water balance of the climatic factors for 
meteorological station Sremska Mitrovica in the period 1981-1988 and   
b) ratio between mean monthly phreatic water table level at well J-9(1) (alluvial plain) 
and mean monthly values of water level of river Sava on surface water station Sremska 
Mitrovica in the period 1981-1988

Figure 4. Ratio between mean monthly values of water balance of the climatic factors 
for meteorological station Sremska Mitrovica and mean monthly phreatic water table 
level at well E-44 (Srem loess terrace) in the period 1981-1988
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Conclusion
In the final remarks it is necessary to highlight that 
the results of the research in this paper, ob tained on 
scarce data on depths of phreatic water table level, 
provided only a general overview of the main char-
acteristics of the phreatic aquifer water regime in Šid 
municipality. In fact, the results indicate the domi-
nance of climatic factor and prevailing presence of 
climatic type of the phreatic aquifer water regime 
in the study area. The area of Šid municipal ity has 
artificial lakes, rivers, canals, swamps, eolian relief 
forms, versatile soil and vegeta tion cover. Also, the 
area is primarily agricultural with application of 
melioration and irrigation/drain age measures and 
has one urban area. This is enough to conclude that 
there are also other factors (hydrological and an-
thropogenic) that modify at least secondary or frag-
mentary and influence the formation of the water re-
gime characteristics of the phreatic aquifer. It could 
be stated that climatic-hydrological type of the phre-
atic aquifer water regime exist near rivers Sava, Bo-
sut and Studva while climatic-anthropogenic type of 
the phreatic aquifer water regime exist at least in and 
near the city of Šid.

In order to estimate more precisely the size of in-
fluence of the above-mentioned factors and presence 
and border zones between types of wa ter regime of 
the phreatic aquifer it would be necessary to establish 
a much more serious system of monitoring wells of 
the phreatic aquifer. Namely, with the establishment 
of a larger number of monitoring wells, which would 
cover the research area with a more frequent water ta-

ble level monitoring (according to the current meth-
odology in Šid municipality, the depths are monitored 
monthly twice), a more realistic insight in the phreat-
ic aquifer water regime and the strength of influence 
of individual factors on its form ing in various parts of 
the research area would be ob tained.

There are several reasons to justify a more detailed 
approach in monitoring and studying the phre atic aq-
uifer in Šid municipality. Above all, be cause the Srem 
loess plateau, Srem loess terrace and alluvial plain of 
river Sava and its tributaries are water rich collecting 
areas of phreatic groundwater. In addition, the phre-
atic aquifer is a significant natural resource for a pri-
marily agricultural area, and also be cause of the need 
for timely prevention measures for disasters and dam-
ages caused by flooding of arable land and settlements 
due to increase in phreatic water table during ex-
tremely wet periods. 
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Figure 6. Ratio between mean monthly values of water balance of the climatic factors 
for meteorological station Sremska Mitrovica and mean monthly phreatic water table 
level at well Š-32 (Srem loess terrace) in the period 2001-2007
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