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Abstract. The aim of this paper is to present the results of the impact of anthropogenic factors and climate change 
on two catchments with different geological settings (a non-karst area and area with the karst features). For this 
purpose, the catchment of the Vlasina River and its right tributary, the Lužnica River, were selected. The Republic 
Hydrometeorological Service of Serbia established water level monitoring and discharge measurements in 1955 in 
the village of Svođe for both river courses – on the Lužnica approximately 1 km upstream from its confluence with 
the Vlasina, and on the Vlasina just before receiving the Lužnica’s waters. Both gauging profiles share common 
characteristics: they have identical observation series lengths, control similar catchment areas, and exhibit similar 
pluviographic regimes. The key difference lies in their geological/hydrogeological characteristics. To assess tem-
poral homogeneity, mean values and variances of precipitation, air temperature, and mean annual discharges were 
tested for the periods 1961–1990 and 1991–2020. Additionally, series analyses of direct and baseflow runoff were 
conducted for the period 1991–2023.
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Introduction

The climatic characteristics of a region are among 
the key factors influencing the formation of its wa-
ter resources, while climate change significantly 
affects their availability. An increase in the mean 
annual air temperature, along with changes in pre-
cipitation patterns, leads to disruptions in the hydro-
logical cycle (Stevanović et al., 2012). The absence 
of rainfall during summer months creates conditions 
for prolonged recession periods in rivers, whereas 
increasingly intense but sporadic rainfall episodes 

often result in floods with serious consequences. 
The impact of climate change may manifest as a 
reduction in surface and groundwater reserves, as 
observed in Southeastern Europe (Stevanović et 
al., 2012). When considering groundwater, aquifers 
formed in fractured rocks are under considerable 
pressure due to altered precipitation regimes and in-
tensified evaporation. This is because such aquifers 
lack substantial dynamic water reserves within the 
catchment, leading to the drying up of springs and 
river courses fed by these waters during increasing-
ly frequent and prolonged drought periods. Ground-
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water circulation in fractured aquifers is strongly 
controlled by the characteristics and spatial distri-
bution of structural heterogeneity, namely the pres-
ence of faults and fractures. This heterogeneity sig-
nificantly influences the anisotropy of aquifer ho-
rizons, creating preferential flow paths conditioned 
by structural features, while water-conducting 
structures represent zones of increased transmissiv-
ity (Akara et al., 2022; Comte et al., 2012; Mazurek, 
2000). This is one of the main reasons why schists, 
which predominantly constitute the Vlasina catch-
ment, are characterized by low yield, often less than 
0.5 l/s.

In contrast, karst aquifers with complex charac-
teristics and high heterogeneity are distinguished by 
the presence of voids, fractures, caverns, and cave 
channels, which enable the formation of substan-
tial dynamic groundwater reserves. Limestones are 
highly susceptible to karstification, a process that 
increases total porosity and directly affects the aq-
uifer’s ability to store and transmit water. Springs 
formed within these rocks can exhibit exceptionally 
high yields, reaching several tens of cubic meters 
per second, with the discharge regime conditioned 
by the spring type (descending or ascending). It 
should be emphasized that despite the significant 
volume of water that can be stored within rocks 
exhibiting dissolution porosity, the influence of cli-
mate which is a decisive factor for the amount of 
water recharging the aquifer must not be overlooked 
(Bakalowicz, 2005; Krešić, 2013; Spellman et al., 
2022). Additionally, the water regime of catchment 
is significantly influenced by anthropogenic fac-
tors. To demonstrate differences in runoff forma-
tion across distinct geological settings catchments 
dominated by karst terrains versus non-karst catch-
ment areas and to highlight the potential impact of 
climate change and anthropogenic factors on water 
resources formed within these catchments, the ba-
sins of the Vlasina River and its right tributary, the 
Lužnica River, were selected.

These two rivers are located in southeastern Ser-
bia (Fig. 1). The Vlasina River originates below the 
dam of Vlasina Lake, while the Lužnica River rises 
in the northern part of the Babušnica municipal-
ity, near the village of Radoševac. Lužnica flows 
into the Vlasina near the settlement of Svođe. In 
1955, the Republic Hydrometeorological Service of 
Serbia established water level monitoring and dis-
charge measurements upstream of Svođe for both 
river courses. The gauging profiles control simi-
lar catchment areas (the Lužnica catchment at the 
Svođe profile covers 318 km², while the Vlasina 
catchment at the same profile covers 350 km2). Due 
to their close proximity (Fig. 1), the catchments 

share similar climatic characteristics. The only 
significant difference between them lies in their 
geological composition: the majority of the Vlasina 
catchment controlled by the Svođe gauging sta-
tion is composed of schists with fracture porosity, 
whereas approximately one-quarter of the Lužnica 
catchment consists of karst terrains. This distinc-
tion is crucial for further analysis of the impact of 
climate change on water resources formed within 
catchments that differ geologically but share similar 
climatic conditions. A schematic representation of 
the hydrogeological map is shown in Fig. 1.

