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Abstract. Flood is one of the disasters that often hit various regions in Indonesia, specifically in West Kalimantan. 
The floods in Nanga Pinoh District, Melawi Regency, submerged 18 villages and thousands of houses. Therefore, 
this study aimed to map flood risk areas in Nanga Pinoh and their environmental impact. Secondary data on 
the slope, total rainfall, flow density, soil type, and land cover analyzed with the multi-criteria GIS analysis 
were used. The results showed that the location had low, medium, and high risks. It was found that areas with 
high, prone, medium, and low risk class are 1,515.95 ha, 30,194.92 ha, 21,953.80 ha, and 3.14 ha, respectively. 
These findings implied that the GIS approach and multi-criteria analysis are effective tools for flood risk maps 
and helpful in anticipating greater losses and mitigating the disasters.

©2022  by the authors. Licensee Indonesian Journal of Geography, Indonesia. 
This article is an open access  article distributed under the terms and conditions of the Creative Commons 
Attribution(CC BY NC) licensehttps://creativecommons.org/licenses/by-nc/4.0/.

1. Introductin
Floods occur when a river exceeds its storage capacity, 

forcing the excess water to overflow the banks and fill the 
adjacent low-lying lands. This phenomenon represents the 
most frequent disasters affecting a majority of countries 
worldwide (Rincón et al., 2018; Zwenzner & Voigt, 2009), 
specifically Indonesia. Flooding is one of the most devastating 
disasters that yearly damage natural and man-made features 
(Du et al., 2013; Falguni & Singh, 2020; Tehrany et al., 2013; 
Youssef et al., 2011).

There are flood risks in many regions resulting in great 
damage (Alfieri et al., 2016; Mahmoud & Gan, 2018) with 
significant social, economic, and environmental impacts 
(Falguni & Singh, 2020; Geographic, 2019; Komolafe et al., 
2020; Rincón et al., 2018; Skilodimou et al., 2019). The effects 
include loss of human life, adverse impacts on the population, 
damage to the infrastructure, essential services, crops, and 
animals, the spread of diseases, and water contamination 
(Rincón et al., 2018).

Food accounts for 34% and 40% of global natural disasters 
in quantity and losses, respectively (Lyu et al., 2019; Petit-
Boix et al., 2017), with the occurrence increasing significantly 
worldwide in the last three decades (Komolafe et al., 2020; 
Rozalis et al., 2010). The factors causing floods include 
climate change (Ozkan & Tarhan, 2016; Zhou et al., 2021), 
land structure (Jha et al., 2011; Zwenzner & Voigt, 2009), and 
vegetation, inclination, and humans (Curebal et al., 2016). 
Other causes are land-use change, such as deforestation and 
urbanization (Huong & Pathirana, 2013; Rincón et al., 2018; 
N. Zhang et al., 2018; Zhou et al., 2021).

The high rainfall in the last few months has caused much 
flooding in the sub-districts of the West Kalimantan region. 
Thousands of houses in 18 villages in Melawi Regency have 
been flooded in the past week due to increased rainfall 

intensity in the upstream areas of West Kalimantan. This 
occurred within the Nanga Pinoh Police jurisdiction, including 
Tanjung Lay Village, Tembawang Panjang, Pal Village, Tanjung 
Niaga, Kenual, Baru and Sidomulyo Village in Nanga Pinoh 
Spectacle, Melawi Regency (Supriyadi, 2020).

The flood disaster in Melawi Regency should be mitigated 
to minimize future consequences by mapping the risk. 
Various technologies such as Remote Sensing and Geographic 
Information Systems have been developed for monitoring flood 
disasters. This technology has significantly contributed to flood 
monitoring and damage assessment helpful for the disaster 
management authorities (Biswajeet & Mardiana, 2009; Haq 
et al., 2012; Pradhan et al., 2009). Furthermore, techniques 
have been developed to map flood vulnerability and extent 
and assess the damage. These techniques guide the operation 
of Remote Sensing (RS) and Geographic Information Systems 
(GIS) to improve the efficiency of monitoring and managing 
flood disasters (Haq et al., 2012).

In the age of modern technology, integrating information 
extracted through Geographical Information System (GIS) and 
Remote Sensing (RS) into other datasets provides tremendous 
potential for identifying, monitoring, and assessing flood 
disasters (Biswajeet & Mardiana, 2009; Haq et al., 2012; 
Pradhan et al., 2009). Understanding the causes of flooding 
is essential in making a comprehensive mitigation model. 
Different flood hazard prevention strategies have been 
developed, such as risk mapping to identify vulnerable areas’ 
flooding risk. These mapping processes are important for the 
early warning systems, emergency services, preventing and 
mitigating future floods, and implementing flood management 
strategies (Bubeck et al., 2012; Falguni & Singh, 2020; Mandal 
& Chakrabarty, 2016; Shafapour Tehrany et al., 2017).

