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Abstract 
 
This study aims to analyze the flood disaster that occurred in Kastamonu-Bozkurt in 2021 through the morphometric parameters of 

the basin. In the study, the Basin of Ezine Stream, which is the flood experienced most effectively, was analyzed together with the 

neighboring basins. Bozkurt flood is one of the most destructive floods in the history of Türkiye. As a result of the floods that 

occurred in Kastamonu and neighboring provinces on 10th - 12th August 2021, 82 people lost their lives. The Digital Elevation 

Model (DEM) of the study area was created with a cell size of 10*10 m using topography maps, and the boundaries of the basins to 

be analyzed with the ArcGIS-Archydro Module were determined. 30 indices were applied to these basins within the scope of shape 

(geometric), areal and relief morphometric features of the basins. The relationship between morphometric parameters was 

determined with the Pearson correlation coefficient. When the analysis results are evaluated for the Basin of Ezine Stream, it is the 

basin with the largest area, and the largest value of basin relief, relative relief and ruggedness. As a result, erosional activities and 

the risk of flood are high. When all basins are evaluated in general, it has been revealed that the shape of basins are more elongated, 

and the features of relief morphometry facilitate the formation of floods. Basin relief, relative relief, dissection degree, slope values, 

and average slope values are high for all basins; and both the amount of water added to the overland flow and the speed of the 

overland flow increased. This situation also increased the amount of material carried during the flood. Constructions built close to 

the stream bed increased the effect of the flood. Depending on the global climate change, the study area corresponds to the area 

where the change in daily maximum precipitation varies between 5-10%. Therefore, floods are likely to continue. For this reason, it 

is recommended to consider geometric, areal and relief morphometric features of the basins along with the climatic features of the 

basins while taking the necessary precautions. According to CORINE land cover data, urban areas in the Ezine Stream Basin 

increased by over 100% between 1990 and 2018, which is also affected by disastrous floods and overflows. Conservation and 

strengthening of natural vegetation in the study area will reduce the damage level of floods and overflows. 
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Bozkurt (Kastamonu-Türkiye) Taşkınına Morfometrik Yaklaşım 
 
Özet 
 
Bu çalışmada 2021 yılında Kastamonu-Bozkurt’ta meydana gelen taşkın afetinin havza morfometrik parametreleriyle 

değerlendirilmesi amaçlanmıştır. Çalışmada taşkın etkilerinin en fazla olduğu Ezine Çayı Havzası, komşu havzalarla birlikte 

değerlendirilmiştir. Bozkurt taşkını, Türkiye tarihinde en fazla yıkıma neden olan taşkınlardan biridir. 10-12 Ağustos 2021 

tarihlerinde Kastamonu ve komşu illerde meydana gelen taşkınlar sonucu 82 kişi hayatını kaybetmiştir. Çalışma alanına ait Sayısal 

Yükseklik Modeli (SYM) topoğrafya haritaları kullanılarak 10*10 m hücre boyutunda oluşturulmuş, ArcGIS-Archydro Modülü ile 

analize tabi tutulacak havzaların sınırları belirlenmiştir. Bu havzaların; şekil (geometrik), alan ve rölyef morfometrik özellikleri (30 

indices) hesaplanmıştır. Morfometrik parametreler arasındaki ilişki, Pearson korelasyon katsayısı ile bulunmuştur. Analiz sonuçları 

Ezine Çayı Havzası için değerlendirildiğinde; alanı en büyük, havza rölyefi, rölatif rölyef, engebelilik değeri en büyük olan havzadır. 

Buna bağlı olarak erozyonel faaliyetler fazla ve taşkın tehlikesi yüksektir. Tüm havzalar genel olarak değerlendirildiğinde; 

havzaların daha çok uzunlamasına bir şekle sahip olduğu, rölyef morfometrisi özelliklerinin taşkın oluşumunu kolaylaştırdığı ortaya 

çıkmıştır. Tüm havzalar için havza rölyefi, rölatif rölyef, yarılma derecesi, eğim ve ortalama eğim değerleri yüksek olup, hem 

yüzeysel akışa geçen su miktarı artmış hem de yüzeysel akışın hızı artmıştır. Bu durum taşkın sırasında taşınan malzeme miktarını da 

artırmıştır. Dere yatağına yakın yapılaşmalar taşkının etki derecesini büyütmüştür. Küresel iklim değişikliğine bağlı olarak çalışma 

alanı günlük maksimum yağışlardaki değişimin % 5-10 arasında olduğu alana tekabül etmektedir. Bu nedenle taşkınların yaşanmaya 

devam etmesi olasıdır. Bu nedenle gerekli tedbirler alınırken havzaların iklim özellikleri ile birlikte geometrik (şekil), alansal ve 

rölyef morfometrik özelliklerinin dikkate alınması önerilmektedir. CORINE arazi örtüsü verisine göre Ezine Çayı Havzası’nda 1990-

2018 yılları arasında kentsel alanlar %100’ün üzerinde artmıştır. Sel ve taşkınların afet boyutuna dönüşmesinde bu durumun da 

etkisi bulunmaktadır. Çalışma alanında doğal bitki örtüsünün korunması ve güçlendirilmesi sel ve taşkınların zarar derecesini 

azaltacaktır. 
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1. Introduction 
 
Flood, is a natural event that turns into a disaster, where the water cannot fit into its bed for various reasons and 

damages the surrounding settlements, agricultural lands, and infrastructure facilities. Flood rank second among all 

disasters in the world and Türkiye in terms of loss of life and property and rank first among meteorological disasters 

(Demir and Ülke Keskin 2022a). According to the available data, in Türkiye, the economic losses caused by the floods 

are approximately 300 million Turkish Lira (TL) every year (GDWM 2014; Demir and Ülke Keskin 2022b). The 

importance of flood management is increasing day by day, both because it causes material and moral losses in the 

region, and because it is a disaster that adversely affects the development of the region (Ertürk and Kaya 2019; Çanta et 

al. 2022). Flood management refers to all the studies and works conducted to address the core reasons that trigger the 

flood in order to control and minimize the impacts of the flood (Sunkar and Tonbul 2010; Yılmaz et al. 2017; Çanta et 

al. 2022). With the effect of climate change, the number of natural disasters with meteorological character is increasing 

every year around the world. In Türkiye, a great increase has been observed in disaster-sized flood due to heavy rains in 

recent years (Çanta et al. 2022). In order to be protected from flood and flood damages, the flood susceptibility of the 

basins should be determined through various approaches, such as hydraulic modeling, analytic hierarchy, statistical 

methods and basin morphometry studies. 

Ertürk and Kaya (2019), created flood hazard maps for Kirazlı Stream located in the Trabzon-Vakfıkebir district. 

According to these maps, the Kirazlı stream bed could not carry the Q500 flood flow and the flooding waters affects 

some settlements downstream. Gülbaz (2019), created flood spread and water depth maps of the Türkköse Stream 

located in Sazlıdere Basin in İstanbul via WMS, HEC-HMS, and HEC-RAS software. In these maps, a 6 m deep water 

elevation and a 260 m wide flood spread occurred in the main stream passing through the settlement areas. Oğraş and 

Önen (2019), carried out a flood analysis with HEC-RAS software in the section of the Tigris River between the 

Diyarbakır-Silvan highway and the historical Ten Eyed Bridge. In this study, it was evaluated that many public facilities 

and historical places could be submerged. Çanta et al. (2022), produced flood inundation maps of the Pona and Örtülü 

Stream Basins in Artvin-Ardanuç with FLO-2D and HEC-RAS software. According to the models, it was evaluated that 

the flood waters in Örtülü Stream exceeded the stream bed limit in most places and that the floods could cause loss of 

life and property. 

