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EXECUTIVE SUMMARY
The island of Borneo is projected to be severely affected by climate change through increased risk of floods
and forest fires, human health impacts, changes in agricultural yields and damages to infrastructure. Sea level rise
is projected to cause widespread damage to population centers. Impacts on inland forests, however, are projected
to be less severe than the global average, given a temperature increase of 2: C (over preindustrial baseline
temperatures). Increasing temperatures and evapotranspiration in the forests are offset by increasing
precipitation, resulting in a net increase in runoff. Beyond a temperature increase of 2: C, impacts on inland forests
may become more severe. Moreover, shifts in seasonality that are present both in the north and the south of
Borneo may exacerbate negative impacts on ecosystems. Finally, there exist certain geographic areas that may
experience more severe climate-related impacts, notably along the southern coast, eastern coast, and inland South
Kalimantan.
There is significant regional heterogeneity in how climate will impact Borneo. The northeast, southwest, and
interior of the eastern coast of the island are projected to experience decreases in precipitation, which, given
overall temperature increases, imply that these areas will see greater water stress on ecosystem services and
economic sectors that rely on a stable water supply or river transportation. Seasonality of precipitation changes
predicts that northern Borneo will have a drier wet season while southern and southeastern Borneo will have a
drier dry season. Drought risk is high and projected to increase in eastern Borneo, which is the area likely to
experience the most impacts from climate change.
Overall, forest quality and related ecosystem services are projected to experience a neutral net effect in aggregate
from climate change by 2050 due to favorable hydrological conditions offsetting temperature increases. However,
disaggregating these results shows that certain portions of forested land may experience a more negative effect on
forest quality and ecosystem services. Additionally, the estimation of a neutral net effect is less certain if other
factors, such as existing land use change, are not constant. Given the swift pace of land use change, specifically the
conversion to oil-palm cultivation, it is essential to study how these conversions will interact with climate change.
The projected result of climate change, coupled with deteriorating forest quality from land use change, is more
severe impacts. This increases the value of preserving forests and pursuing climate-resilient planning policies.
For agriculture, the synthesis of evidence suggests the overall effect will be positive for some crops, negative for
others, but not as large of a loss as in other areas in Southeast Asia. Losses may be greatest for rice cultivation,
while gains in maize cultivation are projected. Biodiversity will see an extremely large loss in marine, reptile and
amphibian species by 2050 with 2: C of warming and potentially much more with further warming. Little or no
effect is projected for inland plant, mammal, bird or freshwater fish species. Overall, the impacts on species
survival and ecosystem health are projected to have profound effects on ecosystem services and economic
sectors.
Many of the economic sectors analyzed in this report are likely to experience severe impacts from climate change.
In many cases, however, a precise valuation of these impacts could not be calculated with confidence, given the
current state of research. To address this shortcoming, this report also presents a detailed methodological
approach to quantify and account for the variety of impacts climate change might have on ecosystems and
economic sectors by outlining the tools available for analyzing climate change, creating an accounting framework
relevant to Borneo for assessing the total impacts, and suggesting specific areas for further research and data
collection. The tools used are ClimaScope, the Wallace Initiative, the World Bank Climate Change Knowledge
Portal, The Nature Conservancy Climate Wizard, InVEST, and AquaMaps. The methodology outlined in this report
would allow for a specific dollar value to be calculated for the total economic and ecosystem services impact from
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climate change. However, this would require considerable original research and the extension of existing tools, as
discussed in the further research section of this report.
Although some aspects of climate change are projected to cause impacts that are less negative than the global
average, the overall picture for the HoB and Borneo is not at all positive, primarily due to sea level rise, seasonality
of impacts, risk of floods and fires, increased vulnerability in certain geographic regions, and changes in the
duration and intensity of the wet and dry seasons. For these reasons, it is extremely important to pursue a climateresilient planning approach. Land use change that undermines the quality of forests in Borneo may further
increase the above risks and impacts from climate change by degrading the ability of forest ecosystems to mitigate
damages. Ultimately, the decisions on how to manage the HoB and the rest of Borneo must consider climate
change and other land use changes as simultaneous phenomena and keep in mind how each affects the other.
Throughout the rest of this report, results are presented assuming 2: C of temperature increase (unless otherwise
noted). This figure is a low estimate, and many climate impacts may become significantly more severe at higher
estimates. However, many modeling tools use 2: C as minimum temperature increase, as this is the currently
promoted mitigation target being sought in international climate negotiations. As a result of assuming a 2: C rise in
temperatures, the following impact assessments can be thought of as conservative, lower-bound estimates on
impacts. Finally, climate scenarios from the Intergovernmental Panel on Climate Change (IPCC) are used
throughout this report to specify what assumptions are being made about future climate and economic
parameters. See Appendix 3 for a summary of these scenarios.

Summary of Projected Impacts from 2⁰ C of Temperature Increase
Temperature and Precipitation Changes
Borneo is projected to have temperature increases slightly greater than the global average, with little variance
across the island.
Precipitation is projected to increase across most areas of the island; however, there are certain regions that may
experience decreases.
Projections show the northeast, southwest, and interior eastern coast of Borneo with the most loss in
precipitation, while most of central Borneo and the northwest becoming considerably wetter.
Almost all of Borneo is projected to have an increase in runoff, though the eastern coast in East Kalimantan
province is projected to see decreases in runoff.
Drought risk is high and projected to increase in eastern Borneo near Bontang. The southeast coast of Borneo is
already at high drought risk, and so increases from climate change may be especially damaging here.
Projections show northern Borneo as drier December through March (a drier wet season), and southern Borneo as
drier June through September (a drier dry season).

Species and Ecosystem Changes
High-input, rainfed maize cultivation is projected to increase in yields while rice cultivation is projected to
decrease.
Two crops projected to be most at risk for reduction in suitability are rice and groundnuts, though these changes
are quite small. The effect on crops is muted due to precipitation increases offsetting temperature increases in
many areas (though not all) along with offsets from carbon fertilization.
Large losses of amphibian species are projected.
Areas in Kutai Barat are projected to become climatically unsuitable for more than 25% of the reptiles modeled.
Marine fish catches are projected to decline more than 50% off the west and northeast shores of Borneo, while the
rest of the marine areas are projected to see catch losses of 5% to 16%.
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Geophysical and Biophysical Risks and Changes
It is difficult to draw conclusions on fire risk. Precipitation and temperature are both projected to increase.
However, seasonal and geographic variations may be the most important factors
Flood risk is high and projected to increase in West Kalimantan, followed by the southeast Central Kalimantan and
central East Kalimantan.
Landslide risk is high and projected to increase in much of central Borneo, northern Sarawak, and western Sabah.
Central Borneo is at considerable risk, given the relatively high precipitation increases across all seasons.
Sea level rise is projected to have dramatic impacts on key population centers, including the cities of Sibu in
Malaysia, Samarindam, Balikpapan, Bandjermasin, and Kota Tarakan in Indonesia, and most of the coast of Brunei.

Impact on Ecosystem Services and Economic Sectors (excluding the sectors with little change)
Agriculture: Synthesis of evidence suggests the overall effect would be positive for some crops and negative for
others, but not as large of a loss as other areas in Southeast Asia. Losses in rice; gains in maize.
Water and Water Services: would likely benefit overall by climate change; however, important seasonal and
geographic losses are evident.
Biodiversity negative for marine, reptile, and amphibian species. Little or no overall effect projected on inland
plant, mammals, freshwater fish, or bird species richness although individual species could be impacted.
Coastal Land: Projected sea level rise corresponds with extensive damage to populated areas, which would include
damage to infrastructure, protection expenses, and relocation costs.
Human Health: Serious negative effects through increased incidence of deadly heat waves, droughts, and
increased spread of infectious diseases in some regions.
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PREFACE
This report was commissioned by WWF and made possible with financial support from the E3 Network. The report
is intended to fit within the broader framework of developing a Green Economy Roadmap for Borneo.
Due to time constraints, some relevant parts of the analysis were omitted. In such cases, comments on where
further research or work would be beneficial are included. Additionally, many data sets that exist on economic
sectors in Indonesia, Malaysia, and Brunei Darussalam were not able to be used due to language, aggregation, and
accessibility constraints, another area which could benefit from further time and research. Finally, much of this
report does not read like a standard economic analysis. The reason for this is that most of the work that was
needed to be done to estimate economic effects was essentially climate science and environmental science, and so
less time was able to be spent on economics. Further research will hopefully extend the economic analysis portion
of this report.
The author would like to express his gratitude to Pablo Gutman of WWF US for overseeing the creation of the
report; Kristen Sheeran of the E3 Network; Anna van Paddenburg from the WWF Heart of Borneo Network
Initiative, WWF Indonesia and WWF Malaysia; and Jeff Price, Jonathan Cook, John Morrison, Nirmal Bhagabati,
Amy Rosenthal, and Simon Dietrich at WWF US for their invaluable support.
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1 – INTRODUCTION
Climate science shows with increasing confidence that our climate is changing as a result of human actions. There
is less certainty, however, on the extent of future damages and the impact climate change will have on economic
activity. Projected temperature increases under business as usual (BaU) scenarios, for example, are projected to be
approximately 4: C by 2100 if no action is taken (IPCC 2007). This temperature change, in turn, is projected to have
a potential effect of reducing global GDP by 5%–20% per year (Stern 2006). Overall, the general conclusions from
climate science describe a future that is frightening from the potential for widespread damages, but not hopeless,
given that the estimated costs for stabilizing our emissions of greenhouse gas (GHG) range from 1%–3% of global
output per year (Ackerman et al. 2009a; Stern 2006; cited in Sheeran 2010).
The island of Borneo, which comprises territory from Indonesia, Malaysia and Brunei Darussalam, contains one of
the richest natural endowments on earth. The Heart of Borneo (HoB, Figure 1.1) is home to one of the largest
forests in Southeast Asia and has immensely valuable ecosystem services, such as rich biodiversity and high carbon
sequestration potential, among others. Analyzing the impact of climate change in the HoB will necessarily involve
assessing the risk to these ecosystem services along with how they affect the entire island of Borneo. While many
ecosystem services, e.g., watershed-related services, may originate in the HoB, changes in the provision of these
services can have economic impacts and benefits that go well beyond the boundaries of the HoB.
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The purpose of this report is to estimate the impact of climate change on ecosystem services and economic sectors
in the HoB. Perhaps more importantly, another goal of this report is to identify a framework and methodology for
making these estimations. Given the uncertainty in how much the climate may change (depending on speed of
societal actions) and thus the impacts it will have on economic systems and ecosystem services, it is difficult assign
a precise dollar value to the projected impacts. It may not even be appropriate to do so given the difficulty of
understanding the depth of connections between economic growth and ecosystems services. A risk based
approach is potentially a much more sound way of doing things. As such, the emphasis of this report is on
identifying and assessing the relevant climate data, analysis tools, and accounting methods to establish the total
economic impact, rather than on estimating with any confidence the economic impact itself.
Analyzing the economic impact of climate change in the HoB will necessarily involve assessing the risk to these
ecosystem services and the resulting impacts on economic sectors within Borneo. Because few of the impacts are
contained exclusively within the HoB, the base region of analysis for this report will be all of Borneo.
This report brings together a variety of data sources and tools, identifies the elements relevant to Borneo, and
constructs a methodological approach for assessing the impact. Given that the projected impact of climate change
in Borneo is neither uniformly positive nor negative, no clear overall economic impact can be projected. That is not
to say that nothing can be projected about the impact, but rather that we need to be extremely clear about what
the linkages are between climate and the economy and where clear conclusions can be made. Seasonality,
geographic specificity, and a subset of damage types are identified as relevant in this process.
The remainder of this report continues as follows. A brief overview on the value of ecosystem services in the HoB
is included in section two. Section three presents the methodological framework used to evaluate the impact of
climate change on ecosystem services and economic sectors. Section four reviews the key economic and analytical
considerations involved in this report. Section five presents the projections for temperature and precipitation from
general circulation models used throughout this analysis. Section six identifies the effects on ecosystems and
species survival, while section seven identifies the geophysical and biophysical effects. Section seven describes the
likely impacts on biophysical and geophysical systems. Section eight discusses the valuation methods used when
assessing the value of an environmental good or ecosystem services. Section nine outlines the vulnerability of
Borneo as a whole to climate change. Section ten, the key piece of this report, details the net effects on ecosystem
services and economic sectors. Section eleven discusses economy-wide models (integrated assessment models)
and the predictions they have for Borneo. And finally, section twelve summaries the overall effects and policy
considerations.

Overarching Context of a Green Economy Development Scenario
WWF’s Heart of Borneo Network Initiative, together with WWF Indonesia and WWF Malaysia, are supporting the
three Bornean governments in developing a green economy roadmap for the HoB. A climate, ecosystem, and
green growth assessment is underway where two development scenarios are contrasted: Business as Usual (BAU),
in which development follows the current trajectory with weak governance and no financial incentives for
sustainable development; and Green Economy, in which improved policies and legislation, adoption of
environmental standards, and other changes create a more sustainable HoB. The development of these scenarios,
and a roadmap to achieve the green economy, will highlight the benefits of investing in the HoB’s natural capital.
This report will help inform the roadmap about how sustainability and natural capital may be impacted by climate
change.
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2 – BACKGROUND ON BORNEO
The tropical rainforests of the HoB, which cover approximately 30% of the island, are one of the largest contiguous
forests in Southeast Asia (WWF Indonesia 2011b). The HoB contains forests that are critically important, both
locally and globally, for their carbon sequestration potential, watershed protection, extremely rich biodiversity,
erosion prevention, and a variety of other services. Many key species find critical habitat in the HoB, including, the
Borneo elephant, the Sumatran rhino, Orangutans, Gibbons, Irrawaddy dolphins and Proboscis monkeys.
The forests in Borneo are divided into ten types: Upper Montane, Montane, Upland Rainforest, Lowland
Rainforest, Karst Forest, Limestone Forest, Heath Forest, Peat Forest, Freshwater Swamp, and Mangrove Forest.
Figure 2.1 shows where on the island each type can be found. Note that the HoB is mostly characterized by Upland
and Lowland Rainforest, Upper Montane, and Montane Forests.
Borneo forests are currently under siege , from a variety of quarters, including forest fires, illegal logging as well
as, legal but unsustainable logging particularly for pulp and paper; large commercial agriculture, mostly for palm
oil; mining, including oil, and the extension of small agriculture overhunting & collecting,
Figure 2.1: Key Ecosystems in Borneo. Source: WWF-US.

Heart of Borneo boundary
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3 – OVERALL VULNERABILITY OF BORNEO TO CLIMATE CHANGE
One way of identifying the likely overall effect (though not a specific level of damage) is to look at the vulnerability
of a region to climate change. Southeast Asia as a whole is considered one of the most vulnerable regions to
climate change. This is a function of population at risk, population growth, length of coastlines, concentration of
economic activity in coastal zones, and reliance on agriculture for livelihoods and subsistence (ADB 2009).
Yusuf and Francisco (2009) conducted an exhaustive look at vulnerability in Southeast Asia. In their report, they
define vulnerability in a region as a function of exposure to climate risk, sensitivity to change, and the adaptive
capacity of the region. To identify the areas in Southeast Asia with the highest vulnerability, Yusuf and Francisco
constructed an index of climate vulnerability for subnational administrative areas based on historical records for
climate-related hazards, population density, ecological sensitivity, and an index of adaptive capacity. Figure 3.1
below shows the combined climate hazard risk index they created, while Figure 3.2 further below shows the
adaptive capacity index used.
Figure 3.1: Multiple Climate Hazard Index. Source: Yusuf and Francisco 2009.
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Figure 3.2: Adaptive Capacity Index. Source: Yusuf and Francisco 2009.

Yusuf and Francisco combine these two indices with the other factors listed above to create the composite index
of overall climate change vulnerability. This combined index is presented in Figure 3.3.
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Figure 3.3: Climate Change Vulnerability Map of Southeast Asia. Source: Yusuf and Francisco 2009.

The results of this analysis indicate that overall, Borneo has lower relative risk than the rest of Southeast Asia,
although Sabah and the Indonesian-Malaysian border areas have higher vulnerability. These findings match the
climate-change projections from earlier sections. One key element to keep in mind, though, is that vulnerability is
partially a function of population, and so the lower overall populations in Borneo would contribute to its lower
risk. This does not directly imply that the effects of climate will be lower in those regions. On the other hand,
adaptive capacity is generally related to GDP, which is also low in Borneo, resulting in generally lower adaptive
capacity. The vulnerability presented here is calculated based on physical, economic, and human costs, though a
full analysis of ecosystem services is not included.
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4 – METHODOLOGY
This section outlines the overall steps necessary to estimate the economic impact of climate change on ecosystem
services and economic sectors and the tools used in each step of the process. Given the uncertainty in climate
change and the impact it will have on economic systems, in most cases it is not possible to supply quantitative
estimates of how each industry in Borneo will be impacted without extensive additional research specific to each
industry in question. In many cases, due to the Bornean-specific set of projected climate changes, it is not even
possible to identify whether climate change will have a positive or negative effect on economic sectors or
ecosystem services. In this circumstance, it becomes more important to provide a clear methodology that
identifies the tools used to estimate the impact on each step of the impact pathway. This is useful for two reasons:
it identifies where the uncertainty enters the estimates, and highlights where specific research projects could be
implemented to add to our understanding of the impact.

4.1 – Overall Methodology
The general method employed by this report is first to project localized temperature and precipitation changes;
next, to identify direct impacts on ecosystems, species, and biophysical and geophysical phenomena; to consider
the relative vulnerability of locations within Borneo; to identify the impacts on ecosystem services; and finally, to
summarize the effect that all of the above have on economic sectors present in Borneo, including dynamic
interactions and specific examples of how these changes will affect individuals’ livelihoods. Figure 4.1 below
outlines the process. Each tool in Figure 4.1 will be described in more depth below.
Figure 4.1: Overall Methodology and Tools Used at Each Step.

4 - Estimate
Vulnerability
in Borneo:
Vulnerability
Methodology
from EEPSEA

1 - Project Localized
Temperature and Precipitation
Changes: ClimaScope and World
Bank Knowledge Portal
2 - Identify Impact on
Ecosystems and Species:
Wallace Initiative
3 - Identify Impact on
Storms, Sea Rise, Fires,
Floods, etc. : ADB
Report and World Bank
Knowledge Portal

8 - Effect on Human
Livelihood: Cases

9 - Adaptation and
Resulting Impacts

6 - Estimate Impact
on Economic
Sectors: Bottom-Up
Approach and IAMs

5 - Estimate Impact
on Ecosystem
Services: InVEST

7 - Dynamic
Effects:
DCGE/IAMs
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4.2 – Tools and Data Sources
The eight steps outlined above in Figure 3.1 rely on a variety of tools. This section describes the tools used in each
of the steps.

4.2.1 – Project Localized Temperature and Precipitation Changes
The first step in this paper is to use results from global circulation models (GCMs) to project temperature and
precipitation changes on a localized scale. SRES Emission Scenarios are used in this section to make clear what
assumptions on population growth, economic growth, emissions and other factors are used when identifying
expected changes. Appendix 3 describes the scenarios. The basic scenarios are split between A1 scenarios, which
describe a world of rapid economic and population growth, and the B1 scenarios, which includes a more rapid
switch to efficient technology and a shift towards information and services in economic growth. The scenario most
used throughout this report is A1B, which describes a business as usual (BaU) growth and emissions path with
balanced use of all energy sources.
The World Bank Climate Change Knowledge Portal (CCKP) is used to augment and verify the results of ClimaScope
and to extend the analysis to more points of interest in Borneo. The CCKP is an interactive data and mapping tool,
similar to ClimaScope insofar as it summarizes the results of GCMs (13 in most parts of the tool). The CCKP includes
information on crop response (primarily maize and rice), maximum number of consecutive dry days, changes in
water runoff, and drought risk. Instead of analyzing the six parks listed above, the CCKP is used to identify 14 areas
with climatic significance, each defined as an area more at risk for climate change or unique in its profile of
characteristics. Once a climatically significant area is identified, the Knowledge Portal can be used to generate
specific results on seasonality, variance across models, and a variety of other factors for the exact location in
question.
The temperature projections in the above two tools do not significantly vary across Borneo, but the precipitation
projections do have significant variation with both positive and negative trends in future scenarios. The World
Bank tool is unique in that it includes the Japanese High Resolution GCM with 20km grid cells (used to generate the
maps used in this report) along with up to 20 of the IPCC AR4 GCMs and their corresponding average predictions.
To address the heterogeneity of precipitation results, the Climate Wizard from The Nature Conservancy is used to
further verify the results from the previous two models and to produce monthly precipitation maps. The main
benefit of using multiple tools is that it provides additional ways of summarizing the GCM output to test for
robustness of the results. The general practice for dealing with uncertainty in GCM outputs is to compare the
results of each of the models and see how many of the GCMs predict a similar outcome. The approach in this
paper, through the use of these tools, includes confidence analysis of this type wherever GCM outputs are used.

