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Abstract. Covid-19 is a disease caused by the coronavirus and has infected the world population not only in developing 

countries like Indonesia but also in developed countries like the United States of America. The spread of the disease 

originating from Wuhan in China is evenly distributed throughout the world. Surabaya, as one of the major cities in 

Indonesia was also affected by Covid-19. The aim of this study was to map the relative risk of the spread of positive 

Covid-19 patients in Surabaya using the Bayesian Hierarchical Model with spatial analysis to deal with regional 

dependencies. The object used was spatial object as many as 154 villages in Surabaya. Meanwhile, a number of positive 

patients Covid-19 as of May 10th, 2020 was as many as 708 patients. The method used to estimate the relative risk was 

the Bayesian method with the Integrated Nested Laplace Approximation (INLA) approach. It was used after several 

studies have shown that the INLA approach is more accurate in providing estimated values compared to the Maximum-

Likelihood estimation. The mapping results showed that there is a spatial dependence on the spread of Covid-19 disease 

in Surabaya.   

INTRODUCTION 

Coronavirus disease, known as Covid-19, is an importance-worldwide infection caused by severe acute 

respiratory syndrome coronavirus 2 (SARS-Cov-2). It is a mutation from the previous coronavirus which also 

infects humans, such as HCov-229E and HCov-OC43. Some researchers have found that the novel of coronavirus 

has hereditary similarities with the coronavirus found in bats [1-5]. It spreads in humans through droplets from 

someone who has been infected. Furthermore, over a period of 14 days, a virus will replicate in the respiratory tract 

up to the part of the human lung which will result in respiratory failure and death [6-8]. Some researchers also found 

that the virus is very dangerous when infecting people over the age of 50 years, even though in reality there are also 

children who are exposed to Covid-19 [9-10]. Someone with a high level of immunity can get rid of viruses which 

are within the body, whereas people with low levels of immunity will involvement some symptoms that are 

manifestations of this disease. In several studies, there are also asymptomatic Covid-19 patients which have been 

found reactive to the tests. Even though the person does not show any symptoms of Covid-19, the person has the 

virus already in his body [11-12]. It is the reason why test ought to be carried out to distinguish whether an 

individual has been uncovered to the coronavirus or not. This test not only can be used to determine the presence of 

viruses in the human body, but also can be done to determine the distribution of diseases in one country.     

Since November 2019, the distribution of Covid-19 patient has spread almost throughout the world. The disease, 

which was first discovered in Wuhan China, has infected approximately 213 countries with a total number of 

patients up to the end of the third week of May 2020 as many as 4,338,658 people. The number of new cases added 

in this period was 90,269 people and the total number of cumulative deaths was 297,119 people [13]. The average 

number of these patients came from developed countries such as the United States of America, Spain, Russia, the 

United Kingdom, and Italy. In the United State of America, with a total population in 2020 as many as 331,002,651 

people, there were Covid-19 patients as many as 1,361,522 people. Meanwhile, developing countries like Indonesia 

were also affected by the coronavirus.  
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Information obtained from https://covid19.go.id/, the official website of the Indonesian government for handling 

Covid-19, expressed that the number of positive patients in Indonesia as of May 16, 2020 was 16,496 individuals 

with a total number of deaths was around 1,076 people. This number expanded each single day with an average 

growth of new cases was 300-400 individuals per day. In spite of the fact that, the most elevated number number of 

Covid-19 patients in Indonesia came form the capital city of Jakarta, the infection has spread equitably to several 

districts/cities in Indonesia. Of the entire number of districts in Indonesia as numerous as 514, there were 383 

districts that had been infected by corona virus. Surabaya as one of the biggest cities in Indonesia also had a number 

of patients. Data compiled from https://lawancovid-19.surabaya.go.id/, the official website of the surabaya 

government for dealing Covid-19, as of May 16, 2020 there were 945 positive patients in Surabaya which spread 

into 154 villages. In Fig. 1, it can be seen that the spread of Covid-19 illness that occurred in Surabaya was equitably 

dispersed in nearly all existing villages with the most noteworthy number of patients up to May 10, 2020 was 43 

individuals in Kemayoran village, North Surabaya. 

FIGURE 1. Data of Number of Positive Patient Covid-19 in Surabaya from March 2, 2020 to May 10, 2020 

Considering the spread of Covid-19 that occurs rapidly and equitably from nation to another or from one region 

to another, from March 11, 2020 the World Health Organization announced Covid-19 as a global pandemic [14]. 

Spatial analysis method can be used to examine spatial distribution with variations between regions. It moreover can 

be used to construct a map of Covid-19 cases that accommodate aspects of regional dependencies by identifying 

cases through their relative risks. 

