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ABSTRACT 

Deforestation and forest degradation should be monitored regularly in order to plan and implement early 
conservation interventions. Monitoring forest change is important in Gunung Palung National Park because the park 
is a habitat for 2,500 orangutans. The park has experienced severe forest loss caused by anthropogenic activities 
and forest fires. We measured forest cover change in the protected area using 12 multi-temporal Landsat series 
images path/row 121/61. From the beginning of monitoring, the park has already lost 10,864 Ha or 10% of its old-
growth forest and retained 90% or 97,148 Ha. El Niño events in 1997 and 2015 caused the park to lose 30% and 
1.1% of its old-growth forest, respectively. The old-growth forest was lost due to a combination of drought, wildfire, 
and individual loggers and timber companies illegally expanding their operations in the park. The implication for 
the environment is the change of forest to secondary forest affects biological diversity and drives invasive species 
Bellucia pentamera Naudin to occupy the canopy gap in the park. The water retention in the park also changes and 
will cause a decrease of water availability, and specifically cause drought in the dry season. Between 2015 and 2018, 
no deforestation was detected with 30-meter resolution Landsat satellites. In the future, we must think about 
reforestation because reforestation also has a positive impact on improving biodiversity.  
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1 Introduction  

Tropical deforestation and degradation impact 
biodiversity loss and carbon emission (Barlow et al., 
2016; Giam, 2017). The CO2 emissions from global 
deforestation contribute 6-17% of global emissions, 
around 1 peta-gram Carbon per year (Baccini et al., 
2012). In Kalimantan (Indonesian Borneo), 14,4 
Million hectares of forest were deforested between 
1973 – 2015 (Gaveau et al., 2016). This tropical 
deforestation also contributes to an increase 8.6 peta-
gram of CO2 released to atmosphere (Rosa et al., 
2016).  Oil palm plantations (Elaeis guineensis Jacq.) 
have becoming the major cause of deforestation in 
Kalimantan (Gaveau et al., 2019; Tsujino et al., 2016). 
This mirrors global deforestation, which is mostly 
caused by commercial agriculture activities and 
subsistence farming (Curtis et al., 2018).  

Changing the forest into a protected area did 
not dissociate the forest from deforestation. Gunung 
Palung National Park is a part of 15% forested area in 
Indonesia which is protected, but the park has 
already lost its forest from deforestation (Hiller et al., 
2004). El Niño’s wildfire and export oriented logging 
activity caused the park to lose 38% of its forest 

(Curran et al., 2004; Tsujino et al., 2016). The rate of 
deforestation between 1994 – 2002 is 9.5% per year 
but has been decreasing gradually since the 
government developed improved forestry policies 
(Tacconi et al., 2019).   

Deforestation and forest degradation should 
be monitored regularly in order to plan and 
implement early conservation interventions. 
Conservation relies on monitoring data to support 
policy decisions and to evaluate the  effectiveness of 
methods (Rasmussen and Jepsen, 2018). It is 
essential to identify timely monitoring information. 
Monitoring forest change is important in Gunung 
Palung National Park because the park is a habitat for 
2,500 orangutans  (Johnson et al., 2005).  

Forest monitoring at Gunung Palung National 
Park has been discussed in several papers but each 
has limitations. The first monitoring was conducted 
by Zamzani et al. (2009), which found that 18.7% of 
the forest has been deforested at a rate of 1.6% per 
year between 1992-2004. The data used was Landsat 
TM acquired at 1992, Landsat ETM+ acquired at 199, 
and SPOT 5 image acquired at 2004. Zamzani et al. 
(2009) only showed classification tables and didn’t 
produce any maps.  Tricahyono et al. (2016) also 
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used Landsat images to analyze forest changes in the 
park. The data used was acquired in 2005 and 2012. 
They found that only 1,122.21 Ha of the national park 
had been deforested. This research didn’t explain the 
deforestation during the 1990s. The most recent 
research that explains agents and drivers of 
deforestation was conducted by Yoshikura et al. 
(2016). Yoshikura et al. (2016) performed a land 
cover analysis in 2013, but there were many 
missclassifications, where only some garden areas 
were classified as secondary forest because they had 
the same canopy as the forest. Although the cause of 
deforestation had was explained in the paper, the 
data was the limitated by one-time measurements of 
the forest. The latest research about forest 
monitoring was conducted by Fawzi et al. (2018), 
who measured annual deforestation rate in Gunung 
Palung National Park. This research had some 
limitations because it didn’t explain the El Niño 
events of 2015 or the second-growth secondary 
forest. Some areas from the degraded forest 
regenerated into a secondary forest. The previous 
research didn’t explain the impact of forest changes; 
rather, they only identfied the cause of deforestation. 
Two of the studies also failed to explain the process 
of ecosystem change in the park because of a lack of 
long-term monitoring. 

