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Abstract

We estimated the current value of ecosystem
services for terrestrial ecosystems in 47
countries in the Asia and the Pacific region.
Currently, these provide $US14 trillion/yr. in
benefits, most of which are non-marketed
and do not show up in GDP. We also esti-
mated the changes in terrestrial ecosystem
services value for scenarios to the year
2050, built around the four Great Transition
Initiative archetypes: (1) Market Forces
(MF); (2) Fortress World (FW); (3) Policy
Reform (PR); and (4) Great Transition
(GT). Results show that under the MF and
FW scenarios the ecosystem services value
in the region continues to decline from $14
trillion/yr in 2011 to $11 and $9 trillion/yr
in 2050, respectively. In the PR scenario,
the value is maintained around $14
Trillion/yr in 2050 and in the GT scenario
it is significantly restored to $17 Trillion/yr.
We also show more detailed maps and re-
sults for 8 selected countries in the region
(Bhutan, China, India, Philippines, Thailand,
Cambodia, Laos, Vietnam) and compare our
results with a previous national study of
Bhutan. Our results indicate that adopting

a set of policies like those assumed in the
GT scenario would greatly enhance human
wellbeing and sustainability in the region.

Key words: Ecosystem Services, Scenario
Planning, Sustainable Development, Well-
Being, Ecosystem service mapping

1. Introduction

Many of the countries in the Asia and Pacific
region are on a path of development similar
to the one taken by Europe and the United
States over the past few centuries. This form
of development focuses on growth of Gross
Domestic Product (GDP) (Costanza et al.
2014) with little regard to damages to natural
and social capital. This kind of development
replaces natural capital with built capital
(Kubiszewski et al. 2013) which in turn dam-
ages ecosystem services in the process. This
pattern of development also increases income
and wealth inequality while damaging social
capital in the process.

Ecosystem services are a major contributor
to sustainable human well-being (Costanza
et al. 1997; Millennium Ecosystem Assessment
(MEA) 2005). GDP growth focused develop-
ment has already had a significant negative
impact on the global value of ecosystem ser-
vices. Between 1997 and 2011 the global value
of ecosystem services decreased by an esti-
mated USD 20 trillion/yr due to land use
change (Costanza et al. 2014). This is a loss
comparable to about 1/3 of the global GDP in
2011.
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This paper develops and evaluates ecosys-
tem services scenarios for the Asia and the
Pacific region out to the year 2050. It shows
the consequences of various policy decisions
on land-use and the value of ecosystem services.

1.1. Scenarios

Scenario planning is a structured process of
assessing alternative futures (Kahane 2004;
Bohensky et al. 2011; Costanza et al. 2015).
The goal of scenario planning is to present
potential futures based on policy decisions
around influential and uncertain drivers
(O’Brien 2000). Unlike forecasting, projec-
tions, and predictions, scenarios explore plau-
sible rather than probable futures (Peterson
et al. 2003).
The four scenarios developed for this study

are a synthesis of prior scenario studies, but
are based around the four ‘Great Transition Ini-
tiative’ (GTI) archetypes (Hunt et al. 2012) cre-
ated by an international network of scholars,
using models and regional analyses (Raskin
et al. 2002; McGrail 2011). The GTI also de-
veloped land and water use projections for
each scenario, which we incorporated. The
GTI scenarios are described in more detail
later, but in summary are:

1. Market Forces (MF): an economic and
population growth archetype based on neo-
liberal free market assumptions;

2. Fortress World (FW): an archetype in
which nations and the world become more
fragmented, inequitable, and head towards
temporary or permanent social collapse;

3. Policy Reform (PR): a continuing eco-
nomic growth archetype, but with
discipline/restraint/regulation based on as-
sumptions about the need for government
intervention and effective policy; and,

4. Great Transition (GT): a transformation
archetype based on assumptions about
limits to conventional GDP growth and
more focus on environmental and social
well-being and sustainability.

The ecosystem services in these four scenar-
ios were estimated for all countries globally

(ELD Initiative 2015). In this paper, we focus
on the Asia and Pacific region.