However, in the study of disease transmission, the foremost important thing that we ought to concern is about 

how to inference the disease spread from the past information and it is not simple to urge total information in public 

health area. In some cases, it is still conceivable to develop model which can be utilized as a begining point to 

inference. Specifically, models endeavor to portray the instrument by which the observed data are generated. 

Inference at that point continues by endeavoring to estimate the parameter. One strategy that can be used to estimate 

the parameter is Bayesian. It comes from the expansion of the likelihood paradigm. In Bayesian, it is not only 

population which are random variable but parameters are also random variable. Therefore, the parameter also have 

distribution and it is known as prior distribution. By using the likelihood model (data) and prior distribution, the 

posterior distribution can be obtained. As the process update continuously then posterior distribution also could be 

prior distribution for the next algorithm.  

Integrated Nested Laplace Approximation (INLA), one approach developed by Rue [15] can be used to find 

posterior probability and relative risk for public health data. Thus, this study was conducted to analyse spatial 

distribution and to build a map of positive Covid-19 patients in Surabaya with INLA approach. Since Covid-19 is 

known as a disease that spreads through droplets, thus this study assumed that villages which have a large 

population density will spread the disease quickly. The map can be used not only to assess the pattern of the disease 

spread but also to distinguish which villages have relatively high risks or relatively low risks. Calculation and 

plotting data are conducted entirely with R-INLA.  
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METHOD AND MATERIAL 

The most suitable model for bayesian disease mapping is regression. The correlation between dependent variable 

and independent variable can be determined easily through this model. Furthermore, regression model that focused 

on the spatial elements is called the spatial models. It is a subclass of structure additive regression models. It allows 

us to be able to include some covariates either directly related to spatial or not. This model is also more flexible to 

use [16]. One of the models that exist in the structure additive regression models is latent Gaussian models (LGM). 

Suppose ��  is the number of patient in each village area in Surabaya which is modeled a 

��~�������	
��; 
							
� � �� . ��        (1) 

with link function �� � log	���, define latent Gaussian field as � � 	�, �, �, ��. Since �, �, � and 	� are random 

variable then it should have parameter. Suppose �	�� is parameter for ��  and � is parameter for � then we can build 

a hierarchical structure for this. 

In the first stage, we used latent Gaussian model as follows. 

�� � log	��� � � � �� � �� � ∑ � ! �
"
 #$      (2)

where: 

 
�  represents the mean 

 ��  represents the expected number of cases 

 �  represents the intercept term 

�� � �$	��	represents spatially structured residual in the area of i 

�� � �%	�� represents spatially unstructured residual in the area of  i 

 � ! �  represents linear effect of jth covariate in the area of i 

In the second stage, we considered spatial structure so then it gave two distributions as follows. 

1. �� � �$	�� spatially structured residual with an intrinsic conditional autoregressive structure

��|	� '�~(�)*+,	*� , ��
%�

*� �
∑ -..∈0	1�

#0	��
and ��

% �
34
5

#0	��
(3) 

 Where: #0	�� is number of area which share boundaries 

2. �� � �%	�� spatially unstructured residual with an exchangeable prior

��~(�)*+,	0, 78
%�

Furthermore, in the third stage, we defined hyperparameter as follows. 

� � 97-
%, 78

%: (4) 

Informative prior are specified by INLA’s default, as follows: 

7-
%~;+**+<$	1,0.0005�

78
%~;+**+<$	1,0.0005�

Figure 2 represents the framework of spatial structure in each area which is satisfy Gaussian Markov random field 

(conditional independence) [17].  

FIGURE 2. Framework of Hierarchical Structure 
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Furthermore, the data used in this study were positive patient of Covid-19 in every villages in Surabaya with the 

number of cases for each village was simbolized by �� with a period ranging from March 2, 2020 to May 10, 2020. 

The data obtained from https://lawancovid-19.surabaya.go.id/ there were 708 positive Covid-19 patients spread 

across 154 villages in Surabaya. Meanwhile, the population density for each village ranged from 2,644 to 74,665 

people/km
2
. 

RESULTS 

Data obtained from the Badan Pusat Statistik of Surabaya, there are 154 urban villages spread across five 

regions, namely North Surabaya, East Surabaya, West Surabaya, South Surabaya and Central Surabaya. Meanwhile, 

the area of Surabaya city is 326.81 km
2
 with the population of Surabaya city based on 2018 registration results as 

3,102,089 people. Figure 3 shows a map of the city of Surabaya with 154 villages and number of population in each 

village. 

