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Abstract

The occurrence of extreme precipitation, floods, angydry periods, according to all forecasts, will probably become more
frequent both in Europe and in Bosnia and Herzegovina. For this reason, it is necessary to consider climate change when
designing infrastructure facilities. Followin this, this paper aims to assess the flow rate data based on the daily measured
values obtained at the Reljevo hydrological station on the Bosna River. The analyses are conducted for two periods (1961-
1990 and 2000-2010) to obtain the tempgral‘distribution of relevant flow rate data. For observed periods, analysed data
are compared, and the coincidence of hydrological parameters along the perceived changes is observed. Significant
monthly and yearly variations are obgerved based on the analysis of variance (ANOVA) applied to the flow rate data for
observed periods. As a result, maxitium flow rates are found in the summer period (March and April mainly), which
should be considered in flood mafiagément.

Keywords: climate change; @nalysis of variance (ANOVA); hydrological parameters; two-factorial experimental design
method

1. Introduction

The hydrological cycle is part of the climate system and is sensitive to climate change. Sometimes, insignificant climate
changes lead tg"significant changes in hydrological processes [1]. Global warming refers to the increase in the average
planet's surfacestemperature caused primarily by the emission of gases from fossil fuel combustion since the Industrial
Revolution{ However, climate change refers to long-term (a period of several decades or longer) changes that concern
changes in témperature, precipitation and wind [2]. According to the Intergovernmental Panel on Climate Change (IPCC),
climate(chahge is observed as statistically significant changes expressed by changes in mean values and variability of
observed properties, which can last for a period of time (a decade or more) [3]. The observed climate changes, published
in the sixth report of the IPCC, are as follows: from 2011 to 2020, global surface temperature increased by 1,09°C (0,95°C
te=5,202C). In that period, more noticeable increase in temperature was over land (by 1,59°C) than over the ocean (by
0,889C). Since the 1950s the frequency and intensity of heavy precipitation events have increased over most land area
for'which observational data are sufficient for trend analysis, with even faster rate of increase since the 1980s. In the
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period from 2010 to 2019 compared to the period 1979-1988, there was an increase in the average amount of precipitation
on land and a decrease in the Arctic sea ice area of about 40% in September and about 10% in March. From 1901 to 2018
as a consequence of the increase in temperature, there was a rise in the mean sea level of 0,2 m. Rise in the mean sea léyel
during the early 1900s was due to natural factors, however since 1970s, dominant cause of global average sea leveisise
were human activities [4]. Hydrological cycle parameters such as evapotranspiration, soil moisture and rufioffsare
sensitive to small changes in temperature and precipitation [5], [6], [7]. River flow forecasts are essential for extreme
water management, policy-making, and sustainable water resource management practices [8], [9].

Generally, climatic changes have been observed in Bosnia and Herzegovina during all seasons since 198 [%Bésed on
previous research, from 1961 to 2010, the temperature has increased in all regions of Bosnia and Herzegovina [10]. In
the last hundred years, the average annual temperature has increased by about 0.6 °C [11]. As for the preeipitation quantity,
from 1981 to 2010, a slight increase in annual values has been observed compared to 1961-1990 [1d], Trénds of five to
twenty-day periods of extreme hot/cold weather have been observed; the same trends are\noticed for intense
drought/rainfall periods. Intensive droughts have been recorded in 2000, 2003, 2007, 2011 and 20%2. In addition to
observed temperature and precipitation changes, future climate scenarios predict significant.ghafgesiin the magnitude and
frequency of climatic extremes, such as storms accompanied by hail, devastating effeCts afwwind, floods, long-term
droughts, heat waves, and extremely high and low temperatures. The Bosha River forms at tfie foat of the Igman Mountain
at an altitude of about 500 meters. Figure 1 shows the basin of the Bosna River, which,is 273 kim long and 35-170 m wide.
Its average drop is 1,48 m/km, and the average flow rate is 100 m3/s. The main tributakies on the right side of the river
Bosna are Miljacka (35,9 km), Krivaja (101 km), Zeljeznica (26.9 km), Spre¢a (#37,5 Kkm)'and Stavnja (30,4 km), while
on the left side are the Usora (82 km), Lasva (49,4km) and Fojnicka river (46km).

