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ARTICLE INFO ABSTRACT

Keywords: From the beginning of the COVID-19 pandemic, the world stands idly by in the face of the virus spreading. The
COVID-19 prediction of highly vulnerable population and the implementation of proper actions are very important steps to
GIS break the infection chain of any virus. This will, in turn, reduce the economic and social impact of this virus
SSll:lerabili mappin outbreak. In this study, the COVID-19 vulnerability map for the West Bank, Palestine was developed. Analytic
West Bankty pping Hierarchy Process (AHP) was used to develop the COVID-19 vulnerability map. The Geographic Information
Vulnerability index system (GIS) in combination with multi-criteria decision analysis (MCDA) was adopted to estimate the COVID-19
MCDA vulnerability index (CVI) based on some selected potential criteria including population, population density,

elderly population, accommodation and food service activities, school students, chronic diseases, hospital beds,
health insurance, and pharmacy. The results of this study show that Nablus, Jerusalem, and Hebron governorates
are under very high vulnerability. Tulkarm, Ramallah & Al-Bireh and Jenin governorates are high vulnerable to
COVID-19. Additionally, 82 % of the West Bank population are under high to very high COVID-19 vulnerability
classes. Moreover, 14% and 4 % are medium and low to very low vulnerable, respectively. The obtained results
are of high value to help decision-makers to take proper actions as early as possible mainly in the highly COVID-
19 vulnerable governorates to control the risk associated with the potential outbreak of the virus and accordingly
to protect social life and to sustain economic conditions.

1. Introduction

In early 2020, different countries all over the world have been
vulnerable to the speared of Coronavirus (SARS-CoV-2, COVID-19) [1].
Worldwide, the spreading of the COVID-19 virus was uncontrolled and
subsequently became a pandemic that has a very serious health issue
[2-4]. Thus, the COVID-19 spreading was affecting different aspects of
life in many countries of the world [5].

The first case of COVID-19 has been confirmed in China (Wuhan) [6].
However, the virus was quickly spread and within a couple of months,
confirmed cases were recorded in most of the world countries [1].
Moreover, on 13 July, COVID-19 extends to different countries and
causing 569,128 deaths [7]. COVID-19 is an infectious virus, causes an
acute respiratory syndrome that quickly updated into a deadly disease
with a mortality rate of about 1.38% [1,8].

In Palestine (West Bank and Gaza Strip), the COVID-19 was firstly
recorded in March 2020 in the Bethlehem governorate [9]. The number
of infected people was increased and reached 630 cases and 5 deaths on
June 2nd, 2020 [10]. However, the number of confirmed cases and the
mortality rate were less compared to the other countries in the region
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until the second outbreak in July 2020 [11]. From the beginning of the
pandemic mainly on the March 5, 2020, the Palestinian government
announced the state of emergency and implied serious precautions to
control the spreading of COVID-19 in Palestine. Additionally, on March
22, the mobility between the different governorates was stopped.
Schools, universities, and most business activities were closed and the
government asking the people to stay at home for 14 days [12]. Wearing
masks and using sterilizers every 15-20 min is essential to reduce the
COVID-19 outbreak. Additionally, keep social distance and avoid
crowded places is very important to decrease the COVID-19 vulnerable
population [13-15].

For any disaster (e.g. the outbreak of COVID-19), local communities
are potentially vulnerable to maximum risk [16,17]. The social
vulnerability to the influence of any disaster is usually spatially
distributed [18,19]. However, social vulnerability is a dynamic process
that is highly dependent on the government’s actions and mitigation
plans [20]. Thus, the improper or slow reaction from the government
might turn less vulnerable communities into highly vulnerable ones
[20].