Demir and Ülke Keskin (2022a), used 50, 100, 500, and 1000 year recurrent flow rates (Q50, Q100, Q500, and Q1000) 

calculated in the downstream region where Mert River Basin intersects with the city boundaries in Samsun and 

produced HEC-RAS, FLO-2D flood hazard maps in ArcGIS environment by using the Department for Environment 

Food and Rural Affairs (DEFRA) method and the model results obtained using the software. According to the findings, 

it was determined that the region was affected by recurrent floods in both models and 42%-70% of the flood areas are at 

very high danger levels. Demir and Ülke Keskin (2022c), reported that 40%-80% of the study area could be submerged 

in their modeling for Mert River using the FLO-2D program. 

Sözer et al. (2019) created a flood susceptibility map for Ankara by using modified AHP method. It is stated that 

especially urban planning and the efficiency and effectiveness of disaster management studies will increase with the 

creation of susceptibility maps for natural dangers and their utilization as base.  

Sarkar and Mondal (2020), determined the flood susceptibility of Kulik Basin in Bangladesh with the frequency 

ratio method. This study reveals the importance of susceptibility maps for planners and decision makers in taking 

possible precautions with regards to minimizing flood vulnerability.  

Yılmaz (2022), created susceptibility maps for Bozkurt flood-overflow by using GIS-based AHP and FR methods. 

In this study, the map classified by AHP-FR has areas in high and very high susceptible classes that were calculated as 

128,72 km2 and 6.89 km2, these areas constitute %0,99 and %0,05 of the entire region, respectively.  

Addis (2023), using frequency ratio and information value methods in his work which determined the flood 

susceptibility in Abay Basin, Bangladesh, proposes that this kind of studies contribute a great deal to decision processes 

regarding future planning and plans to reducing floods.  

Morphometric analysis of river basins is widely used in hydrological and geomorphological studies (Beg 2015). 

Morphometry plays a key role in basin management and flood control planning (Mahala 2020). Because, the 

hydrological and morphological characteristics of the basins can be understood by the drainage morphometric 

parameters (Mani et al. 2022). 

The basin morphometry and flood relationship has been discussed in the literature. There are many studies analyzing 

the relationship between basin morphometry and flood-overflow (Turoğlu 1997; Bendjoudi and Hubert 2002; Nooka 

Ratnam  et al. 2005;  Şener 2011; Withanage et al. 2014; Beg 2015; Kaliraj et al. 2015; Erdede and Öztürk 2016; 

Thapliyal et al. 2017; Choudhari et al. 2018; Alqahtani and Qaddah 2019; Baduna Koçyiğit and Akay 2019; Jose et al. 

2019; Islam and Deb Barman 2020; Mahala 2020; Makhamreh et al. 2020; Pathare and Pathare 2020; Sharma and 

Mahajan 2020; Abdelouhed  et al. 2021; Bogale 2021; Ahad et al. 2022; Al-Neama et al. 2022; Chauhan et al. 2022; 

Dongare et al. 2022;  Jothimani et al. 2022; Khalifa et al. 2022; Shankar et al. 2022; Shekar and Mathew 2022;Singh 

and Singh 2022; Oyedotun 2022; Şener and Arslanoğlu 2023). In these studies, the relationship between morphometric 

parameters and floods was evaluated on the basis of basins. Some studies are detailed below. 
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Alqahtani and Qaddah (2019), evaluated the flood hazard of the Jeddah-Mecca region with morphometric analysis. In 

this study, it was reported that the hydrological hazard in the research area is mostly caused by the basin area, relief 

ratio, relative relief, and ruggedness number.  

Jose et al. (2019), reported that in the Ithikkara Basin in India, the basin shape is elongated and the flood 

susceptibility is low, with indices reflecting the basin shape such as form factor, elongation ratio, circularity ratio, 

lemniscate ratio among morphometric parameters. 

Charizopoulos et al. (2019), in their study of the morphometric analysis of the drainage network of Samos Island in 

the North Aegean, revealed that the flood susceptibility is high. In the study, it was reported that a high relief ratio also 

indicates the risk of erosion. 

Mahala (2020), evaluated the morphometric features of the Kosi and Kangsabasti basins in India. In this study, it 

was revealed that the areal morphometric characteristics of the Kosi basin show a large amount of water discharge and 

peak flow in a shorter time, while the areal morphometric characteristics of the Kangsabati Basin plateau show low 

surface flow and low peak point. 

Makhamreh et al. (2020), conducted a morphometric analysis of the Wadi Al-Shumar drainage basin in Jordan and 

reported that the elongation ratio values of the sub-basins indicate the circular shape of the basins, and they are 

susceptible to the risk of flood in case of frequent precipitation. 

In the morphometric analysis of the Darna Basin in India, Pathare and Pathare (2020), correlated high drainage 

density and high stream frequency with low permeability and high surface flow. Bogale (2021), evaluated the basin 

morphometric features with Geographic Information Systems (GIS) in the Gilgey Abay drainage area in Ethiopia. In the 

study, it was revealed that the flood susceptibility is high in the upper parts of the basin. In a study conducted through 

morphometric parameters in the Betwa Basin located in central India, Singh and Singh (2022), revealed that it is 

necessary to take protective measures in the upstream parts of the basin due to the high ruggedness, high degree of 

cleavage and high surface flow. In the study, it was reported that high river frequency is the evidence of high flood risk, 

low average bifurcation ratio values indicate elongated drainage basins with well-split topography, high surface flow, 

and high infiltration ratio (Strahler 1957; Thomas et al. 2010; Singh and Singh 2022). 

This study aims to analyze Bozkurt flood by using basin morphometric features. Bozkurt flood is one of the biggest 

flood disasters in Turkey. In 2021, 82 people lost their lives (URL-1 2021) in the floods occurred in Kastamonu, Sinop 

and Karabük provinces, and great financial losses were experienced. In the study, the Basin of Ezine Stream, which is 

the flood experienced most effectively, was analyzed in terms of its morphometric features together with the 

neighboring basins. 

 
2. Material and Method 
 
2.1. Area, Location, Boundaries and Major Geographical Features of the Study  
 
The Basin of Ezine Stream is located within the borders of Kastamonu province in the Western Black Sea Region. The 

stream, which takes its source from the mountains behind the Black Sea, empties into the sea from the north of Bozkurt. 

The basin and its surroundings attract attention with the high relative elevation difference. Kastamonu province, where 

the study area is located, is very sensitive to natural disasters. The most common naturally occurring event within the 

provincial borders is landslides (Figure 1). It can be stated that the danger is high in the province also in terms of flood. 

