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ÖZET 

ÇORUH NEHRİ HAVZASINDA TAŞKIN ANALİZİ 

Taşkın analizi, sürdürülebilir su kaynakları yönetimi ve afet riskinin 

azaltılmasında kritik bir rol oynar. Taşkınların sıklığını, büyüklüğünü ve 

zamanlamasını anlamak, insan hayatını korumak, ekonomik kayıpları en aza 

indirmek ve dayanıklı yerleşimler planlamak için esastır. Çoruh Nehri Havzası 

gibi karmaşık hidrolojik davranışa sahip bölgelerde, taşkın analizi taşkın kontrol 

yapıları tasarlamak, erken uyarı sistemleri geliştirmek ve güvenli imar 

uygulamaları belirlemek için bilimsel bir temel sağlar. Dahası, istatistiksel 

modelleme yoluyla tasarım taşkınları doğru bir şekilde tahmin etmek, özellikle 

hidrometeorolojik olayların değişkenliğini ve uç noktalarını yoğunlaştıran iklim 

değişikliği bağlamında bilinçli kararlar alınmasına yardımcı olur. Bu nedenle, 

kapsamlı taşkın analizi yalnızca yerel ve bölgesel su yönetimi stratejilerini 

desteklemekle kalmaz, aynı zamanda uzun vadeli iklim adaptasyon 

planlamasına da katkıda bulunur. 

Çoruh Nehri’nde Taşkın Analizi adlı tez çalışmasında, Türkiye’nin 

kuzeydoğusunda konumlanan Çoruh Nehri üzerinde çalışılmış, istatistiksel 

yöntemler kullanılarak taşkın analizi gerçekleştirilmiştir. 

Çalışma hazırlanırken DSİ’nin sağladığı istasyon verilerinden 

yararlanılmış; analizin güvenilir olabilmesi için 10 yıldan fazla gözlem süresine 

sahip ve inşa edilen barajlardan etkilenmemiş 23 farklı istasyon seçilmiş olup, 

analiz bu istasyonların maksimum akış verileri kullanılarak hazırlanmıştır. 

23 istasyonun her biri için istatistiksel momentler, L momentler 

hesaplanmış; Gumbel, Ekstrem Değer Dağılımı, Normal Dağılım, Log-Normal 

Dağılım, 3 parametreli Log Normal Dağılımı ve 3 parametreli Log Pearson 

dağılımları ilgili verilere uyarlanmış ve dağılımların uygunlukları Kolmogorov-

Smirnov ve Ki kare testi gibi farklı istatistiksel testler kullanılarak kontrol 

edilmiştir. Ayrıca uyarlanan her bir dağılım için 2, 5, 10, 25, 50, 100 ve 500 
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yıllık geri dönüş periyotları için taşkın debileri tahmin edilip, grafikler ile 

görselleştirilmiştir. 

İstasyonlarda meydana gelen taşkınların bir trende sahip olup olmadıkları 

Mann Kendall testi ile araştırılmış, istasyonların çarpıklıklarına bakılarak ve 

Wiltshire metodu kullanılarak Çoruh Nehri homojen bölgelere ayrılmış ve 

istasyonlarda gerçekleşen taşkın verilerinin mevsimsellikleri de açısal 

mevsimsellik analizi kullanılarak tespit edilmiştir. 

Anahtar Kelimeler: Taşkın Analizi, Çoruh Nehri 
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ABSTRACT 

FLOOD ANALYSIS IN THE ÇORUH RIVER BASIN 

In this thesis, the flood characteristics of the Coruh River located in the 

northeast of Türkiye were investigated by statistical methods. In the study, 

annual maximum flow data obtained from DSI were used; 23 flow observation 

stations that were not under the influence of dams and had at least 10 years of 

observation period were evaluated. 

Statistical moments, L-moments and coefficients derived from these 

moments were calculated for each station and the structure of the flow data was 

analyzed in detail. Then, different probability distributions such as Gumbel, 

Generalized Extreme Value (GEV), Normal (N), Log-Normal (LN), Log Normal 

III (LN3) and Log Pearson Type III were applied and the suitability of each 

distribution to the data was tested with Kolmogorov-Smirnov and Chi-Square 

tests. Flood flow rates were estimated for 2, 5, 10, 25, 50, 100 and 500 year 

return periods according to the appropriate distributions. In addition, the 

seasonal timing of floods was assessed and the impact of climatic variability in 

the region was examined. 

Flood analysis contributes directly to disaster risk reduction by providing 

an estimate of the magnitude of possible floods. The importance of these 

analyses becomes even more evident when the loss of life and property, damage 

to infrastructure systems and economic losses caused by floods are considered. 

Accurate flood forecasts play a critical role in the safe planning of settlements 

and the development of disaster management strategies. In addition, changes in 

flood timing provide important clues for understanding the effects of climate 

change at the local scale. Therefore, detailed and multidimensional analysis of 

flood characteristics is a fundamental approach that contributes to both 

understanding regional hydrological behavior and ensuring sustainable water 

resources management. 
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The research findings show that comprehensive analyses conducted with 

different probability distributions in the assessment of flood characteristics allow 

for a more accurate interpretation of regional hydrological behavior. The 

obtained results enable scientifically based estimates of flood hazard and provide 

a strategic basis for planned management of water resources. 

Keywords: Flood Analysis, Çoruh River Basin 
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CHAPTER 1 

1. INTRODUCTION 

In surface water resources such as streams, the flow and water level vary 

both continuously and randomly over time. Floods, one of the most extreme 

examples of these changes, are among the extreme events in terms of hydrology 

and largely develop outside the control of natural processes (Bayazıt and Önöz, 

2008). Floods are important not only as natural events but also as disasters that 

harm human life and property. Throughout history, people have built various 

engineering structures and developed preventive strategies in order to protect 

themselves from floods (Şen, 2009). Today, significant progress has been made 

in this area thanks to technological developments, especially computer-aided 

calculation techniques and statistical modeling methods. 

The importance of flood analyses is not limited to predicting whether a 

flood will occur. At the same time, these analyses play a critical role in 

estimating the magnitude of the effects that will occur in the event of a flood and 

determining the structural or non-structural measures that can be taken against 

these effects. For example, correctly estimating the magnitude of a flood has a 

direct impact on determining the design parameters of a dam, planning the 

arrangements to be made in the floodplain, and determining the settlement areas 

at risk of flooding. Due to the random nature of hydrological events, it is 

necessary to use statistical methods in the analysis of these events. In this 

context, frequency analyses, in particular,” allow the estimation of flood flow 

rates with a certain recurrence period based on past observations (Bayazıt, 1998). 

The effects of climate change have further increased the importance of 

flood analyses. Changes in the precipitation regime caused by global warming 

have increased the frequency and severity of floods in many regions. In the Sixth 

Assessment Report published by the IPCC in 2021, it was emphasized that 

increasing temperatures and changing atmospheric conditions around the world 
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have led to serious increases in extreme hydrological events. Hirabayashi et al. 

(2013) stated that an increase in the risk of fluvial floods is expected in the 

coming years, especially in Asia, Africa, and South America. Studies conducted 

specifically for Turkey also confirm similar trends; it is reported that flood 

events have become more frequent and intense in recent years, especially in the 

Black Sea and Mediterranean Regions (Bayazıt and Önöz, 2008). 

All these developments show that floods have ceased to be just a natural 

event and have become a complex disaster type that needs to be managed with 

multidisciplinary analyses. Therefore, flood analyses include a comprehensive 

evaluation process that requires the joint contribution of many disciplines such 

as hydrology, meteorology, statistics and disaster management. 

1.1 THE PURPOSE OF THE THESIS 

The main purpose of this thesis is to analyze flood behaviors on a station 

basis in the Çoruh River Basin, which is located in the eastern part of Turkey 

and has great hydrological importance. Floods are natural disasters that cause 

both loss of life and property and also threaten the ecological balance. Therefore, 

correctly analyzing the spatial and temporal behaviors of floods and predicting 

them at certain return intervals are of critical importance in terms of both 

engineering applications and disaster management. 

In this context, data from 23 different flow observation stations in the 

Çoruh River Basin were analyzed using long-term daily flow data provided by 

the State Hydraulic Works (DSİ). For each station, various probability 

distributions such as Gumbel, Log-Normal, Pearson Type III, which are widely 

used in the literature in flood frequency analysis, were applied and maximum 

flow values corresponding to certain return intervals (such as 5, 10, 25, 50, 100 

and 500 years) were estimated. In addition, in order to ensure the reliability of 

these estimates, appropriateness tests such as Kolmogorov–Smirnov (K–S) and 

Chi-Squared tests were performed. 
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In the study, not only the flood magnitudes but also the occurrence times 

of the floods during the year were analyzed. In this direction, the periods of 

occurrence of floods were determined based on four seasons and the effect of 

seasonality on flood formation was evaluated. In addition, the changes in flood 

characteristics at the stations over the years were examined with time series 

analyses and the relationship of these changes with possible climatic or 

environmental effects was interpreted. 

The ultimate goal of this study is to contribute to the understanding of 

regional flood risks, to determine the most appropriate probability models that 

can be used in flood prediction and thus to provide a scientific basis for water 

resources management, engineering designs and flood prevention strategies. The 

findings obtained will be an important reference for local governments and 

engineering practices in future flood planning and early warning systems. 

1.2 CHARACTERISTICS OF THE ÇORUH RIVER BASIN 

The Çoruh River Basin is located in the northeast of Turkey, covering large 

parts of the provinces of Artvin, Erzurum and Bayburt, and small parts of the 

provinces of Kars and Erzincan. The river has an area of approximately 20,488 

km², which corresponds to 2.61% of Türkiye's total surface area. The river is 

surrounded by the Eastern Black Sea Mountains to the north, the Giresun 

Mountains to the west, the Otlukbeli, Dumlu, Kargapazarı, Güllü and 

Allahüekber Mountains to the south, and the Yalnızçam Mountains and the 

Georgian border to the east. 

The Çoruh River Basin is the main stream of the river, taking its source 

from the Mescit Mountains within the borders of Erzurum province. The river 

passes through the cities of Bayburt, İspir, Yusufeli and Artvin, crosses the 

Georgian border and flows into the Black Sea south of Batumi. The total length 

of the Çoruh River Basin is 431 km, 411 km of which is within the borders of 

Turkey. One of the fastest flowing rivers in Türkiye, the Çoruh carries 

approximately 5.8 million m³ of sediment per year. 
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The climate of the river bears the characteristics of the Black Sea and 

Eastern Anatolia regions. For this reason, it is a region that receives plenty of 

rainfall. In high altitude areas, heavy snowfall is seen in the winter months, 

which leads to seasonal changes in the flow of the rivers. The annual average 

precipitation is around 540 mm. 

The Çoruh River Basin is also of great importance in terms of hydroelectric 

energy production. There are many hydroelectric power plants on the river, such 

as the Deriner, Yusufeli, Artvin, Borçka and Muratlı dams. These dams play 

critical roles in terms of flood control and water management, as well as energy 

production. 

 

Figure 1.1 Çoruh River Basin  

1.3 LITERATURE REVIEW 

It is important to recognize water resources, which have a great place in 

our lives and are important for all living things. In order to minimize the damage 

caused by flood disasters that have been going on for years and to prevent loss 

of life and property, people have developed different techniques over the years, 

and in recent years, they have tried to predict future floods and foresee disasters. 
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1.3.1 Determining the Most Appropriate Statistical Distribution for Data 

Finding the most appropriate statistical distribution for flood flows is of 

great importance in terms of predicting future floods. One of the oldest studies 

on this subject is Benson (1968). During this study, 10 different stations in the 

USA were examined and flood estimates were made on them. In the results 

obtained by testing the flood analyses, it was found that the Log-Pearson Type 

III (LP3) distribution best predicted flood values. 

In another study conducted in Italy, Cicioni et al (1973) conducted flood 

analyses on 108 different stations in their country and tested these analyses with 

Chi-squared, Kolmogorov-Smirnov and Anderson Darling tests; as a result, they 

revealed that the Log Normal (LN), 3-parameter Log Normal (LN3) and General 

Extreme Value (GEV) distributions were the most appropriate distributions. 

In another study, Beard (1974) conducted flood analyses for 300 different 

stations in the USA and selected the most appropriate distributions by looking at 

the 1000-year flood flow rates of each station. The most appropriate distributions 

selected in this study were the LP3 and LN distributions. 

McMahon and Srikanthan (1981) conducted flood analyses on 172 stations 

in Australia, compared different distributions using the L moment method, and 

concluded that the LP3 distribution was the most appropriate distribution. 

Similarly, in the study conducted by Vogel at al. (1993), 383 stations in 

the USA were examined, flood analyses were performed, and different 

distributions were compared using L moment diagrams. As a result of this study, 

it was concluded that the LP3, LN3, and GEV distributions were the most 

appropriate distributions for flood analysis. 

In the study conducted by Önöz and Bayazıt (1995), 19 stations selected 

from different parts of the world were examined, flood analyses were performed 

and tested with Chi-squared, K-2, Probability Plot Correlation Coefficient 

(PPCC) and A-D tests. As a result of this study, it was concluded that the most 

suitable distribution for flood analysis was the GEV distribution.  
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1.3.2 Trend Analysis 

One of the methods used to determine whether there is an increase or 

decrease in flood flow rates in water resources over the years is trend analysis. 

In the study conducted by Van Belle et al. (1984), they developed parametric 

tests to determine whether there is an increase or decrease in flood flow rates. In 

another study conducted by Hirsch (1984), the Mann-Kendall test was 

developed, and the seasonal Kendall test was introduced. 

Kahya et al. (2004) examined the 31-year flood data of 26 different river 

basins in Turkey and applied trend analyses. After the applied trend analysis, a 

decreasing trend was observed in the western basins of Turkey, while no 

significant trend was found in the eastern basins. 

In another study conducted in Turkey, Yıldız et al. (2004) analyzed the 

flows and trends in rivers and examined the effects of these trends on 

hydroelectric energy production. 

Dinpashoh et al. (2011) applied Mann Kendall trend analysis on 

evapotranspiration data in Iran and reported that a time-dependent increase in 

evaporation trends was observed. 

The principle of dividing stations into regions by considering their 

hydrological similarities is called regional flood analysis. The first study we will 

mention in this field is the one carried out by Lettenmaier and Potter (1985). In 

their study, they applied regional frequency analysis by looking at flood flow 

rates. They also examined the relationship between flood flow rates and the river. 

1.3.3 Regional Flood Analysis 

In another study carried out by Önöz (1991), regional frequency analysis 

was carried out on the stations in the Yeşilırmak Basin and regional frequency 

curves were created using various statistical distributions. 

Gedikli (1994) carried out regional flood analyses on the stations in the 

Fırat and Tigris basins in his study and as a result, he divided the region into two 

sub-regions and obtained homogeneous flood zones. 
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Saf (1995) applied regional flood analysis to the stations located on the 

Western Mediterranean Basin in his study and as a result, he divided the region 

into three homogeneous sub-regions as Lower-Western Mediterranean, 

Mediterranean and Upper-Western Mediterranean. 

Ayker (1995) applied regional flood analysis using stations with 40 years 

of data located on the Büyük Menderes Basin in his study. 

In the study conducted by Bayazıt and Önöz (1994), they obtained flood 

envelope curves for river basins in Turkey by adding data up to 2000 to their 

studies conducted by DSİ based on data up to 1990. These flood envelope curves 

can also be used in estimating floods. 

1.3.4 Seasonality Analysis 

In the study conducted by Quarda et al. (2006) in Canada, three flood 

seasonality analyses were applied on the determined stations, and this method 

was compared with the traditional method. 

Another study conducted in Canada was conducted by Burn (1997). In this 

study, seasonality analyses were applied on the stations located in Manitoba and 

Saskatchewan regions of Canada. As a result of the study, basins with similar 

hydrological characteristics were determined. 

In the study conducted by McCuen and Beighley (2003), seasonality 

analyses were performed on the stations in Maryland, America and as a result, 

they observed that there was a very large difference between the flow obtained 

from the seasonality analysis and the annual flow; based on this, it was 

mentioned that using seasonality analysis to complete the deficiencies in the 

stations where annual measurements were missing could yield better results. 
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CHAPTER 2 

2. METHODOLOGY 

In this study, the methods suggested in the literature were used by using 

the annual flood data of 23 stations. All the methods and techniques used in the 

study are explained in the following section. 

2.1 STATISTICAL ANALYSIS 

The annual maximum flow rate of streams is a quantity that can vary each 

year depending on meteorological and hydrological factors. By examining the 

maximum flow values recorded in previous years, future flood flow rates can be 

estimated with the help of probability distribution functions suitable for these 

values. The parameters in the probability distribution functions reflect the basic 

statistical properties of the distributions. In this context, three basic properties 

come to the fore: the center of the distribution (mean or median), the spread 

around the center (standard deviation or coefficient of variation) and the 

skewness (asymmetry) of the distribution. 

Two of the most commonly used estimation methods in flood analyses are 

classical statistical moments and L-moments. These methods allow for a better 

understanding of the structure of the data and for making decisions on the 

selection of the appropriate probability distribution. In addition, one of the 

approaches used in flood estimation analyses is parametric statistical methods. 

In this study, different probability distributions were evaluated to be used in 

flood estimation and their suitability was tested with various statistical tests and 

analyses were performed.  
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2.1.1 Statistical Moments of Random Variables  

If we accept the part of a random variable between the x-axis and the 

probability distribution function as a mass, the moments of this mass taken by 

some axes are accepted as statistical moments (Bayazıt, 1996). The formula we 

will use to find the ݉th order statistical moment of a random variable is given in 

equation (2.1) below.  

μ௠ ൌ ሾሺܺܧ െ μሻ௠ሿ ൌ න ሺݔ െ μ௫ሻ௠݂ሺݔሻ
ஶ

ିஶ
ݔ݀  ሺ2.1ሻ 

The X value in the formula represents the random variable, the μ௫	value 

represents the mean, and the E(…) value represents the expected value. 

The parameters in the probability distribution functions are the values that 

reflect the statistical properties of the distributions. There are three different 

features that we will touch on here: the center of the distribution, the size of the 

spread in the center and its skewness. The two most commonly used methods in 

flood analysis estimation methods are statistical moments and L-moments. 

2.1.1.1 Center Parameters 

The first of the center parameters is the mean. The value in the middle of 

the cluster of random values is called the center of the distribution or mean. The 

mean is defined as in the equation (2.2): 

μ௫ ൌ න ݔ
ஶ

ିஶ
݂ሺݔሻ ݀ݔ ሺ2.2ሻ 

The mean of the continuous random variable ܺ with ݊ elements is defined 

as in the equation (2.3) (Bayazıt and Yeğen Oğuz, 2005). 

ݔ̅ ൌ
1
݊
෍ݔ௜

௡

௜ୀଵ

ሺ2.3ሻ 
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The second of the central parameters is the median. The median is found 

by sorting all the data in the random variable from smallest to largest and 

calculating the middle value. In a distribution with n data points, the median 

formula differs depending on whether n is even or odd: 

If n is odd: 

Med௫ ൌ ݔ
ቀ௡ାଵଶ ቁ

ሺ2.4ሻ 

If n is even: 

Med௫ ൌ
1
2
൬ݔቀ௡ଶቁ

൅ ቀ௡ଶାଵቁݔ
൰ ሺ2.5ሻ 

When we compare the median and mean, we see that the median is less 

affected by outliers than the mean. If a distribution is symmetric, the median and 

mean are equal, but if the distribution is skewed to the right or left, this situation 

changes. In right-skewed distributions, the median is smaller than the mean, 

while in left-skewed distributions, the median is larger than the mean (Bayazıt 

and Yeğen Oğuz, 2005). 

