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GIS-based Flood Hazard Mapping in the West Bank, Palestine
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Abstract

Worldwide, flood is one of the highly damaging natural hazards
followed by catastrophic consequences. Thus, it become essential to
develop simply obtainable flood hazard map so as help decision makers in
formulating of proper corrective and preventive strategies. This study
utilizes the Analytic Hierarchy Process (AHP) to develop a flood hazard
map to well protect people life and properties. Method applicability was
demonstrated on the West Bank, Palestine (5624 km?). GIS-based multi
criteria decision analysis (MCDA) employed to combine spatial weighted
factors for different criteria including runoff curve number, rainfall depth,
flow accumulation, drainage density, surface elevation, surface slope,
surface cover, distance from drainage network, and population density.
Results indicate that about 29%, 36% and 12% of the total West Bank area
are medium, high and very high vulnerable for flood hazard, respectively.
Whereas land having low and very low flood hazard areas represent about
15% and 8%, respectively. Moreover, most of the Palestinian communities
in different districts are located in high and very high flood hazard prone
areas where about 90% of the total population are living. The attained
results can be adapted to realize any administrative strategy changes for
cohesive flood hazard management in Palestine.

Keywords: Flood Hazard Mapping, GIS, AHP, Coherent Flood
Hazard Management, Palestine.
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Introduction

Worldwide, flood is one of the most frequent and destructive natural
hazards, which in most cases, lead to catastrophic consequences to natural
resources, loss of human being and assets (Kowalzing, 2008; Khan et al.,
2011; Jonkman & Dawson, 2012, Yashon & Ryutaro, 2014). Urbanization
in many regions in the world will enlarge potential flood hazards, which
imply pressure on landuse planning (Yashon & Ryutaro, 2014).
Urbanization has direct impacts on hydrological characteristics (e.g.
infiltration decrease, runoff increase). This in turn will increase the
frequency and magnitude of floods (Alaghmand et al., 2010). Moreover,
the predicted global climate change and the accompanying severe weather
conditions (e.g. increasing rainfall intensity) will also increase frequency
and severity of flood (Dihn et al., 2012).
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In the West Bank, Palestine and due to climate change, extreme
weather conditions are becoming more frequent. High rainfall intensity
and interference of the natural infiltration processes by engineered surfaces
are increasing the potential occurrence of flash floods and therefore
intensifying the prevailing flood hazards in West Bank districts (Shadeed,
2008, Shadeed & Lange, 2010). This situation is becoming worst given the
lack of proper hydraulic infrastructures (e.g. culverts) required for safe
disposal of the accumulated flood. For instance, in winter of 2012, an
extreme rainy storm event occurred followed by an unexpected flash flood.
Accordingly, three people passed away in Tulkarm district and many roads
across much of the West Bank districts were flooded. This situation has
geared up the urgent need to identify high flood vulnerable areas and to
have proper mitigation and effective response in place. Flood hazard
mapping (FHM) is viewed to be an efficient tool for assessing such natural
hazards and foreseeing likely vulnerable regions and accordingly
proposing proper mitigation actions (Coppock, 1995; Black & Burnes,
2002; Nyarko, 2002; Dewan et al., 2007; Fernandez & Lutz, 2010; Daniel
et al., 2015; Nerantzis et. al., 2015).

Numerous multi criteria decision analysis (MCDA) approaches were
used in FHM (Parakash, 2003). The analytic hierarchy process (AHP) is
one the most commonly applied MCDA approaches in FHM (Ho, 2008;
Feizizadeh & Blaschke, 2012; Yashon & Ryutaro, 2014; Nerantzis et. al.,
2015). In various decision making processes, the AHP is one of the GIS-
based MCDA approaches that have been effectively used (Lai, 1995). GIS-
based MCDA is a simple, straightforward and powerful spatial analysis
method that allows the manipulation of different spatial data to be used in
MCDA challenges (Malczewski, 1999; Feizizadeh & Blaschke, 2012;
Nyeko, 2012). In addition, it is a smart method to have an informative
output from a multiple input of physical and non-physical data that can,
together with expert opinion, be used to make comparison judgments
(Chen & Wang, 2004; Sumathi et al., 2008; Gbanie et al., 2013; Kazakis
etal., 2015).