Fig. 1. River Bosna basin [12]

In this paper, thedimpact of climate change on the flow rate on the Bosna River is analysed. For this purpose, a
statistical analysis of the flow parameters was carried out based on the measured values of daily flows at the Reljevo
hydrological station,on the Bosna River. The analysis was conducted for two different time periods (1961-1990 and 2000-
2010) to obtairiithe femporal distribution of relevant flow rate data.

2. ReSearch.method

Different techniques are used to analyse the data sets collected during long periods (10 or 30 years). For the study, the
twa-factor factorial experimental design techniques was used where one factor was years (a-level), and the other was
mantiis(b-level). Statistical analysis provides a temporal distribution of relevant flow rate in two periods, 1961-1990 and
200072010, and warns of possible scenarios in the future [13], [14]. The experiment's purpose is to check whether a certain
variable affects a clearly defined phenomenon as the dependent variable. An independent variable (experimental variable)
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is a factor that is intentionally varied in the experiment to see if it affects the dependent variable. The analysis includes
flows at the Reljevo hydrological station. The statistical analysis of the two-factor factorial involves only two factors
say A and B, one factor being years (a-level) and the second factor being months (b-level). Analysis of varidace
(ANOVA) is shown in Table 1. It is assumed that A and B are fixed factors, and a is the level of factor A and b iSthe
level of factor B, specially selected by the researcher and the conclusions are limited to these levels only.

Sou_rce:* of Sum of Squares Degrees of Mean value Fy
variation Freedom
SS MS
A Treatment SS4 (a-1) MSa = A1 MSA
— E
SS MS
B Treatment SSp -1 MSp =+ Bl MSB
— E
] SSAB MSAB
Interaction SSap (a-DBb-1) MSas = e 2T b 1 MS
b 4 - E
SSg
Error SSg ab(n — 1) MSe = ab(n'=1)
Total SSr (abn —1)

Table 1. ANOVA table two-factor factorial experimental design [12]

The hypothesis that were tested are [15]:

1. Heu=1wn=..=1.=0 (no effect of factor A)
Hi: at least one ti# 0
2. Ho:B1=p2=..=Po=0 (no effect of factor B)
Hy: at least one Bi# 0
3. Ho: (tB)11=(tf)12=... = (tf)ab =0 (no interaction)

Hy: at least one (1f3)ij # 0

Analysis of Variance (ANOVA) is a hypothesis testing progedure used to decompose the total variability of the data
into its components and then compare the different de¢empased elements. The total variability is calculated according to
the expression (1) [15]:

SST = SSA + SSB + SSAB + SSE (1)

From the previous equation, it can be §een that the overall sum of squares (SSt) consists of the sum of squares for
factor A (SSa), the sum of squares for factor BYSSg), the sum of squares for the interaction between factors A and B (SSas)
and residual sum of squares (i. e. the suni ot'squares error, SSg). The total number of degrees of freedom is (abn — 1).
The main effects of factors A and B havei(a#+ 1) and (b — 1) degrees of freedom, while the interaction effect of factor
AB has (a — 1)(b — 1) degrees of freedom. In each of the ab cells, in Table 1, there are (n — 1) degrees of freedom
between n repetitions. Observations ifkthe same cell may differ only due to random error, and we have ab(n — 1) degrees
of freedom for error. Therefore, thedegrees of freedom are distributed according to equation (2) [15]:

abn—1=@—-1D)+ B =1 AHa-1DbB-1)+ab(n—-1) )

If each sum of squareg oxi the right side of the equation is divided by the corresponding number of degrees of freedom,
the mean square valde for AB{ interaction and error is obtained [15].

MS, — SSa MS. — SSg
tetlg Y
B E 3
MSyp = ———%— MS, = ———
4B (g D + 1) E7ab(n—1)
In order twest that all effects of factor A are equal to zero (H,: 7; = 0), the following relationship is used:
XA 4
& ur 4)

which has F — distribution with (a — 1) and ab(n — 1) degrees of freedom if H,: 7; = 0 is true.
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This null hypothesis is rejected at a significant level if fo > fy 4—1,an(n—1)- Similarly, to test the hypothesis that all
effects of factor B are equal to zero (H,: 8; = 0), the relationship is used:

MS,

Fy = MS; (5)

which has F — distribution with (b — 1) and ab(n — 1) degrees of freedom if H,: 5; = 0 is true.
This null hypothesis is rejected at a significant level if fo > f, p—1 ap(n-1)- Finally, to test the hypothesis#,: (z8);; =
0, i.e. hypothesis that all interaction effects are equal to zero, the relationship is used:

Fo =35 ©®)

which has F — distribution with (a — 1)(b — 1) and ab(n — 1) degrees of freedom if Hy: (z£);; = 0 is true. This null
hypothesis is rejected at a significant level if fo > fo (a—1)(p-1),ab(n-1)-

It is usually better to test for interaction first and then estimate main effects. If the irit€raction is not significant,
interpretation of tests for main effects is required. However, when the interaction is\significant, the effects of the main
factors involved in the interaction may not have significant practical interpretive aalue |16}.

2.1. Application of t-test

The t-test is used to determine if there is a statistically significant difference ‘between the means of two samples and
is valid only when both samples are obtained from a normally distributet pepuiation. It is true in many practical cases
where there has been a change in working conditions with a need to deteriine if there is a significant change in those
conditions. The first step is to determine the means of x1 and X for the iWessamples. The standard deviation is obtained
based on the expression:

$2 — Y —x)2 =Y —3)°

n1+n2_2

()

Where x; refers to any experimental value in the first sampl&and x; to any in the second sample, and the sample sizes are
n; and ny, respectively.
Usually, it is easier to calculate with a modified exphéssion:

B3 - Gn)t oy G

s? 8)
n,+n, —2
After determining standard deviation; t is obtained as follows:
X1 — Xz
t = 1 2
s[T, 1 ©)
n; N

The obtained value for t is\sompared with the tabled value for t,, at the required confidence level with (n, + n, — 2)
degrees of freedom. If t >(t; there'is a significant difference between the mean values.

2.2. Hydrological &ind pieteorological analysis

The analysed temperature and precipitation data in [12] didn't indicate extreme climatic events, like heat waves or
heavy precipitation, The analysis of climatic conditions for the previously discussed periods shows moderate high
temperatures ifysumnrher and moderate low temperatures in winter, with seasonal variations. Also, this affects the
hydrologicéi cyele (@Ccurrence of droughts and floods). Water and climate variability already pose a risk due to flooding.
The BGsna River basin is exposed to occasional floods, which cause significant damage to the economy.

The!Reljayo hydrological station is located on the downstream side of the bridge over the Bosna River in the Reljevo
settlement=t was founded in 1904. It stopped working in 1991 and was rebuilt at the end of 1998 with the same profile
and.the same ground-level zero. The area of the basin is 1094 km? [12]. There are anthropogenic effects on the Bosna
Riwverupstream of the Reljevo hydrological station, but there are insignificant on the river flow at the Reljevo site.
Zeljernica River, the right tributary of the Bosnia River (ca. 8,5 km upstream from Reljevo hydrological station), is
arfected by the Bogati¢i hydroelectric power plant.
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3. Results and discussion

The cumulative monthly and annual flow rate data at the hydrological Reljevo station are investigated. By compatfing
data for two periods, possible changes in distribution can be observed, as well as significant changes that occurred Ifhthe
past in the observed area. The mean flow rate values during the two analyzed periods, 1961-1990 and 2000-2019mare
shown in Tables 2 and 3.

Num. pEY | I 11 v | V | VI |Vl | VI IX X Xl | Kl Qm.a.
vatercourse
1 Eggr?;m/ 29,2334 |40,3 515|434 |242|158| 11,7 | 139 | 20,5 | 28,8 | 348 |" 28,9

Table 2. Average monthly and annual flows (m?/s) from 1961-1990

Table 2 shows the values of average monthly and annual flows for the period from 1964°to 1990. Based on a thirty-
year analysis, it is evident that the average monthly flow rate values are high in the spring seasen’(March, April and May),
followed by a gradual decrease in the summer season. The maximum mean monthly flow rate value is in April, 51,5 m3/s.
After a gradual drop in flow rates in June, July and August, the increase is observed agairin September. The increase in
flow rates continues in October, November and December. A slight drop in flowrate€ssisinoticed in January, after which
flow rate values increase in February. The average annual flow rate based ona.thirty-yiear analysis is 28,9 m%s.

