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ABSTRACT 

Fishery is an agricultural sector that plays a role in contributing to income for the country because 

most of Indonesia's territory is water so it is feasible to be developed, one of which is through 

aquaculture.  One of the efforts that can increase and maintain productivity in the aquaculture sector 

is to classify provinces that produce aquaculture production into groups based on the similarity of 

characteristics possessed by each province in Indonesia. In this study, clustering was carried out 

using cluster analysis using the average linkage method and based on the analysis results obtained 

showed that cluster 1 consists of 25 provinces, cluster 2 consists of 5 provinces, cluster 3 consists of 2 

provinces, cluster 4 consists of 1 province, and cluster 5 consists of 1 province with a standard 

deviation value within a cluster of 11.729 and a standard deviation between clusters of 118.745. 
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INTRODUCTION 

Based on the Decree of the Minister of Maritime Affairs and Fisheries Number 45 of 2011 

concerning the Estimation of Potential Fish Resources in the Fisheries Management Area of the 

Republic of Indonesia, Indonesia is a maritime country that has a water area of 3.25 million km2 or 

about 63% of Indonesia's territory. The Indonesian seas has a large enough potential for sustainable 

marine fish production, assuming around 6.51 million tons/year or 8.2% of the total world marine fish 

production potential. Fisheries are part of the development of agricultural science with a crucial role, 

namely advancing community income significantly and developing the potential of each region owned 

by relying on the fishery sector as the basis for advancing the community (Nurlia, 2009). 

It is the duty of the government to continue to increase the fishery population as much as 

possible. Therefore, as actors and policy makers, fish farmers and the government must work together 

in order to increase and maintain productivity in the fishery sector. In order to make information 

related to the types of aquacultures spread in each existing region more efficient and specific, efforts 

are needed to cluster the provinces in Indonesia that produce aquaculture production into clusters 

based on their similarity of characteristics, so that in conducting guidance in each regional group in the 

field of fisheries, it will more focused and on target. 

In the hierarchical cluster analysis there are several methods, namely complete linkage, single 

linkage, average linkage, median linkage, centroid linkage, mcquitty linkage, and ward linkage. 

Several studies that apply cluster analysis using the average linkage and median linkage methods 

include Fadliana and Rozi (2015), using the agglomerative hierarchical clustering method. In his 

research, the average linkage method provides a better cluster solution than the single linkage, 

complete linkage and ward methods based on the results of the cluster validity test. Based on these 

considerations, this study conducted clustering of provinces in Indonesia based on aquaculture 

productivity using average linkage cluster analysis. 

 

MATERIALS AND METHODS  

1. Data 

This study uses secondary data sourced from the One Data Marine and Fisheries website, 

Ministry of Maritime Affairs and Fisheries of Indonesia (Pusdatin, 2013). The research variable used 

is aquaculture productivity (tons) in each province in Indonesia, which includes 34 provinces with 11 

variables in this study in the form of aquaculture productivity data with various types of commodities, 

namely milkfish, gourami, snapper, grouper, catfish, goldfish. tilapia, catfish, other fish, seaweed, and 

shrimp. 

 

2. Data Analysis 

a. Collecting data and conducting data feasibility testing using the Kaiser Meyer Olkin (KMO) test 

with KMO test statistics (Amaliyah and Wibawati, 2012), namely: 

KMO =
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b. Determine the size of the similarity and dissimilarity between two objects using the Euclidean 

distance formula as follows (Gudono, 2015): 

𝑑𝑖𝑗 = √∑ (𝑋𝑖𝑘 − 𝑋𝑗𝑘)²
𝑝

𝑘=1
 (2) 

c. Perform cluster analysis procedures using the hierarchical method, namely the average linkage 

method as follow (Hardius dan Nurdin, 2013): 

𝑑(𝑖𝑗)𝑘 =
𝑛𝑖
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d. Determine the value of the standard deviation within the cluster (𝑆𝑊) and between clusters (𝑆𝐵) 

with the following equation (Goreti et al, 2016): 

𝑆𝑊 = 𝐾−1 ∑ 𝑆𝑘
𝐾
𝑘=1  (4) 

𝑆𝐵 =  [(𝐾 − 1)−1 ∑ (�̅�𝑘 − �̅�)2
𝐾

𝑘=1
]
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e. Draw a conclusion. 

RESULTS AND DISCUSSION 

1. Data Feasibility Test 

The data feasibility test is needed to ensure that the data used in this study is objectively 

feasible. This study used the Kaiser Meyer Olkin (KMO) test and obtained a KMO value of 0.622 

which is greater than 0.5, so it can be concluded that the sample used was sufficient for further 

analysis. 

