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Abstract
Ecological economists currently face an important opportunity to inﬂuence national policies
and global awareness regarding ecosystems. Ecosystem services (ES) frameworks,
including the Intergovernmental Panel on Biodiversity and Ecosystem Services (IPBES)
and the System of Environmental Economic Accounting Experimental Ecosystem
Accounting (SEEA EEA) will inﬂuence how national measurement systems integrate the
value of ecosystems and their services into national planning and monitoring progress
towards the Sustainable Development Goals (SDGs). Decision-makers are, however, faced
with an embarrassment of riches. There is a multitude of ES frameworks, but no formal and
integrative evaluation of the entire set exists. We review the IPBES, the SEEA EEA and 14
other ES frameworks using criteria designed to address operational and convergence
considerations for national ecosystem accounting. While the frameworks reviewed
incorporate many strengths, none fulﬁls all the criteria of a comprehensive national
ecosystem accounting framework. We conclude with suggestions for conceptual,
measurement and process developments to broaden the appeal, utility and acceptance of
future frameworks. Considering these suggestions could substantially contribute to the
development of ecosystem accounting frameworks that foster a constructive dialogue
amongst the many disciplines, national contexts and viewpoints involved in understanding,
measuring and making decisions about ecosystems.
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1 Introduction
During the last 15 years, a proliferation of ecosystem services (ES) and ecosystem
accounting (EA) frameworks*1 (which incorporate ES within a broader scope of ecosystem
and economic statistics) have been developed (see Table 1). While these frameworks were
developed for diﬀerent purposes, ranging from one-time studies to ongoing international
guidance, each embeds many useful concepts and approaches that can contribute to
planning and monitoring at the national level.
Table 1.
Sixteen frameworks reviewed in the present paper
A star (*) denotes frameworks also evaluated by Nahlik et al. (2012)
[1] de Groot et al. (2002)*

[2] The Millennium Ecosystem Assessment (MA 2005)

[3] Kremen and Ostfeld (2005)*

[4] Hein et al. (2006)*

[5] Turner and Daily (2008)*

[6] Cowling et al. (2008)*

[7] Daily et al. (2009)*

[8] Fisher et al. (2009)*

[9] Paetzold et al. (2010)*

[10] Maynard et al. (2010)*

[11] Rounsevell et al. (2010)*

[12] Wainger and Mazzotta (2011)*

[13] Chan et al. (2012)

[14] Kandziora et al. (2012)

[15] The SEEA EEA (United Nations et al. 2014)

[16] The IPBES-CF (Díaz et al. 2015)

We see national ecosystem accounting as an important opportunity for ecological
economists to contribute to the development of eﬀective and internationally accepted tools.
To fully realise this opportunity, however, we should address the problem of “an
embarrassment of riches”. One coherent, integrated and broadly relevant framework can
serve as a starting point: a common language towards establishing a constructive dialogue
amongst diverse stakeholders in national planning and leveraging this dialogue to improve
the eﬃciency of data collection and the rigour of its analysis. The need for such a common
language is emphasised by the advent of the Sustainable Development Goals (United
Nations 2015) in which nations agree by 2020, to incorporate the values of ecosystem and
biodiversity into national planning and accounts. We do not propose national ecosystem
accounting as a substitute for local and context-speciﬁc solutions, but rather as a
complement to them.
ES and EA frameworks embed a complex diversity of theoretical and practical
considerations as well as an array of stakeholder perspectives and values. Disagreement
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over what should be included – for ethical reasons – over what can be included – for
technical and practical reasons – and over the extent of data aggregation (summary
outputs for decision-making) has remained an obstacle to the formulation of a universally
and internationally-accepted language about how to mainstream nature in national
decision-making. Eﬀorts in developing and applying ES and EA frameworks are in full
swing with the risk of creating more diversity than unity.
We provide here a review of the state-of-the-art represented by the 16 frameworks listed in
Table 1. This paper, thus, updates and extends the foundation established by Nahlik et al.
(2012) by adding four recent frameworks as well as the Millennium Ecosystem Assessment
(MA 2005). More importantly, we expand the evaluation lens by adding four “convergence”
criteria described by Saner and Bordt (2016). This new emphasis draws attention to
improvements that would render future frameworks more defensible and more
internationally acceptable. Based on the strengths of the existing frameworks and the
present analysis, we suggest nine avenues for improvement that should prove beneﬁcial to
ongoing international eﬀorts to develop national ecosystem accounting frameworks.

1.1 What constitutes ES and EA "frameworks"?
Any decision support framework would ideally integrate conceptual, measurement and
process considerations. Therefore, it should:
•
•
•

be grounded in a comprehensive and coherent body of theory,
provide guidance on what to measure and how to measure it and
include recommendations on how to engage stakeholders in setting priorities,
focusing measurement activity and developing consensus on actions to be taken.