Num. | W8/ ol v v v v jean x| x| oxi | x| oma
vatercourse
1 Eﬁ';ﬁ;"’ 325|285 499 | 545|311 | 204 | 180l 108 | 16,0 | 243 | 200 | 406 | 292

Table 3. Average monthly and annuél flows (m?s) from 2000-2010

For the period from 2000-2010, the average monthly and annual flow rates are shown in Table 3. Based on the ten-
year analysis, it is evident that the average monthly flow,raté values follow the same trend as previously discussed: higher
values in March, April and May, with a maximum mean fhonthly flow rate in April (54,5 m3s), followed by a gradual
decrease during the summer season. The growth trend €ontinties during September, October, November and December,
followed by a slight drop in flow in January. The averagemonthly flow based on a ten-year analysis is 29,2 (m?/s).

According to the current Water Law [17], thesecologically acceptable flow rate is determined as the minimum average
monthly flow is 95 % of the probability of occurs€iige based on the hydrological characteristics of the water body for
observed seasons. The ecologically acceptable flow. rate for the Reljevo hydrological station is 4,96 m3/s.

By comparing the monthly mean and anfal mean flow rate values for the observed periods at the Reljevo hydrological
station, a decreasing trend in mean values can Be,observed from May (V) to August (VI11) in the 2000 to 2010 period and
the opposite trend from March (111) to(Aprih (IV) and then from September (IX) to December (XII). However, no
significant differences are observed in averagé annual flow rates for 1961-1990 compared to the 2000-2010 period.

Statistical analysis factorial expefiment includes only two factors A and B. For factor A it is always 36 (number of

months, b = 12, times number of repetitions, n = 3). For factor B, it is 90 or 30 (number of years a = 30 or 10 and n = 3).
The variance analysis (ANOVA) of‘the flow rate data measured at the Reljevo hydrological station for the two analysed
periods from 1961 to 1990 and-from=2000 to 2010 is shown in Tables 4 and 5.
In Tables 4 and 5, in additien to the obtained F, values for individual factors, values for F; were also calculated (two-
tailed t-test). The obtaineds&, vaities are higher than F; values, and there is a significant difference at the new confidence
level of 95 % (o= 0.05).(THe % values for treatment B are higher than F; as expected because changes in precipitation
quantity are signifiganttlurig the observed period.

Source of Sum of Degrees of Mean value Ey F,
varidtion Squares Freedom
A Treatént 39939,952 29 1377,240 6,732 1,47
B Rreatment 152299,701 11 13845,427 67,672 1,80
Interaction 184252,684 319 577,595 2,823 1,18
Error 147308,847 720 204,596
Total 523801,184 1079

Table 4. ANOVA two-factor factorial experimental design (flow rate for the period 1961-1990)
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ouseat | gmat | ool | venvae | -
A Treatment 7186,780 9 798,531 2,764 1,92
B Treatment 62152,786 11 5650,253 19,561 1,81
Interaction 46928,783 99 474,028 1,641 1,31
Error 69324,880 240 288,854
Total 185593,229 359

Table 5. ANOVA two-factor factorial experimental design (flow rate for the period 2000-2010)

All cumulative values presented in the paper were obtained as part of the output in the progratnming language C++
for the two-factorial experimental design. Figure 2 shows the cumulative yearly flow ™ rate values at the Reljevo
hydrological station from 1961 to 1990 period. The minimum cumulative flow rate recQrde@ 1111990 is 644, while the
maximum cumulative flow value recorded in 1978 is 1599,3.

The cumulative yearly flow rate values at the Reljevo

hydrological station from 1961 to 1990.
1800
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1000
800
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200

Flow rate (m3/s)

Fig. 2. The cumulative yearly flow rate values at the Reljevo hydrological station from 1961 to 1990

Figure 3 shows the cumulative flow ratezalues at the Reljevo hydrological station from 2000 to 2010. The maximum
cumulative value flow rate recorded in 2086sis 1869,5 m3/s, while the minimum value recorded in 2004 is 788 m¥/s.

