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Overview

e Sustainable development, an integrated
approach

* Introduction to ecosystem services

* Models for the estimation of ecosystem services
 What model to use?

 Example



Sustainable development, an
integrated approach
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Sustainable development, an
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Forests have an
important ecological
function in fixing and
storing carbon from

the atmosphere.
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mitigates the effects
of events such as
tropical rainstorms,
reducing the
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What is an ecosystem?

“Dynamic complex of plant, animal and micro-organism
communities and their non-living environment interacting
as a functional unit”

(UN Convention on Biological Diversity)

Note:
» Definition is independent of spatial scale
* Ecosystems are inevitably interconnected or overlapping

* The scale of analysis depends on the relationships we want to
study

) SEEA 16



Ecosystem Assets

e Spatial area comprised of characteristics that are
fundamental to analysis of ecosystems, such as:
e Stocks and changes in stocks (extent and condition)
* “Operational” characteristics of an ecosystem asset
o Structure (e.g. food web)

= Composition (biotic and abiotic components)
= Processes (e.g. photosynthesis)
= Functions (e.g. resilience)

e Contrast with “individual resources”

) SEEA
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Ecosystem Condition

* Overall quality of an ecosystem asset, in terms
of its characteristics
* Land cover, biodiversity, spatial extent, soil type,
freshwater, altitude and slope, climate
* Condition (along with ecosystem extent) reflects
changes to expected future flows of ecosystem
services (capacity)

* Need to prioritize most relevant characteristics
first

) SEEA
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Ecosystem Services

“.. the contributions of ecosystems to benefits
used in economic and other human activity” (TEEB,
2010)

* “Contributions” because ecosystem services can be combined with
other inputs (e.g. economic infrastructure) to provide benefits

* [In some cases the contributions may be equivalent to the benefit
(where there are negligible other inputs)

* Not all flows from the environment are ecosystem services
e Excludes extracted minerals
* Presence of human beneficiaries necessary

) SEEA

19



Ecosystem Services as Flows
From Ecosystem Assets

Individual & societal well-being

Benefits
SNA & non-SNA

Ecosystem services

N
Inter-ecosy

Human inputs (e.g.
labour, produced assets)

Ecosystem processes
System characteristics Intra-ecosystem flows

ECOSYSTEM ASSET

; 1SEEA



Types of ecosystem services

Provisioning
Services

Regulating
Services

Cultural
Services

0 SEEA

= goods that can
be harvested

from, or extracted

from ecosystems

= the regulation of
climate,
hydrological,
ecological and soil
processes

= the non-material
benefits provided
by ecosystems

Example:
providing fish for
fisheries, or
providing wood for
timber harvest

Example:
pollination, carbon
sequestration,
flood control

Example:
recreation,
tourism, providing
a setting for
cultural or
religious practices

~

IUCN
o

Tools for measuring,
modelling, and valuing
ecosystem services




Ecosystem Change and Human
Well-being

CONSTITUENTS OF WELL-BEING

ECOSYSTEM SERVICES Security
o PERSONAL SAFETY
Provisioning SECURE RESOURCE ACCESS
FOOD SECURITY FROM DISASTERS
FRESH WATER
WOOD AND FIBER
FUEL - .
Basic material
for good life Freedom
. ADEQUATE LIVELIHOODS of choice
Supporting Regulating g:gl%gm NUTRITIOUS FOOD and action
NUTRIENT CYCLING CEIMATE FIEQULATICN C(E--0cOOD- OPPORTUNITY TO BE

FLOOD REGULATION
DISEASE REGULATION
WATER PURIFICATION

ABLE TO ACHIEVE
WHAT AN INDIVIDUAL

SOIL FORMATION
PRIMARY PRODUCTION

VALUES DOING
Health AND BEING
STRENGTH
FEELING WELL
Cultural ACCESS TO CLEAN AIR
AESTHETIC AND WATER
SPIRITUAL
EDUCATIONAL
RECREATIONAL Good social relations
SOCIAL COHESION

MUTUAL RESPECT
ABILITY TO HELP OTHERS

LIFE ON EARTH - BIODIVERSITY

Source: Millennium Ecosystem Assessment

ARROW’S COLOR ARROW’S WIDTH
Potential for mediation by Intensity of linkages between ecosystem
socioeconomic factors services and human well-being
Lo Weak Source: MEA
P Medium — Medium

SEEA

I High [ Strong



Modeling approaches

Systems
Model

Environ- Human
mental health
models models

Economic
models

Detailed Detailed Detailed
place-based place-based
model model models

There is no single model that can address all the needs of
decision makers and stakeholders at multiple scales

3 SEEA




What are ecosystem service
models?

Models, and hence a simplified representations of reality

Represent the processes in ecosystems that result in
services

These processes can be captured by sets of equations or
proxy variables

In most cases focused on creating spatial outputs



What are ecosystem
service models?

Accounting Context

e Spatial modelling to produce maps of

ecosystem services.