Also in 2022, as a result of excessive rainfall in the Basin of Ezine Stream, Ezine Stream overflowed and the 

overflowing water spread to the district center (Bozkurt). As a result of the flood, the culvert-bridges were destroyed 

(URL-2 2022). The units formed from the Triassic-Jurassic to the Quaternary period constitute the lithology in and 

around the Basin of Ezine Stream. The Triassic-Jurassic period is represented by carbonate and continental clasts and 

these units have the largest outcrop area in the study area. Lithology from this period outcrops between Kutluca and 

Çörekçi. Carbonate and continental clasts dated back to the Jurassic period outcrop at Kertme hill and in the south of 

Çörekçi; the unit, consisting of marble dated back to the Middle Triassic-Jurassic, outcrops in the form of islands in the 

south and west of Çörekçi; Dogger granitoid outcrops in and around Kirazsökü; Middle Jurassic-Cretaceous neritic 

limestone outcrops around Özpınar hill and SW of Harmankaya hill Cretaceous continental clasts and carbonate rocks 

outcrop around Kutluca, and in south and southeast of Özpınar hill; Mesozoic undifferentiated basic and ultrabasic 

rocks outcrop in the southwest of Kuştepe; upper Senonian pelagic limestone units outcrop in the southwest of the 

Basin of Ezine Stream; volcanic and sedimentary rocks outcrop in the north and northwest of Esentepe; continental 

clasts and carbonates outcrop in and around Bozkurt, and in the Manastır Stream, Adıyaman Stream and Evrenye 

Stream basins (Uğuz et al. 2002). 
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Figure 1: Location map of the Basin of Ezine Stream and neighboring basins (Kastamonu)  
 

Upper Cretaceous-Eocene continental clasts and carbonates are observed at the mouths of Hacıveli, Kuğu and Hardı 

streams; Eocene continental clasts and carbonates are observed limitedly in Yukarıkuğuköy and in the east of Esentepe; 

and undifferentiated Quaternary units are observed in the Basin of Ezine Stream and in the southeast of Özpınar hill 

(Uğuz et al. 2002; Figure 2) 

 

 
 

Figure 2: Lithology map of the Basin of Ezine Stream and neighboring stream basins (Kastamonu) (Uğuz et al. 2002) 



Vedat Avcı, Ömer Ünsal / Volume:9 ∙ Issue:2 ∙ July 2023 

220 
 

A significant difference in elevation between the south and north of the study area. The fact that this height difference is 

reached in short distances shows that the slope is high in the field. The minimum elevation in the study area is 0 m on 

the shore and the maximum elevation is 2015 m in the Basin of Ezine Stream. The basin with the highest relative 

elevation difference is the Basin of Ezine Stream. The elevation difference in this basin is 2015 m. Elevation difference 

in Hacıveli Stream Basin and Kuğu Stream Basin is less than other basins and is 794 m and 796 m (Figure 3). 

Aspect and slope characteristics were analyzed within the scope of the geomorphology-flood relationship of the 

study area. The aspect factor is very important for the amount of precipitation. Slopes facing west in Western Europe, 

north in the Black Sea, and south in the Taurus Mountains receive more precipitation (Atalay 2018). For this reason, 

flood susceptibility is quite high on the north-facing slopes of the Black Sea. The dominant aspect of the basins in the 

study area is north. The rate of northern directions is 48.2%, 51.4%, 43.4%, 41.4%, 40.5%, 47.3%, 54.2, and 55.9% in 

respectively from 1st to 8th basin. As the elevation in the study area increases over short distances, the slope increases, 

and thus the surface flow becomes faster and the amount of infıltration decreases (Atalay 2018). Flood inundation 

occurs mostly in areas where the slope is less. In this respect, the ratio of the areas with 0-2o slope group with high flood 

susceptibility in all basins to the total area is very low, and these areas are limited to the coast. The proportion of areas 

with 0-2o slope is 0.2%, 0.28%, 0.35%, 0.28%, 3.14%, 0.55%, 0.65%, 0.48% in respectively from 1st to  8th basin. This 

situation has caused large volumes of water masses originating from very sloping areas to gather in narrow areas and 

cause flood. The average slope values in all basins are also high, above 15o. This is another proof that the runoff is 

excessive and fast. 

According to the data of Bozkurt meteorological station located in Bozkurt town center (41°57'34.9”N 

34°00'13.3”E) (1985-2021), the annual average temperature is 13.4 oC, and the mean total precipitation (2006-2021) is 

1006 mm. In Kastamonu, on the other hand, the annual average temperature is 10.1 oC, and the mean total precipitation 

is 523 mm (1991-2020). 

 

 
 

Figure 3: Elevation range map of the Basin of Ezine Stream and neighboring basins (Kastamonu) 
 

While the climate features of the Black Sea region are dominant in Bozkurt, continental conditions are effective in 

Kastamonu. This situation is mainly caused by the fact that Küre Mountains prevent the marine air masses (Coşkun 

2021). In Bozkurt, the average temperature has never fallen below 0 oC in any month due to the marine effects. 

However, the average temperatures in Kastamonu in January are below 0 oC (Table 1; Figure 4).  
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Table 1: Monthly temperature averages and precipitation of Bozkurt and Kastamonu stations for years (TSMS 2022) 
 

Parameter January February March April May June July August September October November December Annual 

Bozkurt 

Mean 

Temperature 

(°C) 

5.8 5.6 7.4 11.1 15.3 19.6 22.2 22.4 18.7 14.7 10.8 7.5 13.4 

Bozkurt 

Precipitation 

(mm) 

98.6 95.29 84.01 53.34 51.9 54.57 45.03 47.9 105.54 131 97.6 141.97 1006 

Kastamonu 

Mean 

Temperature 

(°C) 

-0.6 1.1 4.8 9.5 14.2 17.7 20.5 20.5 16.2 11.2 4.9 0.7 10.5 

Kastamonu 

Precipitation 

(mm) 

29.4 28.1 38.5 50.5 77.9 89.6 36 38.2 38.7 34.8 27.5 36.1 523.3 

 
According to the distribution of precipitation throughout the year, while the rainiest period in Bozkurt is autumn 

(33.2%), the rainiest season in Kastamonu is spring (31.7%). The least rainy season is summer in Bozkurt (9.8%) and 

winter in Kastamonu (17.8%) (Figure 4). 

 

 
 

Figure 4: Distribution of temperature and precipitation by months at Kastamonu and Bozkurt stations (TSMS 2022) 

 
2.2. Method 
 
One of the main data sources in basin morphometry studies is Digital Elevation Model (DEM). The DEM used in this 

study was created from topography maps scaled at the rate of 1/25.000 (GDM 2010), by using ArcMap Spatial 

Analysis-Topo to Raster Module. Eight drainage basins, analyzed from DEM with 10*10 m resolution, were 

determined (with ArcMap-ArcHydro add-on). DEM was used to determine the geometric, areal and relief 

morphometric features of the basins (Figure 1). The hillshade data used as a base was taken from ESRI (ESRI 2022). 

The area and perimeter features of the basins were found through ArcGIS-calculate geometry while the widths and 

maximum lengths were found through the ArcMap plugin ETGeoWizards-polygon charecteristic. Indices were applied 

to the specified basins using the following formulas in the literature. These indices include geometric (shape) features, 

and areal and relief morphometric features of the basin (Table 2). While determining the indices, studies investigating 

the relationship between flood susceptibility and morphometric characteristics and those conducted on basin 

morphometry in the introduction section of the study were taken as reference points. Form factor and elongation ratio 

values from the geometric (shape) properties of the basin are among the indices that provide information about the basin 

shape properties and, accordingly, the overflow type and duration (Soni 2017; Bogale 2021; Shankar et al. 2022). 

Drainage density was defined as the most important morphometric parameter when evaluating the areal morphometric 

features. This index is found by dividing the sum of the valley length by the basin area (Horton 1932, Horton 1945). As 

drainage density (Dd) values increase, the basin gets more susceptible to flood (Jackson 2012; Charizopoulos et al. 

2019). The hypsometric integral, which is used to evaluate the basin relief features, is an index that gives information 

about the morphological stage of the basins and the degree of erosive activities accordingly (Keller and Pinter 2002). 