This view coincides with Nahlik et al. (2012) deﬁnition of “ecosystem services framework”
as “a structure that includes the relationship among a set of assumptions, concepts and
practices that establishes an approach for accomplishing the stated objective or objectives
pertaining to ecosystem services.”
A good example of a measurement framework based on a comprehensive conceptual
framework is the System of National Accounts (SNA) (United Nations Statistics Division
2008). Macro-economic theory establishes the concepts of consumption, investment,
government spending, imports and exports to derive national economic production. The
SNA provides classiﬁcations and methods to guide the measurement of these concepts
with the aim of deriving, amongst other aggregates, Gross Domestic Product (GDP).
Although GDP is one aggregate indicator, the SNA is built upon a rich set of detailed
economic data that are used to analyse a variety of issues.
Measurement frameworks may also arise from case experience without the beneﬁt of a
conceptual framework. Indicator frameworks, such as the UN Framework for the
Development of Environment Statistics (FDES) (United Nations Statistics Division 2013a),
have arisen from the pragmatic need for indicators that address speciﬁc policy concerns,
such as limiting one pollutant or protecting one type of ecosystem. These often lack
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coherent conceptual grounding and therefore lead to diﬃculties in applying them to
integrated decision contexts such as sustainable development, climate change and green
growth.
EA, as embodied in the SEEA EEA (United Nations et al. 2014), is a measurement
framework that integrates current ecological, economic and statistical concepts to guide the
collection and classiﬁcation of data and the production of standard accounts (coherent,
structured statistics), integrated output summary statistics and maps. As with the SNA, the
intent is to provide aggregate statistics, but also to maintain the richness of detail required
for more local and context-speciﬁc analyses. The SEEA EEA is considered “experimental”,
since several conceptual and measurement issues remain to be resolved. The ﬁrst step to
resolving these has been a series of national pilot studies, the results of which have
contributed to a set of Technical Recommendations (United Nations Statistics Division
2017), which augment the original document.
This paper reviews conceptual, measurement and process frameworks to gain insights into
opportunities for the further development of national ecosystem accounting. The main
selection criterion is that the framework provides a broad and detailed scope on how to
conceptualise and measure ecosystems and their contribution to well-being, whether
narrowly in economic terms or more broadly.
ES models are not reviewed although some constitute quite comprehensive approaches to
measuring and mapping ES. Assessments of integrated ES models (Bagstad et al. 2013,
United Nations Statistics Division 2013b, United Nations Statistics Division 2015b) suggest
that no existing model is suﬃciently comprehensive, coherent and transparent to support
the statistical requirements of EA.
Nahlik et al. (2012) evaluated eleven peer-reviewed ES frameworks (Table 1) selected for
their operationalization potential, number of citations and interdisciplinarity. We review
these frameworks and add three international frameworks: the MA (2005), the IPBES-CF
(Díaz et al. 2015), the UN SEEA EEA (United Nations et al. 2014). Two additional peerreviewed frameworks (Chan et al. 2012, Kandziora et al. 2012) are also reviewed since
they address vital issues that are not well covered by the others.
Our review excludes two international platforms that may be considered in scope: TEEB
(Ring et al. 2010) and the World Bank WAVES programme (Lange 2014). Both accept the
SEEA as a supporting measurement framework (TEEB 2013) and therefore share many
basic concepts with the SEEA. TEEB focuses on framing new national policies to consider
priority ES. WAVES is a global partnership promoting the inclusion of natural capital in
national accounting. The TEEB, WAVES and SEEA communities of practice overlap and
coordinate closely.
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2 Method: Ten review criteria
We apply ten criteria to evaluate the 16 frameworks shown in Table 1. Six criteria build on
those used by Nahlik et al. (2012) for assessing ES framework, which are:
•
•
•
•
•
•

ecosystem service deﬁnition and classiﬁcation system
transdisciplinary
community engagement
resilient
cohesive and coherent
policy relevant

These are listed below ﬁrst as 3.1-3.6.
We extend these criteria for broader application to EA by introducing 1-3 sub-criteria for
each, a focus on measurement and a more nuanced vision of “implementation”. We divide
“implementation” into three stages: priority setting, assessment (analysing, valuing and
projecting) and decision-making. The additional four criteria (3.7-3.10 in the text below)
evaluate the potential to be accepted by the many disciplines, ethical perspectives and
roles required to collaborate on design, development and implementation. We developed
these criteria in an earlier paper that addressed the convergence of positions in
environmental ethics (Saner and Bordt 2016). The four convergence criteria are:
•
•
•
•

a deﬁnition and process for identifying and protecting Critical Natural Capital (CNC),
the consideration of a broad range of human values,
long time-frames and
precaution.

The 16 papers are reviewed for whether they address these criteria in a way that can be
easily implemented in international guidelines for national ecosystem accounting. The
authors ﬁrst noted how each paper addressed each criterion*2, developed a consensus on
this assessment, then summarised it into three categories (fully, moderately or not
addressed) (Fig. 1). To fully address a criterion, a concept would need to be well-deﬁned
and suﬃciently detailed to support guidance on measurement and implementation. This
required judgement and it is likely that other reviewers could have diﬀerent assessments.
Additional technical criteria would facilitate comparing speciﬁc implementations of
frameworks (Bordt 2015b). However, pragmatism suggests that issues of convergence and
operationalization be addressed early in establishing measurement priorities. Once
stakeholders have agreed on the strategic approach, issues of technical implementation
can be better resolved.

6

Bordt M, Saner M

Figure 1.
Summary of review of 16 ecosystem services frameworks applying 10 criteria.
A star (*) denotes frameworks evaluated by and criteria adapted from Nahlik et al. (2012)

2.1 Ecosystem services, ecosystem and ecosystem process classification
criterion
Nahlik et al. (2012) suggest that ES frameworks can only be operationalized if they include
a clear deﬁnition and a systematic, complete, non-duplicative and consistent classiﬁcation
system for ecosystem services.
Sub-criterion 1a: The classiﬁcation of ecosystem services (provisioning, regulating,
cultural and supporting) developed for the MA (2005) is still extensively applied. However,
two classiﬁcation systems have since been developed that are more consistent with the
Boyd and Banzhaf (2007) concept of ﬁnal ES (“components of nature, directly enjoyed,
consumed or used to yield human well-being”) (Boyd and Banzhaf 2007, p. 619). The Final
Ecosystem Goods and Services Classication System (FEGS-CS) has been applied in the
US (Landers and Nahlik 2013). The Common International Classiﬁcation of Ecosystem
Services (CICES 2013) has been embedded in ecosystem assessment work in Europe
(Maes et al. 2016), as well as in the SEEA EEA.
We add to this criterion the need for explicit classiﬁcations of ecosystems and ecosystem
processes.
Sub-criterion 1b: An explicit and precise classiﬁcation of ecosystems is essential to
national ecosystem accounting as a means of integrating information and avoiding gaps
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and overlaps. Linking measures of ES to spatial areas that produce them inform placebased actions such as protection and restoration.
Sub-criterion 1c: Predicting future ES requires understanding how ecosystems produce
services. Ecosystem processes*3 are often included in ES classiﬁcations in terms of
supporting, regulating or intermediate ES (MA 2005, CICES 2013). A clear deﬁnition and
classiﬁcation of ecosystem processes would support measuring this essential link between
ecosystem structure, condition and ﬁnal ES.

2.2 Transdisciplinary criterion
Sub-criterion 2a: Transdisciplinarity, in terms of the disciplines engaged in framework
development (natural sciences, social sciences and non-scientists) and the capacity of the
concepts and language to transcend disciplines, is essential for operationalization (Nahlik
et al. 2012).
Sub-criterion 2b: We apply this criterion more broadly, since for a framework to foster
convergence, it must also be comprehensible to a range of stakeholders including civil
society, policy-makers and national statisticians. This may be reﬂected in implementation
processes, the language used or in aggregate outputs used to communicate results.

2.3 Community engagement criterion
Sub-criterion 3a: There are two leading perspectives on how frameworks are developed
and this inﬂuences how we consider community engagement. Ash et al. (2010) proposed
that developing a conceptual framework be the ﬁrst stage of study design. That is, each
study engages in political deliberation to decide what aﬀects what and how to measure it.
This approach, while promoting convergence of viewpoints within studies, hinders
convergence across diﬀerent studies and scales. In contrast, the international statistical
community develops frameworks in collaboration with national experts and international
organisations (Bordt and Rastan 2015). Frameworks, thus developed, are then adapted to
national contexts, allowing for diﬀering capacities, priorities and data availabilities.
Sub-criterion 3b: We augment Nahlik et al's criterion for community engagement*4 to
focus as well on the approach to implementation. That is, how is stakeholder engagement
treated in priority setting, assessment and decision-making?