(a)                                                                                  (b) 

FIGURE 3. (a) The map of Surabaya with 154 villages and (b) number of population in each village 

Furthermore, Covid-19 positive patient data for each village was used to map the disease. Disease mapping is 

based on the results of the estimated relative risk values. Meanwhile, the relative risk measure that is most 

commonly used in disease mapping is the Standardized Morbidity Ratio (SMR). This is the ratio between cases in 

region i (��) which is assumed to be distributed with Poisson and the expected value of cases occurring in region i 

(��). Figure 4 shows the SMR for each village in Surabaya. 

(a)                                                                                  (b) 

FIGURE 4. (a) The relative risk map of the postive Covid-19 patients and (b) The SMR in each village 

In Fig. 4, it can be seen that the villages with dark brown color have an SMR value between 1.24 to 1.4 or the 

highest SMR value. It means that these villages had the highest relative risk compared to other villages. These 

villages were the areas most at risk from the spread of Covid-19 disease. In figure 4, it also can be seen that 

Manukan Wetan, Balongsari, Dukuh Setro and Nyamplungan villages had the highest risk of the spread of Covid-

19. Meanwhile, until May 10, 2020, the villages that were not too risky for the spread of Covid-19 were Sidotopo,

Gebang Putih, Manyar, Rungkut Kidul, Kebonsari, Kebraon, and Wiyung villages. These villages only had SMR
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values ranging from 0.6 to 0.76. It means that these area ware not too risky for the spread of Covid-19 disease in 

Surabaya or had a relatively low risk. 

Moreover, by using INLA, posterior probability can be produced that represent the probability of finding cases 

of covid-19 in one village after population density is considered. The proportion of people which probably will be 

infected of Covid-19 can be obtained. The interpretation of the probability is divided into three levels [17]: 

a. The region with the probability value between 0.745-1. It implies that the region will have a high probability to

the spread of Covid-19 or in the other word we will discover a lot of new cases of Covid-19 or we are going to

find a new patient of Covid-19 easily in this region. The region with this probability value is defined as areas

with high risk to the spread of the disease.

b. The region with the probability value between 0.374-0.745. It implies that the region will have a medium

probability to the spread of Covid-19 but it is not really dangerous or in the other word we will discover new

cases of Covid-19 but it is not as many as the region with the probability value 0.745-1. The region with this

probability value is defined as areas with medium risk to the spread of the disease.

c. The region with the probability value between 0-0.374. It implies that the region will have a small probability to

the spread of Covid-19 or in the other word we will not discover new cases of Covid-19 or it is not easy to find a

new patient of Covid-19 in this region. The region with this probability value is defined as areas with low risk to

the spread of the disease.

The posterior probability, which was obtained from arcGIS and INLA, can be seen in Fig. 5.

(a)  (b) 

FIGURE 5. (a) The posterior probability map of postive Covid-19 patients and (b) The PP in each village 

In Fig. 5, the darker colors on the map indicate that the posterior probability of finding new cases of Covid-19 in 

those region are higher than the other region. Some villages such as Tenggilis Mejoyo, Rungkut Tengah, Manukan 

Wetan, Balongsari, Dukuh Setro, Nyamplungan and Pacar Keling are villages with posterior probability values 

between 0.745 to 1. It means that these villages have a higher probability of finding new covid-19 patients. 

Meanwhile, some villages such as Sumberejo, Lakarsantri, Lidah Kulon, Babatan, Wiyung, Kebraon, Kebonsari, 

Ketintang, Margorejo, Siwalankerto, Rungkut Kidul, Wonorejo Rungkut, Gebang Putih, Manyar Sabrangan, Mojo, 

Simomulyo Baru, Jepara, Kapasari, Sidotopo and Tegal Sari are villages in Surabaya which have a posterior 

probability value between 0 to 0.0374. It means that these villages have a low probability of finding new cases or 

new patients with covid-19.  

CONCLUSION 

In this study, we concluded that the Bayesian hierachical model with the INLA approach can be used to 

determine the relative risk and posterior probability of the spread of Covid-19 in some villages in Surabaya. Regard 

to the results of the estimated relative risk through the calculation of the standard morbidity rate, the villages of 

Manukan Wetan, Balongsari, Dukuh Setro and Nyamplungan had the highest risk of the spread of Covid-19 disease. 

Meanwhile, from the calculation of posterior probability, villages such as Tenggilis Mejoyo, Rungkut Tengah, 

Manukan Wetan, Balongsari, Dukuh Setro, Nyamplungan, and Pacar Keling had a higher probabilty of finding new 

cases or new positive patients infected with Covid-19. Of the total 154 urban villages in Surabaya, only around 4.5% 

have a high probability of finding positive new Covid-19 cases.  
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