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Abstract: Regional financial management serves as a crucial 
framework for assessing fiscal viability and policy impact on 
development. In West Kalimantan, identifying budget 
performance patterns is essential to support targeted financial 
policy decisions. This study aims to cluster regencies in West 
Kalimantan based on budget ratios derived from the 2024 
Audited Examination Result Reports and to evaluate cluster 
quality. Hierarchical Cluster Analysis with the Average Linkage 
method and Manhattan distance was applied to four financial 
ratios across twelve regencies, with cluster validity assessed 
using Silhouette, Davies-Bouldin, and Dunn indices. The results 
indicate that three clusters represent the optimal solution. 
Cluster 1 comprises eight characterized by low fiscal 
independence and structural dependence on central government 
transfers, despite sufficiently effective locally generated 
revenue realization. Cluster 2 consists of three regencies 
demonstrating superior fiscal performance across all 
dimensions, supported by stronger local economic bases. 
Cluster 3 consists solely of Kubu Raya Regency with unique 
fiscal profile combining the highest Financial Independence 
Ratio and the lowest capital expenditure proportion in the 
sample, best interpreted as a fiscally distinct outlier. These 
findings indicate multidimensional fiscal disparities across 
West Kalimantan regencies that cannot be addressed through 
uniform policy approaches. Differentiated interventions are 
needed, including revenue extensification strategies and 
expenditure reorientation toward productive capital investment. 
Future research is recommended to incorporate time series data 
and micro fiscal variables for more comprehensive results. 

  

1. INTRODUCTION  
Regional financial management serves as the main framework to assessing fiscal 

viability, evaluating the effectiveness of budget allocation, and understanding the impact of 
policies on regional development. Reliable and comparable financial data are therefore 
essential for conducting meaningful inter regional analysis.  In Indonesia, audited Local 
Government Financial Statements (LKPD) and Audit Reports (LHP) issued by the Audit Board 
(BPK) provide a credible basis for measuring fiscal performance at the regency and city levels, 
enabling structured comparisons across regions and supporting evidence-based policymaking 
[1].  
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Maintaining accountability in budget execution remains increasingly important in the 
context of regional fiscal disparities and the growing demand for transparent financial 
governance [2]. Differences in regional revenue capacity and expenditure allocation further 
emphasize the need to systematically map budget performance patterns in order to support 
more targeted and effective regional financial policies. In this regard, the use of audited LKPD 
data is particularly valuable, as it ensures the validity, reliability, and comparability of fiscal 
indicators across local governments [3]. 

Previous studies show that fiscal decentralization in West Kalimantan is accompanied 
by inefficiencies, reliance on intergovernmental transfers, and governance challenges, which 
reflect structural limitations in regional fiscal capacity and flexibility [4]. These conditions 
highlight the importance of analytical approaches capable of identifying patterns of fiscal 
variation across regencies. Such analysis can provide a more structured understanding of 
regional disparities and serve as a practical tool for improving financial policy design at the 
local level. 

Literature shows that fiscal decentralization in West Kalimantan is accompanied by 
inefficiencies, reliance on transfer funds, and governance challenges, which indicate structural 
limitations in regional fiscal capacity and flexibility [4]. These conditions highlight the 
importance of analytical approaches capable of identifying patterns of fiscal variation across 
regencies. Such analysis can provide a more structured understanding of regional disparities 
and serve as a practical tool for improving financial policy design at the local level. 

Clustering methods have been widely applied in regional studies to uncover patterns 
across areas based on socio economic and fiscal indicators. Empirical evidence shows that 
clustering can reveal meaningful group structures that are useful for policy formulation. For 
example, studies grouping Indonesian provinces based on poverty levels using hierarchical 
clustering methods, such as Average Linkage, demonstrate that regional variation can be 
organized into informative clusters that support targeted policy interventions. More broadly, 
hierarchical clustering approaches have been recognized as effective techniques for identifying 
natural groupings in data, particularly when observations exhibit hierarchical similarity 
structures that may not be adequately captured by partition based methods such as K-Means 
[5]. 

At the national level, clustering of regencies and cities has been conducted using 
various indicators, including education, human development, and poverty metrics, 
demonstrating the flexibility of clustering approaches across different domains [6]. However, 
in the context of West Kalimantan, previous studies have primarily applied clustering methods 
such as K-Means using non-fiscal indicators, and have not incorporated audited financial data 
as the basis for analysis [7]. This indicates a clear research gap, particularly in the application 
of hierarchical clustering methods to fiscal indicators derived from audited LKPD data [7]. 

