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ABSTRACT

The frequency and intensity of flash floods increased substantially in recent years in
the world which are the maijor risk for urban regions and environment. The objective of
this comprehensive study is to assess the buildings vulnerable to flood hazards in
Erbil city, Kurdistan region of Iraq using the integrated approaches of Geographic
Information Systems (GIS), satellite remote sensing, and the Analytical Hierarchy
Process (AHP). 14 flood-contributing parameters were used to map flood susceptible
regions in the Erbil city. Rainfall, aspect, topographic wetness index (TWI), elevation,
flow accumulation, lithology, soil data, normalized difference vegetation index (NDVI),
normalized difference built-up index (NDBI), land use land cover (LULC), slope,
stream power index (SPI), drainage density, and distance to roads were the factors
that have been used to create flood susceptibility map (FSM). The FSM map showed
considerable results with the accuracy of the 92.2%, using historical flood data to
assess the accuracy. The results showed that 109 km2 (12.1%) of Erbil city area
located in high and very high flood risk areas. Moreover, the outcome underscored
startling results, showing that nearly half of buildings in Erbil city (47.6%) were located
in high or very high flood risk areas. Additionally, the finding showed that 33853
(3.84%) and 69258 (7.85%) of population in Erbil city were located in very high and
high risk flood zones, respectively. This study offers valuable insights for policy
makers and urban planners, significantly contributing in monitoring urban
environments, early warning systems, flood mitigation strategies and sustainable
urban growth.
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1. Introduction

The technological innovations in flood hazard
assessment significantly contributed in better
understanding the primary factors and mitigating
the impact of flood hazards, specifically in urban
areas. Floods can have severe impact such as
infrastructure damages, risking public safety and
daily life disturbance (Samansiri, Fernando et al.
2022). According to recent studies, migration to
urban regions and impervious surfaces
substantially increase in next decade which
considerable amount of land features will be
replaced by urban areas (Qi, Ma et al. 2021).
Flooding considered as the one of the most
dangerous hazards due to its severe impacts on
human life and environment. The Kurdistan
region of lIraq, like other parts of the world,
significantly affected by flash floods in recent
decade. Flood risk mapping and building
vulnerable areas using efficient techniques
significantly contribute in better understand the
flood patterns and providing insights for better
decision making processes and mitigation
planning strategies in densely populated areas
(Membele, Naidu et al. 2022). Rapid urbanization
and change in land use and hydrological
conditions are the considerable factors impacting
the flood intensities, especially in a city like Erbil,
which faced multiple flood events in recent years.
The land use pattern and replacing vegetated
areas with impervious surfaces results in
increased runoff and reduced natural drainage,
which leads to more intense flood events,
especially in urbanized areas with high
population density (Ozkan and Tarhan 2016, Li,
Zheng et al. 2023). The sustainable integration
approaches play significant role in risk mitigation
such as increased urban green spaces. The
sustainable urban planning and disaster
preparedness measures ensures the safety of

infrastructures and human life.  Building
vulnerability assessment provides valuable
insights for urban planners and disaster

preparedness strategies.

The geospatial and remote sensing techniques
offer valuable tools to assess the vulnerable
areas, offering significant insights about flood risk
areas that need mitigation strategies for urban
planners. Moreover, integrating the geographic
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information system (GIS) with the Analytical
Hierarchy Process (AHP) provides
comprehensive approach to better understand
and analyse the multiple and complex factors
impacting the flood hazards, facilitating the
decision-making processes (lliadis, Galiatsatou
et al. 2023). The diverse topography and rainfall
patterns of Erbil city, which is the most populated
city in Kurdistan region of Iraq, made the city to
face severe challenges due to frequent floods in
recent years. Erbil city faced substantial increase
in urbanization and population, and with its
unsuitable drainage system and decreased
green spaces, the region affected by flood events
in major parts of the city (Sarmah and Das 2018).
The floods in 2018, 2020 and 2024 caused
substantial economic loss, loss of life and
infrastructure damages, indicating the need of
rapid flood hazard analyses to understand the
flood factors and mitigate its affects (Aziz, Saleh
et al. 2023). Recent floods in Erbil city, in 2021
and 2022 killed 14 people and 55 were injured (K
Sissakian, Al-Ansari et al. 2022). In some parts of
the city flood covered homes with two meters
(Aziz, Saleh et al. 2023).