GIS and remote sensing technologies map the spatial 
variability of flooding events and the resulting hazards 
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1. Introduction rate  (Kelvin  and  Rubino,  2020).  Furthermore,  individuals
  The prevalence of a disease is regarded as one of the most whose  ages  range  between  (30-79)  years  are  more  exposed 

serious  challenges  experienced  by  humanity.  This  is  due  to to  the  virus,  especially  when  they  have  underlying  health 
the negative effects on people’s lives in all the environmental, problems, such as cardiorespiratory diseases, diabetes, blood 
technological,  social,  and  economic  domains  at  the  national pressure,  and  cancer  (Liu  et  al.,  2020).  Meanwhile,  the  age 
and international levels (Garchitorena et al., 2017). Also, the categories  over  50  years  are  more  exposed  to  death  due  to 
pandemic diseases that prevailed throughout the world during coronavirus as compared to the other categories (Yahya et al., 
the last few centuries, such as plague, AIDS, flu, measles, and 2020).
malaria have led to the deaths of millions of people (Wagner The  prevalence  of  diseases,  especially  infectious  ones, 
et al., 2014). Currently, the world is confronted by one of the takes  on  a  spatial  dimension,  therefore,  experts  in  general 
most serious diseases ever, namely COVID-19 according to the health can determine how the infection is transmitted at the 
World Health Organization (WHO). This virus first emerged national  and  international  levels  by  following  the  paths  of 
on  31st December  2019  in  the  city  of  Wuhan,  the  capital  of human communication (Mackey et al., 2014). In this regard, 
Hubei  province.  Subsequently,  it  spreads  rapidly  throughout the  geographical  information  system  and  spatial  maps  are 
China and to all the countries in the world, including Jordan. considered  effective  analytical  tools,  which  can  be  viewed  as 
As  a  result,  about  136  million  cases  and  3  million  deaths being  basic  for  knowledge,  prevention,  and  therapy.  These 
were registered at the world level until 31st, March 2021. The instruments  can  also  be  used  as  a  visual  representation  that 
rapid and wide prevalence of the virus throughout the world helps  draw  the  maps  of  the  geographical  distribution  of  the 
has become a global concern and crisis despite the increased pandemics and predicts the areas exposed to risks in the future 
efforts  for  its  control.  The  records  of  the  WHO  suggest  that in order to give priority to prevention and medical treatment. 
North and South America registered the highest numbers of As for the spatial analysis, the risks of diseases as well as the 
cases, followed by Europe, the Eastern Mediterranean, South directions  of  their  prevalence  across  time  and  space  can  be 
East Asia, and Africa (WHO, 2021). evaluated,  while  the  spots  of  infection  and  prevalence  can

  This  rapid  prevalence  has  resulted  in  considerable also be determined (Kandwal et al., 2009; Lyseen et al., 2014). 
psychological  consequences,  where  about  (98.54%)  suffered Furthermore, geographical information systems are considered 
from severe anxiety and depression due to the high infection a  basic  tool  for  several  educational  programs  that  deal  with
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pandemic diseases, where it catalyzes the development of 
modern automated mapping procedures (Sithiprasasna et al., 
2004). However, this tool did not attract the required attention 
concerning the study and analysis of corona pandemic, its 
distribution, or prevalence style all over the world. 

The most obvious usage for the technology of geographical 
information systems is related to providing a graphical 
representation of the prevalence of a disease. Although the 
visual and printed media take advantage of this context, they 
tend to use the produced maps. For example, the BBC station 
uses the maps produced by the University of John Hopkins 
and the ESRI company to help the international community 
by providing data, programs, and maps to monitor as well as 
trace the prevalence of coronavirus through its specified entry. 
In addition, the British Geological Survey formed teams to 
respond to emergent cases in order to help the British National 
Health Services Committee confront the pandemic. This 
increased the use of digital maps and the application of (OS 
Maps) by 78%. It also issued licenses to developers to come up 
with certain services for the pandemic. 

Understanding the temporal and spatial events of the 
corona pandemic at the national level is a very important 
issue since it provides a comprehensive and vital view of how 
the pandemic occurs, spreads, and declines. Also, Jordan is 
one of the countries that declared the outbreak of the virus 
by announcing the number of affected cases and deaths as 
well as the prevalence ratio in the various governorates. The 
Jordanian Ministry of Health reported that the first confirmed 
case was registered on 2 March 2020, where the total number 
of affected cases was 611.577 and deaths were 6858 by the 
end of March 2021. This negatively reflected on all the 
scientific, environmental, technological, social, and economic 
domains as several restrictions were imposed. These include 
social distancing, self-isolation, work from home, as well as 
educational institutions and business closure. Furthermore, 
there were movement restrictions by closing the state’s local 
and international borders. The socio-economic fallout caused 
by the pandemic was a threat that affected growth at the 
national and global levels. The virus has not come to an end 
and has adversely affected the world’s economy. It has led to 
an economic recession and hit various business areas, such 
as travel, tourism, aviation, and service sectors. Therefore, 
this study aims to (1) assess the spatiotemporal patterns of 
COVID-19 prevalence using the data of confirmed cases, (2) 
quantify temporal variations of the infection rate, (3) compare 
variations in the daily infection rate at the governorates’ 
level and (4) detect space-time patterns of COVID-19 by 
using spatiotemporal methodologies, specifically descriptive 
statistical tests and ArcGIS 10.5 spatial autocorrelation 
indexes. This will contribute to alleviating the severity of the 
pandemic as well as the setting of policies at the national level 
to advocate the strategies specified for emergencies, treatment, 
and the prevention of infection.

