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Abstract
Climate change triggering extreme weather events and the fact that settlements are at risk 
have made flood disaster analysis a more critical issue. The economic, social, and envi-
ronmental risk areas of Karakoyun, Sırrın, and Cavsak streams located in Şanlıurfa city 
center were determined using flood risk analysis. Thus, it aims to determine low, medium, 
high, and very high probability flood areas in the area, to collect the necessary data for 
establishing early warning systems and precaution packages, and to create an infrastruc-
ture for similar studies. While performing the risk analysis, we used Q5, Q10, Q25, Q50, 
Q100, Q500, and Q1000 flood recurrence flows of the mentioned streams. Many criteria were 
considered, including stream routes, natural water retention capacities, land topography, 
and general hydrological and geological features. In the light of the data provided, digital 
elevation models of the streams were created in the ArcGIS 10.3 program, all informa-
tion was transferred to the hydraulic modeling HEC-RAS 5.07 software, and risky areas 
were determined by performing a 1D flood analysis. At Q2 flow rate, Karakoyun has 7.09, 
Cavsak 2.67, Sırrın 6.603 m3 s− 1, and at Q1000 flow rate, Karakoyun has 167.550, Cavsak 
90.77, Sırrın 151.298 m3 s− 1 hydrograph peak values. As a result of the analysis, it was 
appointed that there was a flood risk in many parts of the stream sections. The flooding 
phenomenon has happened to be one of the most devastating floods for economic and 
environmental damages that occurred in Şanlıurfa City in 2023. People lost their lives, and 
many were injured during flooding; also, the urban economy affected nearly $15 million 
in the region. The risk of residences, shopping malls, and commercial areas in the city is 
revealed spatially.

Keywords  Climate change · Climate decision-making · Hydrological modeling · Flood 
monitoring · Mitigation strategies
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1  Introduction

Vital impacts due to climate risks have been one of the most significant global problems 
over the past century (Corringham et al. 2022). The governments have been struggling 
with extreme events and several disasters, and it has been observed that climate change 
has steadily increased hazards such as storms, tornadoes, drought, floods, and forest fires 
in urban areas (Jahangir et al. 2019; Andor et al. 2020; Cea and Costabile 2022; Isinkaralar 
et al. 2023). Current studies point to an increase in annual disasters in recent years. Today, 
natural disasters that negatively affect all living things occur in different types in different 
parts of the world, causing loss of life and property (Gallego 2018; Jongman 2018). The 
most significant scale events that have occurred in the world in recent times are caused by 
both climate change and human activities. Since the energy from the sun is stored more in 
urban areas due to their impermeable and non-reflective structure, cities warm up more than 
their surroundings, causing sudden weather events. In addition, human activities increase 
the greenhouse effect. The changing climate parameters also increase the water vapor in the 
atmosphere, causing severe weather events. (Chen et al. 2021). Taking precautions against 
possible global disasters is a critical social and economic issue (Rehman et al. 2019).

On the other hand, floods constituted 43.4% of all disasters experienced between 1998 
and 2017, and more than 2 million people were affected by flood disasters (Wallemacq et 
al. 2018). Türkiye is prone to earthquakes, floods, typhoons, droughts, fires, landslides, and 
lightning due to location, weather conditions, underground resources, and the land struc-
ture of the country. One thousand two hundred nine flood disasters occurred in the country 
between 1975 and 2005. Seven hundred twenty people lost their lives, and approximately 
893,933 ha of land was flooded. According to the General Directorate of State Hydraulic 
Works (DSI), the most floods occurred 122 times in 2015, the highest loss of life was 164 
people, and the most significant area under water was 201,100 ha, occurring in the flood in 
1995 (DSI 2015). In addition to meteorological reasons, rapid urbanization activities seen 
in underdeveloped or developing countries are also practical in floods. In countries with 
intense activity in economic areas, unplanned urbanization occurs with industrialization 
and the development of many different sectors (Pralle 2019; Mukherjee and Singh 2020).

