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Abstract

Plantation production is the result of plantation cultivation which includes the of commodities such as coconut,
cloves, nutmeg, cocoa, and coffee which have a high sales and economic value and are good for income, as well as
being the main source of income for the community’s life. Central Maluku Regency is one of the areas in Maluku
Province that has great potential in the plantation sector, but the production level between sub-districts shows
considerable variation due to differences in geographical conditions, infrastructure, and market access. This study
aims to group sub-districts in Central Maluku Regency based on plantation production using a hierarchical cluster
analysis approach. Distance measurement uses Single linkage, Average linkage, Complete linkage, and Ward
linkage methods. In addition, descriptive analysis, standardization, KMO tests, and multicollinearity tests were
carried out with the data used is in the form of plantation production data per sub-district in 2024 sourced from
the Central Statistics Agency. Data processing using Microsoft Excel, SPSS, and R applications. The results of
the study showed the formation of several sub-district clusters with similar production characteristics, where the
Average linkage and Complete linkage methods with the number of clusters as many as three produced the best
grouping with the highest Silhouette Score value of 0.477. Each cluster shows the basis for making policies for the
development of the plantation sector. These results are expected to be the basis for local governments in formulating
plantation development policies that are more targeted and effective.
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1. INTRODUCTION

Central Maluku Regency is an area in Maluku Province that has great potential in the
plantation sector. Plantation is a form of agroindustrial activity that begins with the cultivation of
certain crops, then the results are processed into industrial raw materials, semi-finished products,
or finished products that are ready to be used by consumers. Meanwhile, production refers to
activities to create or increase the use value of an item [1]. Its strategic geographical location and
supportive tropical climate make this area ideal for the development of superior commodities such
as coconut, cloves, nutmeg, cocoa, and coffee. These commodities play an important role in the
economy of the local community, both as a main source of income and as a regional export product.
This study aims to classify sub-districts in Central Maluku Regency based on plantation commodity
production using analysis Cluster Hierarchy. Interpret the results of grouping to understand the
structure of regional production characteristics. Group analysis is a method of analysis that aims to
select objects in a number of groups that have different characteristics from each other. Purpose of
the analysis Cluster is to ensure that the variation of objects in each group is as small as possible or
that all members of the group are homogeneous. As well as determining the method Linkage based
on evaluation with Silhouette Score [2].

However, plantation production in each sub-district in Central Maluku Regency shows quite
significant differences, which are influenced by various factors, such as soil conditions,
infrastructure availability, market access, and applicable local policies. To deal with these problems,
statistical analysis based on regional grouping is important. One of the relevant approaches is
analysis Cluster Hierarchy. This method is used to group objects in sub-districts based on similarity
in production data, so that areas with similar characteristics will be incorporated into one Cluster

[3].

Analysis Cluster is the process of grouping objects into several small groups, where each
group consists of objects that have similarities to each other [4]. Features Cluster good is having a
high homogeneity (similarity) between members in one Cluster and has a high heterogeneity
(difference) between one Cluster with Cluster other [5]. There are two assumptions that must be met
in the analysis Cluster that is, the sample represents the population and does not multicollinearity.
To ensure that the sample used can be representative of the population, a value calculation is
required Kaiser-Meyer Olkin (KMO). Meanwhile, to find out the existence of multicollinearity, it can
be done by calculating Pearson correlation or simple correlation [6]. This process can be done using
several methods Linkage, among others single linkage, average linkage, Complete linkage and Ward
Linkage [7]. Method single linkage measures the distance between two nearby objects and tends to
produce Cluster that is more elongated [8]. Complete linkage measure the distance between the
farthest objects, resulting in Cluster which is more compact and clearly separate [9]. While Average
Linkage measure the average distance between objects in one Cluster, providing a solution between
the two Cluster aforementioned [10].

