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FOREWORD

Achim Steiner, United Nations Under-Secretary-General and Executive 
Director of the United Nations Environment Programme.	 Photo  UNEP

Over the past century, orangutan populations in Southeast 
Asia have seen a very steep decline, driven to the brink of 
extinction by a host of man-made threats. Deforestation, 
illegal logging, the expansion of agro-industrial plantations 
and hunting – these forces combined to isolate orangutans 
into precarious pockets of forest on the islands of Borneo 
and Sumatra.

Now, a new threat has emerged: climate change. This report 
from the Great Apes Survival Partnership (GRASP) and the 
Liverpool John Moores University assesses the impacts of 
land cover change and climate change on Borneo's endan-
gered orangutans. The report also examines the major driver 
of deforestation – the expansion of oil palm – and analyses 
how various land-use scenarios might impact the region 
through different climate change projections. The report con-
cludes, sadly, that a combined model of climate change and 
landuse change could result in a further three quarter loss of 
orangutan habitat from the present day. 

The United Nations Environment Programme (UNEP) 
actively seeks solutions to reverse this trend. The 2014 
UNEP report, Building the Natural Capital, indicates that if 
systematically pursued, REDD+ (Reducing Emissions from 
Deforestation and Degradation) could both address climate 
change and preserve some of the world's tropical forests, 
while also protecting biodiversity. Key findings show that 
REDD+ can also correct markets, policy, and institutional 
failures that undervalue the more serious climate change 
mitigation services provided by ecosystems. 

GRASP also addressed this opportunity in the 2011 
report, Orangutans and the Economics of Sustainable Forest 
Management in Sumatra, which called for “vigorous efforts” 
to reverse the impact of climate change, and stated, “the 
development of a Green Economy can lead to a win-win 
situation where orangutan habitat is conserved, ecosystem 
services maintained and economic growth continued.” 

UNEP supports global initiatives such as the Economics of 
Ecosystems and Biodiversity, the Intergovernmental Panel 
on Biodiversity and Ecosystem Services, and the Natural 
Capital Declaration, each of which provides new tools to 
measure the value of ecosystem services to our well-being. 
Now, it is time to utilize these approaches and divert from 
an unsustainable pathway to development. The Future of 
the Bornean Orangutan: Impacts of Change in Land Cover and 
Climate makes it clear that a future without sustainable 
development will be a future with a different climate and, 
eventually, without orangutans, one of our closest relatives.



Mother with infant, Tuanan, Central Kalimantan.	 Photo  Perry van Duijnhoven
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SUMMARY

Traditionally the main threats to biodiversity have come from 
changes to land cover as well as hunting. Recently another 
threat has become apparent: climate change. An increasing 
number of studies suggest that climate change is having 
negative impacts on biodiversity and that these impacts will 
increase in the future. It is therefore important to assess 
whether the impact of climate change will add to the exist-
ing threat of land-cover change, particularly in regions where 
habitat loss is high and a large proportion of the world's 
biodiversity resides; regions such as the island of Borneo. In 
this report the impacts of land cover and climate change are 
assessed for one of Borneo's most iconic species, the Bornean 
orangutan. 

The report assesses the uncertainty in climate model 
projections and how this affects predictions of climate change 
on Borneo for the years 2020, 2050 and 2080. Projections 
from two climate models (CSIRO-Mk2 and HADCM3) are 
examined under two emission scenarios (A2 and B2), which 
reflect ‘worst-case’ and ‘best-case’ trajectories of global 
development. 

This best-case scenario represents a future oriented 
towards environmental protection and social equity: slower 
population growth, less land-cover change, and more diverse 
technological developments. The clearest climate pattern for 
Borneo over time is a projected rise in average annual tem-
perature, which is particularly evident along the coastal low-
lands where most of the island's urban populations reside. 
According to the models assessed, island-wide mean tem-
peratures could rise by 2-3 °C above current levels by 2080. 

Climate models also indicate a greater variability in 
future temperatures, as indicated by an increase in annual 
temperature range and seasonality over time. These changes 
are particularly pronounced in the HADCM3 climate-model 
outputs. Over the course of this century Borneo is likely 
to experience elevated rainfall, but the magnitude of this 
change varies substantially amongst the two climate-model 
projections. Under the CSIRO model projections, total annual 
rainfall over the Borneo lowlands could increase by up to 224-
520 mm by 2050 and 513-754 mm by 2080, representing an 
increase of more than 15% of present levels in some parts 
of the island, including the large cities of Banjarmasin, Kota 
Kinabalu, Kuching, Palangkaraya and Samarinda. However, 
the Hadley model predictions for rainfall are generally less 
severe, pointing to an increase of, at most, 248-305 mm by 
the end of the century.

This report also explores the potential impact of land-
cover and climate change on the distribution of suitable 

orangutan habitat by using bioclimatic and habitat suitabil-
ity modelling. Models using recent climate and land-cover 
conditions for 2010 indicate that up to 260 000 km2 of land, 
including intact but also degraded and fragmented forest, 
could be considered potential orangutan habitat within the 
known species range. This figure represents an 18% reduction 
of the former core range due to land cover changes, according 
to the same criteria but using models repeated to land-cover 
conditions prior to the 1950s. 

Climate parameters which had the greatest influence on 
the model are: 1) annual temperature range, 2) precipita-
tion in the driest month and quarter, and 3) mean diurnal 
temperature range. According to projections of these models 
to future climate conditions 49-69% of this habitat would 
become unsuitable by the 2080s. Much of this retraction 
is projected to take place in southern part of the island in 
Central Kalimantan, though there is some variation in the 
extent of this loss between the climate forecasts. Conversely, 
there is little difference between the outcomes of the two 
emission scenarios examined.

Because rates of forest loss over Borneo are high it is also 
important to assess what the impact of future deforestation 
on orangutan habitat could be. Repeating the suitability 
assessment using land cover derived from a predictive model 
of deforestation an estimated 251 000 km2 of habitat is pre-
dicted to remain suitable by 2020, leading to 219 000 km2 by 
2080 and representing an overall reduction of suitable habi-
tat of around 15% by the end of the century. Much of this 
forest loss is predicted to take place in the lowlands of the 
island, principally in the areas of Sarawak and Kalimantan, as 
it has over the last ten years. 

Climate change and land cover are thus predicted to 
adversely affect similar regions of Borneo, at least for some 
parts of the island. The combined impact of land cover and 
climate change might therefore be more pronounced than 
either factor alone. Suitability models incorporating both 
projected changes to climate and land cover indicate that up 
to 83 000 km2 would remain suitable by 2080, representing 
68-81% loss from the present day. The loss of orangutan 
habitat due to the combined effects of land cover and climate 
change could be more than double the amount lost histori-
cally and also considering land-cover projections alone.

The report also includes an appraisal of land suitable for 
oil palm and asks how the extent of this area might change 
under climate change projections, and whether the change 
might have implications for orangutan conservation. The 
main finding is that with changing rainfall patterns predicted 
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for this century there will likely be a reduction in the produc-
tivity of large expanses of land for oil-palm cultivation over 
the island. These low productivity lands primarily encompass 
the north and south-central parts of the island, where much 
of the recent expansion of this crop has taken place. 

Large areas, however, including regions in West 
Kalimantan and Sabah where the crop is already well-
established, will remain suitable. Overlaying these areas with 
those identified as suitable for orangutans gives us insight 
into regions where land-use conflicts are likely to occur for 
this species over the course of the century. These regions 
include some of the strongholds for orangutans across the 
various environmental change projections – in central Sabah, 
East Kalimantan's Sangkulirang-Mangkalihat peninsula, and 
the Kapuas lakes and foothills of the Schwaner mountains in 
West Kalimantan. 
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1	 Identify all remaining orangutan populations and undertake an assessment of 
their viability, based on local threat levels from killing and incompatible land use,  
present and predicted habitat quality, and population dynamics (dispersal, inbreed-
ing, etc.). Identify all orangutan populations that the governments officially agree 
to maintain. 

2	 Conduct a triage process in which the ‘must save’ and ‘can save’ populations are 
identified and agreed by governments, both inside and outside protected areas, as 
well as the management measures needed to maintain them. 

3	 Based on the above, propose and designate new protected areas or other areas 
under permanent forest cover that are large and safe enough to contain viable 
orangutan populations. 

4	 Where possible, connect these permanently forested areas through uninterrupted 
forested corridors, for example in permanent natural forest timber concessions, 
that allow orangutans and other wildlife to move through the landscape in reaction 
to changing climatic and ecological conditions. 

5	 Reconcile these land-use plans with other spatial plans (for development, infra-
structure, agriculture, etc.), and endorse these planned land uses in high level  
government regulations that allocate special strategic status to these orangutan 
populations, and which are strong enough not to be overruled by other national-
level or local level regulations. 

6	 Effectively enforce laws regarding the killing of orangutans and implement public 
campaigns and other communication efforts that make the public aware of the  
illegality of killing.

7	 Seek innovative ways to augment protected areas to conserve remaining orangutan 
forests, which could include, for example, leverage of carbon mitigation invest-
ments via the UN-REDD+ (Reducing Emissions from Deforestation and Forest 
Degradation) mechanism, or other payments for forest environmental services 
(e.g., erosion control, flood buffering, local climate regulation). Such systems 
might not only reduce threats to biodiversity from land-cover changes but also  
contribute to local community welfare and safety and to international efforts to 
reduce climate change. 

8	 Drained coastal peatlands in Borneo are predicted to decompose and flood leav-
ing behind unproductive brackish swamps. Peatlands are key orangutan habitats 
that should be left forested and undrained to avoid major negative biodiversity and 
socio-economic impacts. 

