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Abstract. Thoha AS, Saraswita N, Sulistiyono N, Wiranata D, Sirait SM, Inaldi R. 2022. Analysis of land cover changes due to forest 
fires in Gunung Leuser National Park, North Sumatra Province, Indonesia. Biodiversitas 23: 1420-1426. Forest and land fires occur 
almost every year with significant impacts and losses on the environment and various sectors including conservation areas. Gunung 

Leuser National Park (GLNP) is a conservation area in danger of losing its forest cover due to slash-and-burn land clearing. This study 
aimed to analyze land cover changes due to forest and land fires in GLNP of North Sumatera Province. Data of hotspots, satellite 
images, land cover maps, and field verification were used to see the transition of land cover changes before and after forest and land 
fires. Temporal and spatial analyses were carried out to see the trend of these changes. Field surveys were also conducted to verify 
hotspots as locations for forest fires, burned land, and human activities causing the fires. This study found that 2010 had the highest 
hotspots reported from 2001 to 2019. There were indications of a fairly massive forest fire in 2010, as evidenced by the identification of 
burned land on satellite images. The burned land was near the outer boundary of the GLNP area and expanded into the area in the 
following period. Before 2010, the area of the non-forest cover was not too large. After 2010, there was an increase in non-forest land 
cover, presumably due to increased access to enter the area after the forest was cleared after the fire. During almost 20 years, the 

primary dryland forest in the study area remained only 6% of the initial area. At least more than 200 ha of forest area is reduced in the 
study area every year. The burned lands in the following years tended to become plantation land. Plantation land cover increased by 
around 90% during 2000-2019 in the research sites. This study expects that GLNP management and various parties need to prevent the 
expansion of forest clearing because the strategic role of GLNP as a world heritage is currently in danger. 
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INTRODUCTION 

Forest and land fires occur almost every year, with 

significant impacts and losses in various sectors. Forest and 

land fires occur annually throughout Indonesia, produce 

large greenhouse gas emissions (Page et al. 2002) and 

cause regional air quality problems (Crippa et al. 2016). 

Land and forest fires in Indonesia are influenced by climate 

(Fanin and van der Werf 2017) and land cover changes 
(Prasetyo et al. 2016). A proper understanding of 

agricultural and plantation land management is needed to 

minimize fires and their related environmental impacts 

(Meijaard and Sheil 2019; Wijedasa et al. 2019). 

Emissions resulting from forest and land fires in 

Indonesia contribute to climate change and exacerbate air 

quality problems (Crippa et al. 2016; Marlier et al. 2013). 

Major fires across Indonesia in 2015 produced 700-800 

million tonnes of CO2 (Huijnen 2016; Kiely et al. 2019), 

affecting 69 million people due to poor air quality (Crippa 

et al. 2016). Exposure to air pollution is estimated to cause 
11,880 deaths in the short term (Crippa et al. 2016) and 

100,300 premature deaths in the long term (Koplitz et al. 

2016). Peatland areas experiencing rapid land cover 

changes and frequent fires in central and southern Sumatra 

and southwest Kalimantan contribute the most to regional 

air quality problems (Astiani et al. 2019; Reddington et al. 

2014). 

Major fires in Indonesia occur mainly during dry years 

associated with the El Nino Southern Oscillation and 

Indian Ocean Dipole (Fanin and Van der Warf 2017) with 

nonlinear fire sensitivity to dry conditions (Field et al. 

2016). Moreover, deforestation has caused a lot of 

combustible material and increased the flammability of 
peat (Taufik et al. 2017). This indicates that anthropogenic 

land cover changes have altered the occurrence of fires 

throughout Indonesia. 

The study by Gaveau et al. (2017) stated that fires occur 

every year in all areas of Indonesia, even in years without 

drought. Studies using satellites for fire detection (van der 

Werf et al. 2008; Fanin and van der Werf 2017) and burned 

areas (Giglio et al. 2018) provided updated information 

about fire occurrence and its relationship to climate change 

and land use.  

Changes in land cover are mostly caused by human 
activities (Thoha and Ahmad 2018; Thoha et al. 2019). 

Studies identified that the causes of forest and land fires 

include a dispute over land ownership and use, forest 

degradation practices, and land clearing for plantations. 