Methodology

As a starting point for the analysis of runoff re-
gimes, data on mean daily discharges of the Vlasina 
and Lužnica rivers observed at the Svođe gauging 
stations were used. The available dataset included 
mean monthly and annual discharge values for the 
period 1946–2023, as well as mean daily discharge 
values for the period 1991–2023. To assess the im-
pact of climate change on these two catchments, 
homogeneity tests of the arithmetic mean and vari-
ance of the time series of mean annual discharges 
were first conducted. For homogeneity testing, 
the normalized Z-test and Fisher’s F-test were ap-
plied (Prohaska, 2003). The available discharge 
time series was divided into two sub-periods: the 
first covering 1961–1990 (which, according to the 
recommendation of the World Meteorological Or-
ganization (WMO) represents the reference period), 
and the second covering 1991–2020. To analyze 
the contribution of groundwater to runoff formation 
in the studied catchments, separation of direct and 
baseflow runoff was performed, given that baseflow 
originates from groundwater. Daily discharge data 
from the Svođe hydrological station for both rivers 
(covering the period 1991–2023) were used. The 
separation was conducted using the BFI+ software 
(HydroOffice, 2020), applying the Local Minimum 
Method (Wahl, Wahl, 1995). This method identi-
fies days with the lowest flow within a defined time 
window half the interval reduced by one day be-
fore and after the observed day. If the flow on that 
day is the lowest, it is marked as a local minimum 
and connected by straight lines to adjacent minima. 
Baseflow between these points is estimated through 
linear interpolation, resulting in a simplified curve 
that connects the lowest points on the hydrograph 
(Sloto, Crouse, 1996). Using this method, mean an-
nual values of the baseflow index were calculated 
for both gauging profiles. The total time lag consid-
ered was 100 days. A correlation coefficient thresh-
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old of 0.2 was adopted as the limit beyond which 
the hydrogeological system is considered to retain 
memory (Mangin, 1984). Finally, it should be noted 
that precipitation and air temperature data were ob-
tained from the Babušnica meteorological station, 
which belongs to the Lužnica catchment, for the 
same observation period.

Results with discussion

For the analysis of precipitation and air tempera-
ture characteristics relevant to the studied catch-
ment areas, data on annual precipitation totals and 
mean annual air temperatures were obtained from 

the Babušnica meteorological station, which be-
longs to the Lužnica catchment (Fig. 2), for the pe-
riod 1961–2020. Over this 60-year period, the trend 
line and the mean precipitation line (the multi-year 
average precipitation total for the entire period is 
676.3 mm) nearly coincide (Fig. 2a). A notable fea-
ture of the two observation sub-periods (Period I: 
1961–1990, Pav,I = 675.3 mm, σP,I = 81 mm, Tav,I = 
9.7 °C, σT,I = 0.47 °C; and Period II: 1991–2020, 
Pav,II = 677.3 mm, σP,I = 158.8 mm, Tav,I = 10.9 °C, 
σT,I = 0.8 °C is that the precipitation trend during 
Period I is negative, while it becomes positive in 
Period II (Fig. 2b). Moreover, extreme events are 
significantly more pronounced during Period II 
compared to Period I (Fig. 2b). A similar pattern 

Fig. 1. Hydrogeological map of the analyzed catchments with their spatial position relative to the Republic of Serbia.
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is observed for mean annual air temperatures. Spe-
cifically, the overall temperature trend for the entire 
period is positive (Fig. 2c). However, the trend in 
Period I is slightly negative, while in Period II it 
is distinctly positive (Figure 2d). For homogeneity 
analysis of these time series, both homogeneity tests 
were applied. The Z-test indicated that the time se-
ries of annual precipitation totals is homogeneous 
(–1.96<Z  =  –0.06<1.96 whereas the same test re-
vealed statistically significant changes in the mean 
air temperature values (Z = – 7.01>±1.96). Fisher’s 
F-test showed that the analyzed time series of an-
nual precipitation totals, and air temperatures are 
not homogeneous (precipitation: F = 3.84>1.84; air 
temperature: F = 2.89>1.84). As a consequence of 
the negative trends in precipitation and air tempera-
ture observed during Period I, and conversely, the 
positive trends in these meteorological parameters 
during Period II, it was expected that the homogene-
ity tests of mean annual discharges for the Vlasina 
and Lužnica rivers would indicate that the analyzed 
time series are not homogeneous. However, the ap-
plied Z-tests revealed that the discharge time series 

