
What are ecosystem services and (how) can they 
be used as part of the EA? 

- What is Ecosystem services?
- And what is Resilience?
- How do you determine the “health” of an ecosystem?
- Is an Ecosystem Service Approach useful for decision making?

Magnus Tuvendal, December 2013
Magnus.Tuvendal@gmail.com
http://se.linkedin.com/in/magnustuvendal/
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ECOSYSTEM SERVICES 

What kind of beast is it?
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Joseph Priestley
1733 – 1804
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Joseph Priestley
1733 – 1804

“… it seems to be extremely 
probable that the putrid 

effluvium [i.e., whatever it is 
that extinguishes candles and 

mice] is in some measure 
extracted from the air, by 
means of the leaves of 

plants, and therefore that 
they render the remainder 

more fit for respiration"

Source: Gorham, E.  1991.  Biogeochemistry
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Joseph Priestley
1733 – 1804

“...highly probable, that the 
injury which is continually 

done to the atmosphere by 
the respiration of such a 

number of animals, and the 
putrefaction of such masses 
of both vegetable and animal 

matter, is, in part at least, 
repaired by the vegetable 

creation”

Source: Gorham, E.  1991.  Biogeochemistry
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The Ecological The Social
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The Ecological The Socialecosystem services
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ecosystem services
ecosystem servicesecosystem services

“…the direct and indirect contribution 
from ecosystems to human-wellbeing”. 

MEA 2005
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Ecosystem 
structure & process

Ecosystem function

Ecosystem service

Benefit

Value

Source: Potschin & Haines-Young, 2011
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Source:  “Watching Humans Watching”, Photo Book Award 2012
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Source: Potschin & Haines-Young, 2011

5. Linking ecosystemmanagement states to the total bundle of
ecosystem services

Most ecosystemson earthhavebeen converted to another typeof
land cover which can be characterized by its management, or land
use type (see Fig. 3).Management systems differ in theirwaypeople
extract goods, in the level of production, in the intended and
unintended provision of services and in the level and quality of
biodiversity (see Table 3). Land use and management influence the
system properties, processes and components that are the basis of
serviceprovision.A change in landuseormanagementwill therefore
cause a change in service supply, not only for specific services but for
the complete bundle of services provided by that (eco)system.

To make better decisions regarding trade-offs involved in land
cover and land use change, a systematic account of the relation-
ships between ecosystemmanagement and the ecosystem services
and values that it generates, is needed. Empirical information on
the quantitative relationship between land use and ecosystem
management and the provision of ecosystem services at the local
and regional scale is, however, still scarce and ‘‘to date, there
appear to be no examples of complete landscape-scale assess-
ments of the quantity, quality and value of an entire bundle of
ecosystem services under alternative management regimes’’ (ICSU
et al., 2008, p. 37).

Increased research effort is needed on quantifying the
capacity of various land-cover types, and associated manage-

Table 1 (Continued )

Services comments
and examples

Ecological process and/or
component providing the
service (or influencing its
availability) = functions

State indicator
(how much of
the service is present)

Performance indicator
(how much can be
used/provided in
sustainable way)

23 Education & science
opportunities for formal
and informal education
& training

Features with special educational
and scientific value/interest

Presence of features with special
educational and scientific
value/interest

Number of classes visiting
Number of scientific
studies, etc.

(1) The main difference with the MEA is that supporting (of Habitat) services are limited to the nursery and genepool function and that biodiversity is not recognized as a
separate service.
Source: adapted from MA (2005) (1, and De Groot, 2006).

Fig. 2. Framework for linking ecosystems to human wellbeing (adapted from Haines-Young and Potschin, in press).

Box 2. Modelling ecosystem services and environmental
change: IMAGE and GLOBIO.

The IMAGE 2.4 framework of models, including the GLOBIO
model provides a global methodology to do so. The frame-
work describes simultaneous changes in climate, pollution,
land use and biodiversity expected from changes in socio-
economic developments derived from prognoses on demo-
graphy and economic growth (MNP, 2006; Alkemade et al.,
2009).
GLOBIO3 describes biodiversity as the remaining Mean Spe-
cies Abundance (MSA) of original species, relative to their
abundance in pristine or primary vegetation, which are
assumed to be not disturbed by human activities for a pro-
longed period. MSA is similar to the Biodiversity Integrity
Index (Majer and Beeston, 1996), the Biodiversity Intactness
Index (Scholes and Biggs, 2005), and the Living Planet Index
(LPI, Loh et al., 2005).