GIS-based MCDA were used for FHM in many regions around the
world to contribute in achieving the sustainable flood management and
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eventually helps the strategic planning purposes (e.g. Islam & Sado, 2002;
Sanyal & Lu, 2005; Sanyal & Lu, 2006; Gautam & Kharbuja, 2006; Abou
El-Magd et al., 2010; Ozcan & Musaoglu, 2010; Alaghmand et al., 2010;
Dawod et al., 2011; Forkuo, 2011; Thilagavathi et al., 2011; Bhadra et al.,
2011; Orok, 2011; Sarhadi et al., 2012; Yashon & Ryutaro, 2014,
Elkharachy, 2015).

This research aims at mapping flood hazard for the entire West Bank
districts. Thus, an integrated approach using GIS-based MCDA was
adopted. The MCDA approach entails that the choice is built on a
predetermined and limited number of decision variables (criteria)
described by their attributes. Accordingly, in this research multiple criteria
driving flood hazard mapping in the West Bank were identified. These are:
runoff curve number, rainfall depth, flow accumulation, drainage density,
surface elevation, surface slope, surface cover, distance from drainage
network, and population density.

Once the criteria are selected, sub-criteria are derived from attributes
to describe these criteria better. The AHP approach was adopted through
constructing of a pairwise comparison matrix to assign relative importance
(weight) for each criterion based on a preference scoring scale which
ranges from (1 to 9) (Saaty, 1980). Sub-criteria were scored also from 1 to
9 and adjusted under the GIS environment. This procedure makes the
MCDA approach very attractive to be applied under the GIS environment
to resolve spatially based natural hazards mapping problems (Jankowski,
1995; Chakhar & Mousseau, 2008; Nyeko, 2012).

A key output in this research is the creation of flood hazard map for
the entire West Bank. The produced map aims to identify high vulnerable
areas based on administrative units (districts) given different criteria that
are relevant to flood risks. The creation of administrative based flood
hazard maps is valuable and essential for decision makers to formulate
proper flood remedial plans (Sanyal & Lu, 2005). The easily available and
accessible (for technical and non-technical stakeholders) flood hazard map
will improve the in place flood emergency response of different actors in
the West Bank districts. Additionally, it makes the implementation of
adaptive flood management strategy easy and cost effective and thus
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improve the natural resources allocation (Forkuo, 2011). This in turn, can
help the key decision makers (e.g. the Palestinian water authorityand the
Ministry of local governorates) to outline specific policies and mitigation
measures to support any managerial changes towards proper
implementation of sustainable flood management strategy in Palestine.

Description of the Study Area

The West Bank, Palestine is located in the Middle East, west of Jordan
(see Figure 1). It has an area of about 5,624 km?. The ground surface
elevations range between 1,022 m above mean sea level in the south (in
Hebron) and 410 m below mean sea level in the proximity of the Dead Sea
(in Jericho), (UNEP, 2003). Administratively, the West Bank is divided
into 11 districts (see Figure 1) with a total population of around 3 million
people projected for mid of the year 2016 (PCBS, 2016).

The West Bank climate can be generally described as a Mediterranean
one which experiences extreme seasonal variations. The climate varies
between hot dry in summer to wet cold in winter with short transitional
seasons (Shadeed, 2008). The rainy season usually extends from October
to April. In winter, more than 80% of the annual rainfall commonly occurrs
(Shadeed, 2012). In general, rainfall is characterized by its high temporal
and spatial variability. Annual rainfall ranges between less than 100 mm
in the Jordan Valley to more than 700 mm in the central mountains of the
West Bank (Shadeed & Almasri, 2010). Assuming dry conditions, the
curve number (CN) for the West Bank is ranging from 21 to 74 with an
average value of about 50. This in turn indicates the high runoff potential
in the study area (Shadeed & Almasri, 2010). The CN is a dimensionless
catchment parameter ranging from 0 (no runoff) to 100 (runoff equals
rainfall). Extreme rainfall events accompanied with flash floods are getting
more frequent in the study area (Shadeed, 2008).

Seven land use classes were existed in the West Bank. These are:
rough grazing/subsistence farming (61.7%), permanent crops (14.3%),
arable land (14.3%), built-up areas (5%), irrigated farming (2.6%), Israeli
settlements (1.4%), and woodland/forest (0.7%) (MoP, 1997; Shadeed,
2011).
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Figure (1): Location Map of the West Bank Districts.
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Materials and Methods

The methodology used in this research to develop the flood hazard
map for the West Bank was heavily dependent on GIS as depicted in

Figure 2.

Identifying the most

influencing criteria

Assigning weights
for the criteria
Weighted overlay
summation process

Flood Hazard Index Reclassification based
(FHI) on natural breaks

Flood Hazard Map

Figure (2): General conceptual flowchart methodology.

