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Overview

• Sustainable development, an integrated 
approach

• Introduction to ecosystem services

• Models for the estimation of ecosystem services

• What model to use?

• Example
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Ecosystem services affect us in 

various ways, not only 

economically 

(e.g. health, well-being)



Sustainable development, an 
integrated approach



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
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Ecosystem Assets

• Spatial area comprised of  characteristics that are 

fundamental to analysis of ecosystems, such as:

• Stocks  and changes in stocks (extent and condition)

• “Operational” characteristics of an ecosystem asset

▫ Structure (e.g. food web)

▫ Composition (biotic and abiotic components)

▫ Processes (e.g. photosynthesis)

▫ Functions (e.g. resilience)

• Contrast with “individual resources”
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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



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

• Excludes extracted minerals

• Presence of human beneficiaries necessary 
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Individual & societal well-being

Benefits

SNA & non-SNA

Ecosystem services

ECOSYSTEM ASSET

Ecosystem characteristics Intra-ecosystem flows Inter-ecosystem flows

Human inputs (e.g. 

labour, produced assets)

Ecosystem processes

Ecosystem Services as Flows 
From Ecosystem Assets



Types of ecosystem services



Ecosystem Change and Human 
Well-being

Source: MEA



Implemen-
tation

Science & 
analytics

Policy level Systems 
Model

Environ-
mental 
models
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model

Detailed 
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model

Human 
health 
models

Economic 
models

Detailed 

models

There is no single model that can address all the needs of 

decision makers and stakeholders at multiple scales

Systems

Model

Modeling approaches



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?

• 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. 



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).



Look up table – proxy-based

• 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. 

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



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

ARIES (aries.integratedmodelling.org)

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

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/

http://aboutvalues.net/method_database/


Land use/Land cover
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What model to use?

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.







The “Road to Dawei” project 

involves the construction of a road 

link from Bangkok (Thailand) to 

Dawei (Myanmar), across the highly 

biodiverse Dawna Tenasserim

Landscape (DTL), and it was 

conceived under the framework of 

the “Dawei deep-sea port” project.

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.

Relevant Example: WWF’s ‘Road to Dawei’ Study
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System mapping for the ‘Road to Dawei’



Indonesia case study
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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).



Indonesia case study
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Thank you

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

mailto:andrea.bassi@ke-srl.com