Forest monitoring usually uses in situ data 
collection, but it can be expensive if it is done in a 
large conservation area and it will be much more 
difficult to collect data in remote areas. Using remote 
sensing techniques is the best option because it is 
time- and cost-effective and can capture long-term 
changes (Grecchi et al., 2017; Langner et al., 2012; 
Wang et al., 2010).  Part of forest monitoring is 
assessing environmental impact from change in the 
forest. 

The aim of this research is to monitor forest 
change in Gunung Palung National Park and to 
discuss its implication for the environment. In this 
article, we analyze forest change from 1989 to 2018 
and discuss the environmental impact from the 
changes. 

2 Method  

2.1. Study area  

Gunung Palung National Park has been 
protected since 1937. It is home to many endangered 
and critically endangered wildlife species. Orangutan 
(Pongo pygmaeus ssp. wurmbii) is a critically 
endangered species and should be an international 
concern (Ancrenaz et al., 2016). The endangered and 
vulnerable species that have become the key species 
of the park are proboscis monkeys (Nasalis larvatus), 
sun bears (Helarctos malayanus), sunda clouded 
leopard (Neofelis diardi) and rhinoceros hornbills 
(Buceros rhinoceros) (BirdLife International, 2018; 
Hearn et al., 2015; Meijaard et al., 2008; Scotson et al., 
2017). 

Located within two regencies, North Kayong 
and Ketapang, West Kalimantan (1o3’ – 1o22’ S, 
109o54’ – 110o28’ E, Figure 1), the park expanded its 
area from 300 km2 to 1,080 km2.  The purpose of this 
park is to conserve many types of ecosystems, such as 
montane forest, peat forest, mangrove forest and 
tropical heath forest. Around 60,000 people live 
around the park and their livelihoods depend on the 
forest ecosystem (BPS Kab. Kayong Utara, 2018).  

2.2. Remote Sensing Data and Analysis 

To obtain data on changes in forest cover, we 
using 12 images of Landsat series satellite. These are 
the images that were used for this article: 

1. Landsat TM acquired on 12 September 1989 
and 3 October 1989. 

2. Landsat TM acquired on 21 July 1997, 22 
August 1997 and 28 December 1997. 

3. Landsat ETM+ acquired on 25 June 2002, 11 
July 2002 and 28 August 2002 

4. Landsat TM acquired on 7 July 2007. 
5. Landsat TM acquired on 30 September 2011. 
6. Landsat 8 (OLI) acquired on 7 July 2015,  
7. Landsat 8 (OLI) acquired on 15 July 2018. 

The images (path/row 121/61) have 30-meter 
resolution and are geometrically projected to the 
UTM zone 50S (WGS 1984 datum). The latest park 
border (decree number SK.733/Menhut-II/2014) 
was used to delineate the forest border. 

