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Abstract 

 

Urbanisation, uncontrolled land use, infrastructure and engineering practices that are inconsistent with basin 

characteristics, and settlement planning that does not consider flood risk alter natural drainage systems, thereby 

obstructing surface runoff and increasing flood hazards. Due to topography and climatic conditions that intensify 

flow processes, Eastern Anatolia is, after the Aegean and Eastern Black Sea regions, one of the regions where 

flood events are frequently observed. The Muş Basin, located in the Eastern Anatolia Region and covering an area 

of 3.482 km², is one of Turkey's plains most frequently affected by floods. In this study, the flood threat in the Muş 

Basin was simulated under various discharge scenarios using measured flow data from previous years, a 5-m-

resolution Digital Terrain Model (DTM), and the HEC-RAS 1B modelling system. The results indicate that flood 

depth and flow velocity exhibit significant spatial variability across the basin. In particular, high flood risk has 
been identified in the vicinity of the settlements of Sungu, Yeroluk, Mercimekkale, and Muratgören, and these 

findings are spatially consistent with flood events recorded in previous years 
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Öz 

Kentleşme, kontrolsüz arazi kullanımı, havza özellikleriyle uyumsuz şekilde tasarlanan altyapı ve mühendislik 

uygulamaları ile taşkın riskini dikkate almadan tasarlanan yerleşim planlaması, doğal drenaj sistemlerini 

değiştirerek yüzeysel akışı engellemekte bu da taşkın tehlikesini artırmaktadır. Topografya ve iklim koşullarının 

akış süreçlerini yoğunlaştırması nedeniyle, taşkın olaylarının Ege ve Doğu Karadeniz’den sonra sık görüldüğü 

bölgelerden biri Doğu Anadolu’dur. Doğu Anadolu Bölgesi'nde yer alan 3.482 km² büyüklüğündeki Muş Havzası, 
Türkiye’de en çok taşkın gözlemlenen ovalardan biridir. Bu çalışmada, Muş Havzası'ndaki taşkın tehdidi; geçmiş 

yıllara ait ölçülmüş akım verileri, 5 m çözünürlüklü Dijital Arazi Modeli (DTM) ve HEC-RAS 1B modelleme 

sistemi kullanılarak çeşitli deşarj senaryoları kapsamında simüle edilmiştir. Sonuçlar, taşkın derinliği ve hızının 

havza genelinde önemli mekânsal farklılıklar gösterdiğini ortaya koymaktadır. Özellikle Sungu, Yeroluk, 

Mercimekkale ve Muratgören yerleşimleri çevresinde kritik taşkın riskinin yüksek olduğu belirlenmiş olup, bu 

bulgular geçmiş yıllarda meydana gelen taşkın olaylarıyla uyum göstermektedir. 
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1. Introduction  

Floods are one of the most severe and devastating events globally (De Moel et al., 2009; 

Kundzewicz et al., 2014; Paprotny et al., 2019), resulting in substantial economic losses and 

significantly impacting almost 200 million individuals annually (Chaulagain et al., 2023; Costache et 

al., 2019; Dottori et al., 2016). The Emergency Incidents Database (EM-DAT) reports an average of 170 

flood incidents per year from 2003 to 2022, resulting in 5,518 fatalities and affecting 74.6 million 

individuals annually, both directly and indirectly. The economic loss throughout this 19-year period 

amounts to 41.1 billion USD (Tin et al., 2024). 

Global climate change results in increased frequency and intensity of hydrometeorological 

events and disasters, leading to irreversible impacts. Human, geomorphological, and atmospheric 

variables are directly responsible for this situation (Andreadis et al., 2022; Hallegatte et al., 2013; 

Hirabayashi et al., 2013; Jongman et al., 2012; Özdemir & Akbas, 2025; Rentschler et al., 2023). The 

ability of a warmer environment to retain more moisture, resulting in sudden, heavy precipitation, is 

atmospheric in origin; by contrast, elements such as the basins' topographical relief, water retention 

capacity, and drainage characteristics are geomorphological in origin. Anthropogenic origin is also 

linked to changes in land use within the riverbed and its environs, channel concretization, poor design, 

and engineering errors (Lavell et al., 2012; Winsemius et al., 2016). However, over the past 50 years, 

flooding in Northwestern Europe has intensified and become more severe due to increased fall and 

winter precipitation driven by growing development demands and ongoing ecological deterioration. In 

contrast, there have been fewer floods in Southern Europe's medium and large river basins, which have 

raised concerns about dryness. With inadequate runoff and flood peak curves, flooding in Eastern 

Europe has become less likely due to increasing evaporation brought on by warmer temperatures and 

decreased snow cover and snowmelt (Blöschl et al., 2017; Hall et al., 2014).  