4.2.2 – Identify Effect on Ecosystems and Species
Species survival was analyzed with estimates from the Wallace Initiative, a tool and data source that projects
changes in suitability of ecosystems to support various species. The Wallace Initiative combines climate modeling
and biodiversity modeling to make projections on range shifts, extinction risks, and remaining refugia for terrestrial
species.. See Price et al. (2010) for more information on the Wallace Initiative.
In addition to the Wallace Initiative, AquaMaps, a tool focused on marine species, is used to chart the extinction
risks to the marine species surrounding Borneo that are very important to the livelihood of fishing communities
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and are at a particularly high risk for climate change-related stress. For more information about AquaMaps, see
Kaschner et al. (2007) or Kaschner et al. (2006).

4.2.3 – Identifying Geophysical and Biophysical Impacts
Effects such as sea level rise, increased risk of fire, droughts, floods, and other such phenomena are considered in
terms of their likely impact, based on estimates from the Asian Development Bank (ADB). These predictions are
augmented by impact analysis from the World Bank, using country profiles within the CCKP. Projection maps of
areas in Borneo projected to be impacted by sea level rise are included from the DGESL: the climateGEM tool,
available from the Department of Geosciences Environmental Studies Laboratory at the University of Arizona (see
Weiss et al. 2011 or http://climategem.geo.arizona.edu/slr/world/index.html for more information).

4.2.4 – Vulnerability Assessment
Analyses from the ADB and the World Bank are used to estimate the level of general vulnerability in Borneo.
Additionally, vulnerability mapping from the Economy and Environment Program for Southeast Asia (EEPSEA) are
used to see the portions of Borneo that are the most vulnerable to climate change with emphasis on indicators
such as disaster risk, population density, and adaptive capacity.

4.2.5 – Estimating Impact on Ecosystem Services
Using the above projections on temperature, precipitation, and biophysical changes, the value of ecosystem
services in Borneo are addressed. Using Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST), a tool
developed by the Natural Capital Project, the value of ecosystem services such as carbon sequestration,
biodiversity, water quality services, soil services, and others is estimated. See Kareiva et al. (2011) or
http://www.naturalcapitalproject.org/InVEST.html for more information about InVEST.
Additional emphasis in this report is placed on how these services produce value for other parts of the economy.
Due to time constraints, carbon sequestration is the only ecosystem service in which InVEST output is directly
presented in this report. Work on modeling land change use and its impact on ecosystem services is ongoing.
When this work is completed, a more complete InVEST analysis of the impact on ecosystem services can be
presented. For the time being, comments on the general impact with as much reference to specific locations are
included.

4.2.6 – Estimating Impacts on Economic Sectors
The above five steps all have traceable impacts to economic sectors. For instance, temperature directly impacts
economic growth through labor productivity but it also affects ecosystem services, which then have an additional
impact on economic sectors that rely on those services. These connections will be discussed with references to
specific sectors in Borneo, including palm oil, agricultural crops, logging, and others. The ideal approach to use in
accounting for these effects is to form a sector-specific climate impact coefficient based on the overall levels of
gains and losses from the above five steps and then multiply this coefficient with the total currency value of the
industry. This is one area of the analysis where additional research would be necessary, as the procedure to
calculate the impact coefficients is neither well established nor systematic. Additionally, sector-specific data are
extremely hard to obtain in this context, given the fact that three countries are involved and Borneo is a subset of
their territory in two of them. Nonetheless, one goal of this analysis is to make reasonable assumptions on sector-
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specific climate effects and hopefully provide information on what additional research and information is needed
to make this process more precise.

4.2.7 – Analysis of Dynamic Effects
In addition to the sector-specific effects outlined in the previous section, climate change will likely have economywide effects that affect overall growth. Additionally, there are feedback loops in the economy whereby different
policies can be implemented that will mitigate the BaU effects identified by the previous six steps. A country could
experience either a negative dynamic effect, whereby harm to the economy from climate change could cause
further pressures on ecosystem services through poorly planned adaptation, or conversely, the country could
experience a positive dynamic effect in which the mitigation and adaptation policies are well planned and have
positive growth implications though investment in green technology. Ideally, these effects would be calculated
with a dynamic calculable general equilibrium model specified to account for such growth effects, but that is
beyond the scope of this paper. Instead, these effects are treated on a case-by-case basis and included only when
possible.

4.2.8 – Effect on Human Livelihood
It is essential to remember that these climate projections and economic impacts are not just maps and numbers
but represent estimates of the effects that will be felt by individual people within Borneo. As such, the analysis
would benefit from case studies on how these impacts will be felt by specific persons within the HoB and other
parts of Borneo. This was not able to be assessed in this report and would be an excellent area for future work.

4.2.9 – Adaptation and Resulting Impacts
Adaptation to climate change will play a large role in determining the extent to which human livelihood is affected.
This is discussed in depth in step four with respect to vulnerability, but it is important to consider here how
adaptation practices will have additional effects on ecosystems and ecosystem services (step five).

4.3 – Impact Pathway and Accounting Tool
The above methodologies identify how each data type is collected, but they do not imply how exactly to calculate
the total effect. As discussed above, an exact figure representing the total damages in each sector is not given, but
it will still be helpful to provide an accounting method to make sure all impacts are considered and none are
double-counted (a problem which becomes quite pernicious when dealing both with ecosystem services and the
economic sectors to which they provide value).
Figure 4.2 shows not only the impact pathway of damages, but also corresponds to how one can account for the
impacts. This diagram is constructed along the lines of how Van Beukering et al. (2009) account for the total
economic impact, but is made climate-specific and identifies the subset of relevant variables. Each of the 14 nonbolded boxes represents a variable that may be affected by climate change, and each of the three bolded boxes
represents a category of impacts (direct human impacts, economic sector impacts, and ecosystem services
impacts). In principle, one would estimate the change in each non-bolded box and identify a coefficient that
expresses how damaging such a change is to each of the three impact boxes. With this information in place,
multiplying the total value in the economic sector or ecosystem service times the coefficient of damage and then

Page 16 of 109

Assessing the Impact of Climate Change in Borneo

summing across all sectors and services would yield the final impact estimate. A spreadsheet tool used to calculate
these impacts is available from the author.
Of course, as previously discussed, the degree of uncertainty on many of these parameters and relationships
makes this calculation too uncertain to be useful and so it is not included. Instead, qualitative descriptions and best
estimates are used to fill in these impacts. More variables and impacts certainly exist, but these are the ones that
will be used in the remainder of this report.
Figure 4.2: Physical Impact Pathways and Accounting Tool. This represents a very basic model of the impact, where each box represents a
variable and each arrow represents a relationship between variables. The key outputs are the three bolded boxes at the bottom,
representing the total impact.
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5 – PROJECTING TEMPERATURE AND PRECIPITATION CHANGES
The first step in identifying the impact of climate change is identifying the projected GHG emissions and
concentration scenarios. From these scenarios, one can identify the likely direct changes in temperature and
precipitation. Referring back to the methodology in section three and Figure 3.1, this section corresponds with
step one in the diagram.
To project localized temperature and precipitation changes that Borneo is likely to experience, this analysis used a
variety of tools, including ClimaScope, the World Bank’s CCKP and climate mapping data from The Nature
Conservancy. Additionally, the projections herein were cross-referenced with other studies done in the region,
such as a report by the Asian Development Bank (2009). This analysis depends critically on the data and
visualization of that data provided by the above organizations. On the one hand, using these tools has the
downside of being reliant on the choices, assumptions, and presentation techniques used in the tools; on the other
hand, the use of a wide range of tools encourages the practice of verifying the results of GCMs and other models
by comparing the range of outputs they generate, looking for where the results are well-corroborated.

5.1 – Projections for Six Conservation Areas
This analysis looked at the output of 18 climate models to identify how specific points in Borneo would be affected
by climate change relative to a 2: C global average increase base scenario by 2050. Larger global average increases
are of course possible, so these effects must be considered as the optimistic case of staying within the 2: C
guardrail identified by the IPCC. The results in the 2: C scenario can be used to extrapolate what localized effects
might be seen with a larger temperature increase.
Defining the base scenario in terms of a 2: C increase in temperature shifts the uncertainty in the models away
from the range of temperatures projected to the range of dates when the models predict the 2: C will be reached.
Most of the models predict this increase will be met in the 2050s.
Six regions within Borneo were selected to be used in this stage of the analysis: Danau Sentarum National Park,
Muller-Schwaner Park, Kutai Barat District, Kayan Mentarang National Park in Kalimantan, Indonesia, the Maliau
Basin Conservation Area in Sabah, Malaysia, and Batang Ai National Park in Sarawak, Malaysia. The coordinates of
the geographic center of each region were identified and used as input in the 18 models. Figure 5.1 shows these
locations on a map of Borneo, which corresponds to the location numbers in Table 5.1.
Table 5.1: Six Locations for Analysis
Location Number Location Name
(from fig. 4.1)
1
Danau Sentarum National Park, Kapuas Hulu district, West Kalimantan, Indonesia
2
Muller-Schwaner in both West and Central Kalimantan, Indonesia
3
Kutai Barat district in East Kalimantan, Indonesia
4
Kayan Mentarang National Park in Malinau District, East Kalimantan, Indonesia
5
Maliau Basin Conservation Area, Sabah, Malaysia
6
Batang Ai National Park and Lanjak Entimau Wildlife Reserve, Sarawak State, Malaysia
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Figure 5.1: Landcover and Landuse in River Basins Originating from the HoB. Source: WWF Indonesia 2007.
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Danau Sentarum National Park
Danau Sentarum National Park is projected to see an annual average temperature increase of 2.5: C (from 24.9: to
27.4: C). The range from the 18 models is 26.9: – 28: C with a standard deviation of 0.3: C. This park may become
slightly wetter as precipitation is projected to increase from an average of 343.2 mm/month to 347.5 mm/month
(range 298.2 to 381.4 mm/month, standard deviation of 23.2). The number of wet days is also projected to show a
slight increase from 277.5 days to 279.2 days.
Most models project that May and June will be wetter than the present. Only February is projected to have fewer
dry days. In terms of total monthly precipitation, January, May, June, and November are projected to increase.
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In this region, the increase in temperature coupled with the slight increase in moisture indicates that the potential
for increased water stress could occur in habitats already marginal in their water needs. The increase in
precipitation may help buffer some components of the ecosystem from the increase in temperature.

Muller-Schwaner Park
This park is projected to see an average annual temperature increase of 2.4: C (from an average of 24.9: to 27.3:
C). The range across models is 26.8: – 27.9: C with a standard deviation 0.24: C. The annual average monthly
precipitation is projected to increase from 343.2 mm/month to 359.7 mm/month (range 317.4 to 401.2
mm/month; standard deviation of 19.8 mm/month). The number of wet days is projected to shift from an average
of 267.4 to 268.5 (range 252.7 to 280.8; standard deviation of eight days).
In this region, there is considerable seasonality to these findings. Models project that January and February (two of
the wetter months) are more likely to have fewer wet days, and April, May, and June (three of the drier months)
more wet days. This is not a complete shift in seasons, as October and November (wet months) are projected to
have more wet days. This may have impacts both on ecological phenology (flowering and breeding dates) and
planting dates for agriculture. Looking at overall precipitation seasonality, similar patterns exist in the precipitation
data with February potentially becoming drier, and May, June, and November becoming wetter.

Kutai-Barat District
Models project this district will experience an average annual temperature increase of 2.2: C (from an average of
24.7: to 26.9: C). The range is 26.4: to 28: C and has a standard deviation of 0.49: C. The average annual
precipitation is projected to increase from 313.6 mm/month to 325.5 mm/month (range 284.8 to 353.8
mm/month; standard deviation of 21.99 mm/month). The number of wet days is also projected to slightly increase
from 250.7 to 252.1 days.
In terms of seasonality, April, May, and June are projected to become wetter, with only February having a majority
of models projecting drier conditions. In terms of number of wet days, January, March, and September show fewer
wet days, while April and July look to have more wet days.

Kayan Mentarang National Park
Kayan Mentarang National Park is projected to see an average annual temperature increase of 2.2: C, increasing
from 23.5: to 25.7: C. The range reported across the models is 24.7: to 26.6: C. The average annual precipitation is
projected to decrease slightly from 313.6 mm/month to 308.5 mm/month (range 268.2 to 352.6 mm/month,
standard deviation of 26.6 mm/month). The number of wet days, however, is projected to increase from 250.7 to
258.3. Thus, the reduced precipitation will be spread over more of the year. Overall, February, May, June, July,
September, October, and November are projected to be wetter. However, February is projected to see fewer wet
days, and so there will be more intense precipitation during the wet days. January is also projected to have fewer
wet days, while May, July, and October are projected to have more wet days. This shift in seasonality may have
impacts on both ecosystems and food security.

Maliau Basin Conservation Area
This area will likely see average annual temperature increasing by 2.3: C, from an annual average of 23.7: to 26: C.
The range across models is 25.1: to 26.6: C with a standard deviation of 0.49: C. The annual average monthly
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precipitation is projected to increase from 234.9 mm/mont to 241.43 mm/month (range 207.1 to 271.9
mm/month). However, the number of wet days is projected to decline from an average of 250.7 to 239.4 days.
Monthly data shows a drier January (already a dry month, so the potential of increased water stress and fire
frequency) and a drier August (a very wet month). June, July, September, October, and November are all projected
to have increases in precipitation. Overall, the pattern looks as if the rainy season may “spread out” into a longer
portion of the year. In terms of wet days, January, February, March, and April are all projected to have fewer wet
days. March and April are already drier months, so they may experience increased water stress and fire frequency.

Batang Ai National Park
The 18 models in ClimaScope model projects an average annual temperature increase of 1.4: C (from an average
of 26.6: C to one of 28: C) for Batang Ai National Park. The range of predictions from the 18 models is 27.4: to
28.8: C with a standard deviation of 0.34: C. This area is projected to become slightly drier with a drop in average
monthly precipitation from 313.6 mm/month to 299.6 mm/month. The range in precipitation from the 18 models
is from 260.8 to 352.6 mm/month, with a standard deviation of 31 mm/month. However, the number of wet days
(defined as receiving more than one mm of precipitation) only drops by one day (277.5 to 276.6 days) with a
standard deviation of seven days.
Looking at seasonality data from the 18 climate models – January and February are projected to have fewer wet
days than currently, and May through November trending more wet days than currently. The same pattern
generally holds in terms of precipitation. In this region, the increase in temperature coupled with the slight
decrease in moisture indicates a potential for increased water stress and possibly increased fire frequency,
especially in areas already prone to stress. However, the shift in precipitation with potentially more precipitation
falling in the seasons that were typically drier might ameliorate some of this threat.

Overall Temperature and Precipitation Effects and Possible Results
Tables 5.2 and 5.3 summarize the projected changes in temperature and precipitation for each region, including
information on the range and standard deviation across the 18 models employed.

Table 5.2 Projected Changes in Temperature1, Relative to 2⁰ C Global Average Temperature Increase. Estimates from Climascope

Location
Danau Sentarum National Park
Muller-Schwaner Park
Kutai-Barat District
Kayan Mentarang National Park
Maliau Basin Conservation Area
Batang Ai National Park

1

Average Annual
Temperature Increase (⁰C)
2.5
2.4
2.2
2.2
2.3
1.4

Range in Projected
Temperatures (⁰C)
26.9 to 28.0
26.8 to 27.9
26.4 to 28.7
24.7 to 26.6
25.1 to 26.6
27.4 to 28.8

Standard
Deviation (⁰C)
0.30
0.24
0.49
0.44*
0.49
0.34

In the standard deviation columns, an asterisk denotes a missing value interpolated from the range.
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Table 5.3 Projected Changes in Precipitation, Assuming 2⁰ C Global Average Temperature Increase

Location
Danau Sentarum National Park
Muller-Schwaner Park
Kutai-Barat District
Kayan Mentarang National Park
Maliau Basin Conservation Area
Batang Ai National Park

Precipitation
Change
(mm per month)

Range in
Predictions
(mm/month)

Standard
Deviation
(mm/month)

4.2
16.5
11.9
-5.1
6.5
-14.0

298.2 to 381.4
317.4 to 401.2
284.8 to 353.8
268.2 to 352.6
207.1 to 271.9
260.8 to 352.6

23.2
19.8
22.0
26.6
18.9*
31.0

Change in Number
of Wet Days per
Year (1mm+ of
precipitation)
1.7
1.1
1.4
7.6
-11.5
-0.9

All of the regions are projected to increase in temperature more than the global average, with the exception of
Batang Ai National Park, which will increase in temperature but not as much as the global average. In general,
increasing temperatures will be offset by increasing precipitation. This is important to ecosystem health and
ecosystem services, as some of the increased stress on ecosystems from higher temperatures can be ameliorated
by increasing precipitation. However, two regions, Batang Ai National Park and Kayan Mentarang National Park,
are experiencing increased temperatures but decreased precipitation, so these two regions may be at more risk for
ecosystem damage. Additionally, Danau Sentarum National Park had a large temperature increase but a relatively
smaller increase in precipitation, which also may lead to water stress and fire risk.
In most of the regions, increased precipitation occurred along with an increase in the number of wet days. This
implies that, in general, the intensity of the precipitation on a given day will be largely unchanged. However, in
Kayan Mentarang National Park, there was a decrease in precipitation, but an increase in the number of rainy day,
implying a spreading out of the rain. Conversely, Maliau Basin had an increase in precipitation, but a large decrease
in the number of wet days. This implies that the precipitation events will be stronger when they do happen.
Seasonal effects are also significant in these regions. In several of the six sites, the wet seasons are projected to
become drier and the dry seasons wetter, which may have effects on flowering and breeding dates, effects on
optimal planting time for agriculture, and may increase water stress. Additionally, changes in the seasonality of
precipitation may cause prolonging or delaying seasonal shifts. For instance, this may cause shorter rainy seasons,
but with higher precipitation intensity, followed by longer dry seasons with less rain.
Finally, the possible phenomenon that increasing precipitation might offset some of the impacts from increasing
temperatures may be lessened by a potential increase in evapotranspiration. Higher winds that accompany
increasing temperature create conditions in which there is less water surplus, and more importantly, a decline of
the volume of stored groundwater supply. Further research in this area is essential to understand how these
relationships will play out in specific, localized areas.
This section of the report does not address the island-wide impacts from climate change that will be present in
each of the six sites (and elsewhere on the island). This information can be found in sections five and six.

Summary of Temperature and Precipitation Effects from ClimaScope Model Outputs
All regions besides Batang Ai projected to increase slightly more than the global average
Precipitation is projected to increase in four of the six regions
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Two regions, Batang Ai and Kayan Mentarang, are projected to have high water stress from combination
of increasing temperature and decreasing precipitation
Datau Sentarum may also have water stress due to large temperature increase and small precipitation
increase
General seasonality trend projected in which dry seasons become wetter and wet seasons become dryer

5.2 – Projections from World Bank Climate Change Knowledge Portal
The World Bank CCKP provides two important elements for this analysis. First, it allows the construction of climate
projection maps for temperature and precipitation, but also crop response, maximum precipitation, runoff, and
drought risk. Second, the CCKP can analyze specific coordinates on the map to generate very detailed results for
each month, including information on how each GCM modeled the results, which can be useful in assessing the
robustness of the findings. Additionally, the CCKP provides information on the island as a whole, rather than just
the six parks used in the ClimaScope analysis. While ClimaScope and other tools can also produce island-wide
output such as this, they were not available at the time this report was created.
This portion of the analysis proceeds by presenting the climate projection maps, using the climate projection maps
to identify 14 climatically significant locations, and then providing detailed projections for each of the 14 locations.

Climate Projection Maps
th

The World Bank CCKP includes 14 of the 23 available GCMs used in the IPCC’s 4 Assessment Report. Due to
varying resolutions, the models were transformed to a common 2: grid. Rainfall and temperature projections are
available in all 14 models, nine of which have additional variables on heat wave duration, maximum five-day
precipitation, number of days with rainfall, average number of days between rain events, and a variety of other
such variables. Additionally, the CCKP includes the Japanese High Resolution GCM (20km grid cells), which is the
model used to generate the maps below. When a point is selected for further analysis, the tool returns the average
of the 2: regions (this addresses differences in predictions from varying resolutions). As such, the numbers should
not be interpreted as the climate for that exact location.
2

Figure 5.2 below shows the mean annual precipitation change by 2100 under the SRES A1B emissions scenario. On
the whole, Borneo will become wetter, but there are regions with little to negative increase in precipitation. These
locations will be important to analyze in more detail as the effects of warmer temperatures will not be partially
offset by more precipitation. The northeast, southwest, and interior eastern coast of Borneo are the three areas
showing the most loss in precipitation while most of central Borneo and the northwest become considerably
wetter.