2.4 Resilience criterion
Assessing adaptability of a framework to new knowledge and changes in social values,
however important, is challenging. Longevity is determined by both eﬃcacy and path
dependence. That is, a new framework may be “better” than preceding ones, but
adaptation across diverse communities may be limited if users are entrenched in previous
approaches.
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Sub-criterion 4a: Conceptual and process frameworks are inherently more “resilient” (and
transdisciplinary, cohesive, coherent and comprehensive) than measurement frameworks,
since they generally focus on high-level principles rather than speciﬁc data requirements.
However, measurement frameworks can be adaptable if they provide guidance on
alternative approaches or data sources to achieve the same results.
Sub-criterion 4b: We also gauge the resilience of a framework in terms of the degree of
testing and academic, national and international commitment. Given a high degree of
commitment, comprehensive measurement frameworks, like the SNA, can be adapted to
evolving knowledge, concepts and social preferences.

2.5 Cohesiveness, coherence and comprehensiveness criteria
Sub-criterion 5a: Frameworks are reviewed in terms of soundness of core concepts and
explicitness of assumptions about how they relate to accomplish the stated objective.
We add to this two sub-criteria for comprehensiveness. That is, beyond classiﬁcations of
ES, guidance is provided on what to measure and how.
Sub-criterion 5b: To be comprehensive, guidance would need to be given on classifying
the components of the ES cascade (Haines-Young and Potschin 2010), thereby linking
measures of ecosystem structure, processes, ES and contributions to well-being.
Sub-criterion 5c: In addition, to be comprehensive, guidance would need to be given on
measuring all components of the ES cascade.

2.6 Policy relevance criterion
There is increasing demand for information that supports decisions on optimal
management of ecosystems at all scales and in all contexts (Vardon et al. 2016). The
SDGs, for example, include many targets that are directly related to managing ecosystems
and ES. At the national level, countries embed ecosystems and ES into national
development plans and biodiversity strategies with the intention of maintaining long-term
beneﬁts and protecting natural heritage.
Sub-criteria 6a and 6b: To be relevant to ecological, economic and social decision
contexts, a framework would explicitly support ongoing monitoring and reporting on
national goals (6a) and inform trade-oﬀs between conservation and development with
standard aggregate results (6b). That is, if outputs are coherent with established decision
processes, they are better placed to inform stakeholders of the consequences of decisions.
Sub-criterion 6c: A framework that provides guidance on producing a “dashboard” of key
indicators, graphs and maps, would facilitate an understanding of trade-oﬀs rather than
forcing a single aggregate of incommensurable indicators.
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2.7 Critical natural capital criterion
Criterion 7: To foster convergence amongst divergent ethical positions, Saner and Bordt
(2016) highlighted the need for deﬁning and identifying CNC: ecosystems, species or
processes that are ecologically, socially or economically important and are considered
threatened (Brand 2009, de Groot et al. 2003, Rounsevell et al. 2010). These could include
locally signiﬁcant cultural landscapes or essential global processes, such as carbon
sequestration. Including a deﬁnition and process for identifying CNC would accommodate
the ethical position that nature exists for purposes beyond its service to humans and
therefore cannot be substituted for other forms of capital.

2.8 Long time-frame criterion
Criterion 8: Consideration of future implications of current actions is integral to making
decisions on the optimal management of ecosystems. There are two main approaches for
incorporating long time-frames. The ﬁrst is applying quantitative ecological functional
relationships, as is done in models that forecast future ES based on assumptions of
changes in condition (Bagstad et al. 2013, United Nations Statistics Division 2013b, United
Nations Statistics Division 2015b). The other is through qualitative scenario approaches
that consider a range of technological optimism and alternative world views of future
resource constraints (Carpenter et al. 2006, Costanza 2000).

2.9 Breadth of human values criteron
If we are to manage ecosystems in keeping with diverse ethical values, a broad range of
human values should be incorporated.
Sub-criterion 9a: The instrumental beneﬁts of ecosystems to economic production and
human welfare (economic production, poverty alleviation, employment, equity) are core to
many ES frameworks.
Following arguments put forward by Norton et al. (1997), we argue elsewhere (Saner and
Bordt 2016) that explicit treatment of two further “intellectual” values are required to secure
broad buy-in from stakeholders.
Sub-criterion 9b: “Existence value” considers the importance of nature beyond its
immediate economic beneﬁts. If humans value a species or an ecosystem for its intrinsic
(inherent) or relational (embodied in the relationship of the individual or collective with
nature) (Chan et al. 2016) value, then they are willing to give up scarce resources to
support a policy that protects it (Attﬁeld 1998, Norton et al. 1997).
Sub-criterion 9c: “Transformative value” is the capacity of nature to change our “
preferences in accord with a higher ideal” (Afeissa 2008, Norton et al. 1997). These are
sometimes expressed in terms of spiritual or aesthetic values.
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2.10 Precaution criterion
We divide “Precaution” into three distinct uncertainty concepts: statistical uncertainty,
uncertainty of current knowledge and uncertainty about the future.
Sub-criterion 10a: Incorporating the treatment and presentation of cumulative statistical
uncertainty in measurement and prediction informs users of the “ﬁtness for use” of the
results.
Sub-criterion 10b: Acknowledging a possible lack of consensus over the state of current
knowledge and prediction provides greater transparency to decision-makers. It can also
focus research on resolving these issues of divergence.
Sub-criterion 10c : Qualitative scenario approaches address uncertainty by couching
decisions within a range of possible futures.

3 Results: the review
The frameworks reviewed incorporate varying degrees of conceptual, measurement and
process orientation. Since most have been developed for other purposes, the review seeks
to draw out their strengths that could be applied to national ecosystem accounting. The
intent is not to choose a “winner”, but to suggest avenues for the development of future
national ecosystem accounting frameworks. Results of the review are summaried in Fig. 1.
Details are provided in Suppl. material 1.

