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Abstract

In this study we analyze river regime and water balance of the
Temstica River on the base of thirty three year (1980 — 2012)
data series. For this study period, the mean water level of the
Temstica River was 41 cm. The average discharge of the Temstica
River at Stanicenje station for the investigated period is 5.63 m?/s.
Annual changes in average discharge is similar to the annual
course of mean monthly low and high discharge values. It is
concluded that the Temstica river has moderate - continental river
regime. Although the precipitation quantity is not so low - 596 mm
per year, of which 217.05 mm or 36.42 % of it runoffs, and
378.92 mm, or 63.58% evaporates. The ratio of the components
of the water balance in the basin is not convenient, appropriate
measures to improve the situation in this river basin should be
taken.

Keywords: 7emstica river, water balance, water discharge,
water level

Introduction

Water balance is the flow of water determined as
the surplus between input water and output water
of watershed, region or waterbody within a period.
Water balance is the basic principle of hydrology and
water resource. Research on water balance has
important theoretical significance and practical value
(Xu, et al, 2009). The water balance equation is the
basic hydrological model and it is widely applied to
many fields (Darren et al., 2003; Yang et al, 2009).
Precipitation, evaporation and runoff are the three
main aspects in the water cycle process of river
basin. For the river basin, water balance is the
calculation basis of analyses of hydrology and water
resources and effectiveness of water and soil
conservation. However, water cycle process is
affected by some complex factors such as climate,
land surface conditions and human activities. Then
we cannot collect enough information to get
accurate values of the quantities of precipitation,
evaporation and runoff. So the water cycle system
of river basin is a grey one (Li et al, 2012). By using

Rezumat. Analiza regimului si bilantului
hidrologic in bazinul raului Temstica (sud-
estul Serbiei) in perioada 1980-2012

Articolul analizeaza regimul si bilantul hidrologic al raului Temstica
pe o perioada de 33 de ani (1980-2012). Pentru aceasta perioada,
nivelul mediu al raului Temstica a fost de 41 cm. Debitul mediu al
raului la statia StaniCenje pentru perioada analizata a fost de 5,63
mc/s. Schimbdrile anuale in debitul mediu urmegzé variatiile
anuale ale debitelor minime si maxime lunare. In concluzie,
regimul hidrologic al raului Temstica este unul continental
moderat. Desi cantitatea de precipitatii nu este foarte redusa —
596 mm/an, din care 217,05 mm sau 36,42% se infiltreaza si
378,92 mm, adicd 63,58% se evapord, raportul dintre
componentele bilantului hidrologic al bazinului este deficitar, fiind
necesare masuri pentru imbunatatirea situatiei in acest bazin
hidrografic.

Cuvinte-cheie: raul Temstica, bilant hidrologic, debit de apa,
nivelul apei.

the correct investigation methods, we can get their
number-covered sets (Yang et al, 2009; Li, 2009).

In the extensive international literature on trends
in water levels, river flows and discharge changes in
seasonal river flow regimes have been widely
reported, for example in the USA (Novotny and
Stefan, 2007; Hodgkins and Dudley, 2006), Canada
(Khaliq et al., 2009; Burn et al., 2010), Switzerland
(Birsan et al., 2005), the Nordic region (Wilson et al.,
2010), and the Czech Republic (Fiala et al., 2010) and
United Kingdom (Hannaford and Buys, 2012).

The aim of this study is to characterize the
change in annual and seasonal water levels and
discharge regimes of the Temstica River, throughout
the full range of flows, including indicators of both
high and low discharges as well as determining
water balance characteristics of catchment area.

Study area

The Temstica River Valley in Pirot County on the
southwestern slopes of the Stara Planina Mountain is
a specific composition rich in natural habits of
numerous plant and animal species (Stojsavljevi¢ et
al., 2011).
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The Temstica is the largest tributary of the
NiSava River. The mouth of the Temstica River is
near the village Stani¢enje, 16 km upstream from
Pirot, about 95 km from the mouth of the NiSava
into the JuZzna Morava River (Mustafi¢, 2006). The
Temstica River is made of the Toplodolska River that
springs just below the highest peak of the Stara
planina (MidZor, 2168m) and the VisoCica River
which originates in Bulgarian, part of Stara Planina
Mountain. The confluence of these two rivers is near
the place called Mrtvacki most at the altitude of 483
m. The surface of Temstica River basin is 818 km?
(Gavrilovi¢ & Duki¢, 2002).

