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Abstract
This study evaluates the oil palm and rubber-driven deforestation in Indonesia and Malaysia between
2000–2021 through secondary data analysis from a rich data set by collecting and integrating secondary
data from multiple sources. Results show a signi�cant tree cover loss, including 82% and 250% of
primary forest loss in Indonesia and Malaysia. Oil palm harvested area increased by 650% in Indonesia
and 50% in Malaysia, while palm oil production rose by 566% in Indonesia and 65% in Malaysia over the
same period. The study also �nd that rubber-harvested areas increased by 54% in Indonesia but
decreased by 20% in Malaysia, with rubber production increasing by 108% in Indonesia but decreasing by
49% in Malaysia. Over the past two decades, Indonesia’s palm oil export volume has risen by 619%, while
Malaysia’s has increased by 83%. Indonesia’s natural rubber export volume also increased by 69%, but
Malaysia’s decreased by 33%. The study reveals that the impact of oil palm and rubber on deforestation
varies by region and period. However, plantation expansion and associated forest conversion have
slowed, which can be associated with the consumer demand for no deforestation oil palm and rubber
products. Many of the world’s largest traders and producers have pledged zero deforestation
commitments, guaranteeing the elimination of deforestation from their supply chains in Indonesia and
Malaysia. Such commitments can only be accomplished through government, private sector, farmers,
and community collaboration. Finally, to ensure sustainability in these sectors, comprehensive policies
and practical solutions that support farmers’ livelihoods are also crucial.

Introduction
Generally, the term “deforestation” refers to the conversion of forests to other land uses, whether human-
induced or not (FAO 2018). From 2001 to 2021, globally, 437 million hectares (hereafter “Mha”) or 28% of
tree cover loss (tree cover loss encompasses the loss of both natural and planted forests and can occur
for reasons beyond human activity) occurred, where the dominant drivers of loss were the conversion of
forest to commodity crops (GFW 2023). Commercial agriculture is estimated to be the proximate driver
for around 50% or 86 Mha of deforestation in all regions in the world between 2000 and 2018; about 78%
or 66 Mha of the forest area is converted to commercial cropland in Asia (79% or 28 Mha) and Africa
(78% or 38 Mha) during the same period (FAO 2022). Dummet et al. (2021) assessed that illegal agro-
conversion was responsible for the loss of at least 32 Mha of tropical forest loss between 2013 and
2019. These lands were encroached from indigenous and local communities, mainly due to the
inadequate land tenure rights prevalent in countries such as Indonesia (Pacheco et al. 2021).

Over the past few decades, market in�uences, particularly from the European Union, the United States,
and the United Kingdom, have played a vital role in determining the supply and demand of agricultural
commodities linked to tropical deforestation and forest degradation (WWF and BCG 2021; DeValue et al.
2022). Tropical deforestation is primarily driven by land conversion to produce commodities like oil palm,
rubber, cocoa, coffee, pulp and paper, soybean, and meat (Pendrill et al. 2022), which account for over
58% (71.6 Mha out of 123 Mha) of all agriculture-driven deforestation between 2001 and 2015 (Goldman
et al. 2020). Meanwhile, a study by Curtis et al. (2018) found that 27% (5.8 Mha) of global forest loss
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during the same period was caused by permanent land use change for commodity production, with 95%
(5.1 Mha) of this deforestation occurring in the tropics. In Asia, agricultural cropland expansion is
responsible for 50% (18 Mha) of deforestation between 2010 and 2018 (FAO 2022). More speci�cally, the
conversion of forests into oil palm plantations contributed to approximately 7% or 11.3 Mha of global
deforestation, among 29% (10.3 Mha) in South and Southeast Asia and 11% (0.3 Mha) in Oceania during
the same period (FAO 2022).

Existing literature and databases revealed that Indonesia and Malaysia are the world’s leading producers
and exporters of both oil palm and rubber. We identi�ed the following nine studies conducted at a country
level on oil palm and rubber production in Indonesia and Malaysia. Austin et al. (2019), Gaveau et al.
(2022), and Busch et al. (2022) utilized satellite imagery data from 2000 to 2019 to investigate
deforestation caused by oil palm plantations in Indonesia. They show that oil palm causes 11–23% of
deforestation in Indonesia, with the highest rate between 2008 and 2012. However, the ban on oil palm in
the European Union reduced deforestation from 2014 to 2019, resulting in a 1.6% reduction. Austin et al.
(2017) and Cheng et al. (2017) used satellite imagery and land cover maps to study oil palm production
in Indonesia from 1995 to 2015. They found that oil palm plantations expanded by 6–9 Mha during this
period, causing the loss of 95% of secondary forests. Using satellite and plot survey data from 1974 to
2016, Li et al. (2020) and Tang and Qahtani (2020) studied oil palm in Malaysia and found that the
plantation area increased by 5 Mha over the last 42 years, with a growth rate of 84%. Xu et al. (2020)
used satellite imagery data from 2001 to 2016 to investigate oil palm in Indonesia and Malaysia. They
assessed that oil palm plantations increased by 147% in Indonesia and 322% in Malaysia, with a higher
growth rate observed in Indonesia. Ali et al. (2021) examined rubber production in Malaysia between
1990 and 2019 and found that the global economic recession of 2008–2009 caused smallholder rubber
farmers to clear-fell their rubber trees for timber.

Above mentioned studies have shown that in Indonesia and Malaysia, the primary driver of deforestation
is undoubtedly the conversion of forests to agricultural commodities speci�cally oil palm and rubber to
meet global demand. These studies have concluded that the expansion of oil palm and rubber
plantations in both countries is unsustainable and contributes to deforestation and peatland degradation.
Furthermore, this expansion is destroying the habitats of endangered species like the orangutan (Pongo
spp.), Borneo pygmy elephant (Elephas maximus borneensis), and Sumatran rhino (Dicerorhinus
sumatrensis) (https://www.worldwildlife.org/industries/palm-oil). However, no studies have yet
comprehensively evaluated the impact of both oil palm and rubber production on deforestation in
Indonesia and Malaysia. This involves analyzing multiple data sources for assessing tree cover and
primary forest losses in both countries as well as oil palm and rubber cultivation and harvesting,
production, and export.

On the other hand, halting deforestation in commodity supply chains in Southeast Asia, particularly in
Indonesia and Malaysia, is crucial to achieving the goals of both climate action and sustainable
development. Recently, global interest in reducing deforestation has gained momentum; governments,
civil society organizations, and corporate groups have pledged and set time-bound targets for achieving
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“zero deforestation” from the agriculture and forestry sector by 2030 (Austin et al. 2021). These pledges
are known as “zero deforestation commitments”, initially signed in 2010 by the Consumer Goods Forum
(CGF) to achieve zero net deforestation in key commodity sectors like oil palm and rubber in Southeast
Asia by 2020 (Consumer Goods Forum 2017; Newton and Benzeev 2018; Pendrill et al. 2019). In the
latest, around 500 companies have established sustainable commodity supply chain commitments, and
more than 100 companies have pledged to announce zero deforestation commitments at the 26th UN
Climate Change Conference (COP26) in Glasgow (Scotland) in 2021 to eliminate commodities produced
at the expense of forests from their supply chains (Rothrock et al. 2019; Austin et al. 2021).

