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- Ecosystem Service (ES)
- ES Modeling: INVEST

2. ES Model Applications for Decision Making
- Jeju Island, Korea: sustainable development
- Sumatra, Indonesia: land use planning
- Hainan Island, China:

3. Summary & Discussion
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Linkages among Ecosystem, Ecosystem Services,
and Human Well-being

Drivers of Change

Climate Change
Management
= == =3 Environmental Cycles

Ecosystem

Moditied from MA (2005)

Human well-being

Basic material for good life
Health

Security

Good social relations
Freedom of choice and action

Decision Tlmplementation




Decision Support Tools: Integrated ES Modeling

Ecosystem/Biodiversity Human Wellbeing
Ecosystem . Supporting .
Structure/ -Functlon Provisioning Benefit ‘ Value
Process Regulating
Cultural

4 I
M Bio-Physical Approach Socio-Economic-Cultural Approach
E
T
H
o) Integrated Approach
D » Integrated Ecosystem Service Modeling : Bio-physical process + socio-economic-cultural aspects

X MA (2005), TEEB(2010), Ahn (2010) .



Decision Support Tool : Integrated ES Modeling

ES Economic  Stakeholder Tradeoff Spatial Tempora Ecosvstem User
Types Valuation Engagement  Analysis Scale | Scale Y Friendly
Watershed
/National/ Terrestrial :
VEST Regional/ Marine High
Global
Watershed
/National/ Terrestrial
Regional/ Marine
Global
Watershed
/National/ Terrestrial
Regional/ Marine
Global
EcoPgth/ 3 K KL Dynamic Marine Medium
EcoSim oanl
Ocean National/R
Health 10 egional/Gl | Static Marine High
Index obal
IMAGE 8 Global | Dynamic | Temestral Low
Marine
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INVEST

integrated valuation of
environmental services
and tradeoffs

understand what we get from nature

L 2@ -
X -
.
e .o
v 4." F
G ols

______

decision to improve human welfare INVEST is the leading tool for

waters and their biodiversity of vital benefits flowing from - incorporating natural capital into
natural capital to people decisions
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* ecologists * policy, GIS and
e oceanographer communication
e coastal engineers specialists

* hydrologists * economists

e software engineers » geographers

biologists




integrated valuation of
environmental services
and tradeoffs
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Current Terrestrial Models Bl

integrated valuation of
environmental services
and tradeoffs

Biodiversity: Habitat Quality

Water vield for hydropower production

Erosion control: reservoirs and WO

Water purification: nutrient retention

Carbon sequestration & storage

Managed timber production

Crop pollination




Water Yield: Reservoir Hydropower Production

Transpiration
) Precipitation ' Evaporation

"L Plant type  Sieasonaliy %,
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Water Yield: reservoir Hydropower Production

» Actual Evapotranspiration
mm/year

» Water yield

mm/year

» Water supply
m3/year
Used in valuation

» Energy/value for hydropower
Kw/currency over timespan



Nutrient
retained

Nutrient Retention Model

Pollutant input

Valuation

B
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Sediment Retention:
Water Quality or Reservoir Dred

& Potential Soil loss
e . Calculated from USLE
| Tons/year

Sediment Retained

Tons/year
Used in valuation

Sediment Exported

Tons/year Sediment

retention
I High
Value of Sediment Removal Low

for Water Quality/Dredging
Currency over time period

+ Total export
to reservoir




Recreation

Aquaculture
Fisheries

Coastal Protection

Renewable Energy (wave and wind)
Aesthetic Quality

Water Quality

Habitat Risk Assessment

Carbon Sequestration

INVEST

integrated valuation of
environmental services
and tradeoffs




Crop

Nutrient
Retention

Marine
Water

Aquaculture

Wave/Wind

INVEST Models & Linkages

Production Energy

(Water quality) Quality

Water Yield Habitat

Crop (Hydropower, Coastal Aesthetic
Vulnerability Quality

Quality/Risk

Pollination Irrigation,
Assessment

Drinking)

Sediment
Managed .
. Retention Coastal y
Timber . . Recreation
. (Water quality, Protection
Production

Avoided dredging)

Carbon Flood Risk ARG Overlap

e includin .
sequestration Mitigation ( . & Analysis
recreational)

Non-Timber

Forest Blue Carbon
Products

M) Terrestrial/freshwater model: Tier 0 ~—» Optional model linkage

A Terrestrial/freshwater model: Tier 0 mw > Required model linkage

~ Marine model: Tier 1
~ Marine model: Tier 0

* Model coming soon!