Vulnerability is defined as the situation where the risk of exposure to

Received 26 April 2021; Received in revised form 9 July 2021; Accepted 20 July 2021

Available online 22 July 2021
2212-4209/© 2021 Elsevier Ltd. All rights reserved.


mailto:sshadeed@najah.edu
www.sciencedirect.com/science/journal/22124209
https://www.elsevier.com/locate/ijdrr
https://doi.org/10.1016/j.ijdrr.2021.102483
https://doi.org/10.1016/j.ijdrr.2021.102483
https://doi.org/10.1016/j.ijdrr.2021.102483
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijdrr.2021.102483&domain=pdf

S. Shadeed and S. Alawna

. ~
N

. [ West Bank

% [ ] Governorates

<

=

) 0 15 30Km
S

0

3

Saudi Arabia

7
/J,mﬂ
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Fig. 2. Monthly variation of COVID-19 confirmed cases in Palestine.

the hazard of a certain community might be increased [21]. For a certain
health risk, vulnerability mapping is a commonly used method that
implies the use of multiple driving parameters to classify a certain
community into different health vulnerability classes [22].

Different studies have discussed the mapping of epidemic prediction
depending on multiple criteria analysis [23]. In the vulnerability map-
ping of COVID-19, the multiple criteria were often considered through
the implementation of the multi-criteria decision analysis (MCDA)
approach [24]. Driving factors for the mapping of COVID-19 are
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generally driven by different parameters such as: demographic (e.g.,
population), epidemiological (e.g., chronic diseases), and ecological/-
physical (e.g., temperature) [19,25-27]. Analytic Hierarchy Process
(AHP) is the most commonly used MCDA approach [28]. The AHP is a
well-organized approach for assigning reasonable weights of different
influential criteria. The geographic information systems (GIS)
based-MCDA is a professional way to map epidemic vulnerability and
risk assessment (e.g. COVID-19 vulnerability) [29-33]. In this study,
GIS-based MCDA was used to develop the COVID-19 vulnerability index
(CVD) which was subsequently utilized to classify the West Bank gov-
ernorates into different COVID-19 vulnerability classes.

This research aims to develop the COVID-19 vulnerability map for
the West Bank. The developed map is of high value to guide decision-
makers in the prediction of COVID-19 potential outbreaks and accord-
ingly to develop proper mitigation measures to protect public health
mainly in the highly vulnerable governorates.

2. Materials and methods
2.1. Study area

This study was accomplished in the West Bank, Palestine that has a
total population of 2.9 million [34]. Administratively, West Bank is
divided into 11 governorates. Jerusalem, Jenin, Tubas, Nablus, Tul-
karm, Qalqiliya, Salfit, Jericho & Al-Aghwar, Ramallah & Al-Bireh,
Bethlehem, and Hebron (see Fig. 1). However, Hebron has the highest
population number and Jericho & Al-Aghwar has the lowest one. The
highest and lowest population densities are in Jerusalem and Jericho &
Al-Aghwar governorates, respectively.

Generally, the health system in Palestine is weak and suffers from a
lack of resources and financing [35]. In the West Bank, there exist 255
adult intensive care unit (ICU) beds and 175 ventilators in private and
government hospitals [12]. The total number of hospitals is 52
(including East Jerusalem), among which 29 are general hospitals [36].

COVID-19 was firstly outbreak in the Bethlehem governorate, in
March 2020. The monthly confirmed cases do not exceed 211 until May
2020. In July 2020, the second outbreak started and the confirmed cases
reached about 14,000. The third outbreak has been started in December
2020 where the number of monthly confirmed cases exceeded 51,000
[37]. Figure (2) illustrates the distribution of monthly confirmed cases
in Palestine (West Bank and Gaza excluding Jerusalem City) since the
start of the COVID-19 pandemic. Most confirmed cases (88 %) are due to
community transmission [37].

2.2. Methodology

In this study, the COVID-19 vulnerability map was obtained based on
the development of the CVI map. Nine influential criteria were selected
in the development of the CVI map (see Table 1). These criteria were
driven from the data of population, services, health care, and
epidemiological.

