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ABSTRACT

Forest and land fire significantly impact the balance of the envi-
ronment, such as haze pollution, destruction of ecosystems, the
high release of carbon in the air, deterioration of health, and losses
in various other fields. Based on these factors, developing an early
warning system is essential to prevent forest fires, especially in
forest and land areas. One of the data that can be used to monitor
areas where there are frequent fires is hotspot data taken from the
NASA MODIS Fire satellite. Data mining techniques are carried out
to process the hotspot data so that the distribution of hotspot
swarms is obtained. The data on the distribution of the clustering
of hotspots are used to detect areas that are prone to fire from year
to year. This study used the K-Means clustering algorithm. The
data used in this study is hotspot data from Malang District, Indo-
nesia. The range of hotspot data from January 2018 to June 2022.
We use Silhouette coefficient testing to get the best number of clas-
ses in the cluster—this study's most recent application of the K-
means clustering method to analyze hotspot distribution in a spa-
tial-temporally. We use hotspot data in Malang's forest and land
area using hotspot confidence levels >80%.

Keywords: Hotspot, Spatial-temporal analysis, K-means, Clustering,
Silhouette coefficient

Introduction

that often occurs in Indonesia is fires. Forest

A disaster is an event or series of events and land fires area in 2022 reached 233,173.40
that threatens and disrupts people's lives and Ha (Ministry of Environment and Forestry of
livelihoods caused by natural and non-natural the Republic of Indonesia, 2022). Without the

factors or human factors. One
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land fires in the next few years can increase in
area. Therefore, early handling must be carried
out to find out the occurrence of fires. One way
to discover a fire's occurrence is to know the
hotspot detected by satellites. Hotspots can be
defined as areas with a relatively higher surface
temperature than the surrounding area based
on a certain temperature threshold monitored
by remote sensing satellites. Hotspots indicate
land and forest fires in a specific area, so the
more Hotspots, the more potential land fire
events. Hotspot location coordinates are taken
from satellite data extraction. The fires that oc-
curred are still difficult to know early. Limited
information on geothermal spots that have the
potential for fires to occur leads to a lack of
early supervision of impending fires. Given the
factors causing the high incidence of fires and
these very adverse impacts, it is essential to de-
velop an early warning system to prevent land
fires, especially in forest and land areas.
Several previous studies have developed
early warning systems by utilizing hotspot
data, including research conducted by Si-
tanggang et al. (2018) which uses algorithms
an ST-DBSCAN to predict the appearance of
hotspots (Sitanggang et al., 2018). Kirana et al.
conducted another study that used Kulldorff's
Scan Statistic method to detect hotspot pattern
distribution in the Sumatra area (Kirana et al,,
2016; Kirana et al, 2015) and Borneo (Si-
tanggang et al, 2020). In addition to using
hotspot distribution data to predict fire-prone
areas, several previous studies have also uti-
lized the vegetation health index (VHI) value.
Some studies that use the value of VHI to indi-
cate fire-prone areas are in (Sun et al,, 2013;
Ririd et al.,, 2020; Ariyanto et al., 2020). This
study used the K-Means method for hotspot
grouping analysis based on spatial and tem-
poral aspects. In this study, the method silhou-
ette coefficient was also used to produce the
most optimal cluster. The K-Means clustering
method is a method commonly used in cluster-
ing-based segmentation. K-means Clustering
is a clustering algorithm widely used to group
data based on the nearest centroid to the data
(Bianto et al., 2008). Using the K-Means method
can make it easier to segment fire points to find
out how big the fire is when it occurs. K-means
was chosen in research because K-Means is a

reasonably simple clustering algorithm that
partitions data into several clustering. K-means
is relatively easy to implement and has also
been widely used.