2

Here and throughout the rest of this report, IPCC scenarios are used to summarize the assumptions on population growth, economic growth,
energy technology, and a variety of other factors. See Nakicenovic et al 2002. for a thorough definition of the scenarios. The SRES A1B scenario,
which is frequently used in this report, is defined by rapid economic growth with a global population that peaks near 2050 and declines
thereafter. This scenario assumes that the development of energy alternatives gives rise to a balanced mix between traditional and efficient
energy production.
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Figure 5.2 Mean Annual Precipitation Change by 2100 under SRES A1B Emissions Scenario.
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Figure 5.3 shows mean annual temperature change by 2100 under A1B. Unlike the precipitation map above, The
temperature shows very little deviation across the island. Only small pockets on the coast are significantly
different.
Figure 5.3: Mean Annual Temperature Change by 2100 under SRES A1B Emissions Scenario
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Figure 5.4 shows projections for maximum rain in a five-day period in 2100 under A1B, which are indicators of
storm intensity and are important in understanding the level of flood risk and the intensity of rain storms.
Reductions in the maximum five-day rain are projected by these models across the island. Although there is not a
strong local difference is maximum rain, the northern portion of Central Kalimantan province, the eastern side of
Sarawak, and Sabah show the greatest percentage increase in maximum rain.
Figure 5.4: Maximum Rain in a Five-Day Period Percentage Change in 2100 under SRES A1B Emissions Scenario.
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Figure 5.5 shows the change in maximum consecutive dry days in 2100 under A1B. On almost the entire island,
there is projected to be no change in maximum number of dry days, with the exceptions of the area around
Martapura and parts of southeastern West Kalimantan province.
Figure 5.5: Maximum Consecutive Dry Days in 2100 under SRES A1B Emissions Scenario.
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3

Figure 5.6 shows the mean annual runoff in 2050 under A1B, using the NCAR CCSM3 model. Almost all of Borneo
is projected to have an increase in runoff, though the eastern coast in East Kalimantan province is projected to
have little or negative increases in runoff.
Figure 5.6: Mean Annual Runoff in 2050 under SRES A1B Emissions Scenario, Using NCAR_CCSM3_02050 Model.

3

Note that several of these projections include different dates on the SRES A1B scenario. This is due to how the
data are available in various sources, though further research could be done to redefine these projections in terms
of a uniform date.
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Figure 5.7 shows that most of Borneo will not have a large increase in drought risk, with the exception of the area
just north of Bontang.
Figure 5.7: Drought Indicator in 2050 under SRES A1B Emissions Scenario, Using NCAR_CCSM3_02050 Model.

Figure 5.8 below shows the projected percentage change in crop yield for high-input rainfed maize in 2050 under
A1B. More information about agriculture and crop response will be included in later impact sections, but it is
relevant now to identify important climatic zones for further analysis. These figures are based on the agricultural
impact dataset provided by the AEZ program published by IIASA and FAO. Two basic effects are exhibited in this
figure: new areas further inland and at higher altitudes become suitable for maize cultivation, but many lower
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elevation areas become less suitable, yielding a spreading-out of the cultivation area; secondly, the bulk of
cultivation land on the south and east sides of the island will experience a modest increase in yields.
Figure 5.8: Percentage Change in Crop Yield Projections for High-Input Rainfed Maize in 2050 under SRES A1B Emissions Scenario.

Figure 5.9 shows a similar map, but focuses on low-input rainfed maize in 2080 under A1B. There is a similar
movement inland and upward, but more heterogeneity in the south and east with some areas showing stronger
gains (South Kalimantan province) and others showing slight losses (parts of central East Kalimantan province).
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Figure 5.9: Percentage Change in Crop Yield Projections for Low-Input Rainfed Maize in 2080 under SRES A1B Emissions Scenario.

Figure 5.10 focuses on irrigated maize rather than rainfed maize, showing changes in crop yield projections for
2050 under A1B. Although there is considerably less area under irrigated cultivation, and hence fewer areas with
change shown on the map, parts of South Kalimantan, East Kalimantan, and Sabah show minor increases in
irrigated maize yields, while some coastal areas of West Kalimantan and Sarawak show decreases.
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Figure 5.10: Percentage Change in Crop Yield Projections for High-Input Irrigated Maize in 2050 under SRES A1B Emissions Scenario.

Finally, Figure 5.11 shows percentage change in yield projections for high-input irrigated rice in 2050 under A1B.
South Kalimantan and the eastern portion of Central Kalimantan provinces show considerable gain in rice yields,
along with the western coast of West Kalimantan. Smaller yield changes are scattered throughout East Kalimantan,
Sarawak, Sabah, and eastern West Kalimantan province.
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Figure 5.11: Percentage Change in Crop Yield Projections for High-Input Irrigated Rice in 2050 under SRES A1B Emissions Scenario.

Summary of Temperature and Precipitation Effects from World Bank CCKP under SRES
A1B in 2050, 2080, or 2100 (depending on the scenario used)
Most of Borneo is projected to become wetter, but there are regions with little to negative increase in
precipitation.
o The northeast, southwest, and interior eastern coast of Borneo show the most loss in
precipitation, while most of central Borneo and the northwest become considerably wetter.
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Almost all of Borneo has projected temperature increase equal to the global average increase.
o Little variance across the island.
Reductions in the maximum five-day rain are projected by these models across the island.
o Little regional variance besides the northern portion of Central Kalimantan province, the eastern
side of Sarawak, and Sabah, which show the greatest percentage increase in maximum rain.
Projected to be no change in maximum number of dry days for most of the island, with the exceptions of
the area around Martapura and parts of southeastern West Kalimantan province.
Almost all of Borneo is projected to have an increase in runoff, though the eastern coast in East
Kalimantan province is projected to have little increase or decreases in runoff.
Most of Borneo is projected to have little risk for drought frequency increase.
o Exception: area just north of Bontang.
High-input, rainfed maize cultivation are projected to increase in yields.
o New areas further inland and at higher altitudes become suitable for maize cultivation but
slightly towards the coast from this spot experiences a decrease, yielding a spreading-out of the
cultivation area.
o The bulk of cultivation land on the south and east sides of the island would experience a modest
increase in yields.
Low-input rainfed maize has similar projections with high input, but more heterogeneity in the south and
east with some areas showing stronger gains (South Kalimantan province) and others showing slight
losses (parts of central East Kalimantan province).
Irrigated maize projections show increases in South Kalimantan, East Kalimantan, and Sabah, while some
coastal areas of West Kalimantan and Sarawak show decreases.
High-input irrigated rice projections show increases in South Kalimantan and the eastern portion of
Central Kalimantan provinces, along with the western coast of West Kalimantan. Smaller or negative yield
changes are scattered throughout East Kalimantan, Sarawak, Sabah, and eastern West Kalimantan
province.

5.3 – Identifying Key Climatic Zones
Given the maps of climate projections above, key climatic zones were identified as candidates for further analysis.
Although no rigorous algorithm was used to identify these spots, a quick inspection of the maps showed areas that
might be of interest based on precipitation losses and gains, runoff projections, crop yield changes, and drought
risk. Temperature is constant enough that it does not yield any particularly interesting zones for analysis, though
detailed information on temperature within each zone are included. In general, areas with precipitation loss and
temperature gain are the ones most likely to experience ecosystem stress and species loss, so these areas were
included in the key climatic zones. Additionally, areas where maize cultivation increases and decreases were
chosen. Figure 5.12 below identifies each area, while Table 5.4 indicates why each area was chosen. Many other
climatically interesting zones could have been selected, so these should just be viewed as good places where
further analysis could increase our understanding of climate change phenomena on the island.
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Figure 5.12: Key Climate Vulnerability Zones, Using Mean Annual Precipitation Change by 2100 under SRES A1B Emissions Scenario.

Table 5.4 Key Climatic Vulnerability Zones

Zone Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Reason for Inclusion
Precipitation Decrease
Precipitation Increase
Precipitation Increase
Precipitation Decrease, nearby Increase
Precipitation Increase, nearby Decrease
Precipitation Decrease, nearby Increase
Precipitation Increase, nearby Decrease
Precipitation Increase
Rainfed Crop Increase
Large Rainfed Crop Decrease
Small Rainfed Crop Increase
Irrigated Rice Increase with Precipitation Decrease
Runoff Decrease
Drought Risk
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Analysis of Key Climatic Zones
Projected climate impacts in Borneo include a high degree of variation across different geographic areas. Using the
CCKP, we can get much more specific information on the variation in climate impacts across the key climatic zones
identified above. For instance, in Figure 5.13, output from 13 GCMs (colored lines) on monthly mean rainfall values
from 1980 to 1999 are compared to the NCEP/NCAR Reanalysis data set (black line) for climatic zone 1 (see Kalnay
et al. 1996 for a more detailed description of the Reanalysis data set). The reanalysis represents observed values
and can be cross-referenced against what the GCMs predict for historic data to allow for validation of the GCMs.
The NCEP/NCAR Reanalysis data also represent the baseline level of seasonality in precipitation for a specific
location against which projected changes can be compared. By comparing the seasonality in the GCMs versus the
reanalysis data, we can assess if any changes in intensity or timing of wet and dry seasons are likely to occur. In the
figure below, there are wet season peaks in March and October, a dry season minimum in July, and a lesser dry
season minimum in January.
Figure 5.13: Historical Precipitation Seasonality Compared to GCM Precipitation Predictions. Black line indicates historical precipitation
average for each month from the reanalysis data set. Colored lines indicate projected precipitation average for each month from each of the
13 GCMs. Source: World Bank CCKP.

Similar to the above, Figure 5.14 shows historical monthly temperatures, comparing the NCEP/NCAR Reanalysis to
the range of GCMs available. The historical seasonality for temperature lines up well with precipitation, in which
warmer months have more precipitation and vice versa.
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Figure 5.14: Historical Temperature Seasonality Compared to GCM Temperature Predictions. Black line indicates historical temperature
average for each month from the reanalysis data set. Colored lines indicate projected temperature average for each month from each of the
13 GCMs. Source: World Bank CCKP.

With these baseline data in place, we can compare the results from the 14 climatic hot spots. Due to time and
space constraints, only hotspot 1 will be analyzed in detail. This site was chosen for further analysis because it was
one of the few locations where the GCMs did not broadly agree on the prediction.

Location 1: Further Analysis
Further analysis of location 1 reveals how each of the separate GCMs compare. Figure 5.15 shows that all the
models predict an increase in temperature (comparing the 1980-1999 average with the projected 2040-2059
average under SRES A1). The projected increases range from 1.15: to 1.95: C. The heavy black line indicates the
median value of the GCM output, while the heavy grey lines indicate the 10%–90% averages. Compared to an
analysis of other spots on Borneo, this projection shows considerably more variance, even though the general
trend of increasing temperature is in agreement. Additionally, this is a lower prediction for temperature increase
than other areas on the island.
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Figure 5.15: Projected Mean Temperature Change from 13 GCMs, Comparing 1980-1999 Average with Projected 2040-2059 Average under
SRES A1. Heavy black line indicates median model prediction. Source: World Bank CCKP.

Figure 5.16 shows the predictions for precipitation change, again comparing 1980-1999 average with projected
2040-2059 average under SRES A1. The 10%–90% interval ranges from a 55 to 72 mm increase, depending on the
time of year. Note that these predictions are much closer to zero change for this area (key climatic zone 1) than
other areas in Borneo, which explains why the GCMs are more likely to disagree on overall trend in this location.
Nonetheless, for this location, the model predicts increasing rain during the wet season and little or negative
change for the dry season.
Figure 5.16: Projected Mean Rainfall Change from 13 GCMs, Comparing 1980-1999 Average with Projected 2040-2059 Average under SRES
A1. Heavy black line indicates median model prediction. Source: World Bank CCKP.
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Looking at the projected impact on crops, the models used in the CCKP predict that rice will have a -0.99% change
in yields for high input, rainfed cultivation in 2050 with carbon fertilization effects included. High input, rainfed
maize and best cereal, conversely, show a 2.98% and 5.5% increase in yields, respectively.
The virtue in looking at specific locations like this is twofold: more detailed information can be given, which may be
more useful to individual stakeholders in that location, and uncertainty or contradictory projections can be
assessed in more depth to address the validity of the results.

5.4 – Seasonality of Precipitation
Given the importance of precipitation changes in determining the effect on ecosystems and species, it is important
to be sure these values are the best estimates possible, especially so because the different GCMs give conflicting
results. In particular, the maps from the CCKP above are based on the Japanese high-resolution GCM, which often
provides different values from the IPCC’s AR4 GCMs. Figure 4.17 from The Nature Conservancy’s Climate Wizard
shows the annual precipitation change from 1950 to 2099 by using the ensemble average of all of the IPCC AR4
GCMs. Using an ensemble of values can correct for the biases from individual GCMs, but as Weilant et al. (2011)
point out, this disguises the uncertainty and dissimilarity between models.
Figure 5.17: Difference in Annual Precipitation, 1950 to 2099 under A1B.
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Although there are differences in the projections betweehe above figure and the projections from the CCKP, the
general trend that the center of the island will be significantly wetter remains robust. Additionally, both models
show that the northeast will be drier. The largest discrepancies between the two models are that the CCKP
predicts a wetter future for the west and northwest, and finds a band of lesser precipitation slightly inland from
the eastern coast; however, this may just be the result of a higher resolution being more sensitive to smaller
geographic differences or the different timeframes used in each analysis.
Monthly precipitation is also relevant to climate outcomes and ecosystem health. It is possible that an area has
gains in annual precipitation, but seasonal decreases in precipitation. In this case, the annual figure would not
predict ecosystem stress, though specific species might be extremely sensitive to dry periods in certain months.
Figure 5.18 depicts the seasonality of precipitation changes by presenting monthly precipitation differences
comparing 1950 to 2099 under the SRES A1B scenario. The general trend that appears is that northern Borneo
would be drier December through March, and southern Borneo would be drier June through September.
Figure 5.18: Difference in Monthly Precipitation Change between 1950 and 2099 under A1B, Using Median Ensemble of IPCC AR4 GCMs.
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Cross-referencing the above seasonality with historic data on wet and dry seasons suggests that southern and
eastern Borneo will experience drier dry seasons, while northern and western Borneo will experience drier wet
seasons. Given overall increases in temperature and projected ecosystem effects, the drier dry season may have
the most impact on ecosystems and economic sectors, and so this will be a key area for later analysis.

Summary of Precipitation Seasonality from The Nature Conservancy’s Climate Wizard
The general trend that the island is projected to be significantly wetter remains robust, especially in the
center of the island.
Both models show that the northeast is projected to have the least gain in precipitation.
Northern Borneo may be drier December through March (a drier wet season), and southern Borneo may
be drier June through September (a drier dry season).
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6 – IDENTIFYING ECOLOGICAL CHANGES
Changing climate will have impacts on species survival and ecosystem health, which will in turn have effects on
ecosystem services and economic sectors. However, many existing approaches to modeling species migration and
extinction risks have assumed a stationary climate (as explained in Price et al. 2010). Using results from the
Wallace Initiative, facilitated by Jeff Price, projections on species range shifts, extirpation risks, and remaining
refugia for terrestrial species were created. The projections were augmented with the use of The Sea Around Us
and AquaMaps information and tools that added more information on the extinction risk and relative biodiversity
changes in marine species surrounding Borneo. As with the temperature and precipitation projections using
ClimaScope, these projections will focus on the six regions used above but will include some information about
broader island effects. All estimates are based on the SRES A1B scenario, and results are given for the 30 year
period centered on year 2050. Throughout, references to other research on species specific effects are presented.
The Wallace Initiative is a collaboration to assess the impacts of climate change on species distribution and refugia.
The initiative provides tools to map potential refugia and corridors for species, provides tools for the design of
REDD mechanisms, and provides information for the development of adaptation plans (for example). Using current
climate estimates from WorldClim, including 19 bioclimatic indices, coupled with climate-change projections from
downscaled GCM outputs from 7 IPCC models, at a 0.5 x 0.5 degree resolution, the Wallace Initiative provides
projections on potential changes in species richness tied to changing climate suitability along with many outputs
on specific species’ changes in climate suitability. The initiative models species range suitability with and without
dispersal. See Price et al. (2010) or Ramirez and Jarvis (2010) for a more thorough description of the methodology
and context of the Wallace Initiative.

6.1 – Crop Species Suitability Changes
The Centre for Tropical Agriculture (CIAT), using the tools outlined above, has produced maps showing the
projected changes in crop suitability in the 2050s (approximately a a 2: C increaseunder the SRESA1b Scenario),
including information on cocoa bean cultivation, ground nut cultivation, mango cultivation, palm oil rice, and
natural rubber. Suitability maps for 2011 and 2050 are presented for the whole island and are based on the SRES
A1B scenario.

Cocoa Bean
In the figures below, most of Borneo stays highly suitable for cocoa bean cultivation. There is a very minor
reduction in suitable land in south-central Sarawak and north central Kalimantan, with a corresponding increase in
61%–80% suitable land.
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Figure 6.1: Cocoa Bean Suitability Percentage, Current vs. 2050.
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Ground Nut
Ground Nut suitability decreases in East Kalimantan on the southeast coast, near Samarinda. This corresponds with
the projected decrease in precipitation and runoff projected in section five.
Figure 6.2: Ground Nut Suitability Percentage, Current vs. 2050.
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Mango
Mango cultivation shows a small change in suitable land around the eastern coast of East Kalimantan, north of
Bontang.
Figure 6.3: Mango Suitability Percentage, Current vs. 2050.
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Oil Palm
Oil palm shows little change in suitability. As with cocoa bean cultivation, there is a very minor reduction in
suitable land in south-central Sarawak and north central Kalimantan.
Figure 6.4: Oil Palm Suitability Percentage, Current vs. 2050.
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Rice
Rice cultivation shows a slight contraction in suitable land along the eastern coast of East Kalimantan. Sabah also
shows a slight decrease in marginally suitable land (61% to 80% suitable).
Figure 6.5: Rice Suitability Percentage, Current vs. 2050.
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Natural Rubber
Natural rubber is projected to have a slight increase in suitability throughout the island, including a reduction in
marginally suitable lands in central HoB and an increase in suitable land along the eastern coast of the island.
Figure 6.6: Natural Rubber Suitability Percentage, Current vs. 2050.

Page 48 of 109

Assessing the Impact of Climate Change in Borneo

Summary of Projected Changes in Crop Suitability
Cocoa Bean: little change besides small areas in highland HoB. Almost all of Borneo at 81%–100%
suitability.
Ground Nut: decreases in East Kalimantan on the southeast coast, near Samarinda.
Mango: small change in suitable land around the eastern coast of East Kalimantan, north of Bontang.
Oil Palm: very little change. Almost all of Borneo at 81%–100% suitability.
Rice: slight contraction in suitable region along eastern coast of East Kalimantan and Sabah.
Natural Rubber: slight increase in 81%–100% suitable land throughout the HoB.

Overall Effect on Agricultural Species
In addition to the six crops modeled by CIAT as part of The Wallace Initiative (modified eco-crop methodolgy),
other crops have been analyzed to identify how climate change will affect their growth. In general, there are two
relevant categories of plants in terms of their likely impact: C3 and C4 species. Varieties of C3 plants are
constrained by the availability of CO2 in the atmosphere, while C4 plants are less constrained. Thus, an increase in
CO2 is likely to have a positive carbon fertilization effect on the growth of C3 plants, such as wheat, rice, beans,
potatoes, and most fruits and vegetables if water supplies and nutrients are suitable. However, the field benefits
are often substantially smaller than lab experiments. C4 plants, such as maize and sugar cane, do not have any
benefit from carbon fertilization. In general, carbon fertilization may offset some of the losses projected from
increased temperature for C3 plants, leaving a net effect that is still open to debate as there are many other
factors to consider. However, in C3 plants a change in the C/N ratio can lead to greater leaf growth but reduced
overall yields, and to reduced protein levels in the food. So, the overall effect is difficult to adequately determine.
However, for C4 plants, there is not this same ambiguity, due to C4 plants not being affected by changes in
atmospheric carbon concentration. As a result, C4 plants will experience a much greater negative effect from
climate change.
To estimate the net impact of C3 crops from the combined effects of carbon fertilization and other climate
changes, Ainsworth and McGrath (2010) looked at how an increase of CO2 to 550 ppm would affect wheat, soy,
and rice, finding an projected increase of 13% in yields. Other studies have also addressed this question, looking at
a broader set of factors including precipitation and migration, such as Xiong (2007, 2009), who found that rice,
wheat, and maize production will increase in China. Additionally, research has pointed out that temperature
responses in agricultural species may not be symmetric and that quick yield declines past the optimal temperature
may exist (Schlenker and Roberts 2009). To address the total net effect on global agricultural output, accounting
for carbon fertilization along with other changes in climate, Cline (2007) estimates that world agricultural output
will decline by 3%.
To put the above studies in the context of Borneo, the agricultural land use in hectares for West Kalimantan (to
choose one possible example) was: paddy rice: 418,000 ha; maize: 41,000 ha; sweet potato: 1519 ha; soy bean:
1758; and mung bean: 1832 ha. From this list, we see that maize, which is a C4 plant and is therefore projected to
be more heavily impacted by climate change, is the second-largest crop in West Kalimantan.
To extend the above analysis to include these other crops, the Wallace Initiative tools could be utilized to a greater
extent, subject to availability of data and predictions for various crops. Additionally, the EcoCrop model made
available through the International Center for Tropical Agriculture (CIAT) could be utilized for additional
agricultural modeling. EcoCrop uses the FAO database of crop ecological requirements (also named Ecocrop) and
the WorldClime database (Hijmans et al. 2005) to predict crop suitability as a function of a variety of climate
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variables, including length of growing season and maximum optimal amount of water. However, these models do
not look at yields but only on climatic suitability. In order to address questions about food security would require
yield models such as PEGASUS or DSSAT.

