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Abstract. National parks in Indonesia are valuable assets for the next generations. The urgency 

to maintain and protect their existence from land degradation and deforestation is an obligation. 

Moreover, deforestation is the most severe threat to biodiversity. In Kalimantan, deforestation is 

happening and usually leads to economic loss and poverty. Despite this habitat loss, our ability 

to quantify deforestation in certain areas to improve mitigation measures, meet the needs of 

agricultural land, and increases local communities’ resilience and ensure that their customary 

rights. This study aims to provide models to assess the deforestation rate in Kayan Mentarang 

National Park and give recommendation action based on existing Land Use Zonation. To achieve 

this aim, firstly Landsat images was obtained and analysed to produce land use and land cover 

classification. However, cloud coverage in this area is more than 30% which is too difficult to 

classify the land cover area. This research use alternative resources from JAXA to generate 

deforestation map at study area. Then compile this map into map of Land Use Zonation of KMNP 

to provide specific location of deforestation occurrence. The result showed that deforestation 

rate at KMNP is low, around 3% and the Traditional Zone has the biggest amount of 

deforestation occurrence; 18.727 hectare. This finding would give information to the government 

of KMNP to accelerate empowerment program among indigenous people in term of utilizing 

their customary land in this zone. Moreover, this research suggest the best practical way to 

evaluate deforestation occurrence in KMNP area followed by specific recommendation of each 

land use zonation of KMNP.  

1.   Introduction  
Tropical rain forests in Indonesia play a significance roll in global climate change. Meanwhile, this 

valuable land is also essential to achieve national goals by providing valuable goods and services for 

humans by protecting natural terrestrial biodiversity and accommodating the local community needs. 

Terrestrial conservation areas face various threats caused by human activity and natural disruption. 

According to the FAO (2020), forests currently cover one-third of the global land surface [1]. The total 

global forest land is 4.06 billion hectares, which is continually changing as reduced forest areas occur 

in some countries and forest gains in others. During the 30 year period between 1990 and 2020, forest 

areas decreased from 32.5 ; 30.8 percent, which equals 178 million hectares of forest loss [1]. 

Meanwhile, climate change impacts accelerate the risk of forest loss through forest fire caused by 

extreme high temperatures and short periods of rainfall in the tropical rain forest areas. The main 

objective of this paper is to analyze some basic source and mechanism to assess the free secondary data 

and provide those into deforestation map of KMNP to serve data source of located deforestation. 
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Forest loss information can be utilized to minimize the risk of forest fire, prioritize rehabilitation 

action, and to understanding the right approach to solve land tenure conflicts with the local community 

and government. Nevertheless, several studies about deforestation in Indonesia have analysed land-use 

land-cover change at small to medium size protected areas only. Meanwhile, the benefits of 

understanding deforestation rates in larger scale areas, and how to connect this data to practical issues 

are needed in Kayan Mentarang National Park. Thus, assessing deforestation data and analysing 

possibilities on how to explore the best data is the main focus of this study.  

 

2.   Research Methodology 
This study is a descriptive research using a quantitative approach with GIS tools for analysis. ArcMap 

and ArcGIS are utilized to analyse land use land cover change in the study area. Information related to 

the study area and deforestation studies, form the previous studies in the literature review, is utilized in 

this study. 

2.1.   Study Area 

Kayan Mentarang National Park (KMNP) has been selected as the study area because of its unique 

condition. This national park was established in 1996. This conservation area is a home for at least 11 

tribes of Dayak who live on this area. This national park is the largest national park on Kalimantan 

Island, Indonesia. It is 1.2 million hectares in area and is located between two countries, Indonesia and 

Malaysia. The KMNP is located between 40 07’ 38” 94’ to 020 08” 48.12’ North Latitude and 1150 54” 

06.27’ to 1140 48” 38.90’ South Latitude. This national park is a tropical rain forest, in the North 

Kalimantan Province, that provides excellent biodiversity and resources for fisheries and tourism. This 

conservation area plays an important role as a national border area between Indonesia and Malaysia. 

Moreover, this location has been used as a home for at least 11 Dayak tribes for many centuries. This 

conservation area is managed by the Ministry of Forestry and Environment in three subsection areas 

based on a number of selected criteria and the access availability to the national park.  