To address this gap, this study employs Hierarchical Cluster Analysis using the Average 
Linkage method to classify regencies in West Kalimantan based on financial ratios. The 
Average Linkage method is particularly suitable for fiscal ratio data, which often exhibit 
variability and potential outliers. Unlike Single Linkage, which is highly sensitive to extreme 
values, and Complete Linkage, which tends to produce overly compact clusters, Average 
Linkage determines inter cluster distance based on the mean of all pairwise distances between 
cluster members. This characteristic makes it more robust in handling heterogeneous fiscal data 
and more appropriate for capturing balanced cluster structures in the presence of outlier 
observations [8]. 

https://jurnal.unimus.ac.id/index.php/statistik


  Viatmaja,H.D.A., ET AL 

45 | https://jurnal.unimus.ac.id/index.php/statistik 
   [DOI: 10.14710/JSUNIMUS.14.1.2026.43-60] 
 

This study contributes to the literature by integrating audited financial data with 
hierarchical clustering techniques to produce a more reliable and policy relevant classification 
of regional fiscal performance. By focusing on fiscal indicators derived from audited LKPD 
data, this research also enhances the reproducibility and credibility of clustering based four 
budget ratios, comprising the Financial Independence Ratio, PAD Effectiveness Ratio, 
Regional Tax Effectiveness Ratio, and Harmony Ratio, calculated from audited LKPD data. It 
also evaluates the quality of the resulting clusters using multiple validation indices. The 
findings are expected to provide a structured basis for identifying inter regional fiscal 
disparities and to support the formulation of more targeted and evidence based regional 
financial policies. 

2. LITERATURE REVIEW 
2.1. Data Standardization 

Cluster analysis is one of the multivariate techniques that aims to group a number of 
objects into several smaller groups, where the objects in each group have a high degree of 
similarity to one another. Prior to distance calculation, standardization is necessary to ensure 
that variables measured on different scales contribute equally to the analysis [9]. This is 
particularly important in fiscal clustering studies where variables such as financial 
independence ratios and harmony ratios may have substantially different ranges and standard 
deviations, as observed in this dataset. The z score standardization formula is as follows 

𝑧 =
𝑥 − 𝑥̅
𝑠 	 (1) 

Let 𝑥 represent each observed datum, then 𝑥̅	 describes	 the	 average	 (mean)	 of	 the	 data.	
Meanwhile	𝑠	is	used	to	indicate	the	standard	deviation.  
2.2. Measuring Similarity Between Objects 

Based on the basic principle of cluster analysis which aims to group objects with a 
certain level of similarity, a measure is needed to assess the extent of similarity between those 
objects [9]. In cluster analysis, there are various distance measures that can be used, one of 
which is the Manhattan distance. Manhattan distance is a method for calculating the distance 
between two points by summing the absolute values of the differences of each component or 
dimension between the two points. The Manhattan distance equation can be stated as follows : 

𝑑("#) =@	
%

&'(

A𝑥& − 𝑦&A	 (2) 

 with 𝑑("#)	denoting	the	Manhattan	distance	between	object 𝑋 and object 𝑌.	The	
value	of	 𝑝	indicates	the	number	of	variables	observed	in	both	objects	and	for	each 𝑗-th	
variable,	𝑥& 	represents	the	value	of	 𝑗	on	object	𝑋,	while	𝑦& 	is	the	value	of	𝑗	on	object	𝑌. 

2.3. Selecting a Clustering Procedure 
The clustering procedure in cluster analysis can be categorized into two types: 

hierarchical and non-hierarchical methods [9]. In general, the steps in a hierarchical 
agglomerative clustering method for forming groups from 𝑁 objects are as follows: 

a) Begin with the formation of 𝑛 initial clusters, where each object is treated as a 
separate cluster. If there is an 𝑛	𝑥	𝑛 distance matrix 𝐷 = O𝑑("#)P. 
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b) Identify the pair of clusters with the smallest distance. Suppose the most similar 
clusters are 𝑈 and 𝑉, then 𝐷 = O𝑑()*)P, and the pair 𝑈 and 𝑉 is selected for merging. 

c) Merge clusters 𝑈 and 𝑉 into a new cluster (𝑈𝑉), and update the distance matrix as 
follows: 

1) Remove the rows and columns corresponding to clusters 𝑈 and 𝑉 
2) Add a new row and column representing the distance between the new cluster (𝑈𝑉) 

and the remaining clusters. 
d) Repeat steps (b) and (c) for (𝑛 − 1) iterations until all objects are merged into a single 

cluster at the end of the algorithm.  

 The hierarchical agglomerative clustering method used in this study is the Average 
Linkage method. The Average Linkage method follows a similar procedure to the two other 
hierarchical methods, namely Single Linkage and Complete Linkage. The main principle of 
this method is to use the average distance between all possible pairs of objects from two 
clusters. The clustering process begins by identifying the minimum distance 𝐷 = O𝑑("#)P, and 
merging the nearest objects, such as 𝑈 and 𝑉 to form a new cluster (𝑈𝑉). Next, at step (c) of 
the previously described algorithm, the distance between the new cluster (𝑈𝑉) and another 
object 𝑊, is calculated as follows: 

𝑑()*)+ =
1

𝑛) ∙ 𝑛+
@ @ 𝑑(𝑢,𝑤)

,-+.-)

	 (3) 

 where 𝑛) and 𝑛+ are the number of members in clusters 𝑈 and 𝑊 respectively, 𝑢 
denotes each member of cluster 𝑈, and 𝑤 denotes each member of cluster 𝑊. This general 
formula considers all possible pairwise combinations between members of the two clusters, 
making it more representative than methods that rely only on the minimum or maximum 
distance. It should be noted that the simplified expression 𝑑()*)+ = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒	(𝑑)+ , 𝑑*+) is 
only valid as a special case when each cluster contains exactly one member. The Average 
Linkage method is less sensitive to outliers than Single Linkage and less prone to chain 
formation than Complete Linkage, making it particularly appropriate for fiscal datasets where 
extreme values may be present [10]. 

