Appendix 2. Ecosystem services frameworks (chronological order 1987-2014)

Figures A2.1-A2.84

All figures reproduced with permission
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Figure A2.1. An early conceptual framework of ecosystem services. The functional
interrelations in this figure represent the goods and services provided by the natural
environment and, in the other direction, the impact of human activities on natural processes
and components.

Source: de Groot, R.S. (1987) Environmental functions as a unifying concept for ecology and
economics. The Environmentalist, 7:105-109
Figure on page 107. Reproduced with permission from Kluwer Academic Publishers.
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Figure A2.2. Types of natural and human-made capital stocks, good and service flows, and
their interdependence.

Source: Costanza, R. & Daly, H.E. (1992) Natural capital and sustainable development.
Conservation Biology, 6: 37-46

Figure 1, page 39. Reproduced with permission from John Wiley & Sons.
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Figure A2.3. Linkages between pressures from human activity, ecosystem change and
degradation of ecosystem and human health.

Source: Rapport, D.J., Costanza, R. & McMichael, A.J. (1998) Assessing ecosystem health.
Trends in Ecology and Evolution, 13:397-402
Figure 1, page 399. Reproduced with permission from Elsevier.
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Figure A2.5 Environment entitlements framework.
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Figure A, page vi. Reproduced with permission from World Resources Institute.
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Figure A2.10. The Millennium Ecosystem Assessment Conceptual Framework: interactions
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Source: Millennium Ecosystem Assessment (2005) Ecosystems and human well-being:
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Figure B, page vii. Reproduced with permission from World Resources Institute.
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Figure A2.12 Biodiversity as response variable affected by global change drivers and as
factor modifying ecosystem processes and services and human well-being.
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Figure 11.1 page 300. Reproduced with permission from World Resources Institute.
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Figure A2.13. Harmful effects of ecosystem change on human health

Source: Millennium Ecosystem Assessment (2005) Ecosystems and Human Well-being:
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Figure 2, page 71. Reproduced with permission from Annual Reviews
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Figure 1, page 237. Reproduced with permission from Elsevier
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Figure A2.21 An operational model for implementing the safeguarding of ecosystem
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Figure 1, page 9484. Reproduced with permission from the National Academy of Sciences
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Figure A2.23 Factors that guide agency and path dependence in ecosystem service use.

Source: Loring, P.A., Chapin III, F.S. & Gerlach, S.C. (2008) The Services-oriented
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systems. Ecosystems, 11: 478-489

Figure 2, page 481. Reproduced with permission from Springer-Verlag.
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Figure A2.24 Ecosystem Services Framework- ecosystem services-based decision support
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Figure 1, page 27. Reproduced with permission from Ecological Society of America
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Figure A2.25 Multi-scale linkages of governance and ecosystem services. Governance and
ecosystem services are interlinked at multiple scales, in ways that may or may not be
effective for building or maintaining ecosystem services and human well-being

Source: Carpenter, R.S., Mooney, H.A., Agard, J., Capistrano, D., DeFries, R.S., Diaz, S. et
al. (2009) Science for managing ecosystem services: Beyond the Millennium Ecosystem
Assessment. Proceedings of the National Academy of Sciences of the United States of
America, 106: 1305-1312.

Figure 4, page 1310. Reproduced with permission from the National Academy of Sciences
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Figure A2.26 An iterative process for integrating ecosystem services into decisions.

Source: Daily, G.C., Polasky, S., Goldstein, J., Kareiva, P.M., Mooney, H.A., Pejchar, L.
et al. (2009) The role of ecosystem services in conservation and resource management.
Frontiers in Ecology and the Environment, 7:21-28

Figure 1, page 22. Reproduced with permission from the Ecological Society of America.
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Figure A2.27 A framework showing how ecosystem services can be integrated into decision
making. Any two ovals can be linked in any direction; the simplest version is presented here.

