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ABSTRACT In this paper we performed flood frequency analysis by using L-moments and annual 
maximum series data from two hydrological stations on the Rasina River (Brus and Bivolje), 
for the 1961−2020 period. Homogeneity testing confirmed that the basin can be considered 
hydrologically homogeneous (Vi = 0.38 < 1). Five probability distributions – Normal, Log-Normal, 
Gumbel, Pearson Type III, and Log-Pearson Type III – were tested to identify the best-fit model. 
An L-moment ratio diagram and Z-statistics indicate that all distributions satisfy the test criteria, 
with Log-Pearson Type III showing the best overall fit for the region (Z = 0.09). Goodness-of-fit 
tests (Kolmogorov-Smirnov, Cramér-von Mises, and χ²) confirmed Log-Pearson Type III as the 
best fit at the Brus station and Pearson Type III at the Bivolje station. Theoretical flood quantiles 
were calculated for various return periods (T-year floods). Mann–Kendall trend analysis indi-
cated a significant decreasing discharge trend at Bivolje (−1.28 m³/s per year).
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Introduction

Floods are among the most frequent and destructive natural disasters worldwide, 
both in terms of recurrence and the magnitude of their socio-economic and 
environmental impacts. They pose significant threats to human life, infrastruc-
ture, ecosystems, and economic development (Jonkman, Curran, Bouwer 2024; 
Ionita, Nagavciuc 2021). According to the United Nations Office for Disaster Risk 
Reduction (UNDRR 2025), floods account for approximately 35−40% of all natural 
hazard-related events globally.

In the European Economic Area, weather-related disasters have caused esti-
mated economic losses of €487 billion between 1980 and 2020 (Snizhko et al. 2023). 
Future climate scenarios suggest an increase in the frequency and intensity of 
extreme precipitation events, further exacerbating flood risks (Alfieri et al. 2017).

Although extensive research has addressed the spatial and temporal variability 
of hydrological extremes, no uniform global trends have been established (Varlas 
et al. 2023; Kovačević-Majkić, Urošev 2014). In Europe, several studies have 
explored flood seasonality, frequency, and long-term trends (Lehmkuhl et al. 2022; 
Bloschl et al. 2019; Tramblay et al. 2019; Alfieri et al. 2016; Arnell, Gosling 2014). 
In northwestern Europe, rising flood frequency is mainly attributed to increased 
heavy precipitation. In contrast, southern Europe has experienced a decline in 
flood hazard due to reduced precipitation and drier soils, while eastern Europe 
has seen similar trends due to less intense snowmelt (Bertola et al. 2020). Regional 
variation is also reflected in flood timing: in eastern Europe floods are more typical 
in late March, while in mountainous regions maximum flows often occur in early 
summer (Hall, Bloschl 2018; Parajka et al. 2010). In the Mediterranean, annual 
streamflow volumes have consistently remained below the 1950−2013 average 
since the early 1980s (Masseroni et al. 2021).

In Serbia, floods are the most frequent natural hazard, accounting for 53% of 
disaster events (Milanović-Pešić 2020). Approximately 18% of the national terri-
tory is classified as flood-prone area (Gavrilović, Milanović-Pešić, Urošev 2012). 
The most vulnerable areas include Vojvodina and the Posavina and Pomoravlje 
regions, particularly along the Sava and Velika Morava Rivers (Gavrilović, Dukić 
2002). Flood events in Serbia are commonly caused by moist Atlantic air masses 
or rapid snowmelt from the Dinaric Alps, with peak flows occurring in late spring 
and early summer (Leščešen et al. 2022).

One of the most pressing challenges in hydrology is the reliable estimation of 
extreme flood events (Leščešen, Dolinaj 2019). Flood Frequency Analysis (FFA) 
is widely used to estimate discharges associated with specific return periods, 
applying statistical distributions to observed data (Hu et al. 2023). Over the past 
several decades, many studies have been conducted on FFA across various regions 
and hydrological contexts (Shah, Pan Das 2024; Fischer, Schumann 2021; Morlot, 
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Brilly, Šraj 2019; Engeland et al. 2018; Dubey 2014; Noto, La Loggia 2009). The main 
goal of this research is to provide practical tools for flood estimation to inform 
flood engineering designs, as well as to provide a better understanding of flood 
characteristics.

Numerous researchers have examined the issue of flooding on rivers in Serbia 
through the application of FFA (Gnjato et al. 2025; Leščešen et al. 2022; Leščešen, 
Dolinaj 2019), as well as through analyses of high-flow conditions and major his-
torical flood events (Gavrilović, Milanović-Pešić, Urošev 2012; Gavrilović 1981). 
Research has also focused on flood risk assessment and hydrological changes, with 
an emphasis on statistically significant long-term trends and seasonal variability 
in water resources (Stričević, Martić-Bursać, Gocić 2024; Leščešen et al. 2022; 
Stojković et al. 2017; Martić-Bursać et al. 2016; Kovačević-Majkić, Urošev 2014).

