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ABSTRACT

Essentially, climate is a natural framework within which its impact on water resources in
a specific geographic area is being monitored and defined; the focus of the paper is the
Vrbanja River Basin. Climate elements such as precipitation and those which increase the
evaporation and decrease the amount of water flowing into water streams, such as air
temperature, air humidity and wind frequency and speed, are crucial for changes in the
watercourse supply.

The analysis of climate elements suggests that the Vrbanja Basin is characterized by
temperate continental climate with harsh winters and warm summers, making the basin a
part of pluvio-nival regime belonging to a larger system of the Sava River Basin. Air
temperature and precipitation are basic climate elements which largely determine
hydrological processes and water balance of a specific basin.

The Vrbanja River is one of the largest right tributaries of the Vrbas River and one of the
most pertinent autochthonous water streams in the Republic of Srpska. The Vrbanja Basin
covers 791.33 km2. The dominant direction of the elongated Vrbanja watershed is
southeast-northwest. The river flow is 96.30 km long, and the length of the watershed is
97.18 km with the maximum width of 30.4 km. The total decline of the Vrbanja River
flow is 1371m, which indicates a strong geogenic and anthropogenic differentiation of
the watershed area.

The paper analyzes data on basic climate elements (air temperature and precipitation) in
the Vrbanja River Basin from 1961 to 2015 and the impact which the variations of these
elements might have had on the river regime. The data on the Vrbanja River regime (water
level and flow rate) are analyzed during the period 1926-2019. The analysis suggests that
there has been a constant increase in air temperature, especially from 2010 onwards, and
that the precipitation timeline has been changing. Given that water is directly connected
to climate, each modification in climate parameters directly affects the water regime. The
extremes were documented in 2014 when the highest ever water level (592 cm) and water
flow (843.8 m3/s) on the Vrbanja River were registered. The results were catastrophic
floods in both the Vrbanja River Basin and the neighboring areas.

The registered increase in mean air temperature, especially over the last decade, is one of
the best indicators of global climate change. Consequences of the air temperature increase
are many and may involve high flood and drought risks, the decline of snow coverage,
the loss of biodiversity, or threats to human health and life.
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INTRODUCTION

In the late 20th and early 21st centuries, the global warming trend continues. The Earth
atmosphere and oceans are getting warmer, the snow and ice layers are melting, and the
sea level is increasing [1]. The resulting risks and negative effects are many and very
likely to intensify. Europe is expected to encounter massive effects of global warming in
the decades to come [2]. Threats to both humans and the environment will largely be
related to the extreme climate event changes, which occur due to an increase in their
intensity and frequency different than normal[3].

Global studies on climate change suggest that there has been a large global air temperature
increase, whereas the annual precipitation values display a decreasing trend in the
Mediterranean climate zone and an increasing trend in North Europe.

Global annual air temperature has grown since 1880 with an average growth rate of 0.07
°C per decade [4]. It is in the northern latitudes that the warming has been most
pronounced over the last few decades [5].

The last thirty years were the warmest over the entire observed period. Each decade was
successively warmer than the previous one, and the first decade in the 21st century was
the warmest ever since 1850 [6],[1]. It is in the 21st century that fifteen out of sixteen
warmest years during the observed period were recorded. 2015 was the warmest year and
2011-2015 was the warmest five-year period [7].

Annual and seasonal air temperature analyses in Serbia, Croatia, Slovenia, Montenegro,
and Greece indicate significant positive trends in most of the region in the second half of
the 20th and early 21st centuries [10],[8],[11],[9]. Previous studies conducted in some
Bosnia and Herzegovina regions [12],[13],[14],[15] suggested that there was a positive
trend of air temperature in the country.

The last few years have witnessed the impact of climate change on the precipitation
regime.

Linear trends for the period 1961-2015 suggested that the amount of precipitation in
Bosnia and Herzegovina either stagnated or slightly increased and that changes were more
evident seasonally rather than annually. Despite the fact that there were no significant
changes in the amount of precipitation, the pluviometric regime and the annual
distribution were largely affected.

Climate change has a great impact on Bosnia and Herzegovina’s rivers’ regime, which is
evident in frequent extremely dry and watery periods largely affecting both water supplies
and human health. [16]. Consequently, the dry periods last longer and the precipitation
intensity grows, causing floods. In areas of mountain and hilly terrain, the rainfall quickly
outpours over the ground surface after which the drought increases the water deficit. The
consequences are enormous as they affect the agriculture, plant growth, biodiversity,
water balance, and water supplies in Bosnia and Herzegovina [17].