Source: Daily, G.C., Polasky, S., Goldstein, J., Kareiva, P.M., Mooney, H.A., Pejchar, L.
et al. (2009) The role of ecosystem services in conservation and resource management.
Frontiers in Ecology and the Environment, 7:21-28

Figure 2, page 23. Reproduced with permission from the Ecological Society of America.
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Figure A2.28 Conceptual relationship between intermediate and final services, also showing
how joint products (benefits) can stem from individual services.

Source: Fisher, B., Turner, R.K. & Morling, P. (2009) Defining and classifying ecosystem
services for decision making. Ecological Economics, 68:643-653
Figure 3, page 646. Reproduced with permission from Elsevier
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Figure A2.29. Possible spatial relationships between service production areas (P) and service
benefit areas (B) (see original for further explanation).

Source: Fisher, B., Turner, R.K. & Morling, P. (2009) Defining and classifying ecosystem
services for decision making. Ecological Economics, 68:643-653
Figure 5, page 650. Reproduced with permission from Elsevier
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Source: McLeod, K. & Leslie, H. (eds) (2009) Ecosystem-Based Management for the
Oceans. Island Press: Washington, DC

Figure 1.1, page 5 (Chapter 1: Why Ecosystem-Based Management? K. McLeod & H.
Leslie). Reproduced with permission from Island Press.



INTERNATIONAL SCALE: CONSEQUENCES FOR THE EARTH SYSTEM

Global and Regional Land Use & Cover: Global and Regional Climate
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Figure A2.31 A schematic diagram indicating an integrated process/economic modelling
framework.

Source: Robinson, D.A., Libron, I. & Vereecken, H. (2009) On the definition of the natural
capital of soils: a framework for description, evaluation, and monitoring. Soil Science Society
of America Journal, 73: 1904—1911

Figure 2, page 1908. Reproduced with permission from Alliance of Crop, Soil, and
Environmental Science Societies.
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Figure A2.32. Ecosystem service-based goals hierarchy with individual services (right)
grouped into four ecosystem services types.

Source: Bryan, B.A., Grandgirard, A. & Ward, J.R. (2010) Quantifying and exploring
strategic regional priorities for managing natural capital and ecosystem services given
multiple stakeholder perspectives. Ecosystems, 13:539-555

Figure 3, page 543. Reproduced with permission from Springer-Verlag.
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Figure A2.33 The Press-Pulse Dynamics framework provides the basis for long-term,
integrated, social-ecological research. The right-hand side represents the domain of
traditional ecological research; the left-hand side represents human dimensions of
environmental change; the two are linked by ecosystem services and by pulse and press
events influenced or caused by human behaviour (bottom and top, respectively).

Source: Collins, S.L., Carpenter, S.R., Swinton, S.M., Orenstein, D.E., Childers, D.L.,
Gragson, T.L. et al (2010) An integrated conceptual framework for long-term social—
ecological research. Frontiers in Ecology and the Environment, 9: 351-357

Figure 1, page 353 Reproduced with permission from the Ecological Society of America
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Figure A2.34 Framework for integrated assessment of ecosystem and landscape services.

Source: de Groot, R.S., Alkemade, R., Braat, L., Hein, L. & Willemen, L. (2010a).
Challenges in integrating the concept of ecosystem services and values in landscape planning,
management and decision making. Ecological Complexity, 7: 260-272

Figure 1, page 262. Reproduced with permission from Elsevier
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Source: de Groot, R., Fisher, B., Christie, M., Aronson, J., Braat, L., Gowdy J, et al. (2010)
Integrating the ecological and economic dimensions in biodiversity and ecosystem service
valuation. In: Kumar, P. (ed.) The Economics of Ecosystems and Biodiversity: Ecological
and Economic Foundations, London: Earthscan, 940

Figure 4, page 11. Reproduced with permission from Taylor & Francis



Ecosystems & Biodiversity Services
Ec0|ogica| i' """"" = """""'E L BENEFITS & VALUES
| Functions @ { | "proyisioning . Indicators
structures & ' Production ! R Economic |
processes | P ol | =g (welfare) Economic
Regulation Regulating | (eg. prices, GDP)
(photosynthesis, | -water regulat. ‘ == IOO_d prev. ‘I Social Socio-cultural
nutrient cycling, : Habitat g Habitat (wellbeing) | (eg. human
food-chain | - requirements -Nursery | wellbeing indices)
dynamics, etc.) | Information ! Cultural Ecological ‘ Biophysical
| -landscape \_-Recreation (sustainability) | ' (eq resilience)