Overall Effect
Overall, the effects on crop suitability are projected to be very small, including minor increases in suitability for
natural rubber. The two crops most at risk for reduction in suitability are rice and ground nut, though these
changes are quite small. The effect on crops is muted due to precipitation increases offsetting temperature
increases in many areas (though not all) along with offsets from carbon fertilization.
However, it is extremely important to keep in mind that these models are aggregations at large regional scales and
may miss micro-climate effects. Moreover, seasonality in precipitation changes may reduce the extent to which
increasing precipitation can offset temperature increases. Specifically, southern Borneo is projected to have a drier
dry season, which may imply much more serious impacts on agriculture in the region.

6.2 – Non-Agricultural Plant Species
All six regions remain as refugia for most plant species under some to most of the seven climate change models in
the Wallace Initiative analysis. The area becomes climatically unsuitable for fewer than 25% of the plant species
modeled, given the changes in 18 climate variables used in the models. Changes in plant phenology, the cyclic and
seasonal phenomena associated with climate, may be one of the earliest effects of climate change. Phenological
changes are projected to have serious consequences both for flora and fauna that are dependent on the
periodically available plant resources (Corlett and Lafrankie 1998). These effects are projected to be particularly
strong in tropical Asian forests. As Corlett and Lafrankie note, most plant species “will not be seriously affected by
the phenological consequences alone of climate change. However, some individual plant species may suffer, and
the consequences of changes in plant phenology for flower- and fruit-dependent animals in fragmented forests
could be serious.” The conclusion that the overall effects of climate change are likely to be muted, but with the
potential for serious species level effects, is pervasive throughout this portion of the analysis. The analysis in this
section is based on the A1a scenario in 2050.
This section of the report is the area where additional research is most needed. Due to limitations on time,
available data, and technology, many of the individual species effects have not been given adequate attention.

Mangroves
Mangroves, a key species in coastal ecosystems, are not likely to be affected by increasing temperatures, though
they may experience a shift northward (Field 1995). Field argued that mangrove ecosystems in tropical and
subtropical regions may be some of the earliest ecosystems to be extensively affected by climate change. Unlike
other forests, mangroves are directly affected by sea level rise. Although mangroves ecosystems may be able to
adapt to rising seas by shifting inland, this effect depends on the rate of rise and the availability of sediment
necessary for re-establishment of the trees (ibid.). Mangroves are critical to many climate sensitive socio-economic
impacts, including erosion of coast lines, saline intrusion, and increased storm surges. Saline intrusion can be
especially problematic, given that during some dry seasons in Kalimantan, the water flow is weak enough to allow
saline intrusion to penetrate farther inland, causing problems with drinking water production and agriculture.
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Upstream deforestation exacerbates this effect, as does the growth of palm oil plantations. Given that
precipitation projections for southern Kalimantan predict a drier dry season, this effect could become increasingly
pronounced.
No predictions from the Wallace Initiative were available for this analysis, so hopefully future research will be able
to expand this section (and many others regarding non-crop species response). Nonetheless, Field (1995) argues
that carbon fertilization effects will also positively affect mangroves, and so other negative effects of climate
change on mangroves may be ameliorated.

Mammals
The Wallace Initiative projects no significant losses to climatic ranges of mammal species richness under most of
the GCMs.

Amphibians
Amphibian species, especially those living along the coast, are projected become climatically unsuitable for a large
percentage of the species studied with the area becoming climatically unsuitable for more than 75% of species
modeled in some areas. However, the six protected areas in this analysis remain refugia for the amphibians they
support and that are present in the databases used in the Wallace Initiative.

Reptiles
The chief area of concern for reptiles is Kutai Barat, which is projected to become climatically unsuitable for more
than 25% of the reptiles modeled. Given that reptiles generally have low climatic dispersal rates these species may
not be able to move to higher elevations to keep up with the velocity of climate change.

Birds
The Wallace Initiative projects no significant changes to climatic suitability for the majority of the bird species
studied.

Marine Species
Marine species are likely to suffer serious declines in species and catches. Off the west and northeast shores of
Borneo, marine fish catches are projected to decline more than 50%. The rest of the marine areas are projected to
see catch losses of five to 16%. The western Borneo coast is under huge threats of extinction under at least one of
the GCMs. Additionally, many marine species are projected to relocate to new areas, which may have broad
impacts on local marine industries (Perry et al. 2005).
The specific species projected to see habitat suitability losses and cause large economic losses are Albacore tuna,
Bigeye tuna and Skipjack tuna. The area around Borneo is becoming unsuitable for these species, which means
fisheries will either need to relocate off of Borneo or go much farther afield to catch tuna. In addition to tuna, tiger
prawns are projected to no longer have suitable environments off the coast of Borneo. The above marine species
projections all come from Aquamaps’ online mapping tool (Kaschner et al. 2010).
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In addition to the fish listed above, the green sea turtle is another important marine species in Borneo. The green
sea turtle, along with many other turtle species, are particularly vulnerable to climate change, as the sex of their
hatchlings is influenced by the temperature of the sand in which they hatch.

Freshwater Species
Freshwater species of fish are critical in the livelihood of HoB residents and residents downstream. Within the
mangrove forests, there are two important export species: milkfish and snapper. Living within the mangrove
ecosystem, these species require a healthy flow of fresh water from rivers, many of which originate in the HoB.
The other key freshwater fish species with commercial and subsistence importance is the toman (also known as
the giant snakehead). In addition, the Irrawaddy dolphin (also known as the Pesut dolphin), is found along the
Mahakam, Sesayap, and other small river streams along the Kapaus. The Irrawaddy dolphin is an important
indicator of ecological health and a source of tourism revenue, though it is currently endangered.
A key research paper on the impacts of climate change on freshwater species is Ficke et al. (2007), who note that
the main effect of climate change on freshwater species will be through increased water temperatures, decreased
dissolved oxygen levels, increased toxicity of pollutants, and impaired hydrological cycles. Additionally, they note
that eutrophication processes may be altered and stratification may become stronger. Given the extent to which
freshwater fish species are critical caloric and protein sources throughout Borneo, decreases in freshwater fish
species may have serious negative effects.

Overall Ecosystem and Biodiversity Effects
Overall, ecosystem quality and biodiversity changes based on changes in the mean are projected to be small but
may negatively affect particular species or ecosystem types that are prone to more damage from climate change.
Additionally, ecosystem changes from climate change in Borneo are not likely to be nearly as large as other forces.
However, changes in weather related events (including fire frequency and drought) may be larger than impression
otherwise given by the mean. This conclusion, especially with respect to biodiversity, appears to be somewhat
general for tropical areas. Navjot (2004) commented on this conclusion, arguing that “relative to the overwhelming
impact of forest conversion, other drivers, such as climate change, nitrogen deposition, invasive species, and
atmospheric CO2 change, are not projected to have significant effects on biodiversity in tropical terrestrial
ecosystems” (Navjot 2004; based on Sala et al. 2000).

Summary of Non-Agricultural Species Effects by 2050
Some areas become climatically unsuitable for more than 75% of the species of amphibians studied . The
six protected regions remain refugia.
Areas in Kutai Barat are projected to become climatically unsuitable for more than 25% of the reptiles
modeled.
Marine fish catches are projected to decline more than 50% off the west and northeast shores of Borneo
while the rest of the marine areas are projected to see catch losses of 5% to 16%.
Uncertainty exists on the net effect for mangroves and freshwater fish species.
Mammal and bird species are not projected to be impacted to as great an extent.

7 – IDENTIFYING GEOPHYSICAL AND BIOPHYSICAL EFFECTS
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Before discussing the economic methods and valuation exercises used in this analysis, it is necessary to survey the
direct economic impacts on climate change. A direct effect in this context is one that corresponds to a physical
phenomenon – sea level rising, flood frequency increasing, fire risk rising, etc. These effects correspond with the
direct impact from Figure 4.2 in section three. Some of these effects may suggest an easy and direct valuation,
such as the market value loss of destroyed crops, but other effects may be very difficult to evaluate as they are not
directly marketed (such as ecosystems and ecosystem services). The general approach used in this section is to
identify the value lost from the projected phenomenon, or if a direct value is not available as in the case of many
ecosystem services, then this section will identify a projected magnitude of change in the phenomenon that can be
multiplied by the ecosystem service’s total valuation in Borneo to return the projected value after climate change
effects have been assessed.

7.1 – Risk of Forest Fires
As the ADB points out, forest fires in Indonesia over the last several decades have accompanied El Niño Southern
Oscillation (ENSO). While increased precipitation is projected throughout the island of Borneo, climate change is
also projected to increase the ENSO effect. Should fires increase in frequency, they will “threaten not only the
livelihood of workers and families relying on the forest sector, but also the sustainability of the ecosystem” (Asian
Development Bank 2009). To put the scale of ENSO-related fire risk in perspective, Page et al. (2002) estimated
that the 1997 ENSO event caused between $662 million and $17 billion in damages to agriculture, forestry, and
other economic sectors. Many of the forest fires that occur are intentionally started to clear land, often for oil
palm plantations, but the presence of dry and windy conditions increases the probability that controlled burns will
escalate into more damaging fires.
The World Bank’s CCKP provides a graphical synthesis of risk information, drawn from several publicly available
data sources, to show the relative risks from several climate-related phenomena. Figure 6.1 shows the distribution
of fire density across Borneo. Comparing this with the precipitation projections, we see that the areas at greatest
risk are the southwest of Central Kalimantan, the south of West Kalimantan, the east coast of East Kalimantan, and
most of Sabah, especially the northern coast. Although it is projected that Borneo will have increased precipitation,
the select areas that tend to be drier are also ones of greater fire risk.
The combined effect of projected reductions in precipitation during dry seasons in areas that already have high fire
risk (often due to deforestation) implies that climate change is likely to greatly exacerbate the fire risk in these
regions. Climate resilient forest management and limitations on deforestation in these high-risk zones would
reduce the increase in fire risk.

Figure 7.1: Projected Current (1997 to 2008) Average Number of Fires per Year, Not Including Projected Risk Increase from Climate Change.
Source: World Bank CCKP, 2011.
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Given the seasonality of precipitation change and the fact that fire risk is a larger threat during the dry season in
Borneo, the relative fire risk increase from climate change can be projected in southwestern Borneo.

7.2 – Risk of Floods and Landslides
There are two ways in which climate change may affect the risk of floods and landslides. First, precipitation
changes, especially during the wet seasons (as is projected in southern and central Borneo), increase the risk of
floods. Second, degradation of forest cover from climate changes decreases the ability for the forests to absorb
water and prevent erosion and decrease landslide risk. Floods and landslides are by far the two most damaging
climate-related hazards in the region. In Indonesia, for example, floods accounted for 108 of the 202 climaterelated disasters from 1950 to 2005, while landslides represented 38 of these incidents. Together, floods and
landslides represented over 72% of climate-related hazard events during this period (Boer and Perdinan 2008).
Figure 7.2 not only charts these hazard events by type but also shows an increase in frequency over time.

Figure 7.2: Number of Climate-Related Hazards Occurrence by Type in Indonesia (1950-2005). Source: Boer and Perdinan 2008.
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The geographic distribution of floods is shown in Figure 7.3. The flood frequency follows the main rivers, and when
cross-referenced with the climate projections, implies that West Kalimantan has the highest risk of increasing flood
frequency, along with southeast Central Kalimantan and central East Kalimantan.
Figure 7.3: Current Flood Frequency per 100 Years (based on 1999 to 2007 data). Source: World Bank CCKP 2011.

Landslide risk, on the other hand, follows a different distribution across the island. The areas of projected risk,
shown in Figure 7.4, are all in central Borneo, northern Sarawak, and western Sabah.

Figure 7.4: Landslide Risk Index, Not Including Climate-Related Effect. Source: World Bank CCKP 2011.
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These areas, especially central Borneo, all occur in areas that have projected increases in precipitation and runoff.
Additionally, the wet season in central Borneo is projected to experience most of the area’s precipitation increase,
dramatically increasing the risk of landslide.

7.3 – Storms and Other Weather Extremes
Storms and other weather extremes, including heat waves, typhoons, and heavy precipitation events, are
projected to increase throughout Southeast Asia (ADB 2009). Heat waves, which have a significant impact on
human health, have increased in the region since 1950, with an increase in the frequency of hot days and a
decrease in the frequency of cold days. Tropical storms and typhoons in the region achieved an all-time high in
2004, registering 21 typhoons (ibid.). While Borneo is somewhat sheltered from such effects due to its larger
landmass and higher central elevations, the concentration of economic activity along the coast implies the
potential value lost from such events is still high.

7.4 – Droughts
Drought risk is not projected to increase due to climate change for most parts of Borneo, as noted above, with the
exception of eastern Borneo near Bontang. When we cross-reference the information on climate-induced drought
risk change with the extant level of risk, shown in Figure 7.5, we see that the area where drought risk will increase
is already an area of drought risk. This implies that drought may be a relatively serious issue for the area.

Figure 7.5: Drought Risk, Not Including Climate-Related Effect. Source: World Bank CCKP 2011.
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In addition to this location, southern and southeastern Borneo is currently exposed to relatively high levels of
drought risk, and so these areas may be affected by the projected drier dry seasons as temperatures rise.

7.5 – Sea Level Rise
As the third-largest island in the world, Borneo will be less total-area impacted by sea level rise than places like the
Philippines, as it has less coastal area compared to overall area. However, most of the cities and industry in Borneo
are along the coast, so the impact on human activity will likely be extremely large. Additionally, advancing
seawater into freshwater aquifers and groundwater reservoirs may reduce the amount of water available for
humans and ecosystems (ADB 2009). Figure 7.6 maps which areas of Borneo are projected to be inundated by sea
level rise given a one-meter global rise in sea levels.

Figure 7.6: Areas Inundated from 1 Meter Sea Level Rise. Source: TNC Climate Wizard 2011.
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The shaded areas in the above figure represent areas that are projected to be inundated with a one-meter sea
level rise. These areas contain key population centers on Borneo, including the cities of Sibu in Malaysia,
Samarinda, Balikpapan, Banjarmasin, Tarakan in Indonesia, and most of the coast of Brunei. The per-year increase
in sea level rise varies greatly across locations in Southeast Asia. Boer and Dewi (2008) estimated the historic level
of rise as being between one and eight mm per year. This projection, along with other broad predictions about
global sea level rise, implies that loss from damage to coastal areas may be significant.
Sea level rise in Borneo may be one of the most damaging impacts from climate change due to the vulnerability of
population centers and some coastal economic activities such as aquaculture. Precise values on how much would
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be lost could be calculated by looking at proxy variables such as real estate values in the inundated zones, but this
calculation was not performed due to time constraints.

Summary of Biophysical and Geophysical Risks
Given the climate projections for temperature and precipitation change, along with the general level of exposure
and risk outlined in this section, we can expect the following changes in risk:
Fire risk is high and projected to increase from climate change in southwest Central Kalimantan, the south
of West Kalimantan, the east coast of East Kalimantan, and most of Sabah, especially the northern coast.
Flood risk is high and projected to increase in West Kalimantan, followed by the southeast of Central
Kalimantan and central East Kalimantan.
Landslide risk is high and projected to increase in much of central Borneo, northern Sarawak, and western
Sabah. Central Borneo is at considerable risk, given the relatively high precipitation increases across all
seasons.
Damage from storms and other extreme weather events is projected to increase. This could be most
problematic for coastal population centers.
Drought risk is high and projected to increase in eastern Borneo near Bontang. The southeast coast of
Borneo is already at high drought risk, and so increases from climate change could especially damaging
here.
Sea level rise is projected to have dramatic impacts on key population centers, including the cities of Sibu
in Malaysia, Samarinda, Balikpapan, Banjarmasin, Tarakan in Indonesia, and most of the coast of Brunei.
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8 – IMPACT ON ECOSYSTEM SERVICES, ECONOMIC SECTORS, AND HUMAN WELFARE
The task of identifying the effect that climate change will have on ecosystem services in the context of rapid nonclimate land use change is a bit like trying to tell the direction of the wind when driving a convertible. There is
certainly an effect from climate, but it is difficult to discern given the dramatic and immediately visible threats that
ecosystems currently face, such as the conversion of rich forests into palm oil plantations. Further, this effect is
augmented in the HoB, given that the predictions for climate change are not particularly negative. As discussed in
section five, the temperature changes in Borneo are near the global average, but will happen simultaneously with
increases in precipitation, which will mitigate many of the negative effects. This base finding is augmented by
analyses of runoff, drought risk, and seasonality. However, though the average effect may not be large, it is still
necessary to establish how regional, seasonal, and other more specific factors will affect ecosystem services and
economic sectors.
Analyzing the impact on ecosystems and the ecosystem services they provide is complicated by the question of to
whom the changes in value accrue. For instance, the value of some ecosystem services, like carbon sequestration,
accrue to the whole globe, while other ecosystem services give value exclusively to agents within Borneo, such as
river water quality. Concordantly, the estimation of how the value is determined must be sensitive to who receives
the benefits. Carbon, for instance, has a carbon price that is (or will be) determined at an international commodity
level, while water-quality value can largely be determined based on how downstream commercial and residential
users perceive that value.
This analysis, however, is not focused on how to value ecosystem services but rather how those values might be
impacted by climate change. To do this, we use the impact pathway figure presented in Figure 3.2. For
convenience, the image is reproduced here as Figure 8.1.
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Figure 8.1 (reproduction of Figure 3.2): Impact Pathway and Accounting Tool. This represents a very basic model of the impact, where each
box represents a variable and each arrow represents a relationship between variables. The key outputs are the three bolded boxes at the
bottom, representing the total impact.

Supposing there existed estimates of all variables and relationships above, one could calculate the impact by using
the damage coefficient from the above damage projections multiplied against the best estimate of the overall
4
value of the ecosystem service or economic sector in Borneo. Repeating this for all impacts on ecosystem services,
impacts on economic sectors, and direct human impacts and calculating the sum of these effects would identify
the total economic impact. In some cases, it is unclear to which variable an impact should be attributed, such as
the effect that precipitation or hydrological change has on water availability. In this case, whichever seems to be

4

A coefficient less than one implies a reduction in value; greater than one implies an increase in value.
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the more direct route of impact is the one chosen. In reality, manof these elements are difficult to establish, and
instead, descriptive information on projected gains and losses are included.
This section makes extensive use of a study from Van Beukering et al. (2009) on the ecosystem services in Aceh,
Indonesia (northern Sumatra), a study from Fisher et al. (2011) on the costs of conserving Southeast Asia’s
rainforests, and a study from Naidoo et al. (2008) on the economic benefits of standing forests in highland Borneo,
as these represent some of the most relevant and comparable works on ecosystem service valuation relevant to
Borneo. The forests in Aceh are very similar to those found in Borneo, but it is important to keep in mind that key
differences may exist. Future research in Borneo will be necessary to help fill this gap. To help visualize where the
value of carbon sequestration services is concentrated, InVEST (Integrated Valuation of Ecosystem Services and
Tradeoffs) anayses ( Natural Capital Project, Tallis et al. 2010) will be used.
Throughout this section, data availability has been a significant limiting factor. Biological and climatic datasets are
available and provide for high-resolution geographic information on species, ecosystems, and ecosystem services.
However, economic data of the same geographic resolution are not always available, and so extrapolation from
more aggregated data sources is necessary. Additional data collection (or additional time spent aggregating
existing sources) will help ameliorate these problems. Extrapolation from industry data from non-Bornean studies
is also necessary to fulfill the data requirements of this analysis. Additionally, the process of collecting data is made
difficult by the fact that aggregation requires using data from three countries, and for two of those countries, first
de-aggregating the data to be Borneo-specific. Much of these data does not exist in English, and so future
research, ideally based in Indonesia or Malaysia, could make this section much more specific. Other studies which
have put specific dollar values on impacts, such as Sheeran (2010), were able to use a wider variety of studies
specific to the region in question (the United States), which allowed for estimation of specific damage values. For
reference on how these reports were constructed, see the United States Global Change Research Program (2009).
Each of the following impact sections will make note of which physical changes, ecological changes, and ecosystem
services changes are likely to be part of the impact, and the best information available on the quantity, direction,
or qualitative description of the likely effect.