High values in Hi index correspond to basins that are morphologically young and have high erosion and therefore flood 

susceptibility. 
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Table 2: The indices used in the determination of the morphometric features of the Basin of Ezine Stream and the 
Neighboring Basins (Kastamonu) 

 

Morphometric Parameter Formula Source 

 G
eo

m
e
tr

ic
 F

ea
tu

re
s 

Basin Length (Lb) Determined by GIS  

Basin Width (W) Determined by GIS  

Basin Perimeter (P) Determined by GIS  

Form Factor (Ff) 𝐹𝑓 = 𝐴/𝐿 (Horton, 1932) 

Shape Factor (Sf) 𝑆𝑓 = 𝐿𝑏2/𝐴 (Horton, 1945) 

Elongation Ratio (Re) 𝑅𝑒 = (2/𝐿𝑚) ∗ [𝐴/𝑝]0.5 (Schumm, 1956) 

Circularity Ratio (Rc) 𝑅𝑐 = 4𝑝𝐴/𝑃2 (Miller 1953; Strahler 1964) 

Gravelius Index (Kg) 𝐾𝑔 = 𝑃/2√𝑝𝐴 (Gravelius, 1914) 

Amount of Circularity (Rcn)  𝑅𝑐𝑛 = 𝐴/𝑃 (Strahler, 1964) 

Lemniscate Ratio (K) 𝐾 = 𝐿𝑏2/4𝐴 (Chorley et al. 1957) 

A
re

a
l 

M
o

rp
h

o
m

e
tr

y
 

Basin Area (A)  Determined by GIS  

Drainage Density (Dd) 𝐷𝑑 =∑𝐿/𝐴 (Horton 1932, Horton 1945) 

Constant of channel maintenance (CCM) 𝐶 = 1/𝐷𝑑 (Schumm 1956) 

Infiltration Number (If) 𝐼𝑓 = 𝐹𝑠 ∗ 𝐷𝑑 (Faniran 1968) 

Drainage Intensity (Di) 𝐷𝑖 = 𝐹𝑠/𝐷𝑑 (Faniran 1968) 

Stream Frequency (Fs) 𝐹𝑠 = 𝑁/𝐴 
(Horton 1945; Strahler 1964; 

Reddy et al. 2004) 

Length of Overland Flow (Lg) 𝐿𝑔 = 1/2𝐷𝑑 (Horton 1945) 

R
el

ie
f 

M
o

rp
h

o
m

e
tr

y
 

High Relief (m) Determined by GIS  

Low Relief (m) Determined by GIS  

Relief Ratio (Rh) 𝑅ℎ = 𝐻/𝐿 (Schumm1956) 

Basin Relief (Bh) 𝐵ℎ = 𝐻𝑚𝑎𝑥 − 𝐻𝑚𝑖𝑛 (Schumm 1956) 

Hypsometric Integral (Hi) 𝐻𝑖 = (𝐻𝑚𝑒𝑎𝑛 − 𝐻𝑚𝑖𝑛)/(𝐻𝑚𝑎𝑥 − 𝐻𝑚𝑖𝑛) (Strahler 1952) 

Hypsometric Curve (Hc) 𝑦 = ℎ/𝐻, 𝑥 = 𝑎/𝐴 (Strahler 1952) 

 Dissection Index (Dis) 𝐷𝑖𝑠 = 𝐻/𝑅𝑎 (Singh and Dubey 1994) 

Gradient Ratio (Rg) 𝑅𝑔 = (𝑍 − 𝑧)/𝐿𝑏 (Sreedevi et al. 2005) 

Melton Ruggedness Number (Mrn) 𝑀𝑟𝑛 = 𝐻/𝐴0.5 (Melton 1965) 

Slope (o) Determined by GIS  

Average Slope  (o) Determined by GIS  

Relative Relief Determined by GIS (Smith 1935) 

Ruggedness Number 𝑅𝑛 = 𝐵ℎ ∗ 𝐷𝑑 (Melton 1957) 

 
3. Results  
 
In this section, the Bozkurt Flood was evaluated with meteorological conditions and anthropogenic effects, and the 

morphometric characteristics of the basin were analyzed. The relationship between morphometric parameters was 

evaluated with Pearson correlation coefficient. 
 
3.1. Bozkurt Flood 
 
When the distribution of natural hazard sources in the study area is analyzed, landslides come first. According to 

Disaster and Emergency Management Presidency (DEMP 2022) data, a total of 126 landslides, floods, rockfalls and 

avalanches occurred between 1950 and 2022. Landslides constitute 115 of these natural events. Floods are following 

landslides as a source of natural hazard (the number of incidents is 9). It is observed that flood events mostly occur in 

the Basin of Ezine Stream. In the study area, avalanche events occur due to high slope and snowfall, and rockfall events 

also occur due to high slope and temperature differences (Figure 5). 
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Figure 5: Distribution of landslide, flood, rockfall and avalanche events in the Basin of Ezine Stream and neighboring 
basins (Kastamonu) (DEMP 2022) 

 

The most damage occurred in Bozkurt district center during the flood on 10-12 August. Bozkurt settlement was 

established on the edge of Ezine Stream. The houses located in the district center, which were situated on the edge of 

Ezine Stream at low elevations, were demolished (Figure 6). It has been reported that 168 buildings, including 135 

residences, 27 shops and 6 public buildings, were damaged in the flood-affected districts and villages of Kastamonu 

(URL-3 2022). The flood causing the disaster was related to the severe erosion in the Basin of Ezine Stream and the 

material carried to the stream bed (Figure 7). Gaps of the bridge crossing in the flood channel were clogged with tree 

branches and logs carried by the flood, so the channel could not carry the water flow. The settlement area of Bozkurt 

was covered with large amounts of mud, sand, flood debris, tree branches and logs (Bilgen et al. 2022). 

 

 
 

Figure 6: Many buildings located on the edge of the Ezine Stream were destroyed in Bozkurt flood (Photos: Vedat Avci) 
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Other reasons of the disaster are the discharge of the excavation material from the tunnel, dam and road construction 

works into the river beds, the plants growing in the river beds and not being cleared, the material carried by the 

landslides blocking the bridges and culverts (URL-4 2021). 

 

 
 

Figure 7: Severe erosion and the stream with increasing flow caused flood in the Basin of Ezine Stream (Photos: Vedat 
Avci) 

 

While the stream bed of Ezine Stream is 30 m, the floodplain is 240 m (URL-4 2021). When the satellite images of 

Bozkurt district for the years of 2002 and 2021 are analyzed, it is observed that the settlements on the stream bed have 

increased. While the areas far from the stream bed were settled in 2002, it is clear that the settlements in the stream bed 

intensified in the right part of the valley in 2021 (Figure 8). 

 

 
 

Figure 8: When the satellite images of Bozkurt district from different years (Google Earth Pro images a) 2002, b) 2021) 
are analyzed, it is observed that settlements on the stream bed have increased 

 

The elevation difference between the floor of Ezine Stream valley and the buildings located on the left and right 

sections is quite small. These buildings were built just behind the flood reclamation barrier, the elevation difference 

between the buildings and the valley floor varies between 5-10 m. For this reason, especially the 1st row buildings 

located on the right were under water. On the left side, the building density is relatively low (Figure 9). Curved 

reclamation sets also facilitated the overflow of water. 
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Figure 9: Some of the buildings in Bozkurt town center are very close to the floor of Ezine Stream valley (ESRI 2022) 
 

Corine land cover data was used to determine the change in city structure and forest areas. According to this analysis, 

the increase in urban areas between 1990 and 2018 is over 100%. While there was a 37.2% decrease in broad-leaved 

forest areas in the same period, there was an increase of 77.5% in the ratio of mixed forests (Table 3). Excessive rainfall 

causing floods caused mass movements (Figure 10). It has been reported that “a total of 170 events such as 

landslide/landfall, flood, and rockfall occurred on 10-12 August 2021” (URL-3 2022). 