2. Methods

3. Global and National Land use Change
Scenarios

Detailed Great Transition Initiative (GTI) sce-
narios exist for both the global system and sev-
eral regions.1 Brief narrative descriptions of
each scenario, extracted directly from the GTI
website, are reproduced here:

Market Forces TheMarket Forces scenario is
a story of a market-driven world in the 21st cen-
tury in which demographic, economic, environ-
mental, and technological trends unfold
without major surprises. Continuity, globaliza-
tion and convergence are key characteristics
of world development – institutions gradually
adjust without major ruptures, international
economic integration proceeds apace and the
socioeconomic patterns of poor regions con-
verge slowly toward the development model
of the rich regions. Despite economic growth,
extreme income disparity between rich and
poor countries, and between the rich and poor
within countries, remains a critical social trend.
Environmental transformation and degradation
are a progressively more significant factor in
global affairs.

Policy Reform The Policy Reform scenario
envisions the emergence of strong political will
for taking harmonized and rapid action to en-
sure a successful transition to a more equitable
and environmentally resilient future. Rather
than a projection into the future, the Policy Re-
form scenario is a normative scenario con-
structed as a backcast from the future. It is
designed to achieve a set of future sustainabil-
ity goals. The analytical task is to identify
plausible development pathways for reaching
that end-point. Thus, the Policy Reform sce-
nario explores the requirements for simulta-
neously achieving social and environmental

1. www.greattransition.org/explore/scenarios
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sustainability goals under high economic
growth conditions similar to those of Market
Forces.

FortressWorld The Fortress World scenario is
a variant of a broader class ofBarbarization sce-
narios, in the hierarchy of the Global Scenario
Group.(Gallopín et al. 1997) Barbarization sce-
narios envision the grim possibility that the so-
cial, economic and moral underpinnings of
civilization deteriorate, as emerging problems
overwhelm the coping capacity of both markets
and policy reforms. The Fortress World variant
of the Barbarization story features an authoritar-
ian response to the threat of breakdown.
Ensconced in protected enclaves, elites safe-
guard their privilege by controlling an
impoverished majority and managing critical
natural resources, while outside the fortress
there is repression, environmental destruction
and misery

Great Transition The Great Transition
scenario explores visionary solutions to the sus-
tainability challenge, including new socioeco-
nomic arrangements and fundamental changes
in values. This scenario depicts a transition to
a society that preserves natural systems, pro-
vides high levels of welfare through material
sufficiency and equitable distribution, and
enjoys a strong sense of local solidarity.

Each of these scenarios has implications for
land use and management. The interactive web
tool, Futures in Motion, on the GTI website
was used to derive estimates of land use change
(urban, cropland, forest, grassland, desert),
population, GDP, and other variables such as
inequality for these four future scenarios to
the year 2050.2 The GTI scenarios did not,
however, include changes in wetlands. These
were estimated based on past trends in wetland
loss seen between 1997 and 2011 for the MF
and FW scenarios, (Costanza et al. 1997; Mil-
lennium Ecosystem Assessment (MEA) 2005;
Costanza et al. 2014) a policy of ‘no net loss’
for the PR scenario, and an aspirational wet-
land restoration policy for the GT scenario

based on achieving wetland areas similar to
those in 2000 (Mitsch & Day 2006; Gascoigne
et al. 2011; Costanza et al. 2014). These
changes are described in more detail later in
the section on results.

3.1. Unit Value Change Scenarios

Changes in value of ecosystem services in these
scenarios were estimated to be due to two
factors: 1) change in area covered by each eco-
system type; and 2) change in the “unit value”
– the aggregate value of all the marketed and
non-marketed ecosystem services per ha per
year of each ecosystem type due to degradation
or restoration. The unit values change depend-
ing on management policies of the land and
water. These effects were separated out by
evaluating the scenarios in two ways: a) using
the 2011 unit values estimated by Costanza
et al. (2014) and only changing land use; and
b) changing both unit values and land use. Like
all estimates at this scale, this is a simplifica-
tion; however, for the purposes of this exercise
it was thought to be sufficient. Obviously,
much more elaborate and sophisticated model-
ling and analysis can be done (Turner et al.
2016), but this is left for future studies.