Several studies have shown the effectiveness of this method in the context of agriculture and
plantations. According to Widodo, in implementing the analysis Cluster hierarchy to group
districts/cities in Central Java based on data on the production of coconut, coffee, cocoa, and other
commodities. As a result, three main groups were formed that described regions with different
production characteristics, which are useful for supporting commodity-based regional policies [11].
Another study by Taufik applied the Cluster hierarchy to map potential areas for chili cultivation in
Indonesia. The study showed that the grouping of areas by the hierarchy very effective to support
horticultural crop cultivation policies nationally [12].
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Other research uses the Cluster Partitioning and Hierarchy to group provinces in Indonesia
based on their poverty characteristics. The findings of this study indicate that the Cluster Hierarchy
with two Cluster provide the most optimal grouping results. In addition, an analysis has been
carried out Cluster Hierarchy to compare methods Complete linkage and the Ward Linkage in
grouping the human development index in the South Sulawesi region. The results of the study
showed that the Ward Linkage with five Cluster gives the best grouping results, indicated by the
value of the smallest standard deviation ratio of 0.282 [5]. According to research conducted by [13]
Comparison of standard deviation ratios, method Complete linkage produces the smallest value of
0.222, which indicates that this method is superior to single linkage and Average Linkage in the
grouping of sub-districts in Sidoarjo Regency based on the variable type of livestock.

Thus, the novelty of this research lies in the specific regional focus, namely Central Maluku
Regency, in the application of hierarchical cluster analysis for plantation production data, as well as
in the comparative approach to four linkage methods evaluated using the Silhouette Score
quantitatively. This research makes a significant contribution in supporting plantation development
policy making that adopts a cluster approach and is responsive to local conditions.

2. RESEARCH METHODS

2.1. Types of research
The type of research used is quantitative approach, which is by utilizing data in the form of
numbers that have been available, then analyzed and compiled in accordance with the research
objectives regarding the analysis Cluster hierarchy in grouping plantation production according to
sub-districts in Central Maluku Regency.
2.2. Tools and Materials
The tools used in this study are laptops and supporting software, namely SPSS, R and
Microsoft excel. Meanwhile, the materials used in the study are in the form of secondary data
obtained from the Central Statistics Agency (CSA) of Central Maluku Regency in 2024. The data
taken is data on Plantation Production by District and Plant Type in Central Maluku Regency. There
are six variables that represent plantation production and in each variable there are as many as 18
sub-districts in Central Maluku Regency. The data in the study can be seen in Figure 1.
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Figure 1. Plantation Production Research Data

Latar et, al. | Application of Hierarchical Cluster Analysis ... 443



The following are the variables of plantation production According to 18 Districts and Plant
Types in Central Maluku Regency (Ton) used in this study shown in Table 1.

Table 1. Research Variables
Variable  Description of Plantation Production

X4 Coconut
X, Coffee
X3 Nutmeg
X4 Clove
X5 Cacao
X Sagu

2.3. Research Procedure
The procedure used in this study is an analysis Cluster Hierarchy, with the steps of
implementing the research described as follows [14]:

1.

2.

Collecting plantation production data by sub-district and plant type in Central Maluku
Regency in 2024.

Analyze descriptive statistics based on research variables

The form of presentation of the results of descriptive analysis depends on the type or scale
of data from the variables being analyzed [15].

Standardizing data using Z-Score values

The way to determine the standardization value is by calculating the mean and standard
deviation values of each variable.

xXi—X
z=" ey
s
Testing the cluster analysis assumptions where there are two tests, namely:

a. KMO Test
This test is done to find out if the sample should be representative of the population

Z?=1 Zip=1ri% (2)

P NP 2, 3P P 2
Limy Zjoa T + Ling Zjoq A

KMO =

b. Multicollinearity Test
This test was carried out to find out if there was a high linear relationship between the
research variables.

VIF = — 3)
" Tol

Tol = (1 — R?) (4)
If there are no symptoms of multicollinearity, the VIF value < 10 and the tolerance
value > 0,10 [16].

Measuring distances between objects.
Distance measurement was carried out using Euclidean distance distancce

p

dix = Z(xij — Xy5)? )

j=1

Perform the stages of hierarchical cluster analysis
In this study, an analysis was used Cluster hierarchy by using the Single linkage, Average
linkage, Complete linkage and Ward linkage as follows [17].
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Single linkage
dwvyw = min(dyw, dyw) (6)
Where the values dyy and dyyy are the minimum distance between cluster U and cluster

W and cluster V and cluster W [18].
Average linkage

YaXYbdg,

NvyNw
Where d, is the distance between object a in cluster (UV) and object b in cluster W, Ny,