Hotspot data was obtained from the Na-
tional Oceanic Atmospheric and Administra-
tion (NOAA) satellite and from sensors at-
tached to the MODIS (Moderate Resolution Im-
aging Spectroradiometer) sensors found on the
Terra and Aqua satellites. In this study, the K-
Means method was used for -clustering
hotspots of forest land in the Malang district
area in 2018-2022. The hotspot data source
comes from FIRM MODIS Fire and can be down-
loaded at the
http://earthdata.nasa.gov/data/nrt-
data/firms website address. The data results
from remote sensing from the MODIS (Moder-
ate Resolution Imaging Spectroradiometer)
sensor installed on the Terra and Aqua satel-
lites. The distribution of forest land in Malang
dataset was obtained from the Ministry of En-
vironment and Forestry of the Republic of In-
donesia. The data can be downloaded at
http://pkps.menlhk.go.id /piaps.

This study aims to apply the technique of
grouping hotspots using K-Means clustering on
forest land in the Malang District area. The dis-
tribution pattern of hotspot clusters can be
used to determine areas that have a high den-
sity of hotspots. Areas are known to be used by
the authorities to help strengthen the imple-
mentation of policies in preventing fires from
an early age, for example, by banning burning
in forest land locations that are prone to fire.
This research also aims to build a system that
can group hotspot data containing hotspot in-
formation that can cause fires of various sta-
tuses, such as high, medium, and weak poten-
tial. The system aims to facilitate dissemination
by issuing more accurate and informative in-
formation about field conditions to the public.

After the clustering process, the distribu-
tion pattern will be analyzed based on spatial
and temporal aspects of hotspots in the Malang
District. The benefits of this study are an early
warning system and early detection of forest
fires, especially in Malang District, by providing
an overview of the pattern of clustering hotspot
data on forest land based on its spatial and tem-
poral aspects. Fire-prone areas have been
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known to be used to compile fire control plans,
especially fire prevention, especially in the Ma-
lang District area.

Material and Methods

This study aims to apply the technique of
grouping hotspots using K-Means clustering on
forestland in the Malang District area. After the
clustering process, the distribution pattern will
be analyzed based on spatial and temporal as-
pects of hotspots in Malang. The benefits of this
study are an early warning system and early
detection of forest fires, especially in Malang
District, by providing an overview of the pat-
tern of clustering hotspot data on forest land
based on its spatial and temporal aspects. Fire-
prone areas have been known to be used to
compile fire control plans, especially fire pre-
vention, especially in the Malang District area.

Study Areas

Malang District is located in a highland area,
with coordinates 112°17' 10.9" - 112° 57' 0.0"
East Longitude and 7° 44" 55.11" - 8° 26' 35.45"
South latitude. Figure 1 explains that Malang
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District's area is 334,787 Ha, consisting of 33
sub-districts spread over urban and rural ar-
eas. Malang has varied forests, consisting of
lowland rainforests, mountain forests, produc-
tion forests, protected forests, coastal forests,
conservation forests, and mangrove forests
(malangkab.go.id, 2018). Altitude variations
between 0 to 3000 meters above sea level. The
topography varies from beaches to mountains
with gentle to steep slopes. The total area of
forest areas throughout Malang District is
42,365.2 ha. The status of protected forests and
43,105.1 ha of production forests. The pro-
tected forest is spread over several districts,
namely Donomulyo, covering an area of 421 ha,
Pagak 1,250 ha, Gedangan 787.70 ha, Sumber-
manjing 8,275.7 ha, Tirtoyudho 4,153.7 ha, and
Ampelgading covering an area of 5,223.1 ha
[10].This study clusters hotspot data in forest
and land areas in Malang District, Indonesia,
from January 2018 - June 2022. Based on data
from the detection results of the Terra and
Aqua satellites, the data source was obtained
by FIRM MODIS Fire.