The unit value changes were based on policy
and management assumptions likely to occur
in each scenario. For example, in the Policy
Reform (PR) scenario, it was assumed that a
slight improvement in policies around the envi-
ronment and ecosystem services would allow
maintenance of the 2011 unit values until
2050, while in Fortress World (FW), unit
values would decrease by 20 per cent on aver-
age. These per cent changes were based
roughly on the estimates included in the
Bateman et al. (2013) study of six future
scenarios for the UK. However, they are not
intended to be empirically derived, but rather
are plausible estimates of the magnitude of
change that could occur under each hypotheti-
cal scenario. In general, the following was as-
sumed for each of the four scenarios:

1. Market Forces-Free Enterprise: decrease
in consideration of the environmental and
non-market factors resulting in an average
10 per cent reduction in unit values from2. www.tellus.org/results/results_World.html
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their 2011 levels. In this scenario, climate
change has not been dealt with.

2. Fortress World-Strong Individualism:
significant decrease in consideration of
environmental and non-market factors
resulting in an average 20 per cent reduc-
tion in unit values from their 2011 levels.
In this scenario, climate change has
accelerated.

3. Policy Reform-Coordinated Action:
slight improvement from 2011 policies
and management leading to no significant
change in unit values from their 2011 esti-
mates. In this scenario, climate change has
been moderated.

4. Great Transition-Community Well-
Being: significant increase in consideration
of environmental and non-market factors
resulting in an average 20 per cent in-
crease in unit values from their 2011
levels. In this scenario, climate change
has been addressed.

3.2. Mapping

The spatial data layers for the four scenarios
were created via a loose coupling with the
scenario projection modelling. The modelling
of each scenario generated a change in land-
cover for the following types: Urban,
Wetland, Cropland, Forest, Grassland, and
Desert. A modified version of the GlobCov
data product (Costanza et al. 2014) was used
as the original base data. For each scenario,
the land-cover base grew or shrank based
on the percentage changes of that land-cover
scenario projection. All growth and loss were
adjacent to the existing original extent of that
land-cover. Precedence for these land-cover
changes occurred in the following order:
Urban, Wetland, Cropland, Forest, Rangeland/
Grassland, and Desert. This precedence worked
in such a way that all previous land-cover
transitions are excluded from subsequent
conversion (e.g. cropland can not replace ur-
ban or wetlands). The results of these models
can be presented as tables and as maps for
any country or region in the world, and this
paper presents examples of Bhutan, China,

India, Myanmar, Philippines, and the Southeast
Asia region.

4. Results and Discussion

4.1. Values in 2011

Table 1 shows the total ecosystem service
values in 2011 and in the four scenarios for
countries in East/South Asia and in Oceania.
Not surprisingly, China has the largest ecosys-
tem services value in 2011, at USD $3.6
trillion/year closely followed by Australia with
USD $3.4 trillion/year. India and Indonesia
follow closely with total ecosystem services
values in 2011 of USD $1.8 trillion/year and
USD $1.7 trillion/year, respectively. These
ES values are similar despite India having a
greater total land area (3.2 million km2) than
Indonesia, which has a land area of 1.9 million
km2. This shows that India’s land has been
converted to systems with lower ecosystem
services unit values as compared to that of
Indonesia.
In 2011, the East/South Asia and Oceania

made up 22% of the world terrestrial area,
36% of Gross World Product (GWP), and
19% of the world’s ecosystem services value
(Table 1). The majority of this comes from
Asia, which makes up 16% of the world’s land
area, 35% of the GWP, and 13% of its ecosys-
tem services value. China alone is 45% of
Asia’s land area (7% of the world’s), 43% of
Asia’s GDP (15% of the world’s), and 36%
of Asia’s ES value (5% of the world’s).
China’s ES value is not that much lower than
the whole of Oceania, which has an ES value
of USD $3.95 trillion/year or 5.5% of the
world’s total ES value. However, Oceania only
makes up 1.2% percent of the world GWP.
This shows that with similar land areas, China
and Oceania have similar ecosystem services
values, with very different GDPs.