Prasetyo et al. (2016) also found that land cover in Jambi 

Province tends to change from unmanaged land to 

plantation after fires incident. 

mailto:a.siddik@usu.ac.id


THOHA et al. – Analysis of land cover changes 

 

1421 

This study focused on analyzing of the dynamics of 

various types and areas of land cover before and after fires 

in the Gunung Leuser National Park (GLNP), North 

Sumatera Province. The GNLP is known as an ecosystem 

with biodiversity in Sumatra Island. As a national strategic 

area, GLNP has a high value as a world heritage site but is 

in danger of losing its forest cover due to encroachment, 

illegal logging, land clearing for palm oil plantation, and 

road constructions (MoEF 2014). The previous research by 

Thoha et al. (2021) detected land cover change by satellite 
imagery but not have found how big the changing yet. This 

study aims to analyze land cover changes due to forest and 

land fires in GLNP, North Sumatera Province. This study is 

expected to provide recent information related to land 

cover dynamics in GLNP to assist forest management and 

forest and land fire control. 

MATERIALS AND METHODS 

Study area 

This research was conducted around the Gunung Leuser 

National Park (GLNP), Langkat District, North Sumatra 

Province, Indonesia. The site of field data collection was in 
hotspot-detected areas in the GLNP area in North Sumatra 

Province. This research was conducted for six months from 

June to October 2021. The research site is presented in 

Figure 1. 

Procedure 

This study used secondary data of hotspots distribution 

in 2001-2019 obtained from the Terra/Aqua satellite with a 

Moderate-resolution Imaging Spectroradiometer (MODIS) 

sensor. It can be accessed from the NASA Active Fire Data 

website via 

https://firms.modaps.eosdis.nasa.gov/download, forest area 

map provided by the Ministry of Environment and Forestry 

(KLHK), and Landsat 8 OLI image of the GLNP area in 

2000, 2005, 2010, 2013, 2016, and 2019 which can be 
downloaded from https://earthexplorer.usgs.gov. 

The hotspots used were those from 2001-2019. The 

hotspots were monitored from remote sensing satellite data 

and were actual fire events occurring in the field. The 

higher the level of confidence, the higher the potential that 

the hotspot is a forest and land fire. Hotspots that have a 

strong indication of fire incidents have a level of 

confidence above 50% (Giglio et al. 2020). In this study, 

the hotspots were reclassified using a GIS tool, which was 

ArcGIS 10.8 to separate only hotspots with a confidence 

level above 80. The hotspots used in this study were those 
at all levels of confidence for determining temporal and 

spatial patterns. To determine locations that have strong 

indications of forest and land fire and land cover dynamics, 

hotspots with levels of confidence above 80 were used. 

  

 

 

 
 
Figure 1. The study area of Gunung Leuser National Park of Langkat District, North Sumatra Province, Indonesia (red polygon) 
 

 

https://firms.modaps.eosdis.nasa.gov/download
https://earthexplorer.usgs.gov/
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Data analysis 

The data analysis carried out consisted of analyzing the 

hotspots' temporal, spatial, and attribute data. The temporal 

data analysis was carried out to determine the distribution 

of hotspots from time to time, so the highest hotspot 

density was determined as the reference for the year of fire. 

The spatial data analysis consisted of image processing and 

land cover identification. The attribute data analysis 

analyzed the distribution of hotspots indicating strong 

forest fires based on the location of the conservation area, 
density, and distribution per land cover. 

Field verification and interviews at selected locations 

based on hotspot density were carried out to determine land 

cover changes, including community farming patterns. 

Furthermore, community farming patterns in North 

Sumatra were also observed to determine the factors 

causing forest fires that resulted in land cover change/use. 

Analysis of causal factors was carried out to determine the 

impact caused by forest fires. 

The land cover was identified using ArcGIS software 

version 10.3. The satellite image was classified using 
Landsat 5 and Landsat OLI 8 in 2001, 2005, 2010, 2013, 

2016, and 2019. The land cover types were classified using 

visual interpretation methods only in hotspot detected areas 

of GLNP in the North Sumatera Province region. The 

visual interpretation method was based on the Technical 

Guidelines for Interpreting Medium Resolution Satellite 

Image to Update National Land Cover Data (KLHK 2020). 