@nan
Tumpang W sional
romo
Tengger
Semeru

Figure 1. Malang District Area

Stages of Research

This section describes the stages of re-
search. The steps carried out in the study con-
sisted of six phases: data collection and
analysis, data preprocessing, implementation

of the K-Means method for determining
hotspot clusters using the K-Means method,
cluster validation, and clustering visualization.
Figure 2 is a flowchart about the stages of re-
search.
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Data Collection

Data
Preprocess

Implementation of the K-Means method for determining hot
spot clusters using the K-Means method

Cluster
Validation

Cluster
Visualisation

Figure 2 Stages of research

a) Data Collection

The data used as the research object is data
on the distribution of hotspots that function as
indicators of forest and land fires. The hotspot
data studied location is in Malang District with
the last 4-year interval, starting from 2018 to
2022. The data has latitude and longitude at-
tributes representing spatial aspects and date
attributes representing temporal aspects. The
data on the distribution of hotspots studied is
in Malang from 2018 to 2022, sourced from
FIRM MODIS Fire. The information on the dis-
tribution of forests and land in Malang from the
Indonesian State Forestry Company. Data on
the distribution of hotspots can be downloaded
at the website address
http://earthdata.nasa.gov/data/nrt-
data/firms. Elements of the location dimen-
sions are the coordinates of the longitude and
latitude of the hotspot that occurs. Meanwhile,
the element of the time dimension is the inter-
val on which the hotspot takes place, which in-
cludes annual, monthly, and daily intervals. The
hotspot data that has been obtained is then an-
alyzed to obtain the appropriate and appropri-
ate attributes. In the data set, data fields are se-
lected that are needed to speed up data calcula-
tions. The required data fields are latitude, lon-
gitude, and date.

b) Data Preprocessing

At this stage, data extraction is carried out,
data selection of hotspots for forest and non-
forest areas, and selection of hotspot distribu-
tion locations. At the extraction stage, a selec-
tion of the desired attributes and records is car-
ried out. This needs to be done because not all
data elements are helpful in decision-making.
Data extraction is performed on the DBF file.
Hotspot data is in CSV (Comma Separated Val-
ues) format. The hotspot data is then repre-
sented as a shapefile with an SHP extension to
facilitate spatial analysis of the data. After that,
a selection of the location of the distribution of
hotspots is carried out per district/district. Af-
ter that, a selection of hotspots is carried out
based on the confidence level. Geothermal
hotspots or hotspots have a confidence level
that indicates that hotspots monitored from
distant sensing satellites are actually the actual
occurrence of wildfires in the region. The
higher the confidence interval, the higher the
potential that the hotspotis aland or forest fire.
According to LAPAN, the MODIS Active Fire
Product User's Guide divides three classes of
trust levels shown in Table 1
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Table 1. Hotspot Trust Level Values

Trust Level Class Action

0% <C230% Low Noteworthy

30% < C=80% Medium Alert

80% <C=100% High It needs to be addressed immediately

c) K-Means Clustering
James MacQueen introduced the K-Means
method in 1976. This method is one of the most
commonly used non-hierarchical methods. The
K-Means clustering algorithm is known for its
simple ability to group big data and outliers
quickly. The K-means stage is shown in Figure
3. The step-by-step in general is (MacQueen,
1967):
1. Determining the number of cluster K
2. Determining the centroid
3. Has the centroid changed? If yes, count the
distance of the data from the centroid if it is
not completed.

4. Group data by distance Nearby.
The formula calculates the distance (Euclid-
ean):

d(p,q) = V(g1 — p)* + (a2 — p2)?

d(x,y) = distance

(q1, p1) = the coordinate of the first point
(g2, p2) = the coordinate of the second
point.

)
/ K value, dataset /

I
K-Means
Clustering

Pattern of Hotspot

Evaluation
Silhoutte
Coefficient

Silhoutte Coefficient
Result

Figure 3 K-Means Clustering Algorithm

d) Silhouette coefficient

The silhouette coefficient is used to meas-
ure an algorithm's effectiveness and effective-
ness (Rousseeuw, 1987). The silhouette value
evaluates an object's cohesion with its

particular cluster in comparison to other clus-
ters. A high number on the silhouette implies
that the object is well-matched to its own clus-
ter and weakly matched to nearby clusters. The
silhouette has a range of 1 to +1. When the
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majority of items have high values, the cluster-
ing configuration is suitable. Numerous points
with low or negative values indicate that there
may be too many or too few clusters in the clus-
tering design. The Silhouette coefficient for-
mula is:

by — agi
max{a(i), b(i)}

Where

S(i) = the silhouette coefficient of the data point
i.

a(i) = the average distance between i and all the
other data points in the cluster to which i be-
longs.

b(i) = the average distance from i to all clusters
i does not belong.