of the Lužnica River is homogeneous, whereas for 
the Vlasina River, the tests indicated a statistically 
significant change in mean annual discharges (Ta-
ble 1). Fisher’s F-test showed that both analyzed 
time series are homogeneous, i.e., there was no sta-
tistically significant change in the variance of the 
selected samples (Table 1).

It can be concluded that the negative precipi-
tation trend during Period I and the positive trend 
during Period II did not affect the homogeneity of 
runoff in the Lužnica catchment. This outcome is 
attributed to the presence of karst terrains within the 
Lužnica basin (approximately 25%). Karst hydro-
geological systems, due to their porosity, are capa-
ble of storing significant quantities of groundwater. 
During dry periods, river flows in contact with karst 
terrains receive water from these stored reserves. In 
rainy periods, the depleted dynamic reserves are re-
plenished, which in turn reduces the peak intensity 
of flood waves that may result from heavy precipi-
tation events (Stevanović et al., 2015). Thus, karst 
systems partially buffer the increasingly frequent 
extreme precipitation events. In contrast to Lužnica, 

Fig. 2. Annual precipitation totals and mean annual air temperatures observed at the Babušnica meteorological station with trend 
lines; a, c – entire period 1961–2020, b, d – for selected random samples (periods 1961–1990 and 1991–2020).
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the Vlasina catchment is dominated by fractured aq-
uifers, with some areas poor in groundwater. This 
aquifer type is associated with fracture and fissure 
systems in metamorphic rocks, which exhibit vary-
ing degrees of permeability along the vertical pro-
file. The aquifer zone is typically formed in the up-
per, more weathered layer. Accumulation of larger 
groundwater volumes is hindered by pore clogging 
with clay fractions and the decline in porosity with 
depth. Recharge occurs through infiltration of a 
portion of atmospheric precipitation, but to a much 
lesser extent than in karst aquifers. For this reason, 
direct runoff in the Vlasina catchment forms flood 
waves more rapidly and intensely compared to the 
Lužnica basin. In summary, the limited dynamic 
groundwater reserves within the fractured aquifer 
contribute to the catchment’s heightened sensitiv-
ity to the pluviographic regime, resulting in a rapid 
response to rainfall during wet periods and pro-
nounced recession during dry periods. Supporting 

this conclusion is the fact that the ratio of maximum 
to minimum annual discharge (Qₐₙₙ,ₘₐₓ : Qₐₙₙ,ₘᵢₙ) is 
higher for the Vlasina (3.15:1) than for the Lužnica 
(2.7:1). For analyzing the baseflow index, separa-
tion of direct and baseflow runoff was performed 
for both studied river catchments, covering the peri-
od for which mean daily discharge data were availa-
ble (1991–2023). Based on the data presented in Ta-
ble 2, it can be concluded that baseflow contributes 
more significantly to the formation of total runoff 
in the Lužnica catchment than in the Vlasina catch-
ment. These results confirm the previously stated 
observation that groundwater recharge of river flow 
is more pronounced in the presence of karst terrains. 
Consequently, higher autocorrelation of discharge 
is observed primarily in the baseflow component 
of catchments with karst features. For this reason, 
autocorrelation analysis of baseflow was applied to 
assess the memory effect of the Lužnica and Vlasi-
na catchments (Fig. 3).

Table 1. Results of homogeneity tests for the time series of mean annual discharges of the Vlasina and Lužnica rivers, based on 
data from the Svođe hydrological station

River
Basin

statistical parameters
(m3/s)

Statistical
value

Null hypothesis Critical value
(α=0.05)

Conclusion

Vlasina
Qav,I = 4.02; Qav,II = 3.105 Z=3.34 The series is homogeneous 1.96<Z<1.96 not 

σI = 1.127; σII = 0.987 F=1.30 The series is homogeneous F<1.84 yes

Lužnica
Qav,I = 2.991; Qav,II = 2.934 Z=0.56 The series is homogeneous 1.96<Z<1.96 yes

σI = 1.102; σII = 1.051 F=1.09 The series is homogeneous F<1.84 yes

Table 2. Overview of mean monthly and multi-year average values of the baseflow index in the Lužnica and Vlasina catchments 
(1991–2023 period)

