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ABSTRACT  

Floods are considered one of the most dangerous natural disasters globally due to the damage they cause, 

impacting lives and damaging property, infrastructure, and economic activities. Despite the increasing 

frequency of flash floods in Iraq, particularly in the eastern regions, as a result of climate change, high-

resolution spatial assessments remain limited. This study addresses this research gap by integrating the 

latest Landsat 9 satellite imagery and rainfall data from the Global Precipitation Measurement System 

(GPM IMERG) within a multi-criteria framework based on geographic information systems (GIS) for the 

Kalal Badra Basin. The scientific contribution lies in providing a local sensitivity map with a 30-meter 

resolution that classifies the basin into three risk zones, offering a vital tool for disaster mitigation in data-

poor semi-arid environments. The study guides methodology based on DEM SRTM, Landsat image, GPM 

data. The approach described integrates remote sensing and GIS techniques. Various thematic layers such 

as slope, elevation, Normalized Difference Vegetation Index (NDVI), drainage density and precipitation 

were employed to delineate flood prone zones in the Kalal Badrah watershed in Iraq. The individual flood 

susceptibility maps of each thematic layer were combined with equal weights within the GIS environment 

to generate the overall flood susceptibility map of the study area. The final map classified the study area to 

three classes: No flood risk, low flood risk, and high flood risk area according to the selected criteria. 
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1. Introduction  

    Flooding causes heavy socioeconomic damage worldwide, raising issues such as water 

scarcity and pollution (Tahir et al., 2026; Umali et al., 2023; Ucheje & Balafama, 2025). 

Safeguarding life and property require the identification of flood-prone zones (Allafta and Opp, 

2021). Natural disasters not only cause loss to human life but also damage assets, infrastructure, 

agriculture, and environment. Millions of people across the world are vulnerable to the 

consequences of environmental disasters with limited resources and capacities to cope (Ullah & 

Zhang, 2020). Floods occur due to climate change, rainfall, dam break, and heavy storms (Wadeea 

and Jaber, 2021). Natural disasters not only cause loss to human life but also damage assets, 

infrastructure, agriculture, and environment (Thakur et al.,2023). Many disastrous floods have 

occurred over the last decade in the region, adversely affecting human lives, property, agriculture, 

and infrastructure (Al-Zubaidi and Abed, 2024; Merz et al., 2021; Angelakis et al., 2023). The 

most severe events took place in 2005, 2010, 2014, and 2016 while climate change has accelerated 

rainfall variability posing a threat of floods. Vulnerability to floods in the region is enhanced by 

a number of factors such as complex topography, limited water flow, and pronounced 

socioeconomic fragility (Ahmed et al., 2023).  

Previous mapping efforts in Iraq often relied on outdated static datasets or lacked the spatial 

integration of high-resolution satellite-derived precipitation. This study fills this gap by using the 

newest Landsat 9 images (launched in September 2021) and the GPM (Global Precipitation 

Measurement) IMERG dataset. These datasets have better temporal and spatial resolution than 

older missions like TRMM or NOAA AVHRR. Utilizing contemporary datasets, this research 

provides a more dynamic and precise delineation of flood-prone areas in a semi-arid basin. 
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Numerous studies have applied remote sensing and GIS techniques to flood hazard 

mapping in different contexts (Ejenma et al., 2014; Gunathilaka & Fernando, 2022; Harshana & 

Gunathilaka, 2023; Ali, 2018; Yousef & Jaber, 2023). Amen et al (2023) used remote sensing and 

a geospatial methodology to identify flood-vulnerable areas of the central district of Duhok, Iraq, 

based on analytical hierarchy process (AHP) to give relative weights to 12 contributing 

parameters in order to calculate the Flood Hazard Index (FHI). Fatah and Mustafa (2022) assessed 

flood-prone locations in the Akre, Iraqi Kurdistan Region, fundamental for susceptibility mapping 

was undertaken using geographic information systems, remote sensing, and an analytic hierarchy 

process model. Flood monitoring, evaluation, and susceptibility mapping in China employed 