The images were classified with visual 
interpretation and maximum likelihood classification 
methods (Hagner and Reese, 2007). For the land 
cover classes, we used modified classifications from 
Anderson et al. (1976). The images were classified 
into (1) Montane forest, (2) peat swamp forest, (3) 
lowland forest, (4) mangrove forest, (5) secondary 
lowland forest, (6) secondary montane forest, (7) 
secondary peat swamp forest, (8) second-growth 
lowland forest, (9) forest garden, (10) agriculture, 
(11) garden, (12) settlement, (13) degraded forest, 
and (14) scrub or open land. From these 14 
classifications, five clusters were created for 
mapping: Intact forest (1-4), secondary forest (5-8), 
forest garden (8), agriculture and garden (10-12), 
degraded forest (13), and scrub or open land (14). 
The result was validated with a ground check and 
with a fine spatial resolution of SPOT 6 images. 
between 1992-2004. The data used was Landsat TM 
acquired at 1992, Landsat ETM+ acquired at 199, and 
SPOT 5 image acquired at 2004. Zamzani et al. (2009) 
only showed classification tables and didn’t produce 
any maps.  Tricahyono et al. (2016) also used Landsat 
images to analyze forest changes in the park. The 
data used was acquired in 2005 and 2012. They 
found that only 1,122.21 Ha of the national park had 
been deforested. This research didn’t explain the 
deforestation during the 1990s. The most recent 
research that explains agents and drivers of 
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deforestation was conducted by Yoshikura et al. 
(2016). Yoshikura et al. (2016) performed a land 
cover analysis in 2013, but there were many 
missclassifications, where only some garden areas 
were classified as secondary forest because they had 
the same canopy as the forest. Although the cause of 
deforestation had was explained in the paper, the 
data was the limitated by one-time measurements of 
the forest. The latest research about forest 
monitoring was conducted by Fawzi et al. (2018), 
who measured annual deforestation rate in Gunung 
Palung National Park. This research had some 
limitations because it didn’t explain the El Niño 
events of 2015 or the second-growth secondary 
forest. Some areas from the degraded forest 
regenerated into a secondary forest. The previous 
research didn’t explain the impact of forest changes; 
rather, they only identfied the cause of deforestation. 
Two of the studies also failed to explain the process 

of ecosystem change in the park because of a lack of 
long-term monitoring. 

Forest monitoring usually uses in situ data 
collection, but it can be expensive if it is done in a 
large conservation area and it will be much more 
difficult to collect data in remote areas. Using remote 
sensing techniques is the best option because it is 
time- and cost-effective and can capture long-term 
changes (Grecchi et al., 2017; Langner et al., 2012; 
Wang et al., 2010).  Part of forest monitoring is 
assessing environmental impact from change in the 
forest. 

The aim of this research is to monitor forest 
change in Gunung Palung National Park and to 
discuss its implication for the environment. In this 
article, we analyze forest change from 1989 to 2018 
and discuss the environmental impact from the 
changes. 
   

 

Figure 1. Study area in Gunung Palung National Park. 
 

 
2.3. Environmental Impact from Forest Change 

In this research, “environmental impact” is 
defined as a change in the forest, whether bad or 
good, resulting from any activity (Bai and Bai, 2014). 
In this article, the environmental indicators that will 
be discussed are forest cover change, biodiversity, 
human health, temperature, and other environmental 
indicator like major weather events such as floods 
and drought. Several indicators could not be 
measured quantitatively, a limitation of this study. 
This analysis was conducted through a literature 
review of research on Gunung Palung National Park.  

To analyse the impact on human health, we 
used reports of Dengue and malaria cases from the 

ASRI Clinic that serves patients from 35 sub-villages 
that directly border the park. The report was 
compared to a report from North Kayong Regency’s 
health department from same year. Unstructured 
interviews were conducted with communities who 
lived around the park. These interviews obtained in-
depth information about environmental changes that 
were felt by the community.  

3 Result and Discussion 

3.1 Forest Loss Measurement 

The accuracy of the maps from ground-truth 
data is 95,7% after ground validation.  From table 1 
and figure 2, by 1989, the park had already lost 
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10,864 Ha or 10% of its forest. The old-growth forest 
remained at 90% or 97,148 Ha. This initial loss was 
caused by old agriculture and durian plantations 
inside the park. This agricultural activity near 
populated areas has existed for a long time, even 
before Gunung Palung became a national park 
(Salafsky, 1994).  