Türkiye is among the countries most susceptible to floods due to changes in precipitation 

patterns, frequency, and intensity brought about by global climate change (Kömüşcü & Çelik, 2013; 

Kümüşçü et al., 1998; Önol & Unal, 2014). Floods happen almost everywhere in Türkiye (Haltas et al., 

2021). Furthermore, 12.2% of all catastrophe occurrences in Türkiye are caused by the flood hazard, 

which is the most devastating event after earthquakes (Koç & Thieken, 2018; Yüksek et al., 2013). 507 

buildings were demolished and 62400 structures were seriously damaged as a result of 6069 occurrences 

that took place between 1900 and 2018 (Ghasemlounia & Utlu, 2021; Öcal, 2019; Wood et al., 2011). 

Around 7000 flood episodes occurred in Türkiye between 1908 and 2023, according to a study by Akbaş 

et al. (2025). The Eastern and Western Black Sea Regions, Büyük and Küçük Menderes, Susurluk, and 

Meriç River Basins are among the most significant areas affected by flooding. According to regional 

flood occurrences, the Eastern Anatolia Region had the greatest values (average = 1.72, total = 1706) 

while the Marmara Region had the lowest values (average = 0.40, total = 315) (AFAD, 2020; Karakuş, 

2024; TÜİK, 2021). The province with the highest number of flood episodes was Erzurum (mean = 5.23, 

total = 371). The province's average value was roughly five times higher than Türkiye's average, and it 

was responsible for 5.87% of all flood hazards in Türkiye (Demir & Kaya, 2020; Özdemir, 2024; Yılmaz 

& Akbulut, 2019). Similarly, in the province of Muş, a total of 32 flood events(mean ≈ 0.62)were 

recorded between 1963 and 2015, and widespread inundations occur across the basin floor due to the 

simultaneous overflow of the Murat and Karasu Rivers and their contributing drainage networks. 

Despite experiencing hot and dry summers, the region remains highly vulnerable to flooding today 
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because heavy winter snowfall and intense spring rainfall frequently trigger basin-wide flood events 

(Dölek, 2013; Dölek & Avcı, 2017). 

Numerous studies have been conducted on the general geology, tectonics, petroleum geology, 

volcanology, geochemistry and hydrogeological characteristics of the study area (Baştuğ, 1976; 

Göncüoğlu & Turhan, 1985; Kurtman & Akkuş, 1971; Özkan, 1981; Robertson, 2002; Soytürk 

&Baştuğ, 1973; Tarhan, 1991; Uzelli et al., 2021; Ünal, 1970; Wallace, 1968; Yakupoğlu & Erdoğanlı, 

2023). Despite this, few studies have examined the hydrographic characteristics of the Muş basin and 

the resulting floods and inundations. Based on the flood inventory gathered from local media and 

Provincial Disaster Risk Reduction Plan (AFAD, 2021) report, 48 flood occurrences were identified as 

having taken place inside the boundaries of the Muş Basin between 1963 and 2025. Between 1963 and 

2025, the majority of flood episodes occurred in April. Floods typically occur at these times because 

April experiences the highest levels of precipitation and snowmelt. 

Flood occurrences can be understood in a variety of ways. One of the most important of these 

techniques is hydraulic modeling, and the depth-velocity and spread parameters that depend on the flood 

characteristics are play a key role in assessing flood hazards (Al-Hussein et al., 2022; Basnet & Acharya, 

2019; Guven et al., 2025; İcaga et al., 2016; Namara et al., 2022; Ogras & Onen, 2020; Peker  et al., 

2024; Quirogaa et al., 2016). Consequently, based on the current flow scenarios, the depth and, in 

particular, the inundation situation that arose in the context of previous flood episodes are crucial for 

identifying and preventing potential future flood-related issues through hydraulic modeling with a more 

realistic and accurate scenario (Utlu, 2019).  

In addition, flood studies worldwide and in Türkiye frequently employ various hydraulic 

modelling approaches, notably 1D, 2D, and more recently 3D simulations, which differ in spatial 

resolution, computational complexity, and ability to represent flow dynamics. While 2D models capture 

lateral flooding patterns throughout floodplains, 1D models effectively simulate longitudinal flow in 

river channels, and 3D models offer comprehensive insights into vertical velocity and turbulence 

structures. In this context, flood hazard analysis refers to the methodical assessment of vulnerable 

locations by measuring variables, including water depth, flow velocity, and inundation extent. The 

efficacy of these modeling techniques in evaluating spatial variations in flood hazard has been shown 

by both international studies (Jibhakate et al., 2023; Mani et al., 2014; Patel et al., 2017) and Turkish 

case studies (Ceribasi & Ceyhunlu, 2021; Durak & Cürebal, 2025; Spor et al., 2025; Taylan & 

Damçayırı, 2024; Utlu, 2019; Yalcin, 2019; Yalcin, 2020). 

In this context, one-dimensional (1D) hydraulic models continue to be commonly used because 

of their computational efficiency, lower data requirements, and applicability to long river sections. For 

basin-scale flood hazard assessments, 1D models are regarded as dependable and efficient when 

accompanied by high-resolution topographic data and suitable roughness parameterization, even though 

two-dimensional (2D) and three-dimensional (3D) models may depict flow dynamics in more detail. 

