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Nusa Tenggara Barat Indonesia with K-Means Cluster Method Approach and 

Determination of Distribution Type Abstract The earthquake is one of the natural 

disasters that is destructive and claimed lives at a certain magnitude and depth. 

Indonesia is an earthquake-prone area because it is in the area of major tectonic plates. 

Province of Nusa Tenggara Barat is one of the 34 provinces in Indonesia which is 

earthquake prone.  

 

In this research, earthquake grouping will be carried out in the Province of Nusa 

Tenggara Barat using the K-Means cluster approach. Furthermore, using the 

Kolmogorov-Smirnov test the type of distribution is determined for each group variable 

resulting from the cluster process. The data used was the 2018 earthquake data in West 

Nusa Tenggara Province, sourced from the USGS earthquake catalog. The software used 

in this research process is SPSS, GMT, and Matlab, respectively.  

 

The results of this study are expected to be used as a reference for the Government of 



Nusa Tenggara Barat Province and surrounding areas related to earthquake disaster 

mitigation, especially evaluation of spatial and regional. Keywords: Cluster, earthquake, 

Nusa Tenggara Barat (NTB), tectonic plate, Kolmogorov-Smirnov test, distribution The 

invented contribution: Earthquake disaster mitigation evaluated using K-Means cluster 

approach with the type of distribution was extracted by the use of Kolmogorov-Smirnov 

test from the cluster process. A r t i c l e s I. INTRODUCTION One of the natural 

phenomena that its occurrence is random and has a certain distribution is an 

earthquake event.  

 

Earthquake measurements are based on intensity and how strong an earthquake is felt. 

The impact of an earthquake with a magnitude (Richter Scale (SR)) of a certain 

magnitude and a certain depth of the hypocenter below the earth's surface (in 

kilometers) can cause fatalities and large material losses. Indonesia is one of the world's 

archipelago countries which is disposed to experiencing tectonic earthquakes.  

 

This is due to the fact that the Indonesian archipelago is at the confluence of major 

plates, namely the Eurasian, Indo-Australian and Pacific plates as depicted in Fig. 1. 

Many tectonic earthquake events have claimed many 1 7 8 Grouping of Tectonic 

Earthquakes in the Province of Nusa Tenggara Barat Indonesia with K-Means Cluster 

Method Approach and Determination of Distribution Type lives, destroyed homes and 

office buildings in several locations in the Indonesian archipelago.  

 

According to the Directorate of Volcanology and Geological Disaster Mitigation 

(DVGDM) of the Department of Energy and Mineral Resources in Indonesia, the Province 

of Nusa Tenggara Barat (NTB) is one of 28 regions in Indonesia declared earthquake and 

tsunami prone. This is because the Province of NTB is above 3 major plates, resulting in 

the formation of a complex geological order. This part of the region is part of the 

Eurasian plate, which moves relative to the southeast interacting with the 

Indian-Australian plate which moves relative to the north and the Pacific plate that 

moves relative to the west.  

 

The meeting zone between the 3 plates forms a trough known as a subduction zone. In 

addition, as a result of the collisions formed faults in the NTB Region [1,2]. Figure 1. 

Indonesian Tectonic Plates [3]. (Source:http://www.drgeorgepc.com/Tsunami1833 

Indonesia. html). NTB Province has an area of 20,153.20 km2 which is an island province 

because it consists of hundreds of islands as shown in Fig. 2. Sumbawa Island and 

Lombok Island are the 2 major islands in Province of NTB out of 32 inhabited islands 

(Statistics of West Nusa Tenggara Province, 2018). Figure 2. Province of NTB [4].  

 

It is still fresh in our memories when there were several earthquakes in Province of NTB, 



Indonesia in 2018, which caused heavy casualties and material losses. Province of NTB 

experienced an earthquake with a magnitude > 6 and a depth of < 25 km that occurred 

consecutively on 29 July 2018, 5 August 2018, 9 August 2018, and 19 August 2108, 

respectively. One of the causes of the earthquake in Province of NTB, specifically the 

northern part of Lombok Island there is the Arch Thrust Zone, South there is a mega 

thrust, West and East there is a sliding fault system.  