In 1997, El Niño events caused a drought 
season which in turn caused a massive forest fire 
(Sloan et al., 2017). This event caused the park to lose 
nearly 30% of the old-growth forest measured in 
1989. This report is similar to the results from Curran 
et al. (2004), which stated that the park lost 38% of 
its forest. But this is different from Zamzani et al. 
(2009), which found that the park had lost 12,384 Ha 
from 1992 – 2004, or only 12% of 1989’s old-growth 
forest. The result is different because they used a 
three-point measurement, in 1992, 1999, and 2004, 
where the degraded forest in 1997 had already 
regenerated in 1999 and was classified as forest that 
had not changed since 1992. The loss in this period 
was caused by individual loggers and timber 
companies who expanded their operations illegally 
into the park to meet growing demands for timber. In 
this timeline, the national park had a high loss of 
forest because there was no intervention to prevent 
forest loss.   

Since 2002, 95% of degraded forest has been 
regenerating naturally into secondary forest or 
second-growth forest. This forest loss has been 
decreasing because there was a transition in our 

policy related to forest management. The latest 
deforestation in 2015 was caused by the El Niño 
events of 2015-16, and it caused severe forest fires 
(Jan Null, 2018; Sloan et al., 2017). This period was 
not explained by Fawzi et al. (2018). Forest fires were 
the main event that caused the loss of 1.1% of the 
park’s forest. The park lost more than 521 Ha of peat 
swamp forest and 230 Ha of lowland forest. This 
wildfire turned 693 Ha forest into scrub or open area.  

Since 2015, following the El Niño events, no 
deforestation was detected from 30-meter resolution 
of Landsat satellite. But the park still has 5,098,8 Ha 
(5%) of open area that will always be occupied by 
Japanese blood grass (Imperata cylindrica (L.) 
P.Beauv.) or ferns (Pteridium aquilinum) if 
restoration attempts are not made. ASRI conducted 
several reforestation projects in the park and 
contributed to the increase of secondary forest 
during the period 2015 – 2018 (Pohnan et al., 2015). 

This result is a positive trend (Figure 3) which 
must be continued for the sake of forest conservation. 
No deforestation is a result of combined conservation 
efforts by the national park staff, NGOs, government, 
and local communities. Although the results are 
trending towards positive change, problems remain, 
because 67% of local people have the perception that 
protecting the park is not important (Sudrajat et al., 
2018). Increasing local people’s commitment and 
perception is important to reduce deforestation 
(Garrett et al., 2019). 

 

Table 1. Forest cover change in Gunung Palung National Park from 1989 - 2018 

No Ecosystem 1989 1997 2002 2007 2011 2015 2018 

1 Montane forest 22,126.8 22,126.8 22,126.8 22,126.8 22,126.8 22,126.8 22,126.8 

2 Peat swamp forest 20,862.7 17,755.7 17,751.9 17,604.2 17,486.0 17,480.4 16,959.3 

3 Lowland forest 53,762.6 32,405.5 31,974.3 31,173.3 30,706.0 30,654.8 30,424.6 

4 Mangrove forest 395.6 395.6 395.6 382.7 382.7 375.5 339.9 

5 Secondary lowland forest 0.0 279.1 4,319.9 4,563.3 5,147.0 5,570.0 5,650.5 

6 Secondary montane forest 0.0 0.0 7.4 7.4 7.4 7.4 7.4 

7 Secondary peat swamp forest 0.0 2,346.1 2,801.0 3,354.9 3,481.5 3,510.9 3,470.5 

8 Second-growth lowland forest 0.0 55.6 15,182.8 15,768.4 15,767.9 15,918.4 15,921.2 

9 Forest garden 2,853.2 2,853.1 3,755.4 3,761.5 3,818.4 3,818.7 3,781.0 

10 Agriculture 43.8 43.8 92.5 105.4 379.6 391.6 409.9 

11 Garden 4,508.3 4,281.4 3,487.9 3,298.1 3,698.9 3,721.6 3,791.6 

12 Settlement 0.0 0.0 0.0 31.0 31.0 31.0 31.0 

13 Degraded forest 443.4 16,061.2 814.7 0.0 0.0 0.0 0.0 

14 Scrub or open land 3,016.3 9,408.6 5,302.4 5,835.5 4,979.4 4,405.6 5,098.8 

  Total 108,012.6 108,012.6 108,012.6 108,012.6 108,012.6 108,012.6 108,012.6 
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Figure 2. Trend of forest change in Gunung Palung National Park. 
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Figure 3. Trend of forest change in Gunung Palung National Park. 