 
Table 3: Change in urban and forest areas in Ezine Stream basin according to corine land cover data (URL-5 2023) 

 

Land Cover 1990 Area (Km2) 2018 Area (Km2) Change (%) 

Urban Area 0.40 0.88 118.5 

Broad-leaved forest 134.76 84.56 -37.2 

Coniferous forest 63.65 67.33 0.9 

Mixed forest 43.37 77.02 77.5 
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Figure 10: The rain that led to the flood caused landslides on the valley slopes (Photos: Vedat Avci) 

 

On 10-12 August 2021 (48 hours), 158.2 mm precipitation was measured at Bozkurt station (TSMS 2022). The average 

precipitation for many years is 1006 mm in Bozkurt, and the total precipitation in August 2021 is 249 mm. More than 

half of the August 2021 precipitation at Bozkurt station fell on 10-12 August. More precipitation was measured at 

Bozkurt/Mamatlar and Devrekani/Kuz Village stations located in the upper part of the basin. Between these dates, 358 

mm of precipitation fell in Devrekani-Kuz village, 424.1 mm in Bozkurt-Mamatlar village and 264.5 mm in Abana. The 

precipitation in Bozkurt-Mamatlar village was close to half of the annual precipitation in Bozkurt station in 2021 

(TSMS 2022). This precipitation is close to twice the precipitation in August (Figure 11). The fact that most of this 

precipitation passed into the overland flow caused the flood. 

 

 
 

Figure 11: Distribution of precipitation falling on Abana, Mamatlar, Kuz and Bozkurt on 10-12 August (TSMS 2022) 
 

It can be stated that the effect of this precipitation, which fell between 10-12 August, on the flood event was high. It 

is stated that the flood peak passed through Bozkurt district center at noon, and there was at least 2-3 hours between the 

precipitation causing the flood and the peak flood flow rate (URL-4 2021). The positive anomaly of the sea surface 

temperature over the Black Sea (Baltacı 2017; Doğan et al. 2019) has brought along excessive precipitation, the effect 

of which gradually increases in the summer season on the Black Sea coasts of Türkiye (Halis et al. 2022). In the Black 

Sea, which is one of the regions that attract attention in terms of precipitation amount, duration, and severity, many 

flood disasters have occurred in the summer months (Kapochkina et al. 2015, Alexeevsky et al. 2016; Korshenko et al. 

2020, Baltacı 2017; Halis et al. 2022). When various projections related to climate change are analyzed, it has been 

emphasized that there shall be an increase in the amount of precipitation in the northern coast of Türkiye in summer 

(Demircan et al. 2017), and that the possibility of excessive precipitation and flood may increase (TECCWRP 2016; 

Demircan et al. 2017). The Basin of Ezine Stream corresponds to areas where the maximum precipitation shall vary 

between 5-10% in a day (with 3 degrees of global warming) in IPCC Europe Fact Sheet 2022 documents (URL-6 

2022). This change in precipitation will be in the form of an increase and the flood risk will increase depending on 

short-term precipitation. 
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3.2. Morphometric Analysis 
 
In this section, the geometric, areal and relief morphometric features of the Basin of Ezine Stream and the neighboring 

basins were analyzed relatively, and the basins were compared in terms of flood hazard.  

 
3.2.1. Geometric Features of the Basins 

 
The geometric features of the basin provide information about the duration and type of floods. In this section, the 

morphological features of the basins were analyzed using 10 indices (Table 4).  

 
Table 4: Geometric features of Ezine Stream and neighboring basins (Kastamonu) 

 

Morphometric Indices 
Basins 

1 2 3 4 5 6 7 8 

G
eo

m
et

ri
c 

F
ea

tu
r
es

 

Basin Length (Lb) 10.01 7.80 19.42 18.93 34.30 6.59 6.89 13.08 

Basin Width (W) 3.35 3.33 9.10 7.44 20.43 3.30 4.61 5.71 

Basin Perimeter (P) 31.42 24.21 67.56 68.62 163.85 22.81 24.64 44.35 

Form Factor (Ff) 0.18 0.23 0.23 0.21 0.32 0.30 0.36 0.25 

Shape Factor (Sf) 5.46 4.24 4.22 4.57 3.12 3.32 2.76 3.96 

Elongation Ratio (Re) 0.48 0.54 0.54 0.52 0.63 0.61 0.67 0.56 

Circularity Ratio (Rc) 0.23 0.30 0.24 0.20 0.17 0.31 0.35 0.27 

Gravelius Index (Kg) 2.07 1.79 2.01 2.18 2.38 1.78 1.67 1.90 

Amount of Circularity (Rcn) 0.58 0.59 1.32 1.14 2.29 0.58 0.69 0.97 

Lemniscate Ratio (K) 1.36 1.05 1.05 1.14 0.78 0.83 0.69 0.99 

 

Length of the Basin (Lb): The maximum basin length measured parallel to the main stream varies between 6.59 

and 34.30 km in the lower basins. The minimum value was measured in the 6th basin, and the maximum value was 

measured in the Basin of Ezine Stream (5th basin), where the effects of the flood were greatest (Table 4).  

Width of the Basin (W): This value varies between 3.30 and 20.43 km. In parallel with the length of the basin, the 

minimum value was measured in the 6th basin and the maximum value was measured in the 5th basin in the parameter 

of the width of the basin (Table 4). 

Perimeter of the Basin (P): Perimeter of the basin is considered one of the main morphometric variables because it 

is related to many morphometric features (Doornkamp and King 1971, Malik et al. 2016). The basin perimeter in the 

study area varies between 22.81 and 163.85 km. In this parameter, the minimum value was measured in the 6th basin 

and the maximum value was measured in the 5th basin. In terms of basin perimeter, the Basin of Ezine Stream ranks the 

first compared to other basins (Table 4). 

Form Factor (Ff): The flow characteristic of the drainage basin can be explained by the form factor. When the form 

factor value decreases, the basin becomes more elongated. In longitudinal basins with a small form factor degree, low 

flow but long flow time occurs. Whereas, round shaped basin with high form factor value is exposed to high flow with 

short concentration time and is highly sensitive to flood (Waikar and Nilawar 2014; Bogale 2021). The form factor 

values of the basins vary between 0.18 and 0.36. 1st Basin has the lowest form factor value and 7th Basin has the 

maximum form factor value. The form factor was found to be 0.32 in the Basin of Ezine Stream. The form values of all 

basins are quite low. The form factor indicates that the basins have a longitudinal shape (Table 4, Figure 12). 

Shape Factor (Sf): Shape factor corresponds to form factor (Horton 1932, Shekar and Mathew 2022). Higher shape 

index value indicates basin elongation and weak flood discharge period (Soni 2017). The shape factor values calculated 

for the basins vary between 2.76 and 5.46. In this parameter, the minimum value was measured in the 7th basin and the 

maximum value was measured in the 1st basin. The shape factor value in the Basin of Ezine Stream was found to be 

3.12 (Table 4, Figure 12). 

Elongation Ratio (Re): Schumm (1956) suggested a classification in terms of the relationship between the 

elongation rate and the shape of the basin as follows: circular basin (>0.9), oval basin (0.9 to 0.8), less long basin (0.7 to 

0.8), 0.8), long basin (0.5 to 0.7), and longer basin (<0.5) (Shankar et al, 2022). Re values vary between 0.48-0.67 in the 

study area. The minimum Re value was measured in the 1st basin and the maximum Re value was measured in the 7th 

basin in the study area. The Re value for the Basin of Ezine Stream was found to be 0.63. According to the proposed 

classification, among the basins in the study area, the first basin is longer and the others are long basins (Table 4, Figure 

12). 