NOAA AVHRR data alongside geographical information systems and ensemble weights-of-

evidence coupled with support vector machine models. Satellite SAR interferometry facilitated 

ground subsidence monitoring in Hong Kong, while flood hazard assessments in Bangladesh 

utilized NOAA AVHRR imagery. Analytical approaches integrating the Analytic Hierarchy 

Process and GIS generated groundwater potential maps in Iran. Landslide susceptibility in the 

same country merged support vector machines with GIS-based modelling. Maximum flood-prone 

area evaluations in Malaysia drew on RADARSAT images, and flood inundation simulation 

utilised raster-based methodologies. Near-real-time satellite imagery further supported flood 

modelling and verification (Rastogi et al., 2018; Copăcean et al., 2025). 

The present study focuses on the use of approaches for flood-prone area mapping in Kalal 

Badrah Basin in Wasit province depends on remote sensing data, includes; precipitation from 

Global Precipitation Measurement (GPM), STRM DEM, and Landsat 9 images. 

 

2.Materials and methods 

2.1. Study area  
Kalal Badrah Basin is located in the eastern Wasit Governorate of Iraq. In an independent 

study the basin was analyzed in quantitative morphometric detail using Shuttle Radar Topography 

Mission (SRTM) digital elevation data to extract key environmental aspects. The drainage basin 

comprises six hierarchical Strahler orders and incorporates dendritic, parallel, and deranged 

forms, indicating a mixed morphometric character. The topography consists of an alluvial basin, 

exhibiting similar solid geological structural properties throughout most areas. The drainage 

network is aligned with discrete lineaments and fracture traces and is indicative of a geomorphic 

phase beyond the youthful stage (A Jawad and Abdul Wadud, 2019). 

 

2.2. Methodology 

Floods are an important part of the global hydrological cycle (Liu et al., 2022; Al-Omari et 

al., 2024). They occur frequently and on a large scale, causing human and material losses annually 

throughout the world; these disasters are particularly prevalent in mountainous regions (Tiwari et 

al., 2020; Shaban, 2023). The past years have witnessed an unprecedented increase in the 

magnitude and frequency of floods, resulting in spatial and temporal changes in river flow 

characteristics under the influence of various climatic factors (Abdulrazzaq and Aziz, 2025; Li et 

al., 2026). Rivers and their basins are the factors influencing these changes (Zheng et al., 2021; 

Mohammed & Jawad, 2024). The river flow pattern depends on the characteristics of the basin 

(Yang & Cao, 2021). 

Satellite Remote Sensing Technique is used to map and understand many earth and 

environmental aspects  (Hussein & Alwehab, 2024; Jawad, 2024). Most of the phenomena on the 

Earth’s surface can be studied. Remote sensing coupled with Geographic Information System 

(GIS) and Digital Elevation Model (DEM) techniques can be effectively used in finding the flood 

prone area regions and future mitigation (Al-Saady et al., 2016). The main objective of this 

research is to identify the flood prone areas, map these areas within the study area and point out 

these zones on the map by using Satellite images (LANDSAT), GPM precipitation data and DEM 

data. 

The general steps of this this study: 

• Data Preprocessing and GIS Workflow 
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Before analysis, all multi-source datasets were standardized to ensure spatial consistency. 

The SRTM DEM, Landsat 9, and GPM IMERG data were projected to the UTM Zone 38N (WGS 

84) coordinate system. To maintain a uniform spatial grain, the GPM precipitation data (originally 

at 0.1° resolution) was resampled to a 30-meter resolution using the Bilinear Interpolation method 

to match the pixel size of the Landsat and DEM layers. This confirms that the overlay analysis 

captures localized topographic differences accurately. 

• Generation of Thematic Layers Slope and Drainage Density  

Using the Spatial Analyst toolset in ArcGIS, the slope map was made directly from the 

SRTM DEM. To find drainage density, we first used Fill, Flow Direction, and Flow Accumulation 

operations to get the stream network. Then we used the Line Density command to show how 

many stream channels there are per unit area (km/km2). 