)

d(UV)W =

is the number of objects in cluster (UV) and Ny, is the number of objects in cluster W [19].
Complete linkage

dwvyw = max(dyy, dyw) 8)
Where the values dyy, and dyyy, are the distances between the furthest neighbors of cluster
U and cluster W and cluster V and cluster W [20].
Ward linkage
The Ward method aims to minimize the increase in total variance in the Sum of Squares
Error (SSE) cluster each time two clusters are merged. Two objects will be merged if they

have the smailest object among the existing possibilities [5].
n; X n;
ASSE;; = x d(i,j)?
Uy ) 9)
Where ASSE;; is the values of sum of squares error is cluster i and cluster j are merged, n;

is the number of objects in cluster i, n; is the number of objects in cluster j and d(j, j) is the
euclidean distance of cluster i and j.

7. Determine the number of clusters and cluster members that are formed.

8. Determine the best method with the optimal number of clusters using the Silhouette Score
method.

() = D —a(t) (10)

max (a(i), b(i))

Where s(i) is the value silhoutte for the ith data point, a(i) is the average distance between
the ith point to all other points in the same cluster, and b(i) is the average distance between
the ith point to points in the other nearest cluster [2].

9. Define cluster characteristics.

10. Interpreting the results of the analysis.
11. Draw conclusions and suggestions.

3. RESULTS AND DISCUSSION

3.1. Descriptive Statistical Analysis

The data analyzed were plantation production data by sub-district and crop type in Central
Maluku Regency in 2024, six variables represented plantation production, each representing 18 sub-
districts in Central Maluku Regency. The following is a description of the 2024 plantation production
data.
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Descriptive statistics can be seen in Table 2, as follows:

Table 2. Descriptive Statistics

Variable N Min Max Average Baku Junction
X, 18 8.000 5346.000 1118.561 1410.111
X, 18 0.000 77.600 13.779 23.637
X3 18 0.870 626.290 121.403 150.984
X, 18 2.750 3597.000 554.400 905.266
Xs 18 0.000 1450.000 168.021 337.913
X 18 0.000 38.100 6.894 12.274

Referring to Table 2, the variables X; show a minimum value of 8.000 and a maximum of
5346.000, with an average value of 1118.561 and a standard deviation of 1410.111. The variables X,
have a range of values between 0.000 to 77.600, with an average of 13.779 and a standard deviation
of 23.637. For the variable X3, the minimum value is 0.870 and the maximum is 626.290, with an
average of 121.403 and a standard deviation of 150.984. On the variable X,, the minimum value is
2.750 and the maximum is 3597.000, with an average of 554.400 and a standard deviation of 905.266.
The variables X5 have a minimum value of 0.000 and a maximum of 1450.000, with an average value
of 168.021 and a standard deviation of 337.913. Meanwhile, the variables X, show a minimum value
of 0.000 and a maximum of 38.100, with an average of 6.894 and a standard deviation of 12.274.

3.2. Data Standardization
The standardized value of all observation data on the variables X; can be seen in Table 3, as
follows:

Table 3. The Value of Standardization of Plantation Production Data

N() ZX1 ZXZ ZX6
1. -0.787 -0.583 .. -0.561
2. 0423 -0.583 . 2534
18. -0.604 -0.583 - -0.561

Based on Table 3, if the standardized values of plantation production data using the z-score
method, where each variable is expressed as its deviation from the mean. Positive values indicate
that the observation is above the average, while negative values show that it is below the average.
This standardization ensures that all variables are on the same scale, making the data more
comparable and suitable for further analysis, such as clustering or multivariate analysis.

3.3. Cluster Analysis Assumption Test
The assumption test carried out is in the KMO test, as follows:

The KMO test result showed a value of 0.576. This value is within the range of 0.5 — 1, so the
sample is considered sufficiently representative for further analysis. Next, the assumption test of
cluster analysis was carried out using the multicollinearity test. The results of the multicollinearity

test using VIF and Tolerance values can be seen in Table 5.
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Table 5. Multicollinearity Test

Collinearity Statistics

Type
Tolerance VIF
(Constant)

X, 0.560 1.786
X, 0.354 2.823
X3 0.860 1.162
X, 0.703 1.423
Xs 0.373 2.683
Xe 0.604 1.656

Based on Table 5, if the variables have a tolerance value of > 0.10 and VIF < 10, then it can be
concluded that there are no symptoms of multicollinearity between variables.