This research aims to collect the necessary data to determine the low, medium, high, 
and very high probability flood areas of the Karakoyun, Sırrın, and Cavsak streams in the 
city center of Şanlıurfa, where Türkiye’s fertile agricultural lands are located and supported 
by a comprehensive irrigation project, Southern Anatolian Project known as GAP, and to 
establish early warning systems and precaution packages. As a very crucial city due to its 
social, economic, and geographical location, there have been many flood disasters and loss 
of life and property throughout history. Due to floods in history, bridges over the Justinian 
dam and Karakoyun were built (Kürkçüoğlu et al. 2013). The overflow of the Karakoyun 
Stream, located in the north and west of the city, fed by winter rains and flowing until the 
end of spring, caused great material and moral damage. Moreover, flood risk mapping was 
carried out with HEC-RAS software using different flood recurrence flow rates in the region 
with a history of severe floods. This phase marks the beginning of flood mitigation mea-
sures. Predicting reliable water levels is advantageous in preventing the damage caused by 
a disaster and developing response systems against possible damage. From a natural stand-
point, models continue to evolve with today’s technology. In this context, this study has the 
following research questions:
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	● Q1: Can HEC-RAS software be used as a tool for flood risk modeling?
	● Q2: Can flood risk areas be predicted spatially?
	● Q3: What strategies can be developed for areas at risk of being affected by floods?

2  Literature review

Urbanization causes the deterioration of natural vegetation, the decrease of the permeable 
layers of the soil, the excessive use of land with inappropriate agricultural methods, and the 
destruction of forests and ecosystems, thus increasing the frequency and effects of flood 
disasters (Li et al. 2021; Liu et al. 2022). Unplanned urbanization causes buildings to be 
located on dry and side stream beds. Irregularly constructed structures prevent the removal 
of surface run-off water, causing the urban infrastructure to be inadequate and streams to 
reach rare flow rates under normal conditions, damaging the surrounding land and structures 
(Handayani et al. 2020). It can reduce the loss of life and property from disasters by taking 
precautions and protection methods (Bae and Chang 2019). While carrying out the review, 
flood risk must first be evaluated to identify trends and gaps. Large-scale studies associate 
flood risk with historical processes (Disse et al. 2020). However, this method requires a 
comprehensive data set. Instead, current research includes geographic information systems 
(GIS)-based analyses due to its advantages (Peng and Zhang 2022; Hagos et al. 2022). 
Earlier researchers have demonstrated that urban flooding events can be a severe threat and 
suddenly emerge as natural disasters in urban zones by Kumar et al. (2020), Madhuri et al. 
(2021), Theodosopoulou et al. (2022) and Manandhar et al. (2023). The current literature 
review shows that flood risk management is widely used for urban flooding. The network 
between identifying flood sources and relation is strong in Fig. 1. Therefore, flood risk was 
chosen to indicate risk assessment.

Flood inundation mapping is an effective tool for reducing exposure in flood risk man-
agement. In this context, risk assessments were applied in different geographies using the 
Hydrologic Engineering Center’s River Analysis System (HEC-RAS) model. There are 
numerous reports on assessing and evaluating the reasons for flood events (Ferguson et al. 
2020). Given this, Zeleňáková et al. (2019) developed a model using HEC-RAS software 
for flood management in Kružlov. Mahmood et al. (2019) determined to estimate various 
floods in the Panjkora River via HEC-RAS and HEC-Geo-RAS.