Accurate flow forecasting is crucial for water resource management, infra-
structure planning, and operational decision-making (Samantaray, Sahoo 2020). 
Flood frequency analysis (FFA) provides essential estimates of flood magnitude 
and frequency for risk assessment and engineering design (Shah, Pan Das 2024; 
Ahmad et al. 2016), relying on long-term, high-quality peak discharge data (Hu 
et al. 2023). Commonly used statistical distributions in FFA include Normal (N), 
Log-Normal (LN), Gumbel (GUM), Generalized Extreme Value (GEV), Pearson 
Type III (PIII) and Log-Pearson Type III (LPIII) distributions. Different countries 
have adopted specific distributions for national applications – for example, the 
GEV in Europe (Kousar et al. 2020), LPIII in the United States (England et al. 2019), 
GEV and PIII in Australia (Rahman et al. 2013).

Although FFA has been widely applied in Serbia and Europe, most studies focus 
on major rivers or regional-scale assessments, while small catchments like the 
Rasina River Basin remain less investigated (Stričević, Martić-Bursać, Gocić 2024; 
Leščešen et al. 2022). Flood trends and methodological results vary due to differ-
ences in hydrological regimes and data availability (Bertola et al. 2020; Alfieri et al. 
2016). The L-moments method was selected for its robustness with limited sample 
sizes and reliability in characterizing extreme events (Dubey 2014; Hosking, Wallis 
1997), allowing this study to provide dependable estimates of extreme discharges 
in small Serbian catchments. This study focuses on the Rasina River basin in 
central Serbia, analyzing discharge data from two hydrological stations – Brus 
and Bivolje – for the period 1961−2020. The Brus station represents a near-natural 
streamflow regime, while Bivolje is influenced by the Ćelije Reservoir, located in 
the Zlatar Gorge. As extreme floods in the Rasina River are expected to become 
more frequent due to climate change, a reliable FFA is essential for engineering 
applications. Therefore, this study focuses on the estimation of extreme river 
discharges.

The main objectives of the study are to: assess the hydrological homogene-
ity of the Rasina River Basin; estimate regionalized flood parameters using the 
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L-moments method; identify the best-fitting probability distribution for mod-
eling flood magnitudes; detect trends in annual maximum discharges using the 
Mann–Kendall (MK) test.

The broader aim of this research is to emphasize the need for comprehensive 
flood analyses in small catchments across Serbia in order to enhance flood predic-
tion capabilities and support the implementation of effective mitigation strategies.

Study area

The basin of the Rasina River is situated in the south part of the middle Serbia 
connecting the Dinaric and Serbian – Macedonian masses (Fig. 1). The Rasina is 
formed on the east and south-east slopes of the mountains of Goč, Željin and Crni 
Vrh, where its constituents, the Vranjuša and the Burmanska River originate. 
These streams merge near Rogavčina, forming the Rasina River, which flows into 
the Zapadna Morava River after 92.3 km, approximately 5 km downstream from 
Kruševac, at an altitude of 134 m a.s.l. (Dimitrijević 2010). The basin covers an area 
of 979.6 km², representing 6.18% of the Zapadna Morava basin (Stričević 2015). 

< 200.0

200–299.9

300–399.9

400–499.9

500–599.9

600–699.9

700–799.9

800–899.9

900–999.9

1,000–1,099.9

1,100–1,199.9

1,200–1,299.9

1,300–1,399.9

1,400–1,499.9

1,500–1,599.9

1,600–1,699.9

1,700–1,799.9

≥ 1,800

Hypsometry (m)

Fig. 1 – Geographical position of the research area and hydrological stations Brus and Bivolje in the 
Rasina River basin. Source: QGIS software with 30 m SRTM DEM (USGS EarthExplorer).
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The river network comprises 955 watercourses, with a drainage density of 
1.383 km/km². The largest tributaries are the Grošnička River and Blatašnica on 
the right side and the Zagrža on the left. Average discharge of the Rasina River 
in the period from 1961 to 2020 was 7.37 m3/s, which gave the specific runoff of 
7.52 l/s/km2.