 

In addition, due to a shift of the upward fault on the Lombok Island Arc (the rear arc 

fault zone of Nusa Tenggara). These faults start from Alor-Wetar Island, Flores, 

Sumbawa and Lombok to Bali [5]. The impact of the earthquake from July 29, 2018 to 

August 26, 2018 included 565 victims, 1,116 seriously injured/hospitalized, 3981 

damaged houses 71,937, and 417,525 refugees. The regency with the most fatalities and 

injuries was East Lombok Regency while the largest heavily damaged house was in 

North Lombok Regency [6].  

 

At present several statistical techniques have been developed and applied to several 

earthquake cases such as those examined by Parwanto and Oyama in 2014 [7] utilizing 

the exponential distribution and Poisson distribution to investigate quantitatively the 

tendency of earthquake and tsunami natural disasters. On the other hand, in Ref. [8] see 

a correlation between the amount of elastic energy stored in the slab core and the 

distribution of 1 7 9 Grouping of Tectonic Earthquakes in the Province of Nusa Tenggara 

Barat Indonesia with K-Means Cluster Method Approach and Determination of 

Distribution Type earthquake frequency depths for various viscosities, lithosphere and 

lithosphere nuclei. Then according to Zuo, et al.  

 

in 2009 [9] applied the point process to model the point patterns that often occur in 

various fields of science including earthquakes. The point process approach is also 

applied Wattimanela et al. [10] in classifying earthquakes. Application of statistical and 

spectral analysis to detect possible ionospheric precursors from earthquakes by 

Oikonomou, et al. in 2017 [11] and Becar-Varela, et al. in 2016 [12] distinguish between 

explosions and earthquakes by using wavelet analysis. Then Brown, et al. in 2008 [13] 

used approach correlation and autocorrelation to identify low frequency earthquakes. In 

this study, earthquake will be grouped in the region of Province of NTB with the 

K-Means cluster approach [14-16].  

 

Furthermore, the results of grouping are plotted on a map of the NTB Province. Then 

the type of distribution of each variable of the grouping results will be determined using 

the Kolmogorov-Smirnov test [17-19]. Before determining the type of distribution, 

descriptive statistics, boxplots and scatterplots were analyzed [17,19] The results of the 

analysis of research on the classification and mapping of earthquakes carried out is 



expected to be used as a reference for government of the NTB Province and 

surrounding in managing of earthquake mitigation programs and evaluation of spatial 

planning and territories. II.  

 

RESEARCH METHODS and DATA Earthquake data used in this study were sourced from 

the United States Geological Survey (USGS) catalog. The occurrence of the earthquake 

of 2018 in NTB Province was the focus of this study. Then the earthquake data is limited 

only to earthquake events with magnitude > 3 SR and depth = 0 . By choosing such 

criterion with the consideration that an earthquake with the aforementioned criteria has 

a significant impact on the damage and casualties that occur.  

 

This study only uses 6 variables namely longitude (X1), latitude (X2), depth (X3), 

magnitude (X4), date (X5), and location source (X6) of a total of 18 available variables. 

Many 2018 earthquake events with magnitude > an ep= 0 are 165 events and the 

distribution of earthquakes is dominant on the island of Lombok and its surroundings. 

The distribution of earthquake can be shown in Fig. 3. Figure 3. Earthquakes distribution 

2018 in Province of NTB. This research was preceded by a literature review from various 

data sources and documents [3,6,20-22] obtained by the determination of data sources 

and criteria.  

 

Then a study based on descriptive statistics is the data of exposure with figures or 

pictures that are informative so that it can be obtained from temporary conclusions. It is 

related to boxplots and scatterplots (2 and 3 dimensions (2D and 3D)). The next stage is 

the earthquake grouping using K-means non-hierarchical cluster method. The number 

of clusters is determined based on the distribution of earthquake data on 2-dimensional 

scatterplots. Furthermore, the results of earthquake grouping will be analyzed for each 

cluster as a result of the cluster that has been done before with a consolidation analysis 

related to the location of the earthquake.  