Based on the above discussion, in this paper, we evaluate the trend of oil palm and rubber-driven
deforestation in Indonesia and Malaysia between 2000 and 2021 using secondary data from different
sources. Furthermore, we will examine the progress of zero deforestation commitments implemented by
both countries from oil palm and rubber supply chains. No data set is available for the purpose of this
study, a comprehensive time-series assessment, so we created a rich data set by collecting and
integrating secondary data from multiple sources. This is one of the main contributions of this paper. The
speci�c objectives of this study are as follows:

1. to assess the rate of deforestation in Indonesia and Malaysia.

2. to assess the status of oil palm and rubber in both countries.

3. to identify the link between oil palm and rubber production with deforestation and efforts toward
zero deforestation commitments from their supply chains.

An overview of oil palm and rubber

Oil palm
Oil palm tree (Elaeis guineensis) is one of the most important agricultural commodities globally, and its
products are found in about half of all packaged products sold in supermarkets. The tree originated in the
tropical rainforest region of West Africa. In Southeast Asia, it was introduced as an ornamental crop in
1848 in Bogor, Java Island of Indonesia. The �rst commercial oil palm plantation was established on the
Sumatra Island of Indonesia in 1911, followed by Selangor State in Malaysia in 1917 (Robins 2020).
Currently, large-scale production of this crop is primarily concentrated in Indonesia, Malaysia, Thailand,
Latin America, and Africa and provides a livelihood for approximately four million smallholders
worldwide (RSPO 2023). Palm oil-based industry creates job opportunities for around four million people
in Indonesia and nearly a million in Malaysia, particularly in remote rural areas, where employment
opportunities are limited (RSPO 2023). The tree is highly productive. After three to four years, it becomes
mature to produce fruit. The palm fruit grows in bunches weighing over 10 kilograms and contains
hundreds of small fruits similar to plums or apricots (Orangutan Foundation 2023). Additionally, the oil
palm is normally replanted with a newer breed every 25–30 years due to economic reasons. Signi�cantly,
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oil palm plantations in South and Southeast Asia cleared 10.3 Mha, which accounted for 29% of the
deforested area (FAO 2022).

Its economic ability to e�ciently produce vegetable oil led to its widespread cultivation and commercial
development of large-scale plantations. Moreover, there is a growing global demand for a wide variety of
oil palm-based food items, including cookies, biscuits, chocolates, ice cream, noodles, chips, baking
items, cheese, margarine, and baby formulas (Stedman 2021; Orangutan Foundation 2023). In addition,
oil palm is widely used in the production of cosmetics such as soap, shampoo, deodorant, lipstick, and
other items, as well as cleaners like toothpaste, detergent, and dishwasher, and can be used as a source
of biofuel or biodiesel (Stedman 2021). Oil palm is the cheapest vegetable oil to produce due to its higher
yields and lower costs compared to other oil crops such as sun�ower, soybean, or rapeseed (RSPO 2023).
In addition, oil palm is considered a zero-waste crop because every part of the plant can be used. By-
products of palm oil production, such as �ber and shells, can be used as fuel in the mills, while leaves
and empty fruit bunches serve as organic fertilizers in plantations (Aziz 2023). The wood from felled
trees can be repurposed as the primary material for furniture-making. This makes oil palm a sustainable
option, as its by-products can be converted into energy or animal feed (Aziz 2023).

In 2022, the global production of edible palm oil called crude palm oil (CPO), an edible oil extracted from
the outer part (�esh or pulp) of the oil palm fruit, was about 77.2 million tons, representing 36.3% and
36.5% of global vegetable oil production and consumption (USDA 2022). Indonesia, Malaysia, and
Thailand were the leading producers of CPO. Indonesia accounted for 59% (45.5 mt) of the world’s CPO
production, while Malaysia and Thailand had a 24% (19 mt) and 4% (3.26 mt) share, respectively.
Additionally, Indonesia (56% or 28.45 mt) and Malaysia (33% or 16.7 mt) are the primary exporters of
CPO, accounting for 89.2% of the product that is bound for international markets (USDA 2022). The USDA
(2022) also projects that demand for CPO will double by 2030 and triple by 2050. Furthermore, kernel
palm oil (KPO) is extracted from the inner, softer part of the seed. It is commonly used for non-edible
purposes such as manufacturing soaps, cosmetics, and detergents (Krungsri Research 2022).

Figure 1a illustrates the trends in global and Southeast Asian oil palm harvested areas from 2000 to 2021
using FAOSTAT data. Notably, the harvested area in Southeast Asia increased rapidly from 10.6 Mha in
2009 to 16.4 Mha in 2013 and continued to grow steadily to 21.2 Mha in 2021, as shown in the �gure.
This trend was also re�ected globally, as Southeast Asia controls the global oil palm, and changes in
production in this region tend to in�uence global production levels. Over the same period, the global oil
palm harvested area increased by 178%, while the increase in Southeast Asia was even greater, at 274%.

Figure 1b displays the trends in global and Southeast Asian CPO production from 2000 to 2021 using
FAOSTAT data. As shown in the �gure, CPO production in Southeast Asia increased steadily from
18.5 million tonnes (mt) in 2000 to 53.3 mt in 2015. The production then decreased to 51 mt in 2016
before resuming a continuous increase to reach 67.6 mt in 2021. The trend in global CPO production
followed a similar pattern, as Southeast Asia is the major producer of CPO, and changes in production in
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this region tend to in�uence global production levels. Between 2000 and 2021, global CPO production
increased by 247%, while Southeast Asia increased by 266%.

Rubber
The rubber tree (Hevea brasiliensis) is the commercially viable source of natural rubber, a native plant of
the Amazon basin, introduced from there to tropical Asia and Africa during the late 19th century. In some
regions, there are small-scale rubber plantations by the farmers; but mostly rubber plantations are
increasingly large-scale, intensively managed, and have even-aged trees. Natural rubber is extracted as
latex, white milky �uid from the bark’s inner layers, through a process called “tapping” (Malaysian Rubber
Council 2023).

Rubber is a hugely important commodity worldwide, used in thousands of everyday items. In 2021, the
global production of natural rubber reached 13.8 mt, and consumption reached 14.1 mt (Malaysian
Rubber Council 2023). Thailand and Indonesia are the top-producing countries, with an annual
production of 4.8 mt and 3 mt, respectively (Statista, 2023). Moreover, Thailand (3.3 mt), Indonesia (1.7
mt), and Vietnam (1.4 mt) are the world’s largest exporters of natural rubber in the same year, accounting
for 51% of the global export (Malaysian Rubber Council 2023). China is the largest rubber consumer, with
a consumption of 4.1 mt, followed by India with one mt, and the United States with 0.7 mt (Malaysian
Rubber Council 2023).