Human well -being

R

External Direct drivers (1
Drivers <<—| * Land-use (change)
(eg Climate | » Habitat destruction I-
change « Pollution & disturb.
- Resource use, etc

i

Indirect drivers (': Demography,
Technology, Economy, etc

1) The four bold-lined boxes coincide with
the overall MA- Framework

‘\
\

Governance and Decision making

different actors
TEEB-reports:

* (Inter)national policy

makers

/” Addressing needs of

Aggregation of values
for decision support:

« Local policy makers/

administrators

-Trade-off analysis
(incl. CBA, MCDA)

- Accounting Systems

* Producers/Businesses

* Consumers/Citizens

(eg SEEA)

J
/4

2 subset of ecosystem processes & components

that is directly involved in providing the service
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Figure A2.37 Schema showing the interdependence of the indicator suitability criteria.

Source: Feld, C.K., Sousa, J.P., Martins da Silva, P. & Dawson, T.P. (2010) Indicators for
biodiversity and ecosystem services: towards an improved framework for ecosystems
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Figure 1, page 2901. Reproduced with permission from Springer Netherlands.
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Figure A2.38 The relationship between biodiversity, ecosystem function and human well-
being.

Source: Haines-Young, R., & Potschin, M. (2010) The links between biodiversity, ecosystem
services and human well-being. In: Raffaelli, D. and Frid, C. (eds) Ecosystem Ecology: A
New Synthesis. BES Ecological Reviews Series, CUP. Cambridge: Cambridge University
Press, 110-139

Figure 6.2, page 116. Reproduced with permission from Cambridge University Press
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Figure A2.39 A framework for conservation in Europe integrating Ecosystem Services (ES)
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The main links between the two loops are indicated by arrows).
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Figure 1, page 2969. Reproduced with permission from Springer Netherlands
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Figure A2.40 Ecosystem goods and services unitized into three service categories: green,
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Source: Klug, H. & Jennewien, P. (2010) Spatial modelling of agrarian subsidy payments as
an input for evaluating changes of ecosystem services. Ecological Complexity, 7:368-377
Figure 3, page 374. Reproduced with permission from Elsevier
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Figure A2.41 The MA (2003) framework adapted to explain transboundary ecosystem
services shared by the US and Mexico.

Source: Lopez-Hoffman, L., Varady, R.G., Flessa, K.W. & Balvanera, P. (2010) Ecosystem
services across borders: a framework for transboundary conservation policy. Frontiers in
Ecology and the Environment, 8:84-91

Figure 2, page 86. Reproduced with permission from the Ecological Society of America
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Figure A2.42 The process and key components of The South East Queensland (SEQ)
Ecosystem Services Framework.

Source: Maynard, S., James, D. & Davidson, A. (2010) The development of an ecosystem
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Figure 3, page 892. Reproduced with permission from Springer-Verlag



1. Identify available ES [ES1| [ES2| [ES3 ES4

for management area \j [ / communication

2. Communicate ES & Societal values

link societal values to ES o Stakeholder

3. Select ES via stakeholde l participation
_ Vi r

participation & legislation ES—4‘ /

4. |dentify indicators for Provision Demand

sustained provision of ES

100
EO

5. Quantify levels of 40
provision & demand for ES o

I

6. Calculate ESP

Figure A2.43 Major steps in the development of an Ecosystem Services Profile (ESP)
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Figure 3, page 278. Reproduced with permission from Elsevier
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Figure 2, page 578. Reproduced with permission from SAGE
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Figures 1 & 3, pages 2827 & 2831. Reproduced with permission from Springer Netherlands
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Figure 1, page 42. Reproduced with permission from the Royal Society of Chemistry
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Figure A2.48 The DPSIR framework and the ecosystem services and societal benefits set
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Figure A2.49 Framework for assessing the economic consequences of losing biodiversity
and ecosystems.