Several researches have been implemented for
flood hazard analysis sing different measures.
Multiple studies used AHP integration with GIS
techniques for Ranya city (Chomani 2023), Akre
district (Fatah and Mustafa 2022), Mergasor
(Mikail and Hamad 2023), Erbil Sub-Basin (Al-
Shwani, Saleh et al. 2025) and Duhok city (M
Amen, Mustafa et al. 2023) and analysed the
flood hazards comprehensively. Moreover, HEC-
RAS were used in different researches for Zerin
City (Dawood and Mawlood 2023), Koya city
(Dawood, Mawlood et al. 2021), Barzan area
(Mustafa, Faisal et al. 2025), and Erbil city
(Mustafa, Szydtowski et al. 2023). However,
Decision Table Classifier and Metaheuristic
Algorithms were used to assess the flood
hazards in Sulaymaniyah (Askar, Zeraat Peyma
et al. 2022) and another study integrated GIS
with morphometric analysis to investigate the
flood hazards in Gulasur Basin in Sulaymaniyah
(Ibrahim 2021). Additionally, studies used the
Storm Water Management Model (SWMM)
approach in Erbil City to simulate the urban flood
and assessing flood potential zones (Ali and
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Mawlood 2023, Ali and Mawlood 2023).
Moreover, the topographic wetness index (TWI)
tool were integrated with Multi-Criteria Decision-
Making in another study for Erbil basin to identify
areas Exposed to Potential Flash Floods
(Thannoun and Ismaeel 2024).

Having accurate mapping of flooded areas and
generating flood susceptible regions ensures
better decision making and can be used for
disaster management and mitigation planning by
policy makers. Recently, using the GIS, remote
sensing and AHP integration critically facilitated
the flood hazard analysis, resulting in better
understanding the flood events and reducing its
impacts on the peoples life and environment
(Akhtar, Sajjad et al. 2023). The literature
commonly used multi criteria decision-making
(MCDM) as one of the effective approaches for
flood assessment. Moreover, the analytical
hierarchy process (AHP) used as the popular
choice for considering multiple factors of flood
events (Diaconu, Costache et al. 2021, Kaya and
Derin 2023).

The building vulnerability assessment and flood
hazard analysis in Erbil city by integrating the
GIS, remote sensing and AHP techniques are
the objective of this study. The study highlights
the significance of building vulnerability mapping
for disaster preparedness and more effective
decision making process. Moreover, the results
of the research significantly contribute in early
warning system measures, providing effective
tools to mitigate the flood risks to human lives,
infrastructure, and economic activities.

2. Materials and methods

2.1. Study area

Erbil is the capital and the biggest town of
Iraq’s Kurdistan region, which has been
continuously inhabited for around 6000 years
and considered as one of the oldest settlements
on earth by UNESCO World Heritage Site
(Chomani 2024). The city witnessed multiple
intense floods in recent years with severe
damages. The rapid urbanization duo to
economic stability after 2003 altered the land use
pattern and hydrological conditions in the city,
leading in more flood events. Three outlets were
used to generate study area that covers entire
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urban region in Erbil city with 909 km2 (Fig. 1).
The boundaries of the study area range from
393,022.85 m to 433,750.49 m in easting, while
the northing boundaries extend from
3,994,865.63 m to 4,020,623.00 m, based on
UTM coordinates (WGS 1984 Zone 38N). Having
semi-arid weather, maximum rainfall intensity
reaching 103 mm/day and insufficient drainage
system makes the city highly prone to flood
events, specifically during intense rainfall events.

There were several recent flood events in the
Tayrawa which caused car damages and
covering multiple buildings in the neighborhood,
such as floods at 26-Nov-2018, 13-Jan-2022, 19-
Mar-2023, 20-Nov-2023, and 3-May-2024
(www.kurdiu.org). The heavy rainfall in April 2024,
caused floods in different parts in Erbil city, which
inundated more than 50 houses and damaged
more than 30 shops only in the Tairawa Bazar,
which caused a blockage and led to the closure
of transportation of the 30 meter street in Tairawa
neighborhood. Moreover, two of the most
significant flood events were from 2018 and 2021,
which caused severe damages in the Erbil city.
The flood event from 2021 resulted in damaging
nearly 1189 cars, 408 houses, 350 local shop,
and covering 3183 buildings in the Roshnbiry
neighborhood. The flood caused 13 fatalities and
21 billion Iragi Dinar economic damages (K
Sissakian, Al-Ansari et al. 2022). The increased
runoff coefficient due to urban development
which increase the flood hazards as natural
drainage systems are overwhelmed during heavy
rains along with the inadequate drainage system
and urban planning in Erbil city were identified as
the primary contributors of flood events (K
Sissakian, Al-Ansari et al. 2022, Aziz, Saleh et al.
2023, Mustafa, Szydtowski et al. 2023). Reports
highlighted the damages of multiple sectors,
including the residential, commercial and
industrial areas. The most vulnerable regions
were those which witnessed rapid urbanization
(Aziz, Saleh et al. 2023).
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Figure 1: Study area with 908 km2 (Erbil city).

2.2. Dataset

Conditions of the topography, environmental
criteria, the formation of geology, and
anthropogenic conditions of the study area were
significant factors contributed to flood events.
Alaska Satellite Facility (ASF) were used for
acquiring a pre-processed digital elevation model
(DEM) with 12.5 m resolution from ALOS
PALSAR satellite. Flow accumulation, slope,
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aspect, TWI , SPI, drainage density and
elevation were generated using DEM. Soil map
from Ministry of Agriculture in Bagdad were
utilized to generate soil data for the study area.
Lithology map for Erbil city has been created
using FAO dataset (Stevanovic 2003). Moreover,
the rainfall data were collected from the General
Directorate of Meteorology and Seismology in
Erbil between 2003 and 2023. Additionally, the
land use land cover (LULC) and road map for
were created using Planet's SuperDove and
NDVI, NDBI were generated from sentinel 2
imagery. The population data from previous
studies were used and the estimated population
for 2023 for Erbil city were generated using
exponential growth projection. The datasets and
their sources were mentioned in Table 1.

