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SUMMARY REPORT

Climate change is having negative impacts on biodiversity around the world, and these impacts
are projected to increase in the future. In order to consider the most appropriate biodiversity
management strategies for the future, it is therefore important to assess the extent to which the
impacts of climate change will interact and compound existing threats to biodiversity from landcover 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 orang-utan.
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 a
‘best-case’ trajectories of global development. The best-case scenario represents a future with slower
population growth, less land-use change, and more diverse technological developments designed
for Green House Gas (GHG) emission reduction. Conversely, the worst-case scenario represents a
business-as-usual continuation of the present GHG emissions. Based on these scenarios, the clearest
climate pattern for Borneo over time is a projected rise in average annual temperature, which is
particularly evident along the coastal lowlands where most of the island's populations reside in
urban centres. According to the models assessed, island-wide mean temperature could rise by 2-3°C
above current levels by 2080 under the worst-case scenario. Climate models also indicate a greater
variability in future temperatures, for example 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 between the two climate model projections, from an increase of
around 6% up to 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.
The potential compounding impacts of land-use and climate change on the distribution of suitable
orang-utan habitat was assessed by first assessing the impact of climate change and land-cover
separately and then by combining these two factors. Our models indicate that in 2010 up to 260 000
km2 of land, including intact but also degraded and fragmented forest, could be considered potential
orang-utan habitat within the known species range. This represents an 18% reduction of the suitable
range since 1950, due to land-cover changes.
Using climate change models only the most influential factors on changes in orang-utan habitat
suitability are: 1) annual temperature range, 2) precipitation in the driest month and quarter, and
3) mean diurnal temperature range. According to projections from these models, 49-69% of current
habitat would become unsuitable by the 2080s due to changing climatic conditions. Much of this
reduction is projected to take place in the southern part of the island, in Central Kalimantan, although
there is some variation in the extent of this loss between the climate projections.

SUMMARY REPORT (CONTINUED)

Because historical and current rates of forest loss over Borneo are high it is also important to assess
the potential impact of future deforestation on orang-utan habitat. Repeating the suitability assessment
using land-cover projections derived from a predictive model of deforestation, an estimated 251 000 km2
of habitat is predicted to remain suitable by 2020, reducing to 219 000 km2 by 2080, which represents an
overall reduction of suitable habitat 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 states of Sarawak and Kalimantan,
as it has done 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. Indeed, suitability models incorporating both projected
changes to climate and land-cover indicate that up to 83 000 km2 of habitat would remain suitable by
2080, representing 68-81% loss from the present day. The loss of orang-utan habitat due to the combined
eﬀects of land-cover and climate change could be more than double that lost historically and also under
land-cover change projections alone.
The final part of the report comprises an appraisal of land suitable for oil palm and asks how the extent
of this area might change under climate change projections, and whether this might have implications for
orang-utan conservation. The main finding is that with the changing rainfall patterns predicted for this
century there will likely be a reduction in the productivity of large expanses of land for oil palm cultivation
over the island. These predicted low productivity lands primarily encompass the north and central parts of
the island, where much of the recent expansion of this crop has taken place. However, large parts, 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 orang-utan provides insight into regions where
land-use conflicts are likely to arise between oil palm and orang-utan conservation objectives over the
course of the century. These regions include some of the strongholds for orang-utan 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.

RECOMMENDATIONS

1

Identify all remaining orang-utan 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, inbreeding etc.).Identify all orang-utan
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-utan 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 planning (for development, infrastructure,
agriculture etc.), and endorse these planned land-uses in high level government regulations
that allocate special strategic status to these orang-utan 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 orang-utans 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 orang-utan forests,
which could include, for example, leverage of carbon mitigation investments via the 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.Seek innovative ways to augment protected areas to conserve remaining orangutan forests, which could include, for example, leverage of carbon mitigation investments via
the UN-REDD+ (Reducing Emissions from Deforestation and Forest Degradation) schemes.
Forest conservation under REDD+ might reduce threats from land-cover changes whilst also
contributing to international efforts to reduce the effects of climate change below the levels
currently portrayed under the best-case emission scenario.