Consequently, integrating a 1D HEC-RAS model with a 5-m-resolution digital terrain model (DTM) 

and GIS-based spatial analyses provides a strong framework for evaluating flood hazard in the Muş 

Basin and significantly advances regional flood risk management and spatial planning. 

The main objectives of this study are to carry out Hec-RAS 1D (One Dimensional) modelling 

of flood episodes on the Karasu and Murat Rivers in the Muş Basin using different flow data, to 
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determine the current distribution areas in the basin, and to establish the flood hazard of the Muş Basin 

based on depth and velocity. Another aim of the study is to reveal the hazard status of the existing land 

use within the scope of the modelling to be developed. 

2. Study Area 

The Muş Basin, one of Türkiye's biggest plains, is situated in the country's Eastern Anatolia 

Region and has long been vulnerable to flooding because of its geographic location (Dölek, 2013). Study 

area, which covers 3482 km2, has an extremely hilly and steep terrain. Mount Nemrut, the region's 

highest peak at 2950 meters, divides the provinces of Bitlis and Muş and constitutes the basin's eastern 

boundary.  In addition, the basin floor is bordered to the north by Üçsırt Mountain (2024 m), to the 

southwest by Tosun Hill (2819 m) and Kanıbirim Mountain (2444 m), and to the west by Şahin Hill 

(2678 m) (Figure 1). The basin measures 30 km in width and 80 km in length (Figure 1).  Settlements 

on the study area, which is classified as a young tectonic basin by geomorphology (Göncüoğlu & 

Turhan, 1985; Uzelli et al., 2021), are often found on the plain floor and nearby.  

 

                  Figure 1. The location map of the study area 

Additionally, although many towns, hamlets, and neighborhoods in and around the river 

corridors are located on high, steep hillslopes rather than on the valley floor, these settlements 

nevertheless remain exposed to sudden and severe flooding. This risk primarily arises because the steep 

topography accelerates surface runoff during intense rainfall, causing rapid concentration of flow toward 

stream channels. As a result, even settlements situated on hillslopes may become exposed to high-

velocity flood waves and debris-laden flows under extreme rainfall conditions (Figure 1).  
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Figure 2. Floods occurring in Muş basin. a. Sungu 2011, b. Korkut 2016, c. Yoncalıöz 2019, 

d. Düzkışla 2019, e. Çatbaşı 2020, f. Kıyık 2024, g. Center (15 Temmuz Neighbourhood) 2024, 

h. Hasköy 2024, i. Yeroluk 2024, Koçköy 2024. 

The rivers in the east-west extensional geometry of study area have a flow characteristic that 

corresponds to the slope (MGM, 2021). Throughout the basin, the Murat River runs north-south, 

whereas the Karasu River flows east-west. In the western part of the basin, these two rivers converge at 

an elevation of 1245 meters. In this regard, the two major rivers in the basin, the Murat and Karasu, 

which have numerous tributaries, are the principal rivers responsible for floods observed in the basin. 

Critical flood episodes have occasionally occurred in various dates and locations within the field 

(MHRP, 2011) (Figure 2). These floods have caused a great deal of social and economic harm (Dölek 

2015, Dölek, 2024).  
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Historical flood records indicate that the Muş Basin has experienced recurrent floods affecting 

multiple settlements along the Murat and Karasu river corridors over the past decades (Table 1). 

Documented flood occurrences between 1963 and 2015 demonstrate that both central districts and 

surrounding rural settlements have repeatedly been exposed to inundation hazards, resulting in damage 

to residential areas and infrastructure, livestock losses, and occasional fatalities. Particularly notable are 

the flood events recorded in 2003 and 2010, which caused loss of life and affected many households, 

highlighting the socio-economic vulnerability of settlements within the floodplain. 

The spatial distribution of historically affected settlements corresponds closely with the flood-

prone areas identified by the HEC-RAS hydraulic modelling results presented in this study. This 

consistency between historical flood inventory data and model-derived inundation extents provides 

additional qualitative support for the reliability of the flood hazard assessment. Therefore, the historical 

flood inventory not only demonstrates the long-term recurrence of flooding in the basin but also 

reinforces the necessity of basin-scale hydraulic modelling for flood risk mitigation and land-use 

planning. 

Table 1. Historical flood events recorded in the Muş Basin and surrounding settlements. 

No District Settlement Year 
Affected 

Households 

Loss 

of Life 
Other 

1 Merkez Sungu 1963 11    

2 Merkez Kıyık 1966 15    

3 Merkez Karaağaç 1969 11    

4 Merkez Üçdere 1968 5    

5 Hasköy Yarkaya 1968 15    

6 Korkut Calaplı 1974 7    

7 Merkez Şenova 1987     

8 Merkez/Korkut Karşıyaka 2003 20    

9 Merkez Derecik, Ilıca 2003  6   

10 Merkez Kıyıbaşı, 2009   70 livestock losses 

11 Merkez Tüten, Akpınar, Susurağı, Kutlugün 2009     

12 Hasköy Sungu, Erentepe Beldeleri 2010  1 300 houses affected 

13 Sungu Düzkışla 2011     

14 Merkez,Sungu Karakuyu 2012     

15 
Sungu/Hasköy/ 

Korkut 
Düzkışla,Kocatarla,Gölyazı,Karakale 2013 50  Bridge damage 

16 Merkez Sudurağı 2014   40 livestock losses 

17 Merkez Yoncaöz 2015   Multiple livestock 

losses 

*Source: From Dölek (2016). 