Table 1: The characteristics of the utilized dataset in this research.

Datasets Date Resolution Genera:rt‘a:;:ematlc Source
Ground sample distance: 3.7 m
Coastal Blue
Blue
. Green | Land use land cover .
Planet_ (SuperDove) 6, April, Green I Road proximity https://planet.com/
imagery 2023 Yellow NDVI
Red
Red Edge
Near Infrared (NIR)
. ) https://developers.go
Sentinel 2 imagery 62'8‘5;' RZ%V:\#RZ; Cr)nm NDBI ogle.com/earth-
' engine/datasets/
Slope, aspect, flow .
DEM 2006 - 2011 12.5m accumulation, Twi, | Nttpsi//ast.alaska.ed
: . u/
SPI, drainage Density
Lithology map 2003 Raster image Lithology map FAO (ZSSS\SmOWC
Ministry of
Soil data 1957 Raster image Soil map agriculture, Bagdad.
(Buringh 1957)
The General
Directorate of
Rainfall 2023 Daily data Rainfall map Agriculture in Erbil,
Kurdistan Region of
Iraq.
Microsoft:
https://planetarycom
puter.microsoft.com/
Building footprint ) Building footprint map dataset/ms-
database 2023 - 2024 Up to 10 meter for Erbil city buildings,
OpenStreetMap:
https://data.humdata
.org/dataset/hotosm
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irg_buildings

Sentinel 1 imagery
and Civil Defense

Historical flood records | 2003-2023 - Historical flood map Directorate of Erbil
Governorate, local
news and field trips.

Population data 2000 — 2020 - Population density (Ismael, 2024)

2.3. Methodology

vulnerability factors
Methodology of this research basically depended
on assigning 14 parameters based on their
impact on flood events in Erbil city using expert
opinions and the literature. Considered factors
are such as normalized difference vegetation
index (NDVI), drainage density (DD), elevation,
stream power index (SPI), land use land cover
(LULC), normalized difference built-up index
(NDBI), flow accumulation (FA), lithology (L), soil
data (SO), aspect (A), topographic wetness index
(TWI), rainfall (R), slope (SL), and distance to
roads (DR) for mapping flood susceptibility
mapping in Erbil city. The Analytic Hierarchy
Process (AHP) were employed as main
methodology to weight assignments of each
selected parameters, which is a structured
techniques for organizing the complex decisions.
The process of weighting the parameters were
based on using pairwise comparison (PC) matrix,
which expert opinions and contribution of the
parameters on flood events in the study area
were used to calculated the weights of the
factors. The Saaty’s scale of 1 to 9 were
employed to compare the factors, where 1
means equal importance and 9 indicates extreme
importance of one factor over another (Saaty and
Vargas 2012). The flowchart and process of the
study were illustrated in figure 2. These 14
factors (Figure 3) can be considered as the
significant parameters have impact on the flood
events with different degree according to the
relevant studies (Table 2).

and Flood
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Figure 2: Flowchart of the building vulnerability mapping.

2.3.1. Drainage Density (DD)

One of the most significant factor which plays
significant role in behaviour of water, is the
natural drainage lines. The drainage density is
one of the significant parameters which
commonly used by different studies for FSM. The
DD for this study created using the process of
flow accumulation and flow direction from digital
elevation model utilizing the ArcGIS Pro 3.3
geoprocessing tools. The DEM data pre-
processed and cleaned from the sinks to ensure
the correct hydrological surfaces in the region
(Dwivedi, Pandey et al. 2022). Following this, the
direction of water flow across the landscape was
determined using the flow direction tool and
utilized to generate the drainage network.
Additionally the total length of streams were
calculated using flow accumulation (Das and
Pardeshi 2018). Total length of the drainage
network was divided by the area of the
watershed to generated DD (Lin, Pan et al. 2021).
The higher value of DD tends to increase the
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flood susceptibility, as is shows the channels
water capacity (Talha, Maanan et al. 2019, Al-
Sababhah 2023). The DD was classified into 5
different categories ranging from 1 to 5. The PC
matrix defined the weight of DD as 12%.

2.3.2. Slope (SL)

The slope is a significant factor that contribute in
accumulation of water and floods. Multiple
studies identifies the slope as one of the main
parameters that should be used for FSM. Areas
with small slopes lead to slower runoff and more
inundation, resulting in  increasing the
susceptibility to flooding compared to steeper
terrains (Ibeabuchi 2023, MAGUREANU, Sfircoci
et al. 2023). The thematic map of slope was
generated from digital elevation model using
ArcGIS Pro slope tool. The thematic map of
slope is classified into four different classes, the
lower slopes ranked highest contribution with 5,
and the slopes with more than 30 degree was
assigned as least possibility of flood. The weight
of the slope was 11% based of pairwise
comparison (PC) matrix.