2.4. Optimum Cluster Analysis 
There is no definite rule in determining the ideal number of clusters in cluster analysis. 

The cluster considered optimum is obtained when the clustering result reaches a global 
optimum condition [11]. 

1. Cluster Density Analysis 
The density of a cluster can be measured based on the minimum within-cluster variance 
and maximum between-cluster variance [12]. Suppose there are several clusters 
𝑐(, 𝑐/, … , 𝑐0	each containing members 𝑥1, where 𝑖 = 1, 2, … , 𝑛 and 𝑛 denotes the number 
of members in each cluster, while 𝑥̅% represents the mean of cluster 𝑝, The variance of 
each cluster 𝑝a𝛿%

/c can be calculated as follows: 
 

𝛿%
/ =

1
𝑛 − 1@	

0

1'(

a𝑥1 − 𝑥̅%c
/	 (4) 

If 𝑁 represents the total number of members across all clusters, the within-cluster 
variance a𝑉,/c can be calculated using: 
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𝑉,/ =
1

𝑛 − 𝑘@	
2

1'(

(𝑛1 − 1)𝛿1
/	 (5) 

Furthermore, if each cluster 𝑖 has its own mean (𝑥̅), the between-cluster variance a𝑉3/c 
can be determined as follows: 

𝑉3/ =
1

𝑘 − 1@	
2

1'(

𝑛1(𝑥̅1 − 𝑥̅)/	 (6) 

Since an ideal cluster has minimum 𝑉,/ and maximum 𝑉3/, the optimal variance ratio 𝑉 
can be expressed as: 

𝑉 =
𝑉,/

𝑉3/
× 100%	 (7) 

2. Determining the Optimum Cluster 
The determination of the optimum number of clusters is carried out by analyzing the 
pattern of variance changes. Identification of variance movement is used to obtain 
clusters that reach the global optimum condition [11]. The potential position of the global 
optimum can be identified through implementation silhouette, elbow and gap statistics 
method.   

a. Silhouette Method 
The silhouette method is used to determine the most optimal number of clusters by 
utilizing ratio-scaled data. In its application, the silhouette algorithm calculates the 
average distance between an object and all other objects located in the same cluster, as 
well as comparing it with the average distance to objects located in other clusters. A 
silhouette coefficient value approaching 1 indicates that the cluster formation is already 
optimal [12].  
One evaluation method that can be used to assess the level of optimality of clustering 
results is the silhouette coefficient. This evaluation functions to assess the extent to which 
the data has been grouped appropriately. The calculation process of the silhouette 
coefficient is carried out through the following steps [13]: 

1) For each 𝑖-th object, calculate the average distance of that object to all other objects in 
the same cluster. 

2) Next, for each 𝑖-th object, calculate the average distance to all objects located in different 
clusters, then take the smallest average distance value.  

3) The silhouette coefficient value is then calculated using the following formula: 

𝑆1 =
(𝑏1 − 𝑎1)
𝑚𝑎𝑥(𝑎1 , 𝑏1)

	 (8) 

with 𝑆1 	is silhouette coefficient value for the 𝑖-th object, 𝑎1 is average distance of the 𝑖-
th object to all objects in the same cluster, and 𝑏1 is average distance of the  𝑖-th object 
to all objects in other clusters. 

The silhouette coefficient value is in the range of -1 to 1. If 𝑆1 = 1, it means the object is 
in the appropriate cluster. If 𝑆1 = 0, the object is located between two clusters and it is 
unclear which cluster it belongs to, and if 𝑆1 = −1, then the formed cluster structure is 
poor, and the object should be in another cluster [13]. According to Kauffman and 
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Rousseeuw (1990), the quality of clustering results can be interpreted based on the 
silhouette coefficient value as shown in Table 1 below [12], [13]: 

Table 1. Silhouette Coefficient Value 
Silhouette’s Values Interpretation 

0.71 – 1.00 Strong Cluster 

0.51 – 0.70 Good Cluster 

0.26 – 0.50 Weak Cluster 

0.00 – 0.25 Bad Cluster 

b. Elbow Method 
The Elbow Method is used to determine the optimal number of clusters by observing the 
elbow point formed on the Sum of Squared Error (SSE) graph. This method is based on 
the largest decrease in SSE value between the number of clusters (𝑘 − 1) and 𝑘, thus that 
𝑘 value is considered as the most appropriate number of clusters [12].  
This method utilizes the SSE value from every possible number of clusters. In general, 
the more clusters used, the smaller the SSE value will be. Therefore, the optimal number 
of clusters is determined at the point where the decrease in SSE begins to slow down 
after a sharp decrease occurred previously. The formula for calculating SSE can be 
written as follows: 