Circularity Ratio (Rc): The Rc value indicates the shape of the basin; when the Rc value increases, the basin 

becomes more rounded in shape and the flood potential is high at the short flow time outlet point (Bogale 2021). The Rc 

value varies between 0.17 and 0.35 in the Basin of Ezine Stream and the neighboring basins. The minimum Rc value 

was measured in the 5th basin, and the maximum Rc value was measured in the 7th basin.  
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Rc was found to be 0.17 for the Basin of Ezine Stream (Table 4, Figure 12). In terms of this parameter, it can be stated 

that the flood potential is high in the Basin of Ezine Stream.  

Gravelius Index (Kg): Kg value is close to 1 for a circular basin and this value shall be higher than 1 at the rate of 

basin elongation (Faye and Ndiaye 2021). While Kg values in the basins varied between 1.67 and 2.38, the minimum 

value was measured in the 7th basin and the maximum value was measured in the 5th basin. Kg was measured as 2.38 

for the Basin of Ezine Stream (Table 4, Figure 12). In terms of this parameter, it can be stated that the basins are far 

from circular form and have a longitudinal form. 

Amount of Circularity (Rcn): The Rcn value varies between 0.58 and 2.29 in the basins. The minimum Rcn value 

was measured in 1st and 6th basins, and the maximum Rcn value was measured in 5th basin (Table 4, Figure 12). Shape 

parameters such as elongation rate, form factor and compactness coefficient are inversely proportional to soil erosion 

force. Indeed, a low value of the shape parameter is an indicator of erosion risk (Brahim et al. 2016; Faye and Ndiaye 

2021). In general, low values were observed in the basins in terms of shape parameters. This indicates a high risk of 

erosion. In parallel with the erosion risk, the flood hazard is also high.  

Lemniscate Ratio (K): High values of this index indicate increased elongation of the basin (Malik et al. 2016). 

Lemniscate ratio also indicates basin slope (Chorley et al. 1957). The K value indicates values between 0.69 and 1.36 in 

the lower basins. The minimum K value was measured in the 7th basin, and the maximum K value was measured in the 

1st basin. The value found for the lemniscate ratio in the Basin of Ezine Stream is 0.78 (Table 4, Figure 12). 

 

 
 

Figure 12: Distribution of basin geometric features of Ezine Stream and neighboring basins (Kastamonu)  
 
3.2.2. Areal Morphometric Features 
 

While analyzing the areal morphometric features of Ezine Stream and neighboring basins, the basin area, drainage 

density, channel maintenance constant, infiltration number, drainage density, stream frequency and overland flow 

length were used (Table 5). 
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Table 5: Areal morphometric features of Ezine Stream and neighboring basins (Kastamonu) 
 

Morphometric Indices 
Basins 

1 2 3 4 5 6 7 8 

A
re

a
l 

M
o

rp
h

o
m

e
tr

y
  

Basin Area (A) 18.33 14.43 89.28 78.26 376.58 13.06 17.19 43.10 

Drainage Density (Dd) 1.26 1.57 1.71 2.18 1.91 2.38 1.60 2.16 

Constant of channel 

maintenance (CCM) 
0.79 0.63 0.75 0.49 0.52 0.42 0.62 0.46 

Infiltration Number (If) 0.88 1.83 2.25 4.44 3.62 3.8 1.85 4.55 

Drainage İntensity (Di) 0.55 0.74 0.77 0.93 0.99 0.67 0.72 0.97 

Stream Frequency (Fs) 0.70 1.17 1.32 2.04 1.90 1.60 1.16 2.11 

Length of Overland Flow (Lg) 0.39 0.31 0.29 0.22 0.26 0.21 0.31 0.23 

  

Area of the Basin (A): Area of the basin is a parameter that directly reflects the total water volume (Shekar and 

Mathew 2022). Areas of the basins vary between 13.06 and 376.58 km2. The basin with the minimum area is the 6th 

basin while the basin with the maximum area is the 5th (the Basin of Ezine Stream). When evaluated in terms of this 

parameter, while the accumulation of water coming from the side branches takes place in a shorter time in the 6th basin, 

this period is longer for the Basin of Ezine Stream (Table 5). 

Drainage Density (Dd): “A drainage density value close to zero indicates a permeable basin with high infiltration 

rates and high groundwater potential. Low drainage density is associated with dense vegetation and highly resistant 

permeable material under low relief (Nautiyal 1994). High Dd value indicates impermeable rocks and sparse vegetation 

and hilly areas” (Choudhari et al. 2018). Dd values of the basins vary between 1.26 and 2.38. The minimum Dd value 

was measured in the 1st basin, and the maximum Dd value was measured in the 6th basin. The Dd value in the Basin of 

Ezine Stream, where the flood disaster occurred, is 1.91 (Table 5, Figure 13). Depending on the morphology, low Dd 

values were measured in the southeast and southwest of the Basin of Ezine Stream. In general, Dd value is high in 4th, 

5th, 6th, and 8th basins. 

Constant of Channel Maintenance (CCM): The constant of channel maintenance represents the drainage area 

required to maintain one unit channel length; therefore, it is a measure of erosion in the basin (Sakthivel et al. 2019; 

Sinha et al. 2023). With this parameter, which is the opposite of the drainage density, low values indicate low 

permeability, steep and very steep slopes, and high overland flow (Ali and Khan 2013). In the study area, this value 

varies between 0.42 (6th basin) and 0.79 (1st basin) (Table 5, Figure 13). The constant of channel maintenance in the 

Basin of Ezine Stream is 0.52. In terms of this parameter, it can be stated that the flood hazard is high in the 6th basin. 

Infiltration Number (If): The infiltration number gives information about the infiltration capacity of the basin. 

High infiltration is low flow, low infiltration is high flow (Rai et al. 2017a). The number of infiltrations varies between 

0.88 (1st basin) and 4.55 (8th basin) in the basins. The “If” value in the Basin of Ezine Stream was found to be 3.62 

(Table 5, Figure 13). In terms of If, infiltration is low and overland flow is high in the 8th basin. The opposite 

conditions exist for the 1st basin. It can be stated that this parameter increases the risk of flood in the Basin of Ezine 

Stream, and that infiltration is low and overland flow is high. 

Drainage Intensity (Di): Di is the ratio of stream frequency to drainage density (Faniran 1968). With low values of 

stream frequency and drainage density, overland flow is not quickly removed from the basin, making it highly sensitive 

to flood, gully erosion, and landslides (Pareta and Pareta 2012). Di varies between 0.55 (1st basin) and 0.99 (the Basin 

of Ezine Stream) in the lower basins. In terms of this index, it can be stated that the flood hazard is high in the 1st basin 

(Table 5, Figure 13).  

Stream Frequency (Fs): Fs is found by dividing the number of stream segments in a basin by the basin area 

(Horton 1945; Sinha et al. 2023). High slope and more precipitation increase the stream frequency in mountainous 

regions while high permeability and less surface water reduce the stream frequency in the plateau environment (Bali et 

al. 2012; Sinha et al. 2023). Stream frequency varies between 0.70 and 2.11 for lower basins. Fs was found to be 

minimum in the 1st basin and maximum in the 8th basin. The Fs value in the Basin of Ezine Stream is 1.90 (Table 5, 

Figure 13). Due to low drainage density values in the southeast and southwest of the Basin of Ezine Stream, stream 

frequency values are low. The abundance of seasonal rivers in the studied lower basins has an effect on the flood 

hazard. Stream frequency is high in 4th, 5th, 6th, and 8th basins.  

