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ABSTRACT 

Article History: 
Based on COVID-19 case data as of July 2022, South Sumatra Province has the 15th highest 

rank out of 34 provinces in Indonesia, with confirmed cases totaling 82,407. This showed that 

the spread of COVID-19 in South Sumatra was still high. This study aimed to determine the 

cluster of regions in South Sumatra based on COVID-19 case data. Clustering regions used an 

agglomerative hierarchical method. The process began with standardizing the data, calculating 

the similarity distance between objects, determining the optimal number of clusters using the 

Silhouette method, and clustering analysis. This study found that the optimal number of clusters 

consisted of two clusters. The clustering process starts with objects 2 and objects 4 because 

these two objects have the closest similarity distance. In conclusion, objects with the closest 

similarity distance (in one cluster) have the same data movement (fluctuation). 
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1. INTRODUCTION 

Coronavirus is a virus that directly attacks parts of the respiratory system; more precisely, this disease 

is known as COVID-19 [1]. The most common symptoms for someone affected by this virus are fever, cough, 

prolonged fatigue, and temporary loss of the ability to recognize tastes and smells. Apart from that, there are 

also abnormal symptoms for someone affected by COVID-19, namely sore throat, headache, aches and pains 

in the joints, diarrhea, experiencing skin rashes, and eye irritation. For someone exposed to serious symptoms 

of COVID-19, it is indicated by difficulty breathing because this virus attacks parts of the respiratory system, 

causing speaking difficulty and chest pain [2], [3], [4], [5]. 

South Sumatra Province is ranked 15th out of 34 provinces in Indonesia, with 82,407 confirmed cases, 

13 additional cases, and 237 active cases. The population in South Sumatra Province in 2021, based on 

BPS.go.id data, is 8,550,849 people, with a classification of the total population as female 4,190,780 people 

and population as male sex 4,360,069 people. The population data for South Sumatra has increased by 0.98% 

compared to the population census data for 2020 [6]. This shows that the spread of COVID-19 in South 

Sumatra is still high. The distribution of positive cases of COVID-19 for each region in South Sumatra 

showed that Palembang, as the center of the city, has the highest positive cases, followed by Prabumulih and 

Lubuk Linggau [7]. It showed that the city regions have higher positive cases than other regions.  The region 

that has the lowest positive case was Ogan Komering Ilir (OKI). 

The difference in positive case data distribution in each region was interesting to study in clustering 

regions with similar characteristics. That was important to make it easier for local governments to describe 

the data of COVID-19 in the regions to provide solutions in reducing the spread of COVID-19 in South 

Sumatra. The clustering of regions in South Sumatra into several clusters based on the similarities of 

characteristics used cluster analysis [8],[9], dan [10]. The result of clusterization was expected to be an 

alternative solution for the Government in developing strategies and efforts to reduce the spread of COVID-

19. 

The problems in this study were limited by the case of suspect-probable, suspected-confirmed, close-

suspicious contact, close-confirmed-contact, case symptomatic, asymptomatic, confirmed-recovery, and 

confirmed-death cases data on the status of COVID-19. The agglomerative hierarchical clustering method 

consists of single, complete, and average linkage. A study of the methods used is described in the second part 

about agglomerative hierarchical clustering. Furthermore, the third section discusses district/city clustering 

in South Sumatra based on COVID-19 case data using hierarchical analysis. Finally, the conclusion is given 

in the fourth section [11]. 

2. RESEARCH METHODS 

The research used quantitative methods, namely the concept and theory of hierarchical cluster analysis 

with single linkages, complete linkages, and average linkages methods in statistics. The COVID-19 cases 

data were secondary data obtained from the official website [12]. The periods of the data were from January 

to July 2022. 

The region in South Sumatra is the object of this research, which is described in Table 1: 

Table 1. Object of Research 

No Region Code 

1 Kota Palembang PLG 

2 Kabupaten Ogan Komering Ilir OKI 

3 Kabupaten Lahat LHT 

4 Kabupaten Ogan Komering Ulu OKU 

5 Kabupaten Musi Banyuasin MUBA 

6 Kabupaten Muara Enim ENIM 

7 Kabupaten Musi Rawas MURA 

8 Kabupaten Banyuasin BNS 

9 Kabupaten Ogan Ilir OI 

10 Kota Prabumulih PRB 
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No Region Code 

11 Kota Pagar Alam PGA 

12 Kota Lubuk Linggau LLG 

13 Kabupaten Ogan Komering Ulu Timur OKUT 

14 Kabupaten Ogan Komering Ulu Selatan OKUS 

15 Kabupaten Empat Lawang EMPLW 

16 Kabupaten Penukal Abab Lematang Ilir PALI 

17 Kabupaten Musi Rawas Utara MURATA 

The steps of the agglomerative hierarchical cluster analysis were as follows: 

1. Data Standardization 

Data standardization was done before data analysis to avoid having different units and high variable 

differences [13]. The Z score equation is used to calculate standardized data as Equation (1): 

𝒁 =
(𝒙 − µ)

𝝈
 (1) 

where Z is the 𝒛𝒔𝒄𝒐𝒓𝒆 value; x is the observed value; µ is the average; and σ is the standard deviation of the 

data. 