Table 2
Economic and non-economic techniques available to value biodiversity.

Economic techniques Non-economic techniques

Market price approaches Consultative methods:
Market cost approaches Questionnaires
Replacement costs approaches In-depth interviews
Damage cost avoided approaches Deliberative and participatory

approaches:
Production function approaches Focus groups, in-depth groups

Revealed preference methods Citizen juries
Travel cost method Health-based valuation approaches
Hedonic pricing method Q-methodology

Stated preference methods Delphi surveys
Choice modelling Rapid rural appraisal
Contingent valuation Participatory rural appraisal

Participatory approaches to valuation Participatory action research
Deliberative valuation Methods for reviewing information:
Mediated modelling Systematic reviews

Benefits transfer

Source: Christie et al. (2008).

R.S. de Groot et al. / Ecological Complexity 7 (2010) 260–272264
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embedded in their work. As the EsSP is a concept that calls for
the evaluation of the links between vastly different disciplines,
this is not surprising. However, for this paradigm to be useful
for cross!disciplinary integration, it is important that practi-
tioners in different !elds are clear about what is meant and
assumed when terms are used, and within what context
assessments are being carried out. Given the rapidly increasing
application of the EsSP in arenas ranging from the scienti!c to
the political, it is important that this clarity comes soon.
It should be noted that “conservation has a history of placing

great faith in new ideas and approaches that appear to offer
dramatic solutions to humanity’s chronic disregard for nature…
only to become disillusioned with them a few years later”
(Redford and Adams 2009); the confusing and sometimes
con"icting ways in which various EsSP practitioners are using
language and the lack of clarity of models and assumptions
could put this paradigm at risk of a similar fate. This article
describes “taxonomies” of various aspects of EsSP applications,
based on their decision context, perspective and assessment
approach. It then examines, with a focus on European issues, a
range of current and emerging regulatory and management
applications to which the EsSP can be applied in light of this
taxonomy.

Practical applications of the EsSP: The EsS decision cascade

Applications of the EsSP are as diverse as the environmental
problems, projects, and policies they address. However, if the
EsSP is to be used to inform a decision, whatever the
application, there is a conceptual "ow that, implicitly or
explicitly, underlies the process. A decision context, including
the questions being asked, the options, scenarios, and changes
being considered must be de!ned; changes, stocks, or "ows of
EsS within this context must be assessed; and these must be

valued in the context of a decision. This process has been called
the EsS decision cascade (de Groot et al. 2002; Haines!Young
et al. 2006a), although different authors have emphasized
different steps, or levels, in this cascade. Figure 1 illustrates the
EsS decision cascade, or the logic underlying the EsSP, that
forms the basis of the discussions in this article. All practical EsS
applications follow this cascade to some extent, though inmany
cases steps are assumed rather than explicitly addressed.
Adapted from Haines!Young et al. (2006a) and de Groot
et al. (2002), this version of the cascade emphasizes the need for
iteration, the importance of decisions, and the need for an
explicit discussion of decision context in the design, applica-
tion, and communication of the EsSP. The level of complexity
of the analyses linking steps or levels (represented in the boxes
in Figure 1), and where one enters and leaves this cascade are
context!dependent and can be iterative. In practical applica-
tions of the EsSP, separate practitioners may carry out different
steps of this cascade, with varying levels of interaction, but
effective applications require clarity about how information is
to be transferred between levels. Clearly, EsS!focused research
may be directed toward only one or a few of these steps, but
even then, an articulation of the steps within the cascade from
which the research takes inputs and to which it might deliver
outputs will help ensure research relevance.
Although none of these steps can be viewed in isolation, for

the sake of discussion, they are broken into 3 categories of
analysis. For a given application, Ecosystem Service Decision
Analysis (EsSD) de!nes the proposed policies or actions
(scenarios), and the changes and pressures under consideration
in different scenarios. Within the context laid out by EsSD,
Ecosystem Service Assessment (EsSA) is used to evaluate how
such changes affect biophysical structure, and thus ecosystem
function and services; Ecosystem Service Valuation (EsSV)

Figure 1. The logic underlying the Ecosystem Services Paradigm (EsSP)—the decision cascade. All practical applications of the ESS paradigm follow this cascade
to some extent. The degree of complexity, andwhere one enters and leaves this cascade, is context!dependent—it can be iterative. Each box in the cascade can be
described as a step or level that is addressed by various categories of EsS analysis (Table 1). Adapted from Haines!Young et al. (2006) and de Groot et al. (2002).