𝑆𝑆𝐸 =@ 	
4

2'(

	@ 	
	

1∈"!

|𝑥1 − 𝑐2|/ 
 
(9) 

 
where 𝐾 represents the number of clusters, 𝑥1 is the 𝑖-th data, and 𝑐2 is the center of the 
𝑘-th cluster. 

c. Davies-Bouldin Index 
The Davies-Bouldin Index (DBI) measures the average similarity between each cluster 
and its most similar neighboring cluster, where similarity is defined as the ratio of within-
cluster scatter to between-cluster separation. A lower DBI value indicates better cluster 
quality, reflecting clusters that are more compact internally and more separated from one 
another [14]. The DBI is calculated as follows: 

𝐷𝐵𝐼 =
1
𝑘@max

&71
q
𝑠1 + 𝑠&
𝑑1&

s	
2

1'(

  
(10) 

where 𝑘 is the number of clusters, 𝑠1 is the average distance between each member of 
cluster 𝑖, and the centroid of cluster 𝑖, 𝑠& is the average distance between each member of 
cluster 𝑗 and the centroid of cluster 𝑗, and 𝑑1& is the distance between the centroids of 
clusters 𝑖 and 𝑗. The optimal number of clusters corresponds to the solution with the 
minimum DBI value. 

d. Dunn Index 
The Dunn Index measures the ratio of the minimum inter cluster distance to the maximum 
intra cluster diameter. A higher Dunn Index value indicates better clustering quality, 
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reflecting clusters that are both compact and well separated from one another [15]. The 
Dunn Index is calculated as follows 

𝐷𝐼 =
𝑚𝑖𝑛(819&82 𝑑a𝐶1 , 𝐶&c
𝑚𝑎𝑥(8:82 𝑑𝑖𝑎𝑚(𝐶:)

 (11) 

where 𝑘 is the number of clusters, 𝑑a𝐶1 , 𝐶&c is the distance between cluster 𝐶1 and cluster 
𝐶&, representing the minimum separation between any two distinct clusters, and 
𝑑𝑖𝑎𝑚(𝐶:) is the diameter of cluster 𝐶:, defined as the maximum distance between any 
two members within the same cluster. The optimal number of clusters corresponds to the 
solution that maximizes the Dunn Index value, as a larger value reflects greater inter 
cluster separation relative to intra cluster spread. In this study, the Dunn Index is used 
alongside the Silhouette coefficient, Elbow, and Davies-Bouldin Index to confirm the 
optimal cluster solution, as convergence across multiple indices provides stronger 
evidence than relying on a single measure alone. 

3. METHODOLOGY 
3.1 Type and Source of Data 

This study employs a quantitative descriptive approach. The data used are secondary 
data obtained from the Audit Reports (LHP) issued by the Audit Board of the Republic of 
Indonesia Regional Office in West Kalimantan Province, on the Local Government Financial 
Statements (LKPD) for all regencies in the Province of West Kalimantan. The dataset covers 
the 2024 fiscal year, or the most recent audited and fully published year available. The use of 
audited LKPD data ensures the validity, reliability, and comparability of regional financial data 
[16]. Moreover, regional literature indicates that the use of audited financial data enhances the 
quality of fiscal comparisons across regions and supports the formation of more informative 
fiscal clusters [12]. 

3.2 Analytical Variables 
The analytical units in this study consist of 12 local government entities in West 

Kalimantan Province, representing 12 regencies. The scope of these analytical variables aligns 
with prior regional financial clustering studies that utilized audited financial data to compare 
fiscal performance among local government entities. 

3.3 Research Variables 
The variables used for clustering are budget ratios calculated from the Budget 

Realization Report (APBD) contained in the audited LKPD data. The variables are as follows: 

a) Financial Independence Ratio (𝑥() 
Measures the extent to which a local government can finance its operations from Locally 
Generated Revenue (PAD). A higher ratio indicates greater fiscal autonomy and lower 
dependence on external funding [13]. The ratio is calculated as follows: 

𝑥( =
𝑅𝑒𝑎𝑙𝑖𝑧𝑒𝑑	𝑃𝐴𝐷

𝑇𝑜𝑡𝑎𝑙	𝑇𝑟𝑎𝑛𝑠𝑓𝑒𝑟	𝑅𝑒𝑣𝑒𝑛𝑢𝑒 × 100% (12) 
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where Total Transfer Revenue is intergovernmental transfer. The classification of 
financial independence is presented in Table 2 

Table 2. Classification of Financial Independence Ratio 
Financial Independence 

(%) 
Financial 
Capability 

Relationship 
Pattern 

0 ≤ 𝑥 < 25 Very low Instructive 

25 ≤ 𝑥 < 50 Low Consultative 

50 ≤ 𝑥 < 75 Moderate Participatory 

75 ≤ 𝑥 < 100 High Delegative 

These categories indicate the degree of fiscal relationship between the local and central 
governments, where higher independence reflects stronger regional autonomy and 
reduced reliance on external funding [17]. 

b) PAD Effectiveness Ratio (𝑥/) 
Measures the regional government's ability to realize the budgeted PAD by looking at 
the targets that have been set based on actual conditions. The smaller value of this ratio, 
the more efficient the performance of the PAD in collecting local revenue [18]. The PAD 
Effectiveness can be calculated using the following formula. 