The flood risk is particularly high in north-east Bosnia and Herzegovina, where the most
catastrophic flood in history occurred in 2014,

The water flow is negatively correlated with air temperature during the entire year (with
a short exception in the winter), whereas there is a significant positive correlation with
precipitation [18].

Earlier studies conducted in south-east Europe registered strong changes in the river flow
rates in some parts of the region [19]. A significant negative trend of both annual and
seasonal flow rates was registered in the entire Serbian territory (in all seasons except
autumn) [20]. A significant decrease of average flow rates was monitored in most rivers
in Slovenia [21]. In Croatia, the flow rate increased in the autumn and winter, and
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decreased in the summer [22]. Results of studies conducted in Macedonia suggested that
there were significant negative seasonal trends in flow rates in the entire country [23].
Nevertheless, local climate change should be observed as a consequence of the global
change, but still depending on local impacts (latitude and longitude, topography, altitude).
It is the climate elements (precipitation and other elements affecting the decrease of water
amounts by causing evaporation, such as air temperature, air humidity, wind speed) that
clearly have the strongest impact on the water stream recharge [24]. Hence, the paper will
analyze modern changes in air temperature and precipitation and the effect they have on
the flow rate and water level changes in the Vrbanja River Basin.

DATA AND METHODS

The Vrbanja River Basin is located in central Bosnia and Herzegovina, west Republic of
Srpska (south-east Banja Luka nodal-functional region). It is positioned between
44°47'39" and 44°20'44"N north latitude and 17°12'33" and 17°14'42"E east longitude.
The Vrbanja River is one of the longest right Vrbas tributaries and one of the most
pertinent autochthonous water streams in the Republic of Srpska. The Vrbanja River
Basin covers nearly 99.7 % of the Republic of Srpska’s territory and 0.3 % (the river
source) of the water stream is located in the Federation of Bosnia and Herzegovina.

16°E 17°E 18°E 19°E
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Figure 1. Geographic position of the VVrbanja River Basin.
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The Vrbanja River Basin is located at the contact point between two macro regions — the
highland region and the Pannonian region. The source of the Vrbanja River is located at
the Vlasic Mountain (1563 m altitude) and the river mouth is located near the City of
Banja Luka (147 m altitude) [25].

The topographic surface of the Basin covers 791.33 km2. The dominant direction of the
elongated Vrbanja watershed is southeast-northwest. The river flow is 96.30 km long, and
the watershed length is 97.18 km with the maximum width of 30.4 km. The total decline
of the Vrbanja River flow is 1371m, which indicates a strong geogenic and anthropogenic
differentiation of the watershed area.

The statistical analysis of climate elements found that the Vrbanja River Basin is
characterized by moderate continental climate, with cold winters and warm summers.
Accordingly, the basin belongs to the pluvio-nival regime, Posavina type, with highest
water levels in April and lowest water levels in August.

The Vrbanja hydrological observation station was founded in 1922 and it is under the
jurisdiction of the Hydrometeorological Institute of the Republic of Srpska. The station
is located 8.33 km upstream from the Vrbanja River mouth into the Vrbas. The
topographic point ,,0, where the water gauge is installed, is set at 166.22 m altitude.
During the last war in Bosnia and Herzegovina (1992-1995), the measurement and
monitoring at the Vrbanja hydrological station suffered long interruptions. Data for the
years of 1991, 1993, 1994, 1995 and 1996 are either incomplete or none, so these years
are excluded from our analysis.

The paper analyzes the air temperature and precipitation fluctuations and their impact on
the Vrbanja River regime. The data used in the analysis were collected from Banja Luka
meteorological station during the period 1961-2015. The moving average method was
used to analyze climate elements and the river regime. The purpose of the method was to
annul the shortest lasting fluctuations related to annual time intervals and point out the
fluctuations covering several-year periods [26]. Recent studies suggest that it is most
productive to use sequences of moving average obtained by five-year mean values. The
following formula was used [26]:

Xpi1 = Xn Xein — X,,) ¢ 6, in which (1)
X,= 16 Y13 X;;

X; —individual value per a year;

n=0,1,2,3,...m —the observed year range in which m stands for a five-year time interval.
The analysis of climate variations and changes in air temperature and precipitation is
presented on the basis of decade and seasonal values. The timeline for average annual air
temperature values and the amount of precipitation with differentiated trends during the
periods 1961-2015 (referential sequence) and 1991-2015 is presented.