216 Integr Environ Assess Manag 9, 2013—SE Apitz

Apitz, S. E. (2013). Ecosystem services and environmental decision making: Seeking 
order in complexity. Integrated Environmental Assessment and Management.
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1) Increasing overall understanding and awareness 
of human dependence on ecosystems. 

2) Quantification and valuation (in some 
form) of services from nature and inclusion 

of these values in decision making.

3) To inspire novel solutions, new 
institutions, for sustainable management 

and governance of ecosystems. 

I understand ecosystem services as:

“A heuristic device for making 
human-ecology interaction more 

visible in decision making.”
And it that can contribute in three different ways: 
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And what is Resilience Thinking?
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"… the capacity of a system to absorb 
disturbance and reorganize while undergoing 
change and still retain essentially the same 
function, structure, identity, and feedbacks"

Folke, Carpenter, & Walker, 2010
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output

time
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aikido |ˌīkēˈdō; īˈkēdō|
noun
a Japanese form of  self-defense and martial art that uses locks, holds, 
throws, and the opponent's own movements.
ORIGIN 1950s: from Japanese aikid!, literally ‘way of adapting 
the spirit,’ from ai ‘together, unify’ + ki ‘spirit’ + d! ‘way.’
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How do you determine the 
“health” of an ecosystem?
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Frederic Clements, 
1874 - 1945

The most influencial naturalist, 
botanist of his time.

Nature progress towards a relatively 
stable climax state. Successional stages 

are evident.

Human are a destructive force reducing 
nature from it’s natural progression.

Ecology can help reorganize society and 
supress destructive individualism. The 

“wholeness” is the priority.
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James Malin, 
1893-1979

A highly prolific historian, a 
myth-buster.

If nature change continiously - there is no 
absolute norm to separate disturbed 

nature from undisturbed.

The doomsday is overstated and 
organisism and the idea of wholeness are 

neighbours with totalitarianism.

We must look towards the future -  and 
meet the demand of a future with 

humans.

28fredag den 20 december 2013

A B C

Regulating 
Ecosystem 
Services

Provisioning Ecosystem Services

Källa: Elmqvist T.,  Tuvendal M., Krishnaswamy J., and Hylander K (2009)
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Multifunctional landscapes
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“a failure of systems to provide services 
or goods upon demand.” (Naem 1998)

forced transformation
unintentional regime shift

System failure
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Resilience as 
system “health”

1) Loss of 
functional 

redundancy

insurance value
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Spatial Resilience
- recovery from 

disturbance depending 
upon “support area”

Source: From Lundberg & Moberg 2003

2) Loss of 
connectivity, 
interlinked 

systems
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Is an Ecosystem Service Approach
useful for decision making?
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Gimona et al. Mapping hotspots of multiple landscape functions: a case study on 

farmland afforestation in Scotland. Landscape Ecology (2007) vol. 22 (8)

weighted by the number of people living there (i.e. a
distance decay function of weighted population

centres). This method calculates distance on the basis

of the existing road network and also takes account of
substitute sites of woodland recreation, i.e. people

living in an area with little woodland cover are

assumed to be willing to travel relatively longer
distances for the purpose of woodland recreation.

Scores are attributed to each 500 m cell using a

regression model developed and validated by Hill
et al. (2003). To account for non-local visitors, areas

up to 1.5 h of travel distance from each cell are

included in the GIS analysis (see Appendix 1 for
further details).

Combination of the benefit maps

To investigate multi-functionality we combined the
benefit maps. Prior to combination, each benefit map

was standardised to vary from 0 to 100 using the
formula:

Z ! ((x" oldmin)# (newmax" newmin)=

(oldmax" oldmin))+ newmin $2%

Each combination was then obtained applying the
general formula

Cj = w1 #APBS + w2 #AVAS + w3 #VISITS $3%

where Cj is the particular combination and w1...w3 are

the weights.
Different decision makers and stakeholders might

attribute the same or different priorities to the three

criteria we have chosen. To simulate this, we chose
four different sets of weights. In one case, all criteria

were equally weighted, in the other three, each

criterion was attributed double the weight as the other
two. For each combination of maps weights were

chosen to sum to 1. These are presented in Table 1.