𝑥/ =
𝑅𝑒𝑎𝑙𝑖𝑧𝑒𝑑	𝑃𝐴𝐷
𝐵𝑢𝑑𝑔𝑒𝑡𝑒𝑑	𝑃𝐴𝐷 × 100%	 (13) 

The classification is presented in Table 3 [19]. 

Table 3. Classification of PAD Effectiveness 
Ratio Effectiveness 

(%) PAD Effectiveness 

𝑥 > 100 Very effective 

90 ≤ 𝑥 < 100 Effective 

80 ≤ 𝑥 < 90 Sufficiently 

60 ≤ 𝑥 < 800 Less effective 

𝑥 < 60 Ineffective 

c) Regional Tax Effectiveness Ratio (𝑥;) 
Measures the ability of the regional government to realize the budgeted PAD compared 
to the revenue targets that have been allocated based on the actual conditions of the region 
[20], The regional tax effectiveness ratio of PAD can be calculated using the following 
formula  
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𝑥; =
𝑅𝑒𝑎𝑙𝑖𝑧𝑒𝑑	𝐿𝑜𝑐𝑎𝑙	𝑇𝑎𝑥
𝐵𝑢𝑑𝑔𝑒𝑡𝑒𝑑	𝐿𝑜𝑐𝑎𝑙	𝑇𝑎𝑥 × 100%	 (14) 

The classification is presented in Table 4 [21]. 

Table 4. Classification of Regional Tax Effectiveness Ratio 
Regional Tax Effectiveness (%) Category 

𝑥 > 100 Very effective 

90 ≤ 𝑥 < 100 Effective 

80 ≤ 𝑥 < 90 Sufficiently 

60 ≤ 𝑥 < 800 Less effective 

𝑥 < 60 Ineffective 

d) Harmony Ratio (𝑥<) 
The Harmony Ratio reflects the extent to which regional governments optimally allocate 
their budget between operational expenditure and capital expenditure. According to Tim 
Litbang Depdagri Fisipol UGM [22], the harmony ratio consists of two components, the 
operational expenditure ratio and the capital expenditure ratio. The operational 
expenditure ratio measures the proportion of operational spending relative to total 
regional expenditure, while the capital expenditure ratio measures the proportion of 
capital spending relative to total regional expenditure. The two formulas are as follows 

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙	𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒	𝑅𝑎𝑡𝑖𝑜 =
𝑅𝑒𝑎𝑙𝑖𝑧𝑒𝑑	𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙	𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒

𝑇𝑜𝑡𝑎𝑙	𝑅𝑒𝑔𝑖𝑜𝑛𝑎𝑙	𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 × 100%	 (15) 

𝐶𝑎𝑝𝑖𝑡𝑎𝑙	𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒	𝑅𝑎𝑡𝑖𝑜 =
𝑅𝑒𝑎𝑙𝑖𝑧𝑒𝑑	𝐶𝑎𝑝𝑖𝑡𝑎𝑙	𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒
𝑇𝑜𝑡𝑎𝑙	𝑅𝑒𝑔𝑖𝑜𝑛𝑎𝑙	𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 × 100%	 (16) 

In this study, the capital expenditure component is adopted as the clustering variable 
(𝑥=), as it more directly captures the orientation of regional governments toward 
productive development spending and reflects the quality of budget allocation in a more 
substantive manner [23]. The ratio is therefore calculated as follows 

𝑥< =
𝑅𝑒𝑎𝑙𝑖𝑧𝑒𝑑	𝐶𝑎𝑝𝑖𝑡𝑎𝑙	𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒
𝐵𝑢𝑑𝑔𝑒𝑡𝑒𝑑	𝑅𝑒𝑔𝑖𝑜𝑛𝑎𝑙	𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 × 100%	 (17) 

The assessment of expenditure harmony follows the qualitative criteria proposed by Tim 
Litbang Depdagri Fisipol UGM, which are based on the relative comparison between 
operational and capital expenditure [22]. These criteria are presented in Table 5. 

Table 5. Criteria for Expenditure Harmony 
Comparison Criteria 

Operational Expenditure > Capital Expenditure Poor 
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Comparison Criteria 

Operational Expenditure = Capital Expenditure Sufficient 

Operational Expenditure < Capital Expenditure Good 

However, this classification is used solely for descriptive interpretation and is not 
directly incorporated into the clustering model. The clustering analysis utilizes only the 
capital expenditure ratio (𝑥<) as a proxy for expenditure harmony, ensuring consistency 
with the selected set of variables while maintaining interpretability. 
A higher value of 𝑥=indicates a greater proportion of capital expenditure, suggesting 
that the regional government places stronger emphasis on development-oriented 
spending. Conversely, a lower value indicates that the budget is predominantly 
allocated to operational expenditure, reflecting limited allocation for long-term 
investment and infrastructure development. 