3.1 Ecosystem services, ecosystem and ecosystem process classification
Several approaches (de Groot et al. 2003, Hein et al. 2006, Kandziora et al. 2012, MA
2005, Maynard et al. 2010) suggest explicit classiﬁcations of ES. While the MA (2005)
acknowledges overlaps in its classiﬁcation (provisioning, regulating, supporting and
cultural), subsequent eﬀorts have sought to minimise double counting by focusing on ﬁnal
ES. The classiﬁcation developed by Kandziora et al. (2012), selected from the MA and
CICES, further includes abiotic services (minerals and energy). The ﬁrst version of the
SEEA EEA (United Nations et al. 2014) adopted the CICES, while acknowledging
ambiguities in its measurement boundaries — that is, precise deﬁnitions of what is being
classiﬁed. Developing an international standard classiﬁcation of ecosystem services
remains on the SEEA EEA research agenda (United Nations Statistics Division 2017).
Chan et al. (2012) expanded and systematised the notion of cultural ES.
The MA, Maynard et al. and the SEEA EEA included speciﬁc and comprehensive
ecosystem classiﬁcations. The MA applied 10 overlapping ecosystem types (“reporting
categories”). The SEEA EEA classiﬁcation described 16 land cover/ecosystem functional
unit categories with no further detail. This is also an ongoing area of research in the further
development of the SEEA EEA (United Nations Statistics Division 2015b). Maynard et al.
applied a region-speciﬁc classiﬁcation describing 32 categories consistent with the MA.
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IPBES (2018) also suggested terrestrial and aquatic units of analysis, but no explicit
deﬁnitions.
Three papers reviewed (de Groot et al. 2003, Hein et al. 2006, Kandziora et al. 2012, MA
2005, Maynard et al. 2010) assess linkages between speciﬁc ecosystem processes and
ES. Wainger and Mazzotta (2011) highlighted the responses of ecosystem processes to
human actions. The SEEA EEA included some ecosystem processes (such as primary
productivity and vegetation growth) in measures of condition. Several others embed
ecosystem processes in “supporting” or “intermediate” ES (Fisher et al. 2009, Hein et al.
2006, MA 2005, Paetzold et al. 2010).

3.2 Transdisciplinarity
The frameworks reviewed, by and large, demonstrate conceptual transdisciplinarity in their
development by integrating physical sciences and economic concepts (although three of
the frameworks were comparatively “disciplinary” on this criterion, see Fig. 1.
Transdisciplinarity in implementation is demonstrated by integrating social science
concepts such as deliberative stakeholder and adaptive management approaches (Chan et
al. 2012, Cowling et al. 2008, Díaz et al. 2015, Fisher et al. 2009, Maynard et al. 2010),
developing user-friendly aggregates (Hein et al. 2006, United Nations et al. 2014) or both
(Daily et al. 2009, Paetzold et al. 2010, Rounsevell et al. 2010, Wainger and Mazzotta
2011).

3.3 Community engagement
Only Maynard et al. (2010) and Chan et al. (2012) emphasised the role of stakeholders in
framework development (Table 2). These and others suggest engaging stakeholders in the
priority setting and assessment stages of implementation (Cowling et al. 2008, Daily et al.
2009, Paetzold et al. 2010, Turner and Daily 2008). Four frameworks explicitly engage
stakeholders in decision-making as well (Chan et al. 2012, Cowling et al. 2008, MA 2005).
Table 2.
Addressing community engagement in framework development and implementation. A check mark
(✓) indicates that community engagement is addressed.
Framework

Stages of framework development and implementation
Framework development

Implementation
Priority setting Assessment Decision- making

MA (2005)

✓

✓

✓

Cowling et al. (2008)

✓

✓

✓

Turner and Daily (2008)

✓

✓

Daily et al. (2009)

✓

✓
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Stages of framework development and implementation
Framework development

Implementation
Priority setting Assessment Decision- making

Maynard et al. (2010)

✓

Paetzold et al. (2010)
Chan et al. (2012)
IPBES (Díaz et al. 2015)

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

3.4 Resilience
Most of the frameworks reviewed embody ecological and economic concepts that are
adaptable to many contexts. In that respect, their resilience is limited only by their ability to
integrate new knowledge and to motivate academic and institutional commitment. Early
frameworks (Daily et al. 2009, de Groot et al. 2002, Fisher et al. 2009, MA 2005, Hein et al.
2006) established conceptual foundations for later ones and are therefore frequently cited
in literature. However, other than the MA, which inspired numerous studies, including TEEB
and the UK National Ecosystem Assessment (UK DEFRA 2011), rigorous testing of these
frameworks is not evident in literature.
SEEA EEA and IPBES-CF have substantial international agency commitment. However,
neither has yet been fully implemented, so their feasibility in national contexts remains to
be proven.

3.5 Cohesiveness, coherence and comprehensiveness
As with resilience, the conceptual coherence of most frameworks reviewed is evident in
their focus on broad ecological and economic concepts. However, fewer are
comprehensive in terms of coverage of the breadth of the ES cascade and guidance on
measurement.
The evolution of ES frameworks shows the advances in coherence and
comprehensiveness over time. Early frameworks (de Groot et al. 2002, MA 2005)
conceptualise many aspects of the ES cascade, whereas subsequent ones provide
additional detail on speciﬁc components (Kremen and Ostfeld 2005), recognise the
importance of spatial scale and institutional setting (Hein et al. 2006) and economic
valuation, decision context and stakeholder participation (Cowling et al. 2008, Daily et al.
2009, Paetzold et al. 2010, Turner and Daily 2008). Recent frameworks have built on these
to integrate a more systematic view of the ES cascade (Díaz et al. 2015, Kandziora et al.
2012, Maynard et al. 2010, Rounsevell et al. 2010, United Nations et al. 2014, Wainger and
Mazzotta 2011).
Measurement issues are addressed in terms of speciﬁc output indicators such as an
Ecosystem Services Proﬁle (Paetzold et al. 2010) or an Ecoservice Production Function
(Wainger and Mazzotta 2011), guidance on measuring cultural values (Chan et al. 2012)
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or, more comprehensively, in terms of indicators and linkages between components
(Kandziora et al. 2012) and accounts (United Nations et al. 2014).