Surlica (883 m), Sokolovica and Boloslavica, are
the hills that overlook the left bank of the Temstica
River, while Gradiste (843 m), Tumba and Temac
(523 m) can be seen on the right bank. There are
also four meanders of the Temstica River which can
be seen downstream from Mrtvacki Bridge. The
largest tributary is the river Klajéa which flows into
the Temstica near Temska village (Stojsavljevi¢ et
al., 2011).

One of the main characteristics of the Temstica
River basin is a large decline in longitudinal profile of
riverbed, at its thirty kilometers of length, from the
base of MidZor peak and the altitude of about 1300
meters to Temska village, river overcomes a height
difference as much as 1000 meters. For this reason,
the flow is composed of a multitude of small and
large eddies, rapids and waterfalls
(https://sites.google.com/site/stanicenjers/).

In Serbia there can be indentified three basic
climatic areas. Within each climatic areas there are
specific sub-areas which are marked with A, B and V.
The area of the Temstica river belongs to A climate.
This climatic area, for the most part, would have
continental climate characteristics (Rakicevi¢, 1980).
The south border is connected to the NiSava River
and West Morava river to the Drina River (north-west
of UZice). Landscape of the Temstica River more
specifically includes sub-areas labeled as A-2-v. This
area includes Svrljiske Mountains and Stara Planina
Mountain. In the "1200 — 1800m" zone, there is belt
of cold and snowy boreal mountain climate with
average annual temperatures of 4 to 7°C and 950-
1100 mm of precipitation. In Pirot and Dimitrovgrad,
at the foot of the mountain, autumn is warmer than
spring (Duci¢, Radovanovi¢, 2005a).

The overview of the researches of climatic and
hydrological characteristics of analyzed area includes
works of J. Petrovi¢ (2000), N. Zivkovi¢ (1998), V.
Duci¢ and associates (2003; 2005b), B. Milovanovic¢
(2010), S. Mustafi¢ (2006; 2007). When climate of
the area is concerned, the most reliable data can be
found in climatic annuals published by the Republic
Hydrometeorogical Service of Serbia (Stojsavljevi¢ et
al., 2011).

Material and methods

In this paper database of the Republic
Hydrometeorological Service of Serbia for the 1980
— 2012 period for Stani¢enje hydrological stations
was used to present variations in water levels and
average amount and seasonal distribution of
discharge in the investigated river flow. Because
there is no climatological station in the Temstica
river basin the interpolation of data obtained from
three representative stations (Dimitrovgrad, Pirot
and Bela Palanka) were used. Precipitation
quantities were obtained on a monthly level for a
period of 33 years (1980 — 2012) so every station
had 396 parameters. For the stations taken into
consideration, less than 20% of the data needed
were missing. For the calculation of monthly
precipitation over the Temstica River basin, the
interpolation method was used.

Brickners water balance equation was used
(Kovacevi¢-Maijki¢, 2008).

P=Y=E (1)

Where P — precipitation, Y - total runoff and E —
evaporation.

For calculation of specific runoff the following
formula was used:

q= Qx;UUU )

Where g - specific runoff, Q - discharge (m3/s), P
- surface of river basin

Total volume of runoff (W) was calculated:

W=@Q=T

Q — average discharge in research period, T —
research period in seconds.

Total height of runoff was gglculated according to:

h=Too0 =P

Where h - total height of runoff, W — total
volume of runoff in research period, P — catchment
area (Duki¢ & Gavrilovi¢, 2008).

Assessments of change in hydrological datasets
typically employ statistical significance testing to
detect trends. Whilst significance testing is an
important aspect of formal detection and attribution,
there are many factors which must be considered in
interpreting statistical significance, e.g. choice of
testing method, impact of multi-decadal variability,
serial and spatial correlation, long-term persistence.
Trend testing is therefore a contentious area, and
the literature abounds with discussions on the utility
(or otherwise) of statistical tests for trend (see
Svensson et al., 2006; Clarke, 2010) (Hannaford and
Buys, 2012).