3.4 Data Analysis Stages 

Cluster analysis was carried out through several stages. First, data from the 2024 
Audited LKPD for 12 regencies in West Kalimantan Province were collected using four 
predetermined financial ratios. Second, a variable redundancy check was conducted using the 
Pearson correlation matrix to identify any pairs of variables with correlations exceeding 0.80, 
which could potentially cause dominance or distortion in distance calculations. In the context 
of cluster analysis, the concern is not multicollinearity in the regression sense, but rather 
whether any variable pair is sufficiently redundant to bias inter object distances [7]. 

Third, all four ratios were standardized using z scores to ensure that variables with 
different scales and ranges contributed equally to the distance calculations. Fourth, the distance 
between objects was calculated using the Manhattan distance method. Fifth, the optimal 
number of clusters was determined using multiple complementary approaches, including the 
Elbow method based on within cluster dispersion (WSS), the Silhouette coefficient. 

Sixth, the clustering process was performed using Hierarchical Cluster Analysis with 
the Average Linkage method, which calculates the distance between clusters based on the mean 
of all pairwise distances between their respective members. The cluster groupings were then 
visualized using a dendrogram. Finally, the quality of the resulting clusters was evaluated using 
the Silhouette coefficient, Davies-Bouldin Index, and Dunn Index to assess cluster 
compactness and separation, ensuring the robustness of the clustering results. All data analyses 
were conducted using R Studio software. 

4. RESULTS AND DISCUSSION 
4.1 Statistics Descriptive 

The financial ratio values for each variable across the 12 regencies in West Kalimantan 
Province, based on the 2024 audited LKPD, are presented in Table 6. 
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Table 6. Budget Ratio Values for 12 Regencies in West Kalimantan 2024 
Regency 𝑥!(%) 𝑥"(%) 𝑥#(%) 𝑥$(%) 

Sambas 12.24 73.36 95.12 14.50 

Bengkayang 7.61 71.78 88.99 17.11 

Landak 4.99 83.97 59.56 12.46 

Mempawah 14.29 110.97 103.98 23.05 

Sanggau 10.80 113.56 122.00 15.10 

Ketapang 11.32 102.43 89.44 23.46 

Sintang 9.43 105.16 60.68 13.24 

Kapuas Hulu 5.35 101.42 92.99 15.17 

Melawi 5.18 83.50 83.76 10.07 

Kayong Utara 6.10 79.31 95.40 11.38 

Sekadau 6.80 68.66 57.77 14.39 

Kubu Raya 16.47 95.20 100.31 10.42 

Accordingly, the descriptive statistics are summarized in Table 7. 

Table 7. Statistics Descriptive 
Variable Description Unit Min Mean Max SD 

𝑥! Financial Independence Ratio % 4.99 9.21 16.47 3.83 

𝑥" PAD Effectiveness Ratio % 68.66 90.78 113.56 15.92 

𝑥# Regional Tax Effectiveness 
Ratio % 57.77 87.50 122.00 19.50 

𝑥$ Harmony Ratio % 10.07 15.03 23.46 4.36 

The Financial Independence Ratio (𝑥() has an average value of 9.21% with a standard deviation 
of 3.83%, indicating that all regencies in West Kalimantan remain highly dependent on central 
government transfer funds to finance governmental and development activities. The relatively 
low standard deviation suggests moderate variation in fiscal independence across regencies, 
with no extreme outliers observed. 

The PAD Effectiveness Ratio (𝑥/) has an average value of 90.78%, which falls within 
the Effective category. Although the overall average indicates good performance, there is 
considerable variation among regencies, as reflected by a standard deviation of 15.92%, 
suggesting differences in administrative capacity in managing local revenue. Sekadau 
(68.66%) and Bengkayang (71.78%) fall into the Less Effective category, while Sanggau 
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(113.56%) and Mempawah (110.97%), which exceed 100%, are classified as Very Effective. 
This wide variation indicates that, despite generally effective PAD performance at the 
provincial level, certain regencies still require particular attention to improve their local 
revenue realization capacity. 

The Regional Expenditure Performance Ratio (𝑥;) has an average value of 87.50%, 
with the highest variability among all variables (SD = 19.50%). This is largely driven by several 
regencies such as Landak (59.56%), Sekadau (57.77%), and Sintang (60.68%), which exhibit 
relatively low expenditure realization compared to others. This condition indicates potential 
constraints in budget implementation, thereby requiring special attention, particularly in 
strengthening administrative and managerial capacity. On the other hand, Sanggau (122.00%) 
and Mempawah (103.98%) demonstrate relatively strong budget execution performance. 

The Expenditure Harmony Ratio (𝑥<) has an average value of 15.03%, indicating that 
operational expenditure still significantly dominates capital expenditure across all regencies. 
Based on the criteria proposed by Tim Litbang Depdagri Fisipol UGM in Syukur (2021), all 
regencies fall into the Poor category, as the proportion of operational expenditure exceeds that 
of capital expenditure. This reflects a structural challenge in regional budget allocation in West 
Kalimantan, where spending orientation remains more focused on operational needs rather than 
long-term development investment. 