• Compute NDVI 

The NDVI was calculated from Landsat 9 imagery using the following formula:  

𝑁𝐷𝑉𝐼 =
(𝑁𝐼𝑅−𝑅𝑒𝑑)

(𝑁𝐼𝑅−𝑅𝑒𝑑)
                                                                 (1) 

 This layer serves as a proxy for surface roughness; areas with lower NDVI values indicate 

sparse vegetation and higher runoff potential. 

• Rationale for Equal Weights Overlay 

Some studies use the Analytical Hierarchy Process (AHP) to give weights, but this one 

used an Equal Weights Overlay method to reduce bias and subjectivity. In the distinctive semi-

arid setting of the Kalal Badrah Basin, both topographic elements (slope/elevation) and 

meteorological factors (GPM precipitation) exert a synergistic and equally critical impact on the 

occurrence of flash floods. By assigning equal weight to each of the five parameters, the model 

provides a balanced physical representation of the watershed’s susceptibility without over-relying 

on weighted assumptions that may vary by season. 

• Classification and Risk Categorization 

The final flood susceptibility index was categorized into three risk levels (No, Low, and 

High) using the Natural Breaks (Jenks) classification method. This statistical approach was 

chosen because it identifies real classes within the data by minimizing the variance within classes 

and maximizing the variance between them, making it more accurate for non-uniformly 

distributed hydrological data than manual or equal-interval slicing. 
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Fig. 1. Location of the study area. 

2.3. Data Collection 
To map flood-prone areas, it is necessary to collect and analyze data pertaining to the 

governing factors (Al-Hussein et al., 2023). Low-lying, low-slope, and floodplain areas 

experience the greatest risk of flooding. Satellite data combined with topographical information 

an appropriate database for this purpose.  precipitation data provide information about regional 

rainfall and discharge (Abood et al., 2025). 

The Shuttle Radar Topography Mission (SRTM) digital elevation model (DEM) for the 

Kalal Badrah basin was downloaded from the Earthdata Center (https://earthdata.nasa.gov/). A 

30-m resolution SRTM DEM was downloaded to delineate the catchment boundary of the Kalal 

Badrah basin and extract its stream network, channel slope and other geomorphological 

characteristics. The basin boundary was defined in ArcGIS and selecting the flow direction to 

finally cure the outlet points. Delineation of the drainage network began by defining the flow-

accumulation threshold to optimize the results according to the known drainage densities obtained 

from the topographic map (Amen et al., 2023). 

Satellite-derived precipitation estimates enable regional rainfall analysis. Within the 

availability period of combined satellite precipitation and auxiliary data, the Tropical Rainfall 

Measuring Mission (TRMM) Multi-satellite Precipitation Analysis (TMPA) tool offers valuable 



Kadhim et al …                                  Vol 7(2) 2026: 1550-1560 

1554 

 

information on the spatial and temporal distribution of precipitation. Version 7 of the TMPA 

provides the long-term GPM IMERG precipitation dataset for assessing global flood damage. 

IMERG extends the TMPA product by combining observations from radar, microwave, and 

infrared sensors with high temporal and spatial resolution.  

LANDSAT 9 is the latest satellite from the Landsat program, developed to continue the 

long history of Earth observation spanning over five decades. It was launched into a near-polar, 

sun-synchronous orbit at 705 km altitude on 27 September 2021, with an equatorial crossing time 

of 10:00 a.m. Landsat 9 was used in this study to drive the NDVI layer. 

 

2.4.  Remote Sensing Techniques and GIS  
Remote sensing techniques provide valuable data for flood-risk mapping. To delineate 

flood extent in satellite images, a two-stage approach that combines thresholding with auxiliary 

contextual information is used (Aziz et al., 2024). In a flood-prone region, floodwaters damage 

standing crops and valuable properties annually. Remotely sensed imagery and geographic 

information systems (GIS) are widely used to measure the areal extent of flooded areas. Water 

resource and flood-risk management requires an accurate notion of the topographic elevation of 

riverbed and floodplain. Flood inundation mapping is one of the most important contemporary 

applications of remote sensing (Shamkhi and Al-Badry, 2021).  