 

3. Data and Method  

The primary climatic type in the Muş basin is "D," which is described as the "Dsa and Dsb" 

classes of subclimate types, in accordance with the Koppen climate classification (Öztürk et al., 2017; 

Peel et al., 2007). Furthermore, these values are within the range of the continental Central Anatolian 

precipitation belt, which is found in high mountainous regions, and the mid-latitude continental climatic 

type, which has chilly, humid winters (Türkeş & Tatlı, 2011). The raster-based grid climate data type 
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indicates that the total precipitation ranges from 666 to 961 mm and the average annual temperature 

fluctuates between 3.9 and 10.4 °C (Fick & Hijmans, 2017) (Figure 3 and Figure 4).  

 

Figure 3: Precipitation distribution map of the study area 

*Source: Modified from Fick & Hijmans (2017). 

 

Figure 4: Temperature distribution map of the study area  
*Source: Modified from Fick & Hijmans (2017). 

 



 

572 

 

 

 

 

Ömer Kalın, Mehmet Furkan Şener, HEC-RAS and GIS based flood hazard analysis: A case study of Muş Basin   

3.1. Landcover Data  

Manning's N value and land cover types are two of the most crucial pieces of information in 

flood modeling. Land cover data derived from Sentinel 1 and Sentinel 2 satellite images at 10 m 

resolution, with a worldwide accuracy of 76.7% (Url-1) (Table 2), provide an essential foundation for 

calculating Manning's N roughness coefficient and serve as the foundational data set for the hydraulic 

model. Using Chow (1959), Jain (2000), Sturm (2001), and Akan & Iyer (2021), Manning's N roughness 

coefficient was determined.  

Table 2. Data used in the study 

Datasets Resolution Source 

DTM 5 m Directorate General for Mapping 

Flow Measurements 1969-2006 (year) Electricity Survey Administration 

Land cover  10 m Worldcover, 2021 

Climate data 1 km WorldClim, 2020 

 

 

Figure 5. The landcover map and Manning’s N values of the study area 

As a result, eight distinct land-type classes were found in the region where land-cover data were 

generated. Wetlands, water bodies, and built-up areas occupy the least area among land classes, whereas 

grassland and farmland cover the largest area (Figures 5 and 6). All of the research datasets were created 

using WGS84 UTM-Zone 37 N, the base maps needed to finish the study in the reference system were 

made using licensed ArcGIS Pro 3.3.0, and hydraulic modeling was done using the open-source Hec-

RAS 6.6 application (USACE, 2025).  
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           Figure 6. Areal and proportional distribution graph of land cover in the study area 

3.2. Methodology  

Flood episodes in the Muş basin are influenced by two significant rivers: the Karasu and the 

Murat. Understanding the flood potential of these two significant rivers and characterizing the hydraulic 

aspects of flood inundation — depth and velocity — under various scenarios are crucial. In this case, 

the analysis was based on DTM data at 5 m resolution and land cover data at 10 m resolution. The 

flowchart shows the steps used to complete the study (Figure 6). 

 

                   Figure 7. General flowchart of the flood modelling 

To produce the datasets, the DTM and land cover data were clipped to the basin boundary. Data 

entries for the riverbeds to be modeled were generated in the HEC-RAS software environment using 

XS-Cutline, bankline, and flowpath. Lastly, 1D modeling was performed using the basin's steady flow 

data under various flow-rate scenarios, based on Electricity Survey Administration data. Current data 

have been obtained from long-term records of the Electricity Authority Research Institute. However, 

because data continuity was interrupted at some stations (due to failure to maintain up-to-date records 

and intermittent outages), reliable frequency analyses could not be produced for each station. Therefore, 
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the minimum, average, and maximum observed flow rates during the measurement period were selected 

as model inputs. 

Flood modeling, which is essential for comprehending the hydrodynamic properties of 

floods, is mostly done in 1D and 2D (Fijko & Zeleňáková, 2016; Utlu & Özdemir, 2020). 

Consequently, regions with extremely wide and complex topography are increasingly favoring 

1D modeling these days (Alaghmand et al., 2010, Paiva et al., 2011; Schuman et al., 2007). In 

light of this, modeling was conducted for the 41-kilometer Karasu River and the 55-kilometer 

Murat River. In the simulated region, there are 60 cross sections in the Murat River and 52 in 

the Karasu River. Cross-line lengths on the Karasu and Murat rivers range from 6697 to 9885 

meters and 5400 to 9004 meters, respectively. Based on the kinetic motion of water across the 

cross sections produced during 1D hydraulic modeling, the energy equation (1) is essential 

(USACE, 2016). 