 

In the next step, do the mapping and analysis of earthquake event data in Province of 

NTB based on each cluster produced in the clustering process. The next step is to carry 

out the 1 8 0 Grouping of Tectonic Earthquakes in the Province of Nusa Tenggara Barat 

Indonesia with K-Means Cluster Method Approach and Determination of Distribution 

Type Kolmogorov-Smirnov test to determine the type of data distribution of variable 

longitude (X1), latitude (X2), depth (X3), and magnitude (X4) for each cluster produced 

using the K-Means cluster method.  

 

Then also a chart of histograms and density functions of each distribution which has 

been determined by all variables for each cluster. III. RESULTS AND DISCUSSION 3.1. 

Earthquake Grouping with K-Mean Cluster Approach The 2018 Earthquakes were 



grouped using the K-Means (non-hierarchical) cluster approach. This approach is used 

when taking into consideration the large size of the data. Determination of the number 

of clusters (groups) based on the subjectivity of researchers by considering the 

earthquakes distribution of scatterplot variables X1 and X2 as shown in Fig. 4. Figure 4.  

 

Scatterplot of earthquakes 2018 based on X1 and X2 in Province of NTB. According to 

the scatterplot results in Fig. 4, one obtains that in general there is data clustered into 3 

clusters and some data are spread. Then the cluster process is performed on the 

variables that have been determined namely the location of the earthquake, latitude, 

longitude, depth and magnitude. The following Table 1 is the first display of the data 

clustering process before iterating the previous standardization because the data used 

varies in units.  

 

Next iterations are performed in the clustering process and it turns out that the iteration 

is carried out through 10 stages to get the right cluster and the minimum distance 

between cluster centers that occur from the iteration results is 6.302. The final results of 

the clustering process are shown in Table 2. Table 1. Clustering process of 2018 

earthquake data in Province of NTB (before iteration). Variable Cluster 1 2 3 Zscore: X1 

1.45480 - 4.04817 0.09071 Zscore: X2 - 2.35541 0.93162 0.40246 Zscore: X3 - 0.41887 - 

0.41887 1.33387 Zscore: X4 - 0.76757 - 0.96064 4.44514 Table 2. The Final Results of the 

2018 Earthquake Data Clustering Process in Province of NTB. Variable Cluster 1 2 3 

Zscore: X1 0.49342 - 0.62958 0.04905 Zscore: X2 - 0.55606 0.88867 - 0.52558 Zscore: X3 

- 0.24588 - 0.37585 1.78573 Zscore: X4 - 0.23541 - 0.15161 1.16306 Based on the Anova 

table, the probability value (sig) is less than 0.05, so it can be concluded that there are 

differences in the variables in cluster 1, cluster 2, and cluster 3. The number of 

earthquake events in cluster 1 is 78 events, cluster 2 is 63 events, and cluster 3 is 24 

events.  

 

The number of earthquake events in cluster 1, cluster 2 and cluster 3 based on regency 

areas in NTB Province can be shown by Table 3. 1 8 1 Grouping of Tectonic Earthquakes 

in the Province of Nusa Tenggara Barat Indonesia with K-Means Cluster Method 

Approach and Determination of Distribution Type Table 3. Number of 2018 Earthquake 

Events for Cluster 1, Cluster 2, and Cluster 3 by Regencies in Province of NTB.  

 

Regency Cluster Total 1 2 3 East Lombok 30 33 10 73 North Lombok 48 0 13 61 West 

Lombok 0 2 1 3 Central Lombok 0 2 0 2 Sumbawa 0 25 0 25 West Sumbawa 0 1 0 1 

Total 78 63 24 165 The distribution of earthquake results from clustering can be shown 

with Fig. 5. Based on Fig. 5, earthquakes location in cluster 1 is indicated by red colour, 

cluster 2 is shown in blue, and yellow colour indicates earthquakes location of cluster 3. 

Figure 5. Distribution of earthquakes for Cluster 1, cluster 2, and cluster 3 in Province of 



NTB. The scatterplot can be shown for the distribution of earthquake clusters 1, cluster 

2, and cluster 3 based on data of X1, X2, dan X3 variables as shown in Fig. 6.  