Similarly, Garcia et al. (2020) examined flood impact analysis using a HEC-RAS 2D for 
Hurricane Harvey in Houston. In the Namara et al. (2022) study, where HEC-RAS software 
was used for Flood Inundation Mapping in the Upper Awash River Basin of Ethiopia, it 
was understood that the entire Awash Bello flood plain was flooded due to heavy rainfall. 
Some studies using the HEC-RAS software have found that settlements closest to the mouth 
of the river are more affected by floods than other areas further downstream. It has also 
been shown to have a strong correlation in reliably predicting future floods (AL-Hussein 
et al. 2022). Afzal et al. (2022) observed good agreement between simulated and observed 
flood extents in the Indus River Basin in a flood inundation modeling study by integrating 
HEC-RAS and satellite imagery. Tyler et al. (2019) systematically addressed identifying 
practical lessons to improve communities’ resilience to future flood disasters in the USA in 
the future. They worked to prepare economic flood risk maps in regions where floods are 
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continuous, and data deficiencies exist. Another study also indicates that flood databases 
can be obtained by the water management and spatial planning divisions; the future orienta-
tion of Austria determined risky areas (Nordbeck et al. 2019). Abebe et al. (2019) showed 
a coupled flood-agent-institution modeling framework (CLAIM) with agent-based (ABM) 
models and illustrated how models are developed for flood risk management in Saint Mar-
tin. Maps of the region were determined from high-resolution photographs and overlaid on 
each other. The riskiest areas in terms of flooding were tried to be determined for the coastal 
flood simulations. Some vital factor parameters constitute a risk for the coupled ABM-flood 
model. Their simulation results show many examples of structural flood hazard reduction 
measures and evaluated scenario simulations. Waghwala and Agnihotri (2019) prepared the 
evaluation using a flood management map compatible with GIS in Surat, India. After the 
statistical evaluation of the current maximum values taken from the current flow observa-
tion stations in the program data, the risk analysis was performed to determine the status of 
the spillway capacities. Critically, a sub-database was created using the maximum rainfall 
values taken from the current flow observation stations, the project flood flow rate, and the 
flood flow rate that occurred in the past years. Rubinato et al. (2019) reported that a review 
of the risk analysis within increased urbanization in the UK and China was performed using 
the mean value first-order secondary moment and forward first-order secondary moment 
method. The spillway risk values were determined according to many different situations. 
There are numerous examples of how effective local public authorities are. The economi-
cally feasible spillway sizes were calculated for both the dams in the design phase and the 
suitability of the improvement of the existing dams that have been completed for making an 
in-depth assessment of flooding and plans for the management of flood risk in several cities 
(Costache 2019; Alves et al. 2019).

Fig. 1  Link-based visualization of the network, including flood hazard assessment via Vosviewer software 
bibliographic analysis
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3  Methodology

In this study, meteorological, hydrological, and hydraulic information and data are required 
for the hydrological analysis of Sırrın, Karakoyun, and Cavsak Streams located in Şanlıurfa 
city center. They were obtained from Şanlıurfa Metropolitan Municipality and DSI Şanlıurfa 
15th Regional Directorate. For flood analyses to be realistic, on-site measurements com-
pleted the missing parts of the data provided. Then, all information was transferred to 
ArcGIS 10.3, a GIS program, and Digital Elevation Models were created spatially. All 
cross-sections, like routes related to streams, can be obtained from the DEM data transferred 
to the HEC-RAS program. All data were modeled, and a two-dimensional flood analysis 
was performed. After the analysis, an attempt was made to create a model closest to reality 
using the zoning map obtained through Şanlıurfa Metropolitan Municipality to determine 
which quantity and proportion of buildings were damaged in which region.

Flood propagation maps show the areas that may be flooded in case of flood according to 
the determined flow rate, water height, water depth, and water flow rate. Thanks to the pre-
pared flood risk maps it enables the creation of flood protection structures and the improve-
ment of land use conditions as a result of modeling based on the intensity and severity of 
floods that have occurred in the past and those that may occur in the future. The following 
data were provided for modeling:

	● Topographic maps,
	● Hydrological data,
	● Flood recurrence rates,
	● Rainfall information,
	● Previously obtained flood propagation zones,
	● Geometric information,
	● Cross sections information,
	● Height,
	● Spatial Analysis and Modeling (SAM),
	● Hydraulic structures such as levees, sills, and contexts,
	● Distribution areas and flood traces of historical floods.

3.1  ArcGIS 10.3 hydrology maps

In order to determine flood propagation areas, Q2, Q5, Q10, Q25, Q50, Q100, Q500, and Q1000 
flood values prepared according to the DSI Synthetic method were considered for various 
research. The ArcGIS software used in this study is a scalable integrated program developed 
by ESRI. This program includes many alternatives that enable ArcGIS data to be updated, 
created, viewed, managed, and analyzed. During the study, DEM data of all streams were 
created using the ArcGIS Desktop 10.3. This program can be obtained from the ESRI 
website.
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3.2  HEC-RAS 5.07 modeling

HEC-RAS software provides the opportunity to work simultaneously with ArcGIS. It can 
model water surface profiles of natural streams and open channels in the light of data and 
perform one and two-dimensional flood analyses of stable flows and one and two-dimen-
sional flood analyses of unstable flows. This program also provides the opportunity to deter-
mine channel capacities, sediment amounts, and distribution of floods, determine the levels 
at which floods can affect structures, perform water quality analyses and many hydrau-
lic structure analyses, and present the results as reports and graphics. The HEC-RAS was 
developed in 1964 by the Hydrological Engineering Center (CEIWR-HEC) at the US Army 
Corps of Engineers (USACE) to obtain and control water surface profiles (Hosseinzadeh-
Tabrizi and Ghaeini-Hessaroeyeh 2015; Vojtek et al. 2019). It has been used to create water 
surface profiles since 1995 and has been developed and updated with different versions 
daily for floodplain management (Bharath et al. 2021).