* In the case of data gaps, spatial interpolation
and/or modelling techniques can be used.

* Various datasets can be used (e.g. remote sensing
Images, thematic maps, surveys for specific
administrative or ecological units, and point data from
specific studies).

* These datasets have to be spatially defined.

) SEEA



Model types

* There are a range of spatial modeling tools
available for the modelling of ecosystem services.

 Two main approaches:

* Simple: “Look-up Tables” approach or “proxy-based”,
based on multipliers and statistical approaches.

 Complex (static or dynamics): process-based models.
Represent ecological processes to estimate ecosystem
service provision based on a specific land cover / land
use map and other data inputs (e.g. topography).

) SEEA



Look up table - proxy-based

e Specific values for an ecosystem service are
attributed to every pixel in a certain class, usually
a land cover or land use class.

* Makes use of various sources, and it is a form of
knowledge integration.

e Ultimately quality of estimation based on the
quality of land cover maps, similarity of conditions
between study area and source of information.

) SEEA



Process-based

* Forecast values for a specified ecosystem service based
on how one or more environmental variables affect the
value of that service.

* This is done using equations (assumed relationships).

* “Value” can be a measure of a relevant environmental
variable (e.g., tons of carbon or liters of water), the
monetary or nonmonetary value to humans, or a measure
of use of the service by people.



Examples

A GUIDE TO SELECTING ECOSYSTEM
SERVICE MODELS FOR DECISION-MAKING

ARIES (aries.integratedmodelling.org) FoIT

* An open-source technology that can select
and run models to quantify and map ecosystem
services, including physical generation, flow, and extraction by beneficiaries.

=~
IUCN
o

Tools for measuring,
modelling, and valuing
ecosystem services

Co$ting Nature (http://www.policysupport.org/costingnature)

* A web-based series of interactive maps that defines the contribution of ecosystems to
the global reservoir of a particular ecosystem service and its realizable value (based on

flows to beneficiaries of that service).

INVEST (www.naturalcapitalproject.org/invest/)

» A suite of free, open-source software models from the Natural Capital Project used to
map and value the goods and services from nature. INVEST returns results in either

biophysical or economic terms.

Many other models are available, e.g. Multiscale Integrated models for

Ecosystem Services (MIMES), Social Value for Ecosystem Services (SolVES),

Land Utilization and Capability Indicators (LUCI).
See: http://aboutvalues.net/method database/

o SEEA



http://aboutvalues.net/method_database/

INVEST

- S@AIMent retention model

(’F‘/’ifl)ﬂmE;ﬂT.QI SP".'ir.' es
and tradeoffs

Biophysical inputs

N e
Land use/Land cover Streams
Bt 8 + associated factors affecting
soil loss and retention
Slope Watersheds
Sediment thresholds

Rainfall erosivi i
ainfall erosivity (of reservoirs or water

quality requirements)

Soil erodibility

© Natural Capital Project 2013




INVEST . !
e SEAIMENt retention model

!
environmental services
and tradeoffs

Sediment retention sediment loads



InVEST

e S@CAIMENt retention model

environmental services
and tradeoffs

Routed Universal Soil Loss Equation

Sediment held in place by vegetation Upslope sediment tiapped by vegetation

A

{, \ l x—1 x-1 \
SED, =(R,-K,-LS,-(1-C,-P,))+| SE,>_USLE, [ [(1- SE.)
y=1 z=y+l

R, rainfall erosivity

K, soil erodibility

LS, slope length factor

C, crop or vegetation factor

P, support practice factor

SE, sediment retention

USLE, RKSLCP of upslope pixels

SE, sediment retention efficiency of downslope pixels

© Natural Capital Project 2013

Q SEEA



What model to use?

- A GUIDE TO SELECTING ECOSYSTEM A
SERVICE MODELS FOR DECISION-MAKING £~

Lessons from Sub-Saharan Africa

WRI, CEH and ESPA (2018) propose
5 steps to help decide which model to use:

« Step 1.Determine the policy questions and scope of the
research.

» Step 2.Consider the decision-making context.

» Step 3.Evaluate ecosystem service models in the decision-
making context.

» Step 4.Reassess your data resources and modeling capacity.
» Step 5.Choose the most appropriate model.

o SEEA



Figure C1| Schematic of the Characteristics of Less- vs. More- Complex Models

MODEL COMPLEXITY HIGH

Deterministic model Process-based model

Co$ting Nature INVEST water
Carbon model supply model

WaterWorld water
supply model

Co$ting Nature water
supply model

198[01d H3SIM Ul paiepl|en siapopy Jo sajduiex?

LPIHGUESS water and
carbon model

COMPLEXITY ASSESSMENT CRITERIA HIGH

Accura cy:lpredmtmns, represerftanveness o
Data requirement: type, resolution, frequency -
Utility: scenarios, policy assessment ety -

g L. ] —_4p ,// \ A
Difficulty of use: training, software clarity rem o AN

A GUIDE TO SELECTING ECOSYSTEM A
SERVICE MODELS FOR DECISION-MAKING
L

4 S E EA Source: WRI authors, adapted from Willcock et al. 2016.




m  Possible model choice: LPJ-GUESS = Possible model choice: Construction of bespoke models,

; . such as agent-based models or local process models
= Example of policy questions to address:

= Example of policy questions to address:

_ . , +/ Which are the best actions to maintain specific
= Example of policy applications: Resource conservation and management services under climate change?