RECOMMENDATIONS



4°S

2°S

0°

2°N

4°N

6°N

118°E116°E114°E112°E110°E

4°S

6°S6°S

2°S

0°

2°N

4°N

6°N

118°E116°E114°E112°E110°E

K
a

pu
as

Ba
ri

to

M a h a k a m

K a y a n

K i n a b a t a n g an

Padas

Belait

B
a r a m

R a j a n g

Kapua s

K a p u a s

K
a

h
ay

an

Sabangau-Katinghan
peatlands

Kapuas lakes

Rajang interior

Schwaner  mou n ta i n s

K apuas Hu lu  m o u n t a i n s

Mu l l e r  m o u n t a i n s

U pp e r  B a r i t o

peninsula

S angkul i rang-Mangkal ihat

C
ro

ck
er

 m
ountain

s

Law
a

s d
iv is ion

Mount Kinabalu

Sandakan

Tawau

Berau

Balikpapan

Muara Teweh

Pangkalanbun

Sibu

Bintulu

Miri

Singkawang

Sintang

Ketapang

Sendawar

Malinau

Amuntai

TANJUNG SELOR

SAMARINDA

KOTA KINABALU

PALANGKARAYA

PONTIANAK

KUCHING

BANDAR SERI BEGAWAN

BANJARMASIN

  S O U T H
K A L I M A N TA N

C E N T R A L   K A L I M A N T A N

W E S T   K A L I M A N T A N

  E A S T
K A L I M A N T A N

S A R A W A K

  N O R T H
K A L I M A N TA N

S A B A H

I
N D O N

E
S

I

A

M
A

L

A

Y

S

I
AB RU N E I

D A RUS S A L A M

 500 km4003002001000Figure 1  Location of Borneo in Southeast Asia and the major 
administrative boundaries and cities. 
The island is governed by three countries: Brunei Darussalam, 
Indonesia (five provinces) and Malaysia (two states).

BORNEO



11

The future of most wildlife is now inextricably linked to 
the political, economic and social choices of one species: 
humans. Species and ecosystems are increasingly being 
affected negatively by human activities which have resulted 
in widespread pollution, overharvesting, habitat destruc-
tion and fragmentation. Some researchers predict that the 
human race could be responsible for a “sixth mass extinc-
tion”, with a large portion of species going extinct during 
this century (Barnosky et al. 2011). Many of the projected 
extinctions of terrestrial species are likely to take place in 
the humid tropics. Tropical rainforests, which cover less than 
7% of all land, not only host much of the world's biodiver-
sity but are also experiencing large-scale loss (Hansen et al. 
2013; Myers et al. 2000). The presence of many specialist 
and endemic species in these regions creates great risk of 
extinction due to deforestation. For example, 59.6% of the 
29 375 vascular plant species in Indonesia do not occur 
anywhere else on the planet and local disappearance would 

mean global extinction (Sodhi et al. 2004). Of all areas in 
the humid tropics, Southeast Asia experiences the highest 
relative rate of deforestation (Achard et al. 2002) and a 
recent analysis showed that globally, Indonesia exhibited 
the largest increase in forest loss from 2000-2012 (Hansen 
et al. 2013). If deforestation in the region continues, around 
75% of the original forest cover could be lost by 2030 (Brook 
et al. 2006). The Southeast Asian island of Borneo has an esti-
mated 14 423 plant and 1 640 vertebrate species, of which 
4 508 are endemic and 534 threatened with extinction (IUCN 
2013). Borneo is home to a number of global conservation 
icons such as the critically endangered Sumatran rhinoceros 
(Dicerorhinus sumatrensis) and the endangered Borneo pygmy 
elephant (Elephas maximus borneensis).

Even better known is the endemic and endangered 
Bornean orangutan (Pongo pygmaeus). This Asian great 
ape primarily dwells in lowland forests at low densities 
and recent estimates suggest that there are approximately  

54 000 individuals left in the wild (Wich et al. 2008, 
Figure 2). The population has seen a sharp decline over the 
past few decades (Rijksen & Meijaard 1999) and continues 
to suffer from human disturbances such as expanding agricul-
ture, hunting, logging, and the pet trade (Stiles et al. 2013; 
Wich et al. 2012; Meijaard et al. 2011; Wich et al. 2008; 
Nellemann et al. 2007). While the most immediate threat 
to orangutans and other Bornean wildlife is the continuing 
loss of forest habitat and hunting, it is now recognised that 
climate change will likely play an important detrimental 
role in their long-term futures as well (Struebig et al. 2015; 
Gregory et al. 2012). These threats combined could seri-
ously hinder the considerable attempts by conservationists 
to protect species from extinction. The Indonesian govern-
ment has expressed its wish to stabilize all wild orangutan 
populations in Indonesia by 2017 (Departemen Kehutanan 
2007) and similar plans have been proposed by the Sabah 
Wildlife Department (Sabah Wildlife Department 2011). 

Success in ensuring the survival of such iconic species such as 
the orangutans has the potential to galvanize conservation 
efforts within Indonesia and beyond.

Land-cover changes
Borneo's forests are among the most diverse in the world. 
The vegetation on the island varies in species composition 
and structure because of factors such as altitude, soil char-
acteristics (e.g. forest on peat or near beaches), and climate 
variation (MacKinnon et al. 1996). In 1973, around the time 
when large-scale commercial logging began, an estimated 
76.4% of Borneo's area was forested, but by 2010 about 
30% of these forests had been cleared and a further 31.6% 
had been ‘logged’, i.e. economically valuable trees had been 
extracted (Gaveau et al. 2014, Figure 3). Initially much of 
this large-scale deforestation and degradation was caused 
by the extraction of the commercially important dipterocarp 
tree species for durable hardwood, but in recent years the 

Borneo  After Greenland and New Guinea, Borneo is the third largest island in the 
world, with a land area of 743 330 km2, i.e. larger than the state of Texas or the entire 
Iberian Peninsula in Europe. Nearly 20 million people live in the Bruneian, Indonesian, 
and Malaysian parts of the island (Figure 1), resulting in an average population 
density of about 25 people/km2, which is comparable to Brazil or Sweden and much 
lower than the U.S.A. Most of Borneo's population lives in coastal cities, although 
there are many small towns and villages further inland.

INTRODUCTION
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conversion of degraded forest to monoculture plantations 
has played a greater role. By 2012, about 10% of Borneo's 
land area had been converted to industrial plantations of, 
for example, oil palm, pulp and paper, and timber (Gaveau 
et al. 2014). Such land-cover changes have had obvious 
impacts on wildlife. The orangutan might, in some areas, 
survive at much-reduced densities in plantation areas, espe-
cially if patches of natural forest remain (Ancrenaz et al. 
2014), but their densities are far lower than those found in 
carefully managed timber concessions and unlogged forests 
(Ancrenaz et al. 2010; Husson et al. 2009). Furthermore, 
their survival in such human-dominated areas may be further 
compromised; the presence of roads and villages can facilitate 
hunting, poaching for the pet trade and killing of individuals 
because of agricultural conflict. In Kalimantan alone between 
2 000 and 3 000 orangutans may be killed each year in this 
way (Meijaard et al. 2011).

Climate change
It is now widely accepted that this century will see a rapid 
shift in the global climate (IPCC 2013). The changes will likely 
include a rise of average global temperatures by between 1.5 
and 2 °C by 2100, alterations in precipitation patterns and an 
increase in the frequency of extreme weather events (IPCC 
2013). Accompanying these changes will be the continued 
loss of ice in glaciers and polar regions and a rise in sea  
levels of up to 0.98 m by the end of the century (IPCC 2013). 
The effects of such wide-ranging environmental changes on 
wildlife could be devastating. One study predicted that in the 
coming decades climate change may become a greater threat 
to biodiversity than habitat loss (Leadley 2010). 

There are a great number of ways that future climate 
change may affect the survival of species. Investigations into 
these effects have only recently begun in earnest; the actual 
existing and potential impacts of global climate change on 
species and ecosystems are now being extensively explored 
by ecologists in order to gain an understanding of the biologi-
cal mechanisms involved (Bellard et al. 2012). At the level 
of the ecosystem, the greatest impacts may be expected in 
regions closer to the poles, which is where temperature and 
rainfall patterns will be most altered. In the tropics, shifts 
in wildfire patterns will also play a role, as well as the effect 
of CO2 fertilization, the process by which increased levels 
of atmospheric CO2 helps plants build up biomass quickly 
(Thuiller 2007). However, in terms of individual species, 
changing local weather patterns in the tropics will determine 
in part where, and in what numbers, species can survive. 
Climatic factors, in particular mean annual temperature and 
wet season precipitation, affect orangutan abundance and 
distribution in Sabah (Gregory et al. 2012), so changes in 
the local climates in Borneo are expected to have a direct 
effect on orangutan populations.

Modelling changes into the future
Without predicting future responses to the changes in cli-
mate that may occur in the coming century, designing an 

effective conservation strategy for the Bornean orangutan 
would be difficult. Through modelling change into the future, 
policymakers can be warned about dangers to the orangutan 
population, and conservation areas can be designed ratio-
nally with the future in mind (Meijaard et al. 2012). For 
example, if there are plans for a new conservation area in a 
region where orangutans fare well now but where climate 
models show that they will not do well in the future, these 
plans should ideally be reconsidered.

The future distribution of orangutans
This report uses both climate models and Borneo-specific 
land-cover change models to project scenarios of change from 
now until 2080 in the extent of suitable habitat for the orang-
utan over the entire island (Struebig et al. 2015). In this way 
it is possible to assess simultaneously how the survival of the 
Bornean orangutan might be affected by these two overarch-
ing threats of environmental change. This will help us create 
a more realistic image of the prospects for the orangutan  
species range and thus the future needs for its conserva-
tion. The urgency for implementation of effective orangutan 
conservation measures cannot be overemphasized: with a 
shrinking habitat and thousands of individuals being killed 
each year there is a realistic possibility that the Bornean 
orangutan may, within decades, be confined to a very limited 
number of small and isolated populations.
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Drainage canals and destroyed peat swamp forest, legacies from Suharto's Mega Rice Project in Central Kalimantan.	 Photo  Perry van Duijnhoven
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Structure of this report
There are a number of important issues that need to be 
considered in order to assess and understand the poten-
tial impacts of climate change on the Bornean orangutan. 
There is first a need to recognize the uncertainty of the 
actual climatic changes that will occur on the island. In 
this document, different climate models as well as different 
scenarios of global greenhouse gas (GHG) emissions are 
examined. The models examined are the CSIRO-Mk2 model 
from the Commonwealth Scientific and Industrial Research 
Organisation of Australia and the HADCM3 model from the 
Hadley Centre for Climate Prediction and Research in the 
UK. For each of these models the scenarios examined are a 
‘worst-case’ and a ‘best-case’ scenario with the latter repre-
senting a future oriented towards environmental protection 
and social equity: slower human population growth, less 

land-cover change, and more diverse technological develop-
ments, and the worst-case scenario being a projection of 
'business as usual'. Potential range shifts or contractions that 
might occur because of changes to bioclimatic suitability for 
the orangutan under the resulting future climate scenarios 
are studied next, followed by the impact of land-cover change 
on the extent of suitable habitat for orangutans. After this 
the scenarios for climate change and land-cover change are 
combined to assess their impact on the extent of suitable 
habitat for orangutans. This is then followed by analyses 
that assess the potential effects of climatic changes on the 
suitability of land for palm-oil production. The expansion of 
the oil-palm sector is a leading threat for the conservation of 
orangutan, and so any evaluation of areas likely to support 
this species in the future should also consider possible land-
use conflict with this economically important crop.