Length of Overland Flow (Lg): A low overland flow length indicates high relief, short flow paths, high overland 

flow and low infiltration. A high value of Lg indicates more infiltration and less overland flow with a low slope and 

long flow paths (Vinutha and Janardhana 2014; Rai et al. 2017a; Sukristiyanti et al., 2018). The Lg value varies 

between 0.21 (6th basin) and 0.39 (1st basin) in the study area. Lg was found to be 0.26 in the Basin of Ezine Stream. 

The Lg value is generally low in the basins. This shows that the danger is high in terms of flood (Table 5, Figure 13).  
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Figure 13: Distribution of areal morphometric features of Ezine Stream and neighboring basins (Kastamonu)  
 
3.2.3. Relief Morphometry Features  
 

Erosion in the basins is closely related to the relief morphometry features. In this section, the basins are compared in 

terms of their relief morphometric features (Table 6).  

 
Table 6: Relief Morphometric Features of Ezine Stream and Neighboring Basins (Kastamonu) 

 

R
el

ie
f 

M
o

rp
h

o
m

e
tr

y
 

Morphometric Indices 
Basins 

1 2 3 4 5 6 7 8 

High Relief 1269 1031 1655 1721 2015 794 796 1251 

Low Relief 0 0 0 0 0 0 0 0 

Relief Ratio (Rh) 0.12 0.13 0.08 0.09 0.05 0.12 0.11 0.09 

Basin Relief (Bh) 1269 1031 1655 1721 2015 794 796 1251 

Hypsometric Integral (Hi) 0.49 0.46 0.54 0.53 0.51 0.43 0.51 0.45 

Dissection Index (Dis) 1 1 1 1 1 1 1 1 

Gradient Ratio (Rg) 0.12 0.13 0.08 0.09 0.05 0.12 0.11 0.09 

Melton Ruggedness Number (Mrn) 0.29 0.27 0.17 0.19 0.10 0.21 0.19 0.19 

Slope (S) 0-49 0-54.5 0-65.3 0-53.7 0-61.26 0-61.26 0-50.77 0-56.42 

Maximum Slope 49 54.5 65.3 53.7 61.26 61.26 50.77 56.42 

Average Slope (o) 23.1 25.11 23.75 24.46 19.64 19.62 17.21 19.74 

Relative Relief (RR) 1269 1031 1655 1721 2015 794 796 1251 

Ruggedness Number (Rn) 1.59 1.61 2.83 3.75 3.84 1.88 1.27 2.70 

  
Relief Ratio (Rh): For Rh, which is the ratio of basin relief to basin length, high values characterize hilly regions 

while low values characterize plains and valleys (Kumar and Chaudhary 2016). Relief ratio values were measured as 

0.05 in the Basin of Ezine Stream, which is the minimum value, and 0.13 in the 2nd basin, which is the maximum 

value. In general, the relief ratio values for the lower basins are high (Table 6, Figure 14).  

Basin Relief (Bh): Bh was found from the maximum and minimum elevation values of the basins using the 

histogram of the DEM. Bh, one of the morphometric parameters controlling the denudation features of the basins, also 

affects the flow gradient, overland flow and sediment transport (Choudhari et al. 2018). It is a very important parameter 
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that can be used to detect the erosion of the basin (Shaikh et al. 2021; Kılıç et al. 2022). While the minimum elevation 

value in the basins was 0 m, the maximum elevation value was measured as 2015 m in the Basin of Ezine Stream, 

where the effects of flood were the most (Table 6, Figure 14). The high Bh values in the lower basins increased the 

slope and erosional activities, which increased the flood hazard.  

  

 
 

Figure 14: Distribution of relief morphometric features of Ezine Stream and neighboring basins (Kastamonu)  
 

Hypsometric Curve (Hc) and Integral (Hi): Hc enables inferences about the geomorphological stage of basins. 

Convex Hc indicates young basins in geomorphological terms (Strahler 1952). Over time, due to high erosion and 

weathering, Hc can take a concave form (Strahler 1952; Chai et al. 2022). The fact that the basins are young indicates 

that the erosion is severe and accordingly the sediment transport is high. Concave curves, on the other hand, are 

associated with old and low erosion basins (Strahler 1952). While the curves of 3rd, 4th, 5th, and 7th basins are convex, 

the curves of the other basins are concave. According to this, 3rd, 4th, 5th and 7th basins are the ones where the erosion 

intensity is high and floods may occur. Other basins show the characteristics of mature drainage areas (Table 6, Figure 

15). 

 

 
 

Figure 15: Hypsometric curves of the Basin of Ezine Stream and neighboring basins (Kastamonu) (Drawn with the 
CalHypso extension developed by Perez-Pena et al. 2009) 
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The HI value quantitatively refers to the three stages (young, mature and old) of Davis’s (1899) geomorphic erosion 

cycle (Chai et al. 2022). In the comparison made in terms of Hi values, Hi values of 3rd, 5th, 6th and 7th basins are 

higher than 0.5, and Hi values of the other basins are less than 0.5 (Table 6, Figure 14). When Hc and Hi are evaluated 

together, it can be stated that 3rd, 5th, 6th and 7th basins are in their youth phase, therefore the flood hazard is high, and 

that the other basins are less dangerous in this respect.  

Dissection Index (Di): Di is the parameter that expresses the degree of cleavage or erosion that occurs in a basin 

(Nir 1957; Thomas et al. 2012; Roy et al. 2022). Di values in all basins are the maximum value, which is 1 (Table 6). 

These values prove that cleavage and ruggedness are high. These values, which indicate that erosion is also high in the 

basins, indicate that the flood hazard is high.  

Gradient Ratio (Rg): The gradient ratio, which is an indicator of the channel slope, is a parameter allowing the 

evaluation of the flow volume (Sreedevi et al. 2005; Thomas et al. 2010). Low Rg indicates a flat stream bed and slowly 

moving water that can only carry small amounts of very fine sediments (Kumar and Chaudhary 2016). Rg values 

calculated in the basins vary between 0.05 and 0.13. The minimum Rg value was detected in the Basin of Ezine Stream, 

and the maximum Rg value was detected in the 2nd basin (Table 6). 

Melton Ruggedness Number (Mrn): Another index that takes the general relief conditions of the drainage basin 

into account is Mrn. Mrn is basically a slope index and a topographic indicator (Marchi and Dalla Fontana 2005). Mrn 

is an index of overland flow accumulation, which is calculated by dividing the difference between the maximum and 

minimum elevation in the basin area by the square root of the basin area size (URL-7 2022). Mrn value varies between 

0.10 (5th basin) and 0.29 (1st basin) in the studied basins (Table 6, Figure 14).  

Slope (S): There is a positive relationship between slope and erosion because the flow force of water increases with 

increasing slope (Roy et al. 2022). The maximum slope values of the lower drainage areas in the study area vary 

between 49.8o (1st basin) and 65.3o (3rd basin). The maximum slope value in the Basin of Ezine Stream is 61.26o (Table 

6, Figure 16). It can be stated that slope values are high in all basins, and it increases the flood hazard. 

 

 
 

Figure 16: Slope map of Ezine Stream and neighboring basins (Kastamonu) 
 

Average Slope (o): The average slope of a basin has a direct effect on erosion in the basin. It has been proven by 

researchers that if other factors remain unchanged, the greater the percentage of slope, the greater the erosion (Meshram 

and Sharma 2017). Average slope values in the basins vary between 17.21o and 25.11o. The average slope value in the 

Basin of Ezine Stream is 19.64o (Table 6, Figure 14). It can be stated that the average slope values in all basins are 

higher than 15o and the flood hazard is high.  
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Relative relief (RR): It is defined as the difference in elevation between the highest and lowest points in a basin. 