2.1.1.2 Spreading Parameters 

The first parameter is variance. Parameters that indicate the size of the 

spread around the center point of a random distribution are called spread 

parameters. The most commonly used parameter when measuring the size of the 

spread in distributions is variance. Variance is obtained by taking the squares of 

the differences between the data values and the mean and adding each of them. 

Variance is also referred to as the second-order moment of the probability 

distribution and is defined as in the equation (2.6): 

Varሺݔሻ ൌ σ௫ଶ ൌ ሾሺܺܧ െ μ௫ሻଶሿ ൌ න ሺݔ െ μ௫ሻଶ݂ሺݔሻ
ஶ

ିஶ
ݔ݀  ሺ2.6ሻ 
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The variance of a continuous random variable with ݊ elements can be 

calculated as follows: 

Varሺݔሻ ൌ ௫ଶݏ ൌ
1
݊
෍ሺݔ௜ െ ሻଶݔ̅
௡

௜ୀଵ

ሺ2.7ሻ 

If the number of variables n in the equation is less than 30, ݊-1 is used 

instead of n in the denominator (Bayazıt and Önöz, 2008; Bayazıt and Yeğen 

Oğuz, 2005). 

The second parameter is standart deviation. A parameter that measures the 

spread is the standard deviation, which is equal to the square root of the variance. 

The standard deviation is calculated as in the equation (2.8). 

ܵ௫ ൌ ඥVarሺݔሻ ൌ ඩ
1
݊
෍ሺݔ௜ െ ሻଶݔ̅
௡

௜ୀଵ

ሺ2.8ሻ 

The larger the standard deviation of a probability distribution, the larger 

the spread of that distribution. Although the standard deviation is used to 

determine the spread of a random variable, comparing the standard deviations is 

not enough to compare the spreads of two different random variables. It is more 

accurate to use the coefficient of variation when comparing the spreads of two 

different random variables. The coefficient of variation of a random variable is 

found by dividing its standard deviation by its mean. The coefficient of variation 

is defined as in the equation (2.9). 

௩௫ܥ ൌ
σ௫
μ௫

ሺ2.9ሻ 

The coefficient of variation of a random variable with ݊ elements is 

expressed as in the below equation (2.10) (Bayazıt and Önöz, 2008; Bayazıt and 

Yeğen Oğuz, 2005). 
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௩௫ܥ ൌ
ܵ௫
ݔ̅

ሺ2.10ሻ 

2.1.1.3 Skewness Parameters 

Another parameter that is the third-degree statistical moment of the 

random variable is the skewness. The skewness helps us determine the symmetry 

of the random variable around the center. 

We use the following equation to determine the skewness coefficient: 

௦௫ܥ ൌ
μ௫ଷ

σ௫ଷ
ሺ2.11ሻ 

When determining the skewness coefficient of a continuous random 

variable with a value of ݊, we use the formula below formula (2.12). 

௦௫ܥ ൌ
݊

ሺ݊ െ 1ሻሺ݊ െ 2ሻ
⋅
∑ ሺݔ௜ െ ሻଷ௡ݔ̅
௜ୀଵ

ܵ௫ଷ
ሺ2.12ሻ 

The skewness coefficient, which helps us find symmetry, is a 

dimensionless parameter. If the skewness coefficient of a distribution is 0, we 

can say that the distribution is symmetrically distributed around the center. If the 

skewness coefficient is greater than zero, we can say that the distribution is 

skewed to the right; if it is less than zero, we can say that the distribution is 

skewed to the left (Bayazıt and Önöz, 2008; Bayazıt and Yeğen Oğuz, 2005). 

 

Figure 2.1 Representation of negative, symmetric and positive skewness 

(Bayazıt and Yeğen Oğuz,2005). 
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2.1.1.4 L-Moments 

L moments, which are linear functions of Probability Weighted Moments 

(PWM), are used to express the main properties of distributions (Vogel, 

McMohon and Chiew, 1993). We obtain PWM with the following formula 

(2.13): 

β௥ ൌ ሻሿ௥ሽݔ௫ሺܨሾݔሼܧ ሺ2.13ሻ 

Here, F(ݔ) is the additional distribution function of ܺ, while r is the order 

of PWM. When the r value is 0, ߚ଴ is equal to the mean of the distribution. 

Another formula used for calculating ߚ௥	is given below in (2.14). 

β௥ ൌ
1
ܰ
෍

൫ேି௝௥ ൯ݔ௝
൫ேିଵ௥ ൯

ேି௥

௝ୀଵ

ሺ2.14ሻ 

By looking at this equation, the first 4 order formulas are found as follows: 

β଴ ൌ
1
ܰ
෍ݔ௝

ே

௝ୀଵ

ൌ ݔ̅ ሺ2.15ሻ 

βଵ ൌ ෍
ሺܰ െ ݆ሻݔ௝
ܰሺܰ െ 1ሻ

ேିଵ

௝ୀଵ

ሺ2.16ሻ 

βଶ ൌ ෍
ሺܰ െ ݆ሻሺܰ െ ݆ െ 1ሻݔ௝
ܰሺܰ െ 1ሻሺܰ െ 2ሻ

ேିଵ

௝ୀଵ

ሺ2.17ሻ 

βଷ ൌ ෍
ሺܰ െ ݆ሻሺܰ െ ݆ െ 1ሻሺܰ െ ݆ െ 2ሻݔ௝

ܰሺܰ െ 1ሻሺܰ െ 2ሻሺܰ െ 3ሻ

ேିଵ

௝ୀଵ

ሺ2.18ሻ 

The ݔ௝ expression in the equations (2.15), (2.16), (2.17) and (2.18) is the j 

value obtained when the data in the random variable are sorted from smallest to 

largest.  
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Based on this explanation, the L moment values are calculated as follows: 

λଵ ൌ β଴ ሺ2.19ሻ 

λଶ ൌ 2βଵ െ β଴ ሺ2.20ሻ 

λଷ ൌ 6βଶ െ 6βଵ ൅ β଴ ሺ2.21ሻ 

λସ ൌ 20βଷ െ 30βଶ ൅ 12βଵ െ β଴ ሺ2.22ሻ 

The general equation for any value of r is as follows: 

λ௥ାଵ ൌ ෍β௞ሺെ1ሻ௥ି௞ ቀ
ݎ
݇
ቁ

௥

௞ୀ଴

൬
ݎ ൅ ݇
݇

൰ ሺ2.23ሻ 

Using L moments, we can calculate the coefficient of variation ܥ௩௫, the 

coefficient of skewness ܥ௦௫ and the kurtosis coefficient Ks that we just 

mentioned. We make these calculations with the following formulas: 

τଶ ൌ
λଶ
λଵ
, 	 L‐change	parameter; ሺ2.24ሻ 

τଷ ൌ
λଷ
λଶ
, 	 L‐skewness	parameter; ሺ2.25ሻ 

τସ ൌ
λସ
λଶ
, 	 L‐Kurtosis	parameter; ሺ2.26ሻ 

2.2 PROBABILITY DISTRIBUTIONS FREQUENTLY USED IN 

FLOOD ANALYSIS 

In order to access meaningful information about the frequency 

distributions obtained using the observation results, we need to adapt these data 

to probability distribution functions. Probability distribution functions have a 

certain number of parameters and these parameters can be calculated using the 

available data. The probability distribution functions used in this study are 
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functions that are stated to be suitable for flood analysis (Bayazıt and Önöz, 

2008). 

2.2.1 Normal Distribution Family 

The first probability distribution functions we will talk about are the most 

commonly used distribution family in statistics, called Gaussian or Normal. We 

will touch on 3 different distributions from this family. These are the Normal 

distribution, Lognormal Distribution and 3-parameter Lognormal distribution, 

respectively. 

2.2.1.1 Normal Distribution 

The most commonly used normal distribution in statistics is also one of 

the distributions that are most compatible with the data in hydrology. According 

to the Central Limit Theorem in statistics, if the random variable ܺ consists of 

the sum of n different data, the probability distribution function of ܺ approaches 

the normal distribution as the number n increases. 

The normal probability distribution function of the random variable ܺ is 

found with the following formula (2.27). 

݂ሺݔሻ ൌ
1

ඥ2πσ௫ଶ
exp ቈെ

1
2
൬
ݔ െ μ௫
σ௫

൰
ଶ

቉ ሺ2.27ሻ 

The ߤ௫	in the expression is the distribution mean and ߪ௫ is the standard 

deviation. The parameters of the normal probability distribution are its mean and 

standard deviation. Since normal distributions are symmetric, they cannot be 

skewed to the right or left and their skewness coefficients are 0. The L-moments 

of the normal distribution are given below in the equations (2.28), (2.29), (2.30) 

and  (2.31). 

λଵ ൌ ߤ ሺ2.28ሻ 

λଶ ൌ 0.546, 	 σ ൌ πିଵ/ଶ ሺ2.29ሻ 
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τଷ ൌ 0 ሺ2.30ሻ 

τସ ൌ 0.1226 ሺ2.31ሻ 

The distribution parameters are: 

μ ൌ λଵ	 and	 σ ൌ πଵ/ଶλଶ ሺ2.32ሻ 

Since the additional distribution function of normal distributions cannot be 

obtained analytically, it has been tabulated. In order to make the table uniform, 

it has been obtained by standardizing the random variable (z): 

ݖ ൌ
ݔ െ μ௫
σ௫

ሺ2.33ሻ 

The result of the z value in the additional distribution function is calculated 

with the following formula (2.34). 

Φሺݖሻ ൌ 1 െ 0.5 expቆെ
ሺ83ݖ ൅ 351ሻݖ ൅ 562

ݖ/703 ൅ 165
ቇ ሺ2.34ሻ 

The inverse of the additional distribution function is: 

Φିଵሺݖሻ ൌ ௣ݖ ൌ
଴.ଵଷହ݌ െ ሺ1 െ ሻ଴.ଵଷହ݌

0.1975
ሺ2.35ሻ 

When calculating the formula, the inverse function for more precise values 

is calculated with the following equation (2.36). 

Φିଵሺݖሻ ൌ ௣ݖ ൌ െඨ
ݕଶሾሺ4ݕ ൅ 100ሻݕ ൅ 205ሿ

ሾሺ2ݕ ൅ 56ሻݕ ൅ 192ሿݕ ൅ 131
ሺ2.36ሻ 

Using the normal distribution, the quantile corresponding to the p 

probability value is obtained with the following equation (2.37) (Bayazıt and 

Önöz, 2008; Bayazıt and Yeğen Oğuz, 2005). 

௣ݔ ൌ μ௫ ൅ ௣σ௫ݖ ሺ2.37ሻ 
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2.2.1.2 Lognormal Distribution 

Let's call the new random variable ܻ obtained by taking the logarithm of 

the random variable ܺ. If the variable ܻ exhibits a normal distribution, this 

distribution is called the Lognormal Distribution. Since the lognormal 

distribution calculated by taking the logarithm can be calculated for ܺ random 

variables above 0, the lognormal distribution gives good results for positive 

skewness in hydrology. 

ܻ ൌ lnሺݔሻ ሺ2.38ሻ 

Since ܻ is calculated as in the equation (2.38), the value of ܺ can be 

calculated as in the following equation (2.39). 

ܺ ൌ expሺܻሻ ሺ2.39ሻ 

We can reach the additive distribution function of the lognormal 

distribution ܺ with the following equation (2.40). 

ሻݔሺܨ ൌ ܲሺܺ ൑ ሻݔ ൌ ܲሾܻ ൑ lnሺݔሻሿ 

									ൌ ܲ ቈ
ܻ െ μ௒
σ௒

൑
lnሺݔሻ െ μ௒

σ௒
቉ ሺ2.40ሻ 

ൌ Φቈ
lnሺݔሻ െ μ௒

σ௒
቉										 

In lognormal distributions, there is a relationship between skewness and 

coefficient of variation, and this relationship is expressed by the following 

equation (2.41). 

௦௫ܥ ൌ ௩௫ܥ3 ൅ ௩௫ଷܥ ሺ2.41ሻ 

In lognormal distributions, as the skewness and coefficients of variation 

approach zero, the distribution approaches the normal distribution. 
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The two parameters of the lognormal distribution of the random variable 

ܺ are also the first two moments of the distribution and are calculated as in the 

following eqautions (2.42) and (2.43). 

μ௫ ൌ expቆμ௬ ൅
σ௬ଶ

2
ቇ ሺ2.42ሻ 

σ௫ଶ ൌ μ௫ଶൣexp൫σ௬ଶ൯ െ 1൧ ሺ2.43ሻ 

Since the variable ܻ  is the logarithmic form of the variable ܺ , the following 

relationship exists between the moments of the distributions: 

σ௒ ൌ ቈln ቆ1 ൅
σ௫ଶ

μ௫ଶ
ቇ቉

ଵ/ଶ

ሺ2.44ሻ 

μ௒ ൌ lnሺμ௫ሻ െ
1
2
σ௒
ଶ ሺ2.45ሻ 

The second L moment of the Lognormal distribution is calculated with the 

formula below and this formula is also valid for the 3-parameter Lognormal 

distribution. 

λଶ ൌ expቆμ௒ ൅
σ௒
ଶ

2
ቇ  erf ቀ

σ௒
2
ቁ ൌ 2 expቆμ௒ ൅

σ௒
ଶ

2
ቇ ൤Φ൬

σ௒
√2

െ
1
2
൰൨ ሺ2.46ሻ 

The following formula (2.47) is used to find the ܺ௣ quantile in the 

lognormal distribution (Bayazıt and Önöz, 2008; Bayazıt and Yeğen Oğuz, 

2005). 

ܺ௣ ൌ exp൫μ௒ ൅ ௣σ௒൯ݖ ሺ2.47ሻ 

2.2.1.3 The 3-Parameter Lognormal Distribution 

As can be seen from different studies, the distribution obtained after taking 

the logarithm of the variable generally does not comply with the normal 

distribution. For this, a lower limit such as ܺ ଴	is subtracted from the variable and 
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its logarithm is taken, and in this case the newly obtained distribution is more 

compatible with the normal distribution. 

ܻ ൌ lnሺെܺ଴ሻ ሺ2.48ሻ 

To obtain ܺ in terms of ܺ଴ and ܻ, the following equation (2.49) is used: 

ܺ ൌ ܺ଴ ൅ expሺܻሻ ሺ2.49ሻ 

The equations (2.50) and (2.51) showing the first two moments of the 

variable ܺ via the expression with ܺ଴ and ܻ are as follows: 

μ௫ ൌ ܺ଴ ൅ exp ൬μ௒ ൅
1
2
σ௒
ଶ൰ ሺ2.50ሻ 

σ௫ଶ ൌ ሾexpሺ2μ௒ ൅ σ௒
ଶሻሿሾexpሺσ௒

ଶሻ െ 1ሿ ሺ2.51ሻ 

Similarly, if we calculate the skewness coefficient based on the ܺ଴ and ܻ 

variables, the equation will be as follows: 

ܿ௦௫ ൌ 3β ൅ βଷ ሺ2.52ሻ 

Where β ൌ ሾexpሺσ௒
ଶሻ െ 1ሿ଴.ହ. 

Using the moment technique to estimate the parameters of the 3-parameter 

log-normal distribution is not very effective, instead one should proceed using 

the quantile-lower bound technique used to find ܺ଴. 

ܺ଴ ൌ
ሺܺଵሻ ሺܺேሻ െ ܺ௠௘ௗ

ଶ

ሺܺଵሻ ൅ ሺܺேሻ െ 2ܺ௠௘ௗ
ሺ2.52ሻ 

Here in the equation (2.53), ܺே represents the smallest value of the 

distribution, ଵܺ represents the largest value, and ܺ௠௘ௗ represents the median 

value. The equation that needs to be looked at to determine whether ܺ଴ is the 

lower or upper limit is as follows: If ܺ ଵ ൅ ܺே െ 2ܺ௠௘ௗ ൏ 	0, then ܺ ଴ is the upper 

limit, if it is greater than 0, then ܺ଴ is a lower limit. 
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The other two parameters are calculated based on the calculated ܺ଴. While 

the first parameter is found by calculating the first moment of the distribution, 

the second moment calculation is used for the second parameter. λଵ ൌ ,	ߤ	  ଶ isߣ

found with the equation (2.46) (Bayazıt and Önöz, 2008; Bayazıt and Yeğen 

Oğuz, 2005). 

2.2.2 GEV Family 

When we examine hydrological events, we generally see that data such as 

precipitation data, maximum flow rate, or minimum flow rate are similar to each 

other. Gumbel suggested in 1958 that these variables can adapt to extreme value 

distributions. When we look at the extreme value theory in statistics, it is 

accepted that as the number of independent variables in a distribution becomes 

infinite, the distribution of the maximum values examined converges to one of 

the extreme value distributions. 

In this section, the Gumbel distribution and the extreme value distribution 

will be discussed. 

2.2.2.1 Gumbel Distribution 

Let's say ܯ௜, ݅ ൌ 1,2, … 365 for the annual flow data of a basin and 

determine the ܺ variable to take their maximum. If the number N can go to 

infinity and the Mi values are independent of each other and the distributions 

they fit are the same, the distribution that the ܺ variable will converge to for 

large values will be the Gumbel distribution. 

The Gumbel distribution is a 2-parameter distribution and the formula that 

estimates its parameters is as follows like in the equation (2.54) and (2.55). 

α ൌ
௫√6ݏ
π

ൌ ௫ݏ0.7796 ሺ2.54ሻ 

ξ ൌ ݔ̅ െ 0.5772 ሺ2.55ሻ 

The ߙ in the equation (2.54) is calculated with the following equation: 
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α ൌ
λଶ

lnሺ2ሻ
ൌ 1.443λଶ ሺ2.56ሻ 

The ߣଶ value here in the (2.56) is the moment of the distribution, and we 

find the moments of the distribution with the following formulas: 

λଵ ൌ ξ ൅ 0.5772 ሺ2.57ሻ 

λଶ ൌ α lnሺ2ሻ ሺ2.58ሻ 

In addition, the mean, variance and skewness parameter formulas for the 

distribution are as follows: 

μ௫ ൌ ξ ൅ 0.5772 ሺ2.59ሻ 

σ௫ଶ ൌ
πଶαଶ

6
ൎ 1.645αଶ ሺ2.60ሻ 

ܿ௦௫ ൌ 1.1396 ൎ 1.14 ሺ2.61ሻ 

The distribution's probability density function and additional distribution 

functions are found with the equations (2.62) and (2.63). 

݂ሺݔሻ ൌ
1
α
exp ൤െ

ݔ െ ξ
α

െ exp ൬െ
ݔ െ ξ
α

൰൨ 	 െ ∞ ൏ ݔ ൏ ሺ2.62ሻ 

ሻݔሺܨ ൌ exp ൤െ exp ൬െ
ݔ െ ξ
α

൰൨ ሺ2.63ሻ 

The first of the two methods used in parameter estimation in the Gumbel 

distribution is the moment technique. The moment technique gives better results 

when the values really fit the Gumbel distribution. The maximum likelihood 

method is the second technique and is more suitable if the data has a limited 

approximation to the Gumbel distribution. 

There is a high similarity between the probability density functions of the 

Gumbel distribution and the distribution of the lognormal distribution with a 

skewness number of 1.13. Since the skewness coefficient of the Gumbel 
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distribution is constant, the shape of the probability density function does not 

change. 