4.2. Future Values of Ecosystem Services

Table 1 shows that the largest overall decline in
ecosystem services in these regions would oc-
cur under the Fortress World (FW) scenario
with a 34% decrease. The Market Forces
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(MF) scenario also experiences a large decline
in ES values in the regions with a 23% decline.
Policy Reform (PR) only experiences a slight
decline of 1% while the Great Transition
(GT) scenario sees a gain of 24% in total eco-
system services values. Oceania is the least im-
pacted in all four of the scenarios. In FW and
MF it has the lowest decline in total ES values
of all the regions with a 30% and 19%

decrease, respectfully. Oceania experiences al-
most 0% change under the PR scenario but it
also has the lowest gain under the GT scenario.

At the country level, Afghanistan showed
the greatest losses in the ecosystem services
values in both the FW and MF scenarios of
77% and 71% loss, respectively (Figure 1). In
the PR scenario, but Afghanistan and Pakistan
show considerable losses in ES values with

Figure 1 Map of the Asia and Oceania region showing the scale of percent change from the 2011 base map in eco-
system services value for each country in each of the four scenarios
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10% loss. However, these two countries also
showed the greatest gains under the GT scenar-
ios with a gain of 40% in Pakistan and 37% in
Afghanistan. We see the greatest changes in
these countries under all the future scenarios
because they are the most arid countries in this
study. An arid country will experience more
desertification under a bad conditions then a
country that starts with a lot of water and robust
ecosystems. This is also true if future condi-
tions are good, more impact will be seen in
places that have had little ecosystem services
in the past since any changes will increase
those services quickly. This is in comparison
to an area that already had a high level of ser-
vices, adding additional services in certain

ecosystemswill requiremore input.Ontheother
hand, there is no country or countries that stand
out as being least affected in all four scenarios.
New Zealand, Japan, and South Korea have
the smallest loss of ecosystem services value in
the MF and FW scenarios, in the range of 5-
6%. American Samoa and Palau have the
smallest increase in the GT scenario, and there
areabout20countries thatexperiencenochange
of ecosystem services value in the PR scenario.
We also pulled out eight countries in the re-

gion (Bhutan, China, India, Philippines, Thai-
land, Cambodia, Laos, Vietnam) for more
detailed description of the results. Figure 2a-e
shows land cover for each biome for the 2011
base map and the four scenarios to 2050,

Figure 2 (a-e): Maps for four countries (Bhutan, China, India, Philippines) and the Southeast Asia region (Thailand,
Cambodia, Laos, Vietnam) showing the biome land use changes for four scenarios compared to 2011 ecosystem ser-
vices values. First Column: Maps of the land cover of each biome for the base map and the four scenarios. Second

Column:Maps of the pixels changed between the base map of 2011 and each of the four scenarios. In theMF and FW
maps, there aremultiple symmetric circular desert areas. These occur because a single desert pixel in the original base
map grew symmetrically outwards from all edges of desert. Third Column:Maps of the change in the value of eco-

system services between the base map of 2011 and each of the four scenarios.
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changes in the land cover between 2011 and
each of the four scenarios (shown as those
pixels that changed or did not change), and
the change in ecosystem services value from
the 2011 values to each of the four scenarios
within that country or region. This figure
shows which areas of each country or region
will be most affected in the future and how
the ecosystem services in that area will change.
Such information provides policy makers with
the knowledge they need to ensure that the bi-
omes that are most at risk and the most valu-
able within those countries are protected.

4.3. Comparison With a National Study

In 2013, a national study of the Kingdom of
Bhutan found that the total ecosystem services

valuewasUSD$15.5 billion/year (Kubiszewski
et al. 2013). Our current global study deter-
mined that the total ecosystem services value
of the same area was USD $14.9 billion/year,
only a 4% difference even though the two stud-
ies varied in several ways.

Below are some of the primary differences
between the two studies.