Figure 2a depicts the global and Southeast Asia rubber harvested areas between 2000 and 2021 using
FAOSTAT data. The data indicates that the rubber-harvested area in the region displayed a consistent
trendline, increasing from 5.7 Mha in 2000 to 10 Mha in 2021. However, the rate of growth between 2015
(9 Mha) and 2021 (10 Mha) was slower, with only a one Mha increase. On the other hand, the global
rubber harvested area gradually increased from 7.5 Mha in 2000 to 9.6 Mha in 2011. The growth rate
picked up signi�cantly after 2012 (10.3 Mha), and by 2021, the harvested area had risen to 12.9 Mha,
indicating an increase of almost 3 Mha in only nine years. Overall, the global rubber harvested area
increased by 73% between 2000 and 2021, while in Southeast Asia, the increase was 75%.

Figure 2b depicts the trend of natural rubber production in global and Southeast Asia between 2000 and
2021 using FAOSTAT data. The data indicates that Southeast Asia’s rubber production steadily increased
from 5.3 mt in 2000 to 8.2 mt in 2008 but declined to 7.6 mt in 2009. Subsequently, rubber production
increased from 8 mt in 2010 to 11.3 mt in 2019 but decreased in 2020 and 2021 to 10.7 and 10.8 mt,
respectively, possibly due to the impact of COVID-19. On the other hand, global natural rubber production
showed a consistent increase from 7.1 mt in 2000 to 14.5 mt in 2019. However, as in the Southeast Asia,
global rubber production declined in 2020 and 2021, with 14 mt each year. Overall, between 2000 and
2021, global natural rubber production increased by 98%, while in Southeast Asia, the increase was 104%.

Rubber is an essential commodity worldwide and �nds uses in thousands of everyday items. The
majority of rubber consumption, approximately 70%, is in industrial applications, with the automobile,
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tires, and tubes industries being the biggest consumers in the Asia-Paci�c region (Research and Markets
2022). Other signi�cant rubber products include disposable rubber gloves, footwear, sports balls, and
rubber bands. Moreover, natural rubber is currently used in manufacturing rubber diaphragms that pump
blood in arti�cial hearts, as well as high-damping rubber seismic bearings
(https://www.myrubbercouncil.com/marketplace/).

Materials and method

Study countries
Indonesia and Malaysia are neighboring Southeast Asian countries. Indonesia is the largest archipelago
in the world lies between latitudes 11°15'S and 6°8'N and longitudes 94°45'E and 141°05'E, consisting of
more than 17,500 islands with an area of 1,916,906 sq km, where marine area occupies about 74.3% of
the country’s area. The total forest area in Indonesia is 120.5 Mha, which is about 63% of the total land
area (Ministry of Environment and Forestry 2020). Indonesia is also home to the world’s largest tropical
peatlands with an area of 14.9 Mha. With a population of 273.8 million in 2021, Indonesia is the world’s
fourth most populous nation and the largest economy in Southeast Asia (World Bank Data 2023). The
country’s islands are home to highly varied geography, topography, and climate, ranging from sea and
coastal systems to peat swamps and montane forests. The climate of Indonesia is tropical equatorial,
hot and humid (average humidity 80%), and has abundant rainfall throughout the year mostly in low-lying
areas (mean annual precipitation between 1991 and 2020 is 2,782 mm) and mountainous regions
experiencing cooler temperatures. The temperature is stable, with the mean annual temperature between
1991 and 2020 is 26°C (Climate Change Knowledge Portal 2021). Indonesia is a large producer of rubber,
oil palm, cocoa and coffee, tobacco, gas and coal, timber, bauxite, silver, and tin.

Malaysia is located between 2°30'N to 7°30'N and 100°E to 119°E with an area of 330,803 sq km.
Malaysia consists of two primary land masses divided by water. Peninsular Malaysia, located on the
Asian mainland, lies to the west, while the states of Sarawak and Sabah, collectively referred to as East
Malaysia, are situated on the island of Borneo (available at: https://www.malaysia.gov.my/portal/index).
Malaysia has 55% forest area, where 68% is production forest, and the rest 32% is protection and
conservation forest (Ministry of Environment and Water 2020). Malaysia is a multi-racial country with a
population of over 33.6 million in 2021 (World Bank Data 2023). The climate of Malaysia is tropical
equatorial, quite humid (average humidity 84%), and rainy throughout the year (mean annual precipitation
between 1991–2020 is 3,002 mm). Temperatures are high and stable, with the mean temperature
between 1991 and 2020 at 26°C and relatively little seasonal variability in average monthly temperature
(Climate Change Knowledge Portal 2021). Moreover, Malaysia is one of 17 megadiverse countries, home
to numerous endemic species. Malaysia is a large producer of rubber, oil palm, cocoa, rice and pepper,
petroleum and natural gas, tin, and timber.

Methods and data analysis
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This study is based on secondary data sources from 2000 to 2021 from different sources. Data were
collected from the following sources: FAOSTAT (available at: https://www.fao.org/faostat/en/) of the
Food and Agriculture Organization of the United Nations (FAO) for the data of global status of oil palm
and rubber, southeast Asia’s status of oil palm and rubber, and Indonesia and Malaysia’s status of oil
palm and rubber; Global Forest Watch (available at: https://www.globalforestwatch.org/) for tree cover
loss and primary forest loss data; International Production Assessment Division (available at:
https://ipad.fas.usda.gov/cropexplorer/Default.aspx) of the United States Department of Agriculture
(USDA) for regional and country-level data of oil palm and rubber in Indonesia and Malaysia; Direktorat
Jenderal Perkebunan (available at: https://ditjenbun.pertanian.go.id/) and Badan Pusat Statistik
(available at: https://www.bps.go.id/) for oil palm production and export volume and value in Indonesia;
Malaysian Palm Oil Board (available at: https://www.mpob.gov.my/) and Department of Statistics,
Malaysia (available at: https://www.dosm.gov.my/v1/) for oil palm export volume and value in Malaysia;
and Malaysian Rubber Council (available at: https://www.myrubbercouncil.com/), Rubber Research
Institute of Malaysia (available at:) and Malaysian Rubber Board (available at:
https://www.lgm.gov.my/webv2/home) for rubber production area, production, and export volume and
value in Malaysia. Moreover, data was also collected from peer-reviewed journal articles and books, as
well as yearly statistics from several websites and government departments in Indonesia and Malaysia
(mentioned in the previous sentences). O�cial export values for oil palm and rubber in Indonesia, as well
as the export value for rubber in Malaysia, are readily available in USD. To facilitate comparison with
Indonesia, the oil palm export value for Malaysia was adjusted for in�ation, using the local currency unit
per USD in 2010, and changes in Malaysia's consumer price index in 2010. These data were obtained
from the World Bank Data (available at: https://data.worldbank.org/). The above data sources have
contributed to ensuring that the data used in the study is trustworthy and reliable.