Additionally, the program offers three different current options when calculating water 
surface profiles. These are supercritical flow, subcritical flow, and mixed flow options. The 
study selected the flow regime for all streams as the mixed flow for steady state.

In order to determine the total flow rate and velocity coefficient in the section, the section 
is divided into subsections where the velocities are equal. While the section is divided into 
subsections in the HEC-RAS program, the transmission capacity is calculated for each sec-
tion with Manning’s Roughness Coefficient (MRC) formula, considering the sections where 
the channel roughness (n) changes.

Determining the “n” roughness coefficient is essential to obtain reliable results in pre-
paring flood hazard maps and flood control projects. Different values were determined and 
used to determine the roughness coefficient as a result of observations and experiments. 
While the roughness coefficient in natural stream beds must be determined by considering 
many different factors, determining the coefficient according to the type of material used in 
artificial channels gives realistic results. It has been stated that the most appropriate method 
used by DSI in the country to determine the MRC in stream beds is the “Cowan Method,” 
and a guide has been published by Cowan (1956). For the regulated routes in the streams 
subject to the study, the MRC in the channel and right-left floodplains was specified as 
0.016; for the routes that were not regulated and left in their natural state, the roughness 
coefficient within the channel was stated as 0.070, and for the right and left floodplains it 
was determined as 0.040.

There are some limitations to the analyses performed in the HEC-RAS program. Accord-
ingly, the flow is steady; the flow is considered to be slowly changing, one-dimensional, 
and the channel slope is small (< 1/10). While the HEC-RAS program calculates the flow 
capacity of a section, the total flow rate value is usually calculated with the subsections 
on the right and left banks. It is calculated by adding the flow capacities of the main chan-
nel taken as a whole. As water surface profiles are determined in the HEC-RAS program, 
repeated solutions are made using the energy conservation equation, and the equation gives 
the energy loss value to determine the unknown water height in a section.

In the study, flood analysis was performed using the HEC-RAS 5.07 version. In the 
HEC-RAS program, the solution is made using the energy conservation equation, and the 
equations give the energy loss needed to analyze 1D stable currents. 1D continuity and 
momentum equations are analyzed using a semi-closed finite difference schematic for 
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unsteady flow analysis. HEC-RAS 1D creates a model for stable and unstable flows, and 
while creating this model, data indicating the geometric and flow boundary conditions of the 
study area are transferred to the program and analyzed. As a result of the data and arrange-
ments entered, the flood analysis was calculated using the mixed flow regime. The program 
analyzes water surface profiles using the standard step method equation. The energy equa-
tion is given in Eq. (1) by Walden (2004) and Zimmermann (2010).

Z2 + Y2 + a2V2
2

2g = Z1 + Y1 + a1V2
1

2g + he Eq. (
1)

Z1, Z2: base height of the main channel (m),
Y1, Y2: cross-sectional current depth (m s− 1),
V1, V2 (m s− 1): average velocities (Q/A).
Q: discharge (m3 s− 1),
A: cross-sectional area normal to the direction of flow (m2),
a1, a2: velocity weighting coefficient-Coriolis coefficient or kinetic energy correction 

coefficient,
g: gravity acceleration (9.81 m s− 2),
he: energy loss height (m).
2, 5, 10, 25, 50, 100, 500, and 1000-year recurrent flood flows of Cavsak, Sırrın, and 

Karakoyun Streams were considered for hydraulic modeling. The flow rates used for 
hydraulic analysis were obtained from the DSI 15th Regional Directorate and used in the 
analysis. The flow rate values used are shown in Table 1.