Determining the
sub-criteria

Processing the sub-criteria data
to have them in GIS-based format

Subjective scores
within a scale of (1-9)

Assigning scores
for the sub-criteria

AHP: Pairwise
comparison matrix

Firstly, the main influencing factors (criteria) of flood hazard in the
West Bank were identified based on the best available datasets at national
level (MoP, 1997; Shadeed, 2008). As a result, nine factors were identified
and compiled into a GIS-based database. The factors are: runoff curve
number (CN), rainfall depth (RD), flow accumulation (FA), drainage
density (DD), surface elevation (SE), surface slope (SS), surface cover
(SC), distance from drainage network (DS), and population density (PD).
The spatial extent of runoff potential hazard was evaluated based on the
CN map which was developed for the study area (Shadeed & Almasri,
2010). The CN implies the effect of soil texture and land cover on the
process of flood generation and infiltration. The Inverse Distance
Weighting method (IDW) was used to map the spatial distribution of
rainfall based on the available long term average annual rainfall data at
raingauge stations. A 25x25m digital elevation model (DEM) was

An - Najah Univ. J. Res. (N. Sc.) Vol. 33(1), 2019



8 “GIS-based Flood Hazard Mapping in ......”

available and used to derive the factors of FA, DD, SE, and SS. The SC
factor was based on the study area landuse map. Given the drainage
network from the DEM, DS factor was obtained. PD is estimated based on
the population census data for each district (PCPS, 2016).

Secondly, different weights were estimated for each factor by adopting
the AHP pairwise comparison matrix and using a scoring system based on
a preference scale which ranges from 1 to 9 (Saaty, 1980) (see Table 1).
The normalized values (weights) of different criteria are presented in
Table 2. The weight of each criterion reflects its importance in flood
hazard potential.

Table (1): Flood Hazard Criteria: AHP Pairwise Comparison Matrix.

Criteria | CN | RD | FA | DD | SE | SS | SC | DS | PD
CN 1 2 3 4 5 6 7 8 9
RD 0.50 1 2 3 4 5 6 7 8
FA 0.33 | 0.50 1 2 3 4 5 6 7
DD 0.25 1033 ]0.50 1 2 3 4 5 6
SE 0.20 | 0.25 |1 0.33 | 0.50 1 2 3 4 5
SS 0.17 | 0.20 | 0.25 | 0.33 | 0.50 1 2 3 4
SC 0.14 | 0.17 1 020 | 0.25 | 0.33 | 0.50 1 2 3
DS 0.13 10141 0.17) 020 | 0.25 | 033 | 0.50 1 2
PD 0.11 1 0.13 ] 0.14 ) 0.17 | 0.20 | 0.25 | 0.33 | 0.50 1

Table (2): Normalized Flood Hazard Criteria: AHP Pairwise Comparison
Matrix.

Weight
(%)
CN 035|042 | 040 | 035 | 031 | 0.27 | 0.24 | 0.22 | 0.20 | 0.307 31
RD 0.18 | 0.21 | 0.26 | 026 | 0.25 | 023 | 0.21 | 0.19 | 0.18 | 0.218 22
FA 0.12 | 0.11 | 013 | 0.17 | 0.18 | 0.18 | 0.17 | 0.16 | 0.16 | 0.154 15
DD 0.09 | 0.07 | 0.07 | 0.09 | 0.12 | 0.14 | 0.14 | 0.14 | 0.13 | 0.109 11