The cumulative yearly flow rate values at the Reljevo hydrological station

from 2000 to 2010.
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Fig. 3. The cumulative yearly flow rate values at the Reljevo hydrological station from 2000 to 2010

Based on the analysis of both periods, the change in absolute maximum flows from 1961 to 1990 hasn't been observed.
Figure 4 shows the cumulative monthly value at the Reljevo hydrological station from 1961 to 1990. In January, the
méasured value of the flow was 2638,9 m3/s, followed by a slight increase in the flow rate in February to 3011,5 m%/s. In
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March and April, the trend of increasing flow rates continues. The cumulative flow value from 1961-1990 reached its
maximum in April as 4630,9 m%/s. The possible reason for the increase in the flow rate is the rise in temperatures and the
snow melting. From May to September, the flow rate gradually decreases. There is a slight increase in the flow rate‘due
to rainfall in September. The trend of increasing flow rates continues in October 1847,6 m¥s, November 2596,3 m®sand
December 3126,2 m¥s.

The cumulative monthly value at the Reljevo hydrological station from 1961
to 1990 |
5000 - 4630.9 Q

3933.6
4000 A 3605.5 N
3000 -2638.9
2182.6
2000 g
1428
1047.9 1249.8
1000 I I
O = T T T T T T T
Jan F Jul  Avg

eb Mar Apr Maj Jun Sep ¥ Okt Nov Dec

1

1

Flow rate (m?3/s)

1

Months

Fig. 4. The cumulative monthly value at the Reljeva.hydrolagical station (1961-1990)

Figure 5 shows the cumulative monthly value at the Reljevoydrolagical station from 2000 to 2010. In January, the
measured value of the flow rate was 971,9 m%/s, followed by afslight decrease in the flow rate in February to 856,5 m%/s.
In the following months (March and April), the flow rate values/were increased to 1484,7 m3s and 1634,9 m3s,
respectively. The flow rate values reached their maximum in Marchi‘and April due to the sudden rise in temperatures and
melting snow. In May, the measured value of the flow rate/Was 938,9. In June (611 m®/s), July (391,3 m®/s) and August
(323 m¥s), the trend of decreasing flow rates continues, THare was a slight increase in flow rate in September (479 m®/s).
This increasing trend continues from October (724,14 m*/$)until the end of the year.

The cumulative mo;lthl_y value at the Reljevo hydrological
station from 2000 to 2010.

1800 + 16349 =
1600 - 1484.7
& 1400 1 ( 12123
"’E 1200 -+
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° 391.3
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Eig. 5. The cumulative monthly value at the Reljevo hydrological station (2000-2010)
4. Conelusion and further work

Climiate change represents one of the main challenges of today. Many relevant institutions (IPCC) have recognized
thetproblem of climate change with its complexity. Bosnia and Herzegovina is involved in several studies, but a regional
climatevassessment model still does not exist. Since climate models have advantages and disadvantages, we cannot expect
them/'to "predict" the future. However, the global models of the future climate for Bosnia and Herzegovina indicate
significant changes in climate conditions. During the 20th century, a trend of decreasing precipitation was observed, and
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it is difficult to understand if it is the result of natural climatic fluctuations or is due to human influence. Water and climate
variability already represent a risk due to floods, and Bosnia and Herzegovina have been exposed to occasional floods
that cause significant damage to the economy.

In this paper, based on the ANOVA tables for flow rates for both observed periods in Reljevo station, there have Been
variations by year and more significant by month. The approximation of the flow rates by a parabola is not satisfastery
due to the existence of maxima and minima, and for this purpose, a third-order polynomial should be used. The analysis
showed that the maximum flows are mainly in March and April. The increase in flow rates in spring months isidue to
increased precipitation and snow melting due to a rise in air temperature. As a result of statistical analysisthe‘inereasing
flow rate is observed from 2000 to 2010 compared to the period from 1961 to 1990.

The cause of the increase in precipitation in most cases, and therefore water rise and floods, is cliprate ¢lange due to
the increase in the concentration of greenhouse gases. The construction of large hydrotechnical systems causes changes
in water regimes and also influences the occurrence of floods. Authorities that prepare water resourge management plans
should include the possible effects of climate change in their planning. This problem may require furtiier development of
specific information — such as regional climate models development in flood protection plapnifgmgroundwater recharge
and river flows. There is very little data on the effects of climate variability, either diregt or dmelirect; so in the future, it
would be useful to analyse other climate variables (temperature and precipitation) to get a Ct€arer picture of climate yearly
variability.
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