The selected criteria include population (P), population density (PD),
the elderly people (EP), accommodation and food service activities (AF),
school students (SS), chronic diseases (CD), hospital beds (HB), health
insurance (HI), and pharmacy (Ph). These criteria were selected based
on their eligibility to increase (P, PD, EP, AF, SS, and CD) or decrease
(HB, HI, and Ph) the COVID-19 vulnerability.

The overall methodological approach for developing of COVID-19
vulnerability map is presented in Fig. 3.

To assign weights for the different CVI criteria, the AHP pairwise
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Table 1
CVI criteria.
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Criteria Description Data Source
P Number of the population [34]

PD Population per km”

EP Number of the population more than 65 years old (per 10,000 population)

HI Number of health insured people (per 10,000 population) *

AF Number of accommodation and food service activities (per 10,000 population) [38]

SS Number of school students in the year 2017,/2018 (per 10,000 population) o [39]

CD Number of the population diagnosed with chronic diseases (per 10,000 population) * [40]

HB Number of hospital beds (per 10,000 population) [36]

Ph Number of pharmacies (per 10,000 population)

@ Data exclude those parts of Jerusalem which were annexed by the Israeli Occupation in 1967.
b The data do not include the Israeli Municipality and Culture Committee Schools in Jerusalem.
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Identifying the most
Influencing Criteria

Assigning Weights
for the Criteria using AHP

Rasterization

Weighted Overlay
Summation Process

Identifying the
Sub-criteria

Assigning Scores for the Sub-criter

within a Scale of (1-9)

:

COVID-19 Vulnerability
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Vulnerability Map

Reclassification based on
Natural Breaks

Fig. 3. The overall methodological approach.

comparison matrix approach as introduced by Ref. [41] was used (see
Table 2). Subsequently, these assigned weights were tested for consis-
tency by computing a consistency ratio (CR) as follows [41]:

CI
CR=—
RI
A—n
Cl=
n—1

where CI is the consistency index, Rl is a random consistency index that
depends on the number of criteria, A is the maximum eigenvector of the
matrix, and n is the number of criteria.

The allowable value of CR should not exceed 0.1 [42]. In this study, a
CR value of 0.09 was obtained. This indicates that the CVI criteria matrix
is consistent.

Each criterion used in the CVI map was classified into seven value
classes, each of them was assigned a score from 1 (less important) to 9
(high important) (see Table 3) [41]. The selected criteria were rasterized
and reclassified using different GIS (ArcMap 10.1) tools (See Fig. 4).

GIS was employed to estimate the CVI through the use of the
weighted overlay summation process [42] for the different selected
criteria by aggregating the weighted cell values together. Each input
layer (criteria) was multiplied by its assigned weight and the results are
summed as:

CVI="Y " Wi x Sij)
i=1

i=

where CVI is the final cell index, Wi is a normalized weight (>"Wi = 1),

Table 2

AHP pairwise comparison matrix for the CVI of the West Bank.
Criteria P PD EP SS HB HI Ph AF CD Weight
P 1.0 0.3 4.0 2.0 2.0 3.0 2.0 2.0 3.0 0.15
PD 3.0 1.0 3.0 3.0 4.0 4.0 3.0 4.0 3.0 0.22
EP 0.3 0.3 1.0 0.5 2.0 3.0 3.0 2.0 2.0 0.11
SS 0.5 0.3 2.0 1.0 3.0 4.0 5.0 3.0 4.0 0.18
HB 0.5 0.3 0.5 0.3 1.0 2.0 2.0 0.2 2.0 0.07
HI 0.3 0.3 0.3 0.3 0.5 1.0 2.0 0.2 0.5 0.04
Ph 0.5 0.3 0.3 0.2 0.5 0.5 1.0 0.2 0.3 0.03
AF 0.5 0.3 0.5 0.3 5.0 5.0 5.0 1.0 2.0 0.15
CD 0.3 0.3 0.5 0.3 0.5 2.0 0.5 0.5 1.0 0.05
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Table 3
CVI Scoring for the different Sub-criteria in the West Bank.