Various thematic layers such as slope, elevation, Normalized Difference Vegetation Index 

(NDVI), drainage density and precipitation were employed to delineate flood prone zones in the 

Kalal Badrah watershed in Iraq. Relative frequency ratio was applied to establish the relationship 

between each flood causative factor and the flood locations, as determined by analysis of Landsat-

8 (OLI) satellite imagery, Digital Elevation Model (DEM), and precipitation. All thematic layers 

were retrieved as raster grid values with cell sizes of 30 m to ensure homogeneous spatial 

resolution. A natural breaks classification method was then applied to group the relative frequency 

ratios into five categories, ranging from very low to very high susceptibility. The individual flood 

susceptibility maps of each thematic layer were combined with equal weights within the GIS 

environment to generate the overall flood susceptibility map of the study area. 

 

2.5.  Criteria identification  
The criteria identification process considers various factors pertinent to the generation of 

flood-prone area maps. Elevation is a major factor because lower altitudes tend to collect water 

and are more likely to flood (Rasn et al., 2021). The slope of the land affects how surface runoff 

flows. Areas with gentle slopes hold water better, while areas with steep slopes let it drain quickly. 

Drainage density, which is the total length of streams per unit area, shows how well the drainage 

system works and how likely it is that surface water will build up. Land use and land cover have 

a big effect on how quickly water can soak into the ground and how quickly it can flow off the 

surface. For example, urbanized or deforested areas make surfaces that don't let water through, 

which makes the risk of flooding worse. Moreover, proximity to channel banks and the occurrence 

of active channels are critical, as regions adjacent to overflowing rivers are inherently flood-

prone. These factors, nominated according to prior studies (Hoque et al., 2019; Zehra & Afsar, 

2016), are incorporated into the model to accurately delineate flood-prone zones in the Kalal 

Badrah basin. 

 

2.5.1 Elevation 

Digital Elevation Model (DEM) is a critical component in hydrologic, hydraulic modeling, 

and remote sensing applications, providing elevation data in a raster format (Ahmed et al., 2023). 

A raster layer comprises a grid of cells, each representing a particular spatial unit on the Earth’s 

surface. Models simulate water movement within the raster domain, where flow direction for each 

cell depends on adjacent cells' elevation (Shamkhi and Abdul-Sahib, 2020). The 3D nature of a 

DEM differs significantly from a 3D vector dataset, as it depicts surface elevation without point 

or node connectivity, making direct measurements of slope, aspect, or flow direction impossible 

(Sufiyan et al., 2018). 
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2.5.2. Precipitation 

In this study, annual time average map for the last ten years from 2014 to 2024 from GPM 

dataset was used. The GPM data indicates variability in annual and monthly precipitation. 

  

2.5.3 Drainage Density 

Drainage density, defined as the total length of per unit area within a basin, governs the 

response of a drainage basin to runoff and is affected by several meteorological and physiographic 

factors. Major and minor streams were extracted using the stream order tool in ArcGIS software. 

The minor and major catchment boundaries of the Kalal Badrah Basin were delineated using 

ArcGIS 10.3 software and base maps. 

 

2.5.4 Slope 

Slope is an important topographic factor that affects the speed of overland flow, how much 

erosion it can cause, and how well soil can hold water. Steeper slopes usually mean that water 

runs off the surface faster and erodes the soil more, which makes flooding more likely (Mzuri et 

al., 2024). To assess the influence of slope on flood risk in the Kalal Badrah Basin, a high-

resolution Digital Elevation Model (DEM) was obtained from the Shuttle Radar Topographic 

Mission (SRTM), featuring a spatial resolution of approximately 30 meters. The DEM makes it 

easier to find important morphological parameters, such as slope gradient and flow direction, that 

are used to figure out how likely a flood is to happen. Slope is computed using SRTM DEM data 

using ArcGIS, surface function in the spatial analyst tools.  