Landscape zonation and multifunctional hotspots

We highlighted the spatial distribution of different

benefits areas, for each map, which could potentially

be used as a targeting aid. We adopted the first,
second and third quartile of the distribution of scores

as cut-off points, and attributed different tones of
grey to cells belonging to the each of the resulting

four intervals. The resulting maps highlight where to

Fig. 1 (a) Biodiversity
benefits; (b) visual amenity
benefits; (c) Recreation
benefits

1258 Landscape Ecol (2007) 22:1255–1264
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namely the evaluation of a multi-functional affores-

tation scheme.

The afforestation scheme

The Farm Woodland Premium Scheme (FWPS) is a

voluntary scheme, funded as an agri-environmental

measure under the EU’s Common Agricultural Pol-
icy, offering farmers in Scotland annual incentive

payments for the conversion of farmland to wood-

lands1. Biodiversity and visual amenity are the two
public benefits that the woodlands planted under the

FWPS were officially expected to deliver, but wood-
land recreation could also be important because

people have the right to walk on private land in

Scotland (subject to minor restrictions). The payment
levels for this scheme are based on land use

classifications which reflect the opportunity cost of

the land, i.e. the forgone income from agricultural
activities. The scheme is thus designed to off-set the

spatial heterogeneity of the agricultural quality of the

land to ensure that planting trees is equally financially
attractive to each farmer and for each field. The

scheme does not take into account the possibility that

the level of potential benefits may also be spatially
heterogeneous. Consequently, the scheme is offering

planting subsidies that are much higher in one

location than in another, without any consideration
of the level of benefits in these locations.

A relatively conventional mid-term evaluation of
the FWPS (MLURI 1996) showed appreciation for

the importance of spatial characteristics at the site-

level only, which was assessed through site visits by
experts who noted how the planted woodland fitted

into the local landscape and how much wildlife could

be observed. An evaluation of the plantings at the
landscape or regional scale (as opposed to site-level)

would require knowledge of the spatial variability of

the benefits that the scheme is supposed to provide.
As we highlighted earlier, such potential woodland

‘value maps’ or ‘benefit maps’ have already been

created for biodiversity (van der Horst and Gimona
2005), visual amenity (van der Horst 2006b), and

recreation (Brainard et al. 1999; Hill et al. 2003). The

next section will address how these maps can be used
to evaluate existing plantings with regards to each of

the three separate functions.

Evaluation method

In this section we ask whether the spatial patterns of

woodlands planted under this scheme reflects the

landscape heterogeneity with regards to the potential
benefits outlined above, or if the woodland locations

can be considered just a random sample over the

study area.
All woodlands planted under the scheme have

been mapped by the Forestry Commission in vector

GIS format. To measure to what extent the existing
woodlands provide benefits according to the three

(benefit) criteria mentioned above, we over-laid the

map of woodland polygons (FWPS map) on each of
the three benefit maps and calculated statistics for the

resulting three distributions of scores. These provided

a measure of how well the planted woodlands are
located with respect to the potential benefits that they

are supposed to deliver. We adopted several measures

of success, based on the distribution of FWPS
woodlands scores:

1. On each of the three individual benefit maps

(Fig. 1)

2. On a multiple-benefit map which combines the
three benefits at equal weights (‘a’ in Table 1 and

Fig. 2)

3. On multi-benefit maps which combine the three
benefits but attributes double weight to each

mapped criterion (i.e. benefit map) in turn, with

Fig. 3 Multifunctional hotspots (always above the median)
and ‘coldspots’ (always below the median) in the study
landscape

1 This scheme has recently been replaced by the Scottish
Forestry Grants Scheme: Farmland Premium (SFGS/FP),
which is similar with regards to the topic of this paper.

1260 Landscape Ecol (2007) 22:1255–1264
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Where should we restore forest?
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Polasky, et al. (2008). Where to put things? Spatial land management to 
sustain biodiversity and economic returns. Biological conservation.
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on new knowledge and ways in which the new BES information is
disseminated. Progress on Pathway 1 may catalyze impact on Pathway
2 as research builds new knowledge, understanding and awareness of
BES among stakeholders and decision makers; shaping the way people
think about and interact around BES issues, akin to ‘conceptual’ or
‘enlightenment’ use in the knowledge utilization literature (Weiss,
1977). Measures of change in stakeholder perspectives can come from
documented shifts in written or oral language and the ways in which
objectives or positions are articulated (e.g., Gregory et al., 1993; Rossi
et al., 2003; Reynolds et al., 2010).