Log rafts travelling down the Barito river, near Buntok, Central Kalimantan.	 Photo  Perry van Duijnhoven
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Figure 3  Forest disturbance and loss due to logging and planta-
tion development on Borneo. 
Maps show forest cover in 1973 (A) compared to 2010 (B) (Gaveau et al. 
2014).
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Forest canopy, Brunei.	 Photo  Matthew Struebig
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The planet's climate is affected by changes in atmospheric 
abundance of greenhouse gases, land surface properties, and 
solar radiation. Climate has changed and will continue to 
change over time due to natural variability, but importantly, 
can also be attributed to human activities. The burning of 
fossil fuels and changes in land cover since 1750 have led to 

elevated concentrations of anthropogenic greenhouse gases 
(namely carbon dioxide, methane and nitrous oxide) in the 
atmosphere. The concentration of carbon dioxide alone has 
increased by more than 70% compared to pre-industrial lev-
els (IPCC 2013). Assessing the risks associated with climate 
change and its potential socio-economic and environmental 
impacts is the role of the Intergovernmental Panel on Climate 

Change (IPCC), a scientific body set up by the United Nations 
in 1988. The IPCC is comprised of thousands of leading sci-
entists who act voluntarily to review current scientific and 
socio-economic climate data, and advise the governments of 
more than 120 countries. As such the IPCC is the internation-
ally accepted authority on climate change, and each report it 

produces is discussed and approved by leading climate scien-
tists and participating governments. The Fourth Assessment 
Report (AR4) was published in 2007, and concluded that the 
warming of the climate system is “unequivocal”, and that it 
is “very likely” due to an observed increase in anthropogenic 
greenhouse gas concentrations. The Fifth Assessment Report 
(AR5) was near completion at the time of writing this report. 

Determining climate change  Climatologists use temperature measurements 
taken over land and water across the globe to investigate how temperature has 
changed over time and how climate varies regionally. For example, observations of 
surface air temperatures for the Indo-Malayan region during the last century indi-
cate that a temperature increase of around 0.5 ºC has occurred, a magnitude that is 
in broad agreement with global estimates of an increase of 0.7 ºC ± 0.2 (BAPPENAS 
2010). As few weather stations exist on Borneo compared to other parts of the world, 
much of the information on the climate on the island is actually based on interpola-
tion using data from the nearby Malay Peninsula, Philippines and Java (Figure 4). 
Climate scientists have developed models to project changes in climate into the 
future, and evaluate the influence that climate might have on the global environ-
ment, including on biodiversity. Such climate projections are undertaken using 
global General Circulation Models (GCMs), which simulate climate processes under 
various physical assumptions, and the responses of the climate system to elevated 
greenhouse gas concentrations. These climate models can be thought of as highly 
sophisticated extensions of models used to predict weather, though they are still in 
their infancy, with the first model having been established in 1965. In preparation 
for the IPCC Fifth Assessment report, scientists used up to 45 different GCMs from 
24 modelling centres across the world, all operating under different climatological 
assumptions and at different time intervals. This way they can surpass problems 
with uncertainty associated with any given model. So, for any given time interval (or 
time-slice), projected climate data are available from a number of different GCMs, 
and each model simulation might be expected to yield different results because of 
different underlying model assumptions. Traditionally, biological research on the 
potential impacts of climate change has been limited to using the outputs from a 
single GCM. This method is of concern because subtle differences in predicted local 
climates across models might lead to differing conclusions in, for example, the 
projected suitability of a habitat for a specific species. Only recently, with advances 
in computing, has it become possible to examine the outcomes of using data from 
multiple climate models. 

CLIMATE CHANGE ON BORNEO 
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B O R N E O

Elevated temperatures have knock on effects on precipitation 
patterns and sea levels. This chapter presents information on 
Borneo's climate in the past and the future. 

Borneo's current and past climate
Borneo straddles the equator and mostly has a tropical, moist 
climate. Temperatures are relatively constant throughout 
the year, varying between 25 °C and 35 °C in most of the 
lowlands. Near-zero temperatures are only experienced 
in the highest mountain areas, such as the 4 000 m tall 
Mount Kinabalu in Sabah. Rainfall patterns are influenced 
by monsoonal winds, with south-easterly winds prevailing 
between May and October and north-westerly ones between 
November and April. This weather pattern generally results 
in a drier season between July and October, which is most 
pronounced towards the south-east of the island (Figure 5). 
Still, Borneo has very few months with less than 200 mm of 
rainfall. Most of the hilly inland areas receive between 2 000 
and 4 000 mm of rain each year (MacKinnon et al. 1996).

Climate variability in Borneo, both in time and space, has 

been well-recognized. Despite having an equatorial climate 
there are subtle differences in conditions across the island. A 
long-term data series of average annualized monthly rainfall 
from Borneo weather stations (Figure 5) indicates significant 
fluctuation between different years, with some years totalling 
as much as 4 500 mm of rain averaged over 20 different rain 
stations on the island, and others only 2 500 mm. Although 
the overall rainfall trend between 1876 and 2011 appears 
to be relatively stable, at a finer scale there are indications 
of overall rainfall increasing since the late 1990s. Because 
of the climatic variability across the island, there appear to 
be pronounced trends in rainfall change over time in some 
areas. For example, all three rainfall stations in southwestern 
Borneo (Singkawang, Pontianak, Ketapang) show declining 
rainfall trends between 1876 and 2011, with especially ‘wet-
season’ December rainfalls apparently declining. Over much 
longer time-scales Borneo has experienced a range of differ-
ent climatic conditions; it has not always been as wet as it 
is now. Over 25 million years there have been alternations 
between ever-wet and more seasonal climates, sometimes 

Figure 4  Locations of weather stations used to map rainfall and 
temperature data between 1950 and 2000. 
Measurements collected from the world's weather stations are used 
to interpolate, or estimate, data at under-sampled areas, in order to 
map climate data over the global surface. In recent years this has led 
to the creation of a publically available global spatial dataset compiled 
from monthly averages of 47 554 weather station measurements for 
the 1950-2000 time period (Hijmans et al. 2005). WEATHER STATIONS

WEATHER STATIONS
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AVERAGE VALUES FROM 20 RAIN STATIONS ON BORNEO

resulting in quite dry conditions. For example, in recent 
ice-ages, parts of eastern Borneo were covered in savanna-
like vegetation (Flenley 1998; Caratini & Tissot 1988). 
The interior of Borneo, however, seems to have maintained 
rainforest conditions throughout these times (Anshari et al. 
2001).

Modelling the future climate
The remaining part of this chapter presents informa-
tion on projected temperature and rainfall patterns in 
Borneo for three future time periods – the 2020s, 2050s 
and 2080s (Struebig et al. 2015). These projections aim 
to take into account variation in different climate models 
and future greenhouse gas (GHG) emissions. The use of 
General Circulation Models (GCMs) is essential in order to 
predict local climate patterns. The projections produced 
from two different GCMs were used to represent the range 
in predictions from four GCMs available at high resolu-
tion for the time periods under study. Both are commonly 
applied in studies of future climate for Southeast Asia.  

Figure 5  Annualized monthly rainfall from rain stations on 
Borneo, between 1900 and 2011. 
The top graph indicates the average values from 20 rain stations over 
Borneo, and other graphs illustrate local variation in rainfall trends. For 
all graphs the dotted grey lines indicate the overall linear trend, while 
the blue lines indicates a 5-year moving average. Data compiled by 
EM from Southeast Asian Climate Assessment & Dataset (SACA&D). 
Note, data outliers, such as the low record in 1946 for the main graph 
are influenced by missing data. These data are preliminary, however, 
and some caution in their interpretation is needed because data qual-
ity has not yet been assessed. The central map shows the agroclimatic 
zones for Kalimantan (Oldeman & Las 1980).
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>15 %
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10-15 %

low decrease
5-10 %

stable
-5 to +5 %

low increase
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10-15 %
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Sandakan

Muara Teweh

Bintulu

Sintang

Ketapang

Tanjung Selor

Samarinda

Kota Kinabalu

Palangkaraya

Pontianak

Kuching

Bandar Seri Begawan

Banjarmasin

Table 1  Projected change in annual mean temperature, tempera-
ture range, annual rainfall and precipitation seasonality for 
Borneo's main cities.
Climate values, magnitude and direction of climate change is indi-
cated for the two emission scenarios under the CSIRO global circula-
tion model.
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The first is the CSIRO-Mk2 model from the Commonwealth 
Scientific and Industrial Research Organisation of Australia. 
The second is the HADCM3 model from the Hadley Centre 
for Climate Prediction and Research in the UK. It is uncertain 
how much GHG will be emitted in the future, yet the level of 
these emissions is likely to affect how trends in the climate 
develop. Taking into account some of the different emission 
scenarios is thus important in making reasonable predictions 
for Borneo's future climate. The IPCC has created different 
emission scenarios representing a range of development 
trajectories across the world. The following analyses use two 
of these scenarios that are commonly compared in climate 
modelling studies: a ‘worst-case’ scenario (entitled A2), and a 
‘best-case’ scenario (B2). Under the socio-economic assump-
tions of ‘worst-case’, global development continues to be 
highly heterogeneous with the main driving forces being 
high levels of population growth, increased energy use, slow 
technological development and high land-use changes. The 
socio-economic future under ‘best-case’ represents a more 
sustainable globalized world, with slower population growth 
and land cover changes, and more diverse technological 
developments (Figure 6).