3.2 Forest Change and Its Implication to 
Environmental 

The change of forest cover in Gunung Palung 
National Park impacted the ecosystem. Figure 3 
shows how old-growth forest dropped in 1997 – 
2002 and hasn’t changed much since then.  The old-
growth loss was offset by increasing second-
growth/secondary forest, contribute to 26% of 
remaining forest in the park in 2018. Although the 
forest is growing again, the secondary forest has a 
less complex composition of plants, trees, and fauna 
compare to the old-growth forest. Sixteen years of 
secondary forest growth (2002 – 2018) is a relatively 
short period to support ecosystem function 
compared to old-growth forest. The 16-18 year old 
secondary forest has lower floristic composition 
compared to the old-growth forest (Guariguata et al., 
1997). The park also has 5% of its area which is still 
open because it failed to naturally regenerate. The 
open area/grassland (I. cylindrica and P. aquilinum)  
negatively impacts the forest ecosystem because it 
can initiate wildfires (Kiyono and Hastaniah, 2000). 

The change of forest to secondary forest affects 
biological diversity. Biological diversity or 
biodiversity is the variety of life forms in an 
ecosystem and exists within three scales: Genetic, 
species, and ecosystem. Different wildlife and 
vegetation have different responses to their habits 
changing into secondary forest.  The forest change in 
Gunung Palung National Park can alter dipterocarp 
and ironwood fruiting, changing ecology and 
reproductive cycles for endemic animals (Phillips, 
1997), and livelihood activities can be modified due 
to drought or floods (van Dijk et al., 2009). This also 
drives invasive species Bellucia pentamera Naudin to 
occupy the gap canopy in the park (Dillis et al., 2017), 
or causes non-native species to become abundant and 
make native species more vulnerable to extinction 
(Zieritz et al., 2018). Deforestation also leads to the 

reduction of macro-invertebrate abundance and loss 
of biodiversity (Al-Shami et al., 2017). Gunung Palung 
National Park has become an “island” or isolated 
environment that has transformed into palm oil 
plantations. This place is the only habitat for 
orangutans in the region. We are very about 
biodiversity loss that can affect orangutan habitats. 
Changes during fruiting season have caused forest 
fruit to be less abundant, leading orangutans to 
expand their search for food. Forest structure is also 
important for maintaining orangutan densities and 
other frugivore structure in Gunung Palung National 
Park (Marshall et al., 2014).The result of these 
changes is that orangutans will come to populated 
areas to find food, creating conflict with the people 
from the communities surrounding the park. If 
deforestation and degradation still happen in the 
future, orangutans will lose their food and habitat. 

Deforestation and changes in biodiversity can 
also affect human health, leading to the transmission 
of pathogens or the emergence of diseases like 
malaria and parasitic diseases  (Hammen and Settele, 
2011; Patz et al., 2000).   Deforestation will cause 
humans to live at the edge of the forest (as shown in 
table 1 where the settlements occupied the old 
forest). This condition will increase human’s chance 
to have contact with pathogenic carriers such as 
mosquitoes. Dengue and malaria are two diseases 
that are linked to deforestation or forest changes 
(Franklinos et al., 2019). If forest decreases or 
ecosystems get degraded, the prevalence of these 
diseases will eventually increase. 

