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Abstract: Floods are a great concern for people and infrastructure, and this is an is-
sue which has increased in several regions around the globe in recent years.
This study aims to evaluate flood risk areas and create a flood risk map using in-
tegrated remote sensing data and a geographic information system (GIS) in the
Wasit governorate — eastern Iraq. Specifically, GIS-based multi-criteria analy-
sis (MCA) was used to map flood hazard areas using a four-criteria layer which
is as follows: flow accumulation, slope, rainfall, and elevation. These four
layers are standardized and combined using the overlay approach in ArcGIS
software and a final map was produced. The study area was divided into five
zones based on the results map, namely: very low, low, medium, high, and
very high, according to the flood risk area. The resulting map indicates that
over 60% of the study area is likely to experience a high and very high level
of propensity of flooding. This study could be useful for government planners
and decision-makers to predict potential flooding areas and enhance flood
management plans.
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1. Introduction

Globally, natural disasters are very common due to the unexpected variation
in the state of natural elements because of natural forces. Generally, humans cannot
control natural disasters and it is difficult to accurately predict when they will oc-
cur. When major natural disasters such as floods, droughts, and earthquakes occur,
they can lead to serious threats to human life and property, in addition to affecting
infrastructure, the environment, and agriculture. The impact of the disaster varies
according to its severity and the coverage area. Floods are considered one of the
most naturally occurring disasters that intensively affect humans and the environ-
ment [1, 2]. They occur when a river or stream breaks out naturally or artificially
because of heavy rainfall, excessive snow melt, or the failure of dams. In this regard,
there are three well-known types of floods, namely flash floods, river floods, and
coastal floods [3]. Over the last three decades, there has been a dramatic increase
in flood events around the world and it constitutes a wake-up call for planners and
ordinary people alike. The most important step in managing floods is to determine
flood hazard regions. Flood risk mapping is an essential component for relevant land
use planning in flood plain areas and it aids in the efforts of city planners and admin-
istrators to prioritize their mitigation or relief response. To develop a flood hazard
layer, there is no consensus on the criteria that should be included [4]. Nevertheless,
some of the criteria that contribute to flood susceptibility and which have been used
in several studies are: slope, distance from rivers, rainfall, and elevation [5].

Using advanced technology, flood risk control can be systematically improved.
Stakeholders can use affordable technology to enable early warning of flooding and
know the influence it might have [6]. Flood management means an effective plan
towards the occurrence of the flood event to extremely reduce flow along with the
identified extent of the river. It is necessary to understand the maximum extent of
floodplains to avoid people overstepping when trying to manage floods. Thus, ap-
propriate flood management can keep people and property far away from flood
hazards [7]. Flood hazard maps and satellite data can be used as effective tools to de-
termine the path and severity of a tropical storm and therefore aid in distinguishing
the risks of flooding. Specifically, satellite data can further be used to assess other
hydrological and atmospheric hazards as well as geological and technological haz-
ards. This is besides providing accurate measurements and land-use information.

A geographic information system (GIS) is a framework used to gather, manage,
and analyse data. It has been successfully deployed in several areas such as hydro-
logical modeling, urban development, land cover/ use, and environmental studies.
GIS has also been used to accurately conduct risk management, response, assess-
ment, and recovery during disasters [8]. In this aspect, various satellite applications
such as remote sensing data, telecommunication networks, a navigation system, and
a digital elevation model (DEM) were applied with GIS. The use of satellite-based
climate remote sensing data and real-time information are more effective for risk
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management than other approaches [9]. Fortunately, various studies can be found in
the open literature that have used GIS and remote sensing data in flood mapping that
provide good results. For instance, Al-Abadi et al. [10] proposed the integration of
catastrophe theory and analytical hierarchy process in GIS to predict flooding-prone
areas in the north-eastern parts of southern Iraq. They selected seven flood factors,
such as slope angle, ground surface elevation, curvature, topographic wetness index,
stream power index, curve numbers, and distance from intermittent streams. Results
showed that 38% of the selected areas have a high- susceptibility to flooding. Further-
more, remote sensing and GIS mapping techniques were used by Al-Saady et al. [11]
to test flash flood hazards of 47 zones of the Lesser Zab River Basin located in the
northern part of Iraq. This indicated that 18 zones have a roughly moderate-low risk
of flood. Jaber et al. [12] analyzed the rainfall-runoff data in the governorate of Babil
city/ Iraq using GIS that produced the run-off depth map for the selected area. The
study showed a significant relationship between the run-off depth and rainfall. Ab-
dulrazzaq et al. [13] developed a correlation between rainfall intensity measured by
remote sensing and flood areas in Wasit/ Iraq by the integration of satellite-derived
data into the database of GIS to obtain the correlation. Finally, the performance effi-
ciency of three machine ensembled classifiers were assessed by Al-Abadi et al. [14]
based on statistical measurements and used to evaluate the flood susceptibility in
a remote area of southern Iraq. More importantly, all of the above studies have con-
firmed the superiority of GIS in predicting and map flood susceptibility.