𝑍2 + 𝑌2 + 𝑎2
𝑣2

2

2𝑔
= 𝑍1 + 𝑌

𝑣1
1

2𝑔
+ ℎ𝑒                               (1)  

where, 𝑍1 and 𝑍2 are topographic surface features (m) located in and around the river, 𝑌1 and 𝑌2 

are the depths (m) obtained from the hydraulically modelled cross sections, 𝑣1 and 𝑣2 are the average 

water velocity of the cross sections (m 𝑠−1total flow), 𝑎1 and 𝑎2 are coefficients dependent on water 

velocity, g is gravity (m 𝑠−2), ℎ𝑒 is energy loss on the cross sections (Utlu & Özdemir, 2020; Utlu & 

Ghasemlounia, 2021).  

In addition, the energy loss (ℎ𝑒) of the dynamic model on each cross section is calculated by 

formula (2). 

ℎ𝑒 = 𝐿𝑆̅𝑓 + 𝐶 |𝑎2
𝑣2

2

2𝑔
− 𝑎1

𝑣1
2

2𝑔
|                             (2)

  

where, L is total current value used in the modelling, 𝑆̅𝑓 is the friction between the cross sections 

due to the bed inclination, C is the coefficient of contraction and expansion loss (Utlu et al., 2020; Utlu 

and Özdemir 2020).  

Besides, in this study, flood hazard mapping was generated by integrating the depth and velocity 

outputs obtained from the 1D hydraulic simulations, and the hazard levels were classified according to 

the criteria proposed by De Moel et al. (2009), which define inundation danger based on combined flow 

depth–velocity thresholds. Following this approach, four hazard categories were defined according to 

water depth: Low hazard – dangerous for individuals (<1.25 m); Moderate hazard – dangerous for 

groups (1.25–2.5 m); High hazard – dangerous for most people (2.5–5 m); and Extreme hazard – 

dangerous for everyone (>5–20 m). This classification enabled a systematic assessment of spatial flood 

hazard variations across the basin and provided a consistent framework for interpreting the hydraulic 

model outputs. 

This research deliberately used observed minimum, average, and maximum discharge values 

rather than statistically calculated recurrence-period flows. Traditional frequency analysis can lead to 

considerable uncertainty in assessing flood hazard in areas where gaps, inconsistencies, or 

discontinuities in measurement stations restrict the trustworthiness of long-term hydrological data. In 

these circumstances, flood behavior is carefully yet realistically represented using a scenario-based 

modeling technique informed by reported extreme values. 
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This method enables direct comparison of model outputs with observed flood occurrences and 

evaluation of the river system's hydraulic response under stress levels reported previously. The use of 

observed discharge scenarios guarantees that modeling findings for the Muş Basin are grounded in 

practical evidence rather than theoretical assumptions, since several flood occurrences have been 

documented there despite scant data from measurement stations. 

Furthermore, uncertainties regarding roughness coefficients, cross-sectional spacing, and land 

surface representation are inherent in all hydraulic models. In this study, these uncertainties were 

minimized by using high-resolution Digital Terrain Model (DTM) data and assigning Manning 

roughness coefficients based on land cover. However, the results mainly reflect hydraulic conditions 

defined under the steady-flow assumption. Time-dependent (unsteady) flow simulations and flood 

scenarios based on recurrence intervals will help further improve flood hazard assessments and will be 

addressed in future studies. 

4. Results and Discussions  

4.1. River Flow Simulation Using HEC-RAS 

The hydraulic characteristics of the flood episodes on the Karasu and Murat rivers were analyzed 

using 1D Hec-Ras modeling. The volume of water discharged into the environment reaches hazardous 

levels as these rivers increase their capacity to carry water. Flow measurements for these two rivers from 

1970 to the present were used to estimate likely flood zones and to compare these estimates with those 

from previous floods (Figure 8). The lowest, average and highest flow values for Murat River in Muş 

Basin are 17 m3/s, 127 m3/s and 1764 m3/s, respectively. For the Karasu River, they are likewise 0.2 

m3/s, 24.74 m3/s, and 410 m3/s, respectively. These flow values were used to generate a 1D hydraulic 

model for the Murat River's flow data of 127 and 1764 m3/s and the Karasu River's flow data of 24.74 

m3/s and 410 m3/s (Figure 8). 

 

  Figure 8. Importing and editing geometric data into Hec Ras software 

This modeling was developed for the Muş Basin for the first time, and the flood propagation, 

based on observed flow data, had varying impacts on the riverbed and adjacent environments. The depth 

distribution map (Figure 9a) and the flood hazard map (Figure 9b) were built using the daily maximum 

values because no notable floods were observed in the Murat and Karasu rivers at the daily minimum 

and average values (Figure 9a and 9b).  
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Figure 9. 1764 m3/sec Murat River and 410 m3/sec Karasu River, a. depth 
distribution map, b. flood hazard map, c. Mercimekkale site, d. Muratgören site, 
e. Yeroluk and Çatbaşı sites, f. Yoncalıöz and Eralanı sites, g. Sungu site, h. 