Source: Balmford, A., Fisher, B., Green, R.E., Naidoo, R., Strassburg, B., Turner, R.K. &
Rodrigues, A. S. L. (2011) Bringing ecosystem services into the real world: an operational
framework for assessing the economic consequences of losing wild nature. Environmental &
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Figure 2, page 164. Reproduced with permission from Springer Netherlands



Figure A2.50 Illustration of the relationship between core ecosystem processes, beneficial
ecosystem processes, and ecosystem benefits.

Source: Balmford, A., Fisher, B., Green, R.E., Naidoo, R., Strassburg, B., Turner, R.K. &
Rodrigues, A. S. L. (2011) Bringing ecosystem services into the real world: an operational
framework for assessing the economic consequences of losing wild nature. Environmental &
Resource Economics, 48:161-175

Figure 3, page 165. Reproduced with permission from Springer Netherlands
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Figure A2.51 Firm-level ecosystem service valuation framework (LCA =Life Cycle
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natural environments for valuation of privately owned ecosystem services. IEEE International
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Figure A2.52 Conceptualizations of ES and human well-being (WB) that do not disaggregate
human well-being (i.e. the beneficiaries). Hypothetical increases in ES and well-being are
indicated by bold boxes. (a) Simplistic aggregated view of well-being and ES, which leads to
assumptions that increases in ES will lead to increases in well-being. (b) Elements of human
well-being are disaggregated, recognizing that different ES may contribute to different
elements of well-being. (c) ES are disaggregated to explore trade-offs between them.

Source: Daw, T., Brown, K., Rosendo, S. & Pomeroy, R. (2011) Applying the ecosystem
services concept to poverty alleviation: the need to disaggregate human well-being.
Environmental Conservation, 38: 370-379.

Figure 1, page 371. Reproduced with permission from the Foundation of Environmental

Conservation
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Figure A2.53 Aspects of ES and human well-being relevant to poverty alleviation that are
highlighted by disaggregating human beneficiaries of ES

Source: Daw, T., Brown, K., Rosendo, S. & Pomeroy, R. (2011) Applying the ecosystem
services concept to poverty alleviation: the need to disaggregate human well-being.
Environmental Conservation, 38: 370-379.

Figure 2, page 372. Reproduced with permission from the Foundation of Environmental
Conservation
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Figure A2.54 Framework for assessing wetlands—livelihood interlinkages

Source: Kumar, R., Horwitz, P., Milton, G.R., Sellamuttu, S.S., Buckton, S.T., Davidson,
N.C. etal (2011) Assessing wetland ecosystem services and poverty interlinkages: a general
framework and case study. Hydrological Sciences Journal, 56:1602-1621

Figure 2, page 1609. Reproduced with permission from Taylor & Francis
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Figure A2.55 UK NEA Overall Conceptual Framework: showing the links between
ecosystems, ecosystem services, good(s), valuation, human well-being, change processes and
scenarios.

Source: UK National Ecosystem Assessment (UK NEA) (2011) UK National Ecosystem
Assessment Technical Report. UNEP-WCMC: Cambridge
Figure 2.1, page 13 (Chapter 2, Conceptual Framework and Methodology, M. Mace and I.

Bateman). Reproduced with permission from the UK NEA.
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Figure A2.56 UK NEA Ecosystem services framework: The full set of ecosystem processes,
services, goods/benefits and values used in the UK NEA.

Source: UK National Ecosystem Assessment (UK NEA) (2011) UK National Ecosystem
Assessment Technical Report. UNEP-WCMC: Cambridge
Figure 2.3, page 18 (Chapter 2, Conceptual Framework and Methodology, M. Mace and 1.