Several studies have been conducted worldwide about 
the protection against coronavirus and the mechanisms of its 
transmission, prevalence, as well as treatment methods. For 
example, several statistical models were used to predict the 
prevalence of the pandemic based on spatial and temporal 
characteristics. The results showed the spatial dimension 
is important in predicting the directions of the disease’s 
prevalence over time (Dickson et al., 2020). Another study 
determined the spatial effects and temporal styles for the 
prevalence of coronavirus in Italy by using several spatial 

statistical methods, including the Moran coefficient (Ghosh 
and Cartone, 2020). Also, the outbreak of the corona pandemic 
in India was investigated, and the results revealed that the 
cities of Delhi, Gujarat, Telangana, Uttar Pradesh and Rajistan 
were the most affected (Murugesan et al., 2020). Furthermore, 
the distribution of the virus and its relationship with people’s 
immigration from the city of Wuhan was examined. The results 
revealed a strong correlation between people’s immigration 
from the city of Wuhan and the number of cases in other 
Chinese cities (Chen et al., 2020). 

A geographical database that consists of (35) variables 
to demonstrate the spatial variation for the prevalence 
of coronavirus in the United States of America was also 
established. The results showed four variables interpreted as a 
high spatial variation of infection by the virus in the country, 
namely family income, inequality of income, the percentage of 
nurses, and the percentage of black females in the population 
(Mollalo et al., 2020). Furthermore, the spatial distribution 
of corona cases in Iran was examined. The results revealed a 
strong relationship between the prevalence of the virus in the 
Iranian governorates and the following characteristics, namely 
aging, urbanization, the correlation between governorates, 
temperatures, rates of illiteracy, and number of doctors 
(Ramírez-Aldana et al., 2020). 

Moreover, the prevalence in Iran was addressed and 
the results showed a positive relationship between the cases 
of infection on one hand as well as population density and 
mobility on the other. It also revealed a negative relationship 
between the number of infected cases as well as the ratio of 
humidity and solar radiation  (Ahmadi et al., 2020). 

The spatial distribution and direction of the COVID-19 
prevalence in the Delta of Yangtze River in China were 
investigated by tracing the center of geographical concentration 
of the disease, calculating the spatial correlation, and applying 
the multiple regression coefficients to detect the temporal 
and spatial directions for the cases. The results showed the 
control procedures applied by the government were effective 
and the delta areas which witnessed more flow of people from 
the city of Wuhan were more exposed to infection (Ye and 
Hu, 2020). The sequence of infection cases was also explored 
temporally and spatially at the world level. The results revealed 
that the geographical environment conditions, the cultural 
and nutritional habits, as well as the advanced transportation 
means, had a prominent effect on the rapid prevalence of 
the pandemic. It was also suggested that the pandemic is 
increasingly prevailing over time (Elzeeny, 2020).

Geographical information systems have emerged as an 
effective tool for studying and analyzing infectious diseases 
as well as determining the spatial and temporal patterns of 
pandemics due to the development of science and technology 
(Comber et al., 2011). For example, the center of Johns Hopkins 
University for science and engineering in the United States 
used geographical information systems in providing new data 
and maps about the global spatial distribution of coronavirus, 
including the case of infection, recovery, and deaths all over 
the world (JHU CSSE, 2020). These systems were also used 
to improve control management for the diseases of foot 
and mouth in New Zealand in 1991 (Sanson et al., 1991). 
Furthermore, the national geographic information system for 
combating the SARS pandemic as well as the early warning 
developed by the Chinese national center for combating and 
preventing diseases (China CDC) played an important role in 
managing, analyzing, and controlling severe acute respiratory 
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syndrome (SARS). They were also used in drawing a spatial 
map for the areas affected by coronavirus in Malaysia in an 
attempt to detect the spatial patterns and temporal directions 
for the prevalence of the virus (Yahya et al., 2020). 

Corona pandemic resulted in several problems and 
adverse effects at the international level in all the technological, 
environmental, social, and economic life domains. A geo-
epidemic study addressed the effects of the virus on the 
population of Brazil by analyzing the geographical distribution 
of the affected cases and deaths using geographical information 
systems. The results revealed that the most affected areas were 
the northern, western, and Middle regions in Brazil (Alves 
et al., 2021). The impact of the pandemic on the temporal 
and spatial characteristics of road accidents in Al-Medina 
Monawara was identified using the tools of geographical 
information systems, such as Kernel coefficient, in addition to 
analyzing the hot and cold spots as well as the measures of 
central tendency (Al-Ahmadi, 2021). 

According to the literature review, different studies had 
been carried out on the various dimensions of COVID-19. 
They all emphasized the necessity of conducting more 
research and updating the scientific outlook on the virus. 
Since information from articles played an essential role in 
empowering authorities and people during an epidemic 
period, the present paper was conducted to conclude on the 
number, density, and trend of cases that occurred due to 
COVID-19 in Jordan from its emergency time up to now. Also, 

the use of geographical information systems would provide a 
geographical database concerning the spatial dynamics of the 
virus to set the appropriate policies and measures to confront 
the pandemic and reduce its prevalence. Therefore, this study 
focused on spatial distribution mapping of COVID-19-affected 
areas to regionally identify the preventive measurements. The 
results will help to interpret the governing spatial-temporal 
patterns and trends, as well as provide rapid information 
sources around the spatial dynamics of COVID-19.