Seasonal river flow indicators were computed for
the following widely-used monthly groupings: winter
(December—February), spring (March - May),
summer (June — August) and autumn (September —
November).In addition, the seasonal mean flow was
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computed, as seasonal average flows are widely
used in water research and management
(Hannaford and Buys, 2012).

Results and discussions

Water level

As it can be seen in figure 1, the water level for
the 1980 — 2012 period is variable. During the 1980
— 1990 period, we have the average high water level
of 52 cm, while in the 1990 — 2005 period, we have
a relatively uniform water level, an average of 40
cm. There is one exception, a sharp rise of 74 cm in
water level in 2005, which represents the highest
water level during the observed period. Our study
shows that this peak is not due to precipitation
because only 632.63 mm was recorded during that
year in the Temstica river basin, this means that the
rise in water levels is caused by other factor, most
probably the higher water discharge from Zavoj lake
which is situated on the Visocica river. Unfortunately
we were not able to obtain data of water discharge
from Zavoj lake for the observed period.
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Fig. 1: The average annual water level for Temstica
River during study period

The mean water level of the Temstica River was
41 cm and the lowest mean monthly water levels

during April (67 cm) for the 33 year period of
observation.
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Fig. 2: Monthly values of the Temstica River water
levels and precipitation for the 1980 — 2012 period

For the figure 2, precipitation values were
recalculated into centimeters (cm). Comparing the
mean monthly precipitation in the area of the basin
and the mean monthly water levels (Fig. 2), we can
conclude that they partially coincide and that the
precipitation have significant influence on the water
level.

Although the maximum mean monthly water
level (April) and maximum mean monthly
precipitation (May) does not coincide, they follow
each other.

During the first half of the year data shows an
increase in precipitation and consequently increase
the water level, while during the second half of the
year there is a decrease in water level due to the
smaller amount of precipitation and higher
evaporation.

Observing by seasons, the highest water level
has been registered in spring and summer due to
increase in the air temperature and partial snow
melting. The water level decreases from April up to
September even above the maximum precipitation in
May and June when it was 67.82 mm and 65.81
mm. The lowest water level is at the end of summer

were recorded during September (26 cm), while the and the beginning of autumn (Fig. 2).
maximum mean monthly water levels were recorded
Table 1: Average low and high monthly water levels of the Temstica river in cm (1980 — 2012)
I II 111 I\ V VI VII VIII IX X XI XII Average
MLWL | 29 | 32 40 48 37 27 23 21 20 22 24 28 29
MHWL | 69 | 79 100 119 119 80 57 52 43 52 71 81 77
As for annual value of the mean low and high . .
g River discharge

water level, annual values were 29 cm (minimum)
and 77 cm (maximum) and the average water level
amplitude was 48 cm. The lowest value of the mean
low water level throughout the year has been 20 cm
recorded at the beginning of autumn (in
September), whereas the highest values of the
mean high water level were in April (48 cm).

Average discharges are statistically derived mean
values, which are often used in practice during the
analysis and the making studies for the economy.
However, these data will be processed in the work in
order to obtain better picture of the regime Temstica
River (Milanovi¢, 2007). In hydrologycal research
hydrographs of mean monthly flow values are often
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used because they are easiest to provide, process
and to explain. In this study the mean monthly flow
for the 1980-2012 period was used, average monthly
data was used to create the hydrograph which
represents the annual river discharge of the Temstica
river for the observed 33 year period (Fig. 3).
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— Average annual discharge for the 1980-2012 period
—— Average annual discharge for the 1980-1990 period
Average annual discharge for the 1991-2012 period

Fig. 3: Average annual discharge for the Temstica
River during the study period

During the 1980 — 2012 period the average yearly
discharge of the Temstica River clearly shows a
disproportion between the first decade of the
research period (1980 — 1990) and the rest of the
period. During the first period, the average discharge
value was 10.19 m?/s, while the average precipitation
for this period was 571.9 mm. During the rest of the
period discharge values were lower, 3.34 m%/s and
the amount of precipitation was higher 608 mm. This
observation is interesting because it indicates that
some other factor, rather than precipitation has
bigger influence to the river discharge. Most probably,
the amount of water released from Zavoj lake that is
located on Visolica River, one of tributaries of
Temstica River. Monthly values of discharge for
researched river are presented in figure 4.