Koçköy site 

At the Mercimekkale site, the northern portions are inundated at a flow rate of 1764 m³/sec, as 

shown by the depth distribution map. To better illustrate flood depths and the corresponding elevation 

differences along the Murat and Karasu rivers, an equal-interval classification method was employed to 

produce a layered color scale with uniform elevation intervals. Under these conditions, nearby 

settlements and approximately 650 m² of agricultural land, particularly within meandering sections, are 

at high risk of flooding. These results indicate a direct threat to both settlements and agricultural 

productivity in the area (Figures 10a and 10b). 

Muratgören site: The flood causes the river level at the Muratgören site to rise to 9 meters, 

extending 600 meters inland from the beach, with a flow rate of 1764 m³/sec. Floodwaters from the 

rapidly changing course of the Murat River in the northwestern part of the Muratgören area inundated 

agricultural lands extending up to the boundaries of Muratgören village, and some makeshift structures  

were also submerged. Flood control measures need to be examined immediately, as the current drainage 

systems in this region are insufficient (Figure 10c and 10d). 

Kıyık, Bozbulut, Çatbaşı ve Yeroluk site: Kıyık, Bozbulut, Çatbaşı, and Yeroluk are the areas at 

greatest risk of flooding. In these areas, floodwaters have been observed reaching the boundaries of 

village houses. Agricultural lands in Bozbulut, Çatbaşı, and Yeroluk were submerged, though the houses 

remained unharmed. In contrast, approximately 10 houses in Kıyık village were directly affected by the 

floodwaters. With a flow of 1764 m³/sec, the flood has submerged 65% of Kıyık village and a sizable 
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portion of the villages of Bozbulut and Yeroluk. The water level reaches approximately 8.5 meters and 

extends approximately 550 meters inland. One of the most notable aspects of the Yeroluk region is the 

significant impact of flooding on agricultural lands and the ensuing ponding in low-lying regions. These 

circumstances influence agricultural production and long-term problems. If flood control measures are 

not put in place at once, there will likely be fatalities and property damage in these areas (Figure 10e 

and 10f). 

 

Figure 10. 1D Hec Ras model created with 1764m3/sec flow rate a. depth distribution 

, b. flood hazard map of Mercimekkale site; c. depth distribution , d. flood hazard map 

of Muratgören site; e. depth distribution , f. flood hazard map of Yeroluk and Çatbaşı 

sites; g. depth distribution , h. flood hazard map of Yoncalıöz and Eralanı sites; i. 

depth distribution , j. flood hazard map of Sungu site, k. depth distribution , l. flood 

hazard map of Koçköy site.  
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Yoncalıöz ve Eralanı site: The Yoncalıöz and Eralanı sites are among the areas most affected 

by the Murat River. In these locations, agricultural lands were inundated, with the impact more severe 

than in other areas. In Yoncalıöz, floodwaters primarily submerged farmland, whereas in the Eralanı 

region, makeshift structures and railway-related buildings located within agricultural fields came into 

contact with the floodwaters. According to modeling studies of a flood scenario with a flow rate of 1764 

m³/sec, water would rush approximately 600 meters inland from the beach, and water levels would rise 

up to 7 meters in certain locations. The greatest threats to the region include long-term effects of flooding 

and ponding in agricultural fields along the direction of flow. Compared to other areas, Yoncalıöz will 

require more time to drain, which will adversely affect agriculture and infrastructure (Figure 10g and 

10h). 

The Sungu site is a location on the Karasu River. As a result of flooding from the Karasu River, 

which flows northwest of Sungu, the village's agricultural lands and structures near the riverbed were 

inundated. During a flood with a flow rate of 410 m³/sec, water advanced approximately 200 meters 

inland from the beach, and water levels rose by 6–7 meters in some locations, despite reclamation work 

undertaken in the region in 2001. The river's slope allows floodwaters to spread over a wide area and 

remain for extended periods, potentially causing significant infrastructure damage and major losses to 

agricultural production (Figure 10i and 10j). 

Koçköy site: This area is among the most susceptible to flood damage from the Karasu River, 

which can inundate a large area. Koçköy, with buildings situated about three meters from the riverbed, 

is the village adjacent to the Karasu River. Agricultural fields and buildings near the river were identified 

as at risk from river flooding. Modeling studies based on a flood scenario with a flow rate of 410 m³/sec 

indicate that a large percentage of the region is inundated. The river's relatively gentle slope allows 

floodwaters to move slowly and remain for long periods, creating marshy regions and causing significant 

losses to agricultural production even where there are no densely populated areas nearby (Figure 10k 

and 10l). 

The modeling findings demonstrate a high degree of agreement between settlements with 

previously documented flood damage and simulated flood-sensitive locations. Over the past several 

decades, communities such as Mercimekkale, Muratgören, Yeroluk, and Sungu have experienced 

frequent flooding, and HEC-RAS models effectively depict these flood-susceptible regions. This 

consistency validates the applicability of the technique used for flood hazard assessments at the 

watershed scale and improves the reliability of the model outputs. 