Figure 4 shows that Dengue has a higher 
incidence rate than malaria. In 2013, we had 43 cases 
of Dengue, which decreased to 15 cases in 2018 (ASRI 
report 2018). In 2015 – 2016 we had the lowest cases 
of Dengue because El Niño caused a drought and 
large forest fire that reduced the mosquito 
population. This number mirrors the Dengue cases 
from North Kayong Regency, a total of 9 and 10 in 
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2015 and 2016, respectively (Dinas Kesehatan & KB, 
2017). In 2017, Dengue cases increased because of La 
Niña events that caused major flooding around the 
region (DiNezio et al., 2017). Flooding causes an 
increase in mosquito populations and eventually 
increases the incidence of Dengue. 

 

 
Figure 4. Total cases of malaria and Dengue at ASRI’s Clinic 
(DF ASRI and Malaria) and total cases in North Kayong 
Regency, West Kalimantan (DF North Kayong).  

The changes in the forest also increase the 
surface temperature. As measured by remote sensing 
techniques, old growth forests have lower average 
temperatures compared to other categories, 30.7oC. 
Surprisingly, the average surface temperature of old 
growth forest and secondary forest are the same. The 
average surface temperature in populated areas is 
34.2oC, which is 3.5oC difference between old growth 
forest. The average temperatures of the forest garden 
and palm oil plantations are 33.5oC-33.9oC, 
respectively. Thus, the changes resulting from 
deforestation can lead to a temperature increase of 
up to 4.4 ± 0.07 K  (=4.4± 0.07oC)   (Schultz et al., 
2017).  

When forests change into secondary forests or 
are used for other types of use, surface water 
retention changes, which in turn affects responses to 
extreme events like floods and drought. This will 
cause a decrease of water availability especially in 
dry season. Later on, this condition will cause salt 
water intrusion into the river, especially at the 
northern part of the park. The shortage will be worse 
alongside areas experiencing population growth. 
People in Sukadana, the nearest city to the park, must 
spend 120,000 rupiah to buy 2,000 liters of water 
(Cahyono, 2019). Usually people obtain water for 
free. The water depletion can also impact crop failure 
because there is reduced water for irrigation. 
Conservation efforts that  work to protect and restore 
remaining forests can increase the water retention 
function of the forest (Reinhardt-Imjela et al., 2017).  

The change of forest composition after logging 
will cause flooding and an increasing number of 
pests. This happens due to an increase in surface run-
off as the result of deforestation and increase in 
precipitation (Takahashi et al., 2017). Forest loss in a 
national park and its surrounding area contributed to 
flooding that occurred recently in Sukadana (Al Birra, 
2017).  

In the future, we must think about 
reforestation because reforestation has a big impact 
on improving biodiversity and on carbon 
sequestration (Helms et al., 2018; Locatelli et al., 
2015).  Monitoring using remote sensing data and 
open source data will be important for forest 
management. This data will help support efforts to 
develop a land-use system that is environmentally 
and economically sustainable. Knowing the process of 
how and why these change over time is important, 
especially when studying the long-term gain or loss of 
forests (e.g. reforestation). 

 
4 Conclusion 

Forest monitoring is an important tool for 
forest conservation, especially for monitoring forest 
changes. At the beginning of monitoring, the park had 
already lost 10,864 Ha or 10% of its forest, and 90% 
or 97,148 Ha of old-growth forest remained. This 
initial loss was caused by old agricultural activities 
and durian plantations inside the park. The El Niño 
events of 1997 made the park lost nearly 30% of its 
forest and another event in 2015 made the park lose 
1.1% of the forest respectively. Alongside droughts 
and wildfire, the forest loss was caused by individual 
loggers and timber companies who expanded their 
operations illegally into the park to meet the growing 
demand for timber. The implication for the 
environment is that the change of 26% of the park to 
secondary forest affected biological diversity. The 
change also drove invasive species Bellucia 
pentamera Naudin to occupy the gap canopy in the 
park and 5,098,8 Ha (5%) of open area that will 
always be occupied by Japanese blood grass 
(Imperata cylindrica (L.) P.Beauv.) or fern (Pteridium 
aquilinum). The less dense secondary forest also 
creates less water retention and will cause a decrease 
of water availability, especially in the dry season. In 
the future, we must think about reforestation because 
reforestation also has a positive impact on improving 
biodiversity. 
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