\/ Which are the most important locations for delivery of a specific service?

./ How will alternative strategies affect production of
ecosystem services and their use by people?

= Example of policy applications: Cost-effective climate
adaptation policies; UN Sustainable Development Goals

AND MODELING CAPACITY

m Possible model choice: Benefit Transfer, WaterWorld, Co$ting Nature = Possible model choice: InVEST
= Example of policy questions to address: = Example of policy questions to address:
J What is the fotal economic contribution of each land use class in a region? \/ How will a focus on production—e.q. forestry or

agriculture—impact other ecosystem services?

m Example of policy applications: Estimating valus of
environmental externality to correct market failure = Example of policy applications: Evaluating the
benefits of landscape restoration interventions

SOURCE AVAILABILITY

Mote: 3ee Appendix B for details on the models mentioned.
Source: WRI.

i ﬁs N Y

A GUIDE TO SELECTING ECOSYSTEM Pt
SERVICE MODELS FOR DECISION-MAKING = f~x- 4
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Example: WWF’s ‘Road to Dawel’ Study

The “Road to Dawei” project

involves the construction of a road

link from Bangkok (Thailand) to oy
Dawei (Myanmar), across the highly o

biodiverse Dawna Tenasserim X
W

Landscape (DTL), and it was
conceived under the framework of P
the “Dawei deep-sea port” project. ,,.



Relevant Example: WWF’'s ‘Road to Dawei’ Study

Three methodologies were used:

1. The InVEST tool to generate spatial information and estimate
changes in natural capital stocks

2. Causal Loop Diagram to identify the main drivers and impacts of land
use change in the DTL region.

3. The Integrated Planning for Sustainability (IPS) model was developed
using the System Dynamics methodology, and incorporating the key
drivers of land use change and impacts.
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‘System mapping for the ‘Road to Dawei’
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Qkfvi-ng natural capital in Tanintharyi Region, Myanmar
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Natural features along the coastline, such *  Forests along the eastern region store Forested mountainous areas also play Areas with high water yield are
as mangrove forests, reduce vulnerability carbon that otherwise would contribute an important role in reducing soil erosion particularly important for
of coastal populations to storm waves, to climate change. into downstream areas.

sustaining agriculture, drinkin;
water supply, hydropower an
other human needs.

particularly in the densely populated
north.
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Indonesia case study

Low Carbon Development plan is a set of inclusive development L o
planning policies and low-carbon investment strategies for the RPJMN Bappenas
2020-2024 and the Roadmap of SDG 2030 that encourage Indonesia to

reduce the intensity of emissions and GHG Emissions

k

| — Trade Off
o O Int lated H Activiti d I
DEVELOPMENT nter-related Human Activities an . .
INDONESIA Natural Capital Accounting Carrylng Capac'W

Impact/
Pressure

Energy Capacity

Marine

DEVELOPMENT Agriculture Forestry

POLICY 6

Settlement Fishery
Etc.

Carrying Capacity

Biodiversity

Availability

Trade Off Sectoral

Economy Poverty Emission Intensity GHG Emission
Target



Indonesia case study

Carrying capacity is embedded in the model using two main
dynamics:

* Ecosystem services: water and air quality have a negative
Impact on productivity and therefore on economic
performance.

* Ecological scarcity: the use of natural resources is
essential for production. The decline of the stock of
available natural resources leads to price increases (e.g.
Imports are generally more expensive than domestic
production, and fossil fuels become more and more
expensive to extract as depletion increases).

) SEEA



Indonesia case study

“a
Kementerian PPN/
Bappenas
GDP growth rate - with resource constraint
(potential and actual) The limitations of natural

8.0% resources (depletion of Water,

7.5% Energy and Forests) are

7.0% projected to hamper economic

oo Externalities == growth if there is no
6.0% . . o

intervention in development
policies that pro-carrying

5.5%
5.0%

4.5% capacit
0 Resource P Y
4.0% scarcity
3.5%
3.0%

N DA DD DO A O DD DN DN DDA DN D D

PP PNV PP R P D D W P

I S SIS SIS S S S S S S S S S S S S S S S Sl Availability of Real Level of l

Baseline NO EXTERNALITIES === Baseline Projection Bappenas Natural GDP growth
Resources

Projection: Projection of Deputy of Economy Bappenas
Potential No Externality: Indonesian Simulation of V2045 with unlimited resources
Baseline No Externality: Indonesian Simulation of V2045 no externalities, with resource scarcity

Note: Temporary simulation results and
validation will be carried out




Thank you

For questions please contact me at:
andrea.bassi@ke-srl.com
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