8.1 – Carbon Sequestration
Carbon storage and sequestration is increasingly recognized as an important element of the carbon cycle and a
potentially effective policy area to mitigate climate change (IPCC 2007; Stern 2006). The value of carbon
sequestration as an ecosystem service is difficult to establish for several reasons: as climate damages become
more severe, the marginal value of mitigation increases, which will drive up the value of sequestered carbon; there
exist complicated feedback effects between forests and climate, whereby forest growth decreases climate change
but climate change may affect the growth rate of forests; and finally, the effect that climate change has on forests
is small compared to other drivers of land change, such as conversion to oil palm plantations. As a result, the value
of the forests in Borneo and the large carbon reservoirs they contain depends on a variety of factors, including the
price of carbon, which mitigation plans are chosen, non-climate land use change, and the feedback between
climate and forest growth. Nonetheless, there is extensive literature on the social cost of carbon, which if
estimated correctly, can help identify the value of carbon storage.
Tree growth is constrained in many cases by the presence of CO2 in the atmosphere. As CO2 concentrations
increase, a possibly transient carbon fertilization effect may encourage more tree growth, effectively increasing
the value of carbon sequestration services by increasing the stock size. Additional factors such as increased
growing seasons and expansion into higher altitude regions may further increase this stock. Although the carbon
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fertilization effect is most pronounced in young forests, tropical old-growth forests continue to absorb significant
quantities of carbon (Luyssaert et al. 2008). Evidence exists, however, that potential increases in tree growth from
carbon fertilization may be offset by increased tree mortality (Van Mantgem et al. 2009). The effects here are
complicated, but one of the key elements in tree mortality, drought risk, appears to be of lesser concern in Borneo
based on the precipitation projections above. This conclusion is in contrast to the ADB’s findings from the BIOME4
model (Kaplan et al. 2003) that “Southeast Asia’s dominant tropical evergreen, semi-deciduous, and tropical
deciduous forest/woodland – all with greater carbon sequestration potential – will be slowly replaced by tropical
savanna and tropical xerophytic shrub land” (ADB 2009). The difference in these conclusions highlights the
importance of analyzing smaller geographic locations.
Many studies have estimated the marginal costs of CO2 emissions, and thereby the marginal value of
sequestration. These estimates range from €11 (Tol 1999) to €228 per ton of carbon (Cline 1993, high end of
estimated range). Converting to USD and normalizing per hectare gives a range of US$10 to $400 per hectare per
year (Van Beukering 2009).
The value of carbon sequestration in Borneo is frequently discussed in the context of reducing emissions from
deforestation and degradation (REDD). Naidoo et al. estimate the net present value for carbon payments in a
220,000 ha sub-region in the HoB (along with the value of avoided damages associated with increased fires and
economic benefits of agroforestry) at US$1.7 to $3.4 billion (Naidoo et al. 2009). Along similar lines, Venter et al.
find the value for all of Kalimantan to be US$10.7 to $16.6 billion.
The geographic distribution of carbon sequestration value may also be of interest, especially if it shows that areas
of high value are located in areas of precipitation loss which may be most likely not to have increases in forest
growth. To calculate these values, the InVEST toolkit is used. The carbon storage module in this toolkit works by
taking land use maps and classifications of carbon storage as inputs; the model estimates the net amount of
carbon stored in a land parcel over time, the biomass removed from harvesting an area, and the market and social
values of the carbon sequestered in the remaining stock. Figure 8.1 below is a map of carbon storage values across
Borneo.
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Figure 8.1: Carbon Storage Values in Borneo (Excluding Malaysia and Brunei) Using InVEST. Calculated in 2000 USD. Note that the highest
carbon-content areas are peat swamps.

Cross-referencing Figure 8.1 above with the precipitation change maps from section five, we see three areas that
have high stored carbon value and low or negative precipitation increases: the southwest and south-central coast
of Central Kalimantan province and the eastern coast of Sabah. The other areas of high carbon storage are in areas
that have precipitation increases projected. The specific dollar values listed above should not be regarded as direct
values of the stock, but rather as a way to identify which areas generally store more value of carbon. The reason
for this is a limitation in the valuation methodology. Carbon prices currently only relate to sequestration activities
(changes in storage) rather than directly to storage. Nonetheless, one can safely assume that if areas with high
value in the figure above were degraded or deforested, more value of carbon would be lost than if areas with low
value were degraded.
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Table 8.1: Carbon Sequestration Impact Projections
Overall
Effect uncertain. Increasing carbon concentrations may increase growth, but tree
mortality may also increase.
Precipitation
Moderates the effect of temperature increases by preventing soil desiccation.
Market Effects
Assuming mitigation policies are pursued, the price paid for carbon sequestration
services will likely increase, raising the value of carbon stores.
Floods and Landslides
Increase in these may cause losses in carbon sequestration.
Hydrological Cycle
Neutral to positive effect.
Pests and Disease
Negative effect. Magnitude not fully identified. Research ongoing.
Geographic Distribution
Potential losses in the southwest and south-central coast of Central Kalimantan
province and the eastern coast of Sabah. Other areas likely to have gains.

8.2 – Agriculture
Much of Borneo lies outside of the HoB. While non-forest based agriculture is present both within and outside the
HoB, non-forest-based agriculture is more prevalent in the area outside the HoB. Agricultural lands rely on many
ecosystem services produced in the HoB, especially through water and soil services. Additionally, the forests play
an important role in the cycle of traditional rice swidden agriculture. After an area has been cleared, subsequent
forest growth replenishes the fertility of the soil, allowing for a new planting cycle in 15-20 years (WWF Indonesia
2011). In areas with wet rice cultivation, especially in the highlands of the HoB on the border between Malaysia
and Indonesia, forests are crucial to maintaining the constant flow of water necessary for irrigation of these rice
fields. Determining the overall impact on downstream agriculture is complex, as it requires information on the
topography, soil type, vegetation cover, and a variety of other factors.
The projected impacts from climate change on agricultural crops, discussed in section six, imply that at least six key
crops will experience little change. Additionally, crop suitability estimates from the World Bank CCKP imply that
some losses from inland, rainfed rice, and maize cultivation will be offset by lands further inland and at higher
elevations becoming suitable. Many studies, such as Pent et al. (2004), find that find a general reduction in rice
yields from temperature increases attribute most of that lost to drought, which appears to be less of a risk in
Borneo. However, it is likely that increased pests will have a negative effect on rice cultivation. The ADB points out
that brown plant hoppers (Nilaparvata lugens) increase significantly in La Niña years due to higher rainfall.
Additionally, increased soil salinity in coastal regions will negatively affect rice cultivation, of which 15% is located
in a coastal zone (ADB 2009).
William Cline (2007) assessed the projected aggregate impact on agriculture, including carbon fertilization effects.
Cline’s preferred estimation technique found an overall -5.6% decrease in Indonesia and a -10.9% decrease in
Malaysia. However, there is still considerable difficulty extrapolating the effect in Borneo from these estimates, as
the non-Bornean areas of both Malaysia and Indonesia are at more risk for agricultural losses, and so may explain
all or most of the negative national effect.
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The ADB also estimates the projected climate impact on rice yields. The bank estimates a 34% decrease in rice
5
yields in Indonesia by 2100 under the A1FI scenario. Figure 8.2 includes time trends on this estimate, along with
estimates for three other Southeast Asian countries.
Figure 8.2: Rice Yield Potential in the Four Countries and World under Four Emissions Scenarios. Source: ADB Study Team 2009.

Additionally, the ADB provides geographic output of their projections, shown in Figure 8.3. Note that in these
models, broad decreases in rice yield are projected for Borneo, especially in the HoB. The projected decrease is
larger in 2050 than it is in 2100. The difference between these projections and the projections from earlier sections
may be due to the use of the A1Fl scenario in the ADB report and the less pessimistic A1B used in the previous
sections.

5

See Appendix 3 for a definition of the A1Fl scenario.
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Figure 8.3: Change in Yield Potential in Southeast Asia Relative to 1990 Level (A1Fl, with productivity improvement and adaptation
measures, in tons per hectare per year). Source: ADB Study Team 2009.

Returning to the Van Beukering estimates, the 2010 value of benefits of ecosystem services to agriculture are
US$240 million. However, the key ecosystem services agriculture relies on are through forests and hydrological
services, which are not projected to experience large negative changes. Heat waves may cause significant losses,
and pests and diseases may also become problematic in La Niña years. Additionally, geographic heterogeneity is
extremely important. For instance, the drier dry seasons in the south may mean that forest and hydrological
ecosystem services will be significantly impaired and result in larger crop losses. This is one area that would benefit
from further research at a finer geographic resolution.
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Table 8.2: Projected Impacts on Agriculture Under SRES A1B by 2050
Overall
Agriculture: Synthesis of evidence suggests the overall effect would be positive for
some crops, negative for others, but not as large of a loss as other areas in Southeast
Asia. Losses in rice; gains in maize.
Temperature
Negative effect. Due to asymmetric crop response and presence of heat waves, crops
are likely to experience losses from temperature.
Forest Services
Effect on agriculture projected to be neutral or positive.
Soil Services
Effect negative, due to increased sedimentation and flood/erosion risk.
Drought
Low risk, except in eastern Kalimantan.
Hydrological Cycle
Net effect uncertain, but may have a positive effect on some agricultural crops.
Pests and Disease
Negative effect. Especially likely to have impacts during La Niña years.
Geographic Distribution
Losses most likely at higher altitudes that are presently on the edge of suitable land.
Howeveragricultural suitability would shift slightly farther up in elevation, causing a
potential gain of suitable land.

8.3 – Water and Watershed Services
Watersheds in the HoB provide water purification and replenishment services to the rest of Borneo. Fourteen of
the twenty major rivers in the island of Borneo originate in the tropical rainforests in the HoB and provide clean
water to cities and industry downstream (see Figure 8.4 to see the set of rivers originating within the HoB).
Degradation of the watersheds in the HoB will influence an area much larger than just the 22 million hectares
through outflow into areas outside the HoB (Witteveen Bos Indonesia and WWF 2011). As with the discussion of
carbon sequestration above, there exist serious threats to watershed ecosystem services in Borneo from land use
change, and so it may be difficult to parse out what the climate-specific effect on these services is. Again, all
estimates in this section address the effect climate has on the ecosystem service values excluding the effect of
human-caused deforestation and other non-climate factors . Given the current rates of deforestation, exclusion of
these factors may result in estimates that are much more optimistic than if they were included.
Figure 8.4: Map of Rivers Originiating in the HoB. Source: WWF Indonesia 2011.
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Section five showed that in many locations in Borneo, precipitation is projected to increase. However, increasing
temperatures may offset some of the benefits that increased precipitation may confer to watershed ecosystem
services through increased evapotranspiration. Additionally, seasonality of precipitation changes may create
negative precipitation conditions in certain months and so may have seasonal reductions in watershed services.
One study that links the net effect of temperature and precipitation changes used data from the Angat water
reservoir in the Philippines to project that a 2° C increase in temperature coupled with a 6% decrease in
precipitation would result in a 12% decrease in runoff. Conversely, a 2.4°–3.1° C increase in temperature combined
with a 3%–15% increase in precipitation would result in a five to 32% increase in runoff (Jose et al. 1999). Research
such as this confirms that the effect that a temperature increase has on runoff may be offset by an increase in
precipitation. Ideally, the use of a full water balance model to account for changing rainfall and temperature would
6
be used. However, for the purposes of this study, the GCM results that show water runoff increasing in almost all
areas will be used as the benchmark.
Many studies have estimated the value of forests in providing watershed protection services. Fisher et al., in their
analysis of ecosystem services in the HoB, estimated that including these services added US$188 per hectare per
year (Fisher et al. 2011). This estimate is in line with other analyses of watershed ecosystem services of similar
areas. For instance, Paris and Ruzicka estimated watershed protection benefits in the Philippines at US$223 to
$455 per hectare per year (Paris and Ruzicka 1991). For comparison, Limberg (2008) estimates the value of water
supply studies in Borneo for Kutai National Park. Using estimates from other locations near Kutai National Park
along with the market price of water, Limberg reaches a value of US$125,000 perthe water supply services in the
park.
The value of watersheds comprises many elements, some of which have been individually estimated. For instance,
protection of irrigation services in Malaysia was estimated at US$15 per hectare per year (Kumari 1996). Harahap
and Hartono used contingent valuation methods to calculate the willingness to pay for piped or pumped water in
several locations throughout Indonesia, including in South Kalimantan. Households in this region had an average
willingness to pay US$0.50 per month (Harahap and Hartono 2007). And finally, the average willingness to pay per
household per month for drought mitigation services was estimated at US$0.34 (Pattanayak and Kramer 2001).
The 2010 value of water supply services in Aceh province, measured by Van Beukering et al., was US$105 million.
The main downstream consumers of watershed services include water intensive industries like liquid natural gas
(LNG) or methanol plants; mining, logging, and palm oil companies for transportation; cities for clean water and
flood protection; water supply companies; and the fishing industry (Witteveen Bos Indonesia and WWF 2011).
More research could be done on this point to look at source-by-source comparisons of water value-added in
production.
Although the combined predictions of precipitation increasing and runoff increasing imply that on an island-wide
scale there may not be negative aggregate watershed losses, there are still specific locations of relatively more
concern. The three areas most likely to experience reduced watershed services are:
The eastern coast of East Kalimantan, north of Bontang. The GCMs predict a reduction in water runoff and
an increase in drought risk. Given that this area is also projected to see a temperature increase similar to
the rest of the island, this will be a key area for further analysis of localized risks and adaptation
measures.

6

See Lubis and Permadhi 2008, for example.
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The eastern coast of Sabah, near Sandakan. The majority of the GCMs predict this area will experience a
reduction in precipitation. Seasonality will also be an issue here, especially from December through April.
The southwestern corner of Borneo, Pangkalan Bun. This area is projected to have an annual decrease in
precipitation by the Japanese High-Resolution GCM, though the ensemble average of the IPCC GCMs
predicts an effect close to zero change. However, the IPCC GCMs do predict a seasonal effect of reduced
precipitation in June, July, and September.
Table 8.3: Projected Impacts on Water and Water Services under SRES A1B by 2050
Overall
Overall precipitation would increase with climate change of 2: C by 2050; however,
increased variability and important seasonal and geographic changes are evident.
Temperature
Negative effect, but offset by increasing precipitation. Increased temperature
increases evapotranspiration.
Precipitation
Increases runoff and water availability. Precipitation increases greatest in upland HoB,
which is the origin of most rivers in Borneo.
Forest Services
Effect on water services projected to be neutral or positive.
Geographic Distribution
Southern and Eastern Borneo are the areas most at risk for reduction in water
availability, and hence, most at risk for reduction in water services.
Seasonal Effect
Southern Borneo is projected to have a drier dry season (June, July, and August), and
so may experience exacerbated water service degradations during this time.

8.4 – Timber
The provision of trees for timber production relies on a healthy forest, but unlike many of the other ecosystem
services related to forest health, the valuation of timber is possible through standard market data.
The value of timber in Borneo is high. For example, Grieg-Gran (2006) estimated the opportunity cost of not
logging in Indonesian forests to be US$1130 per hectare per year (cited in Van Beukering et al. 2009). The total
value of timber annual benefits in Aceh were estimated to be US$210 in 2010 value in Aceh (ibid.). Another way of
looking at the value of timber comes from Maturana (2005), who analyzed the total economic value of five
pulpwood companies to estimate the cost benefit that conversion to these plantations accrued. The general
approach used was to compare the value of production at market prices as opposed to the total economic value of
hectares lost, including valuation of all the ecosystem services the forest provides.
Others have compared the value of timber with other ecosystem services. Fisher et al. (2011) found that the
profitability of logging combined with the subsequent revenue from conversion to palm oil production is currently
much higher than the values of several ecosystem services, including carbon sequestration. In their analysis, they
estimate the value of timber at US$9,860 to $12,750 per hectare (2009 price).
The primary way in which the timber industry will be affected by climate change lies in the response of logged
species to changes in precipitation and temperature. As discussed above in the carbon sequestration section, this
effect will be positive for some forested regions of Borneo but negative for others. Overall, however, the projected
trend will be positive. Moreover, the potential for regrowth after an area has been logged is projected to be
higher, given the greater benefit from CO2 fertilization that young forest stands experience.
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Table 8.4: Projected Impacts on Timber Production Potential under SRES A1B by 2050
Overall
Timber production potential may increase from climate change, similar to the effect
with carbon sequestration. Additionally, the effect may be slightly more positive due
to the geographic distribution of logging activities. Increasing carbon concentrations
may increase growth, but tree mortality may also increase.
Precipitation
Moderates the effect of temperature increases by preventing soil desiccation.
Forest Services
Projected to be neutral or positive, which has a neutral or positive effect on timber
stocks.
Floods and Landslides
May increase transport costs from road damage. Increase in floods and landslides
may cause losses in timber stands.
Hydrological Cycle
Neutral to positive effect.
Pests and Disease
Negative effect. Magnitude not fully identified.
Geographic Distribution
Most current logging activities take place in areas most projected to gain from climate
change.

8.5 – Agroforestry and Non-Timber Forest Products
Production activities within Bornean forests are not limited just to timber; other non-timber forest products (NTFP)
such as food, medicines, nuts, wild meat, rattan, and firewood are especially important to residents within the
forest as key elements of their livelihood and cash income. Agroforestry includes planting rubber, durian, and illipe
nut trees, along with harvesting wild honey.
Agroforestry and NFTP, when managed sustainably, can provide benefits to the communities for centuries on the
basis of customary governance (WWF Indonesia 2011). Although there is considerable overlap between
agroforestry products and agricultural products, especially for crops such as rice, the two production methods will
be treated separately in this analysis, largely based on the extent to which the production relies on complete
clearing of the land for permanent transition to monoculture growing methods in agriculture.
Some NTFP have a market price, and are thus quite easy to value, but even then the data can be quite hard to find.
One estimate for the net value of rattan NTFP in Kalimantan found the net value to be US$53 per hectare (Godoy
and Feaw 1989). Other estimates of the value of NFTP in Southeast Asia range from US$8 to $55 per hectare
(Caldecott 1988; Mai et al. 1999; sources from Van Beukering et al. 2009).
Villagers in Borneo’s forests use the areas immediately adjacent their villages for agroforestry purposes. The radius
around the village within walking distance (approximately 5-30 km) is used for NFTP rather than timber (WWF
Indonesia 2011). The value of NTFP is largely determined by the quality of the forests, and so the connection
between climate change and NTFP largely hinges on the climate-forest connection. As this connection is positive
for most of Borneo, it is likely that NTFP will not be harmed from climate change, though as with other services
and sectors, land use change may dramatically reduce their value.
Using district level data for Aceh province and subdividing NTFP into low, medium, and high value products, Van
Beukering et al. estimated the annual benefits of NTFP at US$16 million in 2010. For comparison, Dewi et al. (2005)
estimated that land use change and associated forest loss resulted in agroforestry (NTFP) losses in the HoB at
US$9.9 to 19.4 million per year.
It is difficult to estimate the net effect of climate change on agroforestry and NTFP, as the wide range of species
involved in agroforestry and NTFP means that many different species level effects must be analyzed to come to a
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certain conclusion. However, we can again rely on the overall effect of forests having little change to assume that
the net effect to agroforestry and NTFP will also be small.
Table 8.5: Projected Impacts on Agroforestry and NTFP Production
Overall
Effect very hard to determine due to a wide variety of factors involved in agroforestry
and NTFP.
Species Stocks
Most inland species are not projected to have significant changes in habitat
suitability. Given that most agroforestry and NTFP activities are away from the coast,
this implies there would be few relevant species lost.
Forest Services
Projected to be neutral or positive, which has a neutral or positive effect on
agroforestry and NTFP.
Hydrological Cycle
Neutral to positive effect; however, erosion risks are especially high in areas of high
agroforestry and NTFP activity.