In order to define and run a hydraulic model in the HEC-RAS program, geometric data 
of the flow or flows must first be entered into the system. The route lines of the streams and 
the cross sections on these lines, channel lengths, and energy losses occur for many different 
reasons; information about bridges and culverts on the stream route and right and left bank 
areas constitute geometric data. The X direction, taken at regular intervals along the route 
perpendicular to the flow direction, creates cross sections by showing the length of the sec-
tion, and the Y direction shows the height information.

All cross-sections are created perpendicular to the flow direction, and these cross-sec-
tions play a critical role in the analysis because they reflect the hydraulic properties of 
the basin. In order to make the analysis results accurate, an effort was made to take cross-
sections up to the extreme points that are likely to flood. When taking these cross-sections, 
they were generally taken perpendicular to the flow direction, depending on the condition 
of the land, in areas with bridges and culverts, where the roughness coefficient changes and 
according to the density of the settlement.

Hydrograph Peak Values
Relapse Period Karakoyun Cavsak Sırrın
Q2 7.09 2.67 6.603

Q5 20.365 10.255 19.677

Q10 33.543 18.352 32.82

Q25 55.630 31.382 54.123

Q50 76.280 42.596 72.482

Q100 100.88 54.743 92.191

Q500 147.482 79.925 133.505

Q1000 167.550 90.77 151.298

Table 1  Flow rate values used in 
stream analysis (m3 s− 1)
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3.3  Study area

Şanlıurfa, located at 37° 10’ 1.49” N Latitude and 38° 47’ 38.11” E Longitude, is surrounded 
by Diyarbakır in the northeast, Mardin in the east, Adıyaman in the northwest, Gaziantep 
in the west, and Syria, which has the longest land border of 789  km, in the south. The 
province is focused within the scope of the Southeastern Anatolia Project, which was built 
in the Euphrates and Tigris basins, some critical basins of Türkiye, providing 28.5% of our 
country’s water resources and making a significant contribution to the development of the 
country’s economy. The Euphrates basin, where the province is located, is the largest in the 
country and has the highest annual average river flow in Türkiye (Yenigun and Ecer 2013). 
With an average elevation of 518 m and a surface area of 18,584 km2, it corresponds to 3% 
of Türkiye’s surface area.

The province is an essential place due to its geographical location—the heights of the 
mountains in the north decrease towards the south. Extensive plains are located in the south-
ern half of the city. 22% of the surface area comprises mountains, 16.3% plains, and 61.7% 
plateaus. The surface area comprises 98.3% of the land suitable for agricultural activities. 
More broadly, its land use has characterized the disturbance of forest areas (0.6%), culti-
vated-planted areas (67.1%), and meadows-pasture areas (37.6%). Several areas indicate 
that they are purely natural and lack spatial and temporal areas for agriculture processes, as 
shown in Fig. 2.

It has a typically continental climate. Summers are long, generally dry and hot, and 
winters are primarily rainy and cold. Most of the precipitation is rain; the average monthly 
rainfall was 87.3 mm in January. It was at its lowest level in July and August, with 0.6 mm 
(TSMS 2023). The annual average relative humidity is 50% km, the wind blowing from 
the west prevails, and its average speed is 1.7 m s− 1. Since the temperature is very high, 
the evaporation rate is accordingly high, and the annual average evaporation rate is more 
than 1500 mm (TSMS 2023). According to TUIK (2020) data, the city has a population of 
2,115,256 people, and approximately half of the population lives in the city center. Kara-
koyun, Sırrın, and Cavsak streams in the city center were chosen as the research area in 
Fig. 3.

The HEC-RAS program applied hydraulic modeling, model simulation, and floodplain 
mapping, bridge bottom elevation (flow elevation), bridge deck bottom elevation, bridge 
deck, fill elevation, and bridge width information are entered to define for design culvert 
components, also deal with flow characteristics (abrasiveness, pH, and velocity), sedimen-
tation and erosion issues for the identifying flood risk parameters (Najafi and Bhattachar 
2011; Şen 2020). There are twelve culverts in the Cavsak Stream, seven in the Karakoyun 
Stream, and fourteen in the Sırrın Stream. The accuracy of the analysis results was ensured, 
and on-site measurements and observations were made for all culverts in Fig. 4.