For this study, a comprehensive range of data, particularly on deforestation, such as tree cover loss and
forest loss, drivers of deforestation, oil palm and rubber production, export volume and value, and zero
deforestation activities in Indonesia and Malaysia were collected and compiled. The data was then
analyzed using R software (version 3.6.1) mainly using descriptive statistics and regression scatter plots.
This approach allowed for a deeper understanding of the relationship between the different variables and
the current state of deforestation and oil palm and rubber in the two countries.

Results

Tree cover losses in Indonesia and Malaysia
The results presented in Fig. 3a using Global Forest Watch data indicate that between 2001 and 2021,
Indonesia experienced a signi�cant tree cover loss, with a total of 28.55 Mha lost. In contrast, Malaysia
lost 8.67 Mha of tree cover during the same period. The annual tree cover loss in Indonesia was not
consistent and higher in the years 2016 (2.42 Mha), 2012 (2.26 Mha), and 2009 (1.94 Mha). However,
from 2017 to 2021, there was a decrease in tree cover loss, ranging from 1.30 to 0.84 Mha. In Malaysia,
the annual higher tree cover losses showed in the years 2014 (0.65 Mha), 2012 (0.63 Mha), 2009 (0.62
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Mha), and 2016 (0.57 Mha). Similarly, from 2017 to 2021, there was a decrease in tree cover loss in
Malaysia, ranging from 0.48 to 0.28 Mha. The percentage of tree cover loss was higher in Malaysia
(0.56–1.95% per year) than in Indonesia (0.29–1.27% per year) from 2001 to 2021. During the period, in
total, Indonesia’s tree cover loss increased by 13.5%, while it decreased by 15.2% in Malaysia.

Primary forest loss in Indonesia and Malaysia
Figure 3b illustrates the primary forest (primary forest refers to areas of forest having reached the �nal
stage of succession and no signi�cant disturbances in recent records due to human activity) loss in
Indonesia and Malaysia between 2001 and 2021 using Global Forest Watch data. Over this period,
Indonesia lost a signi�cant amount of primary forest, with a total of 10.1 Mha lost, representing 35% of
its total tree cover loss during the same period. The primary forest loss was higher in the years 2016 (0.93
Mha), 2012 (0.86 Mha), 2014 (0.74 Mha), and 2009 (0.68 Mha). However, from 2017 (0.37 Mha) to 2021
(0.20 Mha), the rate of primary forest loss decreased. On the other hand, Fig. 3b also shows that
Malaysia lost 2.8 Mha of primary forest between 2001 and 2021, which represents 32% of its total tree
cover loss during the same period using Global Forest Watch data. The primary forest loss was higher in
the years 2009 and 2012 (0.24 Mha each), followed by 2014 (0.23 Mha), 2016 (0.19 Mha), 2011, and
2017 (0.16 Mha each). However, from 2017 (0.14 Mha) to 2021 (0.07 Mha), the primary forest loss rate
decreased, similar to the trend observed in Indonesia. Overall, between 2001 and 2021, the amount of
primary forest loss in Indonesia increased by 82%, while in Malaysia, it increased by a much greater
magnitude of 250% during the same period, surpassing Indonesia in terms of the increase.

Status of oil palm in Indonesia and Malaysia
Figure 4 assessed the cultivated and harvested area for oil palm in Indonesia and Malaysia between
2000 and 2021 using data from FAOSTAT and government statistics. The data in Fig. 4a shows that
Indonesia’s oil palm cultivation area has increased from 4.2 Mha (2.2% of the total land area) in 2000 to
14.7 Mha (7.7% of the total land area) in 2021, representing a 250% increase over the last two decades.
Additionally, in 2000, the oil palm harvested area was only 2 Mha (1% of the total land area). By 2021,
this �gure had increased to 15 Mha (7.9% of the total land area), representing an astounding 650%
increase over the last two decades (Fig. 4a).

According to Fig. 4b, Malaysia’s oil palm cultivation area has increased from 3.4 Mha (10.3% of the total
land area) in 2000 to 5.7 Mha (17.2% of the total land area) in 2021. This increase represents a 68%
growth over the last two decades. Moreover, Malaysia’s harvested area of oil palm has also increased
during the same period, from 3.4 Mha (10.21% of the total land area) in 2000 to 5.1 Mha (17.84% of its
land area) in 2021. This expansion represents a 50% increase over the same period, according to Fig. 4b.

Status of rubber in Indonesia and Malaysia
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Figure 5 evaluated the rubber cultivation and harvested area in Indonesia and Malaysia between 2000
and 2021 using data from FAOSTAT and government statistics. The data in Fig. 5a shows that
Indonesia’s rubber cultivation area has increased from 3.4 Mha (1.8% of the total land area) in 2000 to
3.8 Mha (2% of the total land area) in 2021, representing a 12% increase over the last two decades.
Figure 5a also showed that in 2000, Indonesia had a rubber-harvested area of 2.4 Mha, representing 1.3%
of its total land area. After two decades in 2021, the rubber harvested area in Indonesia had increased to
3.7 Mha, or 1.9% of its total land area. The study revealed that between 2000 and 2021, Indonesia’s
rubber-harvested area increased by 54%.

Based on the data presented in Fig. 5b, the rubber cultivation area in Malaysia has decreased from 1.4
Mha (4.3% of the total land area) in 2000 to 1.1 Mha (3.4% of the total land area) in 2021. This indicates
a 21% decline over the period. Figure 5b also reveals a similar pattern in Malaysia’s rubber harvested area,
which decreased from 1.4 Mha, representing 4.3% of the total land area in 2000, to 1.1 Mha, equivalent to
3.4% of its total land area in 2021. This decline represents a 21% reduction over the same period.

Palm oil production and export from Indonesia and Malaysia
In 2000, Indonesia’s production of palm oil (including CPO and KPO) was only 7.7 mt, while Malaysia’s
production was 12.2 mt. By the end of the two decades, Indonesia’s production had risen to 51.4 mt, while
Malaysia’s production had risen to 20.2 mt. This indicates that Indonesia’s palm oil production increased
by 565% over the last two decades, while Malaysia’s production increased by 66%, as illustrated in Fig. 6a
using FAOSTAT data.

The present study found that Indonesia exported a signi�cant portion of its total palm oil production
(CPO and KPO), ranging from 50 to 91% between 2000 and 2021. In contrast, Malaysia exported almost
all of its total palm oil production, with 74–100% range during the same period (Fig. 6b). Speci�cally,
Indonesia exported a higher amount of palm oil in 2021, with 33.7 mt, followed by years 2019 (30.23 mt),
2017 and 2018 (29 mt each), and 2015 (28.28 mt). On the other hand, Malaysia exported a higher
amount of palm oil in 2011, 2013, and 2019 (with more than 19 mt each year), followed by 2012, 2014,
2015, and 2020, with more than 18 mt each year. Indonesia’s palm oil export volume increased by 619%
in the last two decades, and Malaysia’s increased by 83%.