The quantile corresponding to the p-value can be found by inverting the 

additional distribution function of the Gumbel distribution (Bayazıt and Önöz, 

2008; Bayazıt and Yeğen Oğuz, 2005). 

ܺ௣ ൌ ξ െ α lnሾെ lnሺܨሻሿ ሺ2.64ሻ 

2.2.2.2 Extreme Value Distribution 

The additional distribution function of the GEV distribution, referred to as 

General Extreme Value in the literature, is as follows: 

ሻݔሺܨ ൌ expቐെ ቈ1 െ
݇ሺݔ െ ξሻ

α
቉

ଵ
௞
ቑ ሺ2.65ሻ 

The distribution has 3 parameters and its parameters are: ߙ is the scale 

parameter, ݇ is the shape parameter and ߦ is the location parameter. The values 

where ݇ is 0 are the Gumbel distribution. 

When the parameter ݇  is greater than zero, the distribution is bounded from 

above and its upper limit is the ξ ൅ ஑

௞
. When ݇ is less than 0, the distribution is 

bounded from below and its lower limit is the ξ ൅ ஑

௞
.  

The formulas used to calculate the moments of the distribution are as 

follows in the (2.66) and (2.67). 

μ௫ ൌ ξ ൅ ቀ
α
݇
ቁ ሾ1 െ Γሺ1 ൅ ݇ሻሿ ሺ2.66ሻ 

σ௫ଶ ൌ ቀ
α
݇
ቁ
ଶ
ሼΓሺ1 ൅ 2݇ሻ െ ሾΓሺ1 ൅ ݇ሻሿଶሽ ሺ2.67ሻ 

The places indicated by Γ(.) are the moments of the distribution. The 

variance can only be calculated when ݇ is greater than -0.5. The equation used 

to calculate the skewness coefficient is as follows: 
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௦௫ܥ ൌ
െΓሺ1 ൅ 3݇ሻ ൅ 3Γሺ1 ൅ ݇ሻΓሺ1 ൅ 2݇ሻ െ 2Γଷሺ1 ൅ ݇ሻ

ሾΓሺ1 ൅ 2݇ሻ െ Γଶሺ1 ൅ ݇ሻሿଷ/ଶ
ሺ2.68ሻ 

While tables can be used when calculating the Γ(.) function, it can also be 

obtained from the following equations (2.69) and (2.70). 

Γሺ1 ൅ δሻ ൌ 1 ൅෍ܽ௜δ௜
ହ

௜ୀଵ

൅ ߦ ሺ2.69ሻ 

ܽଵ ൌ െ0.5748646 

ܽଶ ൌ 0.9512363			 

ܽଷ ൌ െ0.6998588 

ܽସ ൌ 0.4245549			 

ܽହ ൌ െ0.1010678 

|ε| ൑ 5 ൈ 10ିହ ሺ2.70ሻ 

The simpler version of this is below. 

Γሺ1 ൅ ሻݓ ൌ 	ሻݓΓሺݓ ,	 0 ൏ ݓ ൏ 1 ሺ2.71ሻ 

For integer ݓ's: 

Γሺ1 ൅ ሻݓ ൌ !ݓ ሺ2.72ሻ 

The L moments of the distribution and the ratios of the moments are 

calculated with the following equations (2.73), (2.74), (2.75) and (2.76): 

λଵ ൌ ξ ൅
α
݇
ሼ1 െ Γሺ1 ൅ ݇ሻሽ ሺ2.73ሻ 

λଶ ൌ
α
݇
ሺ1 െ 2ି௞ሻΓሺ1 ൅ ݇ሻ ሺ2.74ሻ 
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Moment Ratios: 

τଷ ൌ ቊ
2ሺ1 െ 3ି௞ሻ
ሺ1 െ 2ି௞ሻ

െ 3ቋ ሺ2.75ሻ 

τସ ൌ
1 െ 5ሺ4ି௞ሻ ൅ 10ሺ3ି௞ሻ െ 6ሺ2ି௞ሻ

1 െ 2ି௞
ሺ2.76ሻ 

The L-moment method is used to estimate the parameters in the 

distribution. The estimation equations are given below in the equation (2.77). 

݇ ൌ 7.8590ܿ ൅ 2.9554ܿଶ ሺ2.77ሻ 

Estimation of ݇ is zero and variance is varሺ݇ሻ ൌ ଴.ହ଺ଷଷ

ே
. 

α ൌ
݇λଶ

Γሺ1 ൅ ݇ሻሺ1 െ 2ି௞ሻ
ሺ2.78ሻ 

ξ ൌ λଵ ൅
α
݇
ሾΓሺ1 ൅ ݇ሻ െ 1ሿ ሺ2.79ሻ 

ܿ ൌ
2λଶ

λଷ ൅ 3λଶ
െ
lnሺ2ሻ
lnሺ3ሻ

ൌ
2βଵ െ β଴
3βଶ െ β଴

െ
lnሺ2ሻ
lnሺ3ሻ

ሺ2.80ሻ 

The quantile formula for a random probability p is given in the equation 

(2.81) (Bayazıt and Önöz, 2008; Bayazıt and Yeğen Oğuz, 2005). 

ܺ௣ ൌ ξ ൅
α
݇
ሼ1 െ ሾെ lnሺܨሻሿ௞ሽ ሺ2.81ሻ 

2.2.3 Pearson Type III Family 

Although there are different distributions in the Pearson Type III family, 

this study will focus on the Log-Pearson type III distribution, which is frequently 

used in hydrology. 
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2.2.3.1 Log Pearson Type III Distribution 

The Log-Pearson III distribution is the form of the Pearson III distribution 

obtained by taking the logarithm of the variable. If ܻ is equal to the logarithm of 

ܺ, we express ܺ  in terms of ܻ  with the formula below and we call the distribution 

of ܺ the Log-Pearson III distribution. 

ܺ ൌ expሺܻሻ ሺ2.82ሻ 

The probability density function of the distribution is expressed as follows 

in the (2.83). 

݂ሺݔሻ ൌ |β|ሾβሺݔ െ ξሻሿ஑ିଵ
expሼെβሾlnሺݔሻ െ ξሿሽ

αΓሺαሻ
ሺ2.83ሻ 

The parameters here are ߙ shape, ߚ scale and ߦ location parameters. 

In cases where ߚ is less than zero, the distribution is bounded from above 

and the ߦ is the upper limit of the distribution; in cases where ߚ is greater than 

zero, the distribution is bounded from below and the ߦ is the lower limit of the 

distribution. 

The mean, variance and skewness parameters of the distribution are 

calculated as follows for values where ߚ is less than 0 or greater than r. 

For β ൐ β	ݎ݋	ݎ	 ൏ 	0: 

μ௫ ൌ ݁ஞ ൬
β

β െ ݎ
൰
஑

ሺ2.84ሻ 

σ௫ଶ ൌ ݁௥ஞ ቈ൬
β

β െ ݎ
൰
஑

െ ൬
β

β െ ݎ
൰
ଶ஑

቉ ሺ2.85ሻ 

Skewness Parameter: 

௦௫ܥ ൌ
ଷሿݔሾܧ െ 3μ௫ܧሾݔଶሿ ൅ 2μ௫ଷ

σ௫ଷ
ሺ2.86ሻ 
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In order to find the quantile for a random p probability value, the Pearson 

Type III distribution is applied to the logarithm of the data and the main variable 

is passed with the following transformation (Bayazıt and Önöz, 2008). 

ܻ ൌ μ௒ ൅ σ௒ܭሺܥ௦ሻ ሺ2.87ሻ 

ܺ௣ ൌ exp൫ ௣ܻ൯ ሺ2.88ሻ 

2.3 STATISTICAL TESTS 

Some tests are performed to find the probability function that best fits the 

distribution of station data. In this study, the methods used to test the suitability 

of the data to the probability distribution are: Chi-Squared test and Kolmogorov-

Smirnov test. 

2.3.1 Chi-Squared Test 

The Chi-Squared Goodness of Fit Test is a statistical test used to evaluate 

the extent to which the observation values obtained from a sample fit a certain 

theoretical distribution. The test is used especially in categorical data and is 

calculated based on the sum of the ratios of the squares of the differences 

between the observed frequencies and the theoretically expected frequencies to 

the expected frequencies.  

The test is conducted under the following two hypotheses: 

- Null hypothesis (H0): There is no significant difference between the 

observed distribution and the expected theoretical distribution. 

- Alternative hypothesis (H1): There is a significant difference between 

the observed distribution and the expected theoretical distribution. 

The Chi-Squared test statistic is calculated with the following formula: 

χଶ ൌ෍
ሺ ௜ܱ െ ௜ሻଶܧ

௜ܧ
 

Where: 
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௜ܱ: Observed frequency in the i th category, 

 ,௜: Expected frequency in the i th categoryܧ

 ߯ଶ: Chi-Squared test statistic. 

In the evaluation of the test, the calculated ߯ଶ value is compared with the 

table value corresponding to the degrees of freedom (݂݀ ൌ ݇ െ 1) and the 

selected significance level (α).  If the calculated ߯ ଶ value is greater than the table 

value, H0 is rejected and it is concluded that the data is not compatible with the 

theoretical distribution. 

2.3.2 K-S Test 

The Kolmogorov-Smirnov test is used to evaluate whether an observed 

additive frequency distribution conforms to a theoretical distribution. In this test, 

the test statistic is defined as in the equations (2.89). 

ܦ ൌ max|ܨሺݔ௜ሻ െ |௜ሻݔሺ∗ܨ ሺ2.89ሻ 

In the equation (2.89), ܨሺݔ௜ሻ represents the ordinate of the selected 

theoretical additional distribution function corresponding to the value ݔ௜. 

 ௜ሻ is calculated from the observed ordered sample data with theݔሺ∗ܨ

following formula: 

௜ሻݔሺ∗ܨ ൌ
݅
ܰ

ሺ2.90ሻ 

The D statistic represents the largest difference between the observed and 

theoretical distributions, and this value depends on the number of ܰ elements in 

the sample. 

The additional distribution function, ܨሺݔ௜ሻ, is calculated using equations 

(2.63) and (2.65) for the GEV and Gumbel distributions, respectively. Since the 

additional distribution function for normal, log-normal and three-parameter log-

normal distributions cannot be obtained analytically, it is created in a table form 

using the numerical integration method. 
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In order to create a single table for all distributions, the random variables 

are converted to the standard variable (z) form. For each ݔ௜ value, first the z 

value is calculated and then the ܨሺݔ௜ሻ value is read using additional tables (A.3). 

If the parameters of the selected distribution are determined independently 

of the sample data, the critical values of the ∆  test statistic (∆α), taking into 

account the sample size (n) and the probability of exceedance (α), can be taken 

from Appendices Table (A.1) prepared by Chowdhury et al. (1991). However, if 

the parameters of the distribution are estimated from the sample data, as is often 

the case in practice, the critical ∆α values will be slightly lower. In this case, the 

∆α values will vary depending on the selected distribution. For the normal 

distribution and the Gumbel distribution, Appendices Table (A.2) prepared by 

Crutcher (1975) can be used (Bayazıt, 1996). 

As a result, if the ∆ statistic value obtained in the Kolmogorov-Smirnov 

test is smaller than the critical value corresponding to the 5% significance level, 

it is accepted that the selected distribution fits the observation results. Otherwise, 

it is concluded that the distribution is incompatible. 

2.4 CORRELATION COEFFICIENT 

The correlation coefficient, which takes values between -1 and 1, looks at 

the similarities of the changes in two variables and is expressed with r. When r 

is 0, it is said that there is no relationship between the changes in two variables, 

when it is greater than 0, it can be said that there is a positive relationship; when 

it is less than zero, it can be said that there is a negative relationship. 

Although there are different methods used to calculate the correlation 

coefficient, one of them is given below. 

2.4.1 Hypothesis Tests Related to Correlation Coefficient 

Although the similarities of changes are measured with the correlation 

coefficient, the results of these measurements may not always be significant. In 

order to test whether the result found by the correlation coefficient is significant, 
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different tests have been put forward over time. In this study, the t-test was 

applied while measuring the significance of the correlation coefficient. In the 

method we call t-test, two different hypotheses are considered and the accuracy 

of the zero hypothesis is measured to decide which of the hypotheses is valid. 

While the two hypotheses are expressed as follows, the t value testing the zero 

hypothesis is calculated with the formula (2.92). 

ݐ ൌ
ݎ ൈ √݊ െ 2

√1 െ ଶݎ
ሺ2.92ሻ 

H0:     ρ ൌ 	0					No	relation	between	x	and	y 

H1:     ρ ് 	0					There	is	a	relation	between	a	and	y 

2.5 TREND ANALYSIS 

If the elements of a set of values show an increase or decrease depending 

on time, this is called a trend. There are different methods, parametric and 

nonparametric, to examine the distribution trends of data. The Mann-Kendall 

test used in this study is a nonparametric test. In cases where the observations 

are short-term, skewed and irregular, nonparametric tests are preferred to ignore 

the negative effects of these features. The most commonly used method in trend 

analysis is the Mann-Kendall method (Önöz, 2010). 

2.5.1 Mann Kendall Trend Analysis 

Nonparametric Mann Kendall analysis is independent of the distribution 

of the random variable. Since it is based on the calculation of the correlation 

coefficient τ, it is also called the Kendall T statistic. What is important in Mann 

Kendall is the magnitude orders of the values. It tests whether there is a trend in 

a time series with the null hypothesis (Bayazıt, 1996). 

Kendall's Tau, τ, test is a nonparametric correlation measure that analyzes 

the relationships between ordered data pairs. The main purpose of this test is to 

determine whether there is a nonlinear but directional relationship between two 
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variables. This method, which is used especially in time series, examines the 

increasing or decreasing trends between observations and statistically reveals 

monotonic trends (one-way increase or decrease) in the data. In cases where the 

data does not comply with the normal distribution assumption and in 

environments where extreme values may distort the analysis results, Kendall's 

Tau test stands out with its reliability.  

For this reason, it is frequently preferred in environmental, hydrological 

and meteorological studies; It allows strong and meaningful inferences to be 

made especially in long-term trend analyses. 

The first step in applying the test is to create the xi, xj pairs for the values 

x1, x2 ,...xn. The number of cases where i is smaller than j and at the same time 

xi, is smaller than xj is called P, the number of cases where xi is larger than xj is 

called M, and the test statistic is calculated as ܵ ൌ ܲ െܯ. Based on this, the τ 

coefficient we mentioned above is calculated as follows like in the equation 

(2.93): 

τ ൌ
ܵ

݊ሺ݊ െ 1ሻ/2
ሺ2.93ሻ 

As we mentioned in the correlation coefficient, the Kendall coefficient also 

takes values between -1 and 1. A value of zero indicates that there is no trend 

among the data, while -1 or 1 indicates the existence of a trend. When the S value 

is positive, this trend is increasing, while when it is negative, it is decreasing. 

In cases where the number of data n is less than ten, the x(-x) values, which 

are the probability p for S to remain small, are given in the table, while in cases 

where n is greater than ten, the mean and standard deviation values are 

mentioned below in (2.94). 

μ௦ ൌ 0	 σ௦ ൌ ඨ
݊ሺ݊ െ 1ሻሺ2݊ ൅ 5ሻ

18
ሺ2.94ሻ 
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The Z value corresponding to these values, whose distribution is standard 

normal distribution, is calculated with the formula below. 

 

In the above cases of the equation (2.95), we talked about the conditions 

where there are no equivalent data in the sample. If there are equivalent values 

between the data, the standard deviation is calculated with the formula below. 

σ௦ ൌ ඨ൥݊ሺ݊ െ 1ሻሺ2݊ ൅ 5ሻ െ෍ݐ௜ሺݐ௜ െ 1ሻሺ2ݐ௜ ൅ 5ሻ
௜

൩ /18 ሺ2.96ሻ 

The ݐ௜ value in the formula shows the numbers of data that are equal to 

each other. For example, if 3 values are the same in the sample, ݐ௜ ൌ 3, if there 

are two different pairs that are equal to each other, ݐ௜ ൌ 2 and ݐ௜ ൅ 1 ൌ 2 will be 

considered. When testing the hypothesis, the absolute value of the Z value found 

above is taken and compared with the ܼ஑/ଶ value corresponding to the selected 

alpha significance level. If the value we find is smaller than the value 

corresponding to ܼ஑/ଶ, the zero hypothesis is accepted, and it is concluded that 

there is no trend in the distribution of the data. By interpreting the curves 

according to the results, it is possible to find out whether the data has changed 

over the years and whether there is a trend. 

Since the Mann Kendall test is based on two hypotheses and works on a 

principle of accepting or rejecting the zero hypothesis, it is important to correctly 

determine the significance level used in the studies. The significance value of 

0.05 was selected in the Mann Kendall test conducted in this study. In cases 

where it is said that there is no trend, the probability of a trend is 5% (Önöz, 

2010). You can see the regions where the hypothesis will and will not be 

accepted in the Figure 3 below. 
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Figure 2.2 Mann-Kendall hypotheses (Cebe, 2007). 

2.6 REGIONAL FLOOD ANALYSIS 

When examining data such as flood flow and precipitation in hydrology, 

working on a single station is not sufficient because the data diversity will be 

low. In order to increase the data diversity, the data of different stations located 

in the same homogeneous region should be evaluated together. After finding a 

statistically homogeneous region, it is assumed that the dimensionless 

parameters in this region do not change. Examining all the station values in a 

homogeneous region together is called regional analysis. 

Although there are many different methods for regional analysis, the 

priority here is to create a homogeneous region. When creating a homogeneous 

region, the situation that is looked at is whether the differences between the data 

at one station and the data at the other station are statistically significant. 

After determining the homogeneous region, the stations in the region are 

analyzed and the statistical characteristics of the region are decided. 

2.6.1 Determining Homogeneous Area 

The most important step in regional analysis is determining homogeneous 

regions. Although it is thought that homogeneous regions should be 
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geographically close to each other, this is not always true. Even stations located 

next to each other may have very different characteristics. When determining a 

homogeneous region, instead of looking at statistical characteristics, it is 

necessary to look at physical characteristics and then compare statistical 

characteristics of stations falling within these regions to see if they belong to a 

homogeneous region (Bayazıt and Önöz, 2008). 

The method proposed by Wiltshire in 1986 is given below. 

In the first stage, it is assumed that the region where the stations are located 

is divided into ܯ homogeneous regions by looking at the physical properties of 

the region. 

In the second stage, the dimensionless coefficient of variation is calculated 

for each station. 

௩௫ܥ ൌ
௫ݏ
ݔ

ሺ2.97ሻ 

The sample distributions of the calculated coefficients of variation are 

calculated and the significance level of the null hypothesis for this distribution 

is selected as 0.05. 

௩ܥ
ଶ
ቀ1 ൅ ௩ܥ2

ଶ
ቁ /2݊ ሺ2.98ሻ 

௩ܥ േ 1.96 ቎
௩ܥ
ଶ
ቀ1 ൅ ௩ܥ2

ଶ
ቁ

2݊
቏

଴.ହ

ሺ2.99ሻ 

All ܥ௩ values in a homogeneous region are compared. The ܥ௩ value of each 

station must be between the calculated maximum ܥ௩ and the minimum ܥ௩. 