 

Figure 6. Scatterplot based on X1, X2, and X3 of 2018 earthquake data in Province of 

NTB for cluster 1, cluster 2, and cluster 3. Based on Fig. 6, it seems that deeper 

earthquakes are less frequent compared to earthquakes that spread closer to the 

surface. Clusters 1 and clusters 2 occur frequently in X3 at intervals of km while 

earthquake events for cluster 3 spread at X3 intervals of around km. The tectonic 

earthquake for cluster 1 can be shown with Fig. 7. Based on Fig. 7 it appears that the 

distribution of earthquakes occurs dominant in the Regency of East Lombok and North 

Lombok. Figure 7. Distribution of earthquake for Cluster 1 in Province of NTB.  

 

The tectonic earthquake distribution in Province of NTB for Cluster 2 can be shown with 

Fig. 8. Based on Fig. 8, the distribution of earthquake occurred dominant in East Lombok 

Regency and surrounding areas. 1 8 2 Grouping of Tectonic Earthquakes in the Province 

of Nusa Tenggara Barat Indonesia with K-Means Cluster Method Approach and 

Determination of Distribution Type Figure 8. Distribution of earthquake for Cluster 2 in 

Province of NTB. On the other side, the dominant earthquake distribution for Cluster 3 

occurred in North Lombok and East Lombok Regencies as shown in Fig. 9. Figure 9. 

Distribution of earthquake for Cluster 3 in Province of NTB.  

 

Scatterplot of earthquake for cluster 1 based on data of X1, X2, and X3 can be shown 

with Fig. 10.a. Based on Fig. 10.a can be seen that the distribution of earthquake occurs 

at depth intervals of km and rarely occurs at depth intervals of km and km. Furthermore, 

it can be shown the distribution of cluster 2 earthquake activity using scatterplots based 

on earthquake data of X1, X2, and X3 as shown in Fig. 10.b. Moreover, Fig. 10.b shows 

that earthquakes often occur at depth intervals of km while the opposite is rare in 

intervals km and km. Then, it can be shown the scatterplot of cluster 3 earthquake 

events based on X1, X2, and X3 data as shown in Fig. 10.c.  

 

It is seen that earthquake events do not accumulate at certain depth intervals but 

spread along depth intervals of km. Figure 10. Scatterplot of X1, X2, and X3 earthquake 

data in Province of NTB a. Cluster 1, b. Cluster 2, and c. Cluster 3. Descriptive statistics 

based on earthquake variable data of X1, X2, X3, and X4 per cluster can be shown in 

Table 4, Table 5, and Table 6, respectively. Table 4. Descriptive statistics based on 

earthquake variable data of X1, X2, X3, dan X4 in Province of NTB for cluster 1. Table 5. 

Descriptive statistics based on earthquake variable data of X1, X2, X3, dan X4 in Province 

of NTB for cluster 2.  

 

1 8 3 Grouping of Tectonic Earthquakes in the Province of Nusa Tenggara Barat 



Indonesia with K-Means Cluster Method Approach and Determination of Distribution 

Type Table 6. Descriptive statistics based on earthquake variable data of X1, X2, X3, dan 

X4 in Province of NTB for cluster 3. Based on Table 4, Table 5, and Table 6; it can be seen 

that the earthquake longitude data for cluster 3 has a high Standard Deviation (SD) 

value of 0.25523 if compared to the SD value of earthquake longitude data in cluster 1 

and cluster 2 so that it can be said that the earthquake longitude data in cluster 3 has a 

wider variation range when compared to the earthquake longitude data for cluster 1 

and cluster 2.  

 

The negative skewness value (< 0) of earthquake longitude data for cluster 1 and cluster 

2 shows that the distribution shape of earthquake longitude data in cluster 1 is 

negatively skewed because the tail is from the distribution point data referred to left. On 

the other hand, a positive skewness value (> 0) of earthquake longitude data for cluster 

3 indicates that the distribution shape of earthquake longitude data is positively skewed 

because the tail of the data distribution point is intended to the right.  