3.6 Policy relevance
Although all frameworks reviewed are intended to inﬂuence policy, many do so by focusing
largely on improving evidence. A few go beyond this to acknowledge the need for
incorporating this evidence into integrated social, economic and environmental decision
processes. Daily et al. (2009) advocated mainstreaming ES values through ﬁnancial
mechanisms. Chan et al. (2012) established a deliberative process for integrating local
stakeholders and their cultural values into local decisions. Maynard et al. (2010) engaged
stakeholders in the framework development and assessment process. Rounsevell et al.
(2010) addressed the impacts of policy responses on ES provision. Hein et al. (2006)
underscored the importance of the geographic scale of institutions making decisions. As
noted in Section 4.3 and Table 2, two frameworks (Chan et al. 2012, Maynard et al. 2010)
explicitly included decision-makers in framework development, while six others included
them only in implementation.
Most papers reviewed include economic aggregates of ES values as one of their outputs.
Fisher et al. (2009) suggested that diﬀerent decision contexts (understanding and
education; cost-beneﬁt analysis as an aid to environmental decision-making; landscape
management; public policy and equity in human welfare; and meeting multiple objectives)
and stages of assessment require diﬀerent classiﬁcations and aggregates. Paetzold et al.
(2010) and Wainger and Mazzotta (2011) developed innovative holistic aggregate
indicators. The SEEA EEA (United Nations et al. 2014) envisaged using monetary ES
values to adjust standard macro-economic aggregates such as degradation-adjusted
economic production.
Several authors venture beyond single aggregates and suggest dashboards to
communicate incommensurable indicators (Kandziora et al. 2012, United Nations et al.
2014, Wainger and Mazzotta 2011) or decision processes that take multiple objectives,
scales or values into account (Cowling et al. 2008, Díaz et al. 2015, Fisher et al. 2009,
Hein et al. 2006, MA 2005, Rounsevell et al. 2010).

3.7 Critical natural capital
CNC is not explicit in any framework reviewed. It is however, implicit in many; largely with
respect to ecological criticality in terms of (a) thresholds (Rounsevell et al. 2010, Wainger
and Mazzotta 2011, (b) sustainable use (de Groot et al. 2002, MA 2005, Paetzold et al.
2010), (c) the importance of ES to well-being (Fisher et al. 2009, Kandziora et al. 2012) or
(d) mapping spatial areas contributing most to ES production (Maynard et al. 2010).
Two frameworks (Chan et al. 2012, Díaz et al. 2015) suggest deliberative stakeholder
processes that would allow for the designation of "non-substitutable" CNC.
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3.8 Long time-frame
A long time-frame is embedded in most frameworks reviewed, if only out of concern for the
future ﬂow of services rooted in the concepts of regulating ES (Fisher et al. 2009, Hein et
al. 2006, Maynard et al. 2010) and ecological integrity (de Groot et al. 2002, Kandziora et
al. 2012, Kremen and Ostfeld 2005, Rounsevell et al. 2010).
Quantitative projections and qualitative scenarios are integral to the MA (2005) and IPBESCF (Díaz et al. 2015). This reﬂects the many expert collaborators engaged to address this
level of complexity. The SEEA EEA (United Nations et al. 2014) proposed projections of
future ES ﬂows to estimate the net present value of ecosystem assets.
Others (Cowling et al. 2008, Daily et al. 2009, Paetzold et al. 2010, Wainger and Mazzotta
2011) acknowledged the need for qualitative scenarios to inform policy options.

3.9 Breadth of human values
The economic value of ES is addressed in most frameworks reviewed. The SEEA EEA
(United Nations et al. 2014) further envisaged full integration of ES values into economic
production functions — that is, accounting for the contribution of ecosystems to the
currently-measured factors of production (capital, labour, energy, materials and services).
This, however, does not address the contribution of ES to ecological or social production
functions (ecological integrity and long-term well-being).
Several authors (Chan et al. 2012, de Groot et al. 2002, Díaz et al. 2015, Fisher et al.
2009, Hein et al. 2006, Kandziora et al. 2012, Maynard et al. 2010) argued that ES
valuation must also include ecological and socio-cultural values that cannot be expressed
in monetary terms, but none systematically addressed measuring existence or
transformative values.
The MA (2005) conceptually links ES with components of well-being, which include “
freedom of choice and action”. The linkage between ES and well-being is addressed more
systematically by Kandziora et al. (2012), however, their category of “subjective well-being”
does not include existence or transformative values. Maynard et al. (2010) expanded “
freedom of choice and action” to include “self-actualization”, but did not link this to ES.
Only Chan et al. (2012) and IPBES-CF (Díaz et al. 2015) suggested breaching the concept
of “nature as a service” by explicitly incorporating non-instrumental values into decisions.
Chan et al. (2012) suggested that, since monetary valuation of spiritual and heritage
values, cultural identity and social cohesion is futile, these values are invisible in decisions.
IPBES-CF (Díaz et al. 2015) suggests that “good quality of life” include the instrumental
well-being alongside “living-well in balance and harmony with Mother Earth”.
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3.10 Precaution
Determining and communicating statistical uncertainty is not addressed in any framework
reviewed. The MA endeavoured to state the degree of the team’s conﬁdence in its
conclusions (Carpenter et al. 2009). The SEEA EEA acknowledges that biophysical ﬂows
of ES, other than provisioning services, are not consistently or frequently measured and
therefore statistically uncertain.
Most frameworks do recognise the uncertainty of the underlying science and suggest future
testing and research. Some acknowledge that scientiﬁc evidence is only one input into
decisions that also must take into account subjective social preferences (Chan et al. 2016,
Cowling et al. 2008, Fisher et al. 2009, Maynard et al. 2010, Wainger and Mazzotta 2011).
Others (Díaz et al. 2015, Kandziora et al. 2012, MA 2005) relied on expert consensus to
resolve issues of scientiﬁc uncertainty. Rounsevell et al. (2010) further suggested
deliberation to identify gaps in knowledge to be addressed in successive iterations.
Unknowns about the future are treated in the MA (2005) using qualitative deliberative
approaches in combination with quantitative methods (trends and models) to guide the
development of scenarios of future implications of current decisions. This approach has
also been proposed for local (Chan et al. 2012, Rounsevell et al. 2010, Turner and Daily
2008, Wainger and Mazzotta 2011) and forthcoming global assessments (Díaz et al. 2015).

3.11 Review summary
We observe a trend over time (from left to right in Fig. 1) towards greater completeness.
None of the frameworks, however, fully addressed all the criteria set forth for a
comprehensive national ecosystem accounting framework (Fig. 1). Some criteria are fully
addressed by many frameworks: Criteria 2 (transdisciplinarity), 4 (resilience), 5a and 5b
(concepts and ES cascade) and 6 (policy relevance). In contrast, few frameworks fully
address Criteria 1b (classifying ecosystems), 5c (guiding measurement), 7 (designating
CNC), 9b and 9c (embedding existence and transformative values) or 10a (treating
precaution with respect to statistical uncertainty).