Temperature
The comparison of current and projected future climates 
reveals substantial climate change expected for Borneo 
this century (Figure 6). The clearest pattern is a projected 
rise in average annual temperature across the lowlands of 
Borneo. Island-wide mean temperature could rise by 2-3 °C 
above current levels by 2080. Some areas, particularly 
those in mountains, could see more extreme differences in 
temperature of around 5 °C (Figure 6). Coastal regions are 
predicted to show the most novel temperatures (Figure 7), 
which may be particularly evident in the island's urban 
areas. Borneo's major cities are predicted to warm by at least 
2 °C, and temperatures of the administrative capitals of 
Banjarmasin (South Kalimantan), Kota Kinabalu (Sabah) and 
Palangkaraya (Central Kalimantan) are projected to rise by 
more than 10% of their current levels (Table 1). Projections 
are not just confined to average temperatures. Climate mod-
els also point to greater variability in future temperatures, for 
example as indicated by an increase in annual temperature 
range and seasonality over time (Figure 8). These changes 
are particularly pronounced in the HADCM3 climate model. 
Taking both these factors into account, the most affected 
region is predicted to be coastal East Kalimantan, from the 
Sangkulirang-Mangkalihat peninsula southwards to the cit-
ies of Samarinda and Balikpapan. This area currently experi-
ences relatively stable temperatures throughout the year, but 
by the end of the century could face temperature fluctuations 
akin to the southeast and northwest parts of the island. 
Conversely, the lower catchment of the Kapuas river near 
to Pontianak in the west of Borneo, is expected to exhibit a 
lower range of temperatures over the year. 

The projections of temperature are broadly similar across 
the majority of Borneo under the two emission scenarios 

(Figure 6). Outcomes are also broadly similar between the 
CSIRO and Hadley models, with the exception of the south-
east of the island for which projections of temperature varia-
tion and seasonality increasingly diverge over time (Figure 6). 
For example, Hadley projections depict significantly greater 
temperature seasonality over Borneo than those from CSIRO 
models. This disparity might have implications for predicting 
the extent of orangutan habitat if distribution models are 
sensitive to these variables. 

Rainfall
Over the course of this century Borneo is likely to experi-
ence elevated rainfall. However, the two climate models 
examined vary substantially in their projections. Under 
the CSIRO model projections, total annual rainfall over the 
Bornean lowlands could increase by up to 224-520 mm by 
2050 and 513-754 mm by 2080, representing an increase of 
more than 15% of present levels in some parts of the island, 
including the large cities of Banjarmasin, Kota Kinabalu, 
Kuching, Palangkaraya and Samarinda (Figure 9; Table 1). 
However, the Hadley model predictions for rainfall are gener-
ally less severe, pointing to a marginal increase of, at most, 
248-305 mm by the end of the century. Nevertheless, these 
figures mask subtle differences in rainfall patterns across the 
island, most notable of which is that some regions, such as 
the southwest, may experience little change, or potentially 
even see reduced rainfall in the future at certain times of the 
year (Figure 9). This pattern in the southwest in fact con-
tinues the decline in precipitation that has already occurred 
between 1850 and 1980 in this region, as shown in Figure 5. 
The projected variation in annual rainfall is mirrored by 
considerable projected changes to seasonality. Currently 
the greatest rainfall seasonality is experienced along the 
coastlines of western Sarawak, northern Sabah and South 
Kalimantan, as well as the headwaters of the Kapuas River in 
West Kalimantan. The future projections indicate the north-
ernmost regions could experience less seasonality. Highly 
novel patterns of total rainfall are predicted in the Usun 
Apau mountain range straddling the border of Sarawak and 
North Kalimantan (Figure 10). This area also sees the great-
est difference in climate projections under the two emission 
storylines – predictions of rainfall during the driest month 
vary widely between the worst-case and best-case scenarios 
in this region, but elsewhere on Borneo are very similar and 
appear largely consistent over time.
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Figure 6  Comparison of potential climates for Borneo, using a 
subset of eight bioclimatic variables and multivariate environmen-
tal similarity surfaces (MESS).    
Areas of the island with distinct, or novel, climates in each time period 
are indicated by negative values (red), while areas with similar cli-
mates are indicated by positive values (blue). Pairwise comparisons 
are made between current and future climates (upper panel) using 
the CSIRO worst-case scenario, as well as emission scenario (middle 
panel for CSIRO best-case versus worst-case scenario) and climate 
projection model (lower panel for CSIRO versus Hadley under a worst-
case emission scenario). Accompanying each MESS is a map of contri
buting variables (otherwise known as ‘limiting factors’, right pane), 
which shows the variable that most influences model prediction at 
any given point. Cross referencing areas of novel climates with corre-
sponding areas on these maps allows us to identify the most impor-
tant variable(s) contributing to climate novelty. For clarity only the top 
four contributing variables are shown (grey areas indicate any of the 
four remaining variables).
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Figure 7  Current and projected variation in projected annual 
mean temperature for Borneo. 
Average annual temperature under current climate conditions is 
greatest in the lowlands (A), which are projected to experience at 
least 2 °C higher temperatures by 2080 according to the CSIRO cli-
mate model, worst-case emission scenario (B).

Figure 8  Current and projected variation in the annual tempera-
ture range for Borneo. 
Annual temperature fluctuations are lowest in the north and east of 
the island, and greatest in South Kalimantan and west Sarawak under 
current climate conditions (A). According to CSIRO worst-case climate 
projections, the east of Borneo could see more stable temperature 
fluctuations by 2080, while the Pontianak and Kubu Raya districts of 
West Kalimantan could face greater temperature seasonality (B). 

A 	 AVERAGE ANNUAL TEMPERATURE

B	 PROJECTED INCREASE IN 
AVERAGE ANNUAL TEMPERATURE 
BY 2080

B	 PROJECTED DIFFERENCE IN 
ANNUAL TEMPERATURE RANGE 
BY 2080

A	 ANNUAL TEMPERATURE RANGE
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Figure 10  Current and projected seasonality in rainfall for Borneo. 
Northern Sabah, western Sarawak and South Kalimantan currently 
experience the greatest seasonality in rainfall (A). According to CSIRO 
worst-case climate projections reduced seasonality is to be expected 
in Brunei, northern Sabah and coastal West Kalimantan by 2080, while 
interior areas may experience increased seasonality (B).

Figure 9  Current and projected variation in annual precipitation 
for Borneo. 
The areas of lowest annual rainfall (<2 500 mm per year) are currently 
in the east, south and northeast, and the highest rainfall (>3 200 mm 
per year) is experienced in western Sarawak and the central moun-
tains (A). These latter areas could face greater rainfall by 2080 accord-
ing to CSIRO ‘worst-case’ climate projection (B).
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Unflanged male, Tuanan, Central Kalimantan.	 Photo  Perry van Duijnhoven
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Mother with infant, Tuanan, Central Kalimantan.	 Photo  Perry van Duijnhoven



Loading Illegaly cut logs on the back of a truck, Danau Sentarum, West Kalimantan. 	 Photo  Perry van Duijnhoven
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Tropical species and their association with climate
Climate change and habitat alteration are two of the greatest 
anthropogenic threats faced by terrestrial biodiversity, and 
so represent major challenges and priorities in conservation 
(Brook et al. 2008). These two threats acting together may 
prove particularly difficult for the survival of many species, 
including the orangutan. Across the world the ranges of 
numerous species are shifting to higher latitudes or eleva-
tions in association with climate warming, and local extinc-
tions continue to be documented for those species that have 
been unable to do so (Parmesan 2006). Recent estimates 
indicate that, on average, every ten years range-shifting 
species are moving northwards or southwards by around 
17 km, and upslope by 11 m (Chen et al. 2011). As a result 
of this shift, climate change is playing an increasingly large 
role in the survival of species. Its impact in combination with 
land-cover change also remains important to determine. 
Land cover changes continue to cause population declines 
and extinctions as suitable habitat is lost, fragmented and 
degraded (IUCN 2013). It is then reasonable to imagine 
that losses and alteration of important habitats will have a 
stronger influence on species before the effects of climate 
change are felt – especially for many tropical species that 
inhabit regions experiencing high rates of deforestation such 
as Southeast Asia (Jetz et al. 2007; Sala et al. 2000). There 
is now a growing realization amongst conservation scientists 
that both of these environmental change processes may act 
together, potentially creating a double jeopardy for many 
species. Identifying which species may be affected in this 
way is clearly important for conservation planning. Although 
climate changes might be less severe in the tropics compared 
to vast temperate regions such as Europe and North America, 
it is limitations to distributional ranges and long-distance 
movements that could enhance vulnerability of tropical 
wildlife (Tewksbury et al. 2008). The tropics typically have 
narrow latitudinal temperature gradients compared to tem-
perate areas, and so climate-induced movements of species 
to higher elevations are considered more likely than latitu-
dinal range shifts (Colwell et al. 2008). In fact, such range 
shifts have already been documented on Borneo: on Mount 
Kinabalu in Sabah scientists reported upslope range move-
ments of moths over a 42 year period (Chen et al. 2009), and 
many species exhibited narrowing altitudinal ranges over 
time (Meijaard & Sheil 2008). 

The potential responses of tropical species to climate 
and habitat changes can be summarized by three general 
predictions (Colwell et al. 2008; Svenning & Condit 

2008). First, tropical lowlands (typically land below 500 m 
in elevation) may experience a process termed ‘biotic attri-
tion’: warming drives species out of the lowlands, but no 
source of species adapted to higher temperatures is available 
to compensate for the losses. The other two predicted risks 
for tropical mountain species are range-shift gaps (where 
species' current altitudinal ranges do not overlap climatically 
with suitable ranges of the future) and mountain-top extinc-
tion (where warming pushes climatically suitable conditions 
off mountain peaks). Each result is made more complicated 
when considering whether sufficient habitat, for example 
tropical rainforest, will be available for wildlife to move 
through and into. Given potential interactions between tem-
perature shifts and habitat suitability, it is clearly important 
that assessments of climate change impacts on threatened 
species should also consider the effects of land cover changes.

The Bornean orangutan distribution
As a tropical species, the Bornean orangutan may be par-
ticularly sensitive to the combination of these multiple 
threats. Estimating the response of orangutan distribution 
to future climate and land-cover change is not only impor-
tant for the conservation of this iconic species, but it may 
also indicate how the broader biodiversity patterns in the 
region will be affected since orangutans are a useful ‘indica-
tor’ species. Orangutans are among the few Bornean species 
for which detailed distribution maps are available based on 
extensive field surveys. Orangutans are also ecologically of 
medium sensitivity, generally dependent on forests, but not 
restricted to very narrow ecological niches within those for-
ests. Orangutans therefore represent a relatively large group 
of forest species that inhabit Borneo, including other iconic 
mammals, which raises the following questions: 1.) How the 
climate change projections are expected to affect the habi-
tat suitability for orangutans; 2) How predicted land-cover 
change alone affects the distribution of the Bornean orang-
utan; and 3) How these projections combine. 