The Vrbanja River regime was defined based on the water level and flow rate. The regime
was analyzed via data collected at the Vrbanja hydrological observation station from 1926
to 2019. Current trends of average annual and seasonal water levels and flow rates were
estimated. The Pearson correlation coefficient was used to determine interdependency
between the climate elements and water flow rate.

In order to estimate the annual deviation from the average flow rate (i.e. the occurrence
of less or more watery years), the years were ranked in line with wateriness [19]. This
method enables the monitoring of changes in a river’s water regime. The application of
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the method in hydrological and geographical studies helps register trends of wateriness
in a water stream. [27]. Based on the average annual flow rate and its standard deviations
during the analyzed period, years were ranked in line with wateriness as follows [28]:

< -39 Catastrophically dry year

- -36 —-20 Very dry year

- -20 —-138 Dry year

- -156 — 1 & Average wateriness

- 10 — 2 6 Watery year

- 20 — 306 Very watery year

- > 39 Catastrophically watery year

RESULTS AND DISCUSSION

The analysis of air temperature fluctuations

The aforementioned formula was used to calculate a series of the moving average for air
temperature, as presented in Figure 2. The average annual air temperature during the
period 1961- 2015 was 11.2 °C. The average annual air temperature trend is positive with
a tendency of increase at 0.46 °C rate per decade. Specific air temperature fluctuations
are evident. The five-year moving average clearly indicates that there were several
different time periods with pronounced temperature fluctuations.
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Figure 2. The air temperature fluctuations at the Banja Luka
meteorological station during the period 1961-2015

The first period lasted the longest, from 1961 to 1988, and the air temperature was above
the multiannual average. The second period lasted from 1988 to 1992, and the air
temperature was slightly above the multiannual average. The third period lasted from
1992 to 1997, and the fourth period lasted from 1997 to 2015 (the air temperature had a
tendency of constant growth). The year of 2014 was the warmest within the observed
period with the average annual air temperature of 13 °C.
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Figure 3. The average seasonal and annual air Figure 4. The average decade and annual air
temperatures at the Banja Luka meteorological temperatures at the Banja Luka meteorological
station station

The analysis of seasonal air temperature found that the warmest month was July (21.4 °C
average), and the coldest one was January (0.2 °C average). The seasonal average of 11.4
°C made the spring slightly warmer than the autumn (11.3 °C).

Figure 4 shows that there is a trend of the air temperature increase per decade and each
decade is warmer than the previous one. In the last two decades, the recorded air
temperature was 1 °C higher than the multiannual average and in the first four decades,
the recorded air temperature was 0.4 °C lower than the multiannual average, during the
observed period.

Figure 5 displays the timeline of average annual air temperature with differentiated trends
for the whole observed period, during the periods 1961-1990 (referential sequence) and
1991-2015. There is an evident intensification of the trend for the last 55 years. The
deviations from the average annual air temperature during period 1961-1990 are
increasing. The period 1991-2015 was 1.2 °C warmer than the “referential sequence” and
0.6 °C warmer than the multiannual average.
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Figure 5. The air temperature deviation trends in specific periods

The analysis of precipitation fluctuations

The pluviometric regime of the Vrbanja River Basin is under a large impact of maritime
air masses from the west (the Atlantic Ocean) and the south (the Mediterranean), and the
orographic properties of the local area. The local impact is most evident in the summer
when the pluviometric regime is affected by the local air depression accompanied by
downpours. Studying precipitation fluctuations is one of the fundamental indicators of
the water regime of the Vrbanja River and its tributaries.
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A series of the moving average for the amount of precipitation calculated using the
abovementioned formula is presented in Figure 6.
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Figure 6. Fluctuations of the amount of precipitation at the Banja Luka
meteorological station during the period 1961-2015.

The mean value of the sum of precipitation is 1049 mm, but there is an evident fluctuation
of the multiannual average. The results show that the trend of the average amount of
precipitation is negative with a tendency of decline (-4,33 mm per decade). The five-year
moving average suggests that there are several different periods with intensive
precipitation fluctuations. The first period lasted from 1961 to 1969 and the precipitation
amount was around the multiannual average. The second period lasted from 1969 to 1974
and the precipitation amount was below the multiannual average. The third period lasted
from 1974 to 1982 and the precipitation amount was slightly above the multiannual
average. The precipitation amount was below the average during the fourth period (1982-
1989). During the fifth period (1989-2000), the precipitation amount fluctuation was
around the annual average. The sixth period (2000-2011) registered the trend of decline
of the amount of precipitation. It was in this period that the two driest years were recorded
(2003 and 2011). The latest fluctuation period started in 2011 and the precipitation
fluctuation was evident. The amount of precipitation in 2014 (637,2 mm) was higher than
the annual average, resulting in catastrophic floods with human losses and material
damages
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Figure 7. The average seasonal and annual Figure 8. The average decade and annual amount
amount of precipitation at the Banja Luka of precipitation at the Banja Luka meteorological
meteorological station station
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The analysis of the seasonal amount of precipitation suggested that June (107,4 mm) and
May (94,4 mm) were the months with most rains. The autumn had the seasonal average
of 276 mm, which made it more humid than the spring (260 mm). Figure 8 shows that the
first and the last decades had the equal amounts of precipitation with most evident annual
fluctuations.