In general, Iraq has generally calm weather and does not commonly suffer from
natural hazards such as floods. However, during the last few decades, floods that
occurred in some of Iraq’s regions led to significant infrastructure and human loss.
In May 2013, Iraq witnessed its most intensive period of rainfall, which resulted
in floods and torrents due to heavy rainfall. This in turn led to the destruction of
a number of villages and collapsed dozens of homes, forced families to relocate, es-
pecially in the Maysan and Wasit governorates [13, 15]. Therefore, this study focuses
on the northern part of Wasit governorate due to its high vulnerability to flooding
events as it has been overwhelmed by several flood events. In general, Wasit is situ-
ated at a low sea level compared to other areas in Iraq [16].

Flood risk assessment using the GIS-based multi-criteria (MCA) methodology is
a relatively new approach, and only a few studies have implemented it. A study for
the Red River Delta, Vietnam [17] was more sophisticated in terms of the weighting
method used and the criteria selected. A study from the Don River Watershed within
the Great Toronto Area (GTA) developed accurate flood risk maps using GIS and MCA
along with the application of Analytical Hierarchy Process methods to define and
quantify the optimal selection of weights for the criteria that contribute to flood risk [2].

In the last few decades, floods that occurred in some of Iraq’s regions led to
significant infrastructure and human loss. This study focuses on the northern part
of Wasit governorate due to its high vulnerability to flooding events as it has been
overwhelmed by several events of floods. To the best knowledge of the authors, the
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implementation of GIS to specifically predict the flood events in the northern part
of Wasit has not been carried out. Therefore, this study aims to provide an accurate
data and map the flood risk areas in Wasit using GIS-based MCA and remote sensing
data. Consequently, it is fair to expect that this study will assist to locate the highest
possible flood areas of the northern part of Wasit and to effectively warn people from
any further flooding and consider the pre-step of flood management as a precaution.

2. Materials and Methods

In this study, various datasets were used to map the flood hazard area. All these
datasets were analyzed and processed using MCA in ArcGIS 10.5 software.

2.1. Study Area

The study area consists of the northern part of Wasit Governorate (north of the
Tigris River) in the south of Iraq, which is located between latitudes 32°20" - 33°55" N
and longitudes 44°40" —46°40” E, as depicted in Figure 1. The name Wasit is originally
derived from the Arabic word meaning “middle”, since the ancient city of Wasit was
located between Baghdad and Basra, before being abandoned after the Tigris shifted
course [18]. The total area of the governorate is 9278 km? including three districts,
namely, Kut, Al-Azezia, and Badra districts. The borders of Wasit are Diyala gover-
norate to the north-west, Missan governorate to the south-east, and the Islamic Re-
public of Iran to the north [19]. The area is covered by Quaternary deposits [20], and is
characterized by varying elevations, which range from 955 to 7 meters above sea level,
meaning that the area distribution ranges from mountainous to plain areas. In addi-
tion to the abundance of rainfall which leads the area to be more vulnerable to flood-
ing, it has an average rainfall during the rainy season ranging between 15-32 mm.
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Fig. 1. Location of the northern part of Wasit governorate
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2.2. Dataset

Digital Elevation Model (DEM)

Topography plays an important role in flood modeling. In this study, the NASA
Shuttle Radar Topography Mission (SRTM V3) with a spatial resolution of 30 me-
ters was used to generate the elevation map (Fig. 2) and slope map (Fig. 3) using
Arc GIS software. Additionally, hydrological analysis was performed using DEM
and hydrology tools to drive the flow accumulation.
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Fig. 2. DEM map of the study area
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Fig. 3. Slope map of the study area
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Rainfall Data

For satellite rainfall data, the Tropical Rainfall Measuring Mission (TRMM)
product was successfully used in this study.
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Fig. 4. Monthly rainfall rate based on TRMM data

Figure 4 shows the time-averaged map of monthly precipitation rate based
on TRMM _3B43 v7 data (per mm/month) for the period 2000-2019, with a spatial
resolution of 0.25° x 0.25°. The Ordinary Kriging/ Spherical model is a suitable meth-
od to interpolate the monthly and annual precipitation. This method was used to
interpolate the precipitation data.

GIS for Flood Mapping

In this study, the following factors were used to map the flood via GIS-
based MCA:

— rainfall,

— stream order,

— elevation,

— and slope.