3.4. Euclidean Distance Calculation

Euclidean distances are obtained with the help of SPSS software and one example of the
calculation is as follows:

dip = \/2?=1(Xij - ij)z

dip = \/(Xll —X21)% + 4 (X6 — X26)2

dy = /(=0.78757 — 0.42368)2 + - + (—0.56173 — 2.53432)2 = 6.225

The following can be seen the value of Euclidean distance in Table 6.

Table 6. Euclidean Distance
Euclidean Distance

No District

Banda Tehoru Telutih .. North East Seram Seti
1. Banda 0.000 6.225 3.472 4.049
. Tehoru 6.225 0.000 4.218 5.265
3. Telutih 3.472 4.218 0.000 2.011
18. North East Seram Seti 4.049 5.265 2.011 0.000

Based on Table 6, it can be seen that the closest characteristic distance between Banda District
and Tehoru District is 6.225, while the closest distance between Banda District and Telutih District
is 3.472. Likewise for other nearby ranges. In this case, it can be concluded that Banda District and
Tehoru District are more similar in their proximity compared to Telutih District. The reference is
that the smaller the Euclidean distance value, the more similar the characteristics.

3.5. Hierarchy Cluster Analysis

The next stage is to carry out the hierarchical clustering process using the Single linkage,
Average linkage, Complete linkage, and Ward linkage methods. In the single linkage method, the
dendogram form is obtained in Figure 2. As follows:
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Figure 2. Dendogram using the Single linkage method

Based on the dendogram results of the single linkage method, the grouping process is carried
out in stages based on the closest distance between objects. The dendogram is cut off at a specific
point that results in the main cluster. The results of the process of determining the cluster members
of the Single linkage method can be seen in Table 7.

Table 7. Cluster Single linkage Members

L. Clusters
No District 1 3 >
1. Banda 1 1 1
2. Tehoru 2 2 2
3. Telutih 3 1 1
4. Amahai 4 3 1
5. Masohi 3 1 1
6. Teluk Elpaputih 3 1 1
7. Teon Nila Serua 3 1 1
8. Saparua 3 1 1
9. Nusalaut 3 1 1
10. East Saparua 3 1 1
11. Haruku Island 3 1 1
12. Salahutu 3 1 1
13. Leihitu 3 1 1
14. West Leihitu 3 1 1
15. North Seram 3 1 1
16. North West Seram 3 1 1
17. North East Seram Kobi 3 1 1
18. North East Seram Seti 3 1 1

Based on Table 7, it can be seen that the clustering of sub-districts in Central Maluku Regency
based on Plantation Production in 2024 with Single linkage is:

a. If4 clusters are formed, the sub-districts that are included in cluster 1 according to plantation
production are only 1 sub-district namely Banda. Only Tehoru District is included in cluster
2. Cluster 3 includes 15 sub-districts, including Telutih, Masohi, Teluk Elpaputih, Teon Nila
Serua, Saparua, Nusalaut, East Saparua, Haruku Island, Salahutu, Leihitu, West Leihitu,
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North Seram, North West Seram, North East Seram Kobi, and North East Seram Seti.
Furthermore, only Amahai District is included in cluster 4.
b. If formed in 3 clusters, which are included in cluster 1 according to plantation production,
there are 16 sub-districts, including Banda, Telutih, Masohi, Teluk Elpaputih, Teon Nila
Serua, Saparua, Nusalaut, East Saparua, Haruku Island, Salahutu, Leihitu, West Leihitu,
North Seram, North West Seram, North East Seram Kobi, and North East Seram Seti. Cluster
2 is only Tehoru District and Cluster 3 is only Amahai District.
c. If formed in 2 clusters, then included in cluster 1 according to plantation production there
are 17 sub-districts including Banda, Telutih, Masohi, Teluk Elpaputih, Teon Nila Serua,
Saparua, Nusalaut, East Saparua, Haruku Island, Salahutu, Leihitu, West Leihitu, North
Seram, West Seram, North West Seram, North East Seram Kobi, and North East Seram Seti.
What is included in cluster 2 is only Tehoru District.