Bateman et al). Reproduced with permission from the UK NEA.
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Figure 1, page 713. Reproduced with permission from Springer-Verlag
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Figure A2.58 Ecosystem Properties, Potentials, and Services (EPPS) framework for the
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Figure 1, page 10. Reproduced with permission from Elsevier
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Figure A2.59 Selected spatially relevant phenomena reflecting different scales

Source: Bastian, O., Grunewald, K. & Syrbe, R.U (2012) Space and time aspects of
ecosystem services, using the example of the EU Water Framework Directive. International
Journal of Biodiversity Science, Ecosystem Services & Management, 8: 5-16

Figure 1, page 9. Reproduced with permission from Taylor & Francis
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Figure A2.60. A framework for analysing the robustness of social-ecological systems from
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Source: Bowd, R., Quinn, N., Kotze, D.C., Hay, D.G. & Mander M. (2012) The
identification of potential resilient estuary-based enterprises to encourage economic
empowerment in South Africa: a toolkit approach. Ecology and Society, 17:15
Figure 1. Reproduced with permission The Resilience Alliance and The Authors



Categories of Categories of Kinds of Values
Ecosystem Services Benefits

Figure A2.61 Suggested use of the typologies of ecosystem services and values. Modified
from Chan et al. (2011).

Source: Chan, K.M.A., Satterfield, T. & Goldstein, J. (2012) Rethinking ecosystem services
to better address and navigate cultural values. Ecological Economics, 74: 8—18
Figure 1, page 13. Reproduced with permission from Elsevier
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Figure A2.62 Framework for characterizing ES that might be affected by management or
planning.

Source: Chan, K.M.A., Guerry, A.D., Balvanera, P., Klain, S., Satterfield, T., Basurto, X. et

al (2012) Where are cultural and social in ecosystem services? A framework for constructive
engagement. BioScience, 62:744-756.

Figure 1, page 748. Reproduced with permission from the American Institute of Biological
Sciences



Decision Analysis
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Figure A2.63 Firm-level ecosystem service valuation framework. Modifed from Comello &
Lepech (2011).

Source: Comello, S. D., Lepech, M. D. & Schwegler, B. R. (2012) Project-level assessment
of environmental effect : ecosystem services approach to sustainable management and
development. Journal of Management in Engineering, 28:5-12

Figure 1, page 6. Reproduced with permission from the American Society of Civil Engineers
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Figure A2.64 Trait-selection framework.

Source: Luck, G.W., Lavorel, S., Mclntyre, S. & Lumb, K. (2012) Improving the application
of vertebrate trait-based frameworks to the study of ecosystem services. Journal of Animal
Ecology, 81:1065-1076

Figure 1, page 1070. Reproduced with permission from the British Ecological Society
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Figure A2.65 Conceptual framework for the analysis of ecosystem services—the extended
EPPS framework.

Source: Bastian, O., Syrbe, R.U., Rosenberg, M., Rahe, D., & Grunewald, K. (2013) The five
pillar EPPS framework for quantifying, mapping and managing ecosystem services.
Ecosystem Services, 4:15-24

Figure 1, page 16. Reproduced with permission from Elsevier



A) Generation and distribution of ecosystem services B) Articulation of ecosystem services
(city-wide and coarser level studies) (local and in-depth studies)

R
£ \
P %C \ % N\ Artefacts m
M M M P 0
_E_é_ ﬁﬂ EZ ) ) "_3
.'v, M/

Ecological network
with social attributes (P/M)

Social

Protective capacity (P)
Management capacity (M)

Figure A2.66 A framework for studying the social production of ecosystem services

Source: Ernston, H. (2013) The social production of ecosystem services: a framework for
studying environmental justice and ecological complexity in urbanized landscapes.
Landscape and Urban Planning, 109:7— 17

Figure 1, page 11. Reproduced with permission from Elsevier
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Figure A2.67 Criteria for explicit analysis for consideration of ecosystem services in
Strategic Environmental Assessment.

Source: Honrado, J.P., Vieira, C., Soares, C., Monteiro, M.B., Marcos, B., Pereira, HM. &
Partidario, M.R. (2013) Can we infer about ecosystem services from EIA and SEA practice?
A framework for analysis and examples from Portugal. Environmental Impact Assessment
Review, 40:14-24

Figure 3, page 20. Reproduced with permission from Elsevier



Ecosystem Services

what link people to the state of the ecosystem, through “attributes [of the environment]
that people care about.” Ecosystem services have value for both people whop live in the
ecosystem and people who do not. The value of ecosystem Services is related to
environmental conditions, and this value can be measured and reported in monetary,
cultural, or social context.