The elevation ranges from 134 m to 1,934 m a.s.l., with a mean altitude of 
590.9 m. About 45.3% of the basin area lies below 500 m, 41.2% between 500 and 
1,000 m, and 13.5% above 1,000 m a.s.l. (Dimitrijević 2010). The largest part of the 
Rasina River basin is situated in the zone of temperate continental climate with 
continental pluviometric regime, while mountainous climate is represented on 
the mountain edge of the basin. In the north, the basin is widely open towards 
Župa and the valley of the Zapadna Morava, from where continental air masses 
penetrate unhindered. The average annual air temperature in the basin is 8.9 °C 
and mean annual precipitation amounts to 794 mm. Approximately 30% of pre-
cipitation contributes to runoff (runoff coefficient 0.30), with the highest values 
recorded in spring (0.48) and the lowest in summer (0.15). According to the Corine 
Land Cover database (2012) agricultural areas cover 32% of the basin, mainly at 
lower altitudes near river valleys and settlements, while forests and semi-natural 
areas occupy 58%. According to the 2021 census (Statistical Office of the Republic 
of Serbia – SORS 2021), this territory has a total population of 154,659, distributed 
across two urban and 211 rural settlements.

In 1972, Lake Ćelije was created by damming the Rasina River in the Zlatar 
Gorge, approximately 33 km upstream from its confluence with the Zapadna 
Morava River. The reservoir serves multiple purposes, including flood control 
and flow regulation, significantly reducing flood intensity and frequency in the 
downstream river section (Vujović 1995).

Data and methods

Flood frequency analysis (FFA) of the Rasina River basin was conducted by using 
annual maximum series (AMS) data, which consist of the largest discharge event 
recorded each year. The AMS method is widely used in hydrological practice due 
to its simplicity and the relatively low data requirements for estimating statistical 
distributions (Anghel, Ilinca 2023; Ilinca, Anghel 2022; Leščešen et al. 2022; Anwat 
et al. 2021; Bezak, Brilly, Šraj 2016; Urošev et al. 2016). In this study, a 60-year 
dataset (1961−2020) of AMS discharge values from two gauging stations (Brus 
and Bivolje) on the Rasina River, was analyzed. The data were obtained from the 
Republic Hydrometeorological Service of Serbia (RHMSS). The locations of the 
stations are shown in Figure 1, and their main geographical parameters are sum-
marized in Table 1. The research area was visualized using QGIS 3.40 and SAGA GIS 



6 GEOGRAFIE 131/1 (2026) / L. STRIČEVIĆ, N. MARTIĆ-BURSAĆ, M. GOCIĆ ET AL.

with a 30 m SRTM DEM (USGS EarthExplorer) and the station locations were 
obtained from RHMSS.

FFA enables the estimation of future flood magnitudes and return periods, 
particularly useful in regions with similar climatic and hydrological conditions. 
Numerous studies have been focused on identifying suitable probability distribu-
tion functions for modeling annual maximum flood events (Sahu, Kant Verma, 
Ahmad 2022; Radevski, Gorin 2017; Vasilevski, Radevski 2014). While there is 
no strict rule for selecting a specific distribution for short-term AMS data, this 
study evaluated five commonly used distributions: Normal (N), Log-Normal 
(LN), Gumbel (GUM), Pearson Type III (PIII), and Log-Pearson Type III (LPIII). 
These distributions were applied to model flood magnitudes at the two gauging 
stations. The probability density functions (PDF) and quantile functions y(F) for 
each distribution are presented in Table 2 (Gnjato et al. 2025; Anghel, Ilinca 2023; 
Deraman, Abd Mutalib, Mukhtar 2017).

Goodness-of-fit was evaluated using statistical tests: Chi-square (χ2), Cramér–von 
Mises (CvM), and Kolmogorov–Smirnov (K–S), as well as graphical assessments. 
The fitted distributions were used to estimate discharge values for various return 
periods (5, 10, 15, 50 years, etc; Fischer, Schumann 2021; Acharya, Joshi 2020; 
Deraman, Abd Mutalib, Mukhtar 2017; Smith, Sampson, Bates 2015). The corre-
sponding cumulative distribution functions (CDFs) are also presented to illustrate 
the flood probabilities associated with different magnitudes.