Compared with previous GIS-based HEC-RAS studies conducted in other parts of Türkiye, the 

Muş Basin exhibits flood characteristics typical of broad alluvial plains, primarily fed by snowmelt-

driven stream systems. Long-term flooding, significant agricultural damage, and delayed drainage are 

often key elements of such ecosystems. These findings imply that flood risk reduction methods adopted 

in the Muş Basin should emphasize not only structural solutions but also land-use planning, early 

warning systems, and sustainable floodplain management techniques. 

4.2. Model Validation Using Sentinel-1 SAR Data 

Because continuous streamflow measurements at gauging stations in the Muş Basin were 

discontinued after 2006, event-specific discharge hydrographs, which are required for conventional 

hydraulic model validation, could not be obtained for recent flood events. Therefore, an independent 
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spatial validation approach based on Sentinel-1 Synthetic Aperture Radar (SAR) imagery was adopted 

to evaluate the spatial consistency between the HEC-RAS model outputs and observed flood extents. 

Sentinel-1 SAR data provide reliable flood extent mapping capability under cloud-independent day-and-

night acquisition conditions and are widely used in hydraulic model evaluation studies (Cao et al., 2019; 

Islam & Meng, 2022; Twele et al., 2016; Uddin et al., 2019). 

Sentinel-1 SAR-derived flood extent maps were generated for two major flood events affecting 

the basin on 5 May 2019 and 19 March 2024, and were compared with the HEC-RAS 1D model outputs 

representing the maximum discharge scenario (Murat River: 1764 m³/s; Karasu River: 410 m³/s). These 

two dates were chosen as they align with documented flood events in regional disaster records and 

correspond to major flooding episodes along the Murat and Karasu river corridors. The comparison was 

performed at both the basin scale and the pixel level using confusion-matrix-based performance 

indicators, including the Critical Success Index (CSI), Hit Rate (HR), and False Alarm Rate (FAR). 

Under the maximum discharge scenario, the HEC-RAS model estimated a total inundation area 

of 8,503 ha, including 5,159 ha along the Murat River corridor and 3,387 ha along the Karasu River 

corridor. Sentinel-1 SAR observations detected 1,041 ha of high-confidence inundation area for the 2019 

event and 9,841 ha for the 2024 event. A detailed comparison between model outputs and SAR-derived 

inundation extents is presented in Table 3. 

Table 3. Comparison of HEC-RAS 1D Model Outputs and Sentinel-1 SAR-Derived Flood Extent for the 19 March 2024 and 

5 May 2019 Events 

Parameter 2024 2019 

HEC-RAS Total Inundation Area 8,503 ha 8.503 ha 

SAR High-Confidence Inundation Area 9,841 ha 9.841 ha 

TP – Agreement Area (Both methods) 8,470 ha 8.470 ha 

FP – HEC-RAS Only (Model overprediction) 32 ha 32 ha 

FN – SAR Only (Model underprediction) 9,808 ha 9.808 ha 

Hit Rate 99.60% %99,6 

False Alarm Rate 0.40% %0,4 

CSI (Critical Success Index) 0.463 0,463 

Pixel-level comparison of the 5 May 2019 flood event revealed a strong spatial correspondence 

between the modelled inundation extent and SAR observations (CSI = 0.889, HR = 90.4%). Of the total 

8,503 ha of flood extent predicted by the HEC-RAS model, 8,344 ha (98.1%) overlapped with SAR-

detected flooded areas, indicating a high level of agreement between simulated and observed flood 

patterns. 

For the 19 March 2024 flood event, moderate spatial correspondence was obtained (CSI = 0.463; 

HR = 46.3%). However, an 8,470 ha (99.6%) of the modelled inundation extent was independently 

confirmed by Sentinel-1 SAR observations, demonstrating that the HEC-RAS model accurately 

represents flood-prone areas along the main river corridors. 

The very low False Alarm Rates obtained for both flood events (0.4–1.9%) indicate that the 

HEC-RAS model rarely overestimates inundation areas, and therefore provides a reliable representation 

of flood-susceptible regions within the basin. 
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Figure 11. Validation map of HEC-RAS 1D model outputs (orange) in the Muş Basin against Sentinel-1 SAR-derived flood 
inundation extents (blue) for (a) 5 May 2019 and (b) 19 March 2024. 

As shown in Figure X, the HEC-RAS 1D model outputs exhibit strong spatial agreement with 

Sentinel-1 SAR-derived flood extents for both the 2019 and 2024 events, particularly along the Murat 

and Karasu river corridors. However, the SAR imagery captures extensive lateral flood propagation 

across the alluvial plain that the 1D model does not represent. 