8

Drained coastal peatlands in Borneo are predicted to decompose and disappear under water
leaving behind unproductive brackish swamps. These peat lands are key orangutan habitats
that should be left forested and undrained to avoid major negative biodiversity and socioeconomic impacts.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.

3

INTRODUCTION

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, for
example, widespread pollution, overharvesting, habitat
destruction and fragmentation. Some researchers predict
that we could be responsible for a “sixth mass extinction”,
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 biodiversity
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

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 agriculture,
hunting, logging, and the pet trade (Meijaard et al. 2011;
Wich et al. 2012; Wich et al. 2008; Nellemann et al. 2007;
Stiles et al. 2013). While the most immediate threat to
orang-utans and other Bornean wildlife is the continuing
loss of forest habitat and hunting, it is now recognised that
climate change is likely to play an important detrimental role
in the long-term future as well (Gregory et al. 2012). These
threats combined could seriously hinder the considerable
attempts of conservationists to protect this species from
extinction. The Indonesian government has expressed its
wish to stabilize all wild orang-utan populations in Indonesia

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.

BORNEO
Figure 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).

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
estimated 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 orang-utan (Pongo pygmaeus). This Asian great
ape primarily dwells in lowland forests at low densities and

by 2017 (Departmen Kehutanan 2007) and similar plans
have been proposed by the Sabah Wildlife Department
(Sabah Wildlife Department 2011). Success in ensuring the
survival of such an iconic species as the orang-utan 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
characteristics (e.g. forest on peat soils 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. in press, Figure 3). Initially
much of this large-scale deforestation and degradation was
5

caused by the extraction of the commercially important
dipterocarp tree species for durable hardwood, but in recent
years the 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. in press). Such land-cover changes have
had obvious impacts on wildlife. The orang-utan might, in
some areas, survive in much-reduced densities in plantation
areas, especially if patches of natural forest remain
(Ancrenaz et al. in press), 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 not be of a long duration; 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 orang-utans 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 is 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 far reaching. 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 biological
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 orang-utan 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 orang-utan populations.

6

Modelling changes into the future
Without predictions of future responses to the changes in
climate that we may see in the coming century, designing an
effective conservation strategy for the Bornean orang-utan
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
rationally with the future in mind (Meijaard et al. 2012).
For example, if there are plans for a new conservation area in
a region where orang-utans fare well now but where climate
models show that they will not do well in the future, these
plans should ideally be reconsidered.

ORANG-UTAN DISTRIBUTION

The future distribution of orang-utans
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. In this way we can assess
simultaneously how the survival of the Bornean orangutan might be affected by these two overarching threats of
environmental change. This will help us create a more realistic
image of the prospects for the orang-utan species range
and thus the future needs for its conservation. The urgency
for implementation of effective orang-utan conservation
measures cannot be overemphasised: with a shrinking
habitat and thousands of individuals being killed each year
there is a realistic possibility that the Bornean orang-utan
may, within decades, be confined to a very limited number of
small and isolated populations.

Figure 2 The Bornean orang-utan is subdivided into three subspecies.
Predicted core distribution of the three Bornean orang-utan subspecies, P. p. pygmeaus, P. p. wurmbii, and P. p. morio based on WICH et al. (2012).

7

Drainage canals and destroyed peat swamp forest, legacies from Suharto's Mega Rice Project in Central Kalimantan.

Photo Perry van Duijnhoven

Log rafts travelling down the Barito river, near Buntok, Central Kalimantan.