The first step in FFA is to determine the level of regional homogeneity (Gnjato 
et al. 2025; Leščešen et al. 2022; Leščešen, Dolinaj 2019). To identify the homogene-
ity of the study area, a homogeneity test was first applied to stations data in the 
Rasina River basin. For quantitative evaluation, Hosking, Wallis (1993) proposed 
a homogeneity test statistic and a goodness-of-fit statistic for determining the 
regional distribution. The homogeneity test checks whether the selected group 
of stations can be considered a random realization of the same dimensionless 
distribution in terms of L-Cv (V1), L-Cv and L-Cs (V2) and L-Cs and L-Ck (V3). 
V1 represents the Euclidean distance between the L-Cv values for each station 
individually and the regional mean L-Cv, while V2 and V3 represent the distances 
in L-Cs–L-Cv and L-Ck–L-Cs, respectively. For the sample and simulated regions, 
Vi is calculated as:

�
(1)

� (2)

� (3)

where n is the number of sites; ni is the record length at site i; , ,  are the 
sample L-Cv, L-Cs, L-Ck at site i; ni is the record length at site i; , ,  are the 
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sample L-moments at site i, corresponding to the coefficients L-Cv (L-moment coef-
ficient of variation), L-Cs (L-moment skewness), and L-Ck (L-moment kurtosis), 
respectively; and , ,  are the corresponding regional average L-moments. The 
region is regarded as “acceptably homogeneous” if Vi < 1, “possibly heterogeneous” 
if 1 ≤ Vi < 2 and “definitely heterogeneous” if Vi ≥ 2 (Hosking,Wallis 1997).

Table 1 – Geographical characteristics for observed stations

Station Elevation (m a.s.l.) Location (River-km) Basin Area (km2)

Brus 417.9 69.96 213
Bivolje 141.9   5.97 958

Table 2 – Probability density and quantiles functions of the probability distributions

Distribution Probability density function f(x) Quantile function F(x)

Normal

Log-Normal

Gumbel

Pearson III Explicit analytical form is not 
available

Log-Pearson III

Table 2a – Explanation of symbols used in Table 2

Symbol Explanation Symbol Explanation

x Value of the random variable (discharge) β Scale parameter for Pearson III and 
Log-Pearson III distributions

X Random variable representing discharge γ Location parameter for Log-Pearson III 
distribution

µ Mean or location parameter of the 
distribution

f (x) Probability density function (PDF)

σ Standard deviation or scale parameter 
of the distribution

F (x) Cumulative distribution function (CDF) 
or Quantile function

z Standardized variable for Gumbel 
distribution: 

ϕ (∙) Standard normal cumulative distribution 
function (CDF)

α Shape parameter for PIII and LPIII 
distributions

Γ (∙) Gamma function
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The L-moments method was used to estimate distribution parameters (Khan, 
Rahman, Karim 2023). The most commonly employed method to calculate the 
L-moments is via probability weighted moments (PWMs). PWMs primarily were 
defined by Greenwood et al. (1979), and later by Hosking (1990):

� (4)

where,  is the rth order PWMs and F (x) characterizes the CDFs of x. Sample 
estimators ( ) of the first four PWMs are explained in Hosking, Wallis (1997):

�
(5)

� (6)

� (7)

� (8)

where Xj represents the jth value of the AMS arranged in descending order, 
so with X1 is the largest and Xn the smallest. Regarding PWMs, the initial four 
L-moments, signifying the mean, scale, skewness, and kurtosis of the distributions, 
are established through linear combinations of PWMs (Hosking, Wallis 1997):

� (9)

�
(10)

�
(11)

�
(12)

Finally, the L-moment ratios defined by Hosking, Wallis (1993) are specified 
below:

� (13)

� (14)

�
(15)

where  is the L coefficient of variation,  is the L coefficient of skewness, 
 is the L coefficient of kurtosis.

To identify the distribution that yields the most accurate quantiles, the widely 
accepted L-moment ratio diagram method was applied (Fig. 3). This method is 
widely recognized for selecting the best-fit probability distribution for regional 
datasets (Ilinca, Anghel 2022; Anderson 2019).

The appropriate distribution is selected by comparing the proximity of sam-
ple L-Cs and L-Ck values to the theoretical curves of candidate distributions (in 
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the case of three-parameter distributions), or by comparing the sample mean 
to theoretical points (for two-parameter distributions) (Domanski et al. 2023; 
Gielczewski, Piniewski, Domanski 2022; Ahmad et al. 2016). If the region is homo-
geneous, sample points on the L-moment ratio diagram tend to cluster closely.

However, when several distributions appear suitable, the L-moment diagram 
alone may not clearly indicate the best fit. Therefore, a numerical goodness-of-fit 
test is applied to objectively determine the most appropriate frequency distri-
bution. In this study, the Z-statistic was used as the goodness-of-fit measure 
for identifying the most appropriate regional distribution (Sahu, Kant Verma, 
Ahmad 2022; Zakaria, Shabri 2013). It is based on the comparison of sample- and 
population-L-Ck values for the different distributions:

� (16)

where  is the standard deviation of the sample L-Ck values,  is the 
population-L-Ck value for a particular candidate distribution,  is the regional 
sample average of the L-Ck values (Ahmad et al. 2019). The test is performed by 
means of a comparison with a quantile of the standard normal distribution. We 
adopted a significance level of 5%, which means that a candidate distribution is 
considered suitable if |Z| < 1.96. The best fit to the observed data indicates the most 
appropriate distribution (Leščešen, Dolinaj 2019; Ahmad et al. 2016).