4.2 Variable Redudancy Check 

Before to the clustering process, a Pearson correlation matrix was computed to identify 
whether any pairs of variables exhibit high correlations that could potentially lead to 
redundancy or dominance in distance calculations. The results of the correlation analysis are 
presented in Table 8. 

Table 8. Pearson Correlation Matrix 
 𝑥! 𝑥" 𝑥# 𝑥$ 

𝑥! 1.00 0.42 0.50 0.34 

𝑥" 0.42 1.00 0.44 0.39 

𝑥# 0.50 0.44 1.00 0.23 

𝑥$ 0.34 0.38 0.23 1.00 

The results indicate that no pair of variables exceeds the commonly accepted threshold of 0.80, 
which is typically used as an indicator of high redundancy among variables [24]. The remaining 
variable pairs show low to moderate levels of correlation. Therefore, all variables are 
considered suitable for inclusion in the cluster analysis, as no variable is identified as dominant 
or redundant in the distance calculation 

4.3 Clustering Using the Average Linkage Method 

Cluster analysis was conducted using the Hierarchical Clustering method with Average 
Linkage and Manhattan distance. Prior to clustering, the data were standardized using z scores 
to eliminate bias due to differences in variable scales. The results of determining the optimal 
number of clusters are presented in the Figure 1. 
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Based on the Elbow method graph in Figure 1, the most substantial decrease in the total 
within cluster sum of squares occurs from 𝑘 = 1 to 𝑘 = 2. After 𝑘 = 2, the rate of decrease 
gradually slows without forming a very clear elbow point. Meanwhile, the Silhouette method 
graph in Figure 1 shows a clear peak at 𝑘 = 2 with a value of 0.35, followed by a secondary 
peak at 𝑘 = 3 with value of 0.31. Both graphs generally indicate 𝑘 = 2 as the primary 
candidate. However, 𝑘 = 3 is also worth considering based on the secondary peak observed in 
the Silhouette method. The results of the provisional cluster grouping are then visualized in the 
dendrogram as shown below. 

 

  
Fig 1. Grafik Elbow dan Silhouette 

 

Fig 2. Dendrogram of Clustering Using the Average Linkage Method 

Next, the cluster validation for determining the optimal number of clusters will be carried out 
based on the explanation in sub section 2.4. 

4.4 Validation of the Optimal Number of Clusters 
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To confirm the clustering quality for 𝑘 = 2 or 𝑘 = 3, internal validity indices will be 
calculated, and the comparison of these values can be seen in Table 9. 

Table 9. Comparison of Cluster Validation Results 

Number of Clusters 

(K) 
Average Silhouette 

(Global) Davies-Bouldin Dunn Index 

2 0.35 1.09 0.60 
3 0.28 0.73 0.72 

The results indicate that the indices do not produce entirely consistent conclusions. The 
Silhouette value for 𝑘 = 2	(0.35) is higher than that for 𝑘 = 3	(0.28), suggesting slightly 
better cluster separation for the two cluster solution. However, the higher Dunn Index for 𝑘 =
2 . However, the higher Dunn Index for 𝑘 = 3	(0.72) and the lower Davies Bouldin Index for 
𝑘 = 3	(0.73) indicate that the three cluster solution exhibits better separation and compactness. 

Therefore, the 𝑘 = 3 solution is selected as the optimal number of clusters, as it 
provides a better balance between statistical validity and interpretability. The cluster 
membership for each group is presented in Table 10. 

Table 10. Grouping of Regencies into Clusters 

Group Member in the Cluster 

1 Sambas, Bengkayang, Landak, Sintang, Kapuas Hulu, Melawi, Kayong Utara, 
dan Sekadau 

2 Mempawah, Sanggau, Ketapang 

3 Kubu Raya 

4.5 Characteristics of Each Cluster 

The average value of each variable in each cluster, as presented in Table 11, can be used 
as a reference for interpreting the characteristics of each cluster. 

Table 11. Average Value of each Variable in each Cluster 

Variable Description Cluster from k (%) 

Cluster 1 Cluster 2 Cluster 3 

𝑥(	 Financial Independence Ratio 7.21 12.14 16.47 

𝑥/	 PAD Effectiveness Ratio 83.39 108.99 95.20 

𝑥;	 Regional Tax Effectiveness Ratio 79.28 105.14 100.31 

𝑥<	 Harmony Ratio 13.54 20.54 10.42 
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Cluster 1 consists of eight regencies, with an average 𝑥( of 7.21%. All members of this cluster 
fall into the Instructive category, indicating a very high dependence on central government 
transfer funds. This condition is consistent with the relatively weaker economic position of 
most regencies in this cluster. Melawi (IDR29.74 million per capita), Landak (IDR35.71 
million per capita), and Bengkayang (IDR40.33 million per capita) record relatively low GRDP 
per capita in West Kalimantan [25], implying a limited local revenue base. 