Results and Discussion

This study will discuss the analysis of
hotspot data in Malang District from 2018 to
2022, and the analysis of cluster formation in

Malang District based on spatial and temporal
aspects.

a) Hotspot Data on Forest and Land areas

in Malang District

Figure 4 summarizes hotspot data for four
periods, namely Period 1 (June 2018-May
2019), Period 2 (June 2019-May 2020), Period
3 (June 2020-May 2021), and Period 4 (June
2021-May 2022). Figure 5 shows us the num-
ber of hotspot occurrences in each region of the
Malang district from 2018 to 2022. Based on
Figure 4, it can be seen that there was a signifi-
cant increase in fires in 2019, with 207
hotspots. Forest fires caused an increase in
fires in Malang District in September 2019.
Based on Figure 5, the highest number of the
hotspot are in Tamansari and Ngadas areas.
The largest fire occurred in Bromo Tengger Se-
meru National Park, where the affected area
reached 93.3 hectares (Rousseeuw, 1987). The
number of hotspots has been increasing for
several years; from 2021 to 2022, hotspots in-
creased by 59.37%.

Hotspots Frequency of Malang from 2018 to 2022

250
207
200
150
100
47
50 .
0
Period 1 Period 2

57
39
Period 3 Period 4

Figure 4 Graph of the hotspot in the forest and divinity area of Malang District from 2018 to 2022
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The number of Hotspot in each Region of Malang
District from 2018 to 2022
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Figure 5 Graph of the hotspot in the forest and divinity area of Malang District from 2018 to 2022

b) Distribution of Hotspot Data based on
Spatial Aspects
This study used several variations in the pe-
riod in the Clustering process. The period stud-
ied was the last four years, from June 2018 to
June 2022. Based on the following spatial

aspects, areas prone to fire with the highest fre-
quency of hotspots can be seen in Figure 6. The
villages with the highest frequency of fires are
Tamansari (49%), Ngadas (25%), and Toyo-
marto (4%).

Distribution Fire-Prone Areas of Malang in 2018-2022
1%

2% 1%

1%
o L

\\

0

25%

= Tamansari Ngadas

= Sumber Urip = Pujon Lor

= Langlang = Banjararum

= Toyomarto

= Sumberejo

Harjokuncaran - Donowarih

= Other District

Figure 6 Graph of the pattern of fire-prone villages in Malang District from 2018 to 2022
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c) Distribution of Hotspot Data based on
Temporal Aspects
Figure 6 is a temporal graph of the fire-
prone month in Malang District. It can be seen
that the months of January and December are
the months with the lowest rate of fires. That

month is Indonesia's rainy season, with a
higher rainfall level than other months. Sep-
tember and October are the months with the
highest rates of fire events. One of the factors
causing the high number of fires in the month
is the dry season.

Distribution Fire-Prone of Malang in 2018-2022 (Monthly)

December
November
October
September
August
July

June

May

April

March
February
January

Eeessssssss—— 30/
e 40
30,

0% 5% 10%

15%

20% 25% 30%

Figure 6 Graph of distribution fire-prone in Malang from 2018 to 2022

c) Cluster Results and Analysis of hotspot
distribution using K-Means in 2018-
2022
The hotspot cluster from 2018 to 2022

consists of 3 clusters. In Table 1, it can be seen
that cluster 1 is an area with a high level of fire

Table 1 Hotspot Trust Level Values

density, cluster 2 has a medium density, and
cluster 3 has a low hotspot density. The areas
with the highest compliance are Tamansari,
Pronojiwo, Oro - Oro Ombo, Supiturang,
Tumpang, and several other regions, which can
be seen in Table 1.