Study Area
This study was conducted in Jordan which is situated 

in the southwest of Asia. Jordan is one of the countries 
that experienced the prevalence of coronavirus and was 
considerably affected by its consequences due to its strategic 
location that connects the three continents, namely Asia, 
Europe, and Africa. The country has an area of (88.794) km2 
and a population of about (10.806.000) people (Department of 
Statistics, 2021). Furthermore, it consists of (12) governorates 
as illustrated in Fig 1, these include Amman, Zarqa, Irbid, 
Mafraq, Jerash, Ajloun, Balqa’, Madaba, Al-Karak, Tafila, 
Ma’an and Aqaba. Fig 2 shows the geographical distribution 
of the people and the population density for each governorate 
(Department of Statistics, 2021). Amman is the largest 
populated governorate, while Tafila is the least. In terms of 
population density, Irbid was ranked first, while Ma’an as last. 

Figure 1. Study area (Source: Prepared by the researcher using GIS)
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Figure 2. A. geographical distribution of the population B. the population density/km2 in the Jordanian governorates in the 2015 
estimate.(Source: Prepared by the researcher using GIS)

Table 1. The periods used for the temporal analysis of the corona pandemic during 2020-2021
Symbol      P1      P2       P3     P4      P5    P6
Period October November December  January February March 

Table 2. The spatial data and their resources
Variables Source 
Number of population Department of Statistics 
Density of population Department of Statistics 
Administrative                                                  
governorates map Royal geographical center 
Jordan’s map Royal geographical center 
Corona daily data The Jordanian ministry of health and WHO

in Table 1.
All the collected data were inserted into (ArcGIS 10.3) 

software. Subsequently, the geographical databases were 
established, the diagrams were drawn, and the maps showing 
the temporal and spatial distributions were illustrated for the 
prevalence of the corona pandemic in Jordan. Table 2 shows 
the used descriptive and spatial data and their resources. 

The methods of spatial and statistical analysis
The geographical information systems provide a set 

of spatial and statistical analysis tools that are appropriate 
for studying and analyzing the risks of diseases, such as the 
distribution, direction, as well as pattern of prevalence, 
correlation, and spatial gathering. In this context, the 
geographical information system was used to investigate the 
temporal and spatial variations of the pandemic. It was also 
used to cite a clear conceptualization of the epidemic reality, 

2.  Methods
Data collection and preparation

This study includes a comprehensive temporal and spatial 
analysis of corona pandemic in Jordan. The data relating to 
the population at the level of the Jordanian governorates 
were obtained from the department of statistics according to 
the general census in 2015 (department of statistics, 2020). 
Furthermore, the data related to coronavirus, such as the 
number of cases and deaths were obtained from the Jordanian 
ministry of health, the national center for security and crisis 
management, as well as the WHO, from the beginning of 
October 2020 until the end of March 2021. This period 
experienced a considerable increase in the number of affected 
cases all over the country. This, in turn, made it possible to 
discover the pattern of the spatial distribution of the virus in 
the Jordanian governorates more precisely. Accordingly, the 
collected data were divided into six time periods as illustrated 
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spatially trace the hot spots of the pandemic during the study 
period and contribute to the rapid future prediction of the 
pandemic in Jordan. Several spatial and statistical methods 
were used in order to determine the spatial patterns for the 
prevalence of the pandemic as follows:

Location quotient (LQ)
Location quotient (LQ) is considered an important tool 

to determine the areas that are characterized by a certain 
phenomenon at the national level. Therefore, the extent of 
focus for a certain phenomenon, trait, or profession in a 
certain area can be determined. This scale was used to measure 
the extent of the geographical concentration of the pandemic 
in Jordan at the level of each governorate. This was carried out 
by dividing the total number of infected cases by the number 
of population in that governorate and dividing that by the 
number of infected cases in the country as a whole relative to 
the population, as illustrated in the following equation (Xu et 
al, 2018).

        (1)

A value of LQ>1 indicates a high prevalence of coronavirus 
in the area, while LQ<1 and LQ=1 indicate low and stable 
prevalence, respectively.

The analysis of spatial correlation using (Moran’s I) 
coefficient

Moran’s coefficient is considered one of the important 
scales in the geographical information system. It is used to 
investigate the degree of correlation between the elements 
of the investigated phenomenon and evaluate the pattern 
of their spatial distribution, either as regular, irregular, or 
arbitrary (Getis& Ord., 1992). Furthermore, it is used to 
determine similar values and collections for the geographical 
phenomenon by comparing the value of parameter pairs 
with the average value in the area. This method demonstrates 
the difference of values from the overall average and shows 
the local variation for the nature of the spatial distribution. 
Moran’s I coefficient is calculated using the following equation:

                     (2)

Where, I : Moran’s coefficient, N: number of corona cases, 
Xi: the value of the variable in site  , Xj: the value of the 

variable in site  , : the variable average, : the weighing 
values of the parameters  and .