The analysis of the water level fluctuations

The Vrbanja hydrological observation station has had reliable hydrological monitoring
instruments since 1922. The period 1926-2019 was used for the purpose of analysis of
water level and flow rate of the Vrbanja River. The methodology used for the studying of
water level and flow rate matches the methodology used for the analysis of climate
elements.
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Figure 9. The fluctuations of water levels at the Vrbanja
hydrological station during the period 1926-2019

Based on the aforementioned formula, the series of moving average of water levels is
presented in Figure 9. The average water level during our target period was 66,28 cm.
The highest water level was registered in May 2014 (592 cm), and the lowest water levels
were registered in July, August, September and October. It was in April and May that the
water levels were the highest. The average monthly precipitation values result from the
cyclic downpours in May, June and July. In other words, the summer downpours cause
the short-lasting high water levels. The high water level is also caused by the snow
melting in the spring, especially in the Vlasic Mountain area.

The trend of the average annual water level is negative, with a tendency of decline (-0,75
cm per decade). The five-year moving average clearly shows that there are several
different periods with pronounced water level fluctuations. The first period of the water
level fluctuation lasted from 1926 to 1936 with the water level below the multiannual
average. The second period lasted from 1936 to 1944 and the values were mostly below
the average. The third period lasted from 1944 to 1957 with values far below the average.
The fourth period lasted from 1957 to 1971 and the water level largely increased. The
fifth period lasted from 1971 to 1991, when the water level had a tendency of decline but
the values were above the average. Even though the period 1990-1997 was not monitored
(except in 1992), there were indications of the declining water level. The sixth period of
the water level fluctuation lasted from 1997 to 2005 and a tendency of decline was
observed. It was in this period that one of the driest years occurred (2003). The last,
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seventh period of water level fluctuations started in 2003 and is still pending. It was in
2011 that the lowest water level at the Vrbanja hydrological observation station was
recorded (38 cm). The Vrbanja River and its tributaries are relatively small and the usage
of their water stream potential is limited due to the fluctuations of the hydrological
regime. During the dry periods, the Vrbanja River water level and flow rate are minimal,
particularly in the upper and middle streams. During the intense recharge (snow melting
and heavy rainfalls), the river stream turns into a torrent and is polluted by both mineral
and organic materials.

The analysis of water flow rate fluctuations

The calculated series of the moving average for water flow rate is presented in Figure 10.
The average flow rate during the observed period was 15,26 m3s. The trend of average
annual flow rates was negative, with a tendency of decline (-3,08 m3s per decade).
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Figure 10. The water flow rate fluctuations at the Vrbanja
hydrological observation station from 1926 to 2019

The five-year moving average clearly indicates that there were several different periods
with pronounced flow rate fluctuations. The first period lasted from 1926 to 1936 with
significant fluctuations in regard to multiannual average. The second period lasted from
1936 to 1950 and was characterized by great wateriness. The third period lasted from
1950 to 1970 and the significant fluctuations were mostly above the multiannual average.
The fourth period lasted from 1970 to 1986, and the values were largely below the
average. The fifth period lasted from 1986 to 1997, and the flow rates were low. The sixth
period with pronounced fluctuations lasted from 1997 to 2005, and the flow rates were
extremely low. It was during this period that one of the driest years was recorded (5.18
m3s flow rate). The latest, seventh period lasted from 2005 to 2019, and during this period
the driest year ever was recorded (2011) with only 2.69 m3s flow rate. The last period is
characterized by another extreme value: the highest flow rate ever recorded. It was
registered in May 2014 and was 843.8 m3s.

The Pearson correlation coefficient found a statistically significant positive correlation
between precipitation and flow rate (+0.633) and statistically poor correlation between
air temperature and flow rate (-0.295).