In the case that the populations of the ܥ௩ distributions of two different 

regions are the same, the ܨ statistic is calculated as follows: 

ܨ ൌ
ଵܥ
ଶ

ଶܥ
ଶ ሺ2.100ሻ 
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n1-1 and n2-1 are the degrees of freedom of the ܨ statistic and the 

significance of the selected grouping method is investigated using the F table. In 

order for the grouping to be significant, the value corresponding to the calculated 

 .point 0.05ܨ value must be greater than the value corresponding to the ܨ

In the last stage of the analysis, after determining the correct grouping 

method, it is investigated whether the stations in the group are homogeneous or 

not. When the coefficient of variation of the ith station in the group ܥ௩௜ is 

expressed as the average coefficient of variation of the stations in the group ܥ௩௜ 

is above var, and the sampling variance of the $ith$ station is expressed as 

var(ܥ௩௜ሻ, the ܵ statistic is calculated with the formula below and this value is 

expected to be less than the χ଴.଴ହ
ଶ  value in the χଶ distribution table. Until this rule 

is met, some stations in the group are removed and retested. 

ܵ ൌ෍
൫ܿ௩௝ െ ܿ௩௝൯

ଶ

var൫ܿ௩௝൯௝

ሺ2.101ሻ 

When all the above steps are completed, it is assumed that all groups are 

homogeneous. 

There are different methods used to determine homogeneous regions. 

These include clustering analysis, principal component analysis and factor 

analysis (Hosking and Wallis, 1997; Bayazıt, 2006). 

After determining homogeneous regions, various tests are applied to 

accept the regions as homogeneous and the S statistic test mentioned above was 

used in this research (Bayazıt and Önöz, 2008). 

When determining homogeneous regions, if the regions do not comply 

with the tests performed, some stations are removed, new regions are opened 

and statistical tests are tried again and these processes are repeated until the 

statistical tests give the correct answer. 
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2.7 SEASONALITY ANALYSIS 

It is necessary to know the seasonality of floods in infrastructure studies 

of water resources, flood analyses and many other applications (Cundelik et al., 

2004). Flood seasonality, which is an information that should be used in every 

project using water resources, allows for a better understanding of the 

movements of the water resource and to manage the process accordingly. 

2.7.1 Angular Seasonality Analysis 

In regionalization studies where we divide basins into homogeneous 

regions, hydrological similarities are generally taken into account and when 

determining the homogeneity of the river, the characteristic features and 

occurrence times of floods experienced in the river are examined (Burn and 

Goel, 1997).  

The first step in performing angular seasonality analysis is to express the 

annual flood observation date for each station in terms of radials. The method 

used to express days in terms of radials is as follows: January 1 is accepted as 

the 1st day of the year, December 31 is accepted as the 365th day of the year and 

the radial equivalent of the days is found using the formula below.  

θ in the equation (2.102) represents the radial angle of the flood day that 

occurred on the ith day. When working on a station with N different annual data, 

the radial angles of the flood days are shown on the unit circle in order to 

visualize the flood dates like in the Figure 79. 

θ௜ ൌ ሺCalendar	Dayሻ௜ ൬
2π
365

൰ 
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Figure 2.3 Unit Circle 

We can find the x and y coordinates of the values of the radial angle of the 

flood days with n number of data with the following formulas. 

ݔ̅ ൌ
1
݊
෍	

௡

௜ୀଵ

cosሺθ௜ሻ ሺ2.103ሻ 

തݕ ൌ
1
݊
෍	

௡

௜ୀଵ

si nሺθ௜ሻ ሺ2.104ሻ 

The ̅ݔ and ݕത expressions in the equations represent the flood day (MD) of 

the station. When calculating the angular value of the flood time, it is calculated 

with two different methods by looking at the positivity/negativity of the 
௬ത

௫̅
 

expression. If this expression is positive, the equation (2.105) is used, if it is 
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negative, the equation (2.106) is used (Burn and Goel, 1997). The relevant 

formulas are as follows. 

θത ൌ tanିଵ ൬
തݕ
ݔ̅
൰ ሺ2.105ሻ 

θത ൌ tanିଵ ൬
തݕ
ݔ̅
൰ ൅ π ሺ2.106ሻ 

We can obtain the actual calendar day with the following equation: 

ܦܯ ൌ θത ൬
365
2π

൰ ሺ2.107ሻ 

The calculated MD values are the average day of the time when the flood 

values at the station occur. It is expected that the stations where the MD values 

are similar to each other will also be similar to each other in terms of hydrology. 

In basins where the cause of the flood is snowmelt, the MD values are 

generally close to each other. 

There is a parameter that shows the diversity of the floods that occur at a 

station and this parameter is calculated with the formula below in (2.108) (Burn 

and Goel, 1997). 

ݎ ൌ ඥሺ̅ݔሻଶ ൅ ሺݕതሻଶ ሺ2.108ሻ 

The r parameter here is a dimensionless parameter and represents the 

distribution of flood values. The r value takes a value between 0 and 1, and as r 

approaches 1, it shows that the proximity of the flood dates at the station 

increases; and as it approaches 0, it shows that the flood dates differ from each 

other. From here, we can say that the increase in the r value indicates the 

regularity of the flood dates at the station like in the Figure. 

When examining the similarities between stations, the x and y coordinates 

mentioned above are used. When the distances between the x and y coordinates 

of the average flood value of each station are taken using the Euclidean function, 

the result can be interpreted as the similarity parameter. 
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The Euclidean function we mentioned is calculated as follows: 

݀௦
௜௝ ൌ ቂ൫ݔపഥ െ ఫഥ൯ݔ

ଶ
൅ ൫ݕపഥ െ ఫഥ൯ݕ

ଶ
ቃ
଴.ହ

ሺ2.109ሻ 

The expression ݀௦
௜௝ above is considered as the similarity parameter and the 

decrease of this parameter indicates that the hydrological homogeneity and 

similarity between the two stations increases (Burn and Goel, 1997). 
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CHAPTER 3 

3. FLOOD ANALYSIS IN THE ÇORUH RIVER BASIN 

In this section, flood analyses were carried out for selected stations on the 

Çoruh River Basin using the methods explained in Section 2 and the results 

obtained with each method were interpreted in detail. 

3.1 APPLICATION AREA 

The Çoruh River Basin is an important hydrological basin located in the 

northeast of Türkiye and also encompassing the borders of Georgia. With a 

surface area of approximately 19,654 km², 411 km of this basin is in Turkey and 

20 km in Georgia, hosting a river system of 431 km in total (Ministry of 

Agriculture and Forestry, 2020). The source of the river rises from the Mescit 

Mountains in Erzurum, passes through Artvin to Georgia and reaches the Black 

Sea. The Çoruh River Basin has one of the steepest valleys in Turkey and has a 

high hydroelectric energy potential due to this feature. In fact, in line with this 

potential, many dam and hydroelectric power plant (HPP) projects have been 

constructed or planned by the State Hydraulic Works (DSİ) in the basin. 

However, since these structures change the natural flows of some stations, only 

the stations that are not affected by the dams and have continuous flow data for 

at least 10 years were included in the analysis in our study. In this context, flood 

analyses were carried out at 23 selected stations using DSİ data. All data used in 

the analyses were evaluated in terms of accuracy and timeliness, and only data 

sets updated until 2015 were taken as basis.  

Çoruh River Basin is of great importance not only in terms of energy 

production, but also in terms of drinking water supply, agriculture, flood control 

and environmental sustainability. Since the basin is located in the transition zone 
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between the Black Sea climate and the Eastern Anatolian climate, it exhibits 

quite complex hydrological characteristics. The annual average precipitation is 

approximately 540 mm, and the precipitation is higher, especially in the northern 

parts. The high altitude regions of the basin receive heavy snowfall in the winter 

months; in the spring, snowmelt makes a significant contribution to the flow 

rates of the streams. Temperature values change with altitude, and while 

temperate climate effects are seen in the north, in the areas close to the Black 

Sea, the continental climate effect is dominant in the south. Evaporation amounts 

can reach up to 1,000 mm (Ministry of Environment, Urbanization and Climate 

Change, 2019). 

Agricultural and livestock activities are also important economic inputs of 

the basin. Agricultural production is concentrated in river valleys and plain areas, 

and the main products include wheat, barley, corn, potatoes and fruit and 

vegetable varieties. In addition, small and large cattle breeding is common in 

high altitude areas. Since agriculture and livestock have a large place in the basin 

economy, flood control is of vital importance not only in terms of preventing 

physical damage but also socioeconomic losses. 

Historically, the Çoruh River Basin has been the scene of many major 

floods. Serious flood events have been recorded in Artvin province, especially 

in districts such as Yusufeli, Murgul and Arhavi. These floods have sometimes 

caused loss of life and property in residential areas and major damage to 

infrastructure systems. In this context, both structural measures (such as dams, 

dams, flood walls) and non-structural measures (such as flood early warning 

systems, risk maps, public information) have been developed for flood control 

in the basin. In the studies carried out within the scope of Flood Management 

Plans, variables such as slope, soil type, land use and geological structure were 

evaluated throughout the basin and flood risk maps were created (Ministry of 

Agriculture and Forestry, 2019). In these analyses, especially the northwestern 

parts of Artvin and the sub-basin areas where the river passes into Georgia were 

identified as regions with high flood risk. 
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As a result, the flood analyses conducted for the 23 stations selected in this 

study provide important information both in terms of understanding the 

hydrological character of the region and in terms of developing sustainable 

management strategies to reduce flood risks. Considering the topographic, 

climatic and socioeconomic characteristics of the basin, flood analyses are of 

great importance not only in terms of engineering but also in terms of 

environmental and economic sustainability. 

Considering the accuracy and currency of the data used in the analyses, 

official data sets published by the State Hydraulic Works (DSİ) and updated until 

2015 were taken as basis. Accordingly, all hydrometric data used in the current 

study cover the period until 2015. In order to increase the reliability of flood 

analyses, stations with a data period of less than ten years were excluded from 

the evaluation. In addition, in order to minimize the effect of dam structures, the 

locations of the relevant stations were compared with the basins affected by the 

dams. If the data of a station belong to a date after the operation of a dam located 

on it and the flow regime of this station is affected by the dam, then the station 

was not included in the analysis. However, if it was determined that the flow 

regime of the station was not directly affected despite the dam structure, the 

station was included in the study. 

As a result of the evaluations made in this context, 23 stations reflecting 

natural flow conditions and having long-term observation data were selected for 

analysis. The geographical locations of these selected stations are presented in 

Figure 5. The relevant visual shows the flow observation stations in the entire 

region, and the stations included in the study are highlighted in blue. In addition, 

the locations of the stations under the influence of dams are given in Figure 6, 

and the basic characteristics of the stations included in the study are given in 

detail in Table 1. 
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Figure 3.1 Location of the Stations in the Çoruh River Basin 

 

Figure 3.2 Location of the Dams in Çoruh River Basin 
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Table 3.1 Characteristics of the Stations 

 

3.2 STATISTICAL VALUES OF THE STATIONS 

In this section, the calculated statistical moments, L-moments and the 

calculations of the ratios related to these moments for 23 selected stations will 

be given. 

3.2.1 Calculation of Statistical Moments 

Based on the highest flow rates recorded at each station, statistical 

parameters were calculated using (2.3), (2.4), (2.5), (2.7), (2.8), (2.10), (2.12) 

and the results obtained are presented in the Table 2. 

When the statistical parameters of the 23 stations in the Table 2 are 

examined, the coefficient of skewness ሺܥ௦ሻ values show a significant difference 

between the stations. In general, positive skewness was observed at all stations 

except station 2342. This situation shows that the flow data are mostly 

concentrated below the average value and that high flow values occur, albeit 

rarely. The negative skewness value of station 2342 (-0.3) indicates that low 

values are more frequent and high values are rarer at this station and that the 
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distribution is skewed to the left. The skewness coefficient of 2.6, especially 

observed at station 2333, reveals that the distribution is quite skewed to the right. 

The coefficient of variation ሺܥ௩ሻ values remained below 1 at all stations; 

this shows that the standard deviation values are low compared to the average, 

and therefore the data exhibit a relatively homogeneous distribution. The highest 

ሺܥ௩ሻ value was observed as 0.6 at station 2325, which reveals that the relative 

variability of this station is higher compared to the others. On the other hand, the 

ሺܥ௩ሻ values at stations 2322 and 2321 are quite low at 0.2, respectively, and it is 

understood that the flow data at these stations are more consistently distributed 

around the mean. 

Table 3.2 Statistical Characteristics of the Stations 

 

As a result, important information about the flood characteristics of the 

stations has been obtained with the help of these parameters. In particular, 

stations with high skewness coefficients should be considered as critical regions 

where extreme flood events are observed; stations with low coefficients of 

variation should be addressed with different hydrological approaches due to their 

more stable flow characteristics. 
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3.2.2 Calculation of L Moments and Their Ratios 

Using the annual maximum flow data of each station, statistical quantities 

commonly used in flood analysis were calculated with the L-moment approach. 

First, the sample mean ሺβ	ሻ value represents the arithmetic mean of the 

maximum flow rates at each station, and this value was obtained using Equation 

(2.15). The second, third and fourth order moments βଵ, βଶ, βଷ were calculated 

using Equation (2.16), Equation (2.17) and Equation (2.18), respectively, and 

provided information about the distribution properties of the data such as 

variance, skewness and kurtosis. From these moments, the first ሺλଵሻ, second 

ሺߣଶሻ,  third ሺߣଷሻ and fourth ሺߣସሻ L-moments are derived by Equations (2.19)–

(2.22), respectively. These L-moments are related to the location, spread, 

skewness and kurtosis, respectively. In particular, λଶ is the L-moment equivalent 

of the variation and provides information about the degree of spread of the 

sample data. L-moment ratios were calculated to better analyze the shape 

properties of the distribution. L-variation coefficient ሺτଶ ൌ λଶ/λଵሻ, L-skewness 

coefficient ሺτଷ ൌ λଷ/λଶሻ and L-kurtosis coefficient ሺτସ ൌ λସ/λଶሻ are found by 

Equation (2.24)–(2.26). These ratios explain the level of variation, deviation of 

the distribution from symmetry and the effect of extreme values, respectively. 

All the results obtained are summarized in Table 3 and the differences between 

the stations are evaluated in the light of these parameters. 

Table 3.3 L Moments Values 
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The first L-moment λଵ values calculated from the annual maximum flow 

data used in the study represent the average flood flows of each station. Stations 

2322 and 2335 with high λଵ values show values such as 918.43 ݉ ଷ/ݏ and 721.58 

݉ଷ/ݏ, respectively, indicating that these stations are located in larger drainage 

areas or in regions with heavy rainfall. On the other hand, ߣଵ values at stations 

such as 2330 and 2340 are below 20 ݉ଷ/ݏ, reflecting rivers with smaller flow 

regimes. The second L-moment ߣଶ reveals the spread of the distribution, i.e. the 

annual variability in the flow data. Examples such as station 2322, where the ߣଶ 

value is 1,313.31 ݉ ଷ/ݏ, indicate that flood values vary greatly from year to year, 

thus indicating areas with high flood risk. On the other hand, the fact that ߣଶ is 

below 30 at stations such as 2330 and 2342 reveals that the flows are more 

constant and regular. 

The L-variation coefficient, τଶ ሺܥܮ௩ሻ, is the ratio of ߣଶ to ߣଵ and indicates 

the relative variability of the flows. The ߬ଶ values for all stations are between 

1.34 and 1.47, indicating that the floods in the Çoruh River Basin, located in the 

northeast of Türkiye, are quite variable. In this context, the fact that ߬ଶ is close 

to and above 1 confirms that the annual maximum flow rates at the stations differ 

significantly. 

The third L-moment ߣଷ and its corresponding ߬ଷ (L-skewness) value were 

used to evaluate whether the distribution was symmetrical. Stations with positive 

߬ଷ values (e.g. 2304, 2333) show a right-skewed distribution, indicating that 

flood flows are more likely to occur above average and extreme floods are 

frequently observed. Stations with negative or near-zero skewness values (e.g. 

2326, 2331) have a relatively more balanced or left-skewed distribution 

structure, representing areas where high flows are less likely to be observed. 

Finally, the fourth L-moment ߣସ and ߬ସ (L-kurtosis) values reveal the extreme 

sensitivity of the distribution. Similarly, stations with negative ߬ସ values (e.g. 

2331 and 2336) have a flatter distribution structure and it can be said that 

extreme flood events rarely occur in these regions. 
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3.3 GOODNESS OF FIT TESTS FOR DISTRIBUTIONS 

Various statistical fit tests need to be applied to determine the level of fit 

of the probability distributions of the flood data obtained in the previous section 

to each station. Such analyses evaluate the fit of the distribution functions to the 

observational data in line with objective criteria and ensure that the most 

appropriate distribution is selected. 

In this study, widely accepted statistical methods such as the Chi-Squared 

test and the Kolmogorov-Smirnov (K-S) test will be used in order to 

comparatively evaluate the distribution fits. By means of these tests, the extent 

to which each distribution function fits the observed data will be determined and 

the most appropriate distribution type to be used in regional frequency analyses 

will be determined. 

3.3.1 Chi-Squared Test 

In this study, Chi-Square ሺχଶሻ goodness of fit test was applied to evaluate 

the suitability of various probability distributions for each station. The analyses 

were performed via EasyFit software; both the calculated test statistics and the 

critical values at the 5% significance level, which vary according to the 

distributions and sample sizes, were automatically calculated by EasyFit 3.0. 

The test statistic calculated for each distribution type is compared with the 

critical value corresponding to that distribution. If the calculated statistic is 

smaller than the critical value, the null hypothesis (the assumption that the data 

is compatible with the distribution) is not rejected; that is, it is accepted that there 

is no statistically significant difference between the distribution and the data. 

According to the Chi-Square test results: 

Normal distribution (N) was found to be suitable at 21 stations. This 

distribution did not provide significant fit only at stations 2304 and 2333. 

Lognormal (LN), Lognormal-3 (LN3) and Generalized Extreme Value 

(GEV) distributions was found to be suitable at all stations. 
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Gumbel distribution was found to be suitable at 20 stations; only at stations 

2304, 2326 and 2342 was the calculated $\chi^2$ value of this distribution found 

to be higher than the critical value. As a result, the Gumbel distribution was 

found to be consistent for all stations except four. 

Log Pearson 3 (LP3) distribution was found to be suitable at 22 stations. 

It was found to be suitable at all except station 2320. 

Table 3.4 Results of Chi-Squared Tests and Critical Values 
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Table 3.5 Results of Chi-Squared Tests 

 

3.3.2 Kolmogorov-Smirnov Test 

In this part, the Kolmogorov-Smirnov (K-S) test was applied to determine 

the most appropriate probability distribution of flood data for each station. In the 

applied test; the cumulative distribution functions of the Normal (N), Log-

Normal (LN), Three Parameter Log-Normal (LN3), Gumbel and Generalized 

Extreme Value (GEV) distributions were compared with the observational 

distribution. The maximum difference Δ values calculated for each distribution 

and the corresponding critical Δcritical values are presented in Table 6. 

As a result of the comparisons made, it was decided whether a distribution 

was suitable for the station under the condition Δ ൏ Δcritical. Distributions that 

met this condition were accepted as “suitable”, and those that did not were 

evaluated as “not suitable”. The distribution that fits the data for each station is 

summarized in Table 7. 
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According to the K-S test results, the majority of the tested distributions 

provided statistically significant fit to all 23 stations. As a result of comparing 

the calculated Δ values with the relevant Δcritical thresholds, it was determined 

that the Normal distribution exceeded the threshold value only at station number 

2333 and therefore was not suitable. For all other distribution and station 

combinations, the Δ ൏ Δcritical condition was met. This situation reveals that 

especially the LN3 distribution shows a high level of general fit and indicates 

that this distribution should be evaluated as a priority in modeling studies. 