The visual interpretation method was a land cover 

classification technique from satellite images by inferring 

the specific characteristics of objects in the image based on 

the color, shape, size, pattern, shadow, texture, and 
location. The attribute data analysis was carried out to 

make it easier to analyze changes in the type and area of 

land cover. The analysis of land cover changes was carried 

out by comparing land cover before and after the fires. 

During this period, land cover changes can be determined. 

The accuracy test used in this study was the overall 

accuracy-test calculated using a confusion matrix. The 

calculated accuracy is overall accuracy calculated using the 

formula according to Firmansyah et al. (2019) as follows: 

 

Overall accuracy =  

 

Xii : Diagonal value of the i-th row and i-th column of 

the contingency matrix 
X+I : Number of pixels in the i-th column  

Xi+ : Number of pixels in the i-th row  

N : Number of pixels in the example  

 

Overall accuracy is defined as the total class classified 

divided by the total class. In the process of making the 

training area, various combinations were made to obtain 

the best results in the accuracy test. The combinations were 

made with various sizes, including the combination of 

large, small, and moderate size training areas. The 

collection of accuracy test points was carried out through 

field surveys. 
In the assessment of accuracy, there are main criteria 

for land cover classification systems from satellite imagery. 

According to Firmansyah et al. (2019), based on the 

guidelines for processing satellite data, the level of 

classification accuracy assessment used must not be less 

than 75%. 

RESULTS AND DISCUSSION 

Distribution of hotspots in the Gunung Leuser National 

Park 

Over 19 years, hotspot fluctuations were detected in 

Gunung Leuser National Park, North Sumatera Province. 

There was an increase in the number of hotspots in 2004-
2005, and then it decreased in the following year. 

Furthermore, there was a sharp increase in the number of 

hotspots in 2010. The year 2010 was used as a reference to 

trace the trajectory of land cover changes that were 

considered to be caused by forest fires in the GLNP forest 

area. The year 2010 was also used as a reference as the 

time of the occurrence of forest fires in GLNP of North 

Sumatera Province. 

Figure 2 shows that Gunung Leuser National Park of 

North Sumatra Province area has a consistent distribution 

of hotspots in certain areas every year. Since the GLNP 
area is a conservation area with the status of a World 

Heritage Site and has received international attention, slight 

disturbances to the area must be investigated. 

Identification of land cover in hotspot detected area 

Analysis of land cover changes through satellite images 

shows the dynamics of land cover changes in areas 

detected by hotspots. The trajectory of land cover through 

analysis of satellite images in the GLNP of the North 

Sumatera Utara area is presented in Figure 3. In 2010, in 

the GLNP area in Langkat District, the most hotspots were 

detected in the 2001-2019 period. The presence of hotspots 
indicates land clearing by burning to clear forest land, 

which is converted to other uses such as agricultural land, 

plantations, or land claim purposes. 

 

 

 

 
Figure 2. Hotspot number in GLNP of the North Sumatra 
Province, Indonesia area in 2001-2019 
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The land cover identified based on satellite image 

analysis shows that GLNP of the North Sumatera Utara 

area has not been entirely forested since 2000. In 2000, 

other land covers were found besides forests, consisting of 

plantations, dry agricultural land, and open land. The 

condition of forest cover declined in the GLNP of North 

Sumatera Utara area in 2010 is shown in Figure 3C. In 

2010, many hotspots were detected in this area with an 

even distribution, with confidence levels above 80. 

Hotspots indicate land clearing by burning to clear forest 
land for conversion to other uses such as agricultural land, 

plantations, or land claims. 

There were some land cover changes in 2000, 2005, 

2010, 2013, 2016, and 2019. Before 2010 (Figure 3A and 

Figure 3B), there was a visible reduction in the land cover 

of primary dryland forest based on color and hue on the 

satellite image (dark green with a rough hue) to secondary 

dryland forest (green with rough hue), shrubs, and open 

land (yellow and red). In 2000, primary dryland forest 

cover began to decrease due to land clearing for open land 

and dryland agricultural land. Non-forest land cover is 

getting broader, and in 2005 it encroached on the area. 