2.3.3. Rainfall (R)

One of the commonly used parameter for FSM is
the rainfall map, which have critical impact on the
flood hazards. Studies showed that the
integration of AHP and GIS provides systematic
evaluation of multiple complex parameters to
generate comprehensive flood vulnerability maps
(Allafta and Opp 2021, Desalegn and Mulu 2021,
Bui, Luu et al. 2023). The rainfall data from 4
different meteorological stations in  Erbil
governorate were collected for 2023 from the
General Directorate of Agriculture in Erbil,
Kurdistan Region of Iraq. The Kriging tool from
ArcGIS Pro was used to interpolation the points
and the rainfall map was generated (Panday,
Maharjan et al. 2018). The map was classified
into 5 classes, the class with highest rainfall was
ranked as 5 and the lowest as 1, considering
their influence on flood hazards.

2.3.4. Land use land cover (LULC)

The LULC plays a critical role in identifying areas
prone to flooding, as it affects hydrological and
runoff characteristics within a watershed. The
Land Use Land Cover (LULC) imagery for the
study area was created wusing Planet's
SuperDove satellite imagery with three different
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classes: Built-up area, vegetation and barren
land. The support vector machine (SVM)
algorithm from ArcGIS Pro 3.3 was used to
generate the LULC map, as it showed superior
performance over other machine learning
techniques in different applications (Mushtaq,
Mahmood et al. 2021, Chomani and Pshdari
2024). SVM is a popular and powerful classifier
used for LULC mapping due to its effectiveness
in handling high-dimensional data and non-linear
relationships, which is based on constructing
hyperplanes in a multidimensional space to
optimally separate different classes of land cover,
leading to accurate identification of the land
features (Ibrahim Mahmoud, Duker et al. 2016,
Bouaziz, Eisold et al. 2017). The built-up area
was ranked as 5, as the urban regions most
vulnerable to floods due to increased impervious
surfaces, while the green areas ranked as 1 (Al-
Sababhah 2023). The overall weight of the LULC
was identified by PC as 9%.

2.3.5. Topographic wetness index (TWI)
The Topographic Wetness Index (TWI) is
considered as an indicator of hydrological
characteristics by determining the potential for
water accumulation based on terrain
characteristics, which is essential for
understanding flood risks in various landscapes
(Mujib, Apriyanto et al. 2021). Using TWI (eq.
1)(Thannoun and Ismaeel 2024) with AHP and
GIS technology enhances spatial analysis
capabilities, aiding in more accurate identification
of flood-prone areas (Cabrera and Lee 2019,
Yagoub, Alsereidi et al. 2020). The 12.5 meter
DEM and ArcGIS Pro tools were used to
generate the TWI map and the classes were
ranked based on their contribution on the flood

hazard risks.
TWI = In (catchment of the area)

(1)

tan (slope)

Where the catchment of the area is in m2.

2.3.6. Elevation (E)

Elevation is another factor which can contribute
in flood vulnerable regions. Regions with lower
elevation are generally more prone to flooding
compared to those at higher altitudes (Hoque,
Tasfia et al. 2019, Desalegn and Mulu 2021).
The elevation map for this study created from
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DEM, which was downloaded from ALOS
PALSAR satellite with 12.5 m resolution.
Moreover, the accuracy of elevation map
significantly influence the results of FSM (Ullah
and Zhang 2020, Adedoja, Popoola et al. 2023).
The study area elevations ranged from 315 to
1107, which classified into 5 classes ranking from
1 to 5 with overall weight of 7% based on PC.
2.3.7. Distance to roads (DR)
The historical flood events indicated that there
are multiple flood events in the main roads in
Erbil city. Using the map of road proximity plays
an essential indicator in flood vulnerability, as
areas closer to major roads are more susceptible
due to increased human activity and
infrastructure density (Osman and Das 2023).
Additionally, studies highlighted that the proximity
of urban areas to roads have a significant
correlation with flood risk (Zia, Shirazi et al. 2021)
The SuperDove Planet imagery from 2023 was
used to digitize the main streets in Erbil city
manually, and the Euclidean Distance Spatial
Analyst tool from ArcGIS Pro was used to
generate road proximity map, which classified
into four different categories (Johnston, Ver Hoef
et al. 2001). Regions with more proximity with
roads was ranked as highest influence on flood
hazards and vice versa.
2.3.8. Normalized Difference
index (NDVI)
The integration of the Normalized Difference
Vegetation Index (NDVI) provides significant
insights related to the vegetation conditions,
which have critical contribution in flood dynamics
by affecting the runoff conditions. Areas with low
value of NDVI tend to have more vulnerability to
flooding due to reduced vegetation cover (Ullah
and Zhang 2020, Khaldi, Elabed et al. 2023,
Mukhtar, Shangguan et al. 2024). Using NDVI
(eq. 2)(D’Allestro and Parente 2015) with other
flood contributed factors, aid in enhancing the
accuracy and reliability of FSM. The near infrared
and red bands of SuperDove satellite imagery
form April, 2023 were used to generate the NDVI
map for the study area with values from -1 to 1.
The generated map of NDVI, reclassified into
four classes using ArcGIS Pro. Moreover, the
NDVI weight was assigned as 6% based on PC
matrix.