 

2.5.5 Landcover (NDVI) 

Normalized Difference Vegetation Index (NDVI) analyses are widely employed in 

floodplain mapping and hazard assessment (Gumma et al., 2019). The index capitalizes on the 

spectral difference in red and near infra-red bands for monitoring vegetation health, and 

consequently surface water. In actively flooded environments, healthy vegetation often cannot be 

sustained over long durations, so NDVI serves as a valuable proxy indicator of floodplain extent. 

In substantially de-vegetated flood plains (e.g., around many semiarid rivers) an NDVI approach 

is precluded. In this study, NDVI was derived using ArcGIS 10 based on Landsat 9 image.  

 

3. Results and Discussion 
Flood mapping helps to identify risk areas and is therefore regularly applied in flood 

management surveys. Five main factors influence flood: drainage density, elevation, slope, 

NDVI, and precipitation as shown in Figure 2.  Flood susceptibility mapping is essential for future 

flood management. The resultant flood hazard map delineates three zones:  high, low, and no 

flood risk, as shown in Figure 3. Approximately 20% of the area is classified as highly flood-

prone, with elevated risk concentrated in mid, southern, and western sectors characterized by 

gentle slopes, flat curvature, low elevation, high topographic wetness, and dense drainage 

networks. Flood hazard assessment constitutes a vital component of disaster risk management. 

Utilizing various remote sensing and GIS techniques for susceptibility mapping aids in 

pinpointing vulnerable areas. Combining these methods improves the assessment of flood risk 

and makes and planning mitigation efforts more effective. 
The fact that 20% of the basin is a high-risk area, especially in the southern and western 

parts, shows how important it is to build specific hydraulic structures right away. This geospatial 

method gets around the problems with sparse ground-based monitoring in the Wasit Governorate. 

As a result, the maps that were made give local governments a scientific basis for using "non-

structural" flood management strategies like zoning land use and giving priority to early warning 

systems. The latest flood susceptibility map clearly shows that the Kalal Badra basin is 

characterized by significant spatial diversity. High-risk areas constitute approximately 20% of the 

total basin area, with the majority of this area concentrated in the western and southern parts. This 

is due to the low elevation and gentle slope (less than 2%) in these areas, which facilitate water 
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stagnation during periods of heavy rainfall as recorded by the GPM. In contrast, the No flood risk 

area covers 27% of the basin area, mainly concentrated in the elevated eastern border. This is 

because the topography enhances the steepness of the slope and promotes rapid surface runoff 

rather than water accumulation. 

 

 

Fig. 2. The criteria used in this study. A) Elevation, B) Drainage Density, C) NDVI, D) Slope, E) 

Precipitation. 
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Fig.  3. The Final flood prone areas map. 

4. Conclusion 
Flood hazard maps help find places that are at risk and help plan ways to reduce that risk. 

Identifying areas that are likely to flood lets you figure out which ones need protection or special 

land-use rules, even if you don't have complete flood-frequency data. This study successfully 

achieved its objective of delineating flood susceptibility zones in the Kalal Badrah Basin using 

an integrated RS and GIS framework. The research contributes to the regional hydrological 

literature by providing the first high-resolution (30m) risk map for this basin using Landsat 9 and 

GPM IMERG data. This context offers a cost-effective tool for disaster managing in data-scarce 

transboundary areas, enabling authorities to prioritize infrastructure protection in identified high-

risk flood area. A flood hazard map of the Kalal Badrah Basin was generated by integrating GIS 

and remote sensing techniques with a recognized geomorphologic-depression data. Five criteria 

were used such as slope, elevation, Normalized Difference Vegetation Index (NDVI), drainage 

density and precipitation to delineate flood prone zones in the study area. The final map classified 

the study area according to inherent flood hazard level namely; no flood, low, and high flood risk. 

Approximately 20% of the area is classified as highly flood-prone, with elevated risk concentrated 

in mid, southern, and western sectors characterized by gentle slopes, flat curvature, low elevation, 

high topographic wetness, and dense drainage networks. Determining flood risk levels can 

minimize the economic impact of a flood event. All flood-prone areas have a high risk of flooding, 

but the actual risk of damage in such an area depends on economic, social, environmental, and 

physical factors. 
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