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Sustainable water management requires the quantification 
of spatial and temporal changes of water balance variables 
(Wagner, Kunstmann and Bárdossy, 2006). In Slovakia, 
hydrological models have recently been used to assess the 
impacts of land use and climate change on drainage and 
snow melt processes and simulation of sediments transport. 
Possible changes of the runoff characteristics, caused be 
modifications of land use features, represent one of the 
main sources of uncertainty in the area of water resources 
management and in flood protection (Jurík et al., 2008). 

Identifying changes in runoff and quantifying the 
impacts of climate change and human activities are of great 
significance for water resources planning and management 
in a river basin (Zhang et al., 2017). The hydrological 
processes are very complex and highly non-linear. Models 
based on the linear system theory generally fail to represent 
the non-linear processes (Raveendra, Rai and Mathur, 2008). 
In this study, there were used alternations applying the 
hydrological model in order to identify the trends of the 
hydrological components responses to climate changes in 
connection with land use, which is a well-established tool 
for investigating the spatial and temporal variability of 
hydrological processes in a complex river basin.

The river basin response to vegetative changes is 
predictable (Bulantová, 2009). However, there are conflicts 

between the science and the public perception of land and 
forest use and hence the impact on the overall hydrological 
cycle of water in nature (Jewitt, 2005, in Bulantová (2009). As 
an example, there are two conflicting studies. The first one 
highlights that the forests, including soil and roots, behave 
like a “sponge“ that draws water during precipitation and 
release it during drought. According to this study, forests 
should contribute to improving the water supplies by 
replenishing groundwater resources, maintaining the basic 
runoff and mitigating floods. In opposite, the second study 
states that roots do not release water during dry periods, 
but absorb it from the soil (Hamilton and King, 1983; Jewitt, 
2005 in Bulantová, 2009). 

The individual effect of forest vegetation in a particular 
river basin can be a very specific one, because the runoff is 
determined by a complex of factors, from those some may 
react adversely and thus complicate the behaviour of the 
entire rainfall-drainage system. For integrated river basin 
management, it is therefore advisable to examine each 
river basin or  region separately and possibly verify several 
model approaches (Bulantová, 2009). The issue of the water 
balance in changed climate condition was also developed 
by Tátošová (2006), Bárek, Halaj and Takáč (2008) and Halaj 
et al. (2010).
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Research area
The Žitava river basin (903 km2) was chosen as a model area, 
with 99.3 km of the total stream length. The Žitava is a partial 
sub-basin of the Nitra river basin. There is about 60.5% of the 
agricultural land in the sub-basin; forests represent about 
32.5%, built-up area covers 6.8%, and water areas and other 
areas 0.2% and 0.1%, respectively. During the years 2009 and 
2012, flood events occurred; therefore the causes of such 
phenomena need to be analysed and appropriate measures 
to prevent them taken. From the whole Žitava river basin, 
the obyce water gauge profile was chosen for evaluation of 
the river basin hydrological balance (74.5 km2), because it 
is mostly covered by a deciduous forest. For land use, there 
was applied the Corine land Cover of the Slovak Republic, 
where land cover is a map of the surface of Europa from the 
lANDSAT satellites (see Figure 1a). Green areas represent 
forested areas and pink circle shows the obyce profile water 
gauge station. Review of the profile water gauge stations in 
the Žitava river basin is showed in Figure 1b). The land use 
is very diverse in the catchment area from forest (the most 
common deciduous forests are: oak, hornbeam and beech 
trees, as well as coniferous forests: spruce or pine trees), 
through grazed meadows on the slopes of mountains to 
agriculture in the lower parts of the basin (Zorád, 2010). 

Distribution of monthly average air temperature values 
and monthly average precipitation totals during the periods 
of years 1951–1980, 1993–1999 and 2009–2012 is displayed 

in Figures 2a) and 2b). Based on 30 years of data, period of 
the years 1951–1980 characterises “reference term.” 

The period of the years 1993-1999 represents the dry 
term. The seven years period (1988-1994) was the warmest 
and driest in Slovakia since 1871 (Smith et al., 1996). The 
period of the years 1989–1993 was the driest season in 
the middle and lower Danube region and the warmest 
consecutive three-year and five-year period was between 
1998 and 2002, with the decades clearly dominating the 
1990s (Blinka, 2009). 