 

Furthermore, the kurtosis value of earthquake longitude data for cluster 1, cluster 2 and 

cluster 3 has a value < 3 so that the center of the data distribution has a flatter peak 

(platykurtic). The earthquake latitude data in cluster 2 has a high SD which is 0.09103 

when compared to SD of Cluster 1 and Cluster 3. This shows that earthquake latitude 

data in Cluster 2 is wider in the range of variation when compared to Cluster 1 and 

Cluster 3. The negative skewness value (<0) for earthquake latitude data in cluster 1 

indicates that the distribution shape of earthquake latitude data in cluster 1 is negative 

because the tail of the data distribution point is referred to the left.  

 

On the other hand, the positive skewers value (> 0) for the earthquake latitude data in 

cluster 2 and cluster 3 shows that the shape of the data distribution is positively skewed 

because the tail of the data distribution point is intended to the right. The kurtosis value 

of earthquake latitude data for cluster 1 and cluster 3 is smaller than 3 (< 3) so it shows 

that the center of the distribution of earthquake latitude data in cluster 1 and cluster 3 

has a more horizontal peak (paltykurtic). On the other hand, the kurtosis value of 

earthquake latitude data in cluster 2 is greater than 3 (>3). This shows that the center of 

the earthquake latitude data distribution in cluster 2 has a sharper peak.  

 

Furthermore, based on Table 4, Table 5, and Table 6, earthquake depth data of cluster 3 

has a high SD value that is 8.04588 when compared to cluster 1 and cluster 2. This 

indicates that depth data in cluster 3 has a wide variation in range when compared with 

the earthquake depth data in cluster 1 and cluster 2. The positive skewers value (> 0) for 

the earthquake depth data in cluster 1 and cluster 2 shows that the distribution shape of 

the earthquake depth data distribution in cluster 1 is negatively skewed because the tail 



from the data distribution point is intended to the left. On the other hand the negative 

skewness value (< 0) for the earthquake 2 and cluster 3 indicates that the shape of the 

data distribution is positive skewed because the tail of the data distribution point is 

intended to the right.  

 

The value of kurtosis of earthquake depth data in cluster 1 and clusters 2 is > 3 so that 

the middle part of the data distribution has a rather sharp peak (leptokurtic). While the 

earthquake depth data of cluster 3 is < 3, this means that the middle portion of 

earthquake depth data distribution in cluster 3 has a flatter peak (platykurtic). The 

earthquake magnitude data of cluster 3 also has a high SD that is 0.82304 when 

compared to the earthquake magnitude data of cluster 1 and cluster 2 based on Table 4, 

Table 5, and Table 6.  

 

This 1 8 4 Grouping of Tectonic Earthquakes in the Province of Nusa Tenggara Barat 

Indonesia with K-Means Cluster Method Approach and Determination of Distribution 

Type means that the earthquake magnitude data of cluster 3 is wider in the range of 

variation when compared with cluster 1 and cluster 2. The skewness value (> 0) for 

earthquake magnitude data of cluster 1, cluster 2 and cluster 3 shows that distribution 

shape of earthquake magnitude distribution data is negative because the tail of the data 

distribution point is referred to the left.  

 

On the other hand, earthquake magnitude data in cluster 1, cluster 2, and cluster 3 have 

kurtosis values < 3 so that the middle portion of the magnitude distribution of cluster 1, 

cluster 2 and cluster 3 has a flat peak (platykurtic). 3.2. Types of Clustering Results Data 

Distribution In this section, the determination of the type of distribution of earthquake 

data variables X1, X2, X3, and X4 in Province of NTB for cluster 1, cluster 2, and cluster 3. 

Before determining the type of distribution will be shown a boxplot based on variable 

earthquake data X1, X2, X3, and X4 in Province of NTB for cluster 1, cluster 2, and cluster 

3.  

 

The following boxplot of earthquake data plot X1 shows for cluster 1, cluster 2, and 

cluster 3 as embedded in Fig. 11. Figure 11. Boxplot for cluster 1, cluster 2, and cluster 3 

based on earthquake data of a. X1, b. X2, c. X3, and d. X4. Based on Fig. 11.a can be seen 

that there are outliers in earthquake data X1 for cluster 1 (17th data) and cluster 2 (2nd 

data) while in cluster 3 there is no outliers. Then the data median value of Cluster 1, 

Cluster 2, and Cluster 3 is not the same as the highest median value of X1 data for 

Cluster 2 while the lowest is in Cluster 3.  