4 Discussion: Implications for future frameworks
Based on this analysis of the 16 frameworks and our in-depth work on Criteria 7 to 10
(Saner and Bordt 2016), we make the following nine modest suggestions. Each suggestion
focuses on one or more gaps in current approaches in addressing these criteria. The
suggestions are intended for the international ecosystem accounting community to conduct
additional work on conceptual, measurement and process development.
The suggestions for conceptual development focus on further systematising the concepts
and classiﬁcations of the components of the ES cascade, thus ensuring the consideration
of a breadth of human values (Criteria 9b and 9c) and guidance on what to measure
(Criteria 1b, 1c and 5c).
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Measurement development would beneﬁt from the more stable knowledge platform
provided by progress on conceptual development. These suggestions focus on producing
measures that are more coherent with that knowledge (Criteria 5c and 8), statistical
practices (Criterion 10a) and aggregate outputs (Criteria 6b and 6c).
The suggestions for process development focus on embedding ES frameworks within
processes of development and implementation that recognise policy needs (Criteria 3b, 4b,
10b and 10c), including the designation of CNC (Criterion 7) to improve opportunities for
applying them to making better decisions.
Making progress on these suggestions would foster convergence to ensure that future ES
frameworks are more operational and comprehensive.
It is not the intention of this review that all suggestions be incorporated into a single uniﬁed
framework; one avenue for future development could be to build stronger and more explicit
linkages between frameworks. The additional “convergence” criteria, however, are shown to
expand the range of principles to guide development for purpose-based applications. One
such application — national ecosystem accounting — would beneﬁt from convergence
between and within communities of practice to further focus ongoing measurement,
monitoring and reporting of ecosystems and their contributions to well-being.

4.1 Conceptual development
Suggestion 1: A systematic, globally-accepted classiﬁcation of well-being that
includes the contribution of nature would improve the inclusion of diverse
perspectives (Criteria 9b and 9c). Most, if not all, decisions are intended to aﬀect the
well-being of humans. To conceive of a comprehensive classiﬁcation of well-being that
considers the contributions of ecosystems would be a challenge since the object of
decisions ranges from individual to global, the time frame ranges from immediate to longterm and there is a multitude of contexts. While acknowledging that countries and cultures
have their own deﬁnitions of well-being, we suggest that international guidance would
support clearly acknowledging the contributions of ecosystems.
Many ES frameworks already describe elements of well-being. Kandziora et al. (2012)
linked these elements systematically to ES, but they did not explicitly treat non-instrumental
values, such as existence and transformative values. Maynard et al. (2015) also applied
their participatory approach to assessing the contribution of ecosystems to community wellbeing.
The OECD (2011) systematised other aspects of well-being, but did not detail the
contribution of nature. Adding such detail could be informed by recent work in
disaggregating both ES and beneﬁciaries (Cimon-Morin et al. 2015, Daw et al. 2011,
Horcea-Milcu et al. 2016), which has stemmed from the need to link ES to the well-being of
diverse beneﬁciaries. Further, measuring the range of contributions of nature to well-being
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in a multi-cultural context would beneﬁt from including social scientists in national
ecosystem accounting framework development.
Suggestion 2: A systematic classiﬁcation of ecosystem processes would help
disentangle the links amongst ecosystem processes, ES and well-being (Criteria 1b
and 1c). This addresses the Fisher et al. (2009) argument that an ES classiﬁcation should
both (a) include intermediate ES (ecosystem processes) and (b) link to beneﬁciaries.
FEGS-CS (Landers and Nahlik 2013) addressed the second requirement. CICES (2013)
included regulating and maintenance ES, but did not link these systematically to
beneﬁciaries or well-being. Ambiguity is created by the fact that clean water may be
considered a ﬁnal ES for human consumption, but also an intermediate ES for ﬁsh habitat
and recreation. A more comprehensive classiﬁcation of products of nature that directly or
indirectly, positively or negatively, inﬂuence current and future well-being would include any
ecosystem process or ES that can be demonstrably linked to well-being. A more systematic
classiﬁcation of ecosystem processes, linked to ES, could be built upon conceptual
relationships (de Groot et al. 2002), expert consensus (Kandziora et al. 2012, Maynard et
al. 2010), research on local ecological production functions (Barbier et al. 2011, Daily et al.
2009) and process analysis linking ecosystem processes with their potential to provide ES
(Spangenberg et al. 2014).
Existing multi-purpose statistical classiﬁcations such as the Central Product Classiﬁcation
(CPC) (United Nations Statistics Division 2015a) could inspire a future ecosystem process/
ES classiﬁcation. The CPC includes both intermediate and ﬁnal goods and services.
Products are linked to expenditure categories for diﬀerent purposes by sector (government,
households, non-proﬁt institutions, producers). Similarly, an ecosystem process or ES may
serve diﬀerent purposes for diﬀerent beneﬁciaries in diﬀerent contexts.
Suggestion 3: A detailed classiﬁcation of ecosystems would help systematise the
measurement of linkages amongst ecosystem structures, processes and ES
(Criterion 1b). Much work on spatially mapping ES is based on land cover data derived
from satellite imagery. Land cover classiﬁcations are often coarse and do not readily
identify ecosystem types, such as wetlands, that are important for the supply of ES.
Several ecosystem and land cover classiﬁcations are in common usage, however, there is
no generally-accepted international classiﬁcation. A global ecosystem classiﬁcation would
need to be suﬃciently detailed to correspond to national classiﬁcations, be based on
ecological principles and take into account properties beyond dominant surface vegetation
by including vegetation strata, soil type and water depth (Bordt 2015a).
Important work that could contribute to this is the USGS/ESRI mapping of global ecological
land units (Sayre et al. 2014) and ecological marine units (Sayre et al. 2017) and
crosswalks linking land cover classes with habitat types (Erhard and Olah 2014, Kosmidou
et al. 2014). Such work could contribute to the delineation of Service Providing Units (Luck
et al. 2009) in terms of habitats and species ranges. Comprehensive classiﬁcations of ES
and ecosystems would further encourage the development and comprehensive compilation
of ecological production functions that link ecosystem structure, composition and
processes with ES.
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4.2 Measurement development
Suggestion 4: Standard aggregates, developed in collaboration with policy analysts,
would help ensure that the information is applied in national planning (Criteria 6b
and 6c). Monetary aggregates may be convenient for raising awareness of the importance
of ecosystems, but are not suﬃcient for making decisions on their optimal management.
For some non-market services such as species habitat, it is still debatable whether they
can be valued in a meaningful way using monetary indicators (Nijkamp et al. 2008, Christie
et al. 2012). “Dashboards” that combine monetary with non-monetary ecological and social
impacts of these decisions would provide a richer basis for trade-oﬀs in deliberations on
policy options.
Suggestion 5: Incorporating a long time-frame would help focus measurement
activity on illuminating the future implications of current decisions taking into
account diﬀerent world views (Criterion 8). Current options for ecosystem management
may change ecosystem properties that reduce the future capacity of ecosystem to provide
critical services (Sumarga et al. 2016). In terms of regulating services, this may lead to
serious environmental disasters. Scenario approaches supported by improved predictive
ecological models, combined with a trade-oﬀs analysis would provide better insights into
policy options than are currently available.
Suggestion 6: Harmonising ES models with respect to data requirements,
classiﬁcations and outputs would support the incorporation of long time frames
(Criteria 5c and 8). Collaboration amongst the ecological modelling community would
facilitate focusing the best concepts of current models along the ES cascade together with
standardised concepts and classiﬁcations to ensure their interoperability.
Suggestion 7: Treating uncertainty in measurement throughout the statistical “value
chain” would help ensure that our ignorance of many ecological processes is made
explicit (Criterion 10a). Statistical methods exist for assessing measurement error. Smith
et al. (2011), however, observed that established methods are insuﬃciently applied,
especially in the treatment of spatial information. Particular attention should also be paid to
potential error propagation, since much spatial data are actually derived from a combined
series of spatial inputs with diﬀerent levels of uncertainty. Making the uncertainty of
information used to support decisions more explicit would focus attention on reducing that
uncertainty. It would also encourage the use of methods that are more cognisant of social
preference in decisions. Stirling (2010) noted that methods such as multi-criteria mapping
and the Q-Method are often used to reveal the diversity of these preferences.