Structure of this report
There are a number of important issues that need to be
considered in order to assess and understand the potential
impact of climate change on the Bornean orang-utan.
Firstly, there is a need to recognize the uncertainty of the
actual climatic changes that will occur on the island. In
this document, we examine different climate models as
well as different scenarios of global greenhouse gas (GHG)
emissions. 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’ which would represent
a future oriented towards environmental protection
and social equity: slower human population growth,
8

Photo Perry van Duijnhoven

less land-cover change, and more diverse technological
developments. Secondly, we investigate what potential range
shifts or contractions could occur because of changes to
bioclimatic suitability for the orang-utan under the resulting
future climate scenarios. Thirdly, we examine the impact of
land-cover change on the extent of suitable habitat for orangutans. Fourthly, we combine the scenarios for climate change
and land-cover to assess their combined impact on the extent
of suitable habitat for orang-utans. Fifthly, we discuss the
potential effects of climatic changes on the suitability of land
for oil palm production. The expansion of the oil palm sector
is a leading threat for the conservation of orang-utan, 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.
9

A 1973 FOREST COVER

B 2010 FOREST COVER

Figure 3 Forest disturbance and loss due to logging and plantation development on Borneo.
Maps show forest cover in 1973 (A) compared to 2010 (B) (GAVEAU et al. in press).
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WEATHER STATIONS
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

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 quality
has not yet been assessed. The central map shows the agroclimatic
zones for Kalimantan (OLDEMAN & LAS 1980).
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Table 1 Projected change in annual mean temperature,
temperature range, annual rainfall and precipitation seasonality for
Borneo's main cities.
Climate values, magnitude and direction of climate change is
indicated for the two emission scenarios under the CSIRO global
circulation model.
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COMPARISON OF POTENTIAL CLIMATES FOR BORNEO
A CURRENT vs FUTURE
2020

CURRENT vs FUTURE
2050

CURRENT vs FUTURE
2080

A CONTRIBUTING
VARIABLES
current vs future

B

EMISSION SCENARIO
2050

EMISSION SCENARIO
2080

B

CONTRIBUTING
VARIABLES
emission scenario

CLIMATE MODEL
2050

CLIMATE MODEL
2080

C

CONTRIBUTING
VARIABLES
climate model

C
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EMISSION SCENARIO
2020

CLIMATE MODEL
2020

Figure 6 Comparison of potential climates for Borneo,
using a subset of eight bioclimatic variables and
multivariate environmental 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
climates are indicated by positive values (blue). Pairwise comparisons
are made between current and future climates (upper panel) using
the CSIRO worst 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 worstcase emission scenario). Accompanying each MESS is a map of contributing 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
corresponding areas on these maps allows us to identify the most
important 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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A AVERAGE ANNUAL TEMPERATURE

A ANNUAL TEMPERATURE RANGE

A AVERAGE ANNUAL RAINFALL

A RAINFALL SEASONALITY

B

B

B

B

PROJECTED INCREASE IN
AVERAGE ANNUAL TEMPERATURE
BY 2080

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
climate model, worst-case emission scenario (B).
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PROJECTED DIFFERENCE IN
ANNUAL TEMPERATURE RANGE
BY 2080

Figure 8 Current and projected variation in the annual temperature
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).

PROJECTED CHANGE IN
AVERAGE ANNUAL RAINFALL
BY 2080

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 mountains
(A). These latter areas could face greater rainfall by 2080 according to
CSIRO as usual climate projections (B).

PROJECTED CHANGE IN
RAINFALL SEASONALITY
BY 2080

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).
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HABITAT SUITABILITY INDEX

Figure 11 Schematic diagram illustrating the calculation of a
habitat suitability (HSI) index for orang-utan.
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 population
pressure (P), scores for which were provided by four Bornean orangutan experts. Dark green areas are highly suitable; dark red areas are
highly unsuitable.
Loading Illegaly cut logs on the back of a truck, Danau Sentarum, West Kalimantan.
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Figure 13 Forecasts of habitat suitability for Bornean orang-utan when
accounting for the effects of climate change only.
Each map summarizes habitat suitability based on climate and landcover 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 levels.
See Figure 11 for an explanation of how maps habitat suitability was
calculated. Colour gradient adjusted to visually improve contrast
between high and low suitability areas in future time periods.