Natural rubber production and export from Indonesia and Malaysia
In 2000, Indonesia’s natural rubber (both primary forms and other forms) production was 1.5 mt, while
Malaysia’s was 0.9 mt. By 2021, Indonesia’s production had increased to 3.1 mt, a 107% increase over the
last two decades. In contrast, Malaysia’s production decreased by 44% over the same period, falling to 0.5
mt (Fig. 7a) using FAOSTAT data.

The export of natural rubber in Indonesia and Malaysia has been signi�cant, with Indonesia exporting
most of its production and Malaysia exporting almost all of its production between 2000 and 2021
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(Fig. 7b). Speci�cally, Indonesia exported 74–93% of its total natural rubber production during this period,
while Malaysia exported 82–139% of its total. Regarding the highest export amounts, Indonesia had the
highest export in 2017 at 3.2 mt, followed by 2018 at 2.81 mt and 2017 at 2.7 mt. Malaysia had the
highest export in 2004 at 1.43 mt, followed by 2005 at 1.15 mt, 2006 at 1.13 mt, and 2007 at 1.02 mt.
Indonesia’s natural rubber export volume has increased by 69% over the last two decades, and Malaysia’s
export volume decreased by 33%.

Export values of palm oil and natural rubber in Indonesia and
Malaysia
The export value (in billion USD) of palm oil in Indonesia and Malaysia increased steadily between 2000
and 2021, as shown in Fig. 8a. In particular, Indonesia earned the highest revenue from exported palm oil
in 2021 at 28.68 billion USD, followed by 2017 at 20.8 billion USD, and 2011, 2012, and 2014 at more
than 19 billion USD each year. Similarly, Malaysia’s highest earnings from exported palm oil occurred in
2021 at 27.25 billion USD, followed by 2011 at 21.33 billion USD, 2017 at 19.28 billion USD, and 2012 and
2020 at more than 18.6 billion USD each year.

The export value of natural rubber (in both primary and other forms) in Indonesia and Malaysia showed
an upward trend between 2000 and 2021, as depicted in Fig. 8b. In particular, Indonesia earned the
highest revenue from natural rubber exports in 2011, with a value of 11.76 billion USD, followed by 2012
and 2010, generating more than 7 billion USD. Additionally, in 2008 and 2013, Indonesia generated more
than 6 billion USD from natural rubber exports. On the other hand, Malaysia’s highest revenue from
natural rubber exports was in 2011, with a value of 4.34 billion USD, and in the years following 2006,
2007, 2008, 2010, 2012, and 2013, Malaysia generated more than 2 billion USD each year.

Major regions of palm oil and rubber production in Indonesia and
Malaysia
Figure 9a shows the geographical distribution of palm oil mills across Indonesia and Malaysia. This
visualization provides an overview of the locations where oil palm is processed in the two countries and
highlights the concentration of mills in certain regions. The distribution of mills can provide insights into
patterns of production and supply chains, as well as potential deforestation associated with oil palm
production in these countries.

Figure 9b illustrates the key regions for oil palm and rubber cultivation, as well as the levels of
deforestation in those regions in Indonesia. The data shows that oil palm is grown in 33 regions across
the country, with 11 of those regions being major producers of CPO, accounting for 79% of the country’s
total production. The Indonesian islands of Sumatra and Kalimantan, also known as Borneo in Indonesia,
divided between Malaysia, and Brunei, are globally renowned as the most productive regions for oil palm
cultivation. The Borneo Islands have a tropical climate and are home to a rich diversity of �ora and fauna,
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including tropical rainforests that are considered biodiversity hotspots. The region’s ideal climate and
fertile soil make it a prime location for oil palm cultivation, which was introduced during the Dutch
colonial period and has since become a major industry in the area (Shoumatoff 2017). Of these, the top
palm oil-producing provinces are Riau, North Sumatra, and South Sumatra, with a share of 27%, 15%, and
10%, respectively.

Similarly, natural rubber production is concentrated in those eight regions of Indonesia (Fig. 9b), which
account for 69% of the country’s total production. Indonesia's top natural rubber-producing regions are
South Sumatra, Riau, and Jambi, with a share of 32%, 10%, and 10%, respectively. Additionally, the table
reveals that oil palm and rubber cultivation are linked to deforestation in Indonesia. Indonesia’s major oil
palm and rubber production regions are responsible for 66% of the country’s total deforestation between
2001 and 2021. Of these regions, Riau, West Kalimantan, Central Kalimantan, and South Sumatra have
the highest levels of deforestation contributing 14%, 13%, 12%, and 12%, respectively.

Figure 9c illustrates the major regions for oil palm cultivation and production, as well as the levels of
deforestation in Malaysia. In Malaysia, oil palm is grown in 16 regions, with �ve regions being considered
major regions for CPO production, accounting for 81% of the total country’s production. The top regions
for oil palm production are Sabah and Sarawak (Malaysian Borneo) and Johor with a share of 25%, 19%,
and 16%, respectively. Additionally, �ve regions also account for 83.5% of the country’s total
deforestation, with Sarawak, Sabah, and Pahang having the highest levels of deforestation with a
contribution of 35.9%, 20.1%, and 13.7%, respectively. The states of Johor, Pahang, and Perak in addition
to Borneo are home to tropical forests, diverse peat swamp ecosystems, intricate river networks, and
extensive mangrove forests. Due to their favorable climate and soil properties, these areas have become
popular destinations for oil palm cultivation, which has become a major source of economic growth for
these regions.

Correlation between the attributes of oil palm in Indonesia and
Malaysia
Table 1 presents a correlation analysis of six attributes (log10 transformed data) related to oil palm in
Indonesia and Malaysia over the last two decades. The attributes are cultivation area, harvested area, tree
cover loss, primary forest loss, palm oil production, and price in USD. The table is organized in a matrix
format, where each attribute is listed as a row and a column, and the intersection represents the
correlation between them. The values in the table represent Pearson’s correlation coe�cient (r) between
the attributes, which measures the strength and direction of the linear relationship between two variables.
The asterisk indicates the signi�cance level of the correlation.

Table 1 for Indonesia shows signi�cant correlations between several attributes. Strong positive
correlations exist between oil palm cultivation area and harvested area (r = 0.98***), oil palm production
(r = 0.99***), and price of palm oil in USD (r = 0.60**). Harvested area strongly correlates with production
(r = 0.98***) and price (r = 0.67**). Tree cover loss and primary forest loss have a strong positive
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correlation (r = 0.89***), while tree cover loss and palm oil price have a weak positive correlation (r = 
0.45*). Primary forest loss and price have a weak correlation (0.49*), while production and price have a
moderate positive correlation (r = 0.63**).