Moran’s coefficient value ranges between (1 and – 1), where 
the positive value indicates an inclination towards gathering, 
the negative value shows an inclination towards distraction, 
and zero shows arbitrariness or lack of spatial correlation. The 
values (Z-score) and (P-value) are used to reject or accept the 
null hypothesis, which states that the pattern of the values’ 
distribution is an arbitrary one. Therefore, the pattern would 
be gathered when (Z-score) ranged between (1.96 – 2.58) and 
the confidence level is between (0.01 –0.05), which means the 
similarity of adjacent values is either high or low. However, the 
pattern would be distracted when (Z-score) ranged between      
(-1.96) and (-2.58), indicating that the high values are by the 
low values and vice versa. Meanwhile, the values that range 
between (1.65) and (-1.65) indicate that the pattern is arbitrary 
(Ord and Getis, 1995).

Analyzing the hot and cold spots using the Getis-OrdGi* 
test

This test is used to measure the gathering of high 
(hot spots) or low values (cold spots) to create new maps. 
The values of (Z-score) and (P-value) in this analysis are 
considered determinants upon which the null hypothesis is 
accepted or rejected. Therefore, a high and positive (Z-score) 
and the low (P-value) indicate the spatial gathering of high 
values (hot spots). Meanwhile, the low negative (Z-score) and 
low (P-value) indicate the spatial gathering of low values (cold 
spots), and the value of (Z-score) that approaches zero indicates 
the lack of spatial gathering. Gi Bin determines the statistical 
importance, where the values 3,-3 reflect a confidence level of 
99%, 2,-2 reflect 95%, and 1,-1 reflect 90% (Getis& Ord., 1992), 
while the zero level does not reflect a statistical significance, as 
illustrated in Table 3.

The mechanism through which this tool operates 
is represented by measuring the statistical value of each 
parameter, comparing the other adjacent parameters and also 
comparing that with the sum of statistical values for all the 
elements. The existence of variation between the total values 
of parameters and the adjacent value as compared to the total 
sum of values entails considering the value as statistically 
significant. Therefore, the null hypothesis is rejected and the 
alternative hypothesis is accepted, where (Gi*) is calculated 
according to the following formula:

                                                   (3)

Where,  is the value of the parameter j, : is the 
weight value between i and j, : The sum of apparent elements, 

: Distance

Table 3. The uncorrected critical p-values and z-scores for different confidence levels.
Gi_Bin (Z-score) (P-value) Confidence

3 2.58+> 0.01 > 99%
2 1.96+> 0.05 > 95%
1 1.65+> 0.10 > 90%
0 0 0  no significant
-1 1.65-< 0.10 > 90%
-2 1.96-< 0.05 > 95%
-3 2.58-< 0.01 > 99%
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3.  Results and Discussions
The spatial analysis of corona pandemic

During the latest period, a rapid increase and a 
considerable prevalence in the number of cases infected with 
the virus were noticed in Jordan, especially with the advent of 
the new series of the virus. The spatial analysis showed various 
spatial and temporal patterns for the infected cases at the 
level of governorates. The results found that the most exposed 
regions for the infection were those with high population 
density. For example, during all the study periods, the capital 
city of Amman was ranked first in the number of infections, 
and the highest number was registered in March (P6) with 
a total of (108.611) cases, followed by Irbid and Zarqa in the 
second and third, respectively. This is attributed to the high 
population density and the constant flow of passengers from 
other regions as well as the concentration of industrial and 
commercial services and businesses in these areas. In addition, 
the marginal and distant regions were the least in terms of 
infection rates. This is due to the low population density and 
concentration of industrial and commercial businesses. For 
example, the governorates of Ma’an and Tafila had the lowest 
rates of infection over all the study periods. As for the other 

seven governorates, the numbers of infections varied from 
time to time. Fig 3 shows the geographical distribution of 
coronavirus cases in the Jordanian governorates from the 
beginning of October 2020 until the end of March 2021.

The analysis of the data also revealed that the peak of 
corona cases in Jordan was during October (P6), which 
reached about (223.115). This is consistent with the other 
results which proved the increase of infected cases during 
March at the world level (Mollalo, et al, 2020; Murugesan, 
et al 2020). It was also shown that the number of infected 
cases is related to the climate, such as the case in Amman and 
Irbid, which are characterized by low temperatures and high 
humidity during winter and spring. This is also consistent with 
(Ma et al, 2020) which linked the prevalence of coronavirus 
with temperatures in China. It was also noticed that the total 
number of infections during the study periods (P1-P6) were 
64072, 223115, 32944, 40243, 146690, and 75090, respectively. 
The infection rates are constantly increasing, especially during 
the latest period, which indicates the rapid prevalence of 
the virus. Fig 4 shows the differences in the total number of 
infections in the Jordanian governorates during six periods 
(P1-P6).