Until relatively recently, assessments of orangutan distri-
bution in the wild were constrained by the availability of geo-
graphically referenced field surveys. As such they were based 
on broad summaries of the areas in which these animals 
could be found. The latest update for the Bornean orangutan 
(Wich et al. 2012), however, has capitalized on new field sur-
veys and several developments in species distribution mode
ling in order to project the species range and identify suitable 
habitats. The current core distribution of orangutans on 
Borneo was predicted to be around 155 000 km2 in forested 

LAND-COVER AND CLIMATE CHANGE IMPACTS 
ON THE BORNEAN ORANGUTAN
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HABITAT 
SUITABILITY 

INDEX

HSI = (M2 * L3 * P)1/6

HUMAN POPULATION DENSITY (P)CLIMATICALLY SUITABLE AREA (M)

LAND-COVER (L)

Figure 13 (page 34-35)  Forecasts of habitat suitability for Bornean 
orangutan when accounting for the effects of climate change only. 
Each map summarizes habitat suitability based on climate and land 
cover data. Climate data are derived from one of two climate models 
(CSIRO or Hadley) projected under one of two emission scenarios 
(best and worst scenarios). Land-cover data are fixed to 2010 lev-
els. See Figure 11 for an explanation of how maps habitat suitability 
was calculated. Color gradient adjusted to visually improve contrast 
between high and low suitability areas in future time periods.

Figure 11  Schematic diagram illustrating the calculation of a hab-
itat suitability (HSI) index for orangutan. 
The potential species distribution under each environmental change 
scenario is reflected by areas of suitable habitat. This is calculated 
by constraining the climate-driven probability of occurrence (M) by 
information on habitat affinity (L) and sensitivity to human popula-
tion pressure (P), scores which were provided by four Bornean orang-
utan experts. Dark green areas are highly suitable; dark red areas are 
highly unsuitable.

areas, and was determined by mapping all known localities 
where the species has been found present (1990-2011), and 
associating these points with bioclimatic and land cover vari-
ables (Struebig et al. 2015). 

The effects of climate change on the future orangutan 
distribution 
By using bioclimatic modeling to map present-day ‘climati-
cally suitable areas’ for the orangutan, it is possible to project 
their potential distribution into the future. One can deduce 
the general climates that might be suitable for a species, 
such as orangutans, because climate conditions like tem-
perature and rainfall patterns often define the places that 
those species can occur. The eventual suitability of an area 
for a species is also defined by land cover (e.g. lowland for-
est, mangrove, old plantations) and potential threats from 
humans. These model outputs are most informative when 
raw values are presented, ranging from low to high suitabil-
ity. To derive area estimates of suitable habitat, however, a 
conservative threshold that allows for up to 10 percent error 
in model predictions is required below which land is deemed 
unsuitable. Using a threshold of this type could lead to over-
prediction, rather than underprediction, of suitable areas 
for the orangutan. Under current conditions 260 000 km2 of 
habitat within the known core orangutan range is deemed 
potentially suitable. Based on land cover maps estimated for 
the 1950s, 316 000 km2 would have been suitable under the 
same climate conditions. 

The model predicting current habitat suitability for orang-
utans can then be used to predict the future patterns under 
the differing climate GCMs for 2020, 2050 and 2080 that 
were presented in the previous chapter. In the analyses the 
environmental parameters that have the greatest predictive 
power for orangutan presence are: 1) annual temperature 
range, 2) precipitation in the driest month and quarter, and 
3) mean diurnal temperature range. Notably, not all the areas 
that are considered suitable for orangutans currently host 
populations of the species (Figure 12), but they might pro-
vide viable refuge in the future. 

HABITAT SUITABILITY INDEX
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highlow habitat suitability

highlow bioclimatic suitability

Figure 12  Habitat suitability for the Bornean orangutan under 
current climate conditions, land cover and human population 
density. 
Bioclimatic modeling reveals areas for orangutans that are climatically 
suitable (green, A). Habitat suitability (B) is defined by land cover and 
human population density as well as climate. The suitability index 
ranges from 0 to 1, with high values (dark green) reflecting highly 
suitable habitat (typically forests far from human settlements), and 
low values (red) representing very poor habitat (bare areas, planta-
tions and cropland close to settlements). Large parts of Borneo theo-
retically support suitable habitat, but the regions in which orangutans 
are not currently known to occur are indicated by light shading (Wich 
et al. 2012).

B 	 CURRENT (2010) 
HABITAT SUITABILITY

A	 MODELLED CLIMATIC  
SUITABILITY
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Figure 15 (right page)  Land-use allocation 2010 (A) and predicted 
forest cover (B) for the future time periods used in distribution 
modeling. 
Note that information on the extent of industrial oil-palm planta-
tions in Sabah was unavailable when models were undertaken, 
but the majority of land presented here for ‘conversion’ has already 
been planted. This discrepancy does not affect the outcome of this 
appraisal.

Figure 14  Differences in bioclimatically suitable areas for orang-
utan on Borneo in 2080 as defined by three climate variables that 
contribute highly to bioclimatic distribution models for the species. 
Climatic suitability is based on thresholds from response curves 
of bioclimatic models under the worst-case emission scenario.  
A larger extent of Borneo is deemed ‘unsuitable’ by models based on 
Hadley climate forecasts compared to those from CSIRO forecasts.
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The role of different climate projections
As described in the section on climate change, the climate 
predictions were made via two different GCMs and two differ-
ent emission scenarios for the time periods 2020, 2050 and 
2080. Although the projections from each model-scenario 
combination result in similar patterns of habitat suitability 
for orangutans which declines over time, there are subtle dif-
ferences in the trajectory between models (Figure 13). 

These differences as a result of a small increase in, for 
example, the annual temperature range, may just exceed 
the limits by which suitability for that measure is defined. 
The affected areas are therefore predicted to be ‘unsuitable’ 
for orangutans as opposed to suitable. For the most part, 
there is a broad agreement between the models based on 
the two GCMs, but the Hadley model predictions result in 
models with lower probability of orangutan presence in some 
regions, in particular in the southeast of Borneo and in the 
interior northwards to Brunei. These areas coincide with 
marked differences between the GCM projections in diurnal 
and annual temperature range between Brunei bay and the 

Mahakam river delta, and also with precipitation in the driest 
month across the south of the island (Figure 14). Within the 
known core range of orangutans a gradual decline in suitable 
habitat over time is consistent under all projections assessed, 
with 130 000-205 000 km2 predicted to remain by 2050. By 
2080 79 000-130 000 km2 of suitable habitat is predicted to 
remain under CSIRO projections, but 82 000-111 000 km2 
under Hadley projections. There is little difference between 
the habitat suitability model outputs based on climate data 
from the two emission scenarios, ‘worst-case’ and ‘best-case’. 
The similar output in the two models indicates that climate 
change is expected to have a marked impact, regardless of the 
development trends of regions or nations. Concerted efforts 
between nations to cut emissions at the global level may still 
improve this pessimistic outlook. 

The effects of land-cover change on the future orangutan 
distribution 
The conversion of rainforest to agricultural plantations has 
major effects on tropical biodiversity and on orangutans 

ORANGUTAN HABITAT SUITABILITY INDEX  
impact of land-cover change



39

2080

2050

2020

high suitabilitylow suitability

Figure 16  The extent of suitable habitat for orangutans under 
predicted changes to land cover this century.
Here the models account for changes to land cover but assume that 
the future climate remains similar to how it was between 1950-2000. 
The potential former distribution in the 1950s reflects ‘current’ climate 
conditions (time averaged 1950-2000) and forest covering the major-
ity of Borneo. The suitability index ranges from 0 to 1, with high values 
(dark green) reflecting highly suitable habitat (typically forests far from 
human settlements), and low values (red) representing very poor 
habitat (bare areas, plantations and cropland close to settlements). 
Most reduction in habitat suitability is predicted to occur in the low-
lands of West, Central and East Kalimantan, reflecting high projected 
deforestation in these provinces. Nevertheless, the majority of habitat 
that is currently suitable would be predicted to remain suitable in the 
future if climate change was not to occur. Large parts of Borneo theo-
retically support suitable habitat, but the regions in which orangutans 
are not currently known to occur are indicated by light shading (Wich 
et al. 2012). See Figure 11 for an explanation of how habitat suitability 
was calculated. 
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Figure 17  Forecasts of habitat suitability for Bornean orangutans 
when accounting for the effects of both land cover and climate 
change. 
Each map summarizes habitat suitability based on climate and land 
cover data that change over time. Climate data are derived from one 
of two climate models (CSIRO or Hadley) projected under a best-case 
emission scenario, and land cover data are informed by a predictive 
deforestation model developed for the island. See Figure 11 for an 
explanation of how habitat suitability was calculated. Major changes 
to the extent of suitable habitat over time are predicted under all 
changing climate projections. The most affected areas are the north-
ern and southeastern part of the island. Strongholds of suitable habi-
tat are predicted to remain for substantial parts of the current orang-
utan range: namely forests in the interior of West Kalimantan, East 
Kalimantan and Sabah. Color gradient adjusted to visually improve 
contrast between high and low suitability areas in future time periods. 
The regions in which orangutans are not currently known to occur are 
indicated by light shading (Wich et al. 2012).

in particular. These effects typically outweigh the impacts 
of other disturbances such as logging (Gibson et al. 2011; 
Fitzherbert et al. 2008). Borneo is currently experiencing 
high levels of conversion to plantations, which is expected 
to continue into the future. Conversion will affect orangutan 
populations greatly. Information on the spatial patterns of 
deforestation on the island is needed to reliably predict land 
cover on Borneo for the three future time periods (2020, 
2050, 2080) presented in this report. Gaveau et al. (2014) 
have created a predictive model that quantifies the probabil-
ity of deforestation over Borneo using fine-scale spatial data 
on forest loss in Kalimantan. The deforestation base-map 
used to develop the model portrays loss of natural tree cover 
over a ten year period between 2000 and 2010 (Carlson et 
al. 2013; Gaveau et al. 2013). The mean annual deforestation 
rate for Kalimantan over this period was 2 341 km2 per year, 
which corresponded to 3 234 km2 per year when extrapolated 
to the entire area of Borneo. Assuming a similar deforestation 
rate in the future, 32 000 km2 of forest could be lost by 2020, 
129 000 km2 by 2050, and 226 000 km2 by 2080 (Figure 15) 
– representing approximately 7%, 28% and 49% of the cur-
rent forest cover in 2010. These results could be considered a 
worst-case scenario projection, as deforestation rates might 
be expected to slow over time as they have done elsewhere 
in Asia (Koh 2007). However, such a pessimistic projec-
tion, however, allows for a better evaluation of the relative 
importance of land cover on limiting orangutan distribution 
compared to the potentially range-shifting consequences of 
climate change. 