4.3 Process Development
Suggestion 8: Engaging multiple disciplines and sectors in adaptive and ongoing
development and implementation of national ecosystem accounting would promote
convergence on measurement, policy directions and aggregate indicators (Criteria
3b and 4b). A comprehensive stakeholder group would include environmental and social

A critical review of ecosystem accounting and services frameworks

19

scientists, economists, policy experts, statisticians, civil society, business and decisionmakers. A better understanding of the issues of agreement and disagreement amongst
these stakeholders would promote convergence on accepted measures and eventually on
policy directions and standard aggregates used to monitor and report on them. This would
support the objectives suggested by Carpenter et al. (2006) for management that is
adaptive to new knowledge and changing conditions. For example, focusing on the
reversibility of eﬀects and ﬂexibility of commitments (Stirling 2010) amongst a diverse
group of stakeholders would support the development of optimal policy options rather than
simply evaluating the outcomes of one option. This is in keeping with the objectives of
Strategic Environmental Assessment (Partidario and Gomes 2013).
Suggestion 9: Recognising the designation of CNC as a subjective, political and
iterative process would support setting aside elements of nature that are considered
by some stakeholders as essential to protect (Criterion 7). Identifying an element of
nature as “critical” could be initially incorporated into an ES measurement and assessment
process by attributing social values to it. This is one aspect of “importance”. Narrative and
deliberative approaches (Chan et al. 2012, Smith et al. 2011) may be suﬃcient to protect a
species or ecosystem from being traded-oﬀ for its instrumental value. However, to make the
case for its ecological and economic importance, further information would be required on
how this element contributes to ecological integrity and well-being, as well as on the longterm threats to its functioning. Providing this information would beneﬁt from progress on the
conceptual and measurement developments suggested above.

4.4 Limitations
This review is necessarily limited to a selected set of frameworks. It is likely that some
criteria are addressed in the broader literature. Further, the assessments and suggestions
have required substantial expert judgement on the part of the authors, the most important
being the interpretation of how a speciﬁc criterion can be applied to national ecosystem
accounting. This is based on the authors’ judgements of what national ecosystem
accounting can and should be.
Furthermore, we recogise that this is an active area of research and these frameworks are
being applied and revised and new ideas are constantly being tested.
The suggestions are not intended for related ﬁelds such as ecosystem services, land use
planning and conservation, amongst others. Nonetheless, there are opportunities for these
ﬁelds to contribute substantially to future national ecosystem accounting frameworks.

5 Conclusions
While the 16 frameworks reviewed incorporate many strengths, none fully addresses all the
criteria of a comprehensive national ecosystem accounting framework. Collectively, they
provide insuﬃcient guidance on ecosystem classiﬁcations, measurement in general,
delineating Critical Natural Capital, incorporating broad human values and measuring
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statistical uncertainty. Making progress on the nine suggestions for conceptual,
measurement and process development would broaden the appeal, utility and wide
application of future related frameworks.
We do not claim that this review is comprehensive, since there are active debates on the
scientiﬁc validity of the ES concept (Schröter et al. 2014, Luck et al. 2012) and the
challenges of incorporating diverse world views (Borie and Hulme 2015). The objective,
however, is not proving the importance of ecosystems to human well-being, but facilitating
a constructive dialogue amongst scientists, aﬀected communities and decision-makers on
national ecosystem accounting frameworks to achieve common objectives.

Acknowledgements
The ﬁrst author (MB) would like to thank the World Bank, United Nations Statistics Division,
The Government of Canada and the Québec Centre for Biodiversity Sciences (QCBS)
Working Group 14 for providing opportunities to be engaged in the growing community of
practice of ecosystem accounting. He is also indebted to his PhD Examination Committee
(Konrad Gajewski, Anthony Heyes, Jackie Dawson, Kai ML Chan) and Elham Sumarga for
many constructive comments on earlier drafts of this paper.

References
•

•
•
•

•

•

•

Afeissa H (2008) The Transformative value of Ecological Pragmatism. An Introduction to
the Work of Bryan G. Norton. SAPIENS Online URL: https://journals.openedition.org/
sapiens/88
Ash N, Blanco H, Brown C, Vira B, Garcia K, Tomich T (2010) Ecosystems and human
well-being: a manual for assessment practitioners. Island Press, Washington DC.
Attﬁeld R (1998) Existence value and intrinsic value. Ecol. Econ 24: 163‑168. https://
doi.org/10.1016/S0921-8009(97)00140-7
Bagstad KJ, Semmens DJ, Waage S, Winthrop R (2013) A comparative assessment of
decision-support tools for ecosystem services quantiﬁcation and valuation. Ecosyst.
Serv 5: 27‑39. https://doi.org/10.1016/j.ecoser.2013.07.004
Barbier EB, Hacker SD, Kennedy C, Koch EW, Stier AC, Silliman BR (2011) The value
of estuarine and coastal ecosystem services. Ecol. Monogr 81: 169‑193. https://
doi.org/10.1890/10-1510.1
Bordt M (2015a) Advancing Environmental-Economic Accounting Concept Note on
Global Land Cover for Policy Needs: Supporting SDG Monitoring and Ecosystem
Accounting. Presented at the GEO-XII Plenary (Land Cover Side Event) URL: http://
www.earthobservations.org/
uploads/425_geo12_land_cover_side_event_concept_note.pdf
Bordt M (2015b) A framework for comparison of approaches, data, tools and results of
existing and previous ecosystem accounting approaches in selected jurisdictions.
UNSD/UNEP/CBD URL: http://unstats.un.org/unsd/envaccounting/workshops/