Figure 3. The geographical distribution of coronavirus cases in Jordan (October 2020 - March 2021). (Source: Prepared by the 
researcher using GIS)
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Figure 4. The difference in the number of corona cases in the Jordanian governorates during the six periods (P1-P6). (Source: 
Prepared by the researcher using GIS)

October 2020 up to the end of March 2021 showed that all the 
values of the Moran index were negative and ranged between 
-0.0174 and -0.1358. This indicates that the general pattern 
for the direction of corona pandemic prevalence in Jordan is 
arbitrary, therefore, the null hypothesis may be accepted, since 
the values of the Moran index approach Zero as illustrated 
in Table 4. It was also noticed that the value of the Z-score 
differed for all the periods, however, they were not statistically 
significant, since they were within the critical value of -2.58 
and +2.58. In addition, P-value was not statistically significant, 
since it was more than the adopted value of 0.05, which 
indicates that the value of the Moran rate concerning the total 
cases of coronavirus over the six months had a negative value 
of -0.104471. This implies that the pattern is an arbitrary one, 
as shown in Fig 5. The variation in the size of the Jordanian 
governorates in terms of the number of people as well as the 
fluctuation of the prevalence of corona pandemic in these 
governorates reflected a case of diversion between the high and 

The analysis of location quotient (LQ)
This study addressed the relative concentration of 

corona pandemic in each governorate using the location 
quotient (LQ) analysis. The analysis illustrated in (Appendix 
1) revealed that the governorates situated in the north and 
northwest of Jordan had a lower limit (LQ) value of more than 
(1), indicating the high prevalence of the pandemic. It was 
reported that Amman was ranked first place (1.66), followed 
by Balqa’, Irbid, Madaba, Zarqa, Al-Karak, Ajloun, and finally 
Jerash, where the ratio of coronavirus focus was more than (1) 
(LQ>1). However, it was noticed that the focus ratio was low 
with less than (1) (LQ<1) in the south and northeast of Jordan, 
which includes Mafraq, Aqaba, Ma’an, and Tafila.

Spatial gathering and correlation of the corona pandemic
The index of auto-spatial correlation

The results of auto spatial correlation (Moran) 
for the Corona pandemic in Jordan from the beginning of 
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low values of corona cases. This indicates arbitrariness in their 
distribution, which, in turn, reflects the absence of planning 
and managerial sense as well as a lack of responsibility-taking 
in dealing with the pandemic.

Investigating the hot spatial points 
The method of analyzing the gathered data of a certain 

phenomenon is considered a good way for investigating 
the values related to the elements. This is viewed as one of 
the most important objectives of spatial analysis, where it 
takes into consideration the proximity of phenomena and 
the proximity of the values of these characteristics in order 
to determine the estimations of similar values (Ordand 
Getis, 1995). The approximate and different site values of 
the phenomenon in the study area are demonstrated and 
represented on the map. Therefore, the hot and cold spots for 
the values of the investigated phenomenon can be determined. 
The getis-Ord GI* test was used to analyze and determine the 
hot and cold spots of corona cases in order to shed light on 

another aspect relating to the nature of corona distribution 
in Jordan. The results showed some Jordanian governorates 
had higher prevalence rates of corona pandemic than others 
during the study period as illustrated in Fig 6. For example, 
Amman had the highest rates of coronavirus prevalence 
during the study period that extended over six weeks with a 
statistical confidence level of 95%, followed by Irbid, which 
registered high rates during November, December, January 
and March at 90%. Furthermore, the governorate of Zarqa 
had a high statistical confidence percentage of 90% at the end 
of October, while Balqa’ was also added as a high-risk area at 
the end of February with a statistical confidence of 90%. This 
case demonstrates the correlation between the prevalence of 
a coronavirus pandemic and large population size or density. 
This can be attributed to the high degree of overcrowdedness, 
the active service, commercial, and economic activities as well 
as the lack of commitment to the conditions of general health. 
The other governorates didn’t represent concentration areas of 
the pandemic, therefore, they were considered cold spots.

Table 4. The results of the Moran analysis during the last six months
Month Moran’s Variance Z-value P-value
10 -0.0174 0.0191 0.53 0.594494
11 -0.1052 0.0159 -0.11 0.909493
12 -0.1358 0.0218 -0.30 0.761107
1 -0.1357 0.0179 -0.34 0.737574
2 -0.1149 0.0132 -0.21 0.834343
3 -0.0972 0.0149 -0.05 0.959236

Figure 5. The values of the Moran index for the total cases of coronavirus in the Jordanian governorates at the end of March. 
(Source: Prepared by the researcher using GIS)
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Figure 6. The results of applying Geris-OrdGi* for the number of coronavirus cases in the Jordanian governorates. (Source: 
Prepared by the researcher using GIS)

the central ones, as they have more focused services and 
work opportunities that attract more residents from the 
other governorates. 

2. The approach of Z-score to the value of zero in most 
governorates showed no spatial gathering of values. This 
means there was an arbitrary distribution of low and high 
values related to coronavirus cases. 

3. The lack of gathering for the low values (cold spots) in 
coronavirus cases at the level of the Jordanian governorates 
indicates a variation in the prevalence of the pandemic 
and a difference in the rates of infection.