 KMNP was established in 1996 based on legal recognition with the issuance of Forestry Ministerial 

Decree Number 1214/Kpts-II/Um/2002. This area was a natural preserve conservation area and human 

activity is totally restricted in this type of forest management the presence of a local community is 

considered a crime against the law. However, in 1996 the central government of Indonesia recognized 

that the indigenous people who live in and around of this conservation area have been dependent on its 

natural resources to fulfil their livelihood since their forefathers. Furthermore, the government has 

change the legal status of the conservation management from the Natural Preserve of Kayan Mentarang 

area into a National Park with special condition to accommodate the importance of protecting natural 

biodiversity along with an effort to accommodate local community existence through their culture and 

tradition practices. 

 

2.2.   Landsat Image 

In this study, Landsat imagery data was collected from the USGS earth-explorer website, provided by 

the U.S. Geological Survey, with the images captured on three dates in the years 1997, 2007 and 2017. 

Each of the images were located specifically in three different locations; path 118 row 57; path 118 row 

58 and path 118 row 59. In total there are 9 different images that were used in this research. 

To develop deforestation maps, Landsat data imagery obtained from Landsat ETM, Landsat 7 and 

Landsat 8 were analysed by using ArcGIS tools. In this section, land-use classification maps from the 

Ministry of Environment and Forestry were used as comparison data to the generated data from the 

study area.  

Iso unsupervised classification was used in this research to determine land-cover in each data scene. 

Natural common Landsat band combinations can display objects in images similar to the appearance of 

the object to the human eye. The Landsat ETM natural band combination was 3; 2; 1. This colour 
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composite is as close to true colour that can be achieved with a Landsat ETM image. In general, this 

combination is also useful for studying aquatic habitats. The limitation of this band combination is that 

images tend to be hazy. While in Landsat ETM and Landsat 7 the natural band combination was 3; 2; 1 

and is quite different to the natural band composition of Landsat 8. Natural band combination of Landsat 

8 is 4; 3; 2, which presents images with the same natural colour perspective. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Flowchart Landsat image analysis 

 

To generate forest loss detection this research used phased Array L-band Synthetic Aperture Radar 

(PALSAR) 

. This website provides Global PALSAR-2/PALSAR/JERS-1 Mosaic and Forest / Non-forest Map with 

25-meter resolution. JAXA (Japan Aerospace Exploration Agency) produces PALSAR/PALSAR-2 

mosaic and forest / non-forest (FNF) maps from the years 2007, 2008, 2009, 2010, 2015, 2016, 2017 

and 2018 (for 2018, the data forest / non-forest information is not included yet).   

 

2.3.   Forest and Non-Forest Image 

Data from the Japan Aerospace Exploration Agency (JAXA) was used to produce forest and on-forest 

global map images with 25-meter resolution. The next step of this research was to analyses existing 

forest and non-forest maps into the Kayan Mentarang National Park area. Two-year’s worth of images 

of Kalimantan Island was downloaded to gather baseline data about deforestation occurrence. Finally, 

this research compared this data with KMNP zonation maps of land-use land-cover from Ministry of 

Forestry to determine recommendation for action based on the amount of deforestation. 
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Figure 2. Flowchart Alos forest non-forest image analysis 

 

To generate forest loss detection this research used phased Array L-band Synthetic Aperture Radar 

(PALSAR). This website provides Global PALSAR-2/PALSAR/JERS-1 Mosaic and Forest / Non-

forest Map with 25-meter resolution. JAXA (Japan Aerospace Exploration Agency) produces 

PALSAR/PALSAR-2 mosaic and forest / non-forest (FNF) maps from the years 2007, 2008, 2009, 

2010, 2015, 2016, 2017 and 2018 (for 2018, the data forest / non-forest information is not included yet). 

PALSAR was available pre classified into forest and non-forest data and was used to select two areas 

for further study. The selection was based on the pattern of change with just those two classes. To 

cultivate the data from PALSAR/PALSAR-2 with header character of ENVI image in ArcGIS tools, the 

image should be converted into raster image. Then, the data set imagery can be analysed in ArcMap to 

generate deforestation maps and to calculate the amount of forest loss area 

 

3.   Result and Discussion 

 

3.1.   Landsat Image 

Forests can be recognized through both their current state and temporal dynamics. Several attributes 

such as structure and composition describe the state of forests [2, 3]. Temporal dynamics refers to the 

pattern in which they change over a period of time. The occurrence of change can result from many 

combinations from short-term events (such as droughts and wild fire), the longer-term variability of 

climate change, and anthropogenic causes (land for settlements, farming, industry and mining, among 

other sectors). The availability of large amounts of free Landsat imagery, along with advances in image 

processing has influenced research data collection methods.  