Cluster District Pusat Cluster  Radius
Cluster1 - Tamansari — Pasrujambe — Ngadas Latitude: - 18.65 km
(High) — Pronojiwo — Mororejo — Argosari 8.000754

— Oro oro Ombo — Kayukebek - Ngadirejo Longitude:
— Supiturang — Taji — Sumber 112.933871
— Tumpang Putih
Cluster 2 - Pesanggrahan — Bulukerto — Tegalgondo Latitude: - 12.93 km
(Medium) — Pujon Lor — Bumiaji — Kalisongo 8.034280
— Bendosari — Cendono — Giripurno Longitude:
— Sumber Urip — Kalimanis - Jedong 112.594422
Cluster 3 - Harjokuncaran — Gedangan — Dampit Latitude: - 24,57 km
(Low) — Sitiarjo — Jogomulyan — Pamotan 8.364649
— Ringin Kembar - Tirtoyudo — Gedangan Longitude:
— Jambangan 112.753377
IJMABER 3053 Volume 4 | Number 8 | August | 2023
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Figure 7 illustrates the distribution of
hotspot clusters in the Malang area. K-Means
produced 3 clusters for hotspots in the Malang
district. Cluster 1 is a high-density fire cluster
marked with a blue circle. Cluster 2, which in-
cludes areas with a density of medium fire
points, is marked in red. Cluster 3 has a low
density of fire points marked with a purple
color image. The center of the fire is widely
spread in the North and East regions of Malang

District. This is because the forest area is
mainly scattered in the region. Based on rec-
ords from the East Java Provincial Forestry Ser-
vice, from 2014 to 2019, the condition of the
forests in Malang Regency experienced a de-
crease in the total area that was not significant,
where Malang Regency has five types of forest.
Namely production forests, protected forests,
nature reserves, and national parks.

Figure 7 Distribution of hotspot clusters in Malang District from 2018 to 2022

Figure 8 Cluster 1: Area with the highest hotspot density in Malang District from 2018 to 2022
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Figure 8 shows us cluster 1. Cluster 1 illus-
trates that the area with the highest fire points
can be seen in Supiturang, Oro-Oro Ombo, and
Pronojiwo. In addition, fires were also seen
spreading a lot in the Ngadas and Argosari ar-
eas. Cluster 1 radius area reach 18.65 km. With
the center of the cluster in Latitude -8.000754
and Longitude: 112.933871. From 2018 to
2019, several fires were in protected forest ar-
eas and pine forests in cluster 1 regions. This

fire has burned 300ha of forest area and was
caused by deforestation by burning land.
Figure 9 shows us cluster 2, with medium
hotspot density; the fire area is most widely
spread in forestry areas around Sumberurip
and the Toyomarto. The radius of cluster 2
reaches 12.93 km. Figure 3 shows us cluster 3.
Cluster 3 covers the area where the most fires

are the Argotirto area, Harjokuncaran, and
Ringinkembar. The radius of cluster 3 is 24.57
km.

Figure 9 Cluster 2: Area with medium hotspot density in Malang District from 2018 to 2022

Figure 10 Cluster 2: Area with low hotspot density in Malang District from 2018 to 2022
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Conclusion

Based on the results of testing and analysis
of hotspot clustering using the K-Means algo-
rithm with the silhouette coefficient test
method, this research has succeeded in build-
ing a system to analyze the distribution of
hotspot clusters in Malang in 2018-2022. The
data used as the research object is data on the
distribution of hotspots that function as indica-
tors of forest and land fires. The hotspot data
studied location is in Malang District with the
last 4-year interval, starting from 2018 to 2022.
The K-Means method can be implemented to
cluster hotspot data with the results of the clus-
ter formed can be monitored for potential fires
by looking at the average confidence value of
each cluster. Based on the spatial aspects, clus-
ter areas with the highest frequency of
hotspots are Tamansari (49%), Ngadas (25%),
and Toyomarto (4%). From temporal aspects,
the months of January and December are the
months with the lowest rate of fires. That
month is Indonesia's rainy season, with a
higher rainfall level than other months. Sep-
tember and October are the months with the
highest rates of fire events. One of the factors
causing the high number of fires in the month
is the dry season. This study detected 3 clusters
for the hotspot area. The area with the highest
fire point density can be seen in Supiturang,
Oro-Oro Ombo, and Pronojiwo.
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