# Criteria Sub-criteria Score

1 P <50,002
50,002-75,444
75,444-112,400
112,400-217,400
217,400-328,861
328,861-435,753
>435,753
2 PD <152
152-330
330-384
384-540
540-676
676-759
>759
3 EP <256
256-315
315-326
326-359
359-372
372-402
>402
<2466
2466-2483
2483-2491
2491-2598
2598-2639
2639-2747
>2747
5 AF <11.4
11.4-13.7
13.7-19.6
19.6-21.2
21.2-23.7
23.7-25.8
>25.8
6 HB <6.4
6.4-7.0
7.0-8.8
8.8-9.3
9.3-10.5
10.5-16.1
>16.1
<5753
5753-5824
5824-6132
6132-6593
6593-7023
7023-7494
>7494
8 Ph <21
2.1-3.4
3.4-3.8
3.8-4.1
4.1-4.4
4.4-4.7
>4.7
9 CDh <182
182-222
222-242
242-279
279-421
421-463
>463

ONOUTDRWNDNDNWARUTANONWDAUUANONWUAAOAN®OOONANITDAWNONNITDAEWNOONONUITDRARWNOUNOOUTDAWNONODUDMWN

Sij is the score of the ith cell for the jth layer, and n is the number of cells
in each jth layer.
Finally, the total CVI through natural breaks (Jenks) in GIS was used
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to develop the COVID-19 vulnerability map for the entire West Bank.

3. Results and discussion
3.1. COVID-19 vulnerability map

Based on the previous approach and depending on the selected CVI
criteria, the COVID-19 vulnerability map for the West Bank was devel-
oped (see Fig. 5). The developed map was classified the West Bank
governorates into five different COVID-19 vulnerability classes (very
low, low, medium, high, and very high). Furthermore, the total number
of population under different COVID-19 vulnerability classes in the West
Bank is presented in Table 4.

From Fig. 5 and Table 4, almost 82 % of the total West Bank popu-
lation are under high (Tulkarm, Ramallah & Al-Bireh and Jenin gover-
norates) to very high (Nablus, Jerusalem, and Hebron governorates)
COVID-19 potential vulnerability conditions. Moreover, Tubas and
Jericho & Al-Aghwar are under low to very low vulnerability conditions
(4 % of the total West Bank population). Additionally, the medium
vulnerability class covers nearly 14 % of the total West Bank population
in the governorates of Qalgiliya, Salfit, and Bethlehem.

3.2. Validation

The total number of confirmed, recovered, death, and active COVID-
19 cases in the different West Bank governorates from the first outbreak
in March 2020 to March 28, 2021 are presented in Table 5 [37]. From
Table 5, it is clear that the total number of confirmed cases is 202,006 (7
% of the total West Bank population). However, nearly 53 % of these
cases are confirmed in Hebron, Jerusalem, and Nablus governorates.
This can be attributed to the high population number in Hebron, the
high population density in Jerusalem, and the high number of accom-
modation and food service activities in Nablus. The highest number of
active cases is in the Nablus governorate (13 cases per 1000 population).
This is because of the high number of AF (26 per 10,000) and EP (403
per 10,000 population). According to the table, the mortality rate of
COVID-19 in the West Bank is nearly 1 % (death to confirmed cases). The
highest value of mortality rate in the Qalgiliya governorate (15 per 1000
confirmed cases) and the lowest one in the Jerusalem governorate (9 per
1000 confirmed cases). This can be attributed to the relatively high
number of the population diagnosed as CD in these governorates. Based
on Table (5) and Fig. (5), 81 % of confirmed cases in the West Bank are in
the areas that were classified as high to very high vulnerable gover-
norates. Additionally, 82 % and 80 % of active and death cases,
respectively are within these areas.