Furthermore, in cluster analysis using the average linkage method, the form of a dendogram

was obtained in Figure 3. As follows:
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Figure 3. Dendogram using the Average linkage method
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i
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Based on the dendogram of the average linkage method, the grouping process is carried out
based on the closest distance between objects. The dendogram is cut off at a specific point that results
in the main cluster. The results of defining the cluster member process of the Average linkage

method can be seen in Table 8.
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Table 8. Cluster Average linkage members

. Clusters
No district 4 3 S
1. Banda 1 1 1
2. Tehoru 2 2 2
3. Telutih 1 1 1
4.  Amahai 3 3 1
5. Masohi 1 1 1
6. Teluk Elpaputih 1 1 1
7. Teon Nila Serua 1 1 1
8. Saparua 1 1 1
9. Nusalaut 1 1 1
10. East Saparua 1 1 1
11. Haruku Island 1 1 1
12. Salahutu 1 1 1
13. Leihitu 1 1 1
14. West Leihitu 1 1 1
15. North Seram 4 3 1
16. North West Seram 1 1 1
17. North East Seram Kobi 1 1 1
18. North East Seram Seti 1 1 1

Based on Table 8, it is seen that the clustering of sub-districts in Central Maluku Regency

based on Plantation Production in 2024 with the average linkage is:

a.

If 4 clusters are formed, then the sub-districts included in cluster 1 according to plantation
production there are 15 sub-districts, including Banda, Telutih, Masohi, Teluk Elpaputih,
Teon Nila Serua, Saparua, Nusalaut, East Saparua, Haruku Island, Salahutu, Leihitu, West
Leihitu, West North Seram, North East Seram Kobi, and North East Seram Seti. Only Tehoru
District is included in cluster 2. Cluster 3 is only Amahai District and cluster 4 is only North
Seram District.

If formed in 3 clusters, then those included in cluster 1 according to plantation production
are 15 sub-districts, including Banda, Telutih, Masohi, Teluk Elpaputih, Teon Nila Serua,
Saparua, Nusalaut, East Saparua, Haruku Island, Salahutu, Leihitu, West Leihitu, North
Seram, North West Seram, North East Seram Kobi, and North Seram East Seti. Cluster 2 is
only Tehoru District and Cluster 3 is Amahai and North Seram Districts.

If formed in 2 clusters, then there are 17 sub-districts including Banda, Telutih, Masohi, Teluk
Elpaputih, Teon Nila Serua, Saparua, Nusalaut, East Saparua, Haruku Island, Salahutu,
Leihitu, West Leihitu, North Seram, West Seram, North West Seram, North East Kobi Seram,
and East North Seti. What is included in cluster 2 is only Tehoru District.

Furthermore, in the cluster analysis with the complete linkage method, the dendogram form

was obtained in Figure 4. As follows:
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Figure 4. Dendogram using the Complete linkage method

Based on the dendogram results of the complete linkage method, the grouping process is
carried out based on the closest distance between objects. The dendogram is cut off at a specific point
that results in the main cluster. The results of determining the process of cluster members of the
Complete linkage method can be seen in Table 9.

Table 9. Cluster Complete linkage members

. Clusters
No District 4 3 >
1. Banda 1 1 1
2. Tehoru 2 2 1
3. Telutih 3 1 1
4.  Amahai 4 3 2
5. Masohi 3 1 1
6. Teluk Elpaputih 3 1 1
7. Teon Nila Serua 3 1 1
8. Saparua 3 1 1
9. Nusalaut 3 1 1
10. East Saparua 3 1 1
11. Haruku Island 3 1 1
12. Salahutu 3 1 1
13. Leihitu 1 1 1
14. West Leihitu 3 1 1
15. North Seram 4 3 2
16. North West Seram 3 1 1
17. North East Seram Kobi 3 1 1
18. North East Seram Seti 3 1 1

Based on Table 9, it is seen that the clustering of sub-districts in Central Maluku Regency in
2024 Plantation Production with Complete linkage is:

a. If4 clusters are formed, the sub-districts that are included in cluster 1 according to plantation
production there are 2 sub-districts, namely Banda and Leihitu Districts, which are included
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in cluster 2 only Tehoru District. Included in cluster 3 are 13 sub-districts, including Telutih,
Masohi, Teluk Elpaputih, Teon Nila Serua, Saparua, Nusalaut, East Saparua, Haruku Island,
Salahutu, West Leihitu, West North Seram, North East Kobi Seram, and East North Seti.
Which includes cluster 4 of Amahai and North Seram Districts.