The period of the years 2009–2012 characterises the 
wet term. Zeleňáková et al. (2017) analysed the temporal 
and spatial precipitation distribution trends over Slovakia, 
utilizing 487 gauging stations; in 1981–2013 it showed that 
annually, there was a  significant, although only slightly 
increasing precipitation trend. The absolutely highest 
precipitation total on an annual scale was in 2010. However, 
from the monthly point of view, there is evidence of a very 
different rain distribution over the studied area.

Even though the second and third periods are inadequate 
to distinguish between changes due to long-term trends, 
they indicate inter-annual and inter-period variability. 

Hydrological model 
The hydrological Water Flow and Balance simulation 
model (WaSiM-ETH) was used (Schulla, 1997) to inspect the 
hydrological balance alteration under the possible modified 
land use characteristics due to the global atmosphere 
change in near future. Richard’s equation is composed for 
unsaturated zone modelling. Main parameters of this model 

material and methods

fig. 1 a) Digital elevation model of Žitava river basin with a spatial resolution on regular grids of a cell size of 100 × 100 m.; 
b) Map situation of Žitava individual sub-basins, arrows show the specific water gauge stations: obyce, vieska nad Žitavou, 
vlkas and Radava in Žitava river basin

 

a)
b)
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are: full surface runoff distribution, time step 1 day, spatial 
resolution on regular grids with a cell size of 100 × 100 m. 
Input climate data in daily time step were: air temperature (°C) 
(10 stations), precipitation totals (mm) (16 stations), global 
radiation (Wh.m-2) (2 stations), relative sunshine duration 
(hours) (1 station), vapour pressure (mbar) (4 stations), wind 
speed (m.s-1) (8 stations). Model routines are: precipitation 
correction, input meteorological data interpolation 
according to different methods, snow accumulation and its 
melting using inverted distance weighting methods, plant 
interceptions modelling using a leaf area index depending 
on the interception reserve, infiltration model used by 

Green-Ampt. Within the  model, outflow is  defined as the 
total amount of water that flows out of the river basin per 
time unit. According to Cudlin et al. (1999) it is divided into 
surface, subsurface (hypodermic) and underground direct 
and base discharge. Direct runoff is also specified within 
a model, what is a summary designation for the surface and 
leakage subsurface effluent that still has not reached the 
groundwater level yet during the precipitation duration or 
immediately after the precipitation event (Pavková, 2010). 
Hydrological model calibration was performed during the 
period: 1993–1999 (coefficient of determination: r2 = 0.71) 
and validation: 2009–2012 (r2 = 0.79). During the calibration, 

 

fig. 2 a) Monthly course of the mean air temperature T (°C) values during the observed periods: 1951–1980, 1993–1999 and 
2009–2012; b) Monthly values of the mean precipitation totals P (mm) during the observed periods: 1951–1980, 1993–
1999 and 2009–2012

 

table 1 Evaluation of the hydrological balance in term of the land use change impact related to the Žitava sub-catchment, 
the obyce water gauge profile, using the results of the WaSiM-ETH model

ye
ar

la
nd

 u
se

m
ea

n 
an

nu
al

 a
ir

 
te

m
pe

ra
tu

re
 (°

c)

a
nu

al
 p

re
ci

pi
ta

ti
on

 
to

ta
ls

 (m
m

)

a
ct

ua
l 

ev
ap

ot
ra

ns
pi

ra
ti

on
 

to
ta

ls
 (m

m
)

in
flu

en
ce

 o
f t

he
 

ve
ge

ta
ti

on
 c

ov
er

 to
 

ch
an

ge
 o

f t
he

 a
ct

ua
l 

ev
ap

ot
ra

ns
pi

ra
ti

on
 (%

)

to
ta

l a
nn

ua
l d

is
ch

ar
ge

 
fr

om
 o

by
ce

 s
ub

-b
as

in
 

(m
m

)

in
flu

en
ce

 o
f t

he
 

ve
ge

ta
ti

on
 c

ov
er

 
to

 c
ha

ng
e 

th
e 

to
ta

l 
an

nu
al

 d
is

ch
ar

ge
 (%

)

2009

present state 10.7 885 429 142

grass 346 -19.4 225 58.4

bushes 423 -1.3 177 24.7
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present state 10.5 763 590 242

grass 398 -32.5 386 59.4

bushes 548 -7.0 235 -3.1

2012

present state 11.1 895 522 232

grass 411 -21.3 383 65.3

bushes 496 -5.1 254 9.7

Individual land use changes are under the same climate conditions: 1. for the present time land use, e.g. mostly forested river basin, 
2. replaced by permanent grasses, 3. replaced by bushes
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total discharges computed by the model were compared 
with the real total discharges data measured in the obyce 
profile. 