A critical review of ecosystem accounting and services frameworks

•

•

•

•
•
•

•

•

•

•
•

•
•

•

21

eea_forum_2015/97.%20SEEA%20EEA%20Tech%20Guid%207%20Compilation%20of
%20data,%20tools%20and%20methods%20(09Dec2014).pdf
Bordt M, Rastan S (2015) The Role of National Agencies as Honest Brokers Between
Science and Policy: Case Studies on Environmental Sustainability Indicators. Handbook
of Clean Energy Systems.
Borie M, Hulme M (2015) Framing global biodiversity: IPBES between mother earth and
ecosystem services. Environ. Sci. Policy 54: 487‑496. https://doi.org/10.1016/
j.envsci.2015.05.009
Boyd J, Banzhaf S (2007) What are ecosystem services? The need for standardized
environmental accounting units. Ecol. Econ 63: 616‑626. https://doi.org/10.1016/
j.ecolecon.2007.01.002
Brand F (2009) Critical natural capital revisited: Ecological resilience and sustainable
development. Ecol. Econ 68: 605‑612. https://doi.org/10.1016/j.ecolecon.2008.09.013
Carpenter SR, Bennett EM, Peterson GD (2006) Scenarios for ecosystem services: an
overview. Ecol. Soc 11: 29‑29. https://doi.org/10.5751/ES-01610-110129
Carpenter SR, Mooney HA, Agard J, Capistrano D, DeFries RS, Diaz S, Dietz T,
Duraiappah AK, Oteng-Yeboah A, Pereira HM (2009) Science for managing ecosystem
services: Beyond the Millennium Ecosystem Assessment. Proc. Natl. Acad. Sci 106:
1305‑1312. https://doi.org/10.1073/pnas.0808772106
Chan KM, Guerry AD, Balvanera P, Klain S, Satterﬁeld T, Basurto X, Bostrom A,
Chuenpagdee R, Gould R, Halpern BS (2012) Where are cultural and social in
ecosystem services? A framework for constructive engagement. Bioscience 62:
744‑756. https://doi.org/10.1525/bio.2012.62.8.7
Chan KM, Balvanera P, Benessaiah K, Chapman M, Díaz S, Gómez-Baggethun E,
Gould R, Hannahs N, Jax K, Klain S, Luck GW, Martín-López B, Muraca B, Norton B,
Ott K, Pascual U, Satterﬁeld T, Tadaki M, Taggart J, Turner N (2016) Opinion: Why
protect nature? Rethinking values and the environment. Proc. Natl. Acad. Sci 113:
1462‑1465. https://doi.org/10.1073/pnas.1525002113
Christie M, Fazey I, Cooper R, Hyde T, Kenter JO (2012) An evaluation of monetary and
non-monetary techniques for assessing the importance of biodiversity and ecosystem
services to people in countries with developing economies. Ecological Economics 83:
67‑78. https://doi.org/10.1016/j.ecolecon.2012.08.012
CICES (2013) The Common International Classiﬁcation of Ecosystem Services.
European Environment Agency URL: https://cices.eu/
Cimon-Morin J, Darveau M, Poulin M (2015) Site complementarity between biodiversity
and ecosystem services in conservation planning of sparsely-populated regions.
Environ. Conserv 1: 13‑13.
Costanza R (2000) Visions of alternative (unpredictable) futures and their use in policy
analysis. Conserv. Ecol 4: 5‑5. https://doi.org/10.5751/ES-00171-040105
Cowling RM, Egoh B, Knight AT, O’Farrell PJ, Reyers B, Rouget M, Roux DJ, Welz A,
Wilhelm-Rechman A (2008) An operational model for mainstreaming ecosystem
services for implementation. Proc. Natl. Acad. Sci. U. S. A 105: 9483‑9488. https://
doi.org/10.1073/pnas.0706559105
Daily GC, Polasky S, Goldstein J, Kareiva PM, Mooney HA, Pejchar L, Ricketts TH,
Salzman J, Shallenberger R (2009) Ecosystem services in decision making: Time to
deliver. Front. Ecol. Environ 7: 21‑28. https://doi.org/10.1890/080025

22

•

•

•

•

•

•

•

•

•

•
•

•

•

•
•

Bordt M, Saner M

Daw T, Brown K, Rosendo S, Pomeroy R (2011) Applying the ecosystem services
concept to poverty alleviation: the need to disaggregate human well-being. Environ.
Conserv 38: 370‑379. https://doi.org/10.1017/S0376892911000506
de Groot RS, Wilson MA, Boumans RM (2002) A typology for the classiﬁcation,
description and valuation of ecosystem functions, goods and services. Ecol. Econ 41:
393‑408. https://doi.org/10.1016/S0921-8009(02)00089-7
de Groot RS, Van der Perk J, Chiesura A, van Vliet A (2003) Importance and threat as
determining factors for criticality of natural capital. Ecol. Econ 44: 187‑204. https://
doi.org/10.1016/S0921-8009(02)00273-2
Díaz S, Demissew S, Carabias J, Joly C, Lonsdale M, Ash N, Larigauderie A, Adhikari
JR, Arico S, Baldi A (2015) The IPBES Conceptual Framework—connecting nature and
people. Curr. Opin. Environ. Sustain 14: 1‑16. https://doi.org/10.1016/
j.cosust.2014.11.002
Erhard M, Olah B (2014) Developing conceptual framework for ecosystem mapping.
European Environment Agency, Malaga URL: http://projects.eionet.europa.eu/eeaecosystem-assessments/library/draft-ecosystem-map-europe/es_mapping_draft_reportterrestrial-ecosystems/download/en/1/ES_mapping_DRAFT_report%20%28terrestrial%
20ecosystems%29.pdf
Fisher B, Turner RK, Morling P (2009) Deﬁning and classifying ecosystem services for
decision making. Ecol. Econ 68: 643‑653. https://doi.org/10.1016/
j.ecolecon.2008.09.014
Haines-Young RH, Potschin MB (2010) The links between biodiversity, ecosystem
services and human well-being. In: Rafaelli D, Find C (Eds) Ecosystem Ecology: A New
Synthesis. Cambridge University Press