Relative relief provides an indication of the intensity of erosion processes operating in a field, as well as an idea of the 

morphological units in a field (Smith 1935; Kühni and Pfiffner 2001; Rai et al. 2017b; Roy et al. 2022). Relative relief 

values in the study area vary between 794 and 2015 m (Table 6). In this respect, the lowest value was measured in the 

6th basin, and the highest value was measured in the 5th basin. As the relative relief values increase, the severity of 

erosion increases. Accordingly, the 5th basin, where the flood event occurred, is also a basin where erosion is severe 

due to the high relative relief. This situation can be considered as an important factor in the occurrence of the disaster. 

All basins were divided into 1000*1000 m grids and the distribution of relative relief within the basin was determined. 

Accordingly, it was found that relative relief values are 3.94-454 m in the 1st basin, 24.8-492.7 m in the 2nd basin, 

13.1-572 m in the 3rd basin, 1.47-569.4 m in the 4th basin, 0.7-701.64 m in the 5th basin, 25.5-380.9 m in the 6th basin, 

51.5-341.9 m in the 7th basin and 15.9-530.6 m in the 8th basin. Ezine Stream Basin has the highest value in the sub-

basins where the elevation change in an area of 1 km2 is quite high (Figure 17). 

Ruggedness Number (Rn): High Rn value indicates high relative relief and high drainage density (Roy et al. 2022). 

It can be stated that the Basin of Ezine Stream is in a risky position in terms of the ruggedness numbers varying 

between 1.27 (7th basin) and 3.84 (the Basin of Ezine Stream) (Table 6). 

 

 
 

Figure 17: Relative relief map of Ezine Stream and neighboring basins (Kastamonu) 
 
3.2.4. Correlation Analysis 
 

Correlation analysis between morphometric parameters can be identified with the help statistical analyses used for 

specifying basin features that help prepare a comprehensive plan for mapping hydraulic potential and sustainability 

(Hamdan 2020). Pearson corelation analysis was used for the correlation between the parameters used in the study. 

Analysis results reveal a significant positive correlation between form factor and elongation ratio, and drainage density 

and stream frequency. A significant positive correlation was found between drainage density and infiltration number, 

drainage intensity and stream frequency, relief ratio and Mrn, and Rg and Mrn. There is a strong negative correlation 

between shape factor, form factor, elongation ratio, lemniscate ratio, and slope. There is a strong negative correlation 

between Rc and Kg; Rcn and Rh, and Rg; K and Ff; Dd and CCm, and Lg; If and Ccm, and Lg (Figure 18). 
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Figure 18: Pearson correlation analysis results of geometric, areal and relief morphometric parameters of the basin of 
Ezine Stream and neighboring basins 

 
4. Discussion 
 
Indices such as form factor, shape coefficient, and elongation ratio, which determine the shape of the basin, provide 

information about the flood type and duration. The results showing the elongated basins according to these indices 

reveal that the erosion risk is high and the floods are long but the overflow peak is flat. In terms of these indices, the 

basins show a elongated shape rather than a square, circular shape. For this reason, the erosion risk is high in the 

drainage basins and the flood hydrograph of the elongated basins can be seen (Javed et al. 2009; Ameri et al. 2018; 

López-Ramos et al. 2022). Drainage density and stream frequency are indices that provide information about the flood 

risk from the areal features of the basin. High drainage density and high stream frequency mean that the flood risk is 

high. When the distribution of these indices according to the basins is evaluated, the flood risk is high due to the high 

Dd and Fs values in the 4th, 5th, 6th, 7th, and 8th basins. The relief features of the basins enable us to make inferences 

about the speed and amount of the runoff and the period of the geomorphological development of the basins. Basin 

relief, relative relief, dissection index, hypsometric integral, hypsometric curve, slope and average slope, and 

ruggedness number analyzes and when basins are evaluated in this respect, it can be seen that relief features enable high 

runoff ratio and amount, and increase flood risk. In short distances from the coast, the elevation change exceeds 2000 

m. This result can be accepted as another indicator that the flood risk is high in the basins. In all basins, the dissection 

index is the highest value of 1. The ruggedness number, basin relief, and relative relief values were measured the 

highest in the Ezine Stream Basin. Hypsometric integral (HI), a geomorphological parameter, shows the stage of basin 

development (Said et al. 2018). The shape shown by Hc gives information about erosion and sediment transport (López-

Ramos et al. 2022). The hypsometric integral value and the convex curve of the Ezine Stream Basin are evidence of 

high flood risk. 

 
5. Conclusion  
 
This study has attempted to reveal the relationship between the basin morphometric parameters of Bozkurt disaster, 

which is one of the biggest flood disasters in our country. In the study, the Basin of Ezine Stream, where the effects of 

flood was most intense, has been relatively analyzed in terms of geometric (shape), areal and relief morphometric 

features together with its neighboring basins.  



A Morphometric Approach to Bozkurt (Kastamonu-Türkiye) Flood  

 

235 
 

In the analyzed basins, Ff value ranges between 0.18-0.36, Sf 2.76-5.46, Re, 0.48-0.67, Rc, 0.17-0.35, Kg, 1.67-2.38, 

Rcn, 0.58-2.29, K, 0.69-1.36, Dd, 1.26- 2.38, If, 0.88-4.55, Fs, 0.70-2.11, and Lg, 0.21-0.39. Basin relief values are high 

and range between 794-2015. The dissection index values are 1, which is the maximum value for this index in all 

basins. Hi, varies between 0.43-0.54, and Rn between 1.27 and 3.84. Pearson correlation coefficient was used for the 

correlation between morphometric parameters. According to the results, there are strong and very strong relationships 

between some indices. There is a strong positive correlation between drainage density and infiltration number, drainage 

density and stream frequency, relief ratio and Mrn, and Rg and Mrn. 
According to the results, the Basin of Ezine Stream is the basin with the highest value of basin relief, relative relief 

and ruggedness. It can be stated that these features of the basin increase denudation and facilitate flooding. When all 

basins are evaluated, it indicates that the basins have a more elongated shape. This result is an indication that the flood 

hydrograph shall be more flat, that is to say, flows shall be low and of long duration. Basin relief, relative relief, average 

slope and maximum slope values are quite high in basins. Average slope values are higher than 15o for all basins. Hi 

values are higher than 0.5 in 3rd, 5th, 6th and 7th basins and hypsometric curves are convex. It can be suggested that the 

precipitation in the area close to the source part of the basin on 10-12 August increased the degree of impact of the 

event. Between these dates, 424.1 mm of precipitation fell in the village of Bozkurt-Mamatlar. This precipitation rate is 

close to half of the total annual precipitation rate of Bozkurt station. According to projections related to global climate 

change, the site shall be one of the areas where the change in maximum daily precipitation is high. It is predicted that 

this change may be between 5-10% (URL-6 2022). This change in daily precipitation amounts will be in the form of an 

increase. In addition, the increase in temperatures will increase the probability of seeing heavy rains due to strong 

convective movements. For this reason, it can be anticipated that flood events shall continue. In order to prevent such 

events from turning into disasters, it is recommended to consider the geomorphological, climatic and morphometric 

features of the basins in the studies to be carried out. Constructions located close to the stream bed also played most 

important role in the flood event causing the disaster. For this reason, the areas close to the stream bed should not be 

zoned for construction. Public institutions such as residences, schools and hospitals should not be allowed to be built in 

the floodplain area of Ezine Stream. Stream beds should not be narrowed, debris should not be thrown into stream beds, 

and stream beds should be cleaned at regular intervals. 

In the Ezine Stream Basin, where the flood effects are the most, urban areas have increased over 100% between 

1990 and 2018. Preventing the destruction of natural vegetation in the study area and starting reinforcement works are 

other important studies to reduce flood damages. 
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