*

marine environment. Attributes include characteristics of the environment that can be
measured, such as chemical concentrations and the size of populations. Attributes that
can be measured are used to objectively assess the status of the ecosystem. Attributes

Ecosystem Services are the benefits that humans derive from the ecosystem. They are !

State :
State refers to the condition of the physical, chemical, and biological attributes of the

also include the characteristics that define ecosystem services.

Pressures
Pressures are physical, chemical, and biological mechanism that are the proximal
causes of change in the ecosystem. Pressures are the particular effects of drivers in the

ecosystem.

R 2

Drivers
Drivers are the ultimate cause of change in the ecosystem. Drivers can be any
combination of biophysical, human, and institutional actions or processes

Responses

Responses are actions that
people take, which are
related to changes in the
ecosystem. Within the EBM-
DPSER framework, the
Response component
represents a feedback
mechanism through which
human activities can alter
drivers, pressures, states, or|
ecosystem services. These
activities are taken by
individuals and private
organizations, state and
federal agencies, and
policy-makers. Responses
reflect decisions based on
what people perceive about
ecosystem services, the
state of the environment,
pressures, and drivers, and
the changes these cause in
the ecosystem.

Figure A2.68 The EBM-DPSER model.

Source: Kelble, C.R., Loomis, D.K., Lovelace, S., Nuttle, W.K., Ortner, P.B, Fletcher, P. et
al. (2013) The EBM-DPSER Conceptual Model: integrating ecosystem services into the
DPSIR framework. PLoS ONE, 8: 70766

Figure 2, page 5. Open Access



Step 1: Identify traits that respond to environmental driver of Step 2: Identify the trophic effect and response fraits of the
interest lower and upper trophic levels respectively.

Environmental driver

Grassland management intensity

@ Trophic level 2

Driver response traits Trophic response traits
Height .
LDMC Body size
Legumes Proboscis length
Trophic level 1
Corolla length
Flower colour
Trophic effect traits
Trophic level 1
Step 3: Define and identify appropriate metrics of functional Step 4: Analyse linkages among different response and effect
effect traits that determine efficiency of service delivery. traits within each trophic level.

Environmental driver

Grassland management intensity

Trophic level 2 @ Trophic level 2
Driver response traits /?rophic response fraits
Height
LDMC
Legumes ~ Y P \
Body size
Corolla length, Prot A
Flower colour oscis length
Body size
Proboscis length Foraging range
Foraging range

Trophic effect traits Functional effect traits

Functional effect traits

Trophic level 1 J1
Trophic level 1 @ p

Ecosystem service

Ecosystem service

Pollination efficiency

Pollination efficiency

Figure A2.69 Method for articulating functional responses and effects within and across two
trophic levels to predict changes in ecosystem functioning, and methodological steps for its
application.

Source: Lavorel, S., Storkey, J., Bardgett, R.D., de Bello, F., Berg, M.P. Le Roux, X. (2013)
A novel framework for linking functional diversity of plants with other trophic levels for the
quantification of ecosystem services. Journal of Vegetation Science, 24:942—-948

Figure 1, page 944. Reproduced with permission from the International Association for

Vegetation Science
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Figure A2.70 Integrated participatory framework for the valuation of marine and coastal
ecosystem services

4

Source: Lopes, R. & Videira, N. (2013) Valuing marine and coastal ecosystem services: An
integrated participatory framework. Ocean & Coastal Management, 84:153-163
Figure 1, page 157. Reproduced with permission from Elsevier



Problem Identification Analysing the Problem
e.g. overexploitation of marine Different alternative
resources solutions/scenarios
e.g. Is it important to restrict uses
in the area?

Values of ecosystem

services
Monitoring Selecting the Best Solution
e.2. monitoring of a marine protected Converting decision in action
area management plan Methods and instruments

e.g. establishment of a marine
protected area.