Fig. 6 presents the CVI and confirmed cases in the different West
Bank governorates. According to the figure, the governorates with very
high CVI values (Nablus, Jerusalem, and Hebron) reported the highest
number of confirmed cases. Additionally, Tubas and Jericho & Al-
Aghwar governorates have the lowest CVI values. Thus, they reported
the lowest number of confirmed cases. The CVI in the Tulkarm gover-
norate (5.63) is high but the number of confirmed cases is relatively low.
This can be attributed to the low number of COVID-19 laboratory tests
(from March 5, 2020 to March 28, 2021) where the number of tests in
Tulkarm governorates is nearly 28 per 100 capita. In comparison, the
number of tests is 64 per 100 capita in Ramallah & Al-Bireh. Therefore,
the confirmed cases in Ramallah & Al-Bireh are very high whereas the
CVl is relatively high. However, the number of confirmed cases is highly
related to socio-economic conditions such as poor households [19]
employment [43], car ownership [26], and household density [44].
Thus, the obtained CVI values do not reflect the actual number of the
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Table 4

COVID-19 Vulnerable population in the West Bank.
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confirmed cases in all of the West Bank governorates.

Additionally, the CVI values versus confirmed, active, and death
cases were plotted (see Figs. 7-9). However, the relations were esti-
mated based on data presented in Table 5. From the figures, it is clear
that there is a positive exponential trend between CVI values and the
number of confirmed cases, active and death cases with R? values of
0.76, 0.60, and 0.79, respectively. Accordingly, the number of
confirmed, active, and death cases were exponentially increased with
the increase of CVI values.

4. Conclusions

In this study, the COVID-19 vulnerability map for the West Bank was
developed based on the CVI values that were obtained by utilizing the
GIS-based MCDA. Nine influential criteria were selected; population,
population density, elderly population, accommodation and food ser-
vice activities, school students, chronic diseases, hospital beds, health
insurance, and pharmacy. AHP pairwise comparison matrix was adopted
to assigning weights for these criteria. The GIS was used to classify the
CVI values of the West Bank into five COVID-19 vulnerability classes
(very low, low, medium, high, and very high). The results of this study
concluded that 82 % of the West Bank population are under high to very
high COVID-19 vulnerability classes. Therefore, these governorates will
suffer from the potential negative consequences of COVID-19 more than
other governorates unless the Palestinian government acts early to apply
serious precaution measures to protect population in these areas.

The developed map will help the decision-makers in the prediction of
COVID-19 potential spreading in the different West Bank governorates.
Thus, develop more efficient preparedness plans and mitigation mea-
sures to reduce the potential economic, social, and health impacts of the
COVID-19 outbreak in the West Bank in the future. Therefore, the
number of infected people will be under control, and as such to avoid

ID-1 Th lati Th tage fi total t . . . . . .
COVID-19 © popuiation may e percentage from total Wes failure health system in Palestine. Finally, ongoing research might
vulnerability class be affected Bank population (%) R o ¢ K

introduce new facts and criteria that have to be considered to improve
rzry low 28’823 z the developed COVID-19 vulnerability map to successfully predict the

w , . L.
Medium 405,244 14 future COVID-19 outbreak in Palestine, if any.
High 830,487 29
Very high 1,535,297 53
Total 2,881,957 100 Declaration of competing interest
The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.
Table 5
COVID-19 in the West bank.
Governorate Cases
Confirmed Recovered Death Active

Jenin 15,083 12,809 208 2066
Tubas 3856 3526 43 287
Tulkarm 12,431 10,245 169 2017
Nablus 27,278 21,906 313 5059
Qalgiliya 7129 6003 108 1018
Salfit 6593 6158 69 366
Ramallah & Al-Bireh 28,808 27,008 281 1519
Jericho & Al-Aghwar 4092 3762 43 287
Jerusalem 38,895 36,974 340 1581
Bethlehem 16,705 15,076 194 1435
Hebron 41,136 37,723 467 2946
Total 202,006 181,190 2235 18,581
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