After 2010, forest conversion to non-forest in the GLNP 

area became more extensive. In 2013, based on the analysis 

of satellite image (Figure 3D), the area that changed to 
non-forest expanded to the west or into the GLNP area. In 

the following year’s development, particularly in 2016-

2019, the area of non-forest land in the GLNP area did not 

increase significantly (Figure 3E and Figure 3F). 

 

 

 

 
 

 
Figure 3. Natural Color Landsat image of hotspot detected area of GLNP, Langkat District, North Sumatra Province, Indonesia in 2000 
(A), 2005 (B), 2010 (C) overlaid with hotspots (white circle), 2013 (D), 2016 (E), and 2019 (F) 
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Land cover changes in the GLNP area due to forest fires 

Land cover changes that occurred in GLNP, Langkat 

District, North Sumatra due to fluctuating forest fires are 

shown in Figure 4 and Table 1. Land cover types (Table 1) 

identified in the research site were primary dryland forest, 

secondary dryland forest, plantation, open land, and shrubs. 

Forest land cover is decreasing, and in 2019, the GLNP 

area where hotspots were detected mostly was dominated 

by plantations. 

From 2000 to 2019, the extent of primary dryland forest 
decreased (Table 1). This area was 4640.27 ha in 2000, but 

it has shrunk to 2359.19 ha by 2005. In 2010, the area of 

primary dryland forest decreased to 963.41 ha, then to 

313.36 ha in 2016, and only 278.35 ha in 2019. During 

almost 20 years, the primary dryland forest in the study 

area remained only 6% of its original size. Every year, at least 

more than 200 ha of forest area is reduced in the study area. 

From 2000 to 2019, the area of primary dryland forest 

declined by 94 percent compared to the previous year. In 

the meantime, the secondary dryland forest suffered year-

to-year fluctuations from 2000 to 2019. The area was 
331.05 ha in 2000, but it dropped to 155.30 ha in 2005. The 

area shrank drastically again to 17.71 ha in 2010, to 36.05 

in 2013, to only 29.10 ha in 2016, and no longer remained 

in 2019. Table 1 shows the downward trend in the area of 

open land every year, from 1307.70 ha to 223.88 ha from 

2000 to 2019. Based on the results of field observations, it 

was found that three areas were suspected of having land 

clearing by burning. The first was in the border area 

between Mekar Makmur Village and the Aceh Refugee 

Farm. The second was in the Aceh refugee farming area. 

The third was located on Mekar Makmur and Harapan 

Maju Villages border. All of these villages were located in 
Sei Lepan Sub-district, Langkat District, North Sumatra 

Province. 

The accuracy test on the land cover classification 

results based on visual interpretation of the satellite 

imagery on the research site in 2019 obtained the accuracy 

value as shown in Table 2. Based on the accuracy-test 

results, the overall accuracy value was 97.5%. This value 

showed that the land cover classification results from the 

visual interpretation are stated to be accurate and closely 

similar to field conditions. The results of a study by Rini 

(2018) showed that the accuracy of an interpretation result 
can be used for analysis purposes if it has an accuracy level 

of at least 80-85%. 
 
 

 

Figure 4. Map of land cover in the hotspot-detected area in the GLNP of Langkat District, North Sumatera Province, Indonesia area in 
2000 (A), 2005 (B), 2010 (C), 2013 (D), 2016 (E), and 2019 (F) 
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Table 1. Land cover area in the hotspot-detected area in the GLNP area 
 

Land cover type 
Year/area (ha) 

2000 2005 2010 2013 2016 2019 

Primary dryland forest 4640.27 2359.19 963.41 460.66 313.36 278.35 
Secondary dryland forest 331.05 155.30 17.71 36.05 29.10 0.00 
Open land 1307.70 2452.93 1136.02 983.94 761.33 223.88 
Plantation 504.79 1737.57 4611.09 5207.77 5680.02 5591.59 

Shrubs 0.00 78.82 20.17 59.98 0.00 690.00 

 

 
Table 2. Results of the validation of spatial analysis with survey points 
 

 