Table 1
Correlation between oil palm attributes in Indonesia and Malaysia between 2001–2021

Attribute Cultivation
area

Harvested
area

Tree cover
loss

Primary forest
loss

Production Price
USD

Indonesia

Cultivation
area

1          

Harvested
area

0.98*** 1        

Tree cover
loss

0.29 0.36 1      

Primary forest
loss

0.16 0.27 0.89*** 1    

Production 0.99*** 0.98*** 0.34 0.21 1  

Price USD 0.60** 0.67** 0.45* 0.49* 0.63** 1

Malaysia

Cultivation
area

1          

Harvested
area

0.95*** 1        

Tree cover
loss

0.40• 0.42• 1      

Primary forest
loss

0.51* 0.59** 0.76*** 1    

Production 0.92*** 0.94*** 0.49* 0.68*** 1  

Price USD 0.64** 0.77*** 0.37 0.62** 0.73*** 1

Note: Pearson correlation coe�cients between each variable pair are displayed along with their
signi�cance level indicated by letter size and asterisk (***p < .001; **p < .01; *p < .05; •p < 0.1).

 

Table 1 for Malaysia shows signi�cant correlations between several attributes. There is a strong positive
correlation between oil palm cultivation area and harvested area (r = 0.95***), production of oil palm (r = 
0.92***), and price of palm oil in USD (r = 0.64**). Harvested area shows a strong positive correlation with
primary forest loss (r = 0.59**), production (r = 0.94***), and price (r = 0.77***). The table also shows a
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strong positive correlation between tree cover loss and primary forest loss (r = 0.76***). Furthermore, a
strong positive correlation between primary forest loss and both production (r = 0.68***) and price of
palm oil (r = 0.62**). Finally, palm oil production strongly correlates with the increase in palm oil price (r = 
0.73***).

Correlation between the attributes of rubber in Indonesia and
Malaysia
Table 2 presents a correlation analysis of six attributes (log10 transformed data) related to rubber in
Indonesia and Malaysia over the last two decades. The attributes are cultivation area, harvested area, tree
cover loss, primary forest loss, rubber production, and the price of natural rubber in USD. The signi�cance
level of the correlation is indicated by asterisk.

Table 2 for Indonesia displays a strong positive correlation between rubber cultivation area and harvested
area (r = 0.83***) as well as rubber production (r = 0.82***). Harvested area positively correlates with tree
cover loss (r = 0.45*), production (r = 0.86***), and the price of natural rubber (r = 0.54*). Tree cover loss
and primary forest loss exhibit a strong positive correlation (r = 0.89***). Primary forest loss and rubber
production are moderately correlated with the price of natural rubber, with correlation values of 0.61**
and 0.64**, respectively.
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Table 2
Correlation between rubber attributes in Indonesia and Malaysia between 2001–2021

Attribute Cultivation
area

Harvested
area

Tree cover
loss

Primary forest
loss

Production Price
USD

Indonesia

Cultivation
area

1          

Harvested
area

0.83*** 1        

Tree cover
loss

0.22 0.45* 1      

Primary forest
loss

0.05 0.36 0.89*** 1    

Production 0.82*** 0.86*** 0.54* 0.45* 1  

Price USD 0.28 0.54* 0.52* 0.61** 0.64** 1

Malaysia

Cultivation
area

1          

Harvested
area

1.00*** 1        

Tree cover
loss

-0.65** -0.65** 1      

Primary forest
loss

-0.73*** -0.73*** 0.76*** 1    

Production 0.40• 0.43• -0.05 0.04 1  

Price USD -0.73*** -0.71*** 0.40• 0.69*** 0.08 1

Note: Pearson correlation coe�cients between each variable pair are displayed along with their
signi�cance level indicated by letter size and asterisk (***p < .001; **p < .01; *p < .05; •p < 0.1).

 

Table 2 presents several signi�cant correlations in Malaysia’s rubber industry. There is a strong positive
correlation between rubber cultivation area and harvested area (r = 1.00***). On the other hand, cultivation
area has strong negative correlations with tree cover loss (r=-0.65**), primary forest loss (r=-0.73***), and
the price of natural rubber (r=-0.73***). Harvested area shows similarly strong negative correlation with
tree cover loss (r=-0.65**), primary forest loss (r=-0.73***), and the price of natural rubber (r=-0.71***).
Interestingly, tree cover loss strongly correlates with primary forest loss (r = 0.76***) and primary forest
loss has a strong positive correlation with the price of natural rubber (r = 0.69***). Rubber production has
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a weak positive correlation with cultivation area (r = 0.40•) and harvested area and rubber production (r = 
0.43•). However, there is no signi�cant correlation between tree cover loss and rubber production, as well
as primary forest loss and rubber production.

Discussion
Our study �ndings indicate that tree cover loss and primary forest loss in Indonesia and Malaysia for oil
palm and rubber cultivation have signi�cantly decreased from 2017 to 2021. During the speci�ed period,
Indonesia reduced its area loss from 1.67 Mha to 1.04 Mha, while Malaysia reduced its area loss from
0.64 Mha to 0.35 Mha. One possible factor for tree cover loss reduction is the nationwide implementation
of a moratorium on developing new oil palm concessions on peatlands and in primary forests (Busch et
al. 2015; Gaveau et al. 2018, 2022). The moratorium was extended inde�nitely in 2019 and emphasized
regulation and certi�cation, which has resulted in reduced investments in developing new oil palm
plantations (Busch et al. 2015). Moreover, there are other factors that have likely contributed to this
reduction. Firstly, the improved legal framework for community-based land claims in Indonesia has made
it more di�cult for companies to access land (Astuti and McGregor 2017). Secondly, sourcing and
sustaining land and labor has become increasingly challenging (Gaveau et al. 2022). Thirdly, the focus
on reducing deforestation has received both national and international attention, with consumers
pressuring for products that are free of deforestation, and governments increasing their oversight and
enforcement of zero deforestation commitments (Gaveau et al. 2018, 2022). Yet, the oil palm harvested
area has increased in both countries for the last two decades. On the other hand, rubber harvested area
has also increased in Indonesia and Malaysia. The present study demonstrates that the impacts of oil
palm and rubber on deforestation vary by region and period in both countries. Gaveau et al. (2018)
assessed that Borneo Islands lost 6 million hectares (3.7 Mha and 2.3 Mha lost in Indonesian and
Malaysian Borneo, respectively) of forest cover between 2000 and 2017 for oil palm and pulpwood
plantations. Similar to the present study’s �ndings, previous research has pointed to industrial oil palm
and rubber plantations as being responsible for widespread deforestation in both countries until 2016
(Gatto et al. 2015; Varkkey et al. 2018; Austin et al. 2019; Xu et al. 2022; Hana�ah et al. 2022).