Figure 11 displays a high correlation in regard to quantitative values of the average annual
amount of precipitation and average annual flow rates.
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Figure 11. Ratio between precipitation and flow rates.

The causes of floods in the Vrbanja River Basin are long heavy rainfalls and sudden snow
melting, very often combined. The distribution and volume of high water levels in the
Vrbanja Basin essentially depend on the dry and watery periods. Table 1 shows the year
ranking in line with wateriness according to data from the Vrbanja hydrological station

during the period 1926 — 2019.

Table 1. Quantitative and percentage ratio of specific years per wateriness
categories according to the records from the Vrbanja hydrological observation station
from 1926 to 2019 (years without monitoring are not included)

Vrbanja hydrological station

Rank Number of years %
Catastrophically dry - -
Very dry 2 2.3
Dry 9 10.2
Average wateriness 63 71.6
Watery 11 125
Very watery 3 34
Catastrophically watery | 0 -
Total 88 100

Table 2. The year ranking in line with wateriness as recorded at the Vrbanja
hydrological observation station from 1926 to 2019

Rank /Discharge Qsr (m%) | Year

Catastrophical <269 )

ly dry

Very dry 2.69-5.18 2011,2003

Dry 5.18-9.90 1990,2013,2000,2012,1971,1947,2007,1950,1946
1974,1934,1932,2001,1954,1929,2015,2006,1976,1962,
1942,1926,1967,1933,1960,1931,1998,1972,2010,1978,1

Average 9871969,1997,1968,1963,20116,1986,1948,1965,1957,

wateri%ess 9.90-18.59 2017,1938,1939,2009,2018,1985,2008,1966,1989,1927,
1951,1953,1973,1958,2004,1982,1977,1961,1975,1949,
1984,1943,1935,2002,019,1941,1992,1928,1952,1983,
1930,1979,1945

Watery 18.59-24.00 igg(l),lwo,1999,1964,1944,1980,1959,1956,2005,1936,

Very watery 24.00-28.05 1955,1937,2014

Catastrophical > 28.05 )

ly watery
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CONCLUSION

The paper analyzed recent changes in air temperature and precipitation as well as their
impact on the flow rate and water level fluctuations in the Vrbanja River Basin. In order
to annul the variation of the annual values for the analyzed parameters, five-year values
were taken into account. Accordingly, different time frames (ranging from 4 to 27 years),
within which a complete fluctuation occurred, may be singled out for each of the analyzed
parameters.

The average annual air temperature trend is positive with a tendency of growth (0.46 °C
per decade). Specific air temperature fluctuations are evident and this trend has intensified
over the last 55 years. The seasonal air temperature analysis showed that the warmest
month was July (21.4 °C in average) and the coldest one was January (0.2 °C). The
average seasonal air temperature value of 11.4 °C makes the spring slightly warmer than
the autumn (11.3 °C).

The precipitation regime has been changing quickly. There are long dry periods on one
side and intensive precipitation causing floods on the other side. Furthermore, extreme
events and records in regard to other climate parameters have been more pronounced.
Our results show that the trend of changes in the average amount of precipitation is
negative, with a tendency of decline (-4.33 mm per decade).

Recent climate change has greatly affected the water level and flow rate in the Vrbanja
River Basin. The trend of changes in the average annual water level is negative with a
tendency of decline (-0.75 cm per decade). The highest water level was registered in May
2014 (592 cm) during catastrophic local floods. It was in 2011 that the lowest water level
was measured (only 38cm). The Vrbanja River and its tributaries are relatively small
rivers and the exploitation of the water stream is limited due to changes in hydrological
regime. The years 2003 and 2011 were most affected by drought during the analyzed
period.

The trend of changes in the average annual water flow during the analyzed period is
negative, with a tendency of decline (-3.08 m3s per decade). The highest water flow rate
was registered in May 2014 (843.8 mSs).

The causes of high water levels and flooding in the Vrbanja watershed are long, heavy
rainfalls and sudden snow melting, especially when they combine. There is a strong
negative correlation between the water flow and air temperature during a whole year (with
a short exception in the winter), but the correlation between the water flow and
precipitation is significant and positive.

The Pearson correlation coefficient measured a statistically significant positive
correlation between precipitation and water flow (+0.633) and a statistically insignificant
negative correlation between air temperature and water flow (-0.295).

The distribution and volume of water in the Vrbanja River Basin largely depend on dry
and watery periods. Speaking of ranking years in line with wateriness, 71.6 % of the
analyzed years are of the average wateriness.
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