Strides along Pathway 2 may lead to impact on Pathway 3 as new
ways of thinking about BES lead stakeholders and decision makers to
make different choices and design new policymechanisms, considering
BES impacts and tradeoffs explicitly in decisions about investments,
policy, or planning processes, akin to ‘instrumental’ use (Weiss, 1979).
Documented changes in BES consideration in plans or policies, or the
emergence of new policy and !nance mechanisms, are examples of
useful metrics of tracking progress along Pathway 3.

Advances along Pathway 3 in turnmay lead to impact on Pathway 4
as implementation of new BES policy and !nance mechanisms can lead
to improved outcomes for ecosystem services, biodiversity and/or
human wellbeing. Indicators of the ultimate impacts in Pathway 4 are
standard BES metrics (e.g., Cardinale et al., 2012) and measures of
human health, livelihoods, income, and other dimensions of wellbeing
(e.g., Dasgupta, 2001; UNDP, 2013). The pathways framework thus
approximates our ‘theory of change’ for the links between: 1) speci!c
inputs and activities (joint production of BES information using simple
tools in an iterative, interactive science-policy process); 2) intermediate
outcomes in terms of shifting perspectives, generating awareness and
buy-in; and 3) penultimate outcomes in terms of integrating the values
of nature into speci!c policies, plans and projects.

3. A diversity of decisions

The framework in Fig. 1 can be used to guide testing in qualitative or
quantitative ways whether and how progress along these pathways

ultimately leads to improved states of biodiversity and human well-
being. As a !rst step towards evaluating impact of BES information on
decisions, we brie"y summarize in a narrative form these pathways of
change in a diversity of decision contexts in which the Natural Capital
Project is applying and testing the notion that knowledge about
BES values can change policy and management (Table 1; Appendix
Table 1A). Appendix Table 1Aprovides the rationale for reported change
along each impact pathway summarized in Table 1.

Our demonstration sites span Africa, the Americas, Asia, and the
Paci!c, and involve partnerships with public- and private-sector
decision-makers in terrestrial, freshwater and marine settings (Fig. 2).
The generalized decision contexts in which we are applying BES analy-
ses include: spatial planning, design of payments for ecosystem services
(PES); development impacts and permitting; hazard mitigation and
adaptation to climate change; restoration planning; and corporate risk
management (Table 1, Appendix Table 1A, & Fig. 2). Each engagement
has its own unique set of biophysical, social, economic, institutional,
and political circumstances, but there are similarities across these
cases and broad lessons that emerge.

In general, BES information is more readily incorporated into deci-
sion contexts where models appropriate for the ES of interest already
have been developed and where the decision process itself is well
de!ned. Decisionmakers in spatial planning processes and PES schemes
in Latin American water funds were among our !rst partners in devel-
oping our approach and testing the InVEST tools. Consequently, our
models have been iteratively applied in several of these contexts, with
clear impacts of BES information on spatial plans, PES decisions, and
actions (Table 1, Appendix Table 1A; Daily et al., 2012; Goldman-
Benner et al., 2012; Goldstein et al., 2012). BES information has pene-
trated deeply—to Pathway4—within relatively short-term engagements
over 1–2 years—such as developing a coastal zone management plan
in Belize—because of the well-de!ned and executed planning process
carried out by our government partners (CZMAI, 2012).

As we elaborate in the Colombia case and general lessons below,
challenges arise in spatial planning and PES designwhen de!ning alter-
natives for analysis (scenarios), interpreting results in multiple BES
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Fig. 1. Pathways for and levels of impact of BES information on decisions. Each of the four columns represents a different ‘pathway’ that could constitute a level of success in informing
decisions. Deeper impact is achieved as the process evolves from top to bottom down each pathway, and left to right between the four pathways. Pathway 1 represents the creation
of BES outputs and research results that are published and disseminated. Pathway 2 represents impacts of BES information on the attitudes, beliefs, awareness and understanding of
stakeholders and decision-makers. Pathway 3 represents the in"uence of BES information on speci!c actions and the behavior of decision-makers, which may constitute commitments,
procedural change, or a speci!c decision about funding, continuing, amending, terminating or expanding a project, program or policy. Pathway 4 represents speci!c outcomes in terms of
developing new policy or !nance mechanisms, and making measurable improvements in ecosystem service provision, biodiversity and human wellbeing.
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“We end, I think, at what might be called 
the standard paradox of the twentieth 
century: our tools are better than we are, 
and grow faster than we do. They suffice to 
crack the atom, to command the tides. But, 
they do not suffice for the oldest task in 
human history: 

 - to live on a piece of land without 
spoiling it.” 

Aldo Leopold, 1938
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