• Resolution. The global model has a one-
kilometer resolution while the national study
was at a much finer resolution (Figure 3).
Using a one-kilometer resolution implies
that if any part of the pixel that touches the
Bhutanese border is counted, even if only a
small percentage of the one-kilometer pixel
is in Bhutan itself. Resolution and pixel in-
clusion is partially responsible for the differ-
ence in Bhutan’s land area in the two studies.

Figure 2 (Continued)
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In the global study the total land area for
Bhutan used was 3.998 million hectares
while in the national study it was 3.870

million hectares, a difference of 128 thou-
sand hectares. Resolution also makes a differ-
ence in the biomes detected in the model.

Figure 2 (Continued)
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Figure 2 (Continued)
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Figure 2 (Continued)
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Figure 3 Two maps of Bhutan both showing the total ecosystem services value of the country. Top: Total ecosystem
services valuemap produced by the global model used in this study to value ecosystem services globally. Bottom: Total

ecosystem services value map used in the 2013 national study of Bhutan
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Although the national study found 3,528
hectares of inland wetlands in Bhutan, they
are all smaller than 1 km2, meaning that the
global study did not pick up any wetlands in
Bhutan.

• Data Source. The data from the global model
came from a remote sensing study, which
used satellite images to identify the biomes
based on how they looked from space. This
method sometimes has a hard time
distinguishing between similar biomes. For
example, the global study shows 804,000
hectares of tropical forests in Bhutan, even
though all of Bhutan’s forests are temper-
ate. On the other hand, the land cover data
from the national study was government
data that had been extensively ground
truthed.

• Unit Values. In both studies, the unit values
for each square kilometer of biome were de-
rived through the use of benefit transfer. In
the national study, all transferred values
were carefully vetted to ensure that they
were from regions similar in climate, qual-
ity, and other characteristics before averag-
ing. The global model averaged values
from all over the world, making them less
specific to Bhutan itself. For example,
temperate forests cover almost 75% of
Bhutan’s land area. In the national study,
temperate forests were valued at USD
$5,040 per hectare per year while in the
global study, temperate forests were val-
ued at USD $3,137 per hectare per year.
With a difference of USD $1,903 per
hectare per year, this creates a difference
of almost USD $5.5 billion per year for
the total ecosystem service value of Bhu-
tan. This difference is much greater than
the difference between the total ecosystem
service values we found between the two
studies, showing that other differences be-
tween the studies also impact the total
value.

5. Conclusions

The Asia and Oceania regions are at a stage of
development where the policy decisions made

in the near future will have huge impacts on
environmental and social well-being, not only
of these countries but for the entire world.
The impacts on the production of ecosystem
services in the four scenarios we evaluated
can be anywhere from a decrease of USD
$4.7 trillion per year (a loss of USD $1.2
trillion/yr in Oceania and USD $3.5
trillion/yr in Asia) to an increase of USD
$3.3 trillion per year (a gain of USD $844
billion/yr in Oceania and USD $2.4
trillion/yr in Asia). This is significantly larger
than most of these countries’ GDPs. Policies
that would create the Fortress World or the
Market Forces scenarios would have the
greatest impact on the poorest (Fisher et al.
2014). It is the poorest in any society that have
the highest dependence on direct ecosystem
services and are the first to feel the affects
when those ecosystem services begin to disap-
pear. The Great Transition scenario, on the
other hand, would allow natural capital in
these countries to thrive, increasing human
well-being (Kubiszewski et al. 2013; Costanza
et al. 2014).
The Great Transition scenario is also consis-

tent with the recently adopted UN Sustainable
Development Goals (SDG’s) (United Nations
2015). All the countries in the region have
agreed to meet the SDGs. The GT scenario es-
timates the value of ecosystem services that
will occur if these countries achieve the SDGs.
The alternative MF and FW scenarios produce
a significant decline in ecosystem services and
human wellbeing more broadly. The time has
surely come to move away from the narrow fo-
cus on GDP growth that has drive past devel-
opment policies and toward a more balanced
set of goals like the SDG’s that can restore eco-
system services and improve sustainable
wellbeing.
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