Annual mean air temperature during the evaluated period 
2009–2012 was 10.4 °C, average value of the annual 
precipitation totals was 974 mm and average annual actual 
evapotranspiration totals was 473 mm. These whole climate 
characteristics data were used as input data to calibrate and 
verify model results according to Novotná (2004). Evaluation 
of water balance in the obyce profile, according to the 
individual land use change, but under the same climate 
conditions was performed for the present time land use, 
e.g. mostly forested river basin (1), replaced by permanent 
grasses (2) and replaced by bushes (3) using model WaSiM-
ETH. The model results are displayed in Table 1. 

According to the model results, under the consideration 
of the same climate characteristics, changing only land use 
exploitation from the present state: deciduous forest 1) to 
grass and bushes 2) in all cases there was reported the actual 
evapotranspiration decrease from the smallest -1.3% for 
bushes in 2009 up to the -32.5% for grass in 2011. only one 
increase is considered equal to 13.3% for bushes in 2010.

Similarly, the influence of the vegetation cover to the 
change of the total annual discharge was established in all 
cases from 5.9% for bushes in 2010 up to 65.3% for grass in 
2012. The only reduction -3.1% was considered for bushes 
in 2011. 

The comparison of the annual totals of actual 
evapotranspiration (mm) 3a) and total discharges related to 
the water gauge profile obyce (mm), during the individual 
years is displayed in Figure 3a) and 3b). 

Conclusions
Influenced by land use changes, significant hydrological 
cycle modifications are expected to occur in the observed 
sub-basin according to the results. These changes are 
identified and attributed to climate change, especially the 
decreased precipitation and the increased air temperature, 

in accordance with the study of Zhang et al. (2017). This 
study provides insights into changes in hydrological balance 
distribution and water resources availability that may occur 
as the result of global change in small-scale mostly forested 
sub-basin. 

The results underline the importance of the forest 
communities in the water cycle and  in  the  nature. 
Forests are related to the water balance through the 
processes of  evaporation, evapotranspiration, infiltration, 
transpiration, and interception – the important functions 
of forest ecosystems.

The land-use/land-cover change is a widespread, 
accelerating, and significant process. Modelling these 
changes is critical for formulating effective environmental 
policies and management strategies (Agarwal et al., 2002). 
While assessing the effects of climate change at global or 
regional scales, local factors responsible for climate change 
are  generalized, which results in the averaging of effects. 
However, climate change assessment is required at a micro-
scale to determine the severity of the climate change. This 
shows the contribution of land use/land cover change and 
several other local anthropogenic activities on the climate 
change (Pingale et al., 2015). 

The results of our study agree with Holko (2010) who 
states that possible technical measures to increase landscape 
retention have to be compared with the data about probable 
rainfall amount and intensity in the given area. In conditions 
of less permeable areas, where the main runoff formation 
mechanism is a surface runoff caused by exceeding of the 
soil infiltration capacity, it has to be taken into consideration 
that the measures performed to increase the soil infiltration 
capacity do not cause disruption of the soil surface. 
Hydrological response to  the  river basin, possibly leading 
to floods, depends on many factors. However, hydrological 
models provide the detailed information about the runoff 
formation and about the most frequent causes of floods in 
our territory as well as the most threatened areas. Present 
technologies make it possible, with some likelihood and 
precision, to alert the flooding risk and compute the flood 
wave characteristics and possible extent of the flooded area.

The results of this study can be useful for the 
identification of optimal climate change adaptation and 

fig. 3 a) Annual totals of actual evapotranspiration ETa in mm expressed for: present state of the land use, grass, bushes in the 
period of the years 2009–2012; b) Total annual discharge sums Qt in mm expressed for: present state of the land use, grass, 
bushes in the period of the years 2009–2012 in the obyce catchment
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mitigation strategies based on the severity of climate 
change at different spatial scales as it was proposed by 
Pingale et al. (2015). Possible parameters change estimation 
of the extreme runoff phases due to global climate change, 
in the design of adaptation and mitigation measures 
for  water management as well as to evaluation the land 
use characteristics in terms of the risk of  floods were also 
intended by Húska and Tátošová (2005). 
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