 

On the other hand it can be concluded that the X1 data for Cluster 1, Cluster 2, and 

Cluster 3 asymmetrical and different of data distribution. The highest variance in X1 data 



for cluster 3 is due to the wide boxplot shape (Fig. 11.a). The minimum data is 116 and 

the maximum is below 117. Then a boxplot will be shown from the X2 data for cluster 1, 

cluster 2, and cluster 3 with Fig. 11.b. Based on Fig. 11.b shows that there is outliers data 

in X2 data for cluster 3, that is 23rd data while in cluster 1 and cluster 2 there is none. 

Based on Fig. 11.b, X2 data for cluster 1 and cluster 3 look asymmetrical while cluster 2 

looks almost symmetrical and the location of the median value is different. The highest 

median value is in Cluster 1 of data X2 with the maximum number below -8.2  

 

while the minimum number is above -8.4. Very low variance is in the X2 data for cluster 

2 with a minimum number above -8.5 while the maximum is under -8.2. The boxplots of 

X3 data for cluster 1, cluster 2, and cluster 3 can be shown with Fig. 11.c. Based on the 

boxplot of X3 data as shown in Fig. 11.c shows that cluster 1 has many outliers (4th, 

11th, 13th , 19th and 20th data) because it has a very high value above the normal 

diversity while cluster 2 also has some outliers (8th, 9th, 15th, and 22nd data ) because it 

has a very high value above normal diversity and has the lowest value below normal 

diversity. Cluster 3 has no outlier value and has a high variance. On the other hand, X3 

data for cluster 1 and cluster 2 has a low variance. Based on Fig. 11.c, it also appears that 

the highest median value is in cluster 1 while the lowest median value is in cluster 2.  

 

Boxplots of X4 data for cluster 1, cluster 2 1 8 5 Grouping of Tectonic Earthquakes in the 

Province of Nusa Tenggara Barat Indonesia with K-Means Cluster Method Approach and 

Determination of Distribution Type and cluster 3 can be shown with Fig. 11.d. In Fig. 

11.d, it appears that the data X4 for cluster 1, cluster 2, and cluster 3 is not symmetrical 

with the location of the median value is not the same. The highest median value is in 

cluster 3 while the lowest is in cluster 1. On the other hand, the data X4 variance for 

cluster 3 is very high. This can be seen that the boxplot shape is wide as depicted in Fig. 

11.d. The minimum number is at 4.1 while the maximum number is close to 7.0.  

 

Based on the boxplots of X1, X2, X3, and X4 data for cluster 1, cluster 2, and cluster 3 it 

can be assumed that the data distribution is not normal but tends to be other types of 

distribution. For this reason, the type of data distribution X1, X2, X3, and X4 for the three 

clusters will be determined by testing the distribution type. The distribution test used in 

this study is the Kolmogorov-Smirnov Test (K-S) with ? = 0.05. The process of testing the 

distribution type on the X1 earthquake data in Province of NTB for cluster 1 using the 

K-S test shows that the X1 earthquake data follows several distributions namely the Burr, 

GEV, and Lognormal distribution.  

 

However, X1 earthquake data of cluster 1 tends to follow the Burr distribution because 

the P-value is greater so it can be concluded that X1 earthquake data of cluster 1 is 

closer to the Burr distribution. In detail the results of the test can be shown in Table 7. 



Furthermore, histogram and density function graph of the Burr, GEV, and Lognormal 

distribution are made as shown in Fig. 12.a. Based on Fig. 12.a, it appears that X1 

earthquake data is more likely to follow the Burr distribution.  

 

Then the histogram graph shows that the X1 earthquake data is not symmetrical (the 

histogram and density function graph are negative skewed) so that it can be concluded 

that X1 earthquake data of cluster 1 is not normally distributed. On the other hand, 

testing of the type of distribution was also carried out using the K-S test for cluster 2. 

The test of data distribution results can be shown by Table 8. Based on Table 8, it can be 

seen that the Weibull distribution has a large P-value when compared to the other two 

distributions so it can be concluded that X1 earthquake data of cluster 2 follows the 

Weibull distribution.  