In figure 4 we see that highest discharge on the
Temstica River is during the spring months (March,
April and May), on average 12.08 m?s, which
represents 53.68 % of the total yearly discharge.
Lowest discharge is observed during autumn
(September, October and November), 2.16 m®/s
which represents 9.6% of the total yearly discharge.
The highest discharge is measured during April
(14.79 m>/s). From this month the discharge starts
to decline and reaches its minimal value during
September, 1.38 m?/s, after this minimum discharge
starts to rise steadily till April. The average yearly
discharge for the Temstica River during the
investigated period is 5.63 m?/s.

From this data we can conclude how much the
discharge value is during “average” or normal years,
with absence of extreme events like extreme
precipitations or temperatures.
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Fig. 4: Monthly variations with average monthly
values of the Temstica River discharge for the
1980 — 2012 period

Maximum and minimum discharge

According to the data obtained from Stanicenje
hydrological station during the 1980 — 2012 period,
the average annual minimum discharge was 2.18
m?/s, while the average annual maximum discharge
was 21.85 m?/s. Amplitude between the average
minimum and maximum discharge is 19.67 m3/s.
Minimum discharge had highest values in 1980, 5.82
m’/s and the lowest in 1994 with 0.64 m>/s. Higher
discharge arise from precipitation and occur in
waves and therefore more vary in relation to the
small waters that depend on the groundwater flow
(Milanovi¢, 2007).

— ) min

200 —Q max

Fig. 5: Average annual values of minimum and
maximum discharge of the Temstica River during
the 1980 — 2012 period

In figure 5 it is noticeable that high waters had a
lot of variations’ during the observed period. The
highest values of discharge were recorded in 1987
when it was 50.40 m®/s, while the lowest values
were recorded during 2011, 3.63 m?/s.

Minimum discharge has higher values during the
1980 — 1990 interval (Q=4.01 m®/s), while from
1991 to 2012 the minimum discharge was quite
uniform, averaging less than 1.24 m3/s

We can also notice is that in 1987, the minimum
and maximum discharge values had their highest
values for the observed period (Qmin=5.56 m/s,
Qmax=50.40 m3/s). The reason for that are the
higher amount of precipitation recorded in the same
year, 656.3 mm. The second peak is observed in
2010 when Qmi, Was 2.25 m®/s and Quax Was 42.42
m>/s, the reason for this peak is also the higher
amount of precipitation during that year, 793.8 mm.
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Precipitation

Average precipitation quantity in the Temstica
River catchment for the 1980 — 2012 period, is 596
mm and it is well distributed throughout the year.
The highest amount of precipitation falls during
summer 55.65 mm (27.63%), slightly less in the
spring, 53.37 mm (26.50%), in the autumn of 47.69
mm (23.68%), and during the winter, only 41.96
mm (20.83%) (Fig. 6).
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Fig. 6: Average monthly precipitation for the 1980
— 2012 period

High evapotranspiration caused by high air
temperatures during time of maximum rainfall
occurring in June, is the main reason for the
divergence between rainfall and discharge peaks.

Specific runoff

Based on data from Table 2, it is noted that the
values of specific runoff are small. Significantly
increase values of the specific runoff are recorded
from February till April, when the maximum of 18.07
I/s/km? is recorded, as a result of an increase in the
amount of precipitation throughout the basin, while
at the same time the air temperature is still low, and
there is little evaporation. Decrease is measured
during the warm period of the year (May -
September), this is due to the minimal amount of
rainfall and high air temperatures, which indicates

. 60.0

550 0 extensive evaporation. From October till December
T increasing trend in specific runoff is observed (as a
F 00 result of increased amounts of precipitation).

-§"30-0 The general conclusion is that the low value of
& 200 the specific runoff in the Temstica River basin is

caused by climatic conditions (high evaporation),
relief characteristics and anthropogenic influence
(Milanovi¢, 2007). In addition, the average and the
absolute minimum and maximum values are
important to be analysed. In the case of mean
minimum and maximum specific runoff there was
observed that the maximum runoff occurs in April,
while minimum is observed during September (0.56
I/s/km?) for the minimum value, and (7.74 I/s/km?)
for maximum value. Based on the calculated data of
specific runoff, the height of runoff in the catchment
area can be calculated, as well as runoff coefficient.

