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ABSTRACT

Palm oil and its derivative ingredients constitute a third of all
global vegetable oils. The expanding palm oil cultivation in
Indonesia and Malaysia is correlated with deforestation,
increased habitat loss, and threats to endemic species in some
biodiversity hotspots. Palm monoculture creates Greenhouse
Gas (GHG) emissions, contributing to global climate change.
Both domestic and foreign multinationals play a role in the
cultivation and production of palm oil. These companies are
responsible for reporting and helping to address the crisis of
GHG and biodiversity loss stemming from deforestation in
and around plantations. Such reporting is challenging due to
the need for more data. Satellite data, including our work,
presents a methodology that integrates remote sensing and
geospatial data to map, measure, and analyze impacts and
changes resulting from increasing palm oil cultivation. We
measure key risk metrics related to biodiversity loss, forest
morphology changes, and carbon loss from deforestation
resulting from palm oil cultivation over twenty years,(2000-
2021.

Index Terms— GHG, Palm Qil, biodiversity;, TNFD, risk
metrics.

1. INTRODUCTION

Indonesia comprises more than 17,000 islands, with a land
area of 180 million hectares. Forests caverimore than 63% of
its total land, including 6% coverage bytropical rainforests
and 8% coverage by peatlands. These forests are hot spots of
biodiversity as well as act a$ /Mcarbon sinks,” absorbing
considerable metric tons of{CO: per year. During the last
three decades, deforestationshas been driven by a need to
grow cash crops such as palm oil.

According \to the United Nations Food and
Agriculture Organization (FAO), Indonesia and Malaysia
accounted for nearly 84% of global palm oil (844,515,878
tons) in 2020 [1]. The palm oil industry has become essential
to each country's economy, employing the rural poor. Palm
oil production (cultivating and milling) leads to
environmental and social problems such as increasing GHG
emissions and threats to livelihoods [2]. Smoke haze from
(palm oil) fires devastate the economy, the environment, and
people's health [3]. However, palm oil, a prime export,
accounted for USD 28.52 million in 2021, accounting for 13

percent of Indonesia's total exports [4]. Thus, it is difficult to
eliminate it from the country’s economy and there is greater
need to create a sustainable palm oil portfolio to address the
issues of carbon emission while also providing, livelihood to
the people in this region.

2. BIODIVERSITY LLOSS

The expanding palm.oil cultivation(in Indonesia and Malaysia
is correlated with-deforestation, increasing habitat loss, and
threats to endemic” species™in- some biodiversity hotspots.
Biodiversity \is critical \to the proper functioning of
ecosystems,and ecosystem services and is an emerging focus
of the Task Forcelon Nature-related Financial Disclosures
(TNFD). Bath, domestic and foreign multinationals play a
role in the eultivation and production of palm oil. Hence these
companies are responsible for reporting and helping to
address.the crisis of GHG and biodiversity loss stemming
fram deforestation in and around the plantations. Such
reporting is challenging due to the need for more data.
Satellite data, including Landsat and Sentinel, provides
valuable spatiotemporal data in examining impacts and
changes resulting from the increasing cultivation. Geospatial
data related to biodiversity assist in risk analysis.

3. ESTIMATING DEFORESTATION AND
BIODIVERSITY LOSS

We utilize remote sensing and geospatial data to map,
measure, and create risk metrics for forest loss and
biodiversity. In addition, we estimate carbon loss using an
allometric equation.

3.1. Palm plantations

In this study, we geolocated 1,400 palm oil plantations in
Indonesia and Malaysia to assess forest degradation using
hotspots and buffer analysis. This analysis shows the clusters
of palm oil plantations and the deforestation and forest
degradation in their proximity. Figure 1 displays the palm oil
plantations used in this study. Palm oil production is grown
across Indonesia. Riau and Kalimantan Barat (located on the
island of Sumatra) have the highest palm oil areas in the
country (measured in thousand hectares). We estimate
biodiversity loss at a 25 kilometer buffer distance of each



plantation in the study area. The buffer distance was selected
based on prior studies highlighting the impact of distance.

Figure 1. Mapped locations of 1400 palm oil plantatlons and
refineries in Malaysia and Indonesia.

3.2. Deforestation

Malaysia and Indonesia have experienced severe forest loss
15-20% during this period. There are 18 major forest types in
this region, including the peatlands of Indonesia, kerangas,
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Figure 2. Tre er loss around palm oil plantations and
refineries in the study area.
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This study estimates deforestation using Hansen's Global
Forest Change on Google Earth Engine [7]. The year 2000 is
our baseline to estimate subsequent yearly forest loss in and
around plantations during this time to identify where palm oil
cultivation is associated with deforestation and where it has
simply followed it. Forest Cover Loss is defined as a stand-
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which form a distinct ecoregion. Due to their conversion m}%

replacement disturbance or a change from a forest to a non-
forest state during 2000-2021.

We estimated the forest loss in our study area using
a 25 kilometer buffer around the 1,400 plantations (see
below). From 2001 to 2021, as shown in Figure 2, our study
area lost 18.3 Mha of tree cover, equivalent to a 43% decrease
in tree cover since 2000. Some of the forest loss can be
attributed to palm oil. Future studies will explore this issue
further.

3.3. Morphology Metrics
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100°E 110°E 120° °E

140°E

Figure 3: Forest cover in Southeast Asia in 2000 and 2021.
Green represents forest, yellow bridges, and red edge effects,
respectively.