Recent studies indicate a slowdown in industrial oil palm plantation expansion and associated forest
conversion in Indonesia (Gaveau et al. 2018; Austin et al. 2019). One reason for the slowdown might be
that expansion of plantations is linked to the price of CPO, which has declined in recent years (Gaveau et
al. 2018). The high stock of CPO in Southeast Asia, which reached a record high of 3 mt in 2018, coupled
with low demand for CPO from consumer countries such as China, the European Union, Pakistan, and the
Philippines (resulting in a 12.9% month-on-month drop in exports in December 2018), has contributed to
the decline in CPO prices (Shamsudin 2019). In addition to these factors, price �uctuations in other edible
oils like soybean oil, the availability of oil palm feedstock for biodiesel production, labor shortages, and
changes in policies have also had a negative impact on CPO prices in both countries (Yusof 2022). Isa et
al. (2020) found that in Malaysia, the strengthening of the Malaysian currency against the USD has
resulted in an increase in the cost to import CPO for importing countries. This increase in cost has led to a
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decrease in the demand for CPO in the global market. The decline in demand has subsequently caused a
decrease in the price of CPO. Gaveau et al. (2022) assessed that a 1% decrease in price was associated
with a 1.1% reduction in the establishment of new industrial plantations and a 0.7% reduction in forest
loss in Indonesia. The study also noted that lower CPO prices discouraged investors from expanding oil
palm cultivation in Indonesian Borneo, and this trend is expected to impact Malaysian plantation
expansion as well. Subsequently, many of the major plantation companies are now expanding their
concessions in Papua, Central and Western Africa, and the Americas (Austin et al. 2017; Furumo and Aide
2017).

Furthermore, the price drop of CPO can also be attributed to the economic growth of China and India from
2000 to 2011, which led to a quadrupling of the CPO price (from an annual mean of USD 261 to USD
1,077), led to a surge in investment in new plantings. However, as the economies of China and India
slowed around 2011–2012, the market was unable to absorb the increased supply, leading to a decline in
prices. As a result, between 2011 and 2019, the annual price of CPO was halved, reaching USD 523 by
2019 (Gaveau et al. 2022). However, it is worth noting that CPO prices have begun to rise once again. In
2019, the annual mean was USD 524, which increased to USD 666 in 2020 and further to USD 1,039 in
2021 (Gaveau et al. 2022). Moreover, the demand for palm oil is expected to increase due to Indonesia’s
biodiesel program, which may act as a further stimulus for expansion. Effective from 1 February 2023,
Indonesia implemented the B35 (35% blend of palm oil) biodiesel program in its transport sector, which
increases the required palm oil mix from B30 (Listiyorini and Harsono 2023). As a result, domestic
consumption of palm oil is expected to increase, around a 19% increase compared to 2022 (Biofuel
Central 2022). Conversely, as Indonesia tightens its palm oil export policy to prioritize domestic supply,
demand for Malaysian palm oil is expected to increase. This shift is predictable to assist in reducing
higher domestic palm oil stocks in Malaysia (Jalil 2023).

Since 2014, the world’s largest palm oil producers, traders, consumer goods companies, and �nancial
institutions have had comprehensive commitments to “No Deforestation, No Peat, No Exploitation
(NDPE)” policies, considered one of the most effective private instruments to cut the direct link between
deforestation and palm oil (Proforest 2020). As of June 2020, NDPE policies covered 83% of the palm oil
re�ning capacity in Indonesia and Malaysia, with 78% of companies implementing these policies (Chain
Reaction Research 2020). In Malaysia, stricter adherence to NDPE policies by palm oil re�neries has
resulted in reduced palm oil production supplied from deforested or peat lands, slowing the expansion of
oil palm cultivation (Aidenvironment 2021). Out of the 21 largest oil palm growers in Indonesia, 16 of
them comply with NDPE policies regarding the clearance of forests and peatlands (Chain Reaction
Research 2020). However, the Indonesian government also offered local leakage re�ners an escape from
NDPE market requirements through the palm oil diesel market. This has led to a situation where some
growers are still engaging in deforestation for oil palm, despite the fact that eight out of the twenty-�ve
largest re�ners in Indonesia and Malaysia are involved in the leakage market. China, India, Indonesia,
Pakistan, and Bangladesh are major leakage markets for palm oil, collectively accounting for
approximately 43% of the exports from Indonesia and Malaysia (Chain Reaction Research 2020).
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Currently, NDPE policies are still applied to only the palm oil supply chain rather than the entire corporate
entity of suppliers, such as timber and mining (Chain Reaction Research 2023).

Additionally, the tightening of sustainable certi�cation requirements by the 16th Annual Conference of
Roundtable on Sustainable Palm Oil (RSPO) 2018, which prohibits deforestation and peatland clearing,
has also contributed to this trend. Moreover, 86.39% of Malaysia’s oil palm plantations and 96.04% of
re�ners have been certi�ed sustainable under the Malaysian Sustainable Palm Oil (MSPO) certi�cation
scheme established in 2015 to mitigate social and environmental impacts from oil palm supply chain
(Law and Wong 2021).

The relationship between plantation expansion and deforestation remains a subject of debate even in
research (Gaveau et al. 2016, Mosnier et al. 2017, Gaveau et al. 2018). In contrast, a recent study found
that rubber plantations were converted to oil palm plantations at an average rate of 1.9% and 2.6%
annually in Indonesia and Malaysia (Jayathilake et al. 2023). Starting in 2016 or so, rubber prices were
down in Malaysia, so smallholder farmers abandoned their rubber plantations, and many farmers
converted to oil palm, who generally prefer crops that offer high and quick returns on investment
(Shevade and Loboda 2019). Many farmers also obtain an immediate income by cutting down rubber
trees to be sold for timber (Ali et al. 2021). Similarly in Indonesia, traditionally managed rubber
agroforestry cannot compete with oil palm in terms of pro�tability (Feintrenie et al. 2010). Additionally,
the labor-intensive nature of rubber and its low returns from land prices have rendered rubber less
appealing to smallholders in both countries (Jayathilake et al. 2023).

Meanwhile, consumers in the European Union, for example, demand palm oil products from Indonesia
and Malaysia that are free from deforestation (Gaveau et al. 2018), which burden these countries to
ensure deforestation-free export commodities. However, recent research has suggested that banning
imports from the European Union of deforestation-free commodities may have a much less signi�cant
impact on preventing forest loss than was originally expected (Busch et al. 2022). Following that,
Indonesian palm oil companies began exporting palm oil to China without NDPE commitments. Between
2019 and 2021, Indonesia exported 1.4 mt of palm oil to China, which was twice the amount exported
between 2016 and 2018 (see details at https://www.tradeatlas.com/en). More importantly, one ton of
palm oil can be produced on as little as one-eighth of the land (0.26 ha) needed for producing other major
oil crops such as soybean (2 ha), sun�ower (1.43 ha) and rapeseed (1.25 ha) oils. Given that demand for
palm oil is expected to nearly double by 2050, substituting oil palm for other crops may exacerbate the
problem of banning palm oil products (IUCN 2018).