Table 3.6 Results of K-S Tests and Critical Values 
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Table 3.7 Results of K-S Tests 

 

3.4 PARAMETERS OF PROBABILITY DISTRIBUTIONS FOR 

STATION DATA 

In Table 8, the parameter values obtained for each station for two-

parameter probability distributions are presented. Similarly, the station-based 

parameter values for three-parameter distributions are shown in Table 9. 
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Table 3.8 Estimation of parameters of two-parameter distributions 

 

Table 3.9 Estimation of parameters of three-parameter distributions 
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3.5 ESTIMATION OF FLOOD FLOW RATES AT VARIOUS RETURN 

INTERVALS 

In this section, the distributed distribution models in the 2.2 section were 

applied to each station separately; then, flood flows corresponding to 2, 5, 10, 

25, 50, 100 and 500-year return periods were estimated. 

 

Figure 3.3 Stations Used in Flood Analysis in Çoruh River Basin 

The locations of the river regions of the 23 stations used in the analyses 

are presented in Figure 7. In this way, the spatial data at the points where flood 

estimates are formed can be monitored and evaluations can be made in terms of 

regional analyses. 

The distributions preferred in the study were selected both because they 

are widely used in the literature within the scope of flood analyses and because 

of the successful fit they provide in practice. In addition, EasyFit v3.0 software, 

which evaluates the statistical fit of observational data with different 

distributions, was also used in the distribution selection process. EasyFit is a 

professional statistical analysis program that can make comparative statistical fit 

assessments by fitting various distributions to the data with its user-friendly 

interface and using tests such as Kolmogorov-Smirnov and Chi-Squared. In the 
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preliminary analyses conducted with this software, it was observed that the six 

distributions selected (Normal, LN, LN3, Gumbel, GEV etc.) were among the 

top 10 distributions that provided the best fit at the vast majority of stations. 

Therefore, these distributions were selected to be used in the study in line with 

both theoretical justifications and software-supported empirical analysis results. 

The visual outputs of the analysis results made with the relevant software 

are presented in the figures between Figure 8 and Figure 10. In these figures, the 

"Goodness of Fit" rankings obtained for each station can be seen in detail. 

 

Figure 3.4 Goodness-of-fit evaluations for selected stations (1/3) 
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Figure 3.5 Goodness-of-fit evaluations for selected stations (2/3) 
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Figure 3.6 Goodness-of-fit evaluations for selected stations (3/3) 

Table 3.10 Estimations for various Return Period (T) of station 2302 

 

 

Figure 3.7 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2302 
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When the flood flow rates estimated according to the return probabilities 

of station number 2302 are evaluated, the highest estimated flow rate at low 

return intervals (e.g. 50% and 80%) is given by the Normal distribution, while 

the lowest estimates are made by the Lognormal and Gumbel Max distributions, 

respectively. Especially at 50% probability, the Normal distribution gives the 

highest value with 70.02 ݉ଷ/ݏ, while the Lognormal distribution predicts the 

lowest value with 63.94 ݉ଷ/ݏ. This situation shows that the Normal distribution 

offers relatively less conservative estimates at low return intervals. On the other 

hand, at high return intervals (99% and 99.8%), the highest flood flow rate 

estimates are given by the Gumbel Max (202.23 ݉ଷ/ݏ) and Lognormal (228.94 

݉ଷ/ݏ) distributions, respectively. This shows that the Gumbel Max and 

Lognormal distributions tend to predict extreme values more severely. The 

lowest estimates are given by the Normal distribution at these high return 

intervals. These results reflect the sensitivity of each distribution to extreme 

events and point out the importance of which distribution to choose in 

engineering applications, especially in infrastructure designs. 

Table 3.11 Estimations for various Return Period (T) of station 2304 
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Figure 3.8 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2304 

When the flood flows estimated according to the return intervals of station 

2304 are examined, in the low return intervals (X(0.5) and X(0.8)), the highest 

value is given by the Normal distribution (94.27 ݉ଷ/ݏ and 135.3 ݉ଷ/ݏ), while 

the lowest value is predicted by the Generalized Extreme Value (GEV) 

distribution (81.97 ݉ଷ/ݏ and 121.99 ݉ଷ/ݏ). This situation shows that the 

Normal distribution offers a cautious approach by predicting higher flood flows 

in short-term predictions. 

In the medium and high return intervals (X(0.9)–X(0.998)), the highest 

prediction values are mostly given by the GEV distribution; especially at 99.8% 

probability, the GEV distribution predicted the highest flow with 411.73 ݉ଷ/ݏ, 

which shows that it exhibits a structure that is quite sensitive to extreme events. 

The lowest estimates in the same ranges are generally provided by the Normal 

distribution (e.g. 234.58 ݉ଷ/ݏ for X(0.998)), which reveals that it tends to 

underestimate extreme events. 

As a result, the GEV distribution stands out especially in high return ranges 

and can be considered as an alternative to be considered in terms of safety in 
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critical engineering applications. The Normal Distribution, on the other hand, is 

notable for its structure that emphasizes upper limit values in short-term 

estimates and is not conservative. 

Table 3.12 Estimations for various Return Period (T) of station 2305 

 

 

Figure 3.9 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2305 

When the flood flow rates calculated for the return intervals of station 

number 2305 are examined, the highest estimates in the low return intervals 

(X(0.5), X(0.8)) were made by the Normal distribution (388.17 ݉ ଷ/ݏ and 490.81 

݉ଷ/ݏ). This situation shows that the Normal distribution offers a more cautious 

approach in short-term estimates and predicts the potential flood risk higher in 

low return intervals compared to other distributions. 
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Although the estimate values in the medium return intervals (X(0.9), 

X(0.96)) are quite close to each other, the Generalized Extreme Value (GEV) 

and Lognormal (3P) distributions stand out. While the Lognormal (3P) made the 

highest estimate with 644.7 ݉ଷ/ݏ in the X(0.96) return interval, the GEV 

distribution came in second with 638.84 ݉ଷ/ݏ. These similarities indicate that 

these distributions show close performances in medium-term extreme estimates. 

At high return intervals (X(0.98), X(0.99), X(0.998)), the highest flow rate 

estimates were again made by the Lognormal (3P) distribution, and especially at 

the X(0.998) return interval, it provided the highest prediction with a value of 

934.36 ݉ଷ/ݏ. This distribution was followed by the Gumbel Maximum with 

924.14 ݉ଷ/ݏ and the classical Lognormal distribution with 906.56 ݉ଷ/ݏ. These 

results show that the Lognormal (3P) distribution provides the most sensitive 

estimate against extreme events. 

In summary, while the Normal distribution stands out in short-term 

estimates at station number 2305, the Lognormal (3P) distribution draws 

attention by estimating the highest flood flow rates in long-term estimates. This 

situation emphasizes the importance of choosing the distribution depending on 

the return interval when making risk assessments in engineering projects. 

Table 3.13 Estimations for various Return Period (T) of station 2316 
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Figure 3.10 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2316 

According to the flood analysis results made for station number 2316 at 

various return intervals, the highest flood discharge estimates were 

systematically produced by the Lognormal (3P) distribution. Especially at 100 

and 500 year return intervals, this distribution presents values such as 616.65 

݉ଷ/ݏ and 795.57 ݉ଷ/ݏ, thus distinguishing itself from other distributions. On 

the other hand, the lowest estimates were mostly given by the Normal 

distribution, for example, the value of 534.75 ݉ଷ/ݏ at a probability of 0.998 

draws attention. This situation shows that the Lognormal (3P) distribution 

reflects extreme flood events with higher values due to its tail behavior, while 

the Normal distribution produces relatively conservative estimates. In general, 

in non-symmetric and right-skewed flow data, the preference of Lognormal and 

its derivatives at high return intervals can yield more meaningful results. 
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Table 3.14 Estimations for various Return Period (T) of station 2320 

 

 

Figure 3.11 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2320 

In the flood Estimations made for station number 2320, the highest flow 

estimates were made by the Lognormal distribution at high return intervals 

(X(0.99) and X(0.998)). Especially at the probability of 0.998, it provided a 

significantly higher estimate compared to the other distributions with a value of 

649.82 ݉ଷ/ݏ. On the other hand, the lowest estimates belong to the Log Pearson 

3 distribution at almost all return intervals; for example, the lowest value was 

recorded with an estimate of 289.44 ݉ଷ/ݏ at the return interval of 0.998. This 

situation shows that the Lognormal distribution tends to overestimate extreme 
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values, while Log Pearson 3 provides more conservative results. The Gumbel 

Max distribution also produced high values, especially at medium return 

intervals (X(0.9)–X(0.98)), and attracted attention with its ability to represent 

extreme floods. These findings reveal the differences in the approach of different 

distributions to extreme events and show that the choice of distribution is critical 

in flood risk analyses. 

Table 3.15 Estimations for various Return Period (T) of station 2321 

 

 

Figure 3.12 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2321 
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In the flood analysis of station number 2321, it is seen that the estimation 

values in all return intervals are quite close to each other. This situation shows 

that the data observed at the station can be modeled similarly with various 

distributions. The highest estimation value was calculated as 156.31 ݉ଷ/ݏ by 

the Gumbel Max distribution in the 0.998 return interval. This value is followed 

by the Lognormal (3P) distribution with 146.82 ݉ଷ/ݏ and the Log Pearson 3 

distribution with 146.33 ݉ଷ/ݏ. The lowest value is generally produced by the 

Normal distribution, and especially in the 0.99 return interval, it lags behind the 

other distributions with the value of 118.68 ݉ଷ/ݏ. This table shows that the 

Gumbel Max distribution predicts extreme events more, while the Normal 

distribution offers more moderate predictions. However, the fact that the 

difference between the distributions is generally low provides flexibility in 

model selection and suggests that the model sensitivity is relatively low at this 

station. 

Table 3.16 Estimations for various Return Period (T) of station 2322 
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Figure 3.13 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2322 

In the flood analysis conducted at station 2322, it is observed that the 

differences in estimates between the distributions become more apparent as the 

return intervals increase. Especially at the return probability of 0.998, the 

Lognormal (3P) distribution provided the highest flow rate estimate with 1986 

݉ଷ/ݏ and became the most sensitive distribution to extreme events. This is 

followed by the Log Pearson 3 with 1821.3 ݉ଷ/ݏ and the Gumbel Max 

distribution with 1893 ݉ଷ/ݏ. On the other hand, the Normal distribution 

generally provided the lowest estimates at this station, producing the lowest 

values with 1556.7 ݉ଷ/ݏ at the return interval of 0.998. This situation shows 

that the Normal distribution is inadequate in representing extreme values. The 

wide variation and high estimate intervals reveal that the flood risk is high at this 

station and the choice of distribution has significant effects on the estimates. 

Therefore, it can be recommended to consider distributions that provide more 

extreme estimates, especially Lognormal (3P) and Gumbel Max, in decision-

making processes. 
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Table 3.17 Estimations for various Return Period (T) of station 2323 

 

 

Figure 3.14 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2323 

It is observed that flood estimations at station number 2323 yielded very 

similar results between the distributions. In the 500-year return interval 

(X(0.998)), the highest estimate was made by the Generalized Extreme Value 

(GEV) distribution with 667.78 ݉ଷ/ݏ. This value is followed by the Lognormal 

(3P), Lognormal and Log Pearson 3 distributions, respectively. On the other 

hand, the Normal distribution gave the lowest estimate (499.06 ݉ଷ/ݏ) in this 

return interval. Especially in the X(0.98) and X(0.99) return probabilities, no 

significant difference is observed between the distributions, which shows that 
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the flood structure of the station can be modeled with a more homogeneous 

distribution. The obtained results show that the GEV distribution can be more 

conservative about extreme values and therefore can be a safer choice in high-

risk scenarios. Comparing the results of all distributions for such stations makes 

the model selection more rational. 

Table 3.18 Estimations for various Return Period (T) of station 2325 

 

 

Figure 3.15 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2325 

In flood Estimations for station number 2325, Lognormal (3P) distribution 

was the distribution that predicted the highest flow rate in the 500-year return 
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interval with 442.51 ݉ଷ/ݏ. This distribution was followed by Lognormal 

(409.62 ݉ଷ/ݏ) and Log Pearson 3 (366.36 ݉ଷ/ݏ), respectively. In contrast, 

Normal distribution generally provided the lowest Estimations at this station and 

predicted only 220.51 ݉ଷ/ݏ for a return probability of 0.998. This situation 

shows that Normal distribution may be inadequate in tail behaviors. It can be 

said that Lognormal (3P) and its derivatives provide more reliable results, 

especially in extreme value Estimations. In addition, the estimation differences 

between different distributions became more pronounced as the return interval 

increased. In this context, it becomes clear that decision makers should pay 

special attention to the choice of distribution when creating flood management 

strategies.  

Table 3.19 Estimations for various Return Period (T) of station 2326 

 

 

Figure 3.16 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2326 
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In the analysis conducted for station number 2326, it is observed that all 

distributions have very close estimates at low return intervals (X(0.5)–X(0.9)). 

Especially in the X(0.5) return interval, the highest estimate is made by the 

Normal distribution with 70.86 ݉ ଷ/ݏ, while the lowest estimate is obtained from 

the Lognormal distribution with 64.7 ݉ଷ/ݏ. However, as the return interval 

increases, the difference between the distributions becomes more pronounced. 

In the X(0.998) return interval, the highest estimate is 228.54 ݉ଷ/ݏ, while the 

lowest value is again from the Normal distribution with 155.79 ݉ଷ/ݏ. This 

situation shows that the Lognormal distribution estimates extreme events more, 

whereas the Normal distribution predicts lower risks. Since this difference can 

directly affect the safety coefficient used in flood management decisions, it 

should be taken into account especially in the planning of critical infrastructures. 

Table 3.20 Estimations for various Return Period (T) of station 2327 

 

 

Figure 3.17 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2327 
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In the evaluation of station number 2327, it is seen that the estimates are 

quite close to each other among the distributions in all return intervals. 

Especially in the X(0.5) return interval, the Normal distribution provides the 

highest estimate with 148.41 ݉ଷ/ݏ, while the Gumbel Max distribution gives 

the lowest value with 139.71 ݉ଷ/ݏ. In high return intervals (e.g. X(0.998)), the 

Gumbel Max distribution estimates the highest value with 381.23 ݉ଷ/ݏ, while 

the Lognormal (3P) distribution gives a more moderate estimate with 354.54 

݉ଷ/ݏ. In general, the Gumbel Max and Gen. Extreme Value distributions 

provide higher flood estimates in high return intervals, while the Normal 

distribution remains relatively more conservative. This observation shows that 

the choice of distribution used in high return intervals is critical in terms of flood 

safety and that it may be useful to prefer models that predict higher risks when 

planning safety measures. 

Table 3.21 Estimations for various Return Period (T) of station 2328 

 

 

Figure 3.18 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2328 
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When the flood Estimations obtained for station number 2328 are 

evaluated, it is observed that the estimated flow rates are quite close to each other 

in all return intervals. While the Normal distribution provided the highest 

estimate with 46.25 ݉ଷ/ݏ in the X(0.5) return interval, the Lognormal (3P) 

distribution provided the lowest value with 42.34 ݉ଷ/ݏ. A similar situation is 

observed in the high return intervals; while the Lognormal (3P) distribution 

provided the highest estimate with 143.64 ݉ଷ/ݏ in the X(0.998) return interval, 

the Normal distribution provided a lower estimate with only 98.22 ݉ଷ/ݏ. The 

general tendency at this station is that the Normal distribution provides lower 

estimates compared to the other models. This situation shows that in analyses 

requiring a more conservative approach in the assessment of flood risk, 

distributions that provide higher values such as Lognormal (3P) or Gumbel Max 

should be taken into consideration. 

Table 3.22 Estimations for various Return Period (T) of station 2329 

 

 

Figure 3.19 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2329 
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When the flood flow estimates of station number 2329 are examined, it is 

seen that the Lognormal (3P) distribution makes significantly higher estimates 

than the other distributions, especially at high return intervals (X(0.98), X(0.99), 

X(0.998)). While the Lognormal (3P) gives the highest value with 719.3 ݉ଷ/ݏ 

at the X(0.998) return interval, the Normal distribution only estimated 411.18 

݉ଷ/ݏ. At low return intervals (X(0.5), X(0.8)), the Normal distribution again 

reaches the highest values and exhibits a more conservative estimate. This shows 

that the Lognormal (3P) distribution stands out in extreme value estimation, 

while the Normal distribution gives higher estimates at low return intervals. For 

this station in particular, if sensitivity to extreme situations is required in flood 

planning, the Lognormal (3P) distribution can be considered a safer option. 

Table 3.23 Estimations for various Return Period (T) of station 2330 

 

 

Figure 3.20 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2330 
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In the flood Estimations made for station number 2330, Lognormal (3P), 

Gen. Extreme Value, Gumbel and Log Pearson 3 distributions produced values 

close to each other in all return intervals (X(0.5)–X(0.998)). However, the 

highest value in the X(0.5) return interval was given by the Normal distribution 

with 18.93 ݉ଷ/ݏ. On the other hand, in extreme return intervals such as 

X(0.998), the highest estimate was given by the Lognormal (3P) distribution 

(88.59 ݉ଷ/ݏ), while the lowest estimate belonged to the Normal distribution 

(48.3 ݉ଷ/ݏ). This situation shows that the Normal distribution predicts lower 

values in flood analyses, especially in high return intervals, and is less sensitive 

to extreme events in this context. Considering that other distributions show an 

increase with wider variances, it can be stated that distributions such as 

Lognormal (3P) and Log Pearson 3 provide more cautious results in terms of 

risk assessment at this station. 

Table 3.24 Estimations for various Return Period (T) of station 2331 

 

 

Figure 3.21 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2331 
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In the flood analysis performed for station number 2331, while the Normal, 

Gen. Extreme Value and Gumbel distributions gave similar and higher estimates 

at low return intervals (X(0.5)–X(0.9)), the Lognormal (3P) distribution 

produced the lowest flow rates in these intervals. Especially, the value of 733.08 

݉ଷ/ݏ predicted by the Lognormal (3P) distribution at the 0.998 probability level 

is quite high compared to all other distributions. This situation reveals that this 

distribution is more sensitive to extreme flood risks and makes more cautious 

estimates. The lowest estimate was given by the Normal distribution, which 

shows that the Normal distribution may be limited in representing extreme 

values at high return intervals. Therefore, if a sensitive approach is desired to be 

adopted against flood hazard for this station, the Lognormal (3P) distribution 

comes to the fore. 

Table 3.25 Estimations for various Return Period (T) of station 2333 

 

 

Figure 3.22 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2333 
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The flood estimation results obtained for station number 2333 show that 

the highest flow rate prediction is made by the Normal distribution at low return 

intervals (0.5–0.9), while the lowest values are predicted by the Gen. Extreme 

Value and Lognormal (3P) distributions. However, it should be noted that as the 

return interval increases (0.98–0.998), the values predicteby the Gen. Extreme 

Value distribution increase rapidly and the highest flood flow rates are given by 

this distribution. This distribution produced the highest value at the X(0.998) 

level with 184.41 ݉ଷ/ݏ. This situation reveals that the Gen. Extreme Value 

distribution tends to reflect extreme values more strongly. The lowest prediction 

is made by the Normal distribution, which shows that the Normal distribution 

may not adequately reflect extreme flood risks. In this context, the Gen. Extreme 

Value distribution may be a more appropriate choice for measures to be taken at 

high return intervals. 