Within the known current core range this projection 
amounts to a reduction of habitat to 251 000 km2 by 2020, 
237 000 km2 by 2050 and 219 000 km2 by 2080. This level of 
deforestation could be a challenge to orangutan conservation 
as much of this area corresponds to parts of Borneo where 
orangutans are known to occur in relatively high densities, 
such as the Sabangau and Katingan peatlands in Central 
Kalimantan (Husson et al. 2009). Nevertheless, most of the 
areas that are currently suitable for orangutans are predicted 
to remain suitable under land-cover change projections, 
reflecting the fact that most deforestation is predicted to 
occur outside of protected areas in degraded landscapes that 
are easily accessible – places that currently do not support 
many orangutans.

A precarious combination
Combining the projections for land cover change with those 
for climate change arguably provides the most realistic image 
of the potential future orangutan distribution. Worryingly, 
this combination reveals a much lower extent of highly suit-
able habitat than models incorporating land cover alone 
(Figure 17). Considering both a changing climate and land 
cover the area of suitable habitat within the orangutan core 
range is also expected to decline over time. Model estimates 
indicate that 110 000-165 000 km2 of land would be suitable 
by 2050, and 49 000-83 000 km2 by 2080. Most of the pro-
jected habitat loss in the core orangutan range is projected 

to occur in the southeast of the island (Central and East 
Kalimantan). Similarly, lowland areas in the north of Sarawak 
and Brunei, which are located outside of the known core 
range, could become increasingly unsuitable. On the other 
hand there are other parts of Borneo which are highlighted as 
suitable habitat under all the assessments in this report, but 
are not known to currently support orangutan populations. 
These regions include western Sabah and eastern Sarawak 
(Lawas division) extending to the interior of Temburong 
district in Brunei and Malinau district in North Kalimantan; 
the interior of Kapit, Sibu, Bintulu and Sarike divisions in 
Sarawak, around the forested headwaters of the Rejang river; 
and the foothills of the Madi plateau in Sintang and Kapuas 
Hulu districts. The reason for the absence of orangutans is 
not known, but could be due to past hunting or geographic 
boundaries such as rivers limiting movements (Meijaard 
et al. 2010). If threats to orangutans can be controlled then 
these areas might provide suitable sites for reintroductions 
from captive populations elsewhere.

An estimate of the potential future orangutan distribu-
tion would use the current extent and assess how much of 
this range is likely to remain suitable. Notably, there are 
some important regions where orangutans are currently 
known to occur which are not expected to be negatively 
affected by land cover or climate changes according to this 
analysis. These regions include the foothills of the Schwaner 
mountains in West and Central Kalimantan, Kapuas lakes of 
West Kalimantan near the Sarawak border, the Sangkulirang-
Mangkalihat peninsula and Kelai catchment of East 
Kalimantan (north of Kutai), as well as large parts of Sabah.
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Mother with infant, Tuanan, Central Kalimantan.	 Photo  Perry van Duijnhoven
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Flanged male, Tuanan, Central Kalimantan.	 Photo  Perry van Duijnhoven



Aerial image of a forest and oil-palm plantation in Sabah, Malaysia.	 Photo  Conservation Drones
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Oil palm and orangutan habitat
Conversion of forests, whether primary or degraded, to oil-
palm plantations is a major threat to remaining orangutans 
(Wich et al. 2012) and other biodiversity (Meijaard & 
Sheil 2013; Foster et al. 2011; Fitzherbert et al. 2008). 
Historically, the main growing regions for oil palm on Borneo 
have been in West Kalimantan and Sabah, but increasing 
demand has spurred a drive for planting in other regions, 
primarily in Sarawak, as well as Central and East Kalimantan. 
Demand for oil-palm products continues to increase and is 
projected to increase further in the future (Corley 2009). 
Therefore, long-term conservation planning for Borneo's bio-
diversity should account for potential changes to the extent 
of this threat as well as the responses of species to the result-
ing environmental change (Koh & Sodhi 2010). 

Oil palm grows in a relatively narrow bioclimatic zone 
in the tropics that in Southeast Asia largely overlaps with 
suitable habitat for orangutans (Fitzherbert et al. 2008). 
As such, orangutans face competition for land from oil palm 
producers. While economic, legal and environmental consid-
erations have a large role in deciding where oil palm can and 
cannot be planted (Smit et al. 2013), factors concerning crop 
productivity are also important (Corley & Tinker 2003). 
Crop productivity, and importantly, yield, is a function of soil 
quality, topography and climate. Of these attributes, those 
that are related to climate are expected to change over time, 
yet recent efforts to map oil-palm suitability (e.g. Arshad et 
al. 2012; Gingold et al. 2012; Mantel et al. 2007) have kept 
these attributes fixed to current values. 

Of all climatic attributes, those related to rainfall have the 
largest influence on oil-palm productivity (Corley & Tinker 
2003). The length of the dry season has historically been a 
limiting factor in site selection. Seasonal droughts are linked 
with reduced yields as water-stressed palms tend to produce 
fewer female flowers, and unripe fruits are aborted (Basiron 
2007). During the early phases of plantation establishment, 
water stress also inhibits the growth of oil-palm saplings 
(Cao et al. 2011). At the other extreme, too much rainfall 
results in sporadic flooding, and leads to soil erosion, which 
has knock-on impacts on yield (Corley & Tinker 2003). The 
suitability of land for oil-palm cultivation is likely to change 
as the climate alters. While changes in temperature will not 
particularly affect the oil palm, the alterations in rainfall 
patterns predicted by climate models will in part deter-
mine whether land is appropriate for establishing this crop. 
Because oil-palm expansion is a threat to orangutan popu-
lations, it is important to anticipate whether land deemed 

suitable or unsuitable for oil palm in the future overlaps with 
suitable orangutan habitat. 

The World Resources Institute (WRI) and Sekala recently 
used a simple approach to create an online mapping tool to 
identify land suitable for oil-palm cultivation (Gingold et al. 
2012). For land to be considered suitable for growing oil palm 
certain environmental, legal, and socio-economic factors 
were taken into consideration. The main delimiting criteria 
included factors concerning crop productivity, defined by ele-
vation and slope; soil depth, soil type, and acidity; as well as 
mean annual rainfall. They also took into account provisions 
for biodiversity conservation and existing carbon storage in 
forests.

The potential limitations on oil-palm production posed by 
changes to rainfall patterns are examined here by extending 
the WRI/Sekala approach to include future rather than cur-
rent rainfall patterns. Rainfall data from the CSIRO model 
is incorporated under a best-case emission scenario. These 
data exhibit the least change over time amongst the various 
models examined.

Oil-palm suitability under changing climatic conditions
According to the assessment criteria, a reduction in the 
amount of productive land for oil palm is to be expected on 
Borneo due to elevated rainfall over the course of the cen-
tury. Much of the area deemed suboptimal for the crop is also 
expected to become more seasonal according to climate pro-
jections, which suggests that elevated rainfall, though mod-
est in areas, could be accompanied by greater risk of flooding 
and drought, which would also impact oil-palm yields.

Suboptimal growing regions currently include the major-
ity of Sarawak (Figure 18). This is in part the result of high 
rainfall in this part of Borneo, but also due to the large quan-
tity of peat lands in coastal areas, which have a low agricul-
tural value, a high carbon value, and are prone to flooding. A 
projected rise in annual rainfall in this growing region would 
further reduce oil-palm productivity. It is therefore notable 
that, despite its suboptimal growing potential, clearance of 
forest for plantations in coastal Sarawak is extensive and 
ongoing (Koh et al. 2011). 

The increased rainfall expected under climate projec-
tions could also result in currently productive growing 
regions being substantially reduced, particularly in the 
interior parts of Central and West Kalimantan (Figure 18). 
The main districts that would be affected in this way are 
Barito Selatan, Barito Utara and Gunung Mas in Central 
Kalimantan, and Sintang, Sekadau and Kapuas Hulu districts 

CLIMATE CHANGE IMPACTS ON THE SUITABILITY 
OF LAND FOR OIL PALM
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in West Kalimantan. Higher annual rainfall, in excess of 
3500 mm/year, is projected in these regions by 2050, with 
little additional change to the area affected by 2080. Large 
parts of the core oil-palm growing regions on Borneo are 
expected to remain optimal for cultivation – principally in 
the West, South and East Kalimantan lowlands, Sabah and 
to some extent parts of Central Kalimantan. Much of this 
land, particularly in West Kalimantan and Sabah, is already 
planted, suggesting that the optimal areas for oil-palm pro-
duction have long been recognized. 

It is important to note that these predictions of future oil-
palm productivity and suitability are based on present-day 
growth characteristics of the various commercially available 
oil-palm cultivars, and do not take into account potential 
genetic improvement of plants that could increase drought 
or flood resistance. Such developments are ongoing in the 
industry and vital to the long-term sustainability of the oil-
palm crop (Cochard et al. 2005). While drought or flood 
resistant cultivars will likely be developed in due course, 
productivity assessments such as the one presented here may 
still be informative for parts of the industry in which uptake 
of new cultivars might be slow, such as for small-holders. 

Spatial assessments of agricultural suitability are also 
useful to identify where land-use conflicts are likely to occur 
in orangutan habitat on Borneo. They are also informative 
for identifying likely strongholds for the species in an era of 
environmental change.

These data provides a mixed outlook for the species. On 
one hand a large part of the orangutan range will continue 
to be comprised of prime land for growing oil palm, par-
ticularly in the interiors of all range states (Figure 18B). On 
the other hand, core components of the orangutan range 
should continue to be highly suitable for the species while 
providing suboptimal conditions for oil-palm cultivation. 
Unfortunately, with the exception of the Kapuas lakes and 
foothills of the Madai plateau in West Kalimantan, these 
areas are fragmented across the orangutan range.