Vegetation
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(Near infrared — Red)
NDVI = (Near infrared + Red )

2.3.9. Stream power index (SPI)
The Stream Power Index (SPI) used as a factor
for generating FSM. The SPI quantifies the
potential energy available for sediment transport
in a river system, which aid significantly for better
understanding the dynamics of flood (M Amen,
Mustafa et al. 2023, Al-Omari, Shatnawi et al.
2024, Kara and Singh 2024). The SPI thematic
map was created using DEM from ArcGIS Pro
and the result classified into 5 different classes.
The higher SPI (eq. 3) value was assigned with
ranking 5, which means most influence on flood,
and lowest values assigned as 1, indicating the
low effect on flood hazards.

SPI = Area of catchment * tan(slope) (3)
Where the catchment of the area is in m2 and
the slope is in degree.

2.3.10.Normalized difference built-up index

(NDBI)
The Normalized Difference Built-up Index (NDBI)
is an index for distinguishing built-up from non-
built-up regions which is based on short-wave
infrared and near-infrared bands. It is an effective
factor to evaluating the impact of urbanization on
flood vulnerability (Ghosh, Mandal et al. 2018,
Azizah, Deffinika et al. 2022). The value of NDBI
is between -1 to 1. The lower value indicates the
non-buildup areas, which the values near to 1
are urbanized regions. NDBI (eq. 4) created from
the Sentinel 2 satellite imagery using both
shortwave infrared and near infrared bands and
the map classified into 4 different classes with
ranking from 1 to 5, built up regions assigns as
ranking 5 and non-built up regions ranked as 1 in
flood contribution. The regions with more
possibility of urban areas assigned with ranking 5
and non-urban regions with 1. The PC matrix

calculated the weight of NDBI as 5%.
NDBI = (Shortwave infrared — NIR)

(Shortwave infrared+ NIR )
2.3.11.Lithology (L)
Lithology is another critical factor that have
influence on the soil permeability and runoff
characteristics. Permeable soils tend to have
more infiltration rates, while impermeable
lithological formations increase the flood
probability due to limited infiltration (Zzaman,
Nowreen et al. 2021, Megahed, Abdo et al. 2023).

(2)

(4)
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The lithology map has been digitized using digital
imagery from FAO dataset for the study area
using ArcGIS Pro (Stevanovic 2003). The study
area consisted of four types of lithological
formations, such as River Terraces, Mugdadiya
Formation, Injana Formation, and Bai Hassan
Formation. Using lithology map as a factor for
flood susceptibility mapping enhance the
accuracy and reliability of the flood hazard
assessments.

2.3.12. Soil data (SO)

Using soil maps as a parameter with integration
of the Analytic Hierarchy Process (AHP) and
Geographic Information Systems (GIS) is a
significant approach for generating reliable flood
vulnerability mapping. Soil type have a critical
impact on hydrological processes, including
infiltration rates and runoff potential, which are
significant for better understanding the behavior
of flood hazards (Dano, Balogun et al. 2019,
Desalegn and Mulu 2021). Studies indicated the
soil characteristics, such as moisture retention
and permeability, are critical for in flood
susceptibility determination (Talha, Maanan et al.
2019). The soil map was digitized and thematic
map was generated for the study area using soil
dataset from Ministry of agriculture in Bagdad
(Buringh 1957). The study area was consisted of
three different types of soils, which ranked based
on the impact on the flood events.
2.3.13.Aspect (A)

Aspect is one of the critical parameters which
enhance the accuracy of flood vulnerability
mapping, as it has a significant role in
determining how water flows over a landscape
and vegetation growth and soil moisture levels.
Aspect shows the direction of land surfaces face,
which significantly impact the water flow and
accumulation. Aspect indicate how topography
affects  hydrological processes, providing
valuable insights for determining areas at risk of
flooding (Manfreda, Samela et al. 2018, Hariyono
and Kurniawan 2022). The aspect map was
created from DEM using ArcGIS Pro tools and
the generated map was ranked from 1 to 5 based
on their influence on the flood hazards.
2.3.14.Flow accumulation (FA)

It has been approved recently that the flow
accumulation conducted as a significant factor
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for mapping flood hazards, which is based on
quantifying the potential for water accumulation
based on topography and hydrological conditions
(Vojtek and Vojtekova 2019, Khoeun, Sok et al.
2022, Eryani, Jayantari et al. 2024). The flow
accumulation was created from the DEM using
ArcGIS Pro tools, and the thematic map
categories were generated into 5 categories.
After removing the sinks in DEM using fill tool,
the flow direction was determined for each cell
which is based on the steepest descent
(Staponites, Bartak et al. 2019). Finally the flow
direction raster used to calculate flow
accumulation which sums the number of cells
that contribute flow to each cell (Celone, Pecor et
al. 2022). The regions with more flow
accumulation tend to have more influence on
flood events compared to low flow accumulation.