For clarity, CDFs chart was created to further validate the results and strengthen 
their credibility (Figure 4). This diagram visually compares the distribution 
of observed discharge values with those estimated using different probability 
distributions (Anderson 2019). The x-axis represents the cumulative probability 
of occurrence, while the y-axis represents the discharge values. The empirical 
cumulative probabilities Fe (x) were calculated using the Weibull plotting position 
formula:

where m is the rank of the observation in ascending order (the smallest value 
m = 1) and N is the total number of observations (Hosking, Wallis 1997). This 
method provides an unbiased estimation of empirical probabilities, particularly 
suitable for extreme value analysis.

The uncertainty of trend and return level estimates is expressed by 95% con-
fidence intervals. For trend analysis (Fig. 2), confidence limits were derived for 
Sen’s slope, whereas for return levels (Figure 5 and 6) they were obtained from 
L-moment–based quantile estimation.

The best-fitting distribution function for the 60-year data series was determined 
using K–S, CvM and χ2 tests (Petrović, Leščešen, Radevski 2024; Martinenko et al. 
2021; Kousar et al. 2020; Urošev et al. 2016). The K-S test is a frequently employed 
method for assessing the consistency of probability distribution, delivering 
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reliable results even with limited sample data. The approach involves computing 
the value of Dmax, the maximum unconditional deviation between the cumulative 
extent of two distributions, followed by comparison with the critical value of D to 
either accept or reject the proposed hypothesis (Kovačević, Marković, Babić 2014). 
When comparing multiple theoretical distributions, the one with the lowest Dmax 
is considered the best fit to the empirical data. The K-S test goes as follows:

� (17)

where Fe (x) is the empirical cumulative distribution function (observed data) 
and Ft (x) is the theoretical cumulative distribution function (candidate distribu-
tion).

Similarly, the CvM test evaluates the concordance between empirical and 
theoretical distributions. The test statistic w2 is calculated as:

� (18)

where N is the number of observations. Smaller values of w2 indicate closer 
conformity to the empirical data. To check the agreement of the empirical and 
theoretical distribution of flood occurrence rates the test χ2 was used:

� (19)

where fe,k is the empirical frequency in class k, ft,k is the theoretical frequency 
in class k, and K is the number of classes of the random variable. The degrees of 
freedom for the χ2 statistic are calculated as υ = K – p – 1, where p is the number of 
parameters of the fitted distribution. The analyzed data are grouped in six classes, 
so that each class comprises of at least five data points.

The critical value  is obtained from standard Chi-squared tables for the 
given degrees of freedom υ and significance level α. If , the hypothesis of 
agreement between empirical and theoretical distributions is accepted.

The statistical significance of the trend in maximum series was analyzed using 
the non-parametric Mann–Kendall (MK) test (Kendall 1975; Mann 1945). The MK 
test is widely used to detect a statistically significant trend in hydrological and 
climatic variables, particularly in streamflow series (Higashino, Stefan 2019; 
Radevski et al. 2018; Bezak, Brilly, Šraj 2016; Kovačević-Majkić, Urošev 2014). 
The magnitude of the trend was determined by using Sen’s slope test (Sen 1968), 
which examines the sign differences between earlier and later data points. The null 
hypothesis H0 assumes no trend, while the alternative H1 assumes a monotonic 
trend. First, we calculated sign differences S, after that variance Var (S), and in 
the end MK test statistic Zt.

The Mann–Kendall statistics and its variance can be presented as:
�

(20)
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�
(21)

� (22)

The standardized statistics Zt for this test can be calculated by the following 
equation:

�

(23)

where n is the total length of data, Xj and Xi are the time series of the annual 
and/or seasonal values of the discharge in years j = i + 1, i + 2, i + 3, …, n and i = 1, 2, 
3, …, n − 1, where j > i, and n is the last year in the time series, while tk is the number 
of data in the k-th tied group.

The positive values of Zt indicate upward (increasing) trends in time series, and 
the negative values show downward (decreasing) trends. Trends (Zt statistics) are 
then tested against some critical values (Zt 1₋α) to show whether they are statisti-
cally significant or not. If α is the Type I error rate, where 0 < α < 0.5, and Zt 1₋α is 
the 1 – α quantile of the standard normal distribution (provided in statistical books 
or statistical software packages), then H0 will be rejected, and replaced with the 
alternative H1 if Zt ≥ Zt 1₋α for the upward, or Zt ≤ −Zt 1₋α for the downward trend.