Figure 18  Change in suitability of land for growing oil palm on 
Borneo due to projected changes in rainfall. 
Maps on the left pane (A) show suitable land for current and future 
time periods according to crop productivity criteria (elevation, slope, 
soil characteristics and annual precipitation) as well as additional envi-
ronmental constraints arising from carbon, watershed protection and 
biodiversity provisions. The former criteria are indicated as ‘produc-
tive’ land, and the latter are indicated as ‘suitable’. Rainfall is the only 
limiting factor that changes in future time periods due to projected 
climate changes (CSIRO model under a best-case scenario). The right 
pane (B) shows the productivity criteria overlaid with the suitable 
habitat coverage for the orangutan. For clarity, only areas within the 
known current core range are presented. 
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Unflanged male, Tuanan, Central Kalimantan.	 Photo  Perry van Duijnhoven
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Despite five decades of conservation attention focused on 
the orangutan, their numbers are still declining. Even though 
population data barely existed 50 years ago, it is widely 
accepted that every year, large areas of orangutan habitat are 
degraded or lost on both Sumatra and Borneo (Gaveau et al. 
2014; Wich et al. 2011; Meijaard & Wich 2007) and that up 
to 3 000 orangutans on Borneo are killed annually (Davis et 
al. 2013; Meijaard et al. 2011). By ‘hindcasting’ habitat suit-
ability predictions prior to the 1950s when much of Borneo's 
forests were intact, models estimate that up to 316 000 km2 
of land was suitable for orangutans within the current known 
core range. As of 2010 deforestation led to approximately 
18% of this habitat being lost, leaving the current extent of 
suitable habitat at 260 000 km2. Further deforestation pre-
dicted for this century could lead to a further loss of 15.5% 
by 2080, leaving up to 219 000 km2 of habitat remaining 
within the current core orangutan range. It is important to 
note that these estimates of suitable habitat are nevertheless 
conservative, and they also include degraded areas where for-
est cover is patchy. It is likely that orangutans remaining in 
these areas would subsist at low densities.

In addition to land-cover change and hunting, there is 
another significant threat that will add to the pressures fac-
ing orangutans in the coming decades: Spatial models point 
to the possibility that a large amount of current orangutan 
habitat will become unsuitable because of changes in climate 
(Struebig et al. 2015). The extent of these changes depends 
on various climate projections, yet even the best-case emis-
sion scenario we assessed leads to losses of suitable habitat 
for orangutans under both climate models. The amount of 
suitable habitat available for Borneo's orangutans in the 
future is likely to be much lower when climate projections are 
considered compared to the losses from the effects of defor-
estation alone (Figure 19). Across all climate and land cover 
change projections we assessed, models predict that between 
49 000 and 83 000 km2 of orangutan habitat might remain 
by 2080, reflecting a loss of around 69-81% since 2010. This 
projection represents a three to five-fold greater decline in 
habitat than that predicted from deforestation projections 
alone.

Yet, despite these impacts of predicted land-cover and 
climate change on orangutans there is much that can be done 
to prevent the extinction of populations. Although climate 
change impacts are the most difficult to prevent, even if 
global action on reducing emissions of greenhouse gases is 
taken. Orangutans are, however, ecologically versatile and 
the species may to a certain extent be able to cope with 

ecological change induced by climate change alone. How this 
would affect population dynamics and survival is difficult to 
predict, but it is obvious that reducing deforestation would 
significantly increase the likelihood of population survival. 
The safeguarding of remaining wild orangutan populations 
on Borneo depends on the development and implementation 
of more appropriate land-use policies that stop the destruc-
tion and degradation of orangutan habitats (Meijaard et al. 
2012).

Prioritising habitat for conservation
The coastal lowland parts of West, Central and East 
Kalimantan provide key habitat for orangutans, and yet are 
projected to experience the brunt of Borneo's forthcoming 
deforestation by 2080. In these areas several large popula-
tions persist, most notably the population in the Sabangau-
Katingan peatland (Figure 20), which supports an estimated 
9 900 individuals (Wich et al. 2008). Much of the forest across 
this region is legally gazetted for conversion purposes, and 
areas outside of this designation have already experienced 
some deforestation in the past despite being afforded some 
form of protection (Gaveau et al. 2013). Of all the orangutan 
populations on Borneo it is arguably this population that 
requires most immediate attention as a major stronghold of 
the species.

Over time, a major reduction in the extent of suit-
able orangutan habitat can be expected. Yet there are core 
strongholds of suitable orangutan habitat that are predicted 
to remain to the west, east and northeast of the island 
where populations of P. p. wurmbii and P. p. morio are found 
(Figure 20). Additional areas of Borneo where orangutans are 
not currently thought to live are likely to remain theoreti-
cally suitable habitat in the future (Figure 17), although it is 
unclear why no populations are found there at the moment.

The dramatic projections presented in this study point 
to the necessity of immediate and substantial action to 
protect the Bornean orangutan. In order to succeed new, 
pragmatic ways to manage orangutan populations in the 
wild may need to be explored. One such option for orang-
utan conservation is to explore the possibility of expand-
ing populations into the climatically suitable areas which 
are not currently inhabited by the species. This ‘assisted 
colonisation’ is not an easy task and should be considered 
a last resort. Successful colonisation would require highly 
detailed feasibility assessments for each potential introduc-
tion region, to include studies of forest phenology, ecological 
impact, and threats, including hunting (Beck et al. 2007).  

DISCUSSION
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Figure 19  Projected decline in suitable orangutan habitat fore-
casts of land cover and/or climate change. 
Each map presents the predicted change in suitable habitat within 
the known core range of orangutan this century. The darkest shading 
indicates the land predicted to remain suitable by 2080, with lighter 
shades indicating change from suitable to unsuitable. 
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Nevertheless, given the predictions of this report it seems 
sensible to at least start a discussion on this issue and poten-
tially develop a legal framework in which such ‘colonisation’ 
efforts would be possible. The lessons learned from previ-
ous or ongoing orangutan reintroduction efforts can form 
the basis of this discussion (Russon 2009).The bioclimatic 
models presented here provide an important first step in 
identifying possible expansion and/or introduction regions 
for each of the island's threatened orangutan populations 
that will maintain climatic suitability in the future. However, 
as mentioned before, embarking on a strategy like this 
should only be considered if no other options are likely to 
be effective.

The role of climate change in agriculture
Shifting climatic conditions will not only affect natural for-
ests, but also agricultural productivity. Nonetheless, a large 
component of the currently recognised orangutan range will 
likely remain productive for growing oil palm – the primary 
land use competing with orangutan habitat. Overlaying 
the areas important for orangutan and oil palm production 
illustrates the potential extent of this conflict for the three 
orangutan subspecies on Borneo. Fortunately, only a small 
proportion of the P. p. pygmaeus range will likely be produc-
tive for oil-palm cultivation in 2080 (Figure 21). However, for 
P. p. morio and P. p. wurmbii large parts of their current range 
will continue to be suitable at the close of the century, indi-
cating that competition for land from the oil-palm industry 
will continue to be a conservation problem for these subspe-
cies. On the other hand, this overlap also emphasises that 
continuing conservation partnerships with oil palm compa-
nies could play a defining role in the orangutan's future.

Even now, the main environmental impact of deforesta-
tion, as reported by local communities on Borneo, is the 
temperature increase associated with forest loss (Meijaard 
et al. 2013). These are local temperature effects not incorpo-
rated in the broader climate change models used in this 
study. They are highly relevant though at the local level, 
affecting issues as wide-ranging as agricultural outputs, dis-
ease outbreaks, fire and smoke impacts, and water supply. 
There is a growing need for political planning and regulation 
to start incorporating these local and regional climate change 
impacts, and mitigate or adapt through changed land-use 
planning and implementation. Ignoring these factors will 
ultimately cause major environmental, economic, and social 
impacts. This planning includes anticipating changes in agri-
cultural productivity in the oil-palm sector, an important 
contributor to Indonesia's and Malaysia's economic output. 
Reduced yields as a result of climate change, as predicted for 
certain areas, will increase pressure on other lands that are 
climatically more suitable. This chain of events could lead to 
further deforestation and thus exacerbate negative environ-
mental impacts. Better planning for oil palm is therefore 
needed that incorporates land suitability (including future 
climatic conditions), as well as social and environmental 
impacts of oil palm (Smit et al. 2013).

Land-use planning for conservation
The Indonesian government has shown its commitment to 
conservation in its national orangutan action plan and its 
low carbon growth objectives (Elson 2011), but this general 
commitment needs to be translated into new land-use plans 
and new policies on land use that integrate protected area 
management with broader landscape-level management. 
Similarly, the Sabah government is committed to maintain-
ing all remaining orangutan populations, as expressed in its 
state action plan for orangutans (Sabah Wildlife Department 
2011), and has developed a range of policy briefs emphasis-
ing more sustainable management of its natural resources. 

The concept of ecological connectivity should be placed 
at the heart of land-use planning. In both Malaysia and 
Indonesia land-use planning does not yet sufficiently 
incorporate these connectivity concepts, and land is often 
parceled out in discrete blocks that do not take broader 
landscape functions into consideration. There are, however, 
signs that this trend may be changing. Sabah, for example, is 
creating the Sabah Development Corridor 2008-2025, which 
was initiated by the State Government to enhance the qual-
ity of life for the people by accelerating the growth of Sabah's 
economy, promoting regional balance and bridging the rural-
urban divide while ensuring sustainable management of the 
state's resources (Institute for Development Studies (Sabah) 
2007). Implementation of this resource management 
strategy can be seen in such projects as the ‘Kinabatangan 
Corridor of Life’ and the ‘Ecolink Assessment Study’ that 
evaluate possible linkages between Crocker Range and 
Kinabalu Parks. In Indonesia, the development of landscape 
level forest management units (KPH) is another step in the 
right direction. So far, these are all early initiatives and their 
final implementation and potential effectiveness remain 
unclear. Furthermore, unless such developments are inte-
grated with others, such as road infrastructure planning, 
landscape-level connectivity may still decline. This lack of 
connectivity would leave wildlife with fewer dispersal routes 
and strongly reduced means to adapt to climate change.