4  Results

This study aimed to carry out flood analyses of Sırrın, Cavsak, and Karakoyun streams 
located within the central borders of Şanlıurfa province and to determine their risk status 
according to their categories (agriculture, industry, urban settlement, tourism, etc.) and to 
be a preliminary study to determine the risky areas in economic, social and environmental 
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Fig. 2  Location map of the selected streams
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terms. As a result, the study is planned to collect the necessary data for the creation of early 
warning systems and precaution packages by identifying low, medium, high, and very high 
probability flood zones for Şanlıurfa province and to form the basis for studies on this sub-
ject in Fig. 5. In Karakoyun Creek, it is seen that many sections are at risk of flooding from 
flood flow Q2. It was seen that the area where the shopping center is located is hazardous 
due to disastrous failure resulting in uncontrolled flooding. Thus, the cross sections are 
inadequate for flood protection design.

The hydrological model was created with the HEC-HMS program, the hydraulic model 
was created with the HEC-RAS program, and flood analysis was performed. With the help 
of the Watershed Modeling System (WMS) program, the basin area, slope, boundaries, iso-
hypses of the stream, land use status, and stream route were modeled. The model created 
in the HEC-RAS program was calibrated according to the flow and precipitation values 
measured in the basin area in the past years, and flood maps were created for both the main-
stream route and the tributaries, taking into account the values of the rainfall in July 2005, 
which was heavy rainfall. As a result of the study, the flood analysis of Sırrın Stream was 
made, and the residential areas that may be affected by flooding were determined in Fig. 6. 
Also, it is estimated that there may be a flood risk starting from flood flow rate Q50, mainly 
in the downstream sections of the Sırrın stream. Moreover, there are primarily agricultural 
lands in these areas.

In Cavsak Stream, it was given that there is a flood risk in sections starting from the Q50 
flood flow rate. It was stated that two neighborhoods (Kamberiye and Sancaktar Neighbor-
hoods) are at risk of flooding starting from the Q100 flow rate. Kamberiye Neighborhood 
is generally zoned commercial and residential and has a very crowded population density. 
It was termed agricultural lands on the stream route’s southeast side in Fig. 7. As a result 

Fig. 4  Representation of culverts according to sections from different streams a: Karakoyun, b: Sırrın, c: 
Cavsak

 

Fig. 3  Photos of the current state of the streams a: Karakoyun, b: Sırrın, c: Cavsak
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of the analysis, the risk status of areas such as housing, industry, health, education, socio-
cultural facilities, public institutions, etc. As a result of the study, areas with flood risk 
were identified, and it was stated that they should be studied in more detail with the mul-
ticriteria decision-making method. The generated data was transferred to the HEC-RAS 
program, hydraulic modeling was carried out according to the flow values with long-term 
flood renewal, and maps showing the flood spreading areas were created using water surface 
profiles.

In a variety of flood risk research, using a combination of GIS and hydraulic models, a 
time-invariant one-dimensional flow analysis in Arc/HEC-2 was modeled a time-invariant 
one-dimensional flow analysis in Arc/HEC-2 and created software that applies this analysis 
on top of terrain information organized in ArcGIS, a GIS program (Poussin et al. 2015; 

Fig. 6  Sırrın Stream cross sections at different flood recurrence flow rates (a: Q2, b: Q5, c: Q10, d: Q25, e: 
Q50, f: Q100, g: Q500, h: Q1000)

 

Fig. 5  Karakoyun Stream cross sections at different flood recurrence flow rates (a: Q2, b: Q5, c: Q10, d: 
Q25, e: Q50, f: Q100, g: Q500, h: Q1000)
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Nkwunonwo et al. 2020). In order to determine the flood areas that may occur according 
to the average 100-year flood recurrence flow rate, hydraulic analysis was performed with 
the HEC-HMS program. In reviewing these flood models, after determining the inertial 
wave equation, the flood flow rate, the elevations kinematic wave, and the diffusive wave 
where the water levels will rise during the flood were determined with the help of the HEC-
RAS program. Throughout the literature on marking the water surface elevations in ArcGIS, 
the flood areas were visualized in 2D, and flood risks were determined. After performing 
hydrological analyses with HEC-HMS, flood analysis with the HEC-RAS program was 
performed, and compared the analysis results with satellite images.