Table 2: Relevant factors used in the flood susceptibility
mapping in various studies.
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2.4. Analytic Hierarchy Process (AHP)

AHP is the most commonly used approach of
multi criteria decision-making process (MCDP)
for flood hazard analysis, which considers
complex factors together to identify flood
susceptible areas with reliable accuracy
(Membele, Naidu et al. 2022, Kaya and Derin
2023). AHP is a structured decision-making
approach which is designed to make complex
decisions by breaking them down into simpler
components. AHP process is based on
organizing parameters into a hierarchical
structure, allowing decision-makers to perform
pairwise comparisons (PC) and determining their
relative importance (Benitez, Delgado-Galvan et
al. 2012, Mishra, Pundir et al. 2017). The PC
were used to assign weights of factors
contributed to floods considering their impact.
The AHP calculation were performed using
ArcGIS pro 3.3. Interestingly, the matrix of
pairwise comparison (PC) were used along with
expert opinion to evaluate and ranking the
parameters, the flood risk areas were identified
for Erbil city considering the 14 flood related
factors integrating the AHP technique. Table 3
and 4 gives information related to the weights of
each parameters and rankings of each classes of
different criteria. The reliability of PC matrix were
performed using consistency ratio (CR), which
should be less than 10% (Saaty and Vargas
2012). The assessment showed acceptable CR
value with only 4.3%. The support vector
machine (SVM) as one of the effective classifiers
from ArcGIS Pro 3.3 was used for generating the
LULC map using high resolution Planet satellite
imagery with three classes: Barren land,
vegetated area, settlement area. The formula of
kappa coefficient (KC) (Chomani and Manguri
2024) were utilized with 100 random point to
calculate the accuracy of the generated LULC.
The result showed that the accuracy of classified
image with 84%, indicating the high performance
and accuracy of the SVM algorithm (Table 5).
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Table 4: The rankings and weights of each 14

parameters used in FSM (W: weight; R: ranking).
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Table 5. The kappa matrix classification (Kohen
1960).

Kappa classes Categorization
<0.2 Poor
0.210-0.4 Fair
0.410-0.6 Medium
0.610 - 0.8 Good
>0.80 Very Good

2.5. Flood susceptibility mapping using
AHP technique

Having accurate mapping of flood risk areas
using AHP technique, provides valuable insights
to better understand the flood patterns, which
significantly contribute in mitigation strategies
and early warning system development. By
considering all 14 factors using AHP approach,
we identified vulnerable areas to floods in four
different categories: very high, high, medium and
low. Moreover, the overlay analysis were
performed to the result of flood prone areas to
identify the building vulnerability to floods using
the integrated datasets of Microsoft and
OpenStreetMap building footprints. Both datasets
were combined to fill the gaps and enhance the
reliability of the dataset. The flood susceptibility
maps were utilized to identify the exact location
and number of buildings that are at risk of floods
in Erbil city, which can be used effectively for
early warning system development by officials
and to mitigate the severe impacts of floods on
residents and infrastructures.

3. Results and Discussions:

3.1. Flood susceptibility mapping

AHP technique is one of the popular and
effective approach which facilitate the complex
relationship between multiple factors, which can
be used to accurate mapping of flood prone
areas using the integration of GIS and remote
sensing techniques. The flood susceptibility
maps (FSM) were created for the Erbil city with
very high, high, medium and low flood risk areas.
The diverse distribution of vulnerability were
revealed by the flood hazard assessment. The
majority of the areas were under low risk
category with 555 km? (61.1%), showing that the
area are relatively safe to flood events (Figure 4).
A significant part of the total area, 245 km? (27%),
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were identified as medium risk class, indicating it
as a moderate flood prone area. Additionally, the
results showed that 3.9% (35 km2) and 8.2% (74
km2) of Erbil city were located in very high and
high flood risk zones, respectively (Table 6).
Moreover, the results of spatial distribution
(Figure 4) indicated a notable pattern of flood risk
areas, showing that high and very high risk areas
were located in urban regions in center and
south east of the city, emphasizing the
vulnerability of highly populated areas to flooding.
However, low and moderate risk categories were
specifically located in barren land outside of the
urban regions, highlighting the less populated
regions face lower flood events (Fig. 4, a). This
complex relationship between urbanized areas,
LULC and flood risk, stressing the importance of
implementing  flood  mitigation = measures
significantly considering these related factors,
specifically in urban areas.

Table 6: Statistics of generated FSM for four
classes.