8.6 – Palm Oil
Palm oil cultivation is a large industry in Indonesia and Malaysia and is very prevalent in Borneo. The crop is
globally important as well. In 2006, for example, Indonesia was home to 6 million hectares of oil palm plantations
(Ardiansyah 2006), which is over half of global oil palm plantation land. Setting aside the potential harm from oil
palm plantations to environmental systems for a moment, the overall impact of climate change on palm oil is
projected to be very close to neutral. The ClimaScope and Wallace Initiative estimates from section six show very
little change by 2050.
In the event that palm oil cultivation would be impacted by climate change, the following figures become relevant.
The range of net present value of converting land to palm oil cultivation in Kalimantan was estimated to be
US$3,835 to 9,630 per hectare per year (Butler et al., 2009). Fisher et al. (2011) estimate a slightly higher value of
US$11,240 per hectare per year. For a 220,000 ha subsection of the HoB, the net present value was estimated at
approximately US$4 billion (Naidoo et al. 2009).
As with overall forests, there is simultaneity of causation between palm oil and climate change. In addition to
analyzing the effect that climate change has on palm oil, it is also reasonable to consider how palm oil cultivation
affects climate change, primarily through changes in carbon storage from land use change. Danielsen et al. (2008)
made an assessment on the net effect of lost carbon stores from conversion to palm oil and the potential for
positive effects from biofuel. They estimate it would take 75 to 93 years of biofuel use for the conversion of forests
into palm oil plantations to have a net positive effect on carbon, or 600 years if the converted forest was peatland.
Conversely, planting on degraded land would cause a net reduction in carbon within only 10 years (Danielsen et al.
2008).
Table 8.6: Projected Impacts on Palm Oil
Overall
Effect is projected to be potentially positive due to increased precipitation; however,
mitigation strategies that target preserving forests may increase the costs of palm oil
expansion.
Forest Services
Projected to be neutral or positive, which has a neutral or positive effect on timber
stocks.
Floods and Landslides
May increase transport costs from road damage. Increase in floods and landslides
may cause losses in timber stands.
Hydrological Cycle
Neutral to positive effect. However, significant regional and seasonal heterogeneity
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Pests and Disease

may make the projected impact significantly worse.
Negative effect. Magnitude not fully identified.

8.7 – Biodiversity
The valuation of biodiversity involves several types of values, including direct use value as a potential
pharmaceutical source and indirect use in so far as biodiversity is valued for its existence value. As with carbon
sequestration, the benefits of biodiversity are largely global, while the costs borne for preserving biodiversity tend
to be local, creating suboptimality through the existence of an externality. Various studies have attempted to
capture the economic costs and benefits of preserving biodiversity in Borneo using valuation methods such as
willingness to pay for ecotourism, pharmaceutical valuation, expenditures on conservation, and stated-preference
techniques. The range of values found is as low as US$4.6 per hectare per year (Pearce and Pearce 2000) to
US$9,177 per hectare for pharmaceutically rich areas in Ecuador (Rauseer and Small 1998). Fisher et al. use a value
of US$50 per hectare per year as a high-end average estimate.
Van Beukering et al. argue that the value of biodiversity is a summation of the pharmaceutical value, donations for
conservation programs, and the number of tourists valued at their willingness to pay for biodiversity. Using this
methodology, they value the biodiversity in Aceh at US$10 million per year in 2010.
Unlike the analysis of tree species above, much of the biodiversity present does not benefit from carbon
fertilization effects from climate change, and so it is easier to predict the direction of change in the value of
biodiversity. The approximate change of 2: C that Borneo will experience under the A1B scenario may cause broad
biodiversity loss among reptiles, amphibians, and marine species. As discussed above, most mammal and bird
species will continue to have refugia in Borneo, but climate may contribute to increased stress. Especially when
combined with other threatening forces such as land use change, the negative effects of climate change on
biodiversity may be amplified. However, to be more precise, further modeling on individual species effects must be
considered using the tools outlined in section five.
Table 8.7: Projected Impacts on Biodiversity
Overall
Effect is projected to be negative for many marine, reptile, and amphibian species.
Little or no effect projected on inland plant, mammals, freshwater fish, or bird
species.
Temperature
May have serious impacts on biodiversity. For non-plant species, increases in
precipitation may not offset increases in temperature. Additionally, tropical species
tend to already be at or near their optimal temperature and cannot survive changes
as easily.
Forest Services
Projected to be neutral or positive, which has a neutral or positive effect on timber
stocks.
Ocean Warming and
Main source of marine species loss.
Acidification
Hydrological Cycle
Neutral effect, but increased runoff may offset some temperature-related biodiversity
stresses.

8.8 – Damages from Floods and Landslides
The presence of monsoons in Borneo makes floods and landslides a frequent and economically damaging
phenomenon. For example, the World Bank reports that a severe flood in Aceh, Indonesia in 2006 caused US$210
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million in damages to infrastructure, housing, and production (World Bank 2007). Given the projections that
Borneo will experience widespread increases on runoff along with many areas of precipitation increases, it is likely
that floods and landslide-prevention ecosystem services will become even more valuable on a per-hectare basis.
However, current trends of deforestation in Borneo increase the risk of floods and landslides. Healthy forests
reduce the risks of floods through high water use and water infiltration capacity and simultaneously reduce the risk
of landslides by maintaining dense root structures in the soil (Van Beukering et al. 2008). The combination of
increased flood risk from climate change, coupled with the extant deforestation problem, implies that large
amounts of ecosystem value will be lost in the coming years.
It is important to note that the majority of value lost is due to non-climate factors such as land use change.
However, the valuation of services in this cause cannot be made with a ceteris paribus argument as in the previous
sections, as land use change must be considered endogenously. The reason for this is that the value of flood and
landslide-prevention services is a function of increasing precipitation from climate change but is also a function of
the increased risk of floods from land use. There is similar feedback in carbon sequestration.
Flood and landslide prevention ecosystem services can be estimated from the avoided economic damages.
Although these are market values, they will be considered in this section, as they affect all aspects of society and
not just a single economic sector. What is less certain, however, is the extent to which forests prevent such
disasters, and therefore the net value that the ecosystem service provides. This is a difficult estimate to obtain,
given the continuing uncertainty on the extent to which forests prevent floods (see Bruijnzeel 2007 and Bradshaw
et al. 2007 for opposing sides), but Van Beukering et al. present a well argued, conservative estimate for the
damages. They find the total prevention value to be US$105 million per year on average over the thirty years they
modeled.
To calculate the above number, Van Beukering et al. made several assumptions on damage values. They assumed a
1.3% probability that a household member in a flood will die, which was based on the proportion of actual deaths
to the number of affected households during floods ranging from 2005 to 2008 and a value of a human life at US$3
million before correcting for purchasing power parity. The projected impacts were US$5,630 per residential house,
US$164,930 for one kilometer of road, and US$38,760 in the case of mortality (Van Beukering et al. 2009; sources
used therein were World Bank 2007, FAO 2005 and Fredriksson 2008).
To assess the geographic distribution of landslide risks, consider Figure 8.5 below, which shows the relative degree
of vulnerability to erosion, a measure highly correlated with landslide risk.
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Figure 8.5: Vulnerability to Erosion. Source: Shapiro 2010.

When we cross-reference the above map with the precipitation and runoff projections, we see that the areas of
highest risk are in central and northern HoB, eastern Sarawak, and southern Sabah.
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Table 8.8: Projected Direct Damages from Floods and Landslides
Overall
Increased damages from floods and landslides, especially in upland HoB, eastern
Sarawak, and central Sabah.
Forest Services
Increasing forest services would mitigate some of these damages through forest
usage of water and binding of soils through root structures.
Hydrological Cycle
Increase in runoffwould be responsible for the increase in damages from floods and
landslides.
Geographic Distribution
Losses most likely in upland HoB, eastern Sarawak, and central Sabah.

8.9 – Marine Fisheries
As discussed in the section on biodiversity, marine fisheries are projected to be extensively affected by climate
change. Although some studies have found that fish catch may increase in the far north, others have found that a
worldwide decrease in the tropics of 40% (Cheung et al. 2010). Tropical fish tend to be very sensitive to water
temperature and so are at the greatest risk of species loss and fish catch reduction as a result of climate change.
Additionally, many species are projected to be affected by ocean acidification. As atmospheric CO2 concentrations
increase, the rate at which CO2 is absorbed into the ocean also increases. The IPCC estimated that CO2 emissions
have already increased the pH of the oceans by 0.1 compared to the 1900 baseline and that a further increase of
0.3 to 0.4 can be projected by 2100. The effect on tropical fish and coral reefs is profound. Veron et al. (2009)
found that if atmospheric CO2 concentrations were to reach 450 ppm, extensive destruction of coral reefs and a
widespread ecosystem effect would happen.
The loss in ecosystem services value that these changes represent is large. The ADB states that “with future
changes in ocean currents as well as sea levels, seawater temperature, salinity, wind speed and direction, strength
of upwelling, mixing layer thickness, and predator response to climate change, the region’s potential as the world’s
largest producer of fish and marine products would be challenged.” Further research on how the marine fishing
industry might adapt to such changes would be extremely useful.
Table 8.9: Projected Impacts on Marine Fisheries
Overall
Effect is projected to be extremely negative for key marine fish stocks, and thus will
cause a large loss in the marine fishing industry.
Temperature
Tropical fish species are extremely sensitive to water temperature changes, which
may cause movement of species ranges outside of traditional fishing grounds.
Ocean Warming and
Projected to be the main source of marine species loss.
Acidification

8.10 – Freshwater Fisheries
The ecosystem value of freshwater fisheries is closely related to the provision of clean water, and so many of the
predictions in the watershed services section of this report are directly applicable here. As in the case of providing
clean water, the key elements of ensuring freshwater fisheries retain their value are “regulating the hydrological
cycle, ensuring sufficient dry-season flows, preventing sedimentation into waterways and supplying the water with
nutrients through decomposition of forest litter and woody debris” (Van Beukering et al. 2009).
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Given the expectation that runoff and precipitation will increase in most areas in Borneo, it is likely that climate
change will have little effect on freshwater fisheries through the provision of water. However, many fish species
are extremely temperature sensitive, and unlike plant species, increased temperature stress cannot be offset by
more precipitation. For this reason, the projected impact on freshwater fisheries is slightly negative.
The value of forests to freshwater fisheries in Aceh province was estimated to be US$129 million per year in 2010.
Again, further research would be needed to establish exactly what the economic impact in this sector would be.
Table 8.10: Projected Impacts on Freshwater Fisheries
Overall
Effect is projected to be slightly negative.
Temperature
As with marine species, freshwater tropical fish species are also very sensitive to
water temperature changes, which may cause movement of species ranges outside of
traditional fishing grounds.
Forest Services
Forests may have increasing services, providing for more clean water.
Hydrological Cycle
Increased water flow projected, except in eastern Borneo and the dry season of
southern Borneo.

8.11 – Coastal Land
The coasts of Borneo provide a variety of values, including space for real-estate and development, transport hubs,
and natural habitats and estuaries. Coastal areas are at high risk of damages from climate change due to sea level
rise and increasing storm surge (IPCC 2007). As shown in section seven, areas of relatively higher development in
Borneo are exposed to sea level rise, which will generate costs in terms of direct damages and relocation.
Additionally, agriculture located in coastal zones will be exposed to increased soil salinity, which has a negative
effect on crop yields.
The IPCC (2007) gives a range of 0.3 to 1.8 meter rise by 2100 across the SRES scenarios (0.5 to 1.0 m being more
typical), which puts many areas in Southeast Asia at risk. Additionally, the ADB reports that throughout Indonesia,
groundwater resources near Jakarta, Surabaya, and Semarang have already been affected by saltwater intrusion
(ADB 2009). Although this problem has existed in Jakarta since the 1960s, it is projected to increase in severity with
climate change. Intrusion of saltwater in shallow and deep aquifers near Jakarta has reached 10 to 15 km inland
(ibid.). A report completed by Institut Teknologi Bandung (2007) analyzed the inundation effect of 0.25, 0.57, and
1.0 cm per-year increase in sea level in land around Jakarta, finding that the area of inundation in 2050 would be
40, 45, and 90 square km, respectively.
Assessing the total cost of adapting to sea level rise is difficult due to the broad-reaching economic effects of lost
infrastructure and capital, the requirements of relocating large populations, the subsequent land-use change from
relocation, and the possibility of building sea walls to avoid damages without relocating. Several Integrated
Assessment Models (IAMs) attempt to incorporate these costs directly into the model. The likely costs of sea level
rise are large enough that they will have considerable general equilibrium effects. In other words, it is likely that
any ground-up approach of accounting for damage is likely to be incorrect, as economies will react to these costs
with changing demands, costs, and sectoral allocation. One approach for analyzing these general equilibrium
effects is found in Bosello et al. (2006), which estimates the costs of sea level rise via a computable general
equilibrium (CGE) model. CGE models have the virtue of accounting for marginal effects in behavior, shifts in
allocations, and other such effects. This study finds, for instance, that total GDP increases from increased demand
for dike building, but that consumption and welfare fall. The welfare effects are considerably smaller in this model,
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finding welfare changes ranging from -0.003% to 0.008% using United States data. However, Bosello et al. model
only a 25 cm rise in sea levels by the year 2050 and include what some have pointed out as mistakes in the model
on which these results are based (Ackerman and Munitz 2011).
Large IAMs, as discussed above, currently do not exist at a high enough geographic resolution to explain what is
likely to happen to an area like Borneo. As such, extrapolation is necessary so as to look at relative effects
compared to the rest of the world. Figure 8.6 gives insight into this by comparing areas that are projected to be
inundated by one meter of sea level rise (shaded brown in the figure) to a map of population density in 2000
across Borneo. Many of the areas that are projected to be inundated with sea level rise are also the areas of
highest population density on the island. The key population centers involved, as listed in section seven, are the
cities of Sibu in Malaysia, Samarindam, Balikpapan, Bandjermasin, Kota Tarakan in Indonesia, and most of the
coast of Brunei.
Figure 8.6: Inundation from Sea Level Rise Given One Meter Increase and Population Density. Sources: The Nature Conservancy 2011 (left)
and The World Bank 2011 (right).

In addition to the direct economic losses from infrastructure degradation and inundation, ecosystems, especially
mangrove forests, are susceptible to loss from sea level rise. The ADB reports that “mangrove forests, which act as
protectors against storm surges and coastal erosion, have been reduced in size by advancing sea water and by the
damaging impact of coastal erosion” (ADB 2009). In Borneo, mangrove ecosystems are essential nursery grounds
for various fish species, and so are also vital to fishing industries (Robertson and Duke 1987). The value of these
effects has been described in other sections.
Table 8.11: Projected Direct Damages on Coastal Land
Overall
Projected sea level rise corresponds with extensive damage to populated areas, which
will include damage to infrastructure, protection expenses, and relocation costs.
Assuming costs match the high end of the FUND model, impacts projected to reach
US$350 million.
Geographic Effect
The cities of Sibu in Malaysia, Samarindam, Balikpapan, Bandjermasin, Kota Tarakan
in Indonesia, and most of the coast of Brunei are the key population centers at risk.
Ecosystem Effect
Mangrove forests, which are essential in protecting against storm surges and provide
important nursery grounds for various fish species, may be negatively affected by sea
level rise.
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8.12 – Fire Prevention Services
As discussed in previous sections, the overall trend of more precipitation in Borneo implies that the risk of fire will
not rise dramatically as a result of climate change on average across the island. However, seasonal affects may
make certain areas more prone to fire, and thus an analysis of the potential impacts of fire frequency must be
addressed. The ability of healthy ecosystems to prevent fires is of significant value. Fire prevention directly reduces
GHG emissions that would have been released from burning but also has large impacts on biodiversity. The
tremendously damaging fires that occurred in Indonesia in 1997 and 1998, which was due to a prolonged dry
season from ENSO effects, had damages estimated ranging from US$3.5 billion to $9.3 billion (Barber and
Schweithelm 2000; Tacconi 2003).
Tacconi (2003) detailed in which industries the bulk of the harm from the 1997/1998 fires occurred. There is
considerable complexity in this question, as forest fires will reduce many other ecosystem service values, so it is
worth quoting at length some of Tacconi’s findings. Direct costs in Indonesia included US$1,461 million of timber
loss, including US$287 million in lost timber growth and US$91 million of timber plantation value. Estate crops and
non-timber forest products experienced US$319 and US$631 million of losses, respectively. Other ecosystem
services sustained damage, including US$413 million in flood protection, US$1,354 million in erosion and siltation
and US$1,446 million in carbon emissions damage. Additionally, Tacconi estimates US$148 million in health
damages from smoke, US$111 million in lost tourism, and US$33 million in transportation infrastructure damage.
As with other ecosystem services that play a role in preventing occurrences of negative events (such as flood
prevention), the value of such services is a function not only of the inherent ability of the ecosystem service to
prevent such events but also the value of land that would be safeguarded. This brings up another perennial
difficulty in such an analysis: even when adjusting for purchasing power parity, it is often the case that preserving
the land for wealthy regions seems more important than for less wealthy regions. This, however, does not seem
right insofar as no region would accept the claim that its own relative prosperity is less important. However, there
are few alternatives to address this problem when assessing services such as fire prevention.
To assess the value of fire prevention, one must consider the amount of damage sustained by an hypothetical fire
in a given location multiplied by the difference in probability of fire occurring between forested land and degraded
land. Using this approach, Van Beukering et al. (2009) estimates the annual value of fire prevention in Aceh’s forest
at US$10 million in 2010.

Table 8.12: Projected Direct Damages from Fires and the Impact on Fire Prevention Services
Overall
It is difficult to draw conclusions on fire risk. Precipitation and temperature are both
projected to increase.However, seasonal and geographic variations may be the most
important factors
Precipitation
Moderates the effect of temperature increases by preventing desiccation of the
forests.
Forest Services
Projected to be neutral or positive, which would have a positive effect on fire
prevention services.
Hydrological Cycle
Neutral to positive effect.
Geographic Distribution
Potential increases in fire risk along the eastern coast of Borneo.
Seasonal Effect
Southern Borneo experiences increased risk for fire during the summer dry period.
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8.13 – Human Health
Perhaps the most essential service that the natural environment provides is production and regulation of the basic
conditions necessary for human beings to survive. The climate itself is an ecosystem service in that it provides a
range of temperatures within which human bodies can survive, regulation of dangerous diseases, and avoidance of
catastrophic changes in these parameters. Climate change is projected to have a large negative effect on human
health, including increases in disease, heat wave illness, deaths from floods, storms, and in some regions, droughts
(Borneo specific effects were analyzed in section seven). A global average increase of 7: C, which has
approximately a 10% chance of occurring under many BaU predictions, would make some regions uninhabitable
without air conditioning, while at an 11: to 12: C increase, regions containing a majority of the human population
would be rendered uninhabitable (Sherwood and Huber 2010).
Temperature has direct effects on human health, though much of this effect is not through increases in average
temperature, but through increasing frequency and severity of heat waves. Borneo is not projected to have a
temperature increase much above that of the rest of the world, but the fact that it has temperatures in that area
already in the high range of habitable temperatures, combined with the relatively low ability to adapt with
technology such as air conditioning, together may imply that the direct costs from increased temperature are
serious. Additionally, droughts, especially in the southeast areas of Borneo, may have serious negative impacts on
human health through a reduction in the availability of drinking water.
Increasing temperature is generally projected to increase the risk of malaria (Martens et al. 2001), although the
specific implications for Borneo are unclear. Additionally, an increase in dengue cases in La Niña years, illness and
death due to heat stress, and spread of water-borne infectious diseases (ADB2009). Figure 8.7 shows the incidence
of dengue in Indonesia, which shows both an increasing trend and a pronounced La Niña effect. This graph implies
that the increasing ENSO effect projected for the region may cause an especially large increase in dengue in La
Niña years.

Figure 8.7: Incidence of Dengue (histogram) and Affected Cities (bars) and Districts (line) in Indonesia. Source: Depkes RI in
www.tempointeratktif.com, cited in ADB 2009.

The ADB uses an adaptation of the model by Tol (2002a, b) to simultaneously consider the positive effect that
rising incomes will have on human health and the negative effects associated with climate change, along with a
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variety of other factors. Under the most pessimistic scenario, the ADB’s model shows a projected increase in
deaths from cardiovascular diseases and respiratory diseases caused by increased heat stress throughout
Southeast Asia, finding a 2.9% increase for cardiovascular disease and a 9.2% increase for respiratory diseases by
2050. For dengue and malaria deaths, the number is projected by the ADB model to decline to 9,223 by 2020 as a
result of improved health care assuming no warming, but with global warming, additional deaths of 18% (1,660
total) are projected under the B2 emissions scenario (ADB 2009). To put this in dollar values, one would have to
settle on a value attached with preventing a premature death, or the associated value of adding projected years
onto individuals’ lives; however, for simplicity, this report will stop at calculating the increase in risk.
Table 8.13: Projected Human Health Impacts
Overall
Human health is projected to experience serious negative effects through increased
incidence of deadly heat waves, increased spread of infectious diseases, and droughts
in some regions.
Temperature
Although the temperature in Borneo is projected to be about the same as the global
mean, this implies that there is a 10% chance of an approximately 7: C increase under
BaU emissions.
Pests and Disease
Potentially large negative effect through increased risk of malaria and dengue. Would
be especially likely to have impacts during La Niña years.
Hydrological Cycle
Neutral to positive effect.
Seasonal Effect
Southern Borneo experiences increased risk of interrupted water service due to
drought during the dry season. Eastern Borneo also at risk.