After applying Getis-OrdGi* to the total number of 
coronavirus cases in the Jordanian governorates starting from 
1 October 2020 to 31 March 2021, the results were cited as 
illustrated in Table 5 and Fig 7 and stated that:
1. The high values (hot spots) of coronavirus cases were 

recorded in Amman, where the Z-score ranged between 
1.44 – 2.53 at a statistical significance of 0.01% and reflected 
a confidence level of 95%. High values were also reported 
in Irbid, Zarqa, and Balqa’, where they were gathered at 
the significance level of 0.05 which reflects a confidence 
level of 90%. These results showed the governorates are 

Table 5. The results of applying (G*) to the total number of coronavirus cases in Jordan
(Gi Bin) z-score p-value Confidence 

2 (1.44 – 2.53) 0.01 95%

1 (1.72 – 1.94) 0.05 90%

0 Close to zero More than 0.01 Not significant
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Figure 7. The results of applying Getis-OrdGi* to the total coronavirus cases in the Jordanian governorates on 31 March, 2021.
(Source: Prepared by the researcher using GIS)

and Mafraq were characterized by low concentration. Also, the 
Moran index showed the general pattern for the prevalence 
of the pandemic in the study area was arbitrary due to the 
variation in the size and density of the population, and that 
corona was a global pandemic that rapidly affected all the 
regions. In addition, testing the analysis of cold and hot spots 
(G*) showed there were hot spatial areas that demonstrated a 
high probability of infection. These areas were characterized 
by a widespread of corona, particularly in Amman, Irbid, and 
Zarqa, which may be due to being a historical and busy trade 
centers.

One probable reason for the continuous increase in 
COVID-19 infections and the vicissitudes as well as the shifts 
between Governorates stated in this study is the imperfection 
of the control strategies currently being practiced for 
restricting the spread of the virus. Another potential reason 
could be that COVID-19 community transmission in certain 
regions may have been overlooked or not classified as risk 
areas. Nevertheless, the current data and the limited study 
period may not be enough to discover the valid reasons for the 
high concentrations of COVID-19 infections.

Geographical information systems and modern 
techniques are regarded as important tools used in studying 
disasters. This is due to the ability to create databases and 
provide the required analysis for temporal and spatial data as 
well as an analysis for the patterns of the spatial distribution 
of the phenomena relevant to corona pandemic. This 
provides scientific perspectives on the way of understanding 

4.  CONCLUSION
This study systematically addressed the temporal and 

spatial variation of the corona pandemic in Jordan using 
geographical information systems. The total number of 
coronavirus cases in October and November was 186.933), 
where the highest was registered in Amman with 79.754, and 
the lowest in Tafila with 3.236. Furthermore, Amman had 
the highest number of cases with 39.921, while Ma’an had 
the lowest with 1.152 from a total of 108.034 registered in 
December and January. In February, the total cases reached 
64.072, where Amman registered the highest number with 
42.842 and Tafila had the lowest with 443. A considerable 
increase in the corona cases was noticed in March with a 
total of 223.115, where Amman had the highest number with 
108.611, and Ma’an registered the lowest with 3410. 

Furthermore, the results showed the total number of 
coronavirus cases distributed across all the governorates in 
Jordan during the six months was 582.127. The highest number 
was reported in Amman, followed by Irbid, Zarqa, and Balqa’ 
in the second, third, and fourth ranks, respectively. However, 
it was noticed that some governorates were characterized by a 
low number, especially Tafila and Ma’an which had the lowest 
during all the study periods, since they are distant and have 
low population density. 

The results of location quotient (LQ) analysis revealed that 
most governorates were characterized by a high concentration 
of corona virus, especially in Amman, Irbid, Zarqa, Balqa’, 
Madaba, Jerash, Karak and Ajloun, while Tafila, Ma’an, Aqaba, 
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the complex international or societal issues and dealing 
with them using the various tools given by geographical 
information systems. These applications require promoting 
the institutional abilities to take advantage of the techniques 
relating to geographical information systems in the various 
studies that enables communities to face this pandemic. 
Finally, future technological innovations should focus on the 
lessons learned from this pandemic in order to easily provide 
techniques to conduct research, cite plans or strategies, and 
make decisions at the international level. The decision-makers 
can utilize Esri’s geographic information system technology 
to visualize the spread of the diseases. Furthermore, they 
can map disease response centers, the availability of medical 
supplies or preventative resources, such as testing locations 
and isolation areas. The results obtained could offer valuable 
information or statistics to support government monitoring 
and effective policy-making of associated agencies in medical, 
social, economic, and environmental aspects.
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Appendices

Appendix 1. Changes in location quotient (LQ) for the total
 number of coronavirus cases in the Jordanian governorates

Number Governorate Number of population Number of infected cases LQ
1 Amman 4536500 271128 1.66
2 Irbid 2003800 92125 1.25
3 Zarqa 1545100 55626 1.17
4 Balqa’ 556600 38207 1.27
5 Madaba 214100 14432 1.25
6 Mafraq 622500 20915 0.62
7 Karak 358400 20490 1.06
8 Ajloun 199400 15675 1.05
9 Jerash 268300 18256 1.06