! [ Model
Input Data (reflect scenarios) Marine InVEST Models ots O_u O
(ecosystem services & values)

ECOSYSTEM VALUATION

/ \ SERVICES €.g.
Value of
Carbon
carbon
= Carbon :> Sequestered sequestered
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INVEST

Economic valuation methods [

environmental services
and tradeoffs

« Market valuation
— Carbon
— Timber
— Non-timber forest products

« Avoided damage costs
— Water purification
— Flood mitigation

— Avoided erosion and
flooding

 Production Economics
— Fish for food

— Pollination of agricultural
crops




Spatial Planning

Payment for Ecosystem Services
Climate Adaptation Planning
Development Impacts and Permitting
Restoration Planning

Corporate Risk Management

0 5,000 10,000
s Kilometers




Define Partnerships, Compile Data Generate Baseline &

Roles & Obijectives

Scenarios

Assess Out

lterate & Build
Capacity

InVEST

Inform
Decisions

integrated valuation of
environmental services
and tradeoffs

Synthesize Results
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1. Jeju Island, Korea: Sustainable development
2. Sumatra, Indonesia: Land use planning
3. Hainan Island, China:

How to integrate ES tradeoffs into sustainable land-use man
agement?

25




. Sumatra, Indonesia: sustainable land use planning

Background Information
Deforestation is the largest threat
- Decrease water quality and forest products

- ldentify ecosystem-based land use plans that would support
biodiversity conservation and ecosystem service
production while fostering economic development

- 26 -



(1) ‘ecosystem vision’ scenario of sustainable land use
(2) the government’s spatial land plan: a business as usual scenario.

I Natural forest
Production forest

I Plantations Scenario #1
o : Sumatra

B Forest -, P Ecosystem
B Plantations e 5 ¥ = Vision

(60% more
forest than
2008)

I Natural forest
Production forest o
B Plantations ScenarIO #2
Government
spatial plan
Same natural
forest as 2008
(but likely
worse)

Central Sumatra in 2008




Carbon stock
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Tiger conservation lar
otal sediment retained (2
High

Low
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Landscape-wide changes in ecosystem services

M % change from 2008 to Vision

-100 B % change from 2008 to plan

-150

Habitat Carbon Nitrogen Phosphorus Sediment Water yield

quality stock retention retention retention
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Hainan demonstration

Hainan Island @

Legend
7 A Hydrological

station

River
E Watershed
Elevation (m)
[ Jo-150

[ ] 150 - 300
[ 300 - 450
B 450 - 600
B 600 - 75
B 50 - 900
B o0 - 1200
B 1200 - 1500
I 500 - 1800

Setting
3.4 X104 km?

8.7 million people (2010)

The first ecological
demonstration province

Goals
Biodiversity conservation

Water resource
conservation

Storm peak mitigation
(2010 flooding lost USD $2
billion)



Hainan demonstration

LULC change impacts on ES between 1998-2008
— Natural forest: 37.4% - 28.0% (lost 25.3%)
— Rubber plantation: 17.3% = 36.1%

Solution
— CEM: Complex Ecosystem Management

Compleé epoé"y"stem mahageméht’,

Natural forest Monoculture IAgREe gtiogcoblls =



Rubber

——1998 ——2008

/ \

Phosphorus retention

Rubber
—0—2008 ——CEM
15
Carbon
1.0
0.5

Storm mitigation

Forest habitat

Erosion regulation

Nitrogen retention

Forest habitat

Erosion regulation

Phosphorus retention

Nitrogen retention

2008-CEM

Rubber

I |mprovement
No change
Il Decline

Habitat

I Improvement
No change
Il Decline

Erosion

Greastest
improvement

No change
I Greastest
Aanlina

N

I improvement

No change

I Greastest

- improvement

No change
I Greastest
decline
Storm mit.

No change
I Greastest
decline
Carbon

No change

I Greastest
decline



Halnan lessons

Decisions actions and
scenarios

Rubber comes at the incenﬂy
expense of many other

ecosystem services

Natural capital

Institutions .
in Ecosystems

Complex ecosystem

decision-making

management can help \

mitigate environmental . mation / Ibiopgylsica
moqaels

Costs Values Services

economic
and
cultural
models




Halnan lessons -

Decisions actions and

scenarios

Rubber comes at the
expense of many other
ecosystem services

incentives

Natural capital

Institutions

Ecosystems

in
Complex ecosystem

management can help

mitigate environmental N / biophysica

| models
COSIS

Values Services

economic
and

| ots of effort needed to

“ y ltural

close the loop models
Benefits, costs, and livelihood

implications of a regional payment for
ecosystem service program (China)




Ecological Economics (Ruckelshaus et al. 2013)

% Applying a BES approach is most effective in leading to
policy changes
v'Simple ecological production function models have
been useful in a diverse set of decision contexts

v'Training local experts in the approaches and tools is
Important for building local capacity, ownership, trust,
and long-term success

v'Decision makers and stakeholders prefer to use a variety
of BES value metrics
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v An important science gap exists in linking
changes in BES to changes in livelihoods, health,
cultural values, and other metrics of human
wellbeing

v'Communicating uncertainty in useful and
transparent ways remain challenging

v'Limited Data Availability in different scale in
time and space
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