8.14 – Tourism
Indonesia sees approximately five million tourists each year (ADB 2009). The effect of climate change on tourism is
complicated insofar as many different natural phenomena attract tourists. The loss of marine and coral
biodiversity off the coast of Borneo can be projected to have a very large negative effect on tourism, especially to
the extent that coral bleaching from sea changes makes such sites less appealing. Inland tourism is less likely to be
affected by climate change. Again, however, it is difficult to ascertain the climate-specific effect on tourism, as
much of the value attributable to tourism is directly related to other factors, such as forest quality, analyzed above.
Tourism in Aceh province received benefits from ecosystem services equal to US$2.5 million per year in 2010 (Van
Beukering 2009).
Table 8.15: Projected Tourism Impacts
Overall
Tourism is projected to decrease slightly from climate change due primarily to
reductions in marine species.
Geographic Effect
Projections indicate that climate is less likely to have negative impacts for inland
tourism.

8.15 – Road Transportation
There are parts of Borneo without road access that depend on river transportation (WWF Indonesia 2011).
Additionally, many industries rely on river transportation to move their products to market, such as coal, rubber,
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and timber. River transportation potential is projected to increase in most areas, given the projected increases in
precipitation and runoff. The southeast may have reduced river transit from drought risks and runoff decreases.
Additionally, seasonality effects may cause temporary river flow problems, especially in southern and western
Borneo, where the dry season is projected to become drier.
Roads are projected to sustain increased maintenance costs through increasing runoff and flood damage,
especially in highland HoB, where erosion risks are highest.
Table 8.16: Projected Road Transportation Impacts
Overall
Increased runoff, precipitation, and erosion may cause damage to roads.
Geographic Effect
Most likely to have impacts in mid-elevation HoB where precipitation increases are
greatest and erosion risk is highest.

8.16 – River Transportation
River transportation is projected to benefit from climate change. Increased water resources should make rivers
higher on average, allowing for heavier boats and more reliable service.

8.17 – Downstream Infrastructure
Downstream infrastructure may be damaged by increasing flood waters in rivers. The areas most at risk for this are
identified in section seven, and are in West Kalimantan, southeast Central Kalimantan, and central East
Kalimantan. Most of these effects are included in the flood and landslides risk section.

8.18 – Hydropower
Hydroelectric power generation is affected by the flow rate of water and the accumulation of sediment on the
dam. Both of these factors are determined by upstream water quality factors. The connection between climate
change and sedimentation is again determined through forest quality. A decrease in the quality of forest cover will
increase sedimentation rates, which in turn decrease reservoir storage potential and power generation.
Micro-hydropower plants, very small scale plants that generate electricity for local communities, are especially
susceptible to losses of ecosystem services. In addition to sedimentation, seasonal impairment of the hydrological
cycle has also been reported, even to the extent of forcing shutdowns in certain plants (Rojas and Aylward 2002).
The overall effect from climate change is projected to be positive. Increased precipitation and few mitigating
factors imply that increased water flow without simultaneous climate-induced changes in forest quality imply
greater water flow, and therefore greater hydropower potential.
Estimates from Van Beukering et al. show the value of micro hydroelectric generation in Aceh to be US$1.2 million
per year in 2010.
Table 8.17: Projected Hydropower Impacts
Overall
Projected to benefit from climate change.
Hydrological Changes
Water volume projected to increase, though seasonality and geographic differences
exist.
Sedimentation
Sedimentation may also increase, somewhat offsetting the effects of increased water
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volume.

9 – ECONOMY-WIDE EFFECTS
The ADB (2009) completed an exhaustive analysis of the economic effects of climate change in Southeast Asia.
Although this analysis is focused at the national level of four nations (Indonesia, Thailand, Vietnam, and the
Philippines) and is more aggregated than is ideal for an analysis of a specific location such as Borneo, the report
presents an excellent assessment of the projected macroeconomic effects.
The ADB report used the PAGE2002 integrated assessment model and follows the methodology used in the Stern
report. The PAGE2002 model was modified to regroup countries and regions so as to focus on the four countries.
The SRES A2 scenario represented BaU growth and emissions, and two CO2 peak and decline scenarios were
developed, corresponding to stabilization at 450 and 550 ppm CO2. To assess the costs of climate change, the
model estimated GDP loss due to temperature increases under the A2 scenario. These losses are then compared to
the GDP losses under the two stabilization scenarios, along with costs of mitigation necessary to achieve the
stabilization. Adaptation to climate change is included in the model by simulating the cost associated with
increasing the region’s adaptive capacity. Adaptation policy included the construction of sea walls, use of drought
and heat resistant crops, and other measures. The policies were assessed by comparing the magnitude of market
impacts under BaU with the benefits possible of avoided market impact, using cost estimates from UNFCCC.
The output of the ADB model shows significantly greater losses for Southeast Asia than the rest of the world.
Figure 9.1 below presents the projected loss in GDP under the A2 scenario for the four countries and compares it
to the average global effect. This figure ignores non-market costs and the risk of catastrophic damages. The light
blue band indicates the 5%–95% confidence interval, which is constructed by running the model 30,000 times and
recording the range of outputs. Mean GDP loss is projected to reach 2.2% per year in 2100. The confidence interval
shows a 5% chance of 5.8% GDP loss. The ADB report indicates that the mean impact in the four countries is three
times higher than the global average due to the presence of “long coastlines, high population density in coastal
areas, high dependence on agriculture and natural resources, relatively low adaptive capacity, and mostly tropical
climates” (ADB 2009). Borneo, given its much lower ratio of inland area to coastal areas than the rest of Southeast
Asia, might be projected to have lower impacts from ocean rise, but dependence on natural resources and low
adaptive capacity may offset this to some degree. More research is required to answer the GDP loss within small
geographic spaces such as Borneo. One possible route is to continue adapting aggregated models, such as the
PAGE2002 model, to focus on even smaller geographic areas; however, this is outside the scope of this report.
Figure 9.1: Loss in GDP (market impact only) Under A2 Scenario. Source: ADB 2009.
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As was discussed above, much of the value in the HoB is in its rich environmental endowment, and as such, market
values alone cannot capture the full effect of losses. Additionally, many elements of the human health impact are
non-marketed. The ADB report addresses these costs in their model, along with the risk of catastrophe. Figure 9.2
compares the cost estimates for market and non-market goods, with and without the risk of catastrophic costs,
against the baseline estimates for the market-only effects shown above.
Figure 9.2: Loss in GDP (including non-market and catastrophic effects) under A2 Scenario. Source: ADB 2009.

The projected GDP loss in 2100 is 6.7% if non-market and catastrophic costs are included, more than three times
higher than the market-only costs.
The desirability of any mitigation scenario, be it at 450 or 550 ppm CO2, depends on the extent to which net gains
after the cost of implementation are higher than the baseline BaU scenario. Figure 9.3, which charts the total loss
under the three different scenarios, illustrates this point. Comparing the S450 and A2 scenarios, the area in
between the two lines represents the total benefit of pursuing the mitigation policies to achieve S450. Using the
area instead of a point-wise comparison implies looking at total cumulative costs rather than the difference in
annual costs. To assess the optimal policy, if the cost of implementing the policy is less than the cumulative cost
(assuming both cost and benefit streams are appropriately discounted), then it makes sense to pursue climate
change mitigation activities to achieve a S450 scenario. Given the large divergence between A2 and S450 (6.7%
and 3.4% GDP loss at 2100, respectively), there appears to be considerable gains from mitigation.
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Figure 9.3: Mean Total Loss under Different Scenarios in the Four Countries. Source: ADB 2009.

The conclusion from these modeling exercises is that the overall effect of climate change to Borneo is very
negative, but most likely better than other regions in Southeast Asia, based on all of the scenarios presented (for
instance, SRES A1B by 2050).
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10 – SUMMARY OF IMPACTS FROM CLIMATE CHANGE
Given the length of this report, it may be useful to collect and reproduce the key findings from the above sections.
It is worth repeating here that these findings represent the best estimates able to be identified with the above
methodology, given the limitations on time and data availability. The following summary represents projected
impacts given a global average temperature rise of 2:C. Thus, many of the estimates that determine whether the
impact of climate change is positive or negative are made from synthesizing the best available research rather than
making a specific calculation (as typical economic analysis might imply). Nonetheless, to the extent that the
methodology used to arrive at these conclusions is accepted, these estimates represent the best feasible
information until further research on each specific point can be conducted.

Summary of Temperature and Precipitation Effects from ClimaScope Modeling in Six
Conservation Areas
All regions besides Batang Ai are projected to increase slightly more than the global average.
Precipitation is projected to increase in four of the six regions.
Two regions, Batang Ai and Kayan Mentarang, are projected to have high water stress from a combination
of increasing temperature and decreasing precipitation.
Datau Sentarum may also have water stress due to large temperature increase and small precipitation
increase.
There exists a general seasonality trend in which dry seasons become wetter and wet seasons become
dryer.

Summary of Temperature and Precipitation Effects from World Bank CCKP
Most of Borneo is projected to become wetter, but there are regions with little to negative increase in
precipitation.
o The northeast, southwest, and interior eastern coast of Borneo show the most loss in
precipitation, while most of central Borneo and the northwest are becoming considerably
wetter.
Almost all of Borneo is projected to experience temperature increases equal to the global average
increase.
o Little variance across the island.
Reductions in the maximum five-day rain are projected by these models across the island.
o Little regional variance besides the northern portion of Central Kalimantan province, the eastern
side of Sarawak, and Sabah, which show the greatest percentage increase in maximum rain.
Projected to be no change in maximum number of dry days for most of the island, with the exceptions of
the area around Martapura and parts of southeastern West Kalimantan province.
Almost all of Borneo is projected to have an increase in runoff, though the eastern coast in East
Kalimantan province is projected to have little increase or decreases in runoff.
Most of Borneo shows little risk for drought frequency increase.
o Exception: area just north of Bontang.
High-input, rainfed maize cultivation is projected to increase in yields.
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o

New areas further inland and at higher altitudes become suitable for maize cultivation, but
slightly towards the coast from this spot experiences a decrease, yielding a spreading-out of the
cultivation area.
o The bulk of cultivation land on the south and east sides of the island is projected to experience a
modest increase in yields.
Low-input rainfed maize has similar projections with high input, but more heterogeneity in the south and
east with some areas showing stronger gains (South Kalimantan province) and others showing slight
losses (parts of central East Kalimantan province).
Irrigated maize shows increases in South Kalimantan, East Kalimantan and Sabah, while some coastal
areas of West Kalimantan and Sarawak show decreases.
High-input irrigated rice shows increases in South Kalimantan and the eastern portion of Central
Kalimantan provinces, along with the western coast of West Kalimantan. Smaller or negative yield
changes are scattered throughout East Kalimantan, Sarawak, Sabah, and eastern West Kalimantan
province.

Summary of Precipitation Seasonality from The Nature Conservancy’s Climate Wizard
The general trend that the island is projected to be significantly wetter remains robust, especially in the
center of the island.
Both models show that the northeast is projected to have the least increase in precipitation.
Northern Borneo may be drier December through March (a drier wet season), and southern Borneo may
be drier June through September (a drier dry season).

Summary of Changes in Crop Suitability
Cocoa Bean: little change besides small areas in highland HoB. Almost all of Borneo at 81%–100%
suitability.
Ground Nut: decreases in East Kalimantan on the southeast coast, near Samarinda.
Mango: small change in suitable land around the eastern coast of East Kalimantan, north of Bontang.
Oil Palm: very little change. Almost all of Borneo at 81%–100% suitability.
Rice: slight contraction in suitable region along eastern coast of East Kalimantan and Sabah.
Natural Rubber: slight increase in 81%–100% suitable land throughout the HoB.
Overall: the effects on crop suitability are projected to be very small, including minor increases in
suitability for natural rubber. The two crops most at risk for reduction in suitability are rice and
groundnut, though these changes are quite small. The effect on crops is muted due to precipitation
increases offsetting temperature increases in many areas, though not all, along with offsets from carbon
fertilization.

Summary of Non-Agricultural Species Effects
Climate suitability of up to 75% of species of amphibians studied becomes unsuitable in some areas
modeled. The protected areas remain refugia.
Areas in Kutai Barat are projected to become climatically unsuitable for more than 25% of the reptiles
modeled.
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Marine fish catches are projected to decline more than 50% off the west and northeast shores of Borneo,
while the rest of the marine areas are projected to see catch losses of five to 16%.
Uncertainty exists on the net effect for mangroves and freshwater fish species.
Mammal and bird species studied are not projected to have significant areas of reduced climate
suitability.

Summary of Biophysical and Geophysical Risks
Fire risk is high and projected to increase from climate change in southwest Central Kalimantan, the south
of West Kalimantan, the east coast of East Kalimantan, and most of Sabah, especially the northern coast.
Flood risk is high and projected to increase in West Kalimantan, followed by southeast Central Kalimantan
and central East Kalimantan.
Landslide risk is high and projected to increase in much of central Borneo, northern Sarawak, and western
Sabah. Central Borneo is at considerable risk, given the relatively high precipitation increases across all
seasons.
Damage from storms and other extreme weather events is projected to increase. This would be most
problematic for coastal population centers.
Drought risk is high and projected to increase in eastern Borneo near Bontang. The southeast coast of
Borneo is already at high drought risk, and so increases from climate change would be especially
damaging here.
Sea level rise is projected to have dramatic impacts on key population centers, including the cities of Sibu
in Malaysia, Samarindam, Balikpapan, Bandjermasin, Kota Tarakan in Indonesia, and most of the coast of
Brunei.

Summary of Impact on Ecosystem Services, Economic Sectors, and Human Welfare
Carbon Sequestration: Effect uncertain. Increasing carbon concentrations may increase tree growth, but
tree mortality may also increase. Losses in rice; gains in maize.
Agriculture: Synthesis of evidence suggests the overall effect may be positive for some crops, negative for
others, but not as large of a loss as other areas in Southeast Asia. Losses in rice; gains in maize.
Water and Water Services: Would likely be benefited overall by climate change; however, important
seasonal and geographic losses are evident.
Timber: Similar to carbon sequestration, but slightly more positive due to geographic distribution of
logging activities. Increasing carbon concentrations may increase growth, but tree mortality may also
increase.
Palm Oil: Positive due to increased precipitation.
Biodiversity: Potentially negative for many marine, reptile, and amphibian species. Little or no effect
projected on inland plant, mammals, freshwater fish, or bird species.
Floods and Landslides: Increased damages from floods and landslides, especially in upland HoB and
eastern Sarawak and central Sabah.
Marine Fisheries: Extremely negative for marine fish stocks, and thus would cause a large loss in the
marine fishing industry.
Freshwater Fisheries: Slightly negative from combined effect of increased water but increased
temperature.
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Coastal Land: Projected sea level rise corresponds with extensive damage to populated areas, which will
include damage to infrastructure, protection expenses, and relocation costs.
It is difficult to draw conclusions on fire risk. Precipitation and temperature are both projected to
increase.However, seasonal and geographic variations may be the most important factors.
Human Health: Negative effects in the absence of adaptation through increased incidence of deadly heat
waves, increased spread of infectious diseases, and droughts in some regions.
Tourism: Negatively impacted, due primarily to reduction in marine species.
Road Transport: Harmed by climate change due to flooding and erosion.
River Transport: Benefited by climate change due to greater water availability.
Hydropower: Projected to benefit from climate change.
Liquid Natural Gas: Expected to benefit due to increasing water availability. However, production plants
located near the coast may incur relocation costs.
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11 – FUTURE RESEARCH
Throughout this report, references have been included as to where the analysis of the impacts of climate change in
Borneo could be improved by future research. The key areas are:
Collect, translate, disaggregate, and combine data from the two Malaysian and four Indonesian provinces, along
with Brunei, for each of the economic sectors involved. This would be a time-consuming endeavor, due to
accessibility constraints and lack of information on some key sectors.
Estimate the climate sensitivity parameter for each impact-industry pair. Essentially, each variable and outcome
pair in the impact pathway (Figure 3.2) would require a separate sensitivity parameter for full calculation. This was
not included in this report, as it would require an extensive industry-by-industry analysis using primary information
from the production techniques in each industry. Implicit in this approach would be identifying how various
ecosystem services enter the production functions of the industries in question. For example, if one knew the
marginal cost increase in a reduction of water availability in the LNG production industry, then one could correctly
identify the associated cost increase from a climate-induced reduction in water availability. With the information
from this point along with the first point, the impact pathway would be fully specified and could be calculated with
an accounting spreadsheet created for Borneo.
Create a comprehensive, GIS-based tool to account for all the climate change impacts. The accounting tool just
mentioned is a very loose approximation of how to account for these costs, and it would lose the geographic
specificity that many of the climate models are able to produce. Using GIS to account for these changes would
preserve the geographic information and is a far more flexible and powerful tool for calculating the impactindustry sensitivity parameter. An ideal tool would work from the basis of InVEST and extend it to include the
additional variables outlined in the impact pathway. For instance, this tool could use the following steps to
explicitly calculate the impact:
1.
2.

3.
4.
5.
6.
7.

8.

Run InVEST on current landscape.
Create one or more future scenarios of landscape under climate change by interacting precipitation,
temperature, sea level rise, and extreme weather events data with current land change models.
Uncertainty could be included here via the creation of multiple scenarios.
Run InVEST on future landscape(s).
Subtract future from current to compare ES value estimates.
Create table that shows differences in value for each future from present.
Repeat 1-5 for each ES affected by climate change and calculate summation of all ES effects.
Create landscapes of locations of non-ES economic value, including:
a. Real estate values near inundation zones
b. Location/output-value of climate-sensitive industries (usually water-related, such as liquid
natural gas production)
c. Location/values of climate-affected infrastructure such as river ways and roads
d. Crop value (could be expressed as a function of property value)
e. Many other economic layers are possible, though data availability is a serious constraint
Create one or more future scenarios of these maps based on different assumptions on the
relationship between climate changes and damages.
a. This point involves using the impact-industry sensitivity parameters for each cell in the map, or
impact-ecosystem-industry sensitivity parameters where applicable, as this relationship may
involve an effect different in each ecosystem.
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9.
10.

Subtract future from current economic value for each economic value map
Sum steps 6 and 9 to create total economic-cost of climate change estimate. This could be outputted
as a map, a sector-based impact table, a location-based impact table, or a single-valued cost to the
region.

The tool suggested above would involve a large amount of time and original research on establishing the values
necessary for each ecosystem service, industry production function, and climate sensitivity parameter.
Nonetheless, this would be an extremely valuable tool and would solve nearly all of the problems identified
throughout this report.
Improve information linking ecosystem impacts to ecosystem types. Certain ecosystem types may be more
vulnerable to damage from climate change, and so increased information on impacts specific to ecosystem types
will allow for greater accuracy in assessments. More systematic modeling or projections for entire ecosystem types
rather a handful of specific locations would allow more generalizable and quantifiable conclusions about the
impacts of climate change on ecosystem services. In addition, local monitoring of ecological changes will be critical
in validating the aggregate models and identifying more precisely how different ecosystem types are impacted.
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12 – CONCLUSIONS
The impact from climate change to the HoB and the rest of the island is projected to be severe. Increased risk of
floods, increased risk of forest fires, human health impacts, changes in agricultural yield, and damages to
infrastructure are projected to be serious problems. Perhaps more than any other problem, sea level rise is
projected to cause enormous damages to population centers. As noted throughout this report, the impacts on
inland forests are projected to be less severe than the global average, given a temperature increase of 2: C.
Increasing temperatures and evapotranspiration in the forests are offset by increasing precipitation, resulting in a
net increase in runoff. With greater than 2: C of temperature increase, impacts on inland forests may become
more severe. Shifting seasonality in the north and the south of Borneo may exacerbate negative impacts on
ecosystems.
Overall, forest quality and related ecosystem services are projected to experience a neutral net effect in aggregate
from climate change due to favorable hydrological conditions offsetting temperature increases. Disaggregating
these results, however, shows certain portions of forested land may experience a more negative effect. These
estimations hold only if all other factors, such as existing land use change, are held constant, but this assumption is
not likely to hold in the face of rapid conversion of land to oil-palm cultivation. Climate change coupled with
deteriorating forest quality from land use change is likely to result in more severe impacts. This increases the value
of preserving forests and pursuing climate-resilient planning policies.
The regional heterogeneity of climate impacts presents additional problems. The northeast, southwest, and
interior of the eastern coast of the island are projected to experience decreases in precipitation, which, given
overall temperature increases, imply these areas will see greater water stress on ecosystem services and economic
sectors that rely on a stable water supply or river transportation. Seasonality of precipitation changes predicts that
northern Borneo will have a drier wet season while southern and southeastern Borneo will have a drier dry season.
Drought risk is high and projected to increase in eastern Borneo, which is the area in Borneo likely to experience
the most harm from climate change.
For agriculture, the overall effect of climate change will be positive for some crops, negative for others, but not as
large of a loss as other areas in Southeast Asia. Losses may be greatest for rice cultivation while gains in maize
cultivation are projected. Biodiversity will see an extremely large loss for marine, reptile, and amphibian species
with 2: C of warming, and potentially much more with further warming. Little or no effect is projected for inland
plant, mammal, bird, or freshwater fish species. Overall, the impacts on species survival and ecosystem health are
projected to have profound effects on ecosystem services and economic sectors.
As discussed throughout the paper, there exists considerable difficulty in assessing the economic impact of climate
change in a comprehensive way. The large number of tools necessary for the construction of the climate data used
throughout the report (Figure 3.1) along with the complexity of the impact pathway diagram (Figure 3.2) show the
degree of difficulty in establishing the economic impact. Besides the number of tools, steps, and variables, there is
a great deal of uncertainty about the range of values each variable could take. This uncertainty further complicates
the analysis required to estimate the economic impact.