The average 𝑥/ of 83.39% indicates a moderately effective PAD realization, although 
several regencies such as Sambas (73.36%) and Bengkayang (71.78%) still require 
improvement. A more prominent challenge is observed in 𝑥;, where the average expenditure 
performance is only 79.28%, with Sekadau (57.77%), Landak (59.56%), and Sintang (60.68%) 
show particularly low realization levels, suggesting constraints in budget implementation. 
These issues are likely associated with limited administrative capacity and the geographical 
complexity of relatively large and remote areas. The average 𝑥< of 13.54% places all members 
in the Poor category, reflecting the dominance of operational expenditure and the limited fiscal 
space for development investment.  

Cluster 2 consists of three regencies that consistently demonstrate better fiscal 
performance than Cluster 1 across all dimensions. The average 𝑥/ of 108.99% places this 
cluster in the Very Effective category, with Sanggau (113.56%) and Mempawah (110.97%) 
significantly exceeding their PAD targets. This achievement is supported by a stronger 
economic base. Ketapang (IDR65.21 million per capita) ranks as the second highest GRDP per 
capita in West Kalimantan, while Sanggau (IDR51.97 million per capita) ranks sixth [25]. The 
dominance of mining and plantation sectors in these regencies provides a stronger foundation 
for effective local revenue generation.The average 𝑥; of 105.140% indicates excellent 
expenditure realization, reflecting strong budget execution capacity. The average 𝑥< of 20.54% 
is also the highest among all clusters, indicating a relatively better orientation toward 
development investment, although still categorized as Poor in absolute terms. Meanwhile, the 
average 𝑥( of 12.14% remains within the Instructive category, but is nearly twice that of Cluster 
1, suggesting relatively lower dependence on transfers. 

Kubu Raya is separated as its own cluster due to a unique combination of characteristics 
not shared by other regencies. It has the highest 𝑥(  value in the sample (16.47%) and the 
second lowest 𝑥< (10.42%). From a fiscal independence perspective, Kubu Raya’s position is 
supported by a relatively strong economic base, with a GRDP per capita of IDR64.21 million 
(third highest in West Kalimantan). Its proximity to Pontianak City provides greater access to 
trade and industrial activities, contributing to higher PAD relative to transfer revenues [25]. 
The values of 𝑥/ (95.20%) and 𝑥; (100,31%) for Kubu Raya lie between those of Cluster 1 and 
Cluster 2, and are not sufficiently extreme to drive separation along these dimensions. The key 
distinguishing factor is the low 𝑥< (10.42%) which contrasts with its relatively high 𝑥(. This 
presents an important policy implication: relatively stronger fiscal independence has not yet 
been accompanied by optimal expenditure allocation. As a singleton, Kubu Raya is more 
appropriately interpreted as a regency with a unique fiscal profile rather than as a representative 
of a broader cluster type. 
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Overall, the clustering results reveal a clear and multidimensional fiscal disparity 
among regencies in West Kalimantan. Cluster 2 consistently outperforms others across all 
fiscal dimensions, supported by a stronger economic base. Cluster 1 reflects moderate fiscal 
conditions with high transfer dependence and suboptimal expenditure performance. Cluster 3 
represents a unique profile, characterized by relatively higher fiscal independence but very 
limited capital expenditure allocation. These findings confirm that fiscal disparities in West 
Kalimantan cannot be addressed through a uniform policy approach. Each group of regencies 
faces distinct challenges and requires differentiated strategies that take into account their 
respective structural economic conditions. This is aligned with the spirit of Law Number 1 of 
2022 concerning Fiscal Relations between the Central Government and Regional 
Governments, which emphasizes the sustainable strengthening of regional fiscal independence. 

5. CONCLUSION 
This study identified three optimal clusters of regencies in West Kalimantan based on 

fiscal performance using hierarchical clustering with the Average Linkage method and 
Manhattan distance. The three cluster solution was selected based on the Dunn Index (0.72) 
and Davies-Bouldin Index (0.73), both of which favored 𝑘 = 3 over 𝑘 = 2. The results reveal 
significant and multidimensional fiscal disparities across regencies, particularly in terms of 
fiscal independence, PAD effectiveness, expenditure performance, and budget allocation 
orientation. Cluster 1 is characterized by high dependence on central transfers and moderate 
performance, Cluster 2 demonstrates consistently strong fiscal performance supported by a 
stronger economic base, while Cluster 3 represents a unique fiscal profile with relatively higher 
independence but suboptimal expenditure allocation. These disparities suggest that fiscal 
policy in West Kalimantan requires differentiated approaches tailored to the specific 
characteristics of each cluster rather than a uniform intervention. 

This study is limited by the use of data from a single fiscal year (2024), which does not 
capture long term trends or fluctuations in fiscal performance. In addition, the analysis is based 
on four macro level financial ratios, which may not fully represent the complexity of regional 
fiscal conditions. The relatively small sample size (12 regencies) and the presence of a 
singleton cluster also limit the generalizability of the findings. Future studies are recommended 
to incorporate time series data covering multiple fiscal years to better capture dynamic fiscal 
patterns. Additionally, the inclusion of more detailed fiscal variables, such as personnel 
expenditure ratios and the contribution of regionally owned enterprises (BUMD), would 
provide a more comprehensive analysis. Comparing clustering results using different linkage 
methods is also suggested to evaluate the robustness of the clustering structure.  
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