The fragile nature of the region against flood disasters is known. For this reason, in previ-
ous studies, flood protection structures were evaluated by examining the flood history in the 
area (Yenigün et al. 2016). In particular, the negative impacts of future floods in Şanlıurfa 
have been evaluated by taking into account the condition of the land, stream routes and 
capacities, hydrological characteristics, flood protection structures, urban infrastructure sta-
tus, and the location of the areas selected for development by local authorities. In addition, 
the status of the flood control structures built by Şanlıurfa Metropolitan Municipality in the 
areas examined in this context was examined, and it was also evaluated whether the flood 
risk occurs under current conditions.

This paper has gained a unique and up-to-date quality compared to other studies in terms 
of precise cross-sectioning of the studied streams; all flood recurrence flows, detailed analy-
sis of the construction in the floodplains, comprehensive evaluation of possible risk areas, 
and similar aspects. In the research conducted in 2021, the risk of the region, including the 
shopping center, was determined at the Q1000 flood recurrence rate in Fig. 8.

Fig. 7  Cavsak Stream cross sections at different flood recurrence flow rates (a: Q2, b: Q5, c: Q10, d: Q25, 
e: Q50, f: Q100, g: Q500, h: Q1000)
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5  Discussion

Climate change represents the most devastating disasters on our planet, with interacting 
floods in urban areas (Isinkaralar and Isinkaralar 2023). In recent destructive flood events, 
twenty-one people died in the 2023 Adıyaman-Şanlıurfa flood disaster due to excessive 
rainfall in the region. In addition, urban uses such as residences, workplaces and parking 
areas, transportation, communication and energy infrastructure, vehicles, and various house-
hold items were damaged, causing severe material damage. The study has a methodological 
approach that can prevent material and moral losses. However, in practice, decision-makers 
need to consider research. Flood risk management issues in the field of urban planning 
have been widely covered by French and Jones (2015); Lamb et al. (2019); Kuhlicke et al. 
(2020); and Vitale (2023). Bridges and culverts built following a standard decision-making 
model within mathematical and numerical approaches to prevent flood risk have had slow 
and erratic results, with development not taking into account significant or radical changes 
over time (Vafadarnikjoo et al. 2023; Seebauer et al. 2023). Numerous research studies 
assert that flood risk calculations are critical in establishing flood management and preven-
tion within this framework.

Some studies examined flood risk and its measures, which depend on the type of method 
and method of measurement. Botzen et al. (2019) revealed that many people take more 
flood-proofing measures in their homes in high-risk zones than in low-risk zones. In their 
context, statistical models were used to assess survey data and showed that the efficacy of 
dry and wet flood defenses is a significant consideration in implementing such measures. 
In our article, flood risk calculations were performed, and the data obtained was compared 
with that of other studies. The fact that the average coefficient is lower than the others does 
not cause negative results; it only results in a higher and more severe flood risk. Ogras 
and Onen (2020) investigated hydraulic structures of the Tigris River with the supercriti-
cal stream by the HEC-RAS, which defined water surface profiles of Q values (25–500) 
and one-dimensional floodplain analysis. Abbas et al. (2020) studied water levels using the 
HEC-RAS (one-dimensional and steady) model. The MRC of 0.025 provided an adequate 
level between the simulated and measured water levels. This work is close to our values as 
an acceptable match.

Fig. 8  (a): The region determined in the Q1000 flood recurrence flow rate, and (b): The urban planning 
zoning status of the region
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The findings obtained in another study located between Al Hindiya Dam and Kufa Dam 
coincide with our data by Hadi et al. (2023). They calculated the MRC as 0.045 for the 
channel and 0.047 for floodplain roughness. Similar results were obtained by Ardıçlıoğlu 
and Kuriqi (2019). They found the MRC n-values wide-ranging between 0.023 and 0.055 
at Sarimsakli Creek for several profiles. Shahverdi and Talebmorad (2023) performed the 
HEC-RAS analysis to optimize the MRC in Shahab River’s main channel and floodplain, 
Iran. The main channel and floodplain values were 0.061, 0.057, 0.040, and 0.069, 0.059, 
0.046, lower than the values estimated by the Cowan method. Many researchers have 
reported utilization of the HEC-RAS that plays an essential role in water engineering and 
can interact with several factors, including the MRC value (Vatanchi and Maghrebi 2019; 
Deshays et al. 2021; Norouzi and Bazargan 2022).