Photo Perry van Duijnhoven
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A MODELLED CLIMATIC
SUITABILITY

Figure 12 Habitat suitability for the Bornean orang-utan under
current climate conditions, land-cover and human population
density.
Bioclimatic modeling reveals areas for orang-utans 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,
plantations and cropland close to settlements). Large parts of Borneo
theoretically support suitable habitat, but the regions in which orangutans are not currently known to occur are indicated by light shading
(WICH et al. 2012).

HABITAT SUITABILITY INDEX
impact of climate CSIRO

B CURRENT (2010)
HABITAT SUITABILITY
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HABITAT SUITABILITY INDEX
impact of climate Hadley
DIURNAL TEMPERATURE
RANGE IN 2080
CSIRO

ANNUAL TEMPERATURE
RANGE IN 2080
CSIRO

RAINFALL IN THE
DRIEST MONTH IN 2080
CSIRO

DIURNAL TEMPERATURE
RANGE IN 2080
Hadley

ANNUAL TEMPERATURE
RANGE IN 2080
Hadley

RAINFALL IN THE
DRIEST MONTH IN 2080
Hadley

Figure 15 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 plantation 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 our appraisal.

Figure 14 (left) 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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A LAND-USE ALLOCATION

B PREDICTED FOREST COVER
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ORANG-UTAN HABITAT SUITABILITY INDEX
impact of land-cover change

Figure 16 The extent of suitable
habitat for orang-utans 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 19502000) and forest covering the majority
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 lowlands
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
theoretically support suitable habitat, but
the regions in which orang-utans 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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ORANG-UTAN HABITAT SUITABILITY INDEX
impact of climate and land-cover change

Figure 17 Forecasts of habitat suitability for Bornean orang-utans 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 northern and
southeastern part of the island. Strongholds of suitable habitat 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. Colour gradient adjusted to visually improve contrast between
high and
28low suitability areas in future time periods.

Unflanged male orang-utan, Tuanan, Central Kalimantan.

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

Aerial image of a forest and oil palm plantation in Sabah, Malaysia.

Photo Conservation Drones
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A OIL PALM SUITABILITY

B

AREAS SUITABLE
for orang-utan and
productive for oil palm

SUITABLE HABITAT
under climate change

SUITABLE HABITAT
under land-cover change

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 environmental constraints arising from carbon, watershed protection
and biodiversity provisions. The former criteria are indicated as 'productive' 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 orang-utan. For clarity, only areas
32
within the known current core range are presented.

Figure 19 Projected decline in suitable orang-utan habitat forecasts of land-cover and/or climate change.
Each map presents the predicted change in suitable habitat within
the known core range of orang-utan 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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SUITABLE HABITAT
under climate and land-cover change

FOCAL AREAS FOR
ORANG-UTAN CONSERVATION
under projections of land-cover
and climate change

Figure 20 Focal areas for future orang-utan conservation on
Borneo based on climate and land-cover change projections.
Many areas are under substantial pressure for conversion to
agriculture, and notably some will remain productive for oil palm
cultivation in years to come. The Sabangau-Kahayan peatswamps
(brown) support one of the largest known orang-utan populations on
Borneo, but the area is vulnerable to land-cover and climate changes
projected for this century. For each sub-species there are parts of
Borneo (green) that should remain as strongholds for orang-utans
during the environmental changes predicted. These areas are likely
to become more suitable over time, especially those at mid-elevation.
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Areas indicated in grey currently do not support orang-utans but
according to models presented here habitat might be suitable, and
continue to be suitable 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. Note, 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 orang-utan habitat.
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SUITABLE ORANG-UTAN HABITAT
that is also suitable for growing oil palm
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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 productive
for oil palm.
Climate conditions used are for the CSIRO projections under the best-case emission scenario.
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