Figure A2.71 Decision-making process in marine and coastal environments. Adapted from
Antunes & Santos (1999).

Source: Lopes, R. & Videira, N. (2013) Valuing marine and coastal ecosystem services: An
integrated participatory framework. Ocean & Coastal Management, 84:153-163
Figure 2, page 159. Reproduced with permission from Elsevier
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Figure A2.72. Conceptual framework for EU wide ecosystem assessments

Source: Maes, .J, Teller, A., Erhard, M., Liquete, C., Braat, L., Berry, P., et al (2013)
Mapping and assessment of ecosystems and their services. An analytical framework for
ecosystem assessments under action 5 of the EU biodiversity strategy to 2020. Publications

office of the European Union, Luxembourg.

Figure 2, page 17. Reproduced with permission from European Union
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Figure A2.73 Structuration of social ecological complex adaptive systems.

Source: Morse, W.C., McLaughlin, W.J., Wulthorst , J.D. & Harvey, C. (2013) Social
ecological complex adaptive systems: a framework for research on payments for ecosystem

services. Urban Ecosystems, 16:53—77
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Figure A2.74 An integrated analytical framework for analysing livelihood vulnerability to
climate change.

Source: Reed, M.S., Podesta, G., Fazey, 1., Geeson, N., Hessel, R., Hubacek, K., et al (2013)
Combining analytical frameworks to assess livelihood vulnerability to climate change and
analyse adaptation options. Ecological Economics, 94:66—77

Figure 1, page 70. Open Access, published by Elsevier.
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Figure A2.75 Ecosystem-enriched DPSEEA (eDPSEEA)- a conceptual framework for an
integrated assessment of human and ecosystem health and ecosystem service provision.

Source: Reis, S., Morris, G., Fleming, L.E., Beck, S., Taylor, T., White, M., Depledge, M.H.,
Steinle, S., Sabel, C.E., Hurley, F., et al. (2013) Integrating health and environmental impact
analysis. Public Health, 1-7

Figure 1, page 5. Reproduced with permission from Elsevier
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Figure A2.76 Illustrating the potential for feedback loops between Pressure, State and
Exposure/ Experience which is manifest when considering relationships between ES and
determinants of human health and well-being.

Source: Reis, S., Morris, G., Fleming, L.E., Beck, S., Taylor, T., White, M., Depledge, M.H.,
Steinle, S., Sabel, C.E., Hurley, F., et al. (2013) Integrating health and environmental impact
analysis. Public Health, 1-7

Figure 2, page 5. Reproduced with permission from Elsevier
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Current Opinion in Environmental Sustainability

Figure A2.77 A framework of relationships between the natural ecosystem and the social and
economic systems.

Source: Wang, S., Fu, B., Wei, Y. & Lyle, C. (2013) Ecosystem services management: an
integrated approach. Current Opinion in Environmental Sustainability, 5:11-15
Figure 1, page 13. Reproduced with permission from Elsevier



Steps and Actions

1. Define relevant Urban Ecosystem Service

Actors

Transdiciplinary process - including scientists,

(ESS) goals for the specific plan (such as “ professionals, all stakeholders and decision
—3 water cycling and quality, climate mitigation, makers (those affected by the plan and those who
noise reduction, recreational and spiritual have to implement it).
services, habitat ﬁ species, food security) '
— 2. Prioritize ESS goals and consider trade- “ Transdiciplinary process - including scientists,
offs and alternatives professionals, stakeholders and decision makers.
\ 4
3. Design the Experiment (articulate “ Planning and design professionals -in
> hypothesis, conceive, plan and build consultation with scientists and other stakeholders
alternative, spatial configurations/materials/
treatments) ‘ ‘
4. |dentify Indicators and Metrics to Measure Scientists and planning professionals - in
Goals (establish baseline conditions, use “ consultation with other stakeholders
common and standard metrics for mutual
learning, see “Ecosystem Services Toolbox™) ‘
¥
5. Monitor and Evaluate Resuits using the 4mmj) Scientists, planning and design professionals,
“Ecosystem Services Toolbox” “citizen scientists”
¥
|__ 6. Apply Findings (if findings imply, adapt and - Transdisciplinary process - including
— modify design and goals; alter management scientists, professionals, stakeholders and

practices, or inform new policy and design)

decision makers

Figure A2.78 A transdisciplinary adaptive design and planning model.