Table 3.26 Estimations for various Return Period (T) of station 2334 

 

 

Figure 3.23 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2334 
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When the flood flow rates calculated according to the return interval of 

station number 2334 are examined, no significant differences are observed 

between the estimates in low probability events (X(0.5)–X(0.9)). All 

distributions produced similar results in this range. However, as the return 

interval increases (X(0.98) and above), the Gumbel Max and Lognormal 

distributions give the highest flood values. Especially in the X(0.998) return 

interval, the Gumbel Max distribution makes the highest estimate with 408.48 

݉ଷ/ݏ, while the Normal distribution makes the lowest estimate with 326.15 

݉ଷ/ݏ. This situation shows that the Gumbel Max distribution shows a more 

aggressive tendency in extreme value estimates and offers a more cautious 

approach against higher flood risks. The analysis points out the necessity of 

taking into consideration such values estimated in high return intervals, 

especially in critical infrastructure planning. 

Table 3.27 Estimations for various Return Period (T) of station 2335 

 

 

Figure 3.24 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2335 
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According to the flood flow rates calculated for station 2335, although the 

distributions produced close estimates at low return intervals (X(0.5)–X(0.9)), 

serious deviations are observed especially at the X(0.998) return interval. While 

the Lognormal (3P) distribution produced the highest estimate with 2608.5 

݉ଷ/ݏ, the Normal distribution produced the lowest estimate with 569.8 ݉ଷ/ݏ. 

When this gap is examined, it is seen that the Normal distribution makes risky 

low estimates at high return intervals, thus under-reflecting the flood risk. On 

the other hand, distributions such as Lognormal (3P), Gumbel and Log Pearson 

3 evaluate the flood magnitudes higher and provide a safer approach in terms of 

critical engineering structures and flood management. As a result, it is 

recommended that more cautious distributions be preferred in terms of safety in 

flood estimation for station 2335. 

Table 3.28 Estimations for various Return Period (T) of station 2336 

 

 

Figure 3.25 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2336 
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When the flood flow estimates for station number 2336 are examined, it is 

observed that all distributions produce similar values at low return intervals (e.g. 

X(0.5)–X(0.9)). However, as the return interval increases, the differences 

between the estimated flow values also increase. Especially in the X(0.998) 

return interval, the Lognormal (3P) distribution produces the highest estimate 

with 215.75 ݉ଷ/ݏ, while the Normal distribution gives the lowest value with 

133.2 ݉ଷ/ݏ. This situation shows that the Normal distribution tends to 

underestimate the flood risk at high return intervals and may be insufficient in 

terms of security. Log Pearson 3 and Gen. Extreme Value distributions also 

produced remarkable estimates at high return intervals. In this context, preferring 

Lognormal (3P) or similar distributions, which provide more cautious estimates 

in flood risk analyses for station number 2336, may produce safer results in flood 

management. 

Table 3.29 Estimations for various Return Period (T) of station 2337 

 

 

Figure 3.26 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2337 
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When the estimated flood flow rates at station 2337 are examined, it is 

seen that especially at high return intervals (X(0.99) and X(0.998)), the Gumbel 

Max distribution gives the highest values (705.35 and 849.92 ݉ଷ/ݏ, 

respectively). This shows that Gumbel Max tends to highlight extreme values. 

In contrast, the Normal distribution produced the lowest value (675.64 ݉ଷ/ݏ) at 

the X(0.998) return interval, which reveals that the Normal distribution can be 

conservative in flood analyses. In the middle return intervals, there are no major 

differences between the distributions, and the values are close to each other. In 

general, while Gumbel Max has the potential to exaggerate flood risks for this 

station, the possibility that the Normal distribution may underestimate the risks 

should be taken into account. Distributions such as Lognormal and Log Pearson 

3 can be preferred in decision support processes by providing balanced results. 

Table 3.30 Estimations for various Return Period (T) of station 2338 

 

 

Figure 3.27 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2338 



 

80 
 

When the flood estimation results of station number 2338 are examined, it 

is seen that very close estimates are made between the distributions at low return 

intervals (e.g. X(0.5)). However, as the return interval increases, the differences 

become more apparent. Especially in the X(0.998) return interval, the highest 

value was given by Log Pearson 3 and Lognormal distribution (554.88 ݉ଷ/ݏ), 

while the lowest estimate was made by the Normal distribution (423.20 ݉ଷ/ݏ). 

This situation shows that the Normal distribution evaluates extreme flood values 

more conservatively, while the Log Pearson 3 and Lognormal distributions 

provide more risk-oriented estimates. For this station in particular, although 

there are no major deviations between the distributions, it can be said that the 

Log Pearson 3 and Lognormal (2-parameter) distributions predict more extreme 

values at high return intervals. In this context, it would be appropriate to take 

these two distributions into account in decision-making processes in terms of 

risk management. 

Table 3.31 Estimations for various Return Period (T) of station 2340 

 

 

Figure 3.28 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2340 
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In the flood Estimations performed at station number 2340, different 

probability distributions gave similar results. In the low return intervals (e.g. 

X(0.5)), the estimated values were stuck between 18–20 ݉ଷ/ݏ. The highest 

estimates occurred in the X(0.998) return interval, at which point the highest 

flow estimate was made by the Generalized Extreme Value distribution (52.94 

݉ଷ/ݏ), while the lowest estimate was provided by the Normal distribution 

(36.79 ݉ଷ/ݏ). It is seen that the GEV and Gumbel Max distributions are 

sensitive to more extreme values, whereas the Normal distribution provides a 

more conservative estimate. When a more reliable approach is sought for 

extreme floods at this station, it may be more appropriate to consider the GEV 

and Log Pearson 3 distributions. However, it is also observed that there are no 

major differences between the distributions in terms of general estimation 

consistency. 

Table 3.32 Estimations for various Return Period (T) of station 2342 

 

 

Figure 3.29 Discharge Estimates by Return Periods Based on Selected 

Statistical Distributions for Station 2342 
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The flood estimations for Station 2342 reveal that the different statistical 

distributions show significant differences, especially at high return periods 

(X(0.99) and X(0.998)). For example, while the Gumbel Max distribution for 

X(0.998) gives a value of 98.98 m³/s, the GEV distribution only predicts 71.3 

݉ଷ/ݏ. This clearly demonstrates the impact of model selection on flood risk 

analysis. The graphical comparison shows that the distributions diverge 

increasingly at extreme values, supporting the need for model reliability and 

standardization. 

3.5.1 Result 

The analysis results revealed significant differences between the flow rates 

estimated by the selected distributions, especially at high return intervals (e.g. 

500 years, X(0.998)), in the flood predictions applied to 23 different 

hydrological stations in the Coruh River Basin. In the study, it was observed that 

the Lognormal (3P) and Log Pearson III distributions gave the highest flood flow 

rates at many stations, while the Normal and Generalized Extreme Value (GEV) 

distributions gave lower predictions at some stations. These findings show that 

the distribution choices in the prediction of extreme flood values have a direct 

and significant effect on the prediction results. 

As a result, it should be emphasized that in infrastructure projects, flood 

control and risk management applications where extreme values play a critical 

role, not only statistical suitability but also the behavior of the distributions in 

the engineering context should be taken into consideration. However, although 

some distributions (e.g. Normal or Lognormal) exhibit poor performance at 

certain stations, these distributions are widely used in the literature and are 

among the generally accepted assumptions, so they are included in the 

comparative analyses at all stations. In particular, the Normal distribution, due 

to its symmetrical structure, does not show suitability in flow regimes with 

skewness such as the Çoruh River Basin; however, it was evaluated in order to 

make comparisons with other distributions. Thus, it was aimed to make a more 

balanced and engineering-meaningful assessment by considering hydrological 
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and physical suitability as well as statistical compatibility in the distribution 

preference. 

3.6 TREND ANALYSIS 

In this section, annual maximum flood flow rates of 23 different stations 

in the Çoruh River Basin were examined and it was analyzed whether there was 

a significant trend in these time series. In performing the trend analyses, the 

Mann-Kendall rank test, which is explained in detail in section 2.5, was used. 

The Table 37 includes the findings of the trend analysis applied to each station, 

and the evaluations regarding the trend direction and statistical significance 

levels are presented in detail. 

The given Mann-Kendall trend analysis Table 33 was made to determine 

the temporal trends on the annual maximum flow data observed at 23 stations 

belonging to the Çoruh River Basin. In the analysis, the statistical significance 

of the trends at the stations was evaluated using the calculated ܵ, τ, standard 

deviation ሺσௌሻ, ܼ value and the corresponding ܼ஑/ଶ value at the 5% significance 

level. Stations with an absolute ܼ value greater than ܼ஑/ଶ ൌ 1.96 show a 

significant trend. 

Table 3.33 Results of Mann Kendall Trend Analysis 
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According to the table, only four stations (2328, 2330, 2340 and 2342) 

have a z value exceeding the threshold of 1.96, indicating the existence of a 

statistically significant trend. However, in order to evaluate how strongly the 

trends at these four stations are explained by linear relationships, dimensionless 

flow ratio ሺܳ/ തܳሻ time series were created for each station and linear regression 

curves were drawn. The coefficient of determination ሺܴଶሻ values were 

calculated on these curves and the explanatory power of the graphical trends was 

tested. 

The obtained results show that although there are statistically significant 

trends at some stations, the R² values are quite low, indicating that these trends 

are insufficient to explain a large portion of the temporal variability. For 

example, although a negative trend is found significant at station number 2342 

with a value of ݖ	 ൌ 	െ2.34, ܴଶ = 0.2152, which explains only 21% of the 

observed variability. This situation shows that even if it supports the existence 

of a trend, it is difficult to talk about a strong trend in practice. Therefore, 

statistical significance, graphical explanatory power and hydraulic context 

should be evaluated together. 

 

Figure 3.30 Trend Analysis for Station 2302 
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Figure 3.31 Trend Analysis for Station 2304 

 

Figure 3.32 Trend Analysis for Station 2305 

 

Figure 3.33 Trend Analysis for Station 2316 
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Figure 3.34 Trend Analysis for Station 2320 

 

Figure 3.35 Trend Analysis for Station 2321 

 

Figure 3.36 Trend Analysis for Station 2322 
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Figure 3.37 Trend Analysis for Station 2323 

 

Figure 3.38 Trend Analysis for Station 2325 

 

Figure 3.39 Trend Analysis for Station 2326 

 



 

88 
 

 

Figure 3.40 Trend Analysis for Station 2327 

 

Figure 3.41 Trend Analysis for Station 2328 

At station 2328, ܳ/ തܳ values show a decreasing trend over the years and 

the slope of the regression line is negative. However, the R² value is 0.2381 and 

has a medium level of explanatory power. This value shows that the model 

explains only about 24% of the variability in the data. Although the Mann-

Kendall test gives a positive sign in the direction of the trend, the R² value shows 

that this trend is not a strong and reliable indicator. 
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Figure 3.42 Trend Analysis for Station 2329 

 

Figure 3.43 Trend Analysis for Station 2330 

The slope of the regression line drawn for station 2330 is significantly 

negative. The R² value is 0.1853, which is relatively higher than some stations, 

but is insufficient to conclude that there is a significant linear relationship 

between the data. This value indicates that the model only explains about 19% 

of the total variability. Therefore, the trend cannot be said to be statistically 

significant for this station either. 
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Figure 3.44 Trend Analysis for Station 2331 

 

Figure 3.45 Trend Analysis for Station 2333 

 

Figure 3.46 Trend Analysis for Station 2334 
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Figure 3.47 Trend Analysis for Station 2335 

 

Figure 3.48 Trend Analysis for Station 2336 

 

Figure 3.49 Trend Analysis for Station 2337 
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Figure 3.50 Trend Analysis for Station 2338 

 

Figure 3.51 Trend Analysis for Station 2340 

The slope of the regression line drawn for station number 2340 is negative, 

indicating that the flow rates have decreased over the years. However, the R² 

value is only 0.1696. This shows that the explanatory power of the model is quite 

weak and that a large part of the observed change may be random. Therefore, 

the trend detected here is not statistically significant. 
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Figure 3.52 Trend Analysis for Station 2342 

At station 2342, there is also a slightly decreasing trend in ܳ/ തܳ values and 

the slope of the regression line is negative. The R² value is 0.2152. This low 

value indicates that the effect of the regression line on the variability is weak. 

Therefore, even if there is a visual trend at this station, this trend cannot be 

confirmed reliably. 

3.6.1 Result 

In this part of the study, trends in annual maximum flood discharges of 23 

different hydrological stations were examined. First, the Mann-Kendall trend 

test was applied to the annual data of the stations, and test statistics such as ሺτሻ, 

ሺܵሻ, ሺσ௦ሻ, ሺܼሻ and ሺܼ஑/ଶሻ were calculated. Statistically significant trends were 

detected in four stations (2328, 2330, 2340, 2342) that met the condition ሺ|ܼ| ൐

1,96ሻ. However, in order to see the significance levels and trend directions of 

these trends more clearly, dimensionless flood discharge ሺሺܳ/ തܳሻሻ graphs were 

drawn for each station and linear regression curves were created to calculate R² 

values. 

Station 2328: The regression line with a negative trend yields the value of 

R² = 0.2381. This value shows that the model explains approximately 24% of 

the variation in flood discharges. The regression and Mann-Kendall test results 

are consistent. 
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Station 2330: In the regression analysis, the slope is negative and the value 

of R² = 0.1853 provides a moderate level of explanatory power. The trend was 

also found to be statistically significant with the Mann-Kendall test. 

Station 2340: The trend line is negative and the value of R² = 0.1696 

indicates that the model explains less than 17% of the variation in flood data. 

Both analyses indicate a decreasing trend at the station. 

Station 2342: The obtained value of R² = 0.2152 revealed that the negative 

trend observed at this station has a moderate linear explanatory power. The 

Mann-Kendall test also confirms this trend. 

As a result, the Mann-Kendall test showed a significant trend only in four 

stations. However, as a result of graphical evaluations of these stations, R²  

values remain at a moderate level, and it is observed that a strong linear 

relationship is mostly absent. These findings reveal that trends should be 

evaluated in longer time periods or together with regional climatic effects. 

3.7 REGIONAL FLOOD ANALYSIS 

One of the most fundamental problems encountered in hydrological 

studies is the inadequacy of long-term and reliable observation data. This 

situation causes significant uncertainties, especially in the application of 

statistical methods such as flood frequency analysis. One of the most common 

approaches used to overcome this problem is the use of regional analysis 

methods. Regional analysis enables the evaluation of stations with homogeneous 

characteristics by bringing them together and thus making parametric estimates 

on a wider data base. In recent years, this method has been widely used in many 

hydrological applications, especially flood estimating and flood frequency 

analysis. As emphasized in the literature, regional analyses produce more stable 

results in statistical terms and enable estimations to be made with lower error 

rates compared to individual station analyses. In this respect, regional analyses 

both reduce the effect of data inadequacy and increase the reliability of 

hydrological estimates. 
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In this part of the study, the Wiltshire method was used to create 

homogeneous regions based on the flood data of the stations. Homogeneity 

assessment, which is one of the basic stages in regional frequency analyses, was 

carried out on the statistical properties of the stations. In the Table 34, the 

number of observations for each station n, mean ሺ̅ݔሻ, standard deviation ሺσሻ and 

coefficient of variation ሺܥ௩௫ሻ values are given. These coefficients represent the 

relative variability in flood magnitude and are used as the basic parameter in 

homogeneity assessments. 

Homogeneity analyses were carried out within the framework of the 

Wiltshire method with the help of the coefficient of variation, which is a 

comparable measure of variation between stations; in line with these analyses, it 

was questioned whether the stations formed a single homogeneous region. 

According to the results obtained, homogeneity could not be achieved in the 

scenario where all stations were evaluated as a single region in the first stage, 

therefore, the analyses were detailed by dividing them into regions. 

Table 3.34 All Stations Statistics Features 
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In the first stage of the regional analysis process, it was assumed that all 

stations in the Çoruh River Basin formed a single homogeneous region and in 

this direction, the homogeneity test was applied using the Wiltshire method. 

However, as a result of the evaluation, it was determined that there were 

significant differences between the stations in terms of the coefficient of 

variation ሺܥ௩௫ሻ,	and this situation revealed that all stations did not form a 

homogeneous structure under a single region. 

In the final stage of the analysis, it was determined that the stations were 

not homogeneous even though they were initially divided into two regions. 

Therefore, in order to eliminate this inconsistency, the exclusionary stations in 

the two regions were re-evaluated. In particular, the stations with low 

coefficients of variation ሺܥ௩௫ሻ in the second region were grouped into a third 

group with the stations in the first region that had similar characteristics. As a 

result of this arrangement, the stations in the Çoruh River Basin were divided 

into three homogeneous regions and the homogeneity tests were re-applied for 

each region with the Wiltshire method. 

Table 3.35 Statistics Features of Final Regions 
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Table 3.36 Comparison with sampling values of 3 regions. 

 

The results showed that all three regions met the homogeneity criteria. 

Thus, the iterative classification process, which took into account the statistical 

characteristics of the stations based on flood data, both increased the reliability 

of regional estimates and allowed the emergence of a meaningful sub-region 

structure in terms of hydrological homogeneity. This situation is considered as 

an important methodological gain that strengthens the accuracy and application 

capability of regional frequency analyses. 

3.7.1 Regional Mann-Kendall Trend Assessment 

In this section, after dividing the 23 selected stations into regions, the 

Mann-Kendall trend test results calculated at the stations belonging to each 

region were analyzed. For each region, trending and untrending stations were 

evaluated separately and regional trend behaviors were revealed. 

Region 1: The stations in this region are: 2305, 2316, 2320, 2323, 2326, 

2327, 2328, 2331, 2334, 2335, 2337 and 2338. According to the results of the 

Mann-Kendall test, only station 2328 met the condition ܼ	 ൌ 	െ2.72	 ൏ 	െ1.96 

and a statistically significant decreasing trend was observed at this station. Since 

all other stations have |ܼ| ൏ 1.96, there is no significant trend. Therefore, 

Region 1 generally shows a stationary structure and only one station has a weak 

trend. 

Region 2: The stations in this region are: 2302, 2329, 2333, 2304, 2325 

and 2330. As a result of the analysis, a statistically significant decreasing trend 

was detected at station 2330 with ܼ	 ൌ 	െ2.30	 ൏ 	െ1.96. In addition, a trend 
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close to the significance limit was observed at station 2325 with ܼ	 ൌ 	െ1.57. 

There is no significant trend at other stations. According to these results, Region 

2, although it includes decreasing trends at certain stations, generally exhibits a 

limited trend behavior. 

Region 3: The stations in this region are: 2321, 2342, 2336, 2340 and 

2322. According to the Mann-Kendall test results, statistically significant 

decreasing trends were determined with the values of ܼ	 ൌ 	െ2.21	 ൏ 	െ1.96 at 

station 2340 and ܼ	 ൌ 	െ2.34	 ൏ 	െ1.96 at station 2342. No significant trend 

was observed at the other three stations. Therefore, Region 3 is the region with 

the most statistically significant trend. 

General Assessment: In light of the above analyses, only one of the three 

regions (Region 1) showed a largely stable structure, while trends were detected 

at a limited number of stations in Region 2. The most striking finding is the 

existence of statistically significant trends at two stations in Region 3. This 

suggests that Region 3 has shown greater change compared to other regions in 

terms of climatic or geographical effects. 