b. If formed in 3 clusters, which are included in cluster 1 according to plantation production,
there are 15 sub-districts, including Banda, Telutih, Masohi, Teluk Elpaputih, Teon Nila
Serua, Saparua, Nusalaut, East Saparua, Haruku Island, Salahutu, Leihitu, West Leihitu,
West North Seram, North East Kobi Seram, and East North Seti. Cluster 2 is only Tehoru
District and Cluster 3 is Amahai and North Seram Districts.

c. If formed in 2 clusters, then there are 16 sub-districts including Banda, Tehoru, Telutih,
Masohi, Teluk Elpaputih, Teon Nila Serua, Saparua, Nusalaut, East Saparua, Haruku Island,
Salahutu, Leihitu, West Leihitu, West Seram, North est Seram, North East Kobi Seram, and
East North Seti. Those included in cluster 2 are Amahai and North Seram Districts.

Furthermore, in the cluster analysis using the ward linkage method, the dendogram form was
obtained in Figure 5. As follows:

o ) 10 15 20 25
Masohi Citv 5 ! ! ! ! !
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North East Seram Seti 1
North East Seram Kobi 17 J
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Figure 5. Dendogram using the Ward method

Based on the dendogram results of the ward linkage method, the grouping process is carried
out based on the closest distance between objects. The dendogram is cut off at a specific point that
results in the main cluster. The results of defining the Ward method cluster member process can be
seen in Table 10.
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Table 10. Ward Cluster Members

. Clusters
No District 1 3 2
1. Banda 1 1 1
2. Tehoru 2 2 2
3. Telutih 1 1 1
4.  Amahai 3 2 2
5.  Masohi 4 3 1
6. Teluk Elpaputih 4 3 1
7. Teon Nila Serua 4 3 1
8. Saparua 2 2 2
9. Nusalaut 4 3 1
10. East Saparua 4 3 1
11. Haruku Island 1 1 1
12. Salahutu 4 3 1
13. Leihitu 1 1 1
14. West Leihitu 1 1 1
15. North Seram 3 2 2
16. North West Seram 3 2 2
17. North East Seram Kobi 4 3 1
18. North East Seram Seti 4 3 1

Based on Table 10, it is seen that the clustering of sub-districts in Central Maluku Regency

based on Plantation Production in 2024 with Ward linkage is:

a.

3.6.

If 4 clusters are formed, the sub-districts that are included in cluster 1 according to plantation
production are 5 sub-districts, namely Banda, Telutih, Haruku Island, Leihitu and West
Leihitu Districts, which are included in cluster 2 there are 2 sub-districts, namely Tehoru and
Saparua Districts. Which includes cluster 3 there are 3 sub-districts, including Amahai, North
Seram and West North Seram. Included in cluster 4 are 8 sub-districts, namely Masohi, Teluk
Elpaputih, Teon Nila Serua, Nusalaut, East Saparua, Salahutu, North East Kobi District, and
East North Seti.

If formed in 3 clusters, which are included in cluster 1 according to plantation production,
there are 5 sub-districts, including Banda, Telutih, Haruku Island, Leihitu, and West Leihitu
Districts. Included in cluster 2 are 5 sub-districts, namely Tehoru, Amahai, Saparua, North
Seram and West North Seram. Cluster 3 includes 8 sub-districts, namely Masohi, Teluk
Elpaputih, Teon Nila Serua, Nusalaut, East Saparua, Salahutu, North East Kobi District, and
East East North Seti.

If formed in 2 clusters, then there are 13 sub-districts including Banda, Telutih, Masohi, Teluk
Elpaputih, Teon Nila Serua, Nusalaut, East Saparua, Haruku Island, Salahutu, Leihitu, West
Leihitu, East North Seram Kobi, and North East Seram Seti. Included in cluster 2 are 5 sub-
districts, namely Tehoru, Amahai, Saparua, North Seram, and West North Seram.

Best Method with Silhoutte Score

The determination of the best method using the Silhoutte Score of each cluster using the single

linkage, average linkage, complete linkage and ward linkage methods can be seen in Table 11.
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Table 11. Silhoutte Score
Silhoutte Score

Multipl
Hpe Single Average Complete Ward
Clusters . . . .
Linkage  Linkage Linkage Linkage
2 0.432 0.432 0.475 0.372
3 0.446 0.477 0.477 0.263
4 0.368 0.394 0.410 0.305

Based on Table 11, the highest silhoutte score value of 0.477 was obtained in the average
linkage and complete linkage methods with a large number of clusters, namely 3 clusters, thus
showing that these two methods provide the most optimal cluster separation and good cohesiveness
between data in the cluster. Therefore, the average linkage and complete linkage method with 3
clusters is the best choice in the data grouping process in this analysis.