 

This can be shown by the Weibull density function graph and histogram shown by Fig. 

13.a. Based on Fig. 13.a shows that the histogram and graph of the Weibull density 

function are negatively skewed so that it can be concluded that the X1 earthquake data 

is not normally distributed. Furthermore, testing the distribution type for X1 earthquake 

data of cluster 3 also using the K-S test and the results can be shown in detail with Table 

9. Table 7.  

 

K-S test results of earthquakes data X1, X2, X3 , dan X4 2018 cluster 1 in Province of 

NTB. Table 8. K-S test results of earthquakes data X1, X2, X3 , dan X4 2018 cluster 2 in 

Province of NTB. 1 8 6 Grouping of Tectonic Earthquakes in the Province of Nusa 

Tenggara Barat Indonesia with K-Means Cluster Method Approach and Determination of 

Distribution Type Table 9. K-S test results of earthquakes data X1, X2, X3 , dan X4 2018 

cluster 3 in Province of NTB. Based on Table 9, it can be seen that the X1 earthquake 

data in cluster 3 follows three types of distribution, namely GEV, Lognormal, and Weibull 

distribution.  

 

Furthermore, it can be concluded that X1 earthquake data of cluster 3 tends to follow 

the GEV distribution. This is further confirmed by the P-value of the GEV distribution 

which is greater when compared to the other two distributions. Next the histogram and 

graph of the three distribution density functions referred to as Fig. 14.a. Based on Fig. 

14.a shows that histogram graph of GEV distribution density function is positively 

skewed so it can also be concluded that the earthquake data in cluster X1 is not 

normally distributed.  

 

The X2 earthquake data of cluster 1 was tested using the K-S test and the results can be 

shown in Table 7. Based on such data in Table 7, one finds X2 earthquake data follows 

GEV and Logistics distribution. However, P-value of the GEV distribution is greater than 



the logistic distribution so that it can be concluded that X2 earthquake data of cluster 1 

is distributed by GEV. The histogram and graph density function of the GEV and logistics 

distribution can be shown with Fig. 12.b. Based on Fig. 12.b  

 

shows that the histogram and graph of the density function of two distributions are 

negatively skewed so that it can also be concluded that the X2 earthquake data of 

cluster 1 is not normally distributed. Furthermore, X2 earthquake data of cluster 2 

followed GEV and Logistics according to the results of the type of distribution test using 

the K-S test. The results can be shown detail in Table 8. Based on Table 8, it can be seen 

that the P-value of the GEV distribution is greater than the Logistics distribution so that 

it can be concluded that the X2 earthquake data has a GEV distribution.  

 

The histogram graph and the density function of both distributions referred to can be 

shown with Fig. 13.b. Based on Fig. 13.b shows that the histogram and the density 

function graph are negatively skewed so that it can be concluded that the earthquake 

data in cluster X2 2 is not normally distributed. On the other hand, X2 earthquake data 

of cluster 3 follows the GEV and Logistics distribution. This is based on the K-S test 

results shown in Table 9.  

 

Based on Table 9, it can be concluded that the earthquake data of cluster X2 is GEV 

distributed because the P-value is greater than the Logistics distribution. Next the 

histogram and the density function graph of GEV and Logistics distribution can be 

shown with Fig. 14.b. The histogram and the density function graph of GEV and Logistics 

distribution are shown negatively skewed in Fig. 14.b. The result shows that the X2 

earthquake cluster 3 data is not normally distributed.  

 

1 8 7 Grouping of Tectonic Earthquakes in the Province of Nusa Tenggara Barat 

Indonesia with K-Means Cluster Method Approach and Determination of Distribution 

Type Figure 12. Histogram and Probability Density Function graph based on earthquake 

data a. X1, b. X2, and c. X4 for cluster 1 in Province of NTB. Figure 13. Histogram and 

Probability Density Function based on earthquake data a. X1, b. X2, and c. X4 for cluster 

2 in Province of NTB. The X3 earthquake data can only be appointed that distribution 

test results of X3 earthquake data for cluster 3 because the X3 earthquake data for 

clusters 1 and 2 do not fit one of the distributions.  

 

The results of testing the distribution type using the K-S test can be shown in Table 9. 