Table 2: Average, minimum and maximum monthly value of specific runoff (1/s/km?) of the Temstica

River basin (1980 — 2012)

I I1 II1 v v VI VII VIII IX X XI XI1
1.22 7.32 12.7 | 18.07 | 13.42 6.12 3.19 1.97 | 1.69 2.31 3.92 6.38
in 0.12 3.01 4.8 7.94 4.94 1.96 1.22 0.86 | 0.56 1.02 1.17 2.26
Cmax 20.2 | 2566 | 42.56| 60.33| 4093 | 2791 | 1446 | 13.54| 7.74| 11.92 | 2332 | 32.03
Water balance Table 3. Water balance of the Temstica River basin

Water balance of the Temstica River is shown
based on the data obtained from Stanic¢enje profile
for the data relating to for the 1980 — 2012 period.
Water balance is presented according to the
relationship between rainfall at one hand and runoff
and evaporation on the other (Table 3). Precipitation
and runoff are based on the data measured and
calculated, and the evaporation is calculated as a
difference between rainfall and runoff (Milijasevi¢
and Milanovi¢, 2010).

Water balance is the amount of available
atmospheric, surface water and groundwater in a
particular area, whether it is river or sea basin, a
region or state territory. Knowing it is of great
importance for water management and planning
exploitation of water resources (Duki¢, Gavrilovi¢,
2012).

for the 1980 — 2012 period

Main elements of water balance

) ~

=~ L= c “6 ~ o

~| |28 & £E | S e
£ o |[EE| BF 5 £ T2 |§%
- o T = £ o~ CE ca
® E E%| 2E EE SE |5%
o | 2|85 §° | 82 | &7 |g
< | 8 &% & 22 | @ g
fa) (7)) - Q

818 | 5.63 | 6.87 | 595.97 | 217.05 378.92 | 0.26

Water balance of Temstica River is presented as
the relationship between rainfall on the one side and
runoff and evaporation on the other side.
Precipitation was determinate by interpolation of
precipitation data obtained from three
meteorological stations (Dimitrovgrad, Pirot and Bela
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Palanka), and runoff data was obtained from
measures taken at StaniCenje hydrological station.
Because there is no evaporation data measured in
study area, the difference between precipitation and
runoff was used to calculate evaporation.

Considering the Temstica River basin, with a
catchment area of 818 km?, it can be observed that
the average amount of precipitation is 595.97 mm,
of which 217.05 mm or 36.42 % runoffs, and 378.92
mm, or 63.58% evaporates. During the spring
months the largest amount of precipitation flows as
runoff, because air temperatures are still low, and
evaporation reduced. Contrary to this, July, August
and September represent the months with the
lowest runoff of rainfall during the entire year
because of higher evaporation.

Our research results have shown that within the
basin of the Temstica River the average annual
discharge is 5.63 m®/s of water the richness of 6.87
I/s/km?. Although precipitation is about 595.97 mm
per year, lesser amount of it reaches the river, due
to evaporation which exceeds 63%.

Conclusion

The analysis of the Temstica River discharge
during the 1980 — 2012 period has shown that the
maximum values are recorded during April, as a
result of snowmelt, high soil moisture and frequent
rains, and the minimum in September, due to high
evapotranspiration and lower rainfall.

The water level analyses for the Temstica river in
the 1980 — 2012 period have shown that the
maximum values are registered in April (67 cm) as
the result of snow melting and frequent rainfalls,
and the minimum in September (26 cm) due to high
evapotranspiration and less precipitation. The
average water level amplitude is 48 cm for the
1980-2012 period.