Land cover type 

Field survey results 

Primary 

dryland forest 

Secondary 

dryland forest 

Open 

land 
Plantation Shrubs Total 

Im
ag

e 

an
al

y
si

s 

re
su

lt
s 

Primary dryland forest  0 0 0 0 0 0 
Secondary dryland forest  0 0 0 0 0 0 
Open land 0 0 1 0 0 1 
Plantation 0 0 0 38 1 39 
Shrubs 0 0 0 0 0 0 

 Total 0 0 1 38 1 40 

The calculation results: (1 + 38)/40)*100% = 97.5% 
 
 
 

Discussion 

In general, the climatic conditions in Indonesia in 2010 

did not experience a climate anomaly in the form of El 

Nino, which triggered forest fires. The high number of 

hotspots is an indicator of forest and land fires, according 

to Giglio et al. (2020). The detection of the number of 

hotspots in GLNP of North Sumatera Utara area was 
suspected to be due to human activities for land clearing by 

burning.  

Plantations are a type of land cover that has grown from 

2000 to 2019. The area of the plantation in the GLNP 

region in the study area increased from 504.79 ha in 2000 

to 5591.59 ha in 2019. This means that plantations have 

increased by around 90% from 2000 to 2019. The land 

cover of shrubs in 2000 was not identified, but it 

reappeared in 2005 with an area of 78.82 ha and continued 

to develop until it reached 690 ha in 2019. 

The dynamics of land cover change explain the extent 

of degraded forest, and it turned into non-forest land cover 
due to land clearing activities by burning. Besides, forest 

fires also make the area more accessible, allowing other 

human activities that tend to convert forest into non-forest 

cover. A study by Adrianto et al. (2019) also found a strong 

relationship between forest loss and increasing hotspots in 

the area. Areas that experienced changes in land cover to 

non-forest were increased fire activity. Studies by Thoha 

and Ahmad (2018) and Thoha and Triani (2021) also 

confirm that non-forest areas, especially shrubs, reeds, and 

dryland agriculture, are the main areas for initial fires in 

North Sumatra. 
Plantations often appeared on burned lands. A study by 

Prasetyo et al. (2016) found traces of land cover changes 

after the forest and land fires, in which the forest and 

shrubland covers turned into plantations. The study by 

Thoha et al. (2019) found that the most common cause of 

fires was land conversion to plantations. The land that had 

been burned became plantations in the next period.  

Conservation areas indeed encounter severe challenges 

against the threat of forest and land fires. Tata et al. (2018) 

studied in Riau found a strong relationship between 

hotspots and forest function where conservation areas had 

high scores in forest and land fire activities. 

Based on the results of interviews with communities 

around the area, land cover changes due to forest 
encroachment have occurred since the 1990s. This is 

strengthened by the results of a study by Purwanto (2016) 

which found that encroachment in the Besitang of GLNP 

area began after the influx of Acehnese refugees due to 

armed conflict. The Acehnese refugees who had no place to 

live encroached on the forest by opening up new areas for 

shelter and eventually establishing a settlement. Until that 

time, the Acehnese refugee settlements were spread out in a 

number of refugee blocks covering a number of villages, 

including Sekoci, Sei Minyak, Barak Induk, Dammar 

Hitam, and so on. 

The study by Zaitunah et al. (2019) also mentioned a 
change in forest cover to dryland agricultural land, which 

was quite extensive in the Besitang watershed, including 

the GLNP area. Purwanto’s research (2016) found that the 

encroachment area in GLNP in 2011-2013 in Sekoci 

Village alone reached 6,800 ha. Encroachment was also 

found in other villages like Cinta Raja, Sei Lepan, and Lau 

Sekelam Villages. 

Overall, conservation areas like GLNP encounter the 

threat of land cover changes, one of which is carried out 

with a slash-and-burn system. Detection of land cover 

changes through hotspots can control illegal activities 
within the GLNP area. Hotspots with confidence levels 

above 80 can be used as a strong indicator that there has 

been land clearing activity by burning in the area. 

Furthermore, these data can be used as a basis for subsequent 

handling, both for activities to prevent illegal activities, 

patrols, law enforcement, and ecosystem restoration. The 
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findings of the study very important to promote implication 

of biodiversity conservation program in the future. 
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