SE 0.07 | 0.05 ] 0.04 | 0.04 | 0.06 | 0.09 | 0.10 | 0.11 | 0.11 | 0.076 8

SS 0.06 | 0.04 | 0.03 | 0.03 | 0.03] 0.05] 0.07 | 0.08 | 0.09 | 0.053 5

SC 0.05 ] 0.04 1 0031002 0.02]0.02]0.03]0.05]0.07 ] 0.037 4

3

2

Criteria | CN | RD | FA | DD | SE SS SC | DS | PD | Mean

DS 0.04 | 0.03 1 002 002|002 0.02)0.02]0.03]0.04]0.026
PD 0.04 | 0.03 | 0.02 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.02 | 0.019
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Once performing pairwise comparisons of criteria, the AHP gives
researchers efficient and flexible method to check and improv consistency.
The consistency ratio (CR) is calculated as CR = [CI/RI], where; CI
(consistency index) = [(A-n)/(n-1)], RI = random consistency index, A =
the normalized principal eigenvector, and n = the number of factors
(criteria) (Saaty, 1980). A sufficient degree of consistency is achieved if
the calculated value of CR is smaller or equal to 0.1. Hence, judgments
(scores assigned for the used criteria) are adequate. On the other hand, if
the CR value is greater than 0.1, then the judgments are considered
inconsistent and the pairwise comparison needs to be revised (Saaty, 1996,
2000). From Saaty, 1996 and for n=9, A =9.6, and RI = 1.45, the CR was
found to be 0.052. This in turn indicates that the judgements made for
criteria weights are acceptable. Thirdly, all criteria are divided into five
sub-criteria and a user-specified cell values (scores) were subjectively
assigned from 1 to 9 for each one (see Table 3 and Figure 3).
Theoretically, values which are close to 9 have the highest hazard, whereas
the lowest hazard areas have values close to 1.

Table (3): Flood Hazard Scoring Assigned for the Sub-criteria.

# Criteria Sub-criteria Score
<50

50 - 60

1 CN 60 - 70
70-80
>80
<200
200 — 350
2 RD (mm/year) 350 — 500
500 — 650
> 650

< 122515
122515 —
3 FA (pixel) 245029 —
367544 —
>490058

OIN[O|W|RP|O(N[O|W|FR|O|N|[CTW]|F-
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... continue table (3)

Criteria

Sub-criteria

Score

DD (km/km?)

<0.3

[E=Y

03-04

04-0.5

0.5-0.6

>0.6

SE (m)

<0

0-250

250 — 500

500 - 750

> 750

SS (degree)

< 3.56

3.56 - 7.89

7.89-12.73

12.73 -19.35

>19.35

SC

Built-up Areas

Irrigated Farming

Arable Land

Rough Grazing

Woodland/Forest

DS (m)

<100

100 — 300

300 - 600

600 — 1000

>1000

PD (Persons/km?)

<200

200 — 400

400 — 600

600 — 800

> 800

OINO|W|FP[P[WONO|PIW(OYNO|PRP|IWO(YN|O|IRP|IW|OI(N|OC|O|N|OT[W
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Figure (3): The scored raster grids of the nine criteria for the study area.
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Finally, ArcMap 10.1 is utilized to estimate the flood hazard index
based on the weighted overlay summation process (WOSP) of different
thematic layers. The WOSP is a weighted linear method commonly used
in GIS-based decision-making analysis (Store & Jokiméki, 2003). This
method allows the manipulation of various spatial input grids by
aggregating the weighted cell values together. Each input grid (factor) is
multiplied by its assigned weight and the results are summed as

FHI, = ZWi.Sij , where FHI; is the final cell flood hazard index, Wi is a
i=1

normalized weight (3> Wi = 1), and S;jj is the hazard score of the ith cell with
respect to the jth grid (Malczewski, 1999).

Results and Discussion

Based on the theoretical framework of the flood hazard mapping, and
after performing the WOSP, the flood hazard index map is produced for
the entire West Bank districts. The map was classified into five hazard
categories (very low, low, medium, high, and very high) by natural breaks
(Jenks) approach (See Figure 4). As such, ArcMap identified breaks by
recognizing intrinsic classification scheme of the input data. Thus, datasets
are classified into groups in which breaks are set where notable jump exist
in the data values (Nerantzis et. al., 2015).
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Figure (4): Flood Hazard Map of the West Bank Districts.
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The developed map indicates that the medium to high flood hazard
classes make up the largest areas in the West Bank (65%). Moreover, high
flood hazard areas are mostly located in the north western parts whereas
the very low and low ones located in the south eastern parts. This spatial
trend is matched with the spatial distribution of rainfall and runoff
potential. Very high flood hazard areas are in general sparsely distributed
in the western parts of the West Bank with some concentrated areas in the
middle parts (in Jerusalem district) and in the north (in Tulkarm, Qalqiliya,
Jenin and Nablus districts). This very high flood hazard potential, in these
areas, might be a result of their higher runoff potential, rainfall values and
population and low surface elevations.

Table 4 provides flood hazard prone areas for the West Bank districts.
Whereas Figure 5 presents, the percentages of the flood hazard areas in the
West Bank and its districts.

Table (4): West Bank districts flood hazard categories.