3.7. Characteristics of each cluster

After obtaining the best method, namely average linkage, the next stage is to identify the
characteristics of each cluster. The purpose of this step is to provide a special overview of the
plantation production variables in each cluster formed, and calculate the mean value of each cluster
on the average linkage method. The results of the mean calculation for each cluster can be seen in
Table 12.

Table 12. Mean Variables of Each Cluster

Mean Variables of Each Cluster Total Mean
Cluster
X1 Xz X3 X4 X5 X6 Cluster
1 -0.332 -0.226 0.054 -0.172 -0.325 -0.243 -0.208
2 0.424 -0.583 0.057 3.361 0.624 2.534 1.070
3 2.277 1.990 -0.430 -0.390 2.130 0.558 1.022

Referring to Table 12, the characteristics of the three clusters formed show that cluster 1 has a
lower average value on the variable X3, X5, and X¢g compared to the other clusters. Meanwhile,
cluster 2 shows a higher mean value on the variables X3, X4, and X¢, but has the lowest mean value
of the variable X;. On the other hand, cluster 3 recorded a higher average value for the variables X;,
X,, and X5, but the mean value for the variable X3 and X4 was lower than the other cluster.

Based on the results of the research conducted, it is known that plantation production
according to sub-districts in Central Maluku Regency is divided into three groups (clusters). So that
there are three sub-district groups in Central Maluku Regency with different plantation production.

Cluster 1 consists of 15 sub-districts, namely Banda, Telutih, Masohi, Teluk Elpaputih, Teon
Nila Serua, Saparua, Nusalaut, East Saparua, Haruku Island, Salahutu, Leihitu, West Leihitu, North
West Seram, North East Seram Kobi and East North Seram Seti. In this cluster, it can be seen that
plantation production has a very low mean total among other clusters with an mean value of -0.208.
In cluster 2 only consists of 1 sub-district, namely Tehoru District has a very high average total
plantation production among other clusters with an mean value of 1.070 and in cluster 3 consists of
2 sub-districts, namely Amahai and North Seram Districts which have a total mean of medium
livestock production with an mean value of 1.022.

The results of this study are consistent with the findings of Djafar et al. [11], who classified
districts and cities in Central Java based on plantation production and obtained three main clusters.
From the methodological perspective, Sanusi and Hasanah [5] found that the Ward method
provided the most optimal results for clustering the human development index in South Sulawesi,
whereas this study shows that the Average Linkage and Complete Linkage methods were more
suitable for the characteristics of plantation data in Central Maluku. Therefore, this study
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strengthens the existing literature while providing a new contribution by focusing on the plantation
sector in Central Maluku, the results of which can be the basis for formulating regional development
policies based on production clusters.

4. CONCLUSION

This study successfully applied the hierarchical cluster analysis method to group 18 sub-
districts in Central Maluku Regency based on the production of six types of coconut, coffee, nutmeg,
cloves, cocoa, and sago plantation commodities. The four linkage methods used are Single Linkage,
Average Linkage, Complete Linkage, and Ward Linkage. The average linkage and complete linkage
methods produced three clusters with the highest Silhouette Score value of 0.477, so it was
considered the most optimal and representative. The three clusters that were formed, namely, cluster
1 consisted of 15 sub-districts including Banda, Telutih, Masohi, Teluk Elpaputih, Teon Nila Serua,
Saparua, Nusalaut, East Saparua, Haruku Island, Salahutu, Leihitu, West Leihitu, West North
Seram, North East Seram Kobi, and East North Seram Seti. Cluster 2 consists of Tehoru, and cluster
3 consists of Amahai and North Seram. In cluster 1, it has a very low mean total plantation
production with a value of -0.208. In cluster 2 it has a very high mean plantation production total
with a value of 1.070 and in cluster 3 it has a medium mean plantation production total value of
1.022. The results of this clustering can be used as a basis for planning and development policies for
the plantation sector in areas that have similar production characteristics.
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