Source: Ahern, J., Cillier, S. & Niemel4, J. (2014) The concept of ecosystem services in
adaptive urban planning and design: A framework for supporting innovation. Landscape and
Urban Planning, 125:254-259

Figure 1, page 256. Reproduced with permission from Elsevier



Direct effects on health

Biodiversity change can directly

affect human health and well-being,
such as through disease regulation
and pollution control
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Indirect or ‘cultural’ pathway
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Figure A2.79 The direct and indirect (cultural) pathways from biodiversity to human health.

Source: Clark, N.E., Lovell, R., Wheeler, B.W., Higgens, S.L., Depledge, M.H. & Norris, K.
(2014) Biodiversity, cultural pathways, and human health: a framework. Trends in Ecology &
Evolution, 29:198-204

Figure 1, page 200. Open Access, published by Elsevier.
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Figure A2.80 Firm-level ecosystem service valuation framework. Modified from Comello &
Lepech (2011) and Comello et al. (2012).

Source: Comello, S.D., Maltais-Landry, G., Schwegler, B.R. & Lepech, M.S. (2014) Firm-
level ecosystem service valuation using mechanistic biogeochemical modeling and functional
substitutability. Ecological Economics, 100:63-73

Figure 1, page 64. Reproduced with permission from Elsevier.
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Figure A2.81 A multi-scale conceptual framework on nature, the productive base of societies
and human well-being.

Source: Duraiappah, A.K., Asah, S.T., Brondizio, E.S., Kosoy, N., O’Farrell, P.J., Prieur-
Richard A.H., et al. (2014) Managing the mismatches to provide ecosystem services for
human well-being: a conceptual framework for understanding the New Commons. Current
Opinion in Environmental Sustainability, 7:94—100

Figure 1, page 96. Reproduced with permission from Elsevier.



| Selection of relevant ES |
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selected ES?
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Figure A2.82 Methodological approach proposed to guide research for the assessment of a
socially-relevant, process-based landscape multifunctionality, and thus to inform landscape

planning aimed at improving local well-being. (Text in boxes indicates instances of
stakeholders’ participation. JESS =joint ecosystem service supply).

Source: Mastrangelo, M.E., Weyland, F., Villarino, S.H., Barral, M.P., Nahuelhual, L. &
Laterra, P. (2014) Concepts and methods for landscape multifunctionality and a unifying
framework based on ecosystem services. Landscape Ecology, 29:345-358

Figure 4, page 355. Reproduced with permission from Springer Netherlands



Measurement of other
contributions to ecosystem
services

Measurement of Measurement of ecosystem
ecosystems services

Ecosystem asset Society and

(stock) Ecosystem services economy (stocks
and flows)
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Figure A2.83 Integration of ES capacity and flow models in ecosystem accounting.

Source: Schroter, M., Barton, D.N., Remme, R.P. & Hein, L. (2014) Accounting for capacity
and flow of ecosystem services: a conceptual model and a case study for Telemark, Norway.
Ecological Indicators, 36:539— 551

Figure 1, page 541. Reproduced with permission from Elsevier
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Figure A2.84 Framework to analyze and quantify ecosystem service flow (Red circles with
B, represent benefiting areas, while blue circle with P represents provisioning areas. F is the
flow area within which services from provisioning area can potentially be delivered; bf is the
benefiting area not overlapping with P but within F; bn is the benefiting area not-overlapping
with the provisioning area and outside F; bp is the benefiting area overlapping with the
provisioning area)

Source: Serna-Chavez, H.M., Schulp , C.J.E., van Bodegom, P.M., Bouten, W., Verburg,
P.H. & Davidson, M.D. (2014) A quantitative framework for assessing spatial flows of
ecosystem services. Ecological Indicators, 39:24— 33

Figure 1, page 25. Reproduced with permission from Elsevier