I II III IV V VI VII VIII IX X XI XII Qav

BFIL 0.81 0.78 0.76 0.78 0.82 0.81 0.87 0.90 0.93 0.91 0.89 0.84 0.84
BFIV 0.64 0.67 0.67 0.67 0.72 0.67 0.80 0.82 0.85 0.84 0.79 0.73 0.74

Fig. 3. Baseflow autocorrelograms for the Lužnica and 
Vlasina catchments.
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Figure 3 shows that the baseflow memory is 
longer in the Lužnica catchment, lasting 17 days 
more than in the Vlasina catchment. Specifically, 
using a correlation coefficient threshold of 0.2 
(Mangin, 1984), the baseflow memory of Lužnica is 
94 days, while that of Vlasina is 77 days. The reason 
for the longer memory is the presence of substan-
tial groundwater reserves in the karst terrains of the 
Lužnica catchment, which enable prolonged base-
flow discharge during dry periods. In contrast, the 
fractured aquifer in the Vlasina catchment responds 
more rapidly and has a shorter temporal response 
due to its limited storage capacity. Finally, the cal-
culated values of mean annual discharges for the se-
lected time periods indicate a decline in multi-year 
average discharge for both rivers, approximately 
1 m3/s for the Vlasina River and only 150 l/s for the 
Lužnica River (see Table 1). It is important to note 
that over the past 15 years, eight small hydropower 
plants (SHPs) have been commissioned within the 
Vlasina catchment,six on the Vlasina River itself: 
SHP “Tegošnica”, SHP “Gornje Gare 1”, SHP 
“Gornje Gare 2”, SHP “Donje Gare 1”, SHP “Donje 
Gare 2”, and SHP “Donje Gare 3”; and two on its 
tributaries: SHP “Livađe” on the Drakovačka River 
and SHP “Jabukovik” on the Gradska River. These 
SHPs, together with climate change, have signifi-
cantly influenced the hydrological regime of the 
Vlasina River. The formation of small upstream 
reservoirs and the controlled release of water down-
stream from the SHPs result in increased warming 
of these water volumes, thereby intensifying evapo-
ration from open water surfaces. Evaporation is 
highest during summer months, when elevated tem-
peratures coincide with increasingly frequent pro-
longed dry periods, which negatively affect ground-
water recharge. Several factors have contributed to 
the reduction of the mean annual discharge of the 
Vlasina River during Period II by approximately 
1 m3/s compared to Period I. These include: reduced 
groundwater recharge due to rising temperatures 
and lack of precipitation, leading to the drying up of 
springs that feed the Vlasina River; increased evap-
oration and evapotranspiration resulting from high-
er air temperatures; a small but present population 
that utilizes available water resources (groundwa-
ter) for domestic supply, especially during summer 
when reserves are lowest; anthropogenic influence 
in the form of eight SHPs constructed within the 
catchment. A portion of the dynamic groundwater 
reserves is additionally depleted due to all the afore-
mentioned factors in the Vlasina basin, resulting in 
more pronounced recession periods. In contrast, the 
dynamic reserves present in the karst terrains of the 
Lužnica catchment still contain sufficient water vol-

umes to mitigate prolonged droughts, meaning that 
low flows in the Lužnica River are under less pres-
sure than those in the Vlasina.

Conclusion

The obtained results indicate that the Vlasina River 
catchment is significantly more sensitive to climate 
change compared to the Lužnica River catchment. 
Substantial differences in discharge between the two 
analyzed observation periods,approximately 1 m3/s 
for the Vlasina, were confirmed by the homogeneity 
test of mean annual discharges, which characterized 
these changes as statistically significant. In contrast, 
the Lužnica catchment demonstrates considerably 
greater resilience to climate change, as evidenced by 
stable discharge values (the difference between Pe-
riod I and Period II is approximately 150 l/s), a find-
ing also supported by the homogeneity test. This dif-
ference can be attributed to the presence of substan-
tial groundwater reserves in the karst terrains of the 
Lužnica catchment. Their influence was confirmed 
through the calculation of the baseflow index, whose 
values are approximately 14% higher compared to 
the Vlasina catchment. Additionally, autocorrelation 
analysis of baseflow indicates a more stable runoff 
regime, with longer memory in the Lužnica catch-
ment, whereas the shorter baseflow memory in the 
Vlasina catchment suggests that this basin is signifi-
cantly more sensitive to climatic variations.
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