Based on discharge data obtained at Stanicenje
station the existence of one maximum (April) and
one minima(September) indicates a correlation
between flow and precipitation in the basin. The
amplitude of river discharge for the 1980 — 2012 is
13.31 m’/s. According to the classification of river
regime (IleSi¢, 1947) it can be concluded that the
Temstica River belongs to moderate - continental
variant of hydrological regime. The amplitude
between the average low and high water for the
1980 — 2012 period amounts to 20.61 m3/s, and the
amplitude of extreme flow are even more
pronounced for the same period, from 3.63m>/s in
2011 to 50.4 m®/s in 1987 which represents an
amplitude of 46.77 m*/s.

The values of specific runoff for the Temstica
River are low and are caused by climatic conditions
(evaporation) and the low energy relief. Maximum
values occur in March, as a result of an increase in

the amount of rainfall throughout the basin, while at
the same time the air temperature is still low, so
evaporation values are also low. Minimum specific
discharges are recorded in September, due to the
low amount of precipitation and increased air
temperatures, which indicate a larger evaporation.

In this paper, the components of the water
balance of the Temstica River basin are calculated.
Average annual precipitation for the entire basin is
595.97 mm, of which 36.52 % is the surface runoff,
and 63.58 % is evaporated. The ratio of the
components of the water balance in the basin is not
convenient, and it should be taken appropriate
measures to improve it (afforestation, hydrotehnical
measure etc.

Acknowledgements
This paper is the result of field research of
members of the DMI “Branislav Bukurov,”

Department of Geography, Tourism and Hotel
management, Faculty of Science, during the summer
of 2014.

Author contribution

This paper is the result of work done by Mirjana
Radulovi¢, she collected and analyzed the obtained
data, Igor LeSCeSen helped with methodological part
ad discussion, Dragoslav Pavi¢ helped with expert
advices and direction in which this paper should go.

References

Birsan, M.-V., Molnar, P., Burlando, P., Pfaundler,
M.(2005). Streamflow trends in Switzerland. J. Hydrol.
314, 312-329.

Bocchiola D., Bianchi Janetti E., Gorni E., Marty C., Sovilla
B. (2008). Regional evaluation of three day snow
depth frequency curves for Switzerland. Nat Haz Earth
Syst Sci, 8, 685-705.

Burn, D.H., Sharif, M., Zhang, K.(2010). Detection of
trends in hydrological extremes for Canadian
watersheds. Hydrol. Process. 24, 1781-1790.

Clarke, R.T., 2010. On the (mis)use of statistical methods
in hydro-climatological research. Hydrol. Sci. J. 55,
139-144.

D. W. Yang, W. W. Shao, P. Yeh, ea al. (2009). Impact of
vegetation coverage on regional water balance in the
nonhumid regions of China. Water Resources
Research, W00A14, doi:10.1029/2008WR006948.

Duci¢, V., Radanovi¢, M., Milovanovi¢, B. (2003). Prostorni
raspored padavina na Staroj planini u zavisnosti od
nadmorske visine i ekspozicije. Zbornik radova
Geografskog fakulteta, 51, 39-55 (in Serbian).

Duci¢, V., Radovanovi¢ M. (2005). Klima Srbije. Zavod za
udZbenike i nastavna sredstva,Beograd (in Serbian).

Duci¢, V., Radovanovi¢, M., Milovanovi¢, B. (2005b).
Kolebanje temperature vazduha na Staroj planini u
instrumentalnom periodu. Zbornik radova Geografskog
fakulteta, 85 (2), 23-29 (in Serbian).

183

forumgeografic.ro



Analysis of River regime and Water balance of the Temstica River Basin (South-East Serbia) during the 1980-2012 Period

Duki¢, D., Gavrilovi¢, Lj. (2008). Hidrologija. Zavod za
udZbenike, Beograd, (in Serbian).

F. Darren, S. Murugesu and J. Chatchai. (2003). Climate,
soil and vegetation controls upon the variability of
water balance in temperate and semiarid landscapes:
Downward approach to water balance analysis. Water
Resources Research, 39, 1035-1056.

Fiala, T., Ouarda, T.B.M.]., Hladny’, 1.(2010). Evolution of
low flows in the Czech Republic. J. Hydrol. 393, 206—
218.

Gavrilovic Lj., Duki¢ D. (2002). Reke Srbije, Zavod za
udZbenike i nastavna sredstva, Beograd (in Serbian).