 

2. Cluster Analysis of Average Linkage 

The analysis process using the average linkage method is a complex agglomeration process, 

especially in the calculation of coefficients involving several provinces. the grouping process using the 

average linkage method starting from the closest distance. The calculation is carried out until the 

calculation of the Euclidean distance matrix of all objects has been combined which produces a new 

matrix. The following is an optimal cluster scree plot from the average linkage method. 

 

 
 

Figure 1. Scree Plot Cluster Optimal of Average Linkage 

 

Based on the Figure 1 above, information can be obtained that the scree plot shows the optimal 

value of the cluster, after the fifth cluster the decline occurs slowly. So that, it can be predicted that 

there are 5 clusters in this grouping process where the grouping process can be illustrated in the form 

of a dendrogram from the average linkage method as follows. 

 

 
Figure 2. Cluster Dendogram of Average Linkage 
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Based on the dendrogram above, it shows that there are 5 clusters. The distribution of the 

members of each cluster can be seen in the following table. 

 
Table 1. Results of Clustering the Average Linkage Method 

Cluster Province 

1 Aceh, Bali, Banten, Bengkulu, DI Yogyakarta, DKI Jakarta, Gorontalo, 

Jambi, West Java, Center Java, West Kalimantan, South Kalimantan, Center 

Kalimantan, East Kalimantan, Bangka Belitung Islands, Riau Islands, 

Lampung, North Maluku, Papua, West Papua, Riau, West Sulawesi, West 

Sumatera, South Sumatera, and North Sumatera 

2 East Java, North Kalimantan, Maluku, Southeast Sulawesi, and North 

Sulawesi 

3 West Nusa Tenggara and Center Sulawesi 

4 East Nusa Tenggara 

5 South Sulawesi 

 

The results of the cluster analysis above indicate that there is a closeness between objects that 

can be used as a guide for which objects have similar characteristics. Two objects with the same 

characteristics will be described as two points that are close together. The analysis obtained shows that 

cluster 1 consists of 25 provinces, cluster 2 consists of 5 provinces, cluster 3 consists of 2 provinces, 

cluster 4 consists of 1 province, and cluster 5 consists of 1 province. The following is a map of the 

distribution of these clusters. 

 

 
 

Figure 3. Distribution Map of Average Linkage 

 

3. Standard Deviation of Cluster Result 

a. The following is the calculation of the standard deviation value in the cluster. 

𝑆𝑊  =  𝐾−1 ∑ 𝑆𝑘
𝐾
𝑘=1   

𝑆𝑊  =  5−1(𝑠1 + 𝑠2 + 𝑠3 + 𝑠4 + 𝑠5)  

𝑆𝑊  = 
(𝑠1+𝑠2+𝑠3+𝑠4+𝑠5)

5
  

𝑆𝑊  = 
(22,126+26,245+10,278+0+0)

5
  

𝑆𝑊  = 
58,649

5
 = 11,729 

b. To calculate the standard deviation value between clusters, it is necessary to know the average 

value of each cluster. The following is a calculation of the standard deviation between clusters. 
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𝑆𝐵 =  [(𝐾 − 1)−1 ∑ (�̅�𝑘 − �̅�)2𝐾
𝑘=1 ]

1/2
   

�̅�   =  
�̅�𝐴+�̅�𝐵+�̅�𝐶+�̅�𝐷+�̅�𝐸

5
 

�̅�   =  
15,834+65,574+108,237+172,466+322,832

5
 = 

684,943

5
 = 136,988 

𝑆𝐵 = (
(15,834−136,988  )2+(65,574−136,988 )2+⋯+(322,832−136,988 )2

5−1
)

½

 

𝑆𝐵 = (
56,401,551,933

4
)

½
=  (14,100,387,983)½ = 118,745 

 

CONCLUSION 

There are 5 clusters obtained from the analysis using the average linkage method which 

indicates the closeness between objects in the cluster, in other words the provinces in each cluster have 

similar characteristics based on aquaculture productivity where cluster 1 has the most members 

consisting of 25 provinces. which are mostly spread over the islands of Sumatra and Java, cluster 2 

consists of 5 provinces, namely East Java, North Kalimantan, Maluku, Southeast Sulawesi, and North 

Sulawesi, cluster 3 consists of the provinces of West Nusa Tenggara and Central Sulawesi, cluster 4 is 

the province of Nusa Tenggara. East, and cluster 5 is the province of South Sulawesi. 
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