Results and discussion

The first step was to calculate the basic statistics of the AMS data (mean, median, 
maximum, standard deviation, skewness and kurtosis) for the two gauging sta-
tions. The positive skewness values indicate that the AMS data at these stations 
deviate from a normal distribution (exhibiting right skewness; Table 3). These 
basic statistics were then used to select the frequency distributions for deriving 
the probability of exceeding a certain discharge value (Leščešen et al. 2022).

Trend analysis of the AMS data at the two gauging stations is presented in 
Figure 2. To determine a trend, the MK test was applied. At the Bivolje station, 
a statistically significant decreasing trend was detected (p = 0.005), significant 
at 0.1, 0.05, and 1% levels, but not at the more stringent level of 0.001. The Sen’s 
slope of −1.28 m³/s/year indicates an average annual decrease in discharge of 
approximately 1.28 m³/s (Table 4). The standard error of 0.38 suggests relatively 
good precision of the slope estimate. In contrast, data from the Brus station show 
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no statistically significant trend in annual maximum discharges (p = 0.838). Sen’s 
slope is very close to zero (−0.027), indicating a practically negligible decreasing 
trend. Therefore, while a significant declining discharge trend was established at 
Bivolje, which may have implications on water supply and water resource man-
agement, discharges at Brus remained stable over the observed period with no 
evidence of trend change. The negative trends may result from reduced snowmelt 
in surrounding mountains (Kopaonik, Goč, Željin, Jastrebac), the main sources for 
right-bank tributaries. The presented results are consistent with other studies, 
which project decreasing discharge trends for major rivers in Serbia, as well as 
in central and southern Europe (Leščešen et al. 2022; Stagl, Hattermann 2015; 
Kovačević-Majkić, Urošev 2014).

Homogeneity test results for the Rasina River basin are presented in Table 5. 
Based on these results, it can be concluded that the study region is acceptably 
homogeneous, as all Vi values are below the critical threshold of one, and no fur-
ther data inspection is necessary.

Once regional homogeneity is confirmed, regional L-moments were calculated 
as the weighted average of the L-moments from the two gauging stations (Dubey 
2014). These regional L-moments were computed across all gauging stations, 
with weights corresponding to the record length at each station. This ensures 
that longer records contribute proportionally more to the regional estimates, 
providing a more reliable basis for distribution selection. Figure 3 shows a scat-
ter plot of observed L-moments for the two gauging stations (Brus and Bivolje), 
with lines for theoretical distributions, highlighting the best-fitting one. Since the 
sample L-moments are unbiased, the sample points should be distributed both 
above and below the theoretical line of the fitted distribution (Sahu, Kant Verma, 

Table 3 – Descriptive statistics for the AMS data from the two gauging stations on the Rasina River

Station n Mean (m3/s) Median (m3/s) Maximum (m3/s) STD (m3/s) Skewness Kurtosis

Brus 60   32.14 22.9 121 24.57 0.42 0.25
Bivolje 60 103.11 86 291 71.79 0.25 0.05

n – number of observations; STD – standard deviation; Skewness – coefficient of skewness; Kurtosis – coefficient 
of kurtosis

Table 4 – Man–Kendall test statistics for the Rasina River

Station Senʼs slope m³/s·year⁻¹ SE m³/s·year⁻¹ Zt-value of trend p-value

Brus −0.027 0.098 −0.204 0.838
Bivolje −1.279 0.383 −2.787 0.005

Sen’s slope – magnitude of monotonic trend estimated by Sen’s method; SE – standard error of Sen’s slope; Zt-value – 
standardized test statistic of the Mann–Kendall test; p-value – significance level of the trend
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Ahmad 2022). The L-Cv values for the region were between 0.37 and 0.39, with 
a mean value of 0.38. The L-Cs range was between 0.25 and 0.42, with a mean value 
of 0.33; whereas the L-Ck range was 0.05 and 0.25, with a mean value of 0.15. The 
results show that there is no clear variation of L-Ck and L-Cs within the basin. 
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(up) and Brus (down)
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Most data points display a tendency to group around the PIII and LPIII distribu-
tion functions. Figure 3 indicate that the PIII and LPIII distributions provide the 
best fit to the observed AMS data for the Brus and Bivolje stations (Amirataee, 
Montaseri 2013).

To identify a regional distribution applicable to ungauged rivers, the Z-statistic 
was calculated. The results show that the Z-statistic for all five distributions is less 
than the critical value (|Z|): Normal (Z = −0.13), Log-Normal (Z = 1.11), Gumbel 
(Z = 0.25), Pearson III (Z = 0.23), and Log-Pearson III (Z = 0.09). Since the absolute 
value of Z for the Log-Pearson III distribution is the lowest, this provides additional 
evidence that this distribution is suitable for the Rasina River basin as a whole.