GIESED 2020
IOP Conf. Series: Earth and Environmental Science 921 (2021) 012024

IOP Publishing
doi:10.1088/1755-1315/921/1/012024

5

 

 

 

 

 

 

However, this research found difficulty using Landsat images to classify land-use land-cover in this 

area due to cloud haze affecting the images. The amount of cloud cover in each year averages above 30 

%, which is too much cloud to allow classification analysis 

  

  

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Table 1. Cloud cover in Landsat image 

Land Cover 1997 2017 

 
Area (ha) 

Percentage 

(%) 
Area (ha) 

Percentage 

(%) 

Cloud Cover 417,072.00 32.79 416,535.90 33.00 

No Cloud Cover 802,702.37 63.12 855,093.97 67.00 

No data 51,855.86 4.09 0 0 

Total 1.271,629.87 100 1,271,629.87 100 

 

 

 

Landsat ETM, 7 and 8 images provide temporal satellite images of the Kayan Mentarang National 

Parks. Landsat images can be used to generate historical trends of land-cover and land-use for specific 

areas. However, the number of usable clear images, without cloud observations, is site specific 

depending on regional cloud cover, humidity and weather conditions [4-5]. Smoke produced by forest 

fires also is categorized as cloud cover class in research that focuses on deforestation caused by nature 

and or anthropogenic activities [6-8]. This research found that cloud coverage of around 33 percent in 

both of years of analysis. Even in 1997 4 percent of data was unavailable, meaning that image value 

KMNP that recorded zero was around 51.855,86 ha (4%). The method used to generate land-cover 

analysis in Landsat images is by utilizing “Iso cluster Unsupervised classification” tools for ArcMap 

analysis. This toolset works by automatically defines clusters of images and outputs s classified images. 

Figure 3. 2007 Landsat image 

 

Figure 4. 2007 Landsat image 
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This tool combines the functionalities of the Iso Cluster and Maximum Likelihood Classification tools 

which produces a classified raster[8]. 

 

3.2.   Forest and Non-Forest Image   

JAXA created ALOS PALSAR Mosaic with 25-meter resolution images using L-band active remote 

sensing, which is capable of penetrating cloud cover atmosphere above Kalimantan Island. The L band 

(15 - 30 cm) also can penetrate the earth surface deeper than C band (3.75 – 7.5 cm) because the 

wavelength of L band is longer than C band. Some researchers are encouraged to apply L band for the 

analysis of vegetative earth surfaces. Some studies have also reported that good results have been 

produced for testing and separating wet and dry vegetation areas using spectral software to process the 

images [9]. 

  

  
Figure 5. 2007 Forest Non-Forest Map Figure 6. 2010 Forest Non-Forest Map 
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Figure 7. 2015 Forest Non-Forest Map Figure 8. 2016 Forest Non-Forest Map 

  

 

Figure 9. 2017 Forest Non-Forest Map 

. 

 

 

 

 

 

 



GIESED 2020
IOP Conf. Series: Earth and Environmental Science 921 (2021) 012024

IOP Publishing
doi:10.1088/1755-1315/921/1/012024

8

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Deforestation rate in KMNP 2007-2017 

Figure 10 shows the change of forest and non-forest cover during 10 years of analysis. In 2007 the 

non-forest area is around 1.8 percent of the total area, while in 2017 the total amount of non-forest area 

was 2.79 percent; from 22,889 to 35.508 hectares. This study uses the assumption of non-forest area 

being equal to open area. Logically thinking, an open area inside a national park can be determined as 

deforestation occurrence. The next step of this study is to identify the specific locations of deforestation 

and to make recommendations for deforestation mitigation strategies based on the specific character of 

each KMNP land-use zonation. 

 

3.3.   Land Use Zonation in KMNP 

Conventional approaches to rainforest conservation have failed, as demonstrated by the continuous rate 

of forest loss. Closing off forests as untouchable conservation areas has neither affected the living quality 

or created economic benefits for the local community, nor ceased forest clearing by illegal loggers and 

developers across the country [10]. 

 

 

Table 2. Designed Land Use Zonation of KMNP 

Colour Zones Areas (ha) Description 

Red Cores 119,445.57 Restricted areas 

Yellow Wild 220,781.34 Buffer zone of cores and will areas 

Green Utilization 373,406,35 Tourism and environment services purposes 

Brown Traditional 244,416.64 Limited exploration by indigenous only 

Grey Exclusive 213,649.62 Public facilitate purpose only 
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Figure 11.  Land Use Zonation of KMNP 

 The problem with the traditional wildlife conservation approach is that the forest is not supplied with 

enough economic incentives for respect and preservation. Only if tangible economic incentives for 

respect and preservation are introduced, will conservation areas, especially national parks in Indonesia, 

continue to survive as a functioning ecosystem. Local communities and the management of KMNP 

should receive financial assistance to compensate the cost of maintaining parks and to acknowledge 

economic activities within the protected area’s boundaries. 