Flood risk categories Area (km2) %
Low 555 61.1

Medium 245 27

High 74 8.2

Very High 35 3.9

Having accurate maps of flood vulnerable
regions, offers significant insights for officials to
better analyse the flood patterns and implement
mitigations strategies to reduce the flood hazard
impacts. Field trips, local news, historical flood
events in the Civil Defense Directorate of Erbil
Governorate in Erbil, and sentinel 1 imagery
were integrated together to generate past
flooded location to assess the accuracy of FSM
results generated by AHP. The Area under the
Receiver Operating Characteristic (AUC-ROC)
curve is a significant approach for evaluating the
performance of results of FSM. AUC-ROC is
based on the plotting the true positive rate
against the false positive rate at various
threshold settings, to visualize the trade-offs
between specificity and sensitivity in the
generated results (Klingenstein, Haritoglou et al.
2011, Chen and Samuelson 2014). The AUC
determines the overall accuracy of the results
with values ranging from (indicating no ability to
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discriminate) to 1.0 (flawless discrimination),
offering an effective predictive power of the
model (Jiménez-Valverde 2012). 41 historical
points were collected and were compared with
FSM of very high risk zones. The accuracy
assessment indicated that 37 out of 40 (92.5%)
of points were located in high and very high flood
susceptible areas, and the accuracy of the map
was 92.2% using AUC-ROC curve (Figure 5),
indicating the high accuracy of generated flood
vulnerability map using AHP approach.

AOE 44T

)

Figure 4: Flood susceptibility map of Erbil city
using AHP (a) and number of Buildings
Vulnerable to Flooding with four categories: Very
high, high, medium and low risk (b).
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Figure 5: AUC value and ROC curve for
generated FSM.

3.2. Susceptibility
Environmental
Parameters

The flood hazard analysis were performed for

various environmental and topographic

parameters to examine the distribution of each
parameter across the different flood susceptibility
zones. The results emphasised notable

Analysis of
and Topographic
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variations in spatial distribution of each actor,
highlighting the significant role of the contributed
factors in identifying regions vulnerable to flood.
The distribution of the parameters across the
flood hazard levels (low, medium, high and very
high) were presented in detail in Table 7. The
results of flow accumulation parameter showed
that the majority of the area falls under the “Low”
category, covering 59.36% of the total area.
Moreover, the percentage of the area decline as
the value of flow accumulation increases. Only
0.15% of the area were in very high flood
susceptibility category. Regarding the soil types,
the Deep phase, Brown soil class were the
dominant one by covering the 42.86% of the low
flood category. However, the representation of
other soil types such as Medium and shallow
Brown soils over Bakhtiary gravel and Lithosolic
soils in limestone were minimal across all hazard
levels, specifically in higher categories. Moreover,
the analysis indicated that the most prominent
lithological formations were the River Terraces
and Bai Hassan Formation, which contributed
notable portion of the areas from all the hazard
levels in the study area. On the other hand, very
limited presence, specifically in higher hazard
categories, were noted from the lithological
formations such as Muqdadiya and Injana
Formation. Regarding the Elevation factor, the
results highlighted that the area with most
coverage was located between elevation of 315
and 473 meters, which accounted for 26.49% of
the low flood hazard category. As expected, the
higher elevation regions were rare across all
hazard categories. Additionally, the results of
distance to road indicated its significance and
contribution on flood hazards. Large portion of
the area (42.45%) which is 1000 meters away
from the roads, were distributed on low hazard
category, and the more road proximity were
decreased, the percentage in hazard categories
also decreased.

Furthermore, for TWI, the results indicated that
values ranging from 3 to 5.5 dominated the low
flood hazard category, which covered 16.06% of
the study area. Notably, the higher wetness
levels, such as values greater than 14.4, were
distributed and have more presence in very high
flood hazard category, indicating that these areas
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are more prone to flood hazards. When
considering the drainage density, the results
showed that areas with very low drainage density
with values less than 0.09, covered significant
portion of the low hazard category with 33.56%.
In contrast, the higher drainage density areas
with values more than 1.9, were found more
commonly in high and very high flood hazard
categories, indicating the significant contribution
and correlation between drainage systems and
flood hazards. Additionally, rainfall plays notable
role, which values ranging from 415 to 485 mm
represented 21.04% of the areas of low flood
hazard category, while the higher values
represented minimal portions in  higher
categories. The outcome of the NDBI showed
that values less than 0.1 dominated 40.26% of
the low category, indicating the large portion of
non-urbanized areas in the study area. However,
the higher values of NDBI showed minimum
presence in the very high category. Moreover,
regarding the NDVI results, the results showed
that the values ranging from 0.1 to 0.23 were the
highest portion of area in lower flood risk regions
with 59.12%. Conversely, the higher values were
noted in higher hazard categories with small
proportion of coverage. In terms of slope, the
majority of the land were covered with gentle
slopes with less than 5 degrees, which covered a
large portion of the areas with low flood hazard
category with 41.74%. Also the results showed
that the steeper slopes with greater than 15
degrees, showed minimal presence in the higher
hazard levels, which indicated the minimal
influence of the steeper slopes in flood risks.
Moreover, the analysis of LULC showed that the
built-up areas are more presented in the medium
and high hazard categories, showing the

significant of the developed areas in flood events.