3.8 SEASONALITY ANALYSIS 

In this part of the study, angular seasonality analysis was applied to the 

flow data of the stations and the regularity and seasonal concentration trends 

regarding the timing of flood events within the year were evaluated. 

3.8.1 Angular Seasonality Analysis 

In this study, in order to perform seasonality analysis, the dates of the flood 

events recorded at each station were calculated as the corresponding day of the 

year (calendar day). The obtained calendar day information was converted to 

radians using Eq. 2.102. Here (Calendar Day)i represents the order of the 

relevant flood event within the year, and θ represents the corresponding radian 

angle. 
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Using radian angle values, the ݔ௜ and ݕ௜ coordinates on the Cartesian plane 

were calculated for each flood observation (Eq. 2.103 and 2.104). For each 

station, the averages of these ݔ௜ and ݕ௜ values were taken to determine ̅ݔ and ݕത, 

respectively, and using these average coordinates, the direction of flood events, 

i.e. the time interval in which they are concentrated during the year, was 

estimated. 

Finally, the average timing of annual floods for each station was 

determined with the average angle θത (Eq. 2.105 or Eq. 2.106) corresponding to 

the averages of ̅ݔ and ݕത and the flood day (Eq. 2.107) obtained from this angle. 

In this study, the temporal distribution of floods within the year was 

examined for each station and seasonality analysis was performed by calculating 

the angular parameters of this distribution. With the method used in the study, 

the day of the year (MD) for each flood event, the radian value ̅ߠ that corresponds 

to these days, and the vector averages representing the orientation with the ̅ݔ and 

ȳ coordinates were determined using these values. In addition, the r value, which 

expresses the homogeneity of the distribution of floods within the year, was also 

calculated. 

According to the results obtained, it was determined that the majority of 

floods occurred between the end of April and mid-May. In particular, the 120–

130th calendar day (approximately between April 30 and May 10) stands out as 

the flood day in most of the stations. This situation corresponds to the period 

when snowmelt and spring precipitation are effective in the region and is an 

important indicator of hydrological seasonality. 
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Table 3.37 Angular Parameters of the Stations 

 

When the r values of the stations are examined, a high level of 

directionality is generally observed in terms of the distribution of flood dates 

within the year. The r value varies between 0 and 1, and as it approaches 1, it is 

understood that the flood days are concentrated around a certain date. According 

to the table given, the average r value is above 0.90, and this situation shows that 

floods are repeated in a certain period at most of the stations. 

For example, r = 0.97 was calculated for station No. 2302, and the floods 

are concentrated on the 138th day (May 18). Similarly, a very significant 

directionality was observed at station No. 2342 with the r = 0.97 value, and the 

floods coincide with the 149th calendar day (May 29). These high r values reveal 

that flood events occur on a fairly consistent date over the years at these stations. 

However, the lowest r value was calculated at station 2331 (r = 0.53). This 

situation shows that the flood dates at this station are more scattered throughout 

the year. Such stations may be exposed to different hydrological regimes or may 

have been affected by different meteorological conditions during the data period. 

As a result, with this analysis, it can be said that the majority of the stations 

in the Çoruh River Basin are exposed to floods in the spring months and 

especially in early May, flood dates are mostly repeated at certain time intervals 

and this situation is also supported by the r coefficient. These findings are 

important in terms of making seasonal flood predictions and shaping flood 

prevention policies. 
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3.8.2 Unit Circles 

In this part of the study, the days on which floods occurred for each of the 

23 selected flow observation stations were calculated by converting them to 

radians and the obtained angular values were shown on the unit circle. Diagrams 

visualizing the locations of the flood days of each station on the unit circle are 

presented below. 

 

Figure 3.53 Unit Circle of the Station 2302 

When the angular seasonality analysis of the flow observation station 

number 2302 is examined, it is seen that the floods generally occur towards the 

end of spring during the year. The mean flood day (Mean Date - MD) is the 

138th day and this date corresponds to May 18. This historical intensity indicates 

the increased surface flow with the snowmelt in the region. The earliest flood 

observed at the station was recorded before March 21, and the latest flood was 

recorded near the beginning of June. The circular distribution of the points in the 
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graph is quite clustered, which shows that the floods are concentrated in a certain 

period during the year. In parallel with this pattern, the homogeneity coefficient 

(r) of the station was found to be quite high as 0.97, indicating a strong 

directionality and low variation between the dates when the floods were 

observed. In this context, it can be said that the floods for station number 2302 

developed in the spring months largely due to snowmelt and were distributed 

homogeneously in time. 

 

Figure 3.54 Unit Circle of the Station 2304 

When the unit circle graph of station 2304 is examined, it is observed that 

flood events are concentrated in the spring months of the year. The average flood 

day (MD) is the 121st day and this date corresponds to May 1. This result 

indicates the periods when snowmelt and seasonal precipitation combine, and 

shows that the hydrological regime in the region is activated in the spring 

months. The clustered structure of the points on the graph shows that floods are 

repeated in a certain period during the year. 
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The homogeneity coefficient (r) was calculated as 0.95, and this value 

indicates a high consistency in the timing of floods. In this context, it can be said 

that the floods observed at station 2304 throughout the years generally occur on 

similar dates, and therefore temporal homogeneity is strong. This obtained 

pattern shows that this station provides a reliable sample in terms of seasonality 

analysis and that flood estimates can be interpreted with high accuracy in terms 

of timing. 

 

Figure 3.55 Unit Circle of the Station 2305 

The unit circle graph for station number 2305 reveals that flood events 

mostly occur in the spring season. The average flood day (MD) was calculated 

as 126, which corresponds to May 6. The intensification of floods during this 

period shows that the flow regime in the region has been revived, especially due 

to the effect of snowmelt and spring precipitation. 
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When the locations of flood events on the circle are examined, it is seen 

that the observations are clustered in a certain period during the year. This 

situation indicates that the floods at the station show a regular seasonal behavior. 

The homogeneity coefficient (r) value is 0.95, which shows a very high temporal 

consistency. This shows that the floods that occurred throughout the years 

mostly occur in the same periods and the station is a strong example in terms of 

seasonal analysis. 

It can be said that the floods at this station develop based on spring 

precipitation and snowmelt in terms of both timing and periodic intensity. As a 

result, the angular analysis performed at station 2305 reveals that seasonality is 

evident and provides reliable data in terms of estimating and planning. 

 

Figure 3.56 Unit Circle of the Station 2316 
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When the unit circle graph of the flood observations of station no. 2316 is 

examined, it is seen that the events are concentrated around May 1, the 121st day 

of the year. The average flood day (MD) was calculated accordingly and 

seasonaly indicates the middle of the spring season. This period corresponds to 

the period when snowmelt and spring precipitation are effective. 

The homogeneity coefficient (r) of the station is a very high value of 0.96. 

This shows that the floods are consistent and accumulated in a certain period 

over time. The fact that the distribution on the circle is tight and dense supports 

that the floods occur in the same period of the year and have a distinct 

seasonality. 

In the light of these data, it can be said that the flood events of station no. 

2316 are highly dependent on the spring period, occur with the effect of 

increasing precipitation and snowmelt, and show a fairly homogeneous 

distribution in time. This station has an exemplary modeling potential in angular 

seasonality analysis. 

 

Figure 3.57 Unit Circle of the Station 2320 
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According to the seasonality analysis carried out at station 2320, the 

average occurrence day (MD) of flood events is day 122, which corresponds to 

May 2. At this station, where floods intensify towards the end of spring, the r 

value was calculated as 0.93. This high r value shows that the distribution of 

floods throughout the year is quite distinct and regularly concentrated in a certain 

period. 

When the angular distribution on the unit circle is examined, it is seen that 

floods are mostly observed between calendar days 110 and 150, that is, they 

mostly coincide with the end of April and mid-May. However, in a few extreme 

cases, floods have also occurred in different periods such as the end of March 

(day 60) and the end of July (day 210). This situation shows that exceptional 

meteorological conditions (sudden snow melt, summer showers, etc.) may be 

effective. 

In general, the clustering of floods in a certain period of the year reveals 

that snowmelt and spring precipitation play a decisive role in the formation of 

floods at this station. In this period when agricultural activities accelerate, flood 

risk poses a significant threat. Therefore, it is recommended that early warning 

systems be activated and agricultural planning be made according to the flood 

calendar during this period. 

 

Figure 3.58 Unit Circle of the Station 2321 
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When the distribution of floods during the year at the flow observation 

station numbered 2321 was examined, it was determined that the majority of the 

floods occurred in the late May and early June period. The calculated mean flood 

day (Mean Date - MD) is the 152nd day, which corresponds to June 1. The floods 

that occurred during this period are most likely the result of sudden flow 

increases caused by the melting of snow cover accumulated in high mountain 

regions during the winter season in the spring. 

The value of r, which is the homogeneity indicator calculated for the 

station, was determined as 0.91. This high value reveals that flood events are 

clustered in a certain time interval of the year and show seasonal regularity. In 

the angular distribution graph made on the unit circle, it is clearly seen that the 

observation values are concentrated between 120 and 180 calendar days. 

However, floods that occurred on later dates (approximately 240th day - early 

September) were also observed, although rarely. This situation shows that the 

flood regime is predominantly concentrated in the spring-summer transition 

period, but exceptional floods can last until the end of summer due to regional 

hydro-meteorological variability. 

The analysis conducted at this station emphasizes that hydrological 

planning should focus especially on the end of spring and the beginning of 

summer and that it is critical to activate flood risk management during this time 

period. At the same time, since this period is also the time period when 

agricultural activities are intensified, early warning systems and flood control 

strategies should be considered in order to minimize agricultural damages from 

possible floods. 
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Figure 3.59 Unit Circle of the Station 2322 

According to the seasonality analysis results of station 2322, the average 

day of occurrence of flood events is the 127th day, which corresponds to May 7. 

This date corresponds to the end of spring and indicates a period when the risk 

of flooding increases due to the effect of increasing precipitation with snow melt. 

The r value was calculated at a very high level of 0.97, which shows that flood 

events are concentrated in a very specific time interval during the year. 

In the analysis conducted on the unit circle, it is observed that the majority 

of the data is concentrated between days 110 and 150. This situation reveals that 

floods occur due to meteorological and hydrological climatic conditions specific 

to the spring season (for example: snow melting and seasonal precipitation due 

to temperature increase). At the same time, this pattern shows that the 

hydrological regime in the region has a significant seasonality. 

Expressing a high level of homogeneity, r = 0.97 indicates that there is a 

very low dispersion in the timing of the floods observed at station 2322, that is, 
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the floods occur almost at the same time every year. This feature shows that 

flood predictions can be made more reliably at the station in question and the 

effectiveness of early warning systems can be increased. 

 

Figure 3.60 Unit Circle of the Station 2323 

When the flood observations of station 2323 are examined, the average 

day when the floods occur is the 123rd day, which corresponds to May 3. This 

historical location coincides with the middle of the spring months in the region 

and indicates the period when seasonal precipitation increases with the effect of 

snow melt. 

In the angular analysis results of the station, the r value was calculated as 

0.96. This high homogeneity coefficient shows that flood events are 

concentrated in a certain period during the year and are repeated in a consistent 

manner in time. In other words, there is a high probability that floods will occur 
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on similar dates every year at station 2323. This situation reveals that flood 

timings have a significant seasonality. 

When the unit circle graph is examined, it is seen that floods are mostly 

concentrated between the 110th and 150th calendar days. This distribution 

shows that flood events are more frequent in the spring season, especially in late 

April and early May. Although there are a few years in which floods occur early 

among the observations, the general distribution is concentrated in the spring 

months. 

 

Figure 3.61 Unit Circle of the Station 2325 

According to the seasonality analysis conducted for station number 2325, 

the average day when floods occur is the 120th day, which corresponds to April 

30th in calendar terms. This time period coincides with the period when spring 

precipitation in the region intensifies and indicates a critical time interval when 

floods are triggered by the effect of snowmelt. 
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The r value of the station was calculated as 0.90. This high homogeneity 

value shows that flood events occur quite consistently and at similar times 

throughout the year. This reveals that flood occurrences have a clear seasonal 

pattern and are highly predictable. 

In the unit circle graph, it is observed that the majority of the data is 

concentrated between calendar days 110–150. In addition, floods were recorded 

at earlier or later times in a few years. Especially floods occurring on dates close 

to the beginning of summer, such as days 210 and 240, can be associated with 

extreme events or unusual rainfall conditions. 

 

Figure 3.62 Unit Circle of the Station 2326 

According to the seasonality analysis of station 2326, the average day of 

flood occurrence is the 131st day, which corresponds to May 11. This period 

coincides with the middle of the spring season and indicates a time period when 
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flood risk becomes evident with both snow melt and increasing precipitation 

regime. 

The r value of the station was calculated as 0.83. This value indicates that 

flood dates show a largely homogeneous distribution throughout the year, that 

is, floods are generally concentrated in a certain period. However, it is observed 

in the unit circle graph that floods occur on unusual dates for a few years, 

especially around the 210th and 300th days. These deviations may be a result of 

extreme meteorological events or regional hydrological variability. 

However, the majority of the floods are concentrated between calendar 

days 120–150, indicating regular flood occurrence in spring months during the 

analyzed period. This feature shows that the station has a strong seasonal flood 

characteristic and provides a reliable temporal pattern that can be used in early 

warning systems. 

 

Figure 3.63 Unit Circle of the Station 2327 
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According to the seasonality analysis results of station 2327, the average 

day of occurrence of floods is the 127th day, which corresponds to 

approximately May 7. This date corresponds to the middle of the spring season 

and shows that spring precipitation, which increases with snowmelt, plays a 

decisive role in the formation of floods. 

The seasonal homogeneity coefficient of the station, r, is quite high at 0.96. 

This value indicates that floods occur regularly and intensively in a certain time 

interval on an annual basis. It is also seen in the unit circle graph that flood days 

are largely concentrated between calendar days 120–140, with only a few data 

falling outside this range. This situation proves that there is a high level of 

homogeneity and seasonality in terms of the timing of floods. 

The fact that the flood times of the station show such a distinct pattern 

reveals that hydrological processes are especially active in the spring period in 

this location and that this period is critical in terms of floods. Therefore, station 

2327 can be considered as an important station that provides high predictability 

in terms of the development of flood early warning systems and regional flood 

management. 

 

Figure 3.64 Unit Circle of the Station 2328 
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According to the seasonality analysis conducted at station number 2328, 

the average day of occurrence of floods is the 120th day, which corresponds to 

approximately April 30. This date indicates a period approaching the end of the 

spring season, suggesting that snowmelt and precipitation increases experienced 

during seasonal transitions are effective in flood formation. 

The r value expressing the seasonal homogeneity level of the station is 

0.80, which indicates a medium-high level of regularity in the distribution of 

floods throughout the year. In the representation made on the unit circle, the 

majority of floods are clustered between calendar days 90 and 160. However, it 

is also observed that a few observations are shifted to the autumn period of the 

year (for example, after day 300). This situation reveals that different 

meteorological conditions (for example, late autumn precipitation) may cause 

floods in some years at the station. 

Although the timing of floods at this station is generally concentrated in 

the spring season, there are also occasional flood observations in other months 

of the year. This diversity suggests that the hydrological system in the region 

where the station is located may be affected by different climatic effects 

periodically. Therefore, station 2328 can be considered as a location that should 

be carefully monitored in terms of both spring and, rarely, autumn floods. 

 

Figure 3.65 Unit Circle of the Station 2329 
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According to the angular seasonality analysis carried out at station number 

2329, the average day of occurrence of floods is the 118th day, which 

corresponds to approximately April 28. This date corresponds to the middle of 

the spring season and represents the period when floods are triggered, especially 

by the effect of snowmelt and spring precipitation. 

The r value indicating the homogeneity level of the station is 0.95, which 

is quite high. This situation shows that floods are concentrated in a certain time 

interval during the year and exhibit a consistent distribution in time. The 

distribution on the unit circle also supports this result, and flood observations are 

largely concentrated between days 90 and 150. 

The fact that flood events occur in such a narrow time interval during the 

year shows that the hydrological regime in the region has high seasonal 

dependence. In this region where climatic conditions are distinct, especially in 

the spring period, increasing temperatures, snow melting and precipitation 

trigger flood formation. Therefore, station 2329 can be considered as a critical 

station with high reliability in terms of homogeneity, where spring floods are 

frequently observed. 

 

Figure 3.66 Unit Circle of the Station 2330 
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According to the angular seasonality analysis conducted for station 2330, 

the average occurrence day of flood events is day 148, which corresponds to 

May 28. This shows that floods are generally concentrated in a period close to 

the end of spring and the beginning of summer. 

The r value, which is the homogeneity indicator of the station, was 

calculated as 0.92. This is a very high value and reveals that floods occur 

repeatedly in a certain period of time during the year. When the distribution on 

the unit circle is examined, it is seen that floods are mostly concentrated between 

calendar days 120 and 150. However, the fact that a few data points are 

distributed around day 60 and day 210 indicates that exceptional flood events 

were also recorded. 

In the light of these data, it can be said that the majority of the floods 

observed at station 2330 occurred in the last part of the spring season and the 

beginning of summer, which corresponds to the period when snow melting is 

completed in the region and seasonal precipitation is effective. The high r value 

of the station shows that the seasonal flood dynamics are distinct and consistent, 

indicating that this station constitutes a reliable example in seasonality analyses. 

 

Figure 3.67 Unit Circle of the Station 2331 
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In the seasonality analysis conducted for station 2331, the average 

occurrence day of flood events was determined as the 109th day, namely April 

19. This date coincides with the middle of spring and corresponds to the period 

when precipitation begins to increase. 

However, the r value of this station was calculated as 0.53, which is quite 

low compared to other stations. The low r value indicates that floods are 

distributed throughout the year and are not concentrated in a certain season. 

Indeed, when the distribution on the unit circle is examined, it is understood that 

floods are observed not only in spring but also in summer, autumn and winter 

seasons. In particular, the data points located around calendar days 0, 270 and 

330 reveal that floods occur in a wide time interval throughout the year. 

In this context, it can be concluded that floods do not show a seasonal 

intensity at station 2331, i.e., seasonality is weak. This situation may be due to 

irregularities in local precipitation conditions or different hydrometeorological 

factors. Therefore, this station shows that the reliability of seasonal Estimations 

in predicting floods may be low. 

 

Figure 3.68 Unit Circle of the Station 2333 
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The average time of occurrence of flood events for station number 2333 

was calculated as the 137th calendar day, i.e. May 17. This date coincides with 

the end of spring and indicates the period when seasonal precipitation intensifies 

together with snowmelt. This situation suggests that the floods in the region are 

largely triggered by the melting of snow accumulated during the spring-summer 

transition, especially in high mountain areas. 

The r value indicating the degree of homogeneity of the station is 0.78, 

which reveals a moderate seasonal concentration in the timing of floods. When 

the distribution on the unit circle is examined, it is seen that the majority of the 

floods occur between days 120 and 150, i.e. between the end of April and the 

middle of May. However, a few flood data were also observed at different 

periods of the year, which shows that the data does not show 100$\%$ seasonal 

intensity but presents a general trend. 

In this context, floods are significantly concentrated in spring at station 

2333, which shows that seasonal predictions are feasible from a hydrological 

perspective. Moderate homogeneity supports the reliability of the predictions. 