Table 9 shows that the Weibull distribution has a P-value greater than the Lognormal 

and Gamma distribution so that it can be concluded that the X3 earthquake data of 

cluster 3 is Weibull distribution. The histogram and function of the third density of the 

intended distribution can be indicated by Fig. 14.c. Based on Fig. 14.c  



 

shows that the histogram and density function graph tend to be negatively skewed so 

that it can be said that X3 earthquake data of cluster 3 is not normally distributed. Based 

on the K-S test results with ? = 0.05, it turns out that the X4 earthquake data in Cluster 1 

tends to follow three types of distribution, namely the Burr, GEV, and Gamma 

distribution as shown in Table 7. Based on Table 7, the distribution that tends to be 

approached by the X4 earthquake data in cluster 1 is Burr distribution compared to GEV 

and Gamma distribution. The distribution graph can be shown with Fig. 12.c. Based on 

Fig. 12.c, it appears that the X4 earthquake data in cluster 1 is more closed to the Burr 

distribution compared to the GEV and Gamma distribution. Furthermore, X4 earthquake 

data cluster 2 was tested using the K-S test and ? = 0.05 so the results can be shown 

with Table 8. Based on Table 8, it appears that X4 earthquake data in Cluster 2 is closer 

to the Burr distribution. The histogram and density function graph of X4 earthquake 

data in Cluster 2 can be shown with Fig. 13.c.  

 

Based on Fig. 13.c, shows that X4 the earthquake data of cluster 2 follows the Burr 

distribution compared to the GEV and Gamma distribution. The earthquake X4 

earthquake data in Cluster 3 was also tested using the K-S test and ? = 0.05 and the 

results can be shown detail in Table 9. 1 8 8 Grouping of Tectonic Earthquakes in the 

Province of Nusa Tenggara Barat Indonesia with K-Means Cluster Method Approach and 

Determination of Distribution Type Figure 14. Histogram and Probability Density 

Function graph based on earthquake data a. X1, b. X2, c. X3, and d. X4 for cluster 3 in 

Province of NTB.  

 

Based on the results in Table 9, X4 earthquake data of cluster 3 is closer to the Burr 

distribution when compared to the GEV and Weibull distribution. The histogram and its 

probability density function graph can be shown with Fig. 14.d. Based on Fig. 14.d, it can 

be seen that the histogram and density function of X4 earthquake data of cluster 3 are 

positively skewed so that it can be concluded that the cluster X4 earthquake data of 

cluster 3 is not normally distributed. Based on Fig. 12, Fig. 13, and Fig.14 shows that the 

histogram and density function graph from each of the X1, X2, X3, and X4 earthquake 

data (in Province of NTB) for cluster 1, cluster 2, and cluster 3 are either left or right 

skewed.  

 

This shows that the distribution of earthquake data X1, X2, X3, and X4 is not symmetrical 

so it can be concluded that the earthquake data X1, X2, X3, and X4 for cluster 1, cluster 

2, and cluster 3 are not normally distributed. IV. CONCLUSION Based on the significant 

discussion in the previous section, it can be concluded that the distribution of 

earthquakes in NTB Province is more dominant in North Lombok and East Lombok 

Regencies. The earthquake in NTB Province was grouped into 3 clusters with the 



K-Means cluster approach method.  

 

Based on the test results of distribution types using K-S test for cluster 1, cluster 2, and 

cluster 3, it was obtained that the distribution types on earthquakes consisted of : a. 

Longitude data (X1) for cluster 1 following the Burr distribution, cluster 2 following the 

Weibull distribution, and cluster 3 following the GEV distribution; b. Latitude data (X2) 

for cluster 1, cluster 2, and cluster 3 following the GEV distribution; c. Depth data (X3) for 

cluster 1 and cluster 2 does not follow one type of distribution while cluster 3 follows 

the GEV distribution; and d.  

 

Magnitude data (X4) for cluster 1, cluster 2 and cluster 3 following the Burr distribution. 

This research can be expanded by grouping earthquake events in the regency in NTB 

Province using the concept of hierarchical cluster method. Then it must be progressed 

by determining the type of distribution of each cluster. Acknowledgement The authors 
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