Nevertheless, environmental NGOs and activists are also working to eliminate all palm oil or
deforestation-linked palm oil from consumer goods. Many of the world’s largest traders and producers of
palm oil have made zero deforestation commitments “No Deforestation, Clear Peatland, Or Exploit
Workers,” in which they guarantee to eliminate deforestation from their supply chain by a stated date
(Lambin et al. 2018). Studies found that these commitments can potentially make substantial long-term
contributions to supply chain transparency and public-private engagement (Hoang and Kanemoto 2021)
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and increase direct sourcing and traceability (zu Ermgassen et al. 2022). Commitments can also help
improve territorial governance (Pendrill et al. 2022) and in�uence government policies (Dermawan et al.
2022). However, traders and producers commitments are somehow fragile, and even this low
accomplishment is being threatened by rising product prices and the increasing in�uence of traders with
limited transparency. Only 28 of 350 companies, the most in�uential ones, have published new
commitments to address deforestation. Only 11 of these companies have deforestation commitments for
all commodities they deal with. Furthermore, only 23 of 150 �nancial institutions have a deforestation
policy and reported on its implementation progress (Burley and Thomson 2021). Moreover, at the 2021
UN Climate Change Conference more than 100 leaders committed to working collectively to halt and
reverse forest loss and land degradation by 2030 while delivering sustainable development and
promoting an inclusive rural transformation. In the “Declaration on Forests and Land Use,” countries
outlined their strategy, which focuses on supporting trade and development policies that promote
sustainable production and consumption (see details at https://ukcop26.org/).

Governments and other stakeholders are concerned with identifying ways to increase productivity and
eliminate deforestation from the supply chains. Ensuring the sustainability of these sectors demands
comprehensive policy measures and practical solutions for farmers that enhance their livelihoods. This
can only be accomplished through government, private sector, farmers, and community collaboration.
Conversely, after the COVID-19 pandemic situation, palm oil prices are likely to increase as demand
increases for its use in food and biofuels (liquids or gases made from plant products including oil palm),
boosting the pro�tability of palm oil again and programs such as biodiesel expansion, which could drive
further plantation expansion. Since 2015, the Indonesian government has provided signi�cant subsidies
to producers of biodiesel blends that use palm oil in order to keep the prices of these biofuels
competitive. Biodiesel blends derived entirely from palm oil, known as B100, are used as a replacement
for conventional diesel. As of 2021, Indonesia was the third largest producer of biofuels, generating 312
petajoules annually, and the largest producer of biodiesel from different feedstocks, including oil palm,
after the United States and Brazil (www.statista.com). Both countries are striving to boost exports to India
and China, two growing biodiesel importers. This is part of their efforts to promote biodiesel as an eco-
friendly substitute for conventional aviation and shipping fuels (Coca 2020). However, in order to meet
the demand for B100, an additional 15 Mha of oil palm plantation would need to be established, which is
more than double the current area of oil palm plantation in the country. This represents a signi�cant
challenge for the industry and the government (www.statista.com).

Conclusion
This study’s �ndings indicate that oil palm and rubber production-related deforestation in Indonesia and
Malaysia has decreased over the last few years. Corporate zero deforestation commitments and policies
cannot halt tropical deforestation alone. Smaller companies and smallholder farmers run out of forest to
clear without such commitments and can still sell their products in the leakage market, like in China.
Therefore, to prevent deforestation, efforts are being made to protect forestland, increase engage
community participation in forest management, improve forest monitoring using technology, provide

https://www.worldwildlife.org/industries/palm-oil
https://www.worldwildlife.org/industries/palm-oil
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open access to real-time deforestation data, enhance transparency and sustainability in the forestry
products supply chain, and improve planning and management for oil palm and rubber in Indonesia and
Malaysia. Further, the two countries may increase deforestation pressure due to the increasing use of oil
palm as biodiesel in local and international markets. Here required public and private governance
arrangements and robust government monitoring to implement the zero deforestation commitments.
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Figures

Figure 1

Global and Southeast Asia’s status of annual oil palm harvested area (a) and crude palm oil production
(b) between 2000 and 2021 (data source: FAOSTAT, 2023).
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Figure 2

Global and Southeast Asia’s status of annual rubber harvested area (a) and natural rubber production (b)
between 2000 and 2021 (data source: FAOSTAT, 2023).

Figure 3
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Annual tree cover loss (a) and primary forest loss (b) in Indonesia and Malaysia between 2001 and 2021
(data source: Global Forest Watch, 2023).

Figure 4

Annual area cultivated and harvested for oil palm in Indonesia (a) and Malaysia (a) between 2000 and
2021 (data sources: Malaysian Palm Oil Board, 2020; Department of Statistics, Malaysia, 2020; Direktorat
Jenderal Perkebunan, 2021; Badan Pusat Statistik, 2022; FAOSTAT, 2023).

Figure 5
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Annual area cultivated and harvested for rubber in Indonesia (a) and Malaysia (b) between 2000 and
2021 (data sources: Badan Pusat Statistik, 2022; FAOSTAT, 2023; Malaysian Rubber Council, 2023;
Malaysian Rubber Board, 2023).

Figure 6

Annual palm oil production (a) and export volume (b) in Indonesia and Malaysia between 2000 and 2021
(data sources: Malaysian Palm Oil Board, 2020; Department of Statistics, Malaysia, 2020; Direktorat
Jenderal Perkebunan, 2021; Badan Pusat Statistik, 2022; FAOSTAT, 2023).
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Figure 7

Annual natural rubber production (a) and export volume (b) in Indonesia and Malaysia between 2000 and
2021 (data sources: Direktorat Jenderal Perkebunan, 2021; Badan Pusat Statistik, 2022; Malaysian
Rubber Board, 2023; FAOSTAT, 2023).

Figure 8
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Export values of CPO and KPO (a) and natural rubber (b) in Indonesia and Malaysia between 2000 and
2021 (data sources: Malaysian Palm Oil Board, 2020; Department of Statistics, Malaysia, 2020; Direktorat
Jenderal Perkebunan, 2021; Badan Pusat Statistik, 2022; FAOSTAT, 2023; Malaysian Rubber Board,
2023).

Figure 9
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(a) Distribution of palm oil mills across Indonesia and Malaysia; (b) major regions of palm oil and natural
rubber production and the extent of tree cover loss in those areas of Indonesia; and (c) major regions of
palm oil production and the extent of tree cover loss in those areas of Malaysia (Data and maps sources:
Grow Asia Partnership Ltd., 2020; USDA, 2023; FAOSTAT, 2023; Global Forest Watch, 2023).