MSPA defines the following units - core forest, edge forest,
loop, bridge, and islet. Core forest refers to interior areas of
forest located at a distance of (=900 m) from the nearest forest
edge, while edge forest refers to external forest perimeter of
(<900 m). The 900 m edge distance threshold is the midrange
indicator of the potential edge effect on forest patches [8].
Next, a loop refers to a corridor connecting the same core area



on either side, while a bridge refers to a corridor connecting
different sections of the core-forest patch. Islet refers to
disjoint and small locations of intact forest in contrast to a
perforation that characterizes an internal object perimeter [8].
We deploy the MSPA to examine the differential impacts of
palm oil cultivation, particularly the core and edge forests.
Figure 3 shows the core forest in green, the corridor in yellow,
and the edges in red color, respectively. There is more than a
fifty percent loss in the core forest from 2000-2021.

3.4. Biodiversity mapping

Biodiversity is estimated using ecoregions mapped by World
Wildlife Fund (WWF). WWF defines an ecoregion as a
"relatively large unit of land or water containing a
characteristic set of natural communities that share a large
majority of their species dynamics and environmental
conditions" [9].

The IUCN Red List of threatened species is a
powerful tool for conservation and monitoring [10]. It
differentiates critically endangered, endangered, and
vulnerable species. Species are allocated to one of the three
types of extinction risk based on population size, range area,
and decline rate. This allocation can aid in studies of
biodiversity. There is also a probability of extinction in the
wild associated with these three categories. The Red List has
become an increasingly powerful tool for glohal
conservation, management, monitoring, and decision-making
relevant to examining several key regulations, including_ the
European Union’s Sustainable Finance Disclosure
Regulation (SFDR), introduced to improve transparency in
the market for sustainable investment.
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Figure 4: Critically, endangered and vulnerable species count
in areas affected by forest degradation from palm oil

To visualize the study area’s biodiversity, we created a
species richness map using IUCN Red List species
geographic ranges at a raster resolution of the GFC dataset.
IUCN has assessed terrestrial taxonomic groups and prepared
polygon maps. This study’s first step rasterized the vector

IUCN ranges to sum up across all species, resulting in a
species richness count, representing the number of species
potentially occurring in each pixel.

3.5. Forest carbon offsets

The role of forests in storing carbon has become a prominent
concern in TNFD and shaping climate policy. We assess each
site’s carbon loss from deforestation and forest degradation
using climate data from the Global Forest Watch website
[11]. Figure 5 shows the estimated forest GHG emissions
during 2001-2021 measured in terms of tCO.e/ha. Darker
purple represents higher values of over GHG carresponding
to the lost core forest represented in red in Figure 2
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Figure 5: Estimated Forest GHG emissions - 2000-2021
measured in terms of tCO2e/ha around the 1,400 study sites.
Darker purple represents higher values of over 1500.

In addition, the average GHG emissions produced from
processing 1 ton of crude palm oil (CPO) amounts to around
1100 kg CO2eq. [12]. Allometric equations based on field
measurements of oil palm indicate differences in GHG
emission from different forest types, including peat bogs [13].
They are more accurate than satellite estimation. But wide
scale data is unavailable for the entire study region.

3.6. Overall Risk Metric

Summing each of the five equally weighted risks into an
aggregate measure provides us with a spatial distribution of
overall risk. Sumatran provinces of Riau and Jambi, and West
Kalimantan are at the highest risk from palm oil cultivation.
The top of the Penang peninsula of Malaysia is another hot
spot. Given that these regions have the highest cultivation of
palm oil, it is not surprising that they face the greatest threat.

4. DISCUSSION AND CONCLUSION



Palm oil cultivation has indeed been linked to GHG
emissions and the acceleration of climate change in Indonesia
and Malaysia. In this paper, we utilized geospatial data and
methodologies to address key issues in this context.
Deforestation and land conversion account for a substantial
portion of the GHG emissions associated with palm oil
cultivation. We characterized the forest loss by characterizing
forest morphology. We estimated the GHG resulting from
palm oil cultivation around our study sites. We highlighted
the role of peatlands and GHG emitted from the palm oil
mills. Moreover, palm oil is often transported long distances
for processing, leading to additional carbon emissions. Using
the risk metrics, we found the overall risk to be the highest in
Sumatran plantations.

While palm oil cultivation has significant
environmental consequences, it is essential to consider the
tradeoffs. Palm oil provides income opportunities for many
small-scale farmers and workers in rural areas, contributing
to poverty reduction and economic development. It offers a
vital source of income, particularly for marginalized
communities with limited livelihood alternatives.

Palm oil is a highly productive crop, yielding a
significantly higher oil output per unit of land than other
oilseeds. This high productivity allows for efficient land use,
reducing the need for large-scale expansion into new areas.
Thus, palm oil positively impacts UN Sustainable
Development Goals 1, 2, and 8 while negatively impacting
SDG 14.

Indonesia and Malaysia are the largest produgers.of
palm oil globally. Palm oil exports contribute significantly to
their economies, generating foreign exchange edrnings and
supporting economic growth. Thus balancing these tradeoffs
requires implementing sustainable practices’and addressing
the environmental impacts of palm oil cultivation. This can
involve:

° Zero-deforestation  commitments: (¢ Encouraging
palm oil companies to adopt and enforcé’strict policies
against deforestation and land conversion:

° Protecting peatlands: Implementing regulations and
practices that prohibit or restrict the-drainage of peatlands for
palm oil cultivation.

° Improved waste (/" management: Investing in
technologies and infrastructure to treat and utilize palm oil
mill effluent, reducing\methane emissions.

° Certification and sustainable sourcing: Encouraging
the adoption of eertification schemes, such as the Roundtable
on Sustainable’ JPalm Oil (RSPO), which promotes
environmentally” and socially responsible palm oil
production.

Thus, promoting sustainable practices makes it
possible to mitigate the negative environmental impacts of
palm oil cultivation while continuing to provide livelihood
opportunities for farmers in Indonesia and Malaysia.
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