In order to examine the goodness-of-fit of the selected distribution to the 
empirical data, the CDF were calculated for the analyzed hydrological stations 
(Figure 4). This diagram visually compares the distribution of observed discharge 
values with those estimated using different probability distributions. The x-axis 
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Fig. 3 – Scatter plot of observed L-moments for the two selected gauging stations (Brus and Bivolje, 
1961−2020) in the Rasina River basin, with lines for theoretical distributions

Table 5 – Homogeneity test of the Rasina River for flood volumes

0.986 0.986 0.987 0.0058 0.0155 0.0173
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represents the cumulative probability of occurrence, while the y-axis indicates the 
discharge values. The CDF diagram shows that the Normal distribution deviates 
significantly from the observed discharge values, indicating a lack of fit. In con-
trast, other distributions show a considerable overlap with the observed discharge 
data, indicating a better fit. Figure 4 shows thatPIII and LPIII distributions have 
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the best fit for the entire range of empirical data. Similar results for best-fit dis-
tributions have been obtained in Serbia for the Danube River (Urošev et al. 2016), 
the Kolubara River (Milanović-Pešić 2020), as well as for major tributaries of the 
Južna Morava (e.g., Vlasina) and Velika Morava Rivers (e.g., Jasenica, Lepenica) 
(Gavrilović, Milanović-Pešić, Urošev 2012).

To validate the graphical interpretation, formal goodness-of-fit tests (K–S, CvM 
and χ2) were conducted (Table 6).

At the Brus station, the K–S test indicates acceptable agreement at the 0.05 
significance level for LN, GUM, PIII, and LPIII distributions, with LPIII providing 
the best fit (Dmax = 0.063). At Bivolje station, all distributions showed acceptable 
agreement, with PIII providing the best fit (Dmax = 0.100).

Furthermore, the CvM goodness-of-fit test confirm that the LPIII distribution 
provides the best overall fit to the data at the Brus station, followed by the PIII 
and LN distributions. The N distribution is rejected as inadequate, while the GUM 
distribution may be considered, though it is not optimal. At the Bivolje station, all 
tested distributions yielded p-values greater than 0.05, indicating that the null 
hypothesis cannot be rejected. Among these, the PIII distribution produced the 
lowest w2 statistic and the highest p-value, suggesting it most closely aligns with the 
empirical data. LN, GUM and LPIII are also acceptable alternatives at this station.

The χ2 test further supports these findings. At the Brus station, the LPIII distri-
bution showed the highest agreement with the empirical data, while at the Bivolje 
station, the PIII distribution showed the best fit. According to the χ2 statistics, both 
stations exhibit favorable correspondence with four tested theoretical distribu-
tions: LN, GUM, PIII, and LPIII.

A key objective of the FFA is to determine the quantile in the extreme upper 
tail of the best-fit distribution. Return level plots were generated using the PIII 

Table 6 – Fit statistics and distribution selection for river discharge data

Station Distribution Goodness-of-Fit Test

K–S CvM χ2

Stat. p-value Stat. p-value Stat. p-value

Brus Normal 0.217 0.007 0.844 0.006 29.452 0
Log-Normal 0.097 0.628 0.121 0.492 2.642 0.619
Gumbel 0.087 0.753 0.389 0.077 11.932 0.018
Pearson III 0.111 0.453 0.091 0.633 5.992 0.199
Log-Pearson III 0.063 0.973 0.030 0.977 2.081 0.721

Bivolje Normal 0.141 0.186 0.278 0.156 20.033 0.0004
Log-Normal 0.113 0.430 0.159 0.363 7.489 0.112
Gumbel 0.121 0.341 0.151 0.388 9.911 0.042
Pearson III 0.100 0.582 0.107 0.554 5.176 0.270
Log-Pearson III 0.108 0.490 0.134 0.442 5.754 0.218
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distribution for the Bivolje station and the LPIII distribution for the Brus sta-
tion, based on AMS. The empirical data closely follow the model lines of these 
distributions, indicating a good fit between the observed discharge data and 
the selected models. The LPIII distribution slightly better captures the higher 
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extremes due to the log-transformation, which is commonly applied in hydrologi-
cal modeling. Using the quantile function and the parameter values specific to the 
best-fit distribution at each gauging station, we calculated the quantile estimates 
corresponding to return periods of 5, 10, 25, 50, 100, 200, 500, and 1,000 years, 
with 95% confidence intervals (Gnjato et al. 2025.). The 95% confidence intervals 
are relatively narrow for shorter return periods (up to approximately 100 years), 
reflecting greater certainty in these estimates. At Bivolje, empirical data show 
greater variability for longer return periods, indicating a less accurate fit of the 
PIII distribution. Wider confidence intervals than at Brus suggest increased uncer-
tainty for rare extremes, likely due to local hydrology or limited data, warranting 
caution for long-term predictions (Fig. 5).