However, some studies have highlighted that the behavior of rainfall amount cannot be 
predicted and that the avoidance planning approach, disaster-sensitive planning, and smart 
cities are underlined for rainfall amounts exceeding the limit worldwide (Goswami et al. 
2023; Vijayachandran and Singh 2023). Tamiru and Dinka (2021) reported a study on the 
HEC-RAS model combined with ANN for delineating flooded lands of the Baro Akobo 
River Basin in Ethiopia. The accuracy of the model increased considerably, and findings 
obtained from the ANN model were integrated into the HEC-RAS for flood depth zones. 
Similarly, Shah et al. (2022) explored HEC-RAS 2D simulation in the Vishwamitri River, 
Vadodara district, for flood mapping. Phyo et al. (2023) conducted simulated research in the 
Yaedashe Township of the Bago Region to assess the impact of unsteady flow by HEC-RAS 
simulation. This study employs the analysis results of 1D (20.78–22.02 m of floodwater 
depth on 45.52 km2) and 2D (14.26–39.5 m of floodwater depth on 52.17 km2) are very 
dissimilar for creating an emergency action plan (EAP). Shaikh et al. (2022) used a 2D 
hydrodynamic model using HEC-RAS for a flood event in 2006 in Surat City, Gujarat. Their 
findings indicated that water reaches a depth of 1 m in 40–50 h in a significant part of the 
western region, while it takes 30–40 h to reach the same depth in the northern region. The 
west and north zones were flooded initially and reached a depth of 1 m in approximately 
40 h of arrival time. This can lead to identifying the risk zones vital for improving flood risk 
management and disaster preparedness. Drawing on the research performed by Stoleriu et 
al. (2020), El Bilali et al. (2021), Huţanu et al. (2020), Psomiadis et al. (2021), and Khouz et 
al. (2023), this study employs the rainfall, climatic conditions, urban dynamic data mapped 
and distributed to all levels were used to show the degree of flood risk. Within this literature, 
it is crucial to acknowledge regional environmental data when evaluating the most vulner-
able to flash flood zones in urban areas.

Based on the different findings, the uncertainty has been highly presented by the HEC-
RAS, suggesting that the MRC should be identified with adequate precision in order to 
mitigate the economic costs and human losses associated with flooding. The novelty of the 
current paper contributes to advancing resilience, sustainability, and community develop-
ment in the context of rising flood risks due to climate change and population growth. Also, 
it proposes a systematic approach to automatically checking the HEC-RAS and linking it 
with an optimizer/uncertainty analyzer to iteratively run the HEC-RAS and the optimizer/
uncertainty analyzer on hydraulic parameters in the Şanlıurfa city.
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6  Conclusion

The increasingly critical issue of flooding in Şanlıurfa City is essential for urban infrastruc-
ture and land use and should be monitored continuously. It has emerged that this situation 
should not be ignored in current research and urban planning. Monitoring and controlling 
floods, evacuating, transforming, and rehabilitating risky areas, and the existence of early 
warning systems are essential for the subject. It should be stated that the effect of human 
activities is a significant factor in floods, and raising public awareness on this issue should 
be a primary strategy. It is necessary to investigate the population affected by the flood, 
possible damage and vulnerability, and response capacity with flood risk maps. To move 
towards a sustainable environment, taking precautions before disasters occur will prevent 
possible loss of life and property. However, knowing the areas with high flood risk during 
the preparation of urban development plans can be a handy guide when recommending 
construction areas. Unfortunately, on March 15, 2023, the flood was one of the most devas-
tating floods in the city. Flooding significantly impacted Şanlıurfa; rainfall of 180–190 kg 
m− 2 suddenly caused three streams to overflow through the city center. In the flood disaster, 
17 people died, and 62 people were injured in the region. It was seen that people lost their 
lives, and many were injured during the flooding. Also, the urban economy affected almost 
$15 million in the region. One of the places most affected by the flood disaster, Şanlıurfa 
Archeology Museum, one of the largest archeology museums in Türkiye, has been dam-
aged by approximately 65 thousand artifacts in its storage. To the best of our knowledge to 
make sure this never happens again, prioritizing measures are as follows: (i) a dataset needs 
to be collected to variables and characteristics, (ii) it can examine the costs and benefits of 
flood risk mitigation, (iii) several technologies can be assessed to reduce flood risk. Further 
research on flood management strategies could ensure the development of informed policy-
makers worldwide.
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