Figure 20  Focal areas for future orangutan conservation on 
Borneo based on climate and land-cover change projections. 
Many areas are under substantial pressure for conversion to agriculture, 
and it is important to note that some will remain productive for 
oil-palm cultivation in years to come. The Sabangau-Kahayan 
peatswamps (brown) support one of the largest known orangutan 
populations on Borneo, but the area is vulnerable to land cover and 
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climate changes projected for this century. For each sub-species 
there are parts of Borneo (green) that should remain as strongholds 
for orangutans during the environmental changes predicted. These 
areas are likely to become more suitable over time, especially those 
at mid-elevation. Areas indicated in grey currently do not support 
orangutans but, according to models presented here, habitat might 
be suitable and continue to be in the future despite projected climate 

changes. Notably, projected increases in rainfall might place greater 
constraints on the productivity of land for oil palm cultivation in all 
regions except for western Sabah and the Sangkulirang-Mangkalihat 
peninsula in East Kalimantan. Even though the upper Kapuas Lakes 
were identified as areas with relatively limited predicted climatic 
change, recent conversion for oil palm around the lakes area has 
resulted in major losses of orangutan habitat.
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Figure 21  Overlays of the land predicted to be suitable for orang-
utan under land-cover and climate change models, but also pro-
ductive for oil palm. 
Climate conditions used are for the CSIRO projections under the best-
case emission scenario.
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Law enforcement, coupled with forest management that 
ensures that plans are indeed implemented according to gov-
ernment regulations is an essential accompaniment to any 
land-use planning that considers the broader ecological func-
tions of forests and biodiversity. The Malaysian and Indonesian 
governments' law enforcement and protected area manage-
ment are insufficient at the moment. Governments need to 
seriously consider how they can improve their effectiveness 
in both of these areas. Ensuring that those that break the law 
are actually caught and prosecuted is vital and would require 
1) training of police, judges, and conservation authorities; 
2) targeting corruption in government offices; and 3) ensuring 
that the public understand why laws are taken seriously now 
when they were not previously. A recent study suggested that 
27% of the people in Kalimantan did not know that orang-
utans are protected by law (Meijaard et al. 2011) therefore 
campaigns to effectively inform the public are also vital. 

Law enforcement measures are particularly important in 
protecting wildlife within timber concessions in natural for-
ests. Through sustainable management of these areas, large 
areas of productive forest can be maintained as well as the 
environmental services they provide (Wilson et al. 2010). 
However, for orangutans to benefit from the maintenance 
of logged forests, these do need to be sustainably managed, 
which many are not. Governments would need to increase 
the auditing of timber-concession management, punish those 
that break regulations and manage their forests unsustainably, 
and reward those who manage their concessions well with 
financial or regulatory incentives. In addition, much needs to 
be improved in the management of protected areas (Gaveau 
et al. 2013), which would ensure that at least these areas pro-
vide genuine safe zones for orangutans and other threatened 
wildlife.

Finally, laws relating to land-use planning need to become 
more flexible to be able to adapt land use to a changing 
climate (Lackman and Murphy 2014). Currently, allocation 
of land to either permanent forest (for protection or produc-
tion) or non-forest is based on a range of laws like the Sabah 
Forest Enactment from 1968 or Indonesia's basic Forest Law 
of 1980. These laws use various criteria to determine which 
lands should remain permanently forested and which can  
be converted to non-forest uses. For example, Indonesia's law 
for determining which forests should be protected for main-
taining watershed services uses rain intensity as its defining 
criterion in addition to soil type and slope. Shifting patterns 
of rainfall and rainfall intensity, as indicated in this report, 
would therefore require areas to undergo constant adaptations 
in land-use allocations. Such a flexible approach to land-use 
planning under changing climatic conditions does not yet exist 
in either Malaysian or Indonesian Borneo. In addition, once 
an area has been licensed for forest use or conversion rather 
than strict protection there are significant legal constraints 
and associated major costs to reverse such licenses. Predictive 
modeling in conjunction with early policy adaptations are thus 
needed to minimize the impacts that climate change could 
have on wildlife in Borneo.

People and the orangutan
Some of the most important stakeholders in orangutan con-
servation are the estimated 5 million people in Borneo that 
live alongside the orangutans. They are the least engaged 
sector. Borneo's people still largely depend to a large degree 
on forest resources, for their livelihoods, health and spiritual 
well-being (Meijaard et al. 2013). The aspirations and day-to-
day needs of forest-based communities will play a central role 
in the long-term maintenance of Borneo's forests and wildlife. 
Outside of protected areas, the survival of the orangutan 
depends on their peaceful coexistence with these communi-
ties, particularly in consideration of the pressures caused by 
hunting (Campbell-Smith et al. 2011; Campbell-Smith et 
al. 2010). If current rates of orangutan killings continue, many 
populations could go extinct within one human generation, 
regardless of any habitat management interventions. Unless 
orangutan killing is reduced, only those few populations that 
are well-protected or that occur in areas where killings are  
rare due to cultural and traditional reasons in the local commu-
nity (e.g. Kinabatangan or other populations located in eastern 
Sabah) stand a chance of long-term survival (Ancrenaz et 
al. 2007; Ancrenaz et al. 2004). Encouraging rural people to 
support the principles of environmental conservation and be 
actively responsible for the management of their resources is 
therefore a crucial requirement for successful orangutan con-
servation (Ancrenaz et al. 2007). 

Respecting and formalizing people's rights to forest use 
would be a first step towards stabilizing Borneo's rapidly dis-
appearing forest frontiers, while laying a basis for two-way 
discourse about how the challenge of orangutan killing could 
best be addressed (Meijaard et al. 2013).

Paying for conservation
All of this indicates that governments need to develop much 
more holistic policies that not only target economic progress, 
but balance that progress with ecological and environmental 
sustainability. In the case of Borneo, for example, it could 
strive to prevent an increase of flooding which is now lead-
ing to high humanitarian and economic costs (Wells et al. 
2013). Such an approach could also aim to put a monetary 
value on forests. Until markets pay for environmental services 
provided by forests, exploiting these forests or replacing them 
with more productive uses is always going to generate more  
revenue than conserving them. Some of these opportu-
nity costs can be offset by legislation or ethics – i.e. “we 
are legally obliged to protect these forests”, or “we feel it 
is the right thing to do” – but it is likely that in most situa-
tions the protection or sustainable management of orang-
utan habitats will have to be paid for. Carbon markets 
may provide some of the financial means required for this 
payment, while other sources of income could come from 
tourism, payments for water, and other forest related eco-
nomic activities (Wich et al. 2011, Venter et al. 2009).  
Companies could also be legally required to fund a significant 
part of the total cost by implementing orangutan-friendly 
management on their land (Dennis et al. 2010). 
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Riparian vegetation set aside conservation areas in new oil-palm plantations, Sabah.	 Photo  Matthew Struebig
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The role of hunting and some caveats
The orangutan habitat modelling in this study is based on 
the assumption that orangutan distribution is significantly 
correlated with environmental and climatological factors. 
Even though the model fit is generally high, indicating 
that these environmental and climatological factors play 
an important role in determining where orangutans occur, 
there are additional factors that influence their distribution 
including the killing of orangutans. Recent studies have 
highlighted that deliberate killing of orangutans is a com-
mon occurrence throughout much of Borneo: up to 3 000 
orangutans are estimated to be killed each year (Meijaard 
et al. 2011). There is a variety of cultural and/or economic 
reasons why humans kill orangutans, and certain areas have 
much greater incidences of killing than others (Davis et al. 
2013; Meijaard et al. 2011). The extent to which present 
and past killing have shaped the distribution range of orang-
utans remains unclear, although it has been speculated 
that historic hunting has played a major role in the popu-
lation declines, and sometimes local extinction, of many 

populations (Meijaard et al. 2010). Overall orangutan 
mortality rates in Kalimantan seem to significantly exceed 
the maximum rates that populations of this slow-breeding 
species can sustain (Meijaard et al. 2011; Marshall 
et al. 2009). Therefore all hunted populations are expected 
to decline, irrespective of what happens to their habitat due 
to land cover or climate change, if hunting pressure does 
not decline. The trends presented in this report, based on 
land cover and climate change projections, must therefore 
be evaluated in the light of killing patterns. In particular 
in many areas in Borneo's uplands identified as optimal for 
conservation under land-cover and climate change projec-
tions, the probability of orangutan killings is also high. If for 
ecological reasons orangutans are increasingly restricted to 
these areas, there would be even more urgent need to ensure 
that human-induced mortality rates in orangutans are mini-
mized. Davis et al. (2013) provide useful recommendations 
as to what strategies can be locally employed depending on 
the main reasons for why killings occurs (e.g. for food, or 
because of agricultural conflicts).

Riparian vegetation set aside conservation areas in new oil-palm plantations, Sabah.	 Photo  Matthew Struebig



Rehabilitating youngster, Nyaru Menteng, Central Kalimantan.	 Photo  Perry van Duijnhoven
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RECOMMENDATIONS

1	 Identify all remaining orangutan populations and undertake an assessment of 
their viability, based on local threat levels from killing and incompatible land use,  
present and predicted habitat quality, and population dynamics (dispersal, inbreed-
ing, etc.). Identify all orangutan populations that the governments officially agree 
to maintain. 

2	 Conduct a triage process in which the ‘must save’ and ‘can save’ populations are 
identified and agreed by governments, both inside and outside protected areas, as 
well as the management measures needed to maintain them. 

3	 Based on the above, propose and designate new protected areas or other areas 
under permanent forest cover that are large and safe enough to contain viable 
orangutan populations. 

4	 Where possible, connect these permanently forested areas through uninterrupted 
forested corridors, for example in permanent natural forest timber concessions, 
that allow orangutans and other wildlife to move through the landscape in reaction 
to changing climatic and ecological conditions. 

5	 Reconcile these land-use plans with other spatial plans (for development, infra-
structure, agriculture, etc.), and endorse these planned land uses in high level  
government regulations that allocate special strategic status to these orangutan 
populations, and which are strong enough not to be overruled by other national-
level or local level regulations. 

6	 Effectively enforce laws regarding the killing of orangutans and implement public 
campaigns and other communication efforts that make the public aware of the  
illegality of killing.

7	 Seek innovative ways to augment protected areas to conserve remaining orangutan 
forests, which could include, for example, leverage of carbon mitigation invest-
ments via the UN-REDD+ (Reducing Emissions from Deforestation and Forest 
Degradation) mechanism, or other payments for forest environmental services 
(e.g., erosion control, flood buffering, local climate regulation). Such systems 
might not only reduce threats to biodiversity from land-cover changes but also  
contribute to local community welfare and safety and to international efforts to 
reduce climate change. 

8	 Drained coastal peatlands in Borneo are predicted to decompose and flood leav-
ing behind unproductive brackish swamps. Peatlands are key orangutan habitats 
that should be left forested and undrained to avoid major negative biodiversity and 
socio-economic impacts. 
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