 

Figure 3.69 Unit Circle of the Station 2334 
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The average occurrence day of flood events for station number 2334 is the 

115th calendar day, which corresponds to April 25. This time period coincides 

with the middle of spring and represents a period when snowmelt and spring 

precipitation are effective in the region. This seasonal effect plays an important 

role in the hydrological cycle of the region. 

The r value calculated for the station was found to be 0.86. This high value 

shows that floods are concentrated in a very specific period during the year. In 

other words, flood events at this station show a high seasonal regularity in terms 

of time. As can be seen in the unit circle graph, flood observations are largely 

collected between mid-April and early May. However, there are rare flood 

observations from other periods of the year. 

In the light of these data, it can be said that the majority of the floods 

observed at station number 2334 occurred in the spring season, especially during 

the transition period when snowmelt is effective. Due to the high degree of 

homogeneity, the reliability of seasonal based flood Estimations at this station is 

quite high. 

 

Figure 3.70 Unit Circle of the Station 2335 
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According to the angular seasonality analysis conducted at station 2335, 

the average occurrence day of flood events during the year was calculated as the 

120th calendar day. This date corresponds to April 30, which coincides with the 

middle of the spring season. This period is known as the time period when 

snowmelt is completed and spring precipitation intensifies. 

The r value of this station is 0.93, which is quite high. This indicates that 

flood events are clustered in a certain period of the year and show a distinct 

seasonality in terms of time. Flood days on the unit circle are largely 

concentrated between the end of April and the beginning of May, which reveals 

that seasonal regularity is high. 

This regularity observed at station 2335 can be associated with the 

hydrological regime of the region. Located at the intersection of the Black Sea 

and Eastern Anatolian climate characteristics, this region remains at risk of 

flooding due to the combined effects of snowmelt and precipitation in the spring 

period. Therefore, the station's flood observations increase the reliability of 

seasonal Estimations and support the effectiveness of early warning systems. 

 

Figure 3.71 Unit Circle of the Station 2336 
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According to the results of the angular analysis performed at station 2336, 

the average occurrence day of flood events during the year was calculated as the 

148th calendar day, i.e. May 28. This date corresponds to the end of spring and 

the beginning of summer. It indicates a period when snowmelt accelerates with 

the increase in temperatures in the region and increases the risk of floods by 

combining with precipitation. 

The r value of the station is 0.83, which indicates that floods are 

concentrated in a certain time period during the year and have a fairly 

homogeneous distribution in terms of timing. The clustering observed in the 

polar graph shows that the data is largely collected in a certain sector and 

contains only a few extreme examples. This supports the fact that floods occur 

seasonally consistently. 

According to the analysis results, the main cause of floods for station 2336 

is the precipitation that is effective together with snowmelt in the late spring and 

early summer periods. The fact that most of the flood observation dates are 

concentrated in the last week of May reveals that this period is critical in terms 

of flood risk. The high homogeneity value obtained by the station is an important 

indicator for the reliability of flood Estimations. 

 

Figure 3.72 Unit Circle of the Station 2337 
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According to the results of the angular analysis conducted at station 2337, 

the average occurrence day of flood events during the year was determined as 

the 122nd calendar day, i.e. May 2. This date coincides with the middle of spring 

and reflects the period when the effects of snowmelt and spring precipitation in 

the region intensify. 

The r value of the station indicates a very high level of homogeneity with 

0.94. This value shows that the flood observation dates are concentrated in a 

certain time interval during the year and that there is a seasonal pattern far from 

randomness. It is also clearly seen in the polar graph that the data are mostly 

clustered in the same sector, therefore the floods are seasonally predictable. 

These results reveal that the hydrological behavior in the region where 

station 2337 is located has a strong seasonal structure. Especially the snowmelt 

that starts with the increase in temperature in the spring months and the 

simultaneous precipitation can be considered as the main factors triggering these 

floods. This station offers a highly reliable analysis opportunity in terms of 

predicting and managing flood risk. 

 

Figure 3.73 Unit Circle of the Station 2338 
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According to the angular seasonality analysis conducted at station 2338, 

the average occurrence day of flood events was determined as the 115th calendar 

day, namely April 25. This date coincides with the middle of the spring season 

and shows that snowmelt in the region as well as increased spring precipitation 

are effective in flood formation. 

The r value of the station is 0.95, indicating a very high degree of 

homogeneity. This situation shows that floods occur in a very specific period 

during the year and are densely clustered in time. The collection of data in the 

polar graph in a narrow angular range reveals that the seasonality effect is very 

clear for this station. 

According to the findings, floods were observed for station 2338 mainly 

in the spring months, especially in the late April and early May periods. Floods 

in this period may have occurred due to the combination of snowmelt and 

increased precipitation with the seasonal transition. The high r value supports 

the usability of the data obtained from this station in analyses and their reliability 

in flood timing estimates. 

 

Figure 3.74 Unit Circle of the Station 2340 
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According to the angular seasonality analysis conducted at station 2340, 

the average time of occurrence of floods corresponds to the 118th calendar day, 

approximately April 28. This date coincides with the middle period of the spring 

season in the region and indicates a period when floods are caused by 

precipitation that increases with snowmelt. 

The r value of this station was calculated as 0.73. This value shows that 

floods occur at a certain time period during the year, but have a lower temporal 

density than some other stations. In other words, it is understood that flood 

events are focused on a certain season, but some floods are observed at other 

times of the year. 

When the polar graph is examined, it is seen that although the majority of 

the data is clustered within the spring period, a few data points are scattered at 

the end of summer and the beginning of autumn (for example, around days 300 

and 330). This situation shows that although the floods observed at the station 

are mostly spring-related, floods can also occur at other times of the year. This 

diversity can perhaps be related to the microclimatic characteristics of the 

location of the station or the local precipitation regime. 

As a result, it has been shown, supported by the r value, that floods at 

station number 2340 occur predominantly in spring seasonally, but low-intensity 

events can also occur at other times of the year. This necessitates careful 

evaluation in terms of seasonal prediction. 
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Figure 3.75 Unit Circle of the Station 2342 

The angular seasonality analysis for station 2342 was conducted to 

determine the temporal distribution of flood events throughout the year. As a 

result of the calculations, the average occurrence day of floods for this station 

was found to be the 149th calendar day. This date corresponds approximately to 

May 29 and shows that floods are concentrated in the late spring period. 

The r value for this station was calculated as a very high value of 0.97. 

This situation indicates that floods occur in a very specific and narrow time 

interval during the year. In other words, the timing of flood events at station 2342 

is highly homogeneous and largely depends on a specific season. 

When the polar graph is examined, it is clearly seen that almost all of the 

data are clustered in a time interval close to the end of spring and the beginning 

of summer. The concentration of the points on a small angular arc also supports 

that the floods at the station largely coincide with the same period. 

This situation shows that the hydrological cycle in the region has a high 

potential to produce floods, especially during a period when snowmelt and 
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seasonal precipitation coincide. At the same time, this seasonal repetition can be 

evaluated in a way that allows flood management and early warning systems to 

focus on certain time periods. 

As a result, the majority of the floods observed at station number 2342 

occur on approximately the 150th day of the year, and this tendency has been 

shown to show a strong seasonality supported by the high r value (0.97). This 

homogeneity provides high reliability in seasonal estimating and planning 

studies at the station. 

Unit Circles of Stations Together: 

As seen in the Figure 80, the average day of annual maximum flood flows 

in the vast majority of the stations examined is concentrated between the 110th 

and 150th days of the year. This shows that flood events generally occur between 

the end of April and the end of May. In addition, the fact that the points are 

located close to the circle reveals that floods are concentrated in a certain period 

during the year and that seasonality is evident. This supports the fact that the 

hydrological regime in the region depends on snowmelt and spring precipitation. 

 

Figure 3.76 Flood Seasonality Representation on Unit Circle 



 

127 
 

3.8.3 Seasonal Similarities of Stations Calculated with Euclidean Distances 

In this study, in order to analyze the similarities of 23 stations according 

to their seasonal characteristics, Euclidean distance was calculated for each 

station pair. In the calculations, two-dimensional Euclidean distance was used in 

accordance with the formula (Eq. 2.109) based on the ̅ݔ and ݕത coordinates 

obtained from the angular seasonality analysis. These calculated distances are 

presented in Table 38 in the form of a symmetric matrix. These similarity values 

vary between 0 and 1, and when the value approaches 0, it is stated that the 

stations are more similar to each other seasonally, and when it approaches 1, the 

similarity decreases. 

In this study, in order to analyze the similarities of 23 stations according 

to their seasonal characteristics, Euclidean distance was calculated for each 

station pair. In these calculations, distances were obtained in accordance with 

the two-dimensional Euclidean distance formula (Eq. 2.109) based on the ̅ݔ and 

 ത coordinates obtained from the angular seasonality analysis. The distanceݕ

values for each station pair are presented in Table 38 in a symmetric matrix 

structure. These similarity values vary between 0 and 1, and the value 

approaching 0 indicates a high level of similarity in seasonal behavior between 

stations, while the value approaching 1 indicates a difference. 

As a result of the calculations, the highest similarity value was found 

between stations 2331 and 2342 with 0.65; the lowest value was obtained 

between stations 2304 and 2316 with 0.01. Based on these values, a threshold 

value was determined to classify similarities between stations. This threshold, 

determined based on the arithmetic average of the maximum and minimum 

values, was accepted as 0.33. Accordingly, all station pairs with ݀ ௜௝ ൏ 0.33 were 

considered “similar” in terms of season, while values above the threshold value 

were evaluated as pairs with significant differences. 

This classification between station pairs is visualized in Table 39 with blue 

(+) and red (×) colors. Blue cells represent similar station pairs below the 

threshold value, and red cells represent different pairs above the threshold value.  
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According to the analysis results, a very low distance of 0.02 was obtained 

between stations 2305 and 2327. Similarly, low distances were recorded in 

station pairs such as 2316 and 2320; 2320 and 2305; 2322 and 2327; 2323 and 

2325, and it was revealed that these stations were quite compatible in terms of 

seasonal flood behavior. On the other hand, it is seen that station 2331 has a high 

similarity value with many stations (for example, 0.65 with 2342 and 0.59 with 

2330), and therefore it is different from other stations in terms of the timing of 

floods during the year. 

In this context, in terms of seasonality, stations such as 2305, 2316, 2320, 

2322, 2323, 2335 and 2337 are included in groups that exhibit high levels of 

seasonal coherence due to their low-distance connections with many other 

stations. On the other hand, stations 2331, 2342, 2321 and 2330 are separated by 

their relatively high distances and show more isolated flood behaviors. 

As a result, thanks to this similarity study supported by angular seasonality 

analysis, clusters with high levels of similarity between the stations were 

determined. These clusters obtained will be an important reference for future 

regional flood risk estimates and hydrometeorological models and will 

contribute to the determination of homogeneous sub-regions. 

Table 3.38 Similarity Values Calculated with Euclidean Distances of the 

Stations 
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Table 3.39 Similarity Groups Calculated with Euclidean Distances of the 

Stations 

 

3.8.4 Result 

In seasonality part, angular seasonality analysis was performed to evaluate 

the timing of flood events during the year. The calendar days when floods 

occurred were determined for each station, these values were converted to 

radians and the ̅ݔ and ݕത coordinates on the unit circle were calculated. The 

averages of the obtained coordinates were taken to determine the average 

direction of floods during the year and the periods when they intensified. 

In line with the angular data of the stations, the homogeneity degrees 

according to the distribution of flood days during the year were evaluated with 

the r coefficient and polar graphs were created for each station to visualize the 

temporal patterns. As a result of the analysis, it was determined that floods 

intensified in the spring months at many stations. 

In addition, the Euclidean distance was calculated for each station pair to 

evaluate the seasonal similarity between stations. In these calculations, 

 ത averages were taken as basis and similarity matrices betweenݕ and ݔ̅

stations were created. Based on the determined threshold value of 0.33, stations 

with similar seasonal behaviors were grouped and visually classified. The 

findings revealed that some station groups showed high similarity in terms of 
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intra-year flood timing, while some stations were clearly separated. These results 

constitute an important basis for regional flood predictions and determination of 

homogeneous regions in hydrological models. 

3.8.5 Regional Seasonality Analysis: Comparison of Flood Occurrence 

Times 

The timing of flood events plays an important role in determining regional 

hydrometeorological similarities. In this context, the average flood calendar days 

(Flood Calendar Day) of the stations in each region were evaluated and their 

seasonal similarities were analyzed. 

Region 1: In this region consisting of stations 2305, 2316, 2320, 2323, 

2326, 2327, 2328, 2331, 2334, 2335, 2337 and 2338, floods were generally 

observed between the end of April and mid-May. For example, in 2334, the flood 

was observed on April 25, in 2338 on April 25 and in 2305 on May 6. This 

distribution indicates that the floods occurred in a relatively homogeneous time 

period throughout the region. However, relatively late floods are observed at a 

few stations (e.g. 2321: 1 June). This may indicate the effect of microclimatic or 

topographic differences within the region. 

Region 2: In this region, which includes stations 2302, 2329, 2333, 2304, 

2325 and 2330, floods are generally concentrated between the end of April and 

the beginning of May. The flood days for stations such as 2329 and 2330 are 28 

April and 28 May, respectively, and for 2302 it is 18 May. This shows a slightly 

wider temporal distribution compared to Region 1. However, the floods still 

appear to be clustered in a certain period and show a seasonally consistent 

structure. 

Region 3: When the flood days in this region are examined at stations 

2321, 2342, 2336, 2340 and 2322, a similar homogeneity is observed. For 2340, 

2322 and 2336, the floods occur between April 28 and May 29. This distribution 

reveals that the flood season of the region is concentrated in May and that the 

stations in the region show high seasonal coordination. 
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General Assessment: The analysis conducted for the three regions shows 

that the times of occurrence of floods during the year are similar between the 

regions, but there are also intra-regional variations. This situation shows that it 

is appropriate to base regional analyses on seasonality consistency between 

stations. In particular, while the stations in Region 3 have the highest time 

consistency, some stations in Region 1 (e.g. 2321) deviate from the general 

trend. 

This assessment demonstrates the importance of zoning studies based on 

flood seasonality and will provide a solid basis for future hydraulic modelling. 
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CONCLUSION AND SUGGESTION 

Statistical Values of the Stations: 

In this section, basic statistical values for flood flows were calculated for 

23 stations. The variation between stations was examined using mean values ̅ݔ, 

standard deviations ሺσሻ and coefficients of variation (ܥ௩௫ሻ. The highest 

coefficient of variation was observed at station 2335 with a value of 0.722, 

indicating that the flood magnitude fluctuated significantly at this station. The 

lowest value of ܥ௩௫ was found at station 2321 with a value of 0.2353, indicating 

that this station had a relatively more stable flood regime. These analyses formed 

the basis of regional homogeneity studies and prepared the ground for the 

comparisons made in the following sections. 

Goodness of Fit Tests for Distributions: 

In this study, Chi-Square and Kolmogorov-Smirnov (K-S) goodness-of-fit 

tests were performed with EasyFit software for flood frequency analysis at 23 

different stations. The test statistics calculated for each distribution were 

compared with the critical values and the goodness-of-fit of the distributions was 

evaluated according to the statistical significance level. 

According to the K-S test results, all tested distributions were found to be 

acceptable at almost all stations. Only at station 2333, the normal distribution 

did not fit the data, while other distributions gave significant results at all stations 

including this station. 

In terms of the Chi-Square test, the normal distribution did not fit the data 

at stations 2304, 2320 and 2333. On the other hand, Log-Normal (LN), Log-

Normal 3 (LN3) and Generalized Extreme Value (GEV) distributions were 

successfully applied to all stations. The Gumbel distribution could not fit the 

data at stations 2304 and 2326. 

According to the findings, GEV, LN and LN3 distributions stand out as 

more reliable and generally accepted models in flood analyses in the region. 

Especially the fact that GEV distribution gives successful results at every station 
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supports the preference of this distribution. The fact that the normal distribution 

cannot fit the data at some stations requires the careful use of this distribution. 

Parameters of Probability Distributions for Station Data: 

For each station, parameters belonging to Normal, Log-Normal (LN), 

Three Parameter Log-Normal (LN3), Gumbel and Generalized Extreme Value 

(GEV) distributions were estimated. L-moment method was used in estimating 

distribution parameters. While LN3 distribution is generally suitable for data 

with high skewness, similar parameter estimates were obtained with symmetric 

distributions (e.g. Normal) at some stations. This diversity reflects the difference 

in hydrometeorological conditions of the stations in the region. 

Estimation of Flood Flow Rates at Various Return Intervals:  

For all stations, 2, 5, 10, 25, 50, 100 and 500-year flood magnitudes were 

estimated. For example, for station No. 2302, the flood value corresponding to a 

100-year return period was found to be approximately 342.8 ݉ଷ/ݏ in the LN3 

distribution and 92.03 ݉ଷ/ݏ in the GEV distribution. This difference clearly 

reveals the effect of the distribution selection on the estimation results. While 

the LN3 distribution estimated the extreme values larger, the GEV and Gumbel 

distributions gave more conservative results. Therefore, it is of great importance 

to determine which distribution is used in critical infrastructure designs. 

Trend Analysis: 

In the study, the Mann-Kendall test was applied to 23 hydrological stations 

on annual maximum flood flow rates; only four stations (2328, 2330, 2340, 

2342) had statistically significant trends (∣Z∣>1.96). In order to evaluate the trend 

directions and explanatory power at these stations, regression analyses were 

performed on dimensionless flood flow rate ሺܳ/ തܳሻ and ܴଶ values were 

calculated. 

A negative trend was observed at all stations, and ܴଶ values ranged 

between 0.17 and 0.24. This shows that although the trends are statistically 

significant, their linear explanatory power is limited. 

As a result, it was concluded that flood trends in the region are generally 

weak and non-linear, and therefore it would be appropriate to evaluate them by 
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taking into account longer time periods and climatic factors. These results should 

be taken as reference only. 

Regional Flood Analysis: 

Initially it was assumed that all stations were a single homogeneous region, 

but this hypothesis was rejected according to the Wiltshire homogeneity test 

results. Then, two regions were defined according to the coefficients of variation 

and these regions were tested again. It was determined that these two regions 

were not homogeneous. It was observed that the stations with high coefficients 

of variation were excluded in the second region, while the stations with low 

coefficients disrupted the homogeneity in the first region. In line with this 

observation, the stations with low variation were grouped as a new third region. 

All three regions created met the homogeneity condition. This regional grouping 

is a critical step in increasing statistical reliability in flood predictions. 

Seasonality Analysis: 

The distribution of flood events for each station during the year is 

expressed in angular values. The average flood day is concentrated around May 

18, and flood intensity is observed between the end of spring and the beginning 

of summer in most of the stations. The highest homogeneity is detected at station 

2342 with r = 0.97. 

Flood dates for each station are shown on the unit circle. These graphical 

representations have been an important tool for visualizing the temporal 

distribution of floods throughout the year. Clustered points on the circle indicate 

homogeneity of flood timing, while scattered structures indicate irregularity. 

The similarity between stations according to angular parameters was 

calculated with Euclidean distance. The lowest distance was calculated as 0.01 

(2304–2316) and the highest distance was calculated as 0.65 (2331–2342). The 

threshold value was taken as 0.33 and accordingly the stations were divided into 

three similarity clusters. This clustering can be used in timing-based flood risk 

management. 
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APPENDICES 

Table A.1 Δ௔ Values of K-S Test 

 

Table A.2 Δ௔values of K-S test for Normal and Gumbel Distribution 

(Crutcher, 1975) 
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Table A.3 Z Table 
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Table A.4 t-Students Table 
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