These layers are standardised and combined using the overlay tool in ArcGIS
software. The main steps of carrying out this research are given in Figure 5. The MCA
involved a series of steps that were used to assist the decision-making process. Ac-
cording to Malczewski [21], GIS could be used as “an environment that transforms
that combines spatial data and expert preferences to support the decision-making
process”.
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Criteria Layers

The selected criteria which estimate the hazardous area are thoroughly dis-

cussed in the following bullets:

— Firstly, the flow accumulation is considered as an indirect way to mea-
sure drainage areas, which steadily increases from the drainage divides
to the outlet and river channels [22]. The flow accumulation was driven
from SRTM DEM data using the steps illustrated in Figure 6.

— Secondly, the topographic parameters (slope and elevation) are inversely
proportional to the presence of the flood [23]. Besides, the rainfall condition
is one of the most important parameters to generate flash flood events [24].
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Fig. 6. Steps to drive the flow accumulation from SRTM DEM data



136 K.H. Rasn, Q.A. Nsaif, M.A. Al-Obaidi, Y.M. John

To combine these criteria layers, a uniform scale should be used in a process
called Standardisation. FUZZY membership is a common method to standardise the
creation layers on a uniform scale (range between 1 to zero). ArcGIS provides two
Fuzzy liner options, which could be set by the user according to the criteria used.
In this study, the FUZZY Membership used, and its criteria set are demonstrated
in Table 1.

Table 1. The criteria set used in this study

Criteria Setting
Elevation Minimisation: Lower lands are the most affected by flood hazards
Flow Maximisation: The higher value of the flow accumulation, the more affected the
accumulation areas is by flood hazards
Slope Minimisation: Flatlands are the most affected by flood hazards
Rainfall Maximisation: The higher value of rainfall, the most affected is the area by flood
hazards

3. Results and Discussion

The designation of flood risk zones using the GIS-based MCA methodology is
a relatively new approach, and only a few studies have implemented it thus far. In
this study, integrated remote sensing data and GIS were used to designate flood risk
zones. Specifically, a GIS-based MCA was used to map flood-hazard areas using
a four-criteria layer that includes flow accumulation, slope, rainfall, and elevation.
FUZZY linear membership was successfully used to standardise the criteria layers
as shown in Figure 7. Then, the final step overlaid these layers to produce the flood
area risk map. The resulting flood area risk map includes the four criteria that are
directly related to any flood events that might occur in the selected area of this re-
search. The four criteria maps were combined using the overlay tool in Arc GIS 10.5
software. In this regard, Figure 8 shows that the selected area (the northern part of
Wasit) has been divided into five zones, namely: very high, high, medium, low, and
very low according to the flood risk area. These classes were divided according to
the overlay approach by merging the criteria layers, a lower value indicates a high
potential risk zone because values about 0 are proposed to be very high risk whereas
when the value is about 1, it indicates a very low-risk zone. Then, the percentage of
area for each class was calculated as follows: very high represents 24%, high rep-
resent 39%, medium represents 34%, low and very low represent 3% of the total
studied area.
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The resulting map indicates that over 60% of the study area is likely to experi-
ence a very high and high level of flood. More importantly, this confirms that the
eastern part of the studied area is the most vulnerable area of flooding, while the
western part is the least vulnerable. The obtained results of this study corroborate
those presented by Abdulrazzaq et al. [13] (the study closest to this one) who at-
tempted to generate a correlation between rainfall intensity and floodwater’s areas
in Wasit Governorate via an integration of compiled data derived from satellite im-
agery into a GIS. Abdulrazzaq et al. [13] stated that the east part of Wasit has the
maximum accumulated daily rainfall range of 41 mm/day. The wind belt of cyclonic
storms and topographic location are the main factors behind this maximum rainfall
range. It is also important to know that the eastern part of Wasit has the highest pre-
cipitation, which might clarify the reason for the high propensity of flooding. This
study can be used to predict prospective flooding areas, thereby helping govern-
ment planners and decision-makers to improve flood management planning.

4. Conclusions

The estimation of flood-hazard areas is an essential part of any flood manage-
ment procedure. This study presents a methodology to estimate the hazardous ar-
eas in North Wasit to determine the most potential areas at risk of flooding. GIS-
based MCA was used to map the flood using four criteria layers, which included the
rainfall, stream order, elevation, and slope. These layers are standardised and com-
bined using the overlay tool in ArcGIS 10.5 software. The resulting map divided the
study area into five zones, namely, very high, high, medium, low, and very low ac-
cording to the flood risk area. This in turn showed that the eastern part of the studied
area has the highest susceptibility to flooding compared to the other studied areas.
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