2. Similarity Measure 

The measurement of similarity in this study used the Euclidean distance [14]. Euclidean distance is the 

distance measured geometrically between two data objects. The Equation (2) used in measuring the 

Euclidean distance is: 

𝒅𝑬𝒖𝒄𝒍𝒊𝒅𝒆𝒂𝒏 = √∑(𝒂𝒊 − 𝒃𝒊)𝟐

𝒏

𝒊=𝟏

 (2) 

where 𝒅𝑬𝒖𝒄𝒍𝒊𝒅𝒆𝒂𝒏 as Euclidean distance; 𝒂𝒊 as a data a to-i; 𝒃𝒊 As a data b to-i. 

3. Cluster Analysis 

The clustering process used the Agglomerative Hierarchical Clustering method, which consists of 

several functions, namely [15], [16]: 

a. Single Linkages 

This method uses the smallest distance in clustering each object that has similarities. For example, 

objects A and B correspond to each other to become clusters (AB). The next step is followed by 

calculating the minimum distance between cluster (AB) and cluster C, written as Equation (3): 

𝒅(𝑨𝑩)𝑪 = 𝐦𝐢 𝐧(𝒅𝑨𝑪, 𝒅𝑨𝑩) (3) 

b. Complete Linkages 

This method uses the greatest distance in clustering each object that has similarities. For example, 

objects A and B correspond to each other to become clusters (AB). The next step is followed by 

calculating the maximum distance between cluster (AB) and cluster C, written as Equation (4): 

𝒅(𝑨𝑩)𝑪 = 𝐦𝐚 𝐱(𝒅𝑨𝑪, 𝒅𝑨𝑩) (4) 

c. Average Linkages 

This method uses the average distance in clustering each object that has similarities. For example, 

objects A and B correspond to each other to become clusters (AB). The next step is followed by 

calculating the average distance between cluster (AB) and cluster C, written as Equation (5): 

𝒅(𝑨𝑩)𝑪 =
(𝒅𝑨𝑪, 𝒅𝑨𝑩)

𝒏𝒂𝒃 𝒏𝒂𝒄
 (5) 
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4. Similarity Validity 

Validity aims to review the accuracy and quality of the results from the clustering process that has 

been carried out. Validity is measured using the Silhouette coefficient by entering objects into 𝒌 clusters, 

namely 𝒌 ≤ 𝒏, with 𝒌 = 𝟏 and 𝒌 = 𝒏 excluded so that it can be written as Equation (6): 

𝒔(𝒊) =
𝒃(𝒊) − 𝒂(𝒊)

𝐦𝐚 𝐱(𝒂(𝒊), 𝒃(𝒊))
 (6) 

Where 𝒂(𝒊) is the average dissimilarity of each i-th object to all other objects in cluster A; 𝒃(𝒊) is the 

average dissimilarity of each i-th object to all objects in cluster B, if cluster A is considered non-existent; 

𝒔(𝒊) is the Silhouette coefficient with a value range of −𝟏 ≤ 𝒔(𝒊) ≤ 𝟏 for each object. 

According to Kaufman and Rausseeuw (1990), the interpretation of the Silhouette coefficients can be 

described as Table 2: 

Table 2. Silhouette Coefficient 

No. Silhouette Coefficient Classification Cluster 

1. 0.71-1.00 Strong  

2. 0.51-0.70 Good  

3. 0.26-0.50 Weak  

4. 0.00-0.25 Bad  

Data Source: [17] 

3. RESULTS AND DISCUSSION 

The regions in South Sumatra were divided into two regions, namely the western and southern regions, 

in order to make it easier to display the fluctuations data. The active status of COVID-19 in South Sumatra 

for each object can be described as follows. 

 

 
(a)         (b)    

Figure 2. Graph of COVID-19 Status for the Southern Region (a) and the Western Region (b) as of 31 July 

2022 

Figure 2 shows that the symptomatic and recovery confirmation COVID-19 case data had a 

significantly different number from other cases.  This condition could affect the clustering process, so it was 

necessary to standardize the data using Equation (1). 

The measurement of the similarity distance used Equation (2). This similarities distance process used 

the R application version 4.2.1. The result is displayed in Table 2. 