Based on the best-fitting theoretical distribution, the probability of exceedan-
ceof maximum discharges (floods) in the Rasina River basin was calculated (Fig. 6). 
The maximum discharge of 121 m³/s recorded at the Brus station corresponds to 
a probability of exceedanceof p = 2.38%, or a return period of approximately 
42 years. At the Bivolje station, the maximum observed discharge corresponds to 
a probability of p = 2.35%, or a return period of 42.5 years. The annual maximum 
discharge with a 99.9% probability at Brus is approximately 4.3 m³/s, while for 
a 90% probability it is around 11.6 m³/s. At Bivolje, the corresponding discharges 
are 14.2 m³/s (99.9%) and 31.3 m³/s (90%), respectively.

The analysis demonstrates increasing discharge values across different return 
periods. These findings underscore the importance of accurate probability distri-
butions in estimating extreme flood magnitudes, which are essential for effective 
risk management strategies in the Rasina River basin.

Conclusions

In this study, the FFA method based on L-moments was applied using various 
theoretical distributions fitted to AMS flow records from two hydrological sta-
tions in the Rasina River basin. The aim was to determine the most appropriate 
distribution type for different data sets. To calculate the regional frequency of 
AMS flows (i.e., flood risk parameters), flood quantiles and return levels were 
estimated with a 95% confidence interval. The results show that the Z-statistics 
for all considered distributions (N, LN, GUM, PIII, and LPIII) is in good agreement 
with the test requirement (|Z| < 1.96) at both stations. Since the absolute value of Z 
to the LPIII distribution is the lowest (Z = 0.09), this provides additional evidence 
that this distribution is suitable for the Rasina River basin as a whole.

Goodness-of-fit tests, including K–S, CvM and χ2 identified the most suitable 
probability distributions for modeling river discharge maxima. At the Brus station, 
the LPIII distribution showed the highest agreement with empirical data, while 



� Flood frequency analysis of the Rasina River in Serbia 19

at the Bivolje station, the PIII distribution provided the best fit. CDF diagrams 
visually confirmed these results, and the calculated return periods for extreme 
flood events offered valuable insights into potential runoff magnitudes for differ-
ent return intervals. The evaluated time series (1961−2020) is sufficiently long 
and representative for the applied statistical indicators and for the analysis of 
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annual maximum discharges. The MK test indicated a decreasing trend in water 
discharge, with a statistically significant negative trend at Bivolje (Sen’s slope 
−1.28 m³/s/year).

Extreme flows at the upstream Brus station remained relatively stable through-
out the observation period, reflecting near-natural flow conditions in the upper 
basin. Observed trends in extreme flows are generally consistent with long-term 
changes in mean and seasonal discharges reported in the literature for the Rasina 
River and comparable basins in Serbia and southeast Europe (Stričević, Martić-
Bursać, Gocić 2024; Leščešen et al. 2022; Kovačević-Majkić, Urošev 2014). At the 
Bivolje station, decreasing extreme flows correspond with reported declines in 
average and seasonal discharges, whereas at the Brus station, minor fluctuations 
primarily reflect natural hydrological variability.

The differences between the two gauging stations reflect both natural variability 
and local catchment characteristics, including water regulation and abstraction in 
the upper and middle parts of the basin related to the Ćelije and Paljevštica water 
supply systems, as well as spatial variability in precipitation and runoff genera-
tion. Similar behavior has been documented in regional studies, which indicate 
that regulated river sections and smaller catchments often exhibit stronger nega-
tive trends and higher variability in extreme flows compared to less influenced or 
near-natural river reaches (Gnjato et al. 2025; Milanović-Pešić et al. 2025). This 
study provides detailed information on hydrological variable trends and flood esti-
mation along the Rasina River basin over recent decades, which is useful for future 
regional and local planning and the integrated use of water resources. The results 
of this study offer valuable insights that enable more reliable estimation of design 
discharges for different return periods when designing hydraulic structures, 
potentially reducing the risk of failure and minimizing environmental damage 
and losses caused by future floods. An adequate combination of scientific analysis, 
hydro-construction works, and preventive measures is essential to ensure effective 
management and optimal protection of flood-affected areas in Serbia.
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