5. Conclusions  

This study focuses on the Muş Basin in Eastern Anatolia, which, at 3,482 km², is one of the 

largest basins in the region. The principal tributaries of the Euphrates River, the Murat and Karasu rivers, 

flow through the Muş Basin. The people and agricultural regions on the basin floor have always been at 

serious risk from floods that occur in the Muş Basin during wet seasons. Although floods have decreased 

as a result of the Karasu River's restoration efforts over the past ten years, they still occur because the 

drainage networks supplying the major tributary have not been restored. In this context, Hec-Ras 

analysis and existing DTM data at 5 m resolution were used to calculate potential flood-prone areas and 

associated hazards at the foot of the Muş basin. Based on the minimum, average, and maximum flow 

values, three distinct models were created for the basin bottom. The Murat River has an intraday flow 

value of 17 m3/sec at its lowest, 127 m3/sec at its average, and 1764 m3/sec at its greatest. The Karasu 

River has an intraday flow value of 0.2 m3/sec at its lowest, 24.74 m3/sec at its average, and 410 m3/sec 

at its peak.  

The HEC-RAS 1D flood modeling indicates that, while the Murat and Karasu rivers do not pose 

a significant flood hazard under minimum and average flow conditions, both residential and agricultural 

areas are at serious risk under maximum flow conditions. The HEC-RAS 1D flood modeling indicated 

that the volume of floodwater discharging from the riverbed was deemed hazardous in the flood scenario 

characterized by a flow rate of 1764 m3/sec in the Murat River. The floodwaters range from 16 cm to 

2.11 m. This flood level raises the possibility of both property damage and fatalities. The areas most at 

risk from flooding include Mercimekkale, Şenoba, Bozbulut, Çatbaşı, Kıyık, Muratgören, Yeroluk, 

Taşoluk, Eğirmeç, Yoncalıöz, and Eralanı. HEC-RAS 1D flood research indicates that the Karasu River 

and its tributaries experience floods when the flow rate reaches 410 m3/sec. According to the model, 

the floodwaters in the riverbed of the Karasu River range from 19 cm to 2.75 m. In addition, the 

communities of Sungu, Suboyu, Kumluca, Çatbaşı, and Koçköy are among the most severely affected. 

The steps needed to lower the risks, which are based on scenarios built using the collected data 

and the conceptual models developed, are outlined below. Based on this, 
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1. The reclamation project for the Karasu River began at Çatbaşı and proceeded to 

Yukarıüçadam village; however, no reclamation work was carried out beyond that point. Improvements 

are needed in this area. The communities along the Karasu River are at risk of flooding when its flow 

increases noticeably. 

2. The drainage networks that feed the Karasu River and pass through the Hasköy region have 

not undergone sufficient renovation. For instance, the Çayhendeği Stream in the drainage network 

flooded in 2024. Consequently, the bearing walls of the Çayhendeği Stream need to be raised and 

widened.  

3. In the reclamation works carried out on the Murat River between Mercimekkale and Murat 

Goren, and between the villages of Kıyık and Eralanı, embankments were constructed by piling soil. In 

the case of a river with a high potential flow rate, these precautions are inadequate. Although settlements 

are not located close to the bed, floods still cause damage to the barns and agricultural regions. 

Rehabilitation works between Mercimekkale and Murat Goren, as well as between the villages of Kıyık 

and Eralanı, are therefore crucial. 

4. In addition, safety measures should be taken as the houses on the banks of Çatbaşı Village, 

in the northern part of Eralanı Village, in the eastern part of Örenoba Village, and in the northern part 

of Muratgören Village, all of which are located at the confluence of Karasu and Murat Rivers, are at risk 

of flooding. 

5. In the Muş Basin, the flows of the Murat and Karasu rivers and of the main drainage systems 

that feed them should be measured regularly. Unmanned aerial vehicles should be used for modelling 

studies and for monitoring riverbeds and drainage beds in flood-risk areas. 

Overall, the Sentinel-1 SAR–based validation demonstrates that the HEC-RAS 1D hydraulic 

model reproduces the main spatial patterns and longitudinal extent of flood inundation in the Muş Basin 

with high reliability, particularly along the Murat and Karasu river corridors, as evidenced by strong 

overlap and low false alarm rates. 

Despite the robust results obtained from 1D hydraulic modeling, this study has some limitations. 

The analyses are based on steady-state flow conditions and observed discharge scenarios, and may not 

fully reflect the temporal variability of flood hydrographs during extreme events. Moreover, the 

modeling methodology does not specifically account for future changes in stream shape, land use, or 

climate.  

Nonetheless, the results provide a solid basis for understanding the current flood risk in the Muş 

Basin. Future research will enhance flood risk assessments and aid in the creation of comprehensive 

flood management plans by incorporating time-dependent (unsteady) flow simulations, climate change 

estimates, and higher-resolution topographic data into the model. Consequently, the 1D flood models 

created with the HEC-RAS software show overlap between the likely flood zones and historical flood 

areas. The current methodology uses the recorded minimum, average, and maximum flow values to 

produce a cautious evaluation of flood-prone locations.  

However, the use of statistical flow values derived from different return periods in future studies 

will complement the current findings and increase the reliability of the estimates. Therefore, this study 

will serve as a model for other regions investigating flood risk and as a reference for future research.  
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