Conversely, the low hazard category were
dominated by the vegetated and barren land
features, highlighting the significant role of the
natural land features in reducing the flood risk.
Lastly, the SPI results showed that lower values
ranging from 0.9 to 3.3 dominated 34.6% of the
areas in low category. However, higher SPI
values (above 7.8) showed more presence in
high and very high hazard -categories,
highlighting that regions with higher stream
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power are more prone to flooding.

Table 7: Distribution of each parameters across
flood susceptibility classes in the study area.
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quarter of populations with 27% (238426
residents) were in medium flood risk zones, and
majority of residents 61% (539999 residents)
were in low flood risk areas (Fig. 7).

One of the main reasons of flooding in Erbil city
is the exceeding of the capacity of sewers during
heavy rainstorms, leading to overloaded sewers
due to massive water flow. However, insufficient
design of drainage channel, inadequate
maintenance of sewerage infrastructure, and
blockages caused by debris carried by
floodwaters are further contributors to flooding (K
Sissakian, Al-Ansari et al. 2022). Flood mitigation
strategies and regular cleaning of the sewerage
lines significantly reduce the hazards related to
flood and save infrastructures and peoples life in
flood prone areas. Despite the fact that the
government entities and policy makers planned
to implement various techniques to reduce the
flood hazards in 2022 by constructing 40 dams,
ponds, and canals with more than 28 million
dollars  budget, however, due to the
unpredictability of weather patterns, the fully
flood prevention in Erbil city and other parts of
the Kurdistan region is still a challenging issue.
Moreover, sewer system cleaning and
maintenance before rainy seasons regularly
implemented by the government entities as one
of the significant flood prevention measures.
Furthermore, public awareness campaigns and
informing residents for proper waste disposal
approaches critically contribute to the reduction

of blockages of sewerage systems
(www.wishe.net).
No. of people at risk of flooding
Medium 27%
High 7.85%
Very high . 3.8%

0 100000 200000 300000 400000 500000 600000

Figure 6: Estimated number of people at risk of
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flooding based on FSM.

Figure 7: Vulnerable buildings of three parts in
Erbil city: Gulan (a), Shorsh (b) and Daratu (c)
neighborhoods.

3.4. Recommendations

For enhancing flood prediction modelling, it's
suggested that future studies benefit in using the
integration of machine learning and deep
learning techniques with GIS in Erbil and similar
environments. Also, using real-time rainfall data
and the identified flood-prone areas could aid
notably in determining urban building flood
vulnerability to develop an early warning system
to alert residents prior the flood events.
Additionally, future researches could focus on
implementing comprehensive and efficient
investigation of different flood mitigation
strategies, particularly in regions identified as
high and very high flood risk areas in Erbil city.
Furthermore, it's essential to examine the
effectiveness of the newly constructed dams and
ponds and their impact on flood risk mitigations,
and identifying the essential infrastructure
improvements to investigate the detailed analyse
the flood hazards contribution to the urban
drainage system capacity.

Conclusions

GIS and remote sensing technologies with
integrations of AHP technique significantly
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contributed in better understanding the flood
hazards, specifically in urban regions. GIS and
remote  sensing techniques with  AHP
methodology were utilized in this research to
assess the flood susceptible areas using 14
different factors. The results showed that 109
km2 (12.1%) of Erbil city area located in high and
very high flood risk areas. Additionally, results
notably showed that nearly half of buildings in
Erbil city with 47.6% are located in high and very
high flood risk areas, underscoring the urgent

need for mitigation planning and flood
management measures. Moreover, the
significant  results illustrated that 103111

(11.69 %) of residents in Erbil city were located in
very high and high risk flood zones combined.
The accuracy of produced flood susceptibility
map were assessed using 41 points of historical
floods. The assessment showed that 92.5% of
historical floods were located in very high flood
susceptible areas, and the accuracy of AUC-
ROC curve was 92.2%, emphasizing the
reliability of AHP technique for assessing flood
hazards. The proposed approach in this study
significantly contribute in flood hazard analysis
and aiding early warning system development to
reduce the impacts of flood events. As the Erbil
city expands more in multiple directions, which
leads to more land use feature alteration and
changing the natural drainage system conditions,
future urban planning and policy making
processes should consider the flood susceptible
areas to foster more sustainable urbanization
and reduce the severe impacts of flood hazards.
The approach used in this study offers valuable
tools and insights for policy makers and urban
planners to better understand flood hazards and
implement better mitigation strategies,
additionally, the approach can be applied to
similar urban regions which experience same
challenges of Erbil city. Hence, this study
recommend to implement versatile framework to
monitor the flood events and analyze the factors
contributed in flood events, specifically in Daratu,
Khabat and Newroz neighborhoods. Additionally,
fostering greener infrastructure in dense
population areas and improving natural runoff
could significantly reduce the impacts of flood
hazards to have more sustainable environmental
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conditions in Erbil city. Policy makers could
assess the flood risk areas periodically with
enhancement methodologies which aids critically
in long term flood management for similar urban
conditions. The building vulnerability assessment
and mapping can be used as a base for
improving emergency response planning and
developing early warning system, ensuring the
long term safety of urban populations and
infrastructures.
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