Flood Hazard Intensity Class (Area, km?)
District Very . ' Very
Low Low | Medium | High High Total
Jenin 0.0 26 | 1115 |287.2| 1462 | 5475
Tubas 2.0 124 | 1167 |2495| 344 415
Tulkarm 0.0 0.0 252 | 1403 | 1047 | 2702
Nablus 06 143 | 1435 |3615| 1068 | 626.7
Qalgilya 0.0 0.0 173 | 954 | 452 | 157.9
Salfit 0.0 40 577 |1219| 218 | 2054
Ra”;'r';:‘ & 145 | 1358 | 3249 |2887| 765 |8404
Hebron 946 | 3163 | 4084 |1559| 59.8 | 1035
Bethlehem 937 | 159.1| 1779 |1505| 260 |607.2
Jerusalem 233 | 821 | 1041 | 754 69.1 354
Jericho 2032 | 1095 | 1206 |1196| 116 |5645
Entire West | 455 | 835 | 1608 |2046| 702 |5624
Bank
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Figure (5): Percentages of the flood hazard areas in the West Bank and its
districts.

From the table and the figure, it can be concluded that about 36%
(2046 km?) and 12% (702 km?) of the total West Bank area are high and
very high wvulnerable for flood hazard, respectively. This in turn
substantiates the dire need to enhance and upgrade the existing hydraulic
infrastructures (e.g. culvers) in these areas to safely handle expected flood
amounts and accordingly mitigate its catastrophic consequences. Whereas
land having medium flood hazard form about 29% (1608 km?) of the total
West Bank area. In such areas, attention should be also taken for
infrastructure development to avoid unfavourable consequences. Finally,
low and very low flood hazard areas form about 15% (836 km?) and 8%
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(432 km?) from the total West Bank area, respectively. Further, it is clear
that the districts of Tulkarm, Qalgiliya and Jenin have the highest very
high flood hazard prone areas which account for about 39%, 28%, and
27% from the total districts’ areas, respectively. Moreover, very low and
low flood hazard classes take more than 55% of the total Jericho district
area.

The number of communities and total population likely to be affected
by different flood hazard classes are determine as summarized in Table 5.

Table (5): Number of communities and total population which may be
affected by different flood hazard classes in the West Bank.

Flood Number of Total Population Total
Hazard Communities Likely Likely to be Population
Class to be Affected Affected (%)
Very Low 7 15,951 0.5
Low 30 74,819 2.5
Medium 76 214,950 7.3
High 112 383,804 13.1
Very High 299 2,245,844 76.5
Total 524 2,935,368 100

It is clear from the table that about 90% of the total West Bank
population living in 411 communities are susceptible to high and very high
flood hazard risk. About 7% of population (76 communities) belonging to
the medium flood hazard zone. Whereas the remaining, 3% of population
living in 37 communities, belonging to low and very low flood hazard
zones. Such information is very crucial for planners in developing of flood
warning and flood plain control systems.

Conclusions

This study has dealt with flood hazard mapping in the West Bank
based on administrative scale (district) by adopting an integrated approach
using GIS-based MCDA. The obtained results confirm that the G1S-based
MCDA can be utilized to provide planners with a coherent and informative
spatial flood hazard data. The use of MCDA for various flood influencing
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factors is recognized to be valuable in the mapping of the potential flood
prone areas in the West Bank. Nine criteria (runoff curve number, rainfall
depth, flow accumulation, drainage density, surface elevation, surface
slope, surface cover, distance from drainage network, and population
density) were investigated to delineate potential flood prone areas in the
West Bank districts. The AHP pairwise comparison matrix approach was
adopted to assign different criteria weights. The sensitivity of the attained
results is subjective to the uncertainty of the given data criteria weights
and criterion scores. Thus, it is essential to perform a sensitivity analysis
by changing the criteria weights and criterion scores in order to quantify
the severity of hazard and to provide insights into the generated flood
hazard map.

The absence of long term flood measures and statistics make the
verification of the obtained results impossible. As such, it is recommended
to build stream-gauging network in the West Bank main Wadis so as to
tune the flood influencing criteria weights and criterion scores and to
improve the results accordingly. However, for further and detailed flood
hazard research studies, collaborative efforts have to be concentrated on
how to integrate the obtained results (the first in the West Bank) with other
techniques such as hydrological models once the required rainfall and
runoff data become available.

Finally, although the available data are limited, the work provides an
overall valuable picture about the vulnerability of different West Bank
districts to flood hazard. This in turn indicates that even under data scarce
regions and limited resources yet much can be performed to assist the
decision makers through providing essential information to mapping high
potential flood hazard prone areas and thus to formulate proper corrective
and preventive strategies including but not limited to early warning and
emergency preparedness plans, flood control engineering structures
enhancements, and floodplain management protocols.
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