Given the wide array of negative impacts from climate change, it is extremely important to pursue a climateresilient planning approach. Because land use change may further exacerbate the impacts, it is important to
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consider the linkages between land use and climate and pursue climate-resilient planning policies that will not
amplify the negative impacts from climate change.
A specific example of the need for climate-resilient planning can be seen with respect to forests. Some of the
conclusions in this report follow from the basic observation that climate change may be offset to some extent by
increases in precipitation, and therefore the impact on forests will be mitigated. Following this reasoning, the land
use values reliant on forests will, ceteris paribus, also have less severe impacts from climate change. However, if
forested land with crucial environmental services (such as in the HoB) is converted to palm oil plantations, it may
no longer be the case that precipitation will mitigate some of the impacts from climate change. This analysis
primarily looked at how climate change will impact the HoB given its current land use types, not as how it could be.
Once we consider a situation that is dramatically different, there is a further type of uncertainty that could have
extremely negative effects. In this context, there is great reason to approach planning decisions with the
precautionary principle.
Ultimately, much more research is required to know the full extent of climate change impacts and to better
estimate the economic value associated with these impacts. In the meantime, however, it is clear that the impacts
from climate change and their associated costs cannot be ignored when determining how to manage the HoB's
natural systems and human economic activity.

APPENDIX 1 – REVIEW OF ANALYTICAL CONSIDERATIONS IN CLIMATE ECONOMICS
Climatic science has progressed considerably since the IPCC published its most recent Assessment Report Four
(AR4) in 2006. The most recent evidence suggests that greenhouse gas (GHG) emissions and global average
temperatures are following the most pessimistic scenario (A1Fl), sea level appears to be rising faster than
projected in AR4, and evidence has become strong that there exist critical thresholds for irreversible damage to
climate and ecological systems (Allison et al. 2009). New research on carbon-cycle feedback effects adds to the
level of uncertainty (Lenton et al. 2008). As the climate warms, carbon stored in frozen sediment and permafrost
may be released at accelerating rates, multiplying the rate at which the climate warms (Shurr et al. 2009). Forests
also exhibit feedback effects, with new evidence suggesting that the net effect of tropical forest growth lowers
warming, but boreal forest growth increases warming due to changing reflective forces.
How do these phenomena affect our economic systems? Hand in hand with the advances made in climate science,
climate economists continue to discuss, and hopefully advance, how to model what is probably the largest
externality in human history. This section presents a very brief outline of the analytical considerations implicit in
the economics of climate change. The discussion here greatly benefitted from information in a 2011 report by
Frank Ackerman and Elizabeth Stanton.

Integrated Assessment Models
Perhaps the most basic economic question regarding climate change is to determine what actions are justifiable in
response to the threat of climate change. This question becomes nebulous as many of the processes involved are
global, span centuries, present considerable uncertainty, and have dynamic, nonlinear relationships. Climate
change will affect the economy, but the economy premises what mitigation and adaptation responses are feasible,
so a system-wide understanding of climate change is necessary for one to assess the optimal response. In other
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words, climate change must be assessed in a general equilibrium framework to fully assess the costs and benefits
of different policy options.
One approach to address climate change while keeping general equilibrium effects in mind is to develop an
integrated assessment model (IAM), such as the Dynamic Integrated Climate Change Model (DICE) of William
Nordhaus and others (Nordhaus 1992). These models define the production, consumption, and environmental
relationships in an economy while allowing one to choose a policy, such as a carbon tax, to find an optimal
solution. The output of IAMs is a sequence, year by year, of optimal carbon taxes (or other such policy
instruments) that ensure the marginal cost of mitigation is equal to the marginal value of averted damages.
Essentially, IAMs help answer what level of investment in mitigation is optimal. IAMs rely on a very wide set of
assumptions and simplifications and the key measure of how to account for future values (discussed below).
Incorrect assumptions may lead to questionable values (see Ackerman et al. 2009 and Ackerman et al. 2010 for
criticism of IAM output along these lines).
Despite their limitations, IAMs are a critical tool in the assessment of policy responses to climate change, especially
if based on explicit and well-reasoned assumptions and include consideration of uncertainty, catastrophic damage,
how future costs and benefits are discounted, and distributional impacts.

Discounting Future Values
The extremely long time frame involved in assessing the value of an investment in climate change mitigation
7
means that determining the correct discount rate is pivotal to any cost-benefit analysis. Indeed, much of the
divergence in optimal policy recommendations primarily boil down to differences in the chosen rate, such as the
differences evident between Nordhaus’ work as opposed to the Stern Review (2006). In Nordhaus’ DICE model, a
3% discount rate is used, which implies that benefits as far into the future as 2100 have almost no impact on
today’s choice of optimal policy. Additionally, the choice of a higher discount rate means that mitigation costs in
the future are much lower (after they have been discounted), and so there is a bias towards incurring expenses as
late as possible. Given these effects, it is not surprising that the optimal mitigation policy found in the DICE model
includes relatively small mitigation expenses now with a slow ramp-up to more mitigation in the future. The Stern
Review chooses a much lower discount rate and finds the optimal policy to be to spend much more on mitigation
and considerably sooner.
Others argue that if there exists a desire to see humanity survive in the long term (even past the lifespan of the
person who has those desires), then there must be a point at which the discount rate falls to zero (Chichilniski
2009). Without such an effect, one would essentially be arguing that beyond a certain point, even the entire
existence of humankind has no value to the present generation, a proposition that not all would support. The
takeaway message here is that choosing the correct discount rate is of utmost important and ideally every analysis
would make explicit what rate was used and why it was chosen.

Uncertainty and Risk

7

The discount rate attempts to measure how much less we value costs and benefits in the future as compared to costs and
benefits in the present.
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will result from CO2 concentration increases.

Temperature Change (Celcius)

As the science of climate change continues to evolve, there still exists considerable uncertainty on key variables
necessary to estimate its economic impact. Perhaps the largest uncertainty present is on the climate sensitivity
parameter, defined as the change in global average temperature caused by a doubling of the atmospheric
concentration of CO2. Assessment Report Four (IPCC 2007) estimated the climate sensitivity parameter to be
between 2: and 4.5: C (10% to 90% confidence interval), but newer research such as Roe and Baker (2007)
estimate climate sensitivity to be from 1.7: to 7.2: C (again using the 10% to 90% confidence interval). To put this
in simpler terms, according to the Roe and Baker estimation, there is a 10% chance that doubling the
concentration of CO2 in the atmosphere would
Figure A1.1: Temperature Increase over
result in a 7.2: C temperature increase. Figure
2000 Level
A1.1 summarizes climate sensitivity information
4.5
by charting four estimates of temperatures that
4
3.5

Another source of uncertainty is how to translate
3
temperature changes into economic damage.
2.5
There exist ground-up approaches that attempt
2
to construct comprehensive summations of
1.5
specific damages, though it may be difficult to
account for all damages, especially systemic,
1
large-scale damages (to productivity, for
0.5
example). IAMs eschew the bottom-up approach
0
in favor of constructing economy-wide damage
450
650
850
1200
functions that define global GDP loss as a
Concentration of Atmospheric CO2 (ppm)
function of temperature increases. There is
considerable variation in damage functions used in IAMs, as seen in Figure A1.2, which charts percentage GDP
losses given a temperature increase.
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As with the estimates on climate sensitivity, we see large variation in the values produced by these functions. As a
result, policy recommendations based on these functions will widely vary, depending on how the model employed
deals with the uncertainty.
8

To account for uncertainty, models incorporate risk aversion into their formulae. This allows for the calculation of
a risk premium, namely, the amount of money a person would need to be compensated so as to be indifferent
between the risky option (the option with a wide range of possible outcomes) and a no-risk option. The risk
premium is then incorporated into the cost-benefit analysis, lowering the value of risky plans. An alternative
method for incorporating risk is to define the statistical distributions of each uncertain variable, and carry these
through the analysis, so that ideally all conclusions can also carry with them the corresponding distribution. While
this approach does not allow for direct comparison between risky and less-risky options, it preserves the
information on uncertainty, which is the source of the risk.
To highlight the effect that risk aversion has on the optimal mitigation policy, Newbold and Daigneault (2009)
modified the DICE model and created their own model to incorporate uncertainty and calculate the risk premium
under different circumstances. The presence of uncertainty in their model generated a very high risk premium, and
correspondingly high optimal levels of mitigation activities. This finding was present so long as they assumed large

8

Many models assume a constant relative risk aversion (CRRA) function for utility:

. This function is concave in

consumption, which incorporates risk aversion into any maximization of this function.
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damages (10: C increase) and a low level of consumption that would still be possible after the temperature
increase. In contrast, the same models generated small risk premia when the uncertainty was removed.

Catastrophic Damages
One element of climate science that exhibits particularly high uncertainty is that of catastrophic damages. As
Martin Weitzman argues, “the climate science seems to be saying that the probability of a disastrous collapse of
planetary welfare is non-negligible” (Weitzman 2009). Analyzing catastrophic outcomes poses very significant
challenges for economic analysis. How do we value the continuance of humankind? How much of a utility loss
would we experience from a 50% loss of population? Are welfare losses bounded? Weitzman argues that in a
9
situation where the probabilities of catastrophic outcomes are non-negligible and when utility loss from such
catastrophes is unbounded, then one finds that the marginal value of emissions abatement is literally infinity. This
is problematic to some, as an infinite marginal value implies we should pursue investments in mitigation with a
budget approaching 100% of global output. Nordhaus questions the assumptions in this analysis, and Costello et al.
(2010) show that the presence of even an extremely high upper bound (20: C or 50: C) prevents the infinite value,
bringing it back in the neighborhood of 10% of GDP. Nonetheless, Weitzman’s argument is an example of how
catastrophic damages push the limits on traditional economic analysis.
Referring back to Figure A1.2, we can also see how catastrophic damage can be represented via the damage
functions. Using Nordhaus’ definition of catastrophe, we can look at the chart to see that the Weitzman damage
function reaches 50% of GDP output at approximately six degrees of warming over 1900 temperatures, while the
Hanemann formula does not reach this value until over nine degrees of warming. The original calculations in the
DICE model require well over 18 degrees of warming to reach that threshold, which seems difficult to square with
evidence that 11 to 12 degrees of increase would cause regions containing the majority of the human population
to become uninhabitable (Sherwood and Huber 2010).

Cost Minimization Decision Making and Insurance Approaches
IAMs are based on the general framework of cost-benefit analysis and utility maximization. In many ways, the use
of this framework and its limitations are one reason uncertainty and catastrophic damages are difficult to model. A
different economic approach to addressing climate change, cost minimization decision making, is able to avoid
many of these pitfalls. Instead of maximizing utility, these models focus instead on identifying a standard of
protection from climate change that they aim to achieve (2: C of warming as the standard, for instance) and then
identify the cost-minimizing method of achieving that goal. While fundamentally similar in terms of economic
theory, this approach avoids some of the difficulties outlined above.
Implicit in this approach is the ability to implement the minimax regret criterion, which is that of choosing the
policy that minimizes the maximum regret present in the choice policy. The minimax regret criterion has been
incorporated into various models and results in recommending more stringent mitigation policies than traditional
cost-benefit analysis (Hof et al. 2010).
The analytical considerations presented in this section are incorporated into the work used throughout the rest of
this report and hopefully may be useful in providing context.

9

Weitzman discusses fat-tailed distributions of climate outcomes, where the large-loss side of the distribution is
supports values that do not quickly converge to zero as projected temperatures increase.
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APPENDIX 2 – VALUATION METHODS OF ECOSYSTEM SERVICES AND ENVIRONMENTAL
GOODS
Much of the damage from climate change will be to non-marketed, environmental goods, and so a review of how
to value such goods may be useful in this endeavor. This section contains information on general evaluation
techniques to estimate the value of environmental goods, and how these concepts apply to the HoB.
The most common technique used by economists and policy makers to establish environmental and climate policy
is cost-benefit analysis. Of course, for this approach to work, proper values of costs and benefits must be known. It
is on this point that environmental and social cost-benefit analysis becomes somewhat less straightforward when
compared with other valuation techniques. Below are the types of values that environmental economists estimate
and the corresponding methods used to establish their value (adapted from Harris 2002; Ruijgrok et al. 2004; and
Tietenberg 2000).

Direct Use Value
Many ecosystem services, like clean water provision or timber supply, have a direct market value that can be used
for valuing all or a portion of the ecosystem service. Often, however, this market value does not include all sources
of value in the ecosystem service. Additionally, it may be the case that costs and benefits do not accrue to the
person who purchases the product on the market, creating an externality. Ecosystems that provide goods rather
than services are most likely to have a marketed value, and so it is useful to distinguish between goods and
services (Ruijgrok et al. 2004). Some environmental services have close comparisons with a marketed service, such
as water purification, but others do not, and so are considered indirect use services, as discussed below.

Indirect Use Value
Indirect use values comprise a large portion of ecosystem services. For example, forested lands contain indirect
use value through the forests' ability to provide flood prevention services. Given that these are still use values, the
market impacts are real, but less obvious or more difficult to evaluate than direct market prices. Methods used to
value such services are substitution analysis, damages avoided, travel costs, hedonic pricing, and willingness to
pay. Some indirect use values may have a market price, such as carbon sequestration, though this is the result of
concerted cooperative action rather than the natural emergence of a market.

Non-Use Option Value
Many environmental decisions, especially with regard to climate change, have aspects of irreversibility. For
instance, losing a species cannot be undone in the future, but the decision to protect the species and/or its habitat
can be undone, and so preservation retains the option value of switching to a different plan. Especially in the
context of uncertainty about what desires and needs we will have in the future, option values can be very large.

Non-Use, Existence, and Bequest Value
Environmental goods and services may have value to people even without estimates of other use or non-use
values, where the existence itself is reported by people to be valuable. Alternatively, an environmental good or
service may have no use, non-use, or option value for an individual, but they still desire to see the good or service
available for future generations. This is referred to as bequest value. Figure A2.1, from Ruijgrok et al. (2004),
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summarizes these different types of values along with their valuation methods, which will be discussed in more
depth below.
Figure A2.1: Goods and Services and Valuation Methods. Source: Ruijgrok et al. 2004.

Valuation Methods
The use of market prices is subject to all the pitfalls of other economic analysis, in which market failures are
especially common. It is important to distinguish who pays the market price and who else might be affected. It is
quite possible that the market price captures a portion of the value, but non-marketed values are also present,
creating a portfolio of values. In this case, it is necessary to use additional techniques to capture the full effect.
Contingent valuation is one approach to estimate non-market values, which uses surveying of people to establish a
willingness-to-pay (WTP) for a good or service. The accuracy of this method has been questioned as being
unreasonably high due to the hypothetical nature of the question and no actual need to pay whatever one states
(Harris 2002).
Another method to elicit the value people place on the environment, specific to parks and other destinations, is
analyzing travel costs (Garrod and Willis 1999). Given that different people travel different distances to visit the
park, the effective price paid varies by visitor. Comparing these prices with the likelihood the person will visit
allows for construction of a demand curve, which can then be used to establish welfare gains and losses associated
with policy changes. While the values obtained with this method do not include all ecological values, this method
can be useful in establishing a baseline value of a reserve.
A third method, hedonic pricing, is used to establish value through revealed preferences and extant market choices
(see Goffe 2000 for an example in agriculture and forestry). By running a regression analysis to see how prices of
marketed goods are affected by changes in attributes of environmental goods and services that provide value to
the marketed good, one can establish the value of the environmental good. However, the resulting value is only
the portion of the environmental value that is present in the marketed good, and if other goods outside of the
analysis are also benefiting from the environmental good, then the hedonic pricing method will necessarily
underestimate the total value.
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Substitution analysis takes a different approach to value ecosystem services. Often, though not always, there exists
a non-environmental substitute for an ecosystem service, such as a water treatment plant that could purify water
in the same way as a healthy forest. In this case, the water treatment plant is a substitute for part of the value of
the ecosystem with a known value. This method identifies the likely avoided costs of preserving the ecosystem
service. Analyzing avoided costs is obviously relevant to other aspects of climate change, such as the expense
associated with building levees capable of holding back sea level rise.
All the valuation methods listed above require discounting of future values and calculation of risk premia when
used in a cost-benefit analysis. These concerns were discussed in section four with respect to climate change.

Applying Valuation Methods to Borneo
Several studies have applied various valuation techniques to establish the value of certain ecosystem services in
Borneo. Naidoo et al. (2010) estimated the value of standing forests in highland Borneo and the threat to that
value from converting forest land to palm oil cultivation, focusing on carbon storage, health costs associated with
increased fires from conversion to palm oil, and the economic benefits associated with local agroforestry.
Estimating the value of carbon storage relies on analyses that establish the social cost of carbon (Akerman and
Stanton 2011a). Once this value is known, the value of a forest stand, for example, can be calculated based on the
value of carbon and the carbon sequestration potential of the stand. The costs of increasing fire risks relied on
established estimates of the relationship between particulate matter and increased hospital visits (Vajanapoom et
al. 2001; Anaman & Ibrahim 2003; cited in Naidoo et al. 2010). And finally, to calculate income lost from reduced
agroforestry, Naidoo et al. used estimates from Dewi et al. (2005) that established the links between the role of
forests in people’s livelihoods in East Kalimantan and implications from land use change.
While not directly applicable to the HoB, the study conducted by Van Beukering et al. (2009) on the total economic
value (TEV) of the Aceh Forest Ecosystem presents a very useful method to account for a wide variety of changes.
Their study draws on the impact pathway approach (EC 1995), and is similar to the impact pathway identified in
section three of this report. The values found in Van Beukering et al. will be used extensively in section ten.

APPENDIX 3 - DEFINITION OF IPCC CLIMATE CHANGE SCENARIOS
Throughout this report, references were made to various SRES climate change scenarios. The use of such scenarios
is helpful to clarify exactly what assumptions are being used on economic growth, levels of globalization, economic
growth, and the extent to which the countries in the world converge to similar income levels, among others. Below
are the four main climate change scenarios used in the Fourth Assessment Report from the IPCC (2007) along with
subfamilies within each scenario.
A1:
The A1 scenario describes a future of rapid economic growth, a population that peaks at nine billion in 2050
followed by gradual decline, the quick spread of efficient technology, and an equalization of incomes across
different regions of the world.
A1FI: In this scenario, the A1 is modified to assume an intensive use of fossil fuels.
A1B: Assumes a balanced use of all energy sources.
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A1T: Assumes an emphasis on non-fossil energy sources.
A2:
The A2 scenario is similar to A1 but with more interdependency between self-reliant nations, continuously
increasing population, and regional economic development.
B1:
This scenario assumes a world that is more integrated and environmentally aware. Specifically, it assumes rapid
growth (as in A1) but with swift transition to a service and information economy, reductions in intensity of
production, the switch to cleaner, more efficient technologies, and an emphasis on global approaches to
sustainability.
B2:
The B2 scenario is similar to B1, but assumes a world that is more divided. It assumes continuously increasing
population (but slower than in A2), local solutions to sustainability, an intermediate level of development, and less
swift technological change than in A1 or B1.
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