Table 2. Distance Matrix of COVID-19 Case Data 

Object 1 2 3 … 15 16 17 

1 0.000       

2 11.604 0.000      

3 10.478 1.881 0.000     

4 11.509 0.122 1.778 …    

5 10.771 1.406 0.794 …    

⋮ ⋮ ⋮ ⋮ …    
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Object 1 2 3 … 15 16 17 

14 11.557 0.292 1.958 …    

15 11.466 0.656 1.750 … 0.000   

16 11.145 0.930 1.222 … 0.552 0.000  

17 11.495 0.422 1.803 … 0.253 0.670 0.000 

Table 2 shows the distance among objects. For example, the distance between Object 1 and Object 2 

was 11.604. The distance between Object 1 and Object 3 was 10.478, and so on.  

Furthermore, the clustering process using the Agglomerative Hierarchical Clustering method consists 

of three methods, namely single linkages, complete linkages, and average linkage. The single linkages method 

uses the smallest distance to cluster each object with similarities calculated using Equation (3). The 

clustering process starts from the closest distance, so in the COVID-19 case data, the clustering process starts 

from Object-2 and Object-4, which had a distance of 0.122. The clustering process can be described in the 

form of a dendrogram. The dendrogram resulting from the clustering process on COVID-19 case data using 

the single linkages method is shown in Figure 3. 

 
Figure 3. Dendrogram of COVID-19 cases by single linkage method  

Figure 3 shows that Object 1 (PLG) was in the first cluster, and the other Objects were in the second 

cluster. Objects 2 (OKI) and 4 (OKU) were very close regions. The two of it have a similar number of case 

data. This similarity can be displayed inFigure 4. 

 
Figure 4. Comparison case data between Regency of Ogan Komering Ulu and Regency of  

Ogan Komering Ilir 

The complete linkages method uses the greatest distance to classify each object with something in 

common. Using Equation (4), each object results in a dendrogram in Figure 5. 

0

200

400

600

800

1000

1200

1 2 3 4 5 6 7 8

OKI OKU



1262 Saragih, et. al.     CLUSTERIZATION OF REGION IN SOUTH SUMATRA BASED ON…  

 

 
Figure 5. Dendrogram of COVID-19 cases (Complete Linkages) 

Based on the dendrogram in Figure 5, it is known that object 15 (EMPTLW), object 9 (OI), and object 

17 (MURATA) are in one cluster, as shown in the graph in Figure 6. 

 
Figure 6. Comparison between Regency of Empat Lawang, Regency of Ogan Ilir, and  

Regency of North Musi Rawas  

The average linkages method uses the average distance to classify each object that has similarities 

using Equation (5) The dendrogram resulting from the clustering process on the COVID-19 case data using 

the average linkages method is shown in Figure 7. 

 
Figure 7. Dendrogram of COVID-19 cases (Average Linkages) 

Based on the dendrogram in Figure 7, it is known that object 13 (OKUT), object 16 (PALI), object 12 

(LLG), object 8 (BNS), and object 10 (PRABU) are in one cluster, meaning that these objects also have a 

great resemblance shown by the graph in Figure 8. 
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Figure 8. Comparison between Regency of East Ogan Komering Ulu, Regency of Penukal Abab Lematang Ilir, 

Regency of Lubuk Linggau , Regency of Banyuasin, and Regency of Prabumulih 

Next is to determine the optimal number of clusters that can be formed. The optimal number of clusters 

determined using the R 4.2.1 application with the Silhouette method is obtained, as shown in Figure 9. 

 
Figure 9. Optimal Number of Clusters 

In Figure 9, it is known that the optimal number of clusters for the Regency/City clustering process in 

South Sumatra based on the COVID-19 case is two clusters with members in cluster one consisting only of 

Palembang City and cluster two consisting of Pagar Alam City, Lubuk Linggau City, Prabumulih City, Ogan 

Ilir Regency, Ogan Komeril Ilir Regency, East Ogan Komering Ulu, South Ogan Komering Ulu, Ogan 

Komering Ulu, Lahat Regency, Musi Banyuasin Regency, North Musi Rawas Regency, Musi Rawas 

Regency, Pali Regency, Empat Lawang Regency, Regency Banyuasin, and Muara Enim Regency. 

4. CONCLUSIONS 

Based on the processing of COVID-19 case data using cluster analysis in the R 4.2.1 application, it is 

known that the optimal number of clusters that can be formed in the clustering process of COVID-19 case 

data consists of two clusters. This means there are two groups of regencies/cities in South Sumatra based on 

the COVID-19 case data. The first group only consists of Palembang City. In contrast, in the second cluster, 

there are Pagar Alam City, Lubuk Linggau City, Prabumulih City, Ogan Ilir Regency, Ogan Komeril Ilir 

Regency, East Ogan Komering Ulu, South Ogan Komering Ulu, Ogan Komering Ulu, Lahat Regency, Musi 

Banyuasin Regency, North Musi Rawas Regency, Musi Rawas Regency, Pali Regency, Empat Lawang 

Regency, Banyuasin Regency and Muara Enim Regency. The results of the similarity measurement show 

that Object 2 and 4 have the closest distance, namely 0.122, so the clustering process in the COVID-19 case 

data starts from Object 2 and 4. 
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