Hannaford, J., G. Buys, G.(2012). Trends in seasonal river
flow regimes in the UK. Journal of Hydrology 475,
158-174.

Hirsch RM., Slack JR (1984). Non-parametric trend test for
seasonal data with serial dependence. Water Resour
Res, 20, 6, 727-32.

Hodgkins, G.A., Dudley, R.W. (2006). Changes in the
timing of winter—spring streamflows in eastern North
America, 1913-2002. Geophys. Res. Lett, 33, L06402.

Ilesic, S. (1947). Recni rezimi v Jugoslaviji, Geografski
vestnik, sv. XIX, Ljubljana (in Slovenian).

Khalig, M.N., Ouarda, T.B.M.]J., Gachon, P. (2009).
Identification of temporal trends in annual and
seasonal low flows occurring in Canadian rivers: the
effect of shortand long-term persistence. J. Hydrol.
369, 183-197.

Kovacevi¢-Majki¢, J., (2008). Hidroloska analiza vodotoka
u slivu Skrapeza. Geographical institute "Jovan Cvijic"
SASA Collection of Papers No58 (in Serbian).

Lettenmaier DP., Wood EF., Wallis JR. (1994). Hydro-
climatological trends in the continental United States,
1948-88. J Clim;7:586—-607.

Li Q., Wang N., (2012). Research on Grey Water Balance
Equation of River Basin, Asa/ Pacific Conference on
Environmental Science and Tehnology, Advances in
Biomedical Engineering, Vol.6.

Milanovi¢, A. (2007). Analysis of River regime and Water
balance in Lepenica River Basin, Collection of papers of
Geographica institute "Jovan Cvijic¢”, SANU, 56, 36-49
(in Serbian).

Milijasevi¢, D., Milanovi¢, A.(2010). Analysis of river
regime and water balance in Dertina
watershed. Collection of Papers, Jovan Cviji¢
Geographical Institute, 60, N°2,

Milovanovi¢, B. (2010). Climate of Stara planina. Collection
of Papers, , Jovan Cviji¢ Geographical Institute, 1-136
(in Serbian).

Mustafic, S. (2006). Prostorna distribucija oticaja u slivu
Temstice”. Glasnik srpskog geografskog drustva, sv.
LXXXVI, 2 (in Setbian)

Novotny, E.V., Stefan, H.G. (2007). Stream flow in
Minnesota: indicator of climate change. J. Hydrol. 334,
319-333.

Petrovi¢, J. (2000). Priroda Pirotske kotline I Gornjeg
PoniSavlja, PMF-Departman za geografiju, turizam i
hoteljjerstvo, Novi sad (in Serbian).

Q. X. Li. (2009). Some results about grey mathematics.
Kybernetes, vol. 38, pp. 297-305.

Rakicevi¢, T. (1980). Klimatsko rejoniranje SR Srbije, UDK
551.581.2(497.11)(045) (In Serbian).

Stojsavljevic, R., Pantelic, M., Stojanovic, V. (2011).
Analiza ugrozenosti stanja zivotne sredine u dolini
Temstice. Zbornik radova Geografskog fakulteta, 59,
109-120 (In Serbian).

Svensson, C., Hannaford, J., Kundzewicz, Z.W., Marsh, T.,
2006. Trends in river floods: why is there no clear
signal in observations? In: Frontiers in Flood Research
(Proceedings of Kovacs Colloquium Paris, June 2006).
JTAHS Press, Wallingford (IAHS Publ. 305).

Wilson, D., Hisdal, H., Lawrence, D. (2010). Has
streamflow changed in the Nordic countries? Recent
trends and comparisons to hydrological projections. J.
Hydrol. 394, 334-346.

Z. S. Xu., et al. (2009). Hydrological models. Bejjing:
Science Press.

Zhang X., Vincent LA., Hogg WD., Niitsoo A. (2000).
Temperature and precipitation trends in Canada during

. the 20th century. Atmos Ocean, 38 (3), 395-429.

Zivkovi¢, N. (1998). Neke hidroloske osobine Stare
planine. Zbornik radova Geografskog fakulteta, 48, 49-
60 (in Serbian).

https://sites.google.com/site/stanicenjers/

© 2015 Forum geografic. All rights reserved.

184