10 Tafila 109000 8995 0.53
11 Aqaba 213000 17261 0.92
12 Ma’an 179300 9017 0.93

Total 10806000 582127
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Flood Risk Mapping Using GIS and Multi-Criteria Analysis at Nanga Pinoh West 
Kalimantan Area 

*Ajun Purwanto1, Rustam2, Eviliyanto3, Dony Andrasmoro4

1,3,4Departmen of Geography Education IKIP PGRI Pontianak
2Departmen of Counseling Guidance  Education IKIP PGRI Pontianak

Abstract. Flood is one of the disasters that often hit various regions in Indonesia, specifically in West Kalimantan. 
The floods in Nanga Pinoh District, Melawi Regency, submerged 18 villages and thousands of houses. Therefore, 
this study aimed to map flood risk areas in Nanga Pinoh and their environmental impact. Secondary data on 
the slope, total rainfall, flow density, soil type, and land cover analyzed with the multi-criteria GIS analysis 
were used. The results showed that the location had low, medium, and high risks. It was found that areas with 
high, prone, medium, and low risk class are 1,515.95 ha, 30,194.92 ha, 21,953.80 ha, and 3.14 ha, respectively. 
These findings implied that the GIS approach and multi-criteria analysis are effective tools for flood risk maps 
and helpful in anticipating greater losses and mitigating the disasters.
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1. Introductin
Floods occur when a river exceeds its storage capacity, 

forcing the excess water to overflow the banks and fill the 
adjacent low-lying lands. This phenomenon represents the 
most frequent disasters affecting a majority of countries 
worldwide (Rincón et al., 2018; Zwenzner & Voigt, 2009), 
specifically Indonesia. Flooding is one of the most devastating 
disasters that yearly damage natural and man-made features 
(Du et al., 2013; Falguni & Singh, 2020; Tehrany et al., 2013; 
Youssef et al., 2011).

There are flood risks in many regions resulting in great 
damage (Alfieri et al., 2016; Mahmoud & Gan, 2018) with 
significant social, economic, and environmental impacts 
(Falguni & Singh, 2020; Geographic, 2019; Komolafe et al., 
2020; Rincón et al., 2018; Skilodimou et al., 2019). The effects 
include loss of human life, adverse impacts on the population, 
damage to the infrastructure, essential services, crops, and 
animals, the spread of diseases, and water contamination 
(Rincón et al., 2018).

Food accounts for 34% and 40% of global natural disasters 
in quantity and losses, respectively (Lyu et al., 2019; Petit-
Boix et al., 2017), with the occurrence increasing significantly 
worldwide in the last three decades (Komolafe et al., 2020; 
Rozalis et al., 2010). The factors causing floods include 
climate change (Ozkan & Tarhan, 2016; Zhou et al., 2021), 
land structure (Jha et al., 2011; Zwenzner & Voigt, 2009), and 
vegetation, inclination, and humans (Curebal et al., 2016). 
Other causes are land-use change, such as deforestation and 
urbanization (Huong & Pathirana, 2013; Rincón et al., 2018; 
N. Zhang et al., 2018; Zhou et al., 2021).

The high rainfall in the last few months has caused much 
flooding in the sub-districts of the West Kalimantan region. 
Thousands of houses in 18 villages in Melawi Regency have 
been flooded in the past week due to increased rainfall 

intensity in the upstream areas of West Kalimantan. This 
occurred within the Nanga Pinoh Police jurisdiction, including 
Tanjung Lay Village, Tembawang Panjang, Pal Village, Tanjung 
Niaga, Kenual, Baru and Sidomulyo Village in Nanga Pinoh 
Spectacle, Melawi Regency (Supriyadi, 2020).

The flood disaster in Melawi Regency should be mitigated 
to minimize future consequences by mapping the risk. 
Various technologies such as Remote Sensing and Geographic 
Information Systems have been developed for monitoring flood 
disasters. This technology has significantly contributed to flood 
monitoring and damage assessment helpful for the disaster 
management authorities (Biswajeet & Mardiana, 2009; Haq 
et al., 2012; Pradhan et al., 2009). Furthermore, techniques 
have been developed to map flood vulnerability and extent 
and assess the damage. These techniques guide the operation 
of Remote Sensing (RS) and Geographic Information Systems 
(GIS) to improve the efficiency of monitoring and managing 
flood disasters (Haq et al., 2012).

In the age of modern technology, integrating information 
extracted through Geographical Information System (GIS) and 
Remote Sensing (RS) into other datasets provides tremendous 
potential for identifying, monitoring, and assessing flood 
disasters (Biswajeet & Mardiana, 2009; Haq et al., 2012; 
Pradhan et al., 2009). Understanding the causes of flooding 
is essential in making a comprehensive mitigation model. 
Different flood hazard prevention strategies have been 
developed, such as risk mapping to identify vulnerable areas’ 
flooding risk. These mapping processes are important for the 
early warning systems, emergency services, preventing and 
mitigating future floods, and implementing flood management 
strategies (Bubeck et al., 2012; Falguni & Singh, 2020; Mandal 
& Chakrabarty, 2016; Shafapour Tehrany et al., 2017).

GIS and remote sensing technologies map the spatial 
variability of flooding events and the resulting hazards 
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