 

 

Table 3. Deforestation and recommendation at each land use zonation 

KMNP Land Use  Total Area (ha) Non-Forest Area Recommendation 

Zonation  (ha) (%)  

The Core Zone 119,446 518 1 Reforestation, replanting 

The Jungle Zone 220,781 1,684 5 Reforestation, replanting 

The Utilization Zone 
373,416 5,490 15 

Identification Land Use & 

monitoring development permit 

The Traditional Zone 
344,416 18,727 53 

Empowerment local community, 

rehabilitation 

The Exclusive Zone 
213,649 9,056 26 

Identification and evaluation and 

renewing the legal agreement 

Total 1,271,697 35,474 100  

 

 

 From the table 3 of analysis we can determine that deforestation occurrence, in certain area of 

national parks, has a close relationship to the distribution of settlements or villages [11]. Villages around 

protected forest areas, such as national parks, have low per capita income, limited job opportunities 
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outside the agricultural sector, limited land ownership, and low productivity of farming. These factors 

are the trigger and incentive for these communities to utilize existing forest resources [12]. 

  Forests are being felled mostly for economic reasons, although there are political and social 

motivations as well [13]. A significant portion of deforestation is caused by poor farmers simply trying 

to etch out a living on marginal lands. Beyond conversion of forests for subsistence agriculture, activities 

like logging, clearing for cattle pasture and commercial agriculture are sizeable contributors to 

deforestation on a global scale. Agricultural fires, typically used for land-clearing, often spread outside 

cultivated areas and into degraded rainforest regions [11]. 

 The deforestation rate in the KMNP is around three percent of the total area. This forest loss 

occurrence can be located, based on the Kayan Mentarang Land Use Zonation. There is a set of criteria 

for land use zonation based on administrative guidelines set by the Kayan Mentarang National Park 

management. The Land use Zonation of KMNP has been designed and implemented to preserve the 

natural forest resources in North Kalimantan Province and to improve the quality of livelihood for the 

Indigenous people who live in the transboundary areas of this conservation area. However, the critical 

rule of monitoring land-cover across this protected area is not as simple as managing small to medium 

scale preserve forest land. Moreover, the global trend to evoke local community contributions and open 

good governance policy leads to adaptation strategies to handle issues related to deforestation 

occurrence. Consequently, the low deforestation rate in KMNP should be recognized as a chance to 

understanding the local community’s needs, based on their current activity in the Traditional Zone. 

 Based on the principles of the new collaborative management style for the Kayan Mentarang 

National Park to accommodate indigenous communities, the proposal of the new land use (zonation), 

based on the present situation, can be categorized into three different domains; public domain, traditional 

land use, and multi-purpose land allocation for general public services. These principles should guide 

the management of land use allocation inside KMNP territory 

 

4.   Conclusion 

This study makes two main contributions from a remote sensing perspective. Firstly, when available 

data in space and time are limited, sampling a representative subset of Landsat scenes offers the 

opportunity to study long-term forest-cover changes across a wide area and highlights strong spatial-

temporal variations of forest-cover change. However, this study found that dense cloud cover over the 

Kayan Mentarang National Park at the study time frames is the main obstacle to determine land use land 

cover classifications. 

Secondly, this study found that PALSAR/PALSAR-2 images, with Forest and Non-Forest cover 

maps, can be used to divide land-cover change data into two classes: forest and non-forest class. This 

data combined with maps of Land-Use Zonation of Kayan Mentarang National Park can help local 

governments to identifying the best approach to redevelop deforestation areas. Therefore, the balance to 

protecting natural ecosystems and subsistence for the local communities is to cultivate their customary 

land in the Traditional Zone of the KMNP. 

Furthermore, this research recommends increasing the level of the empowerment approach for the 

local indigenous communities in terms of accelerating their contributions to reduce deforestation 

occurrence. Non-timber forest exploitation can be an alternative to fulfil their needs and to increase the 

local community’s well-being, rather than practicing open land and multi-shifting farm practices that 

are closely associated with forest loss. Even though KMNP’s management has several programs to 

evoke active participation of the local community, this study successfully shows that two specific 

locations in the KMNP area with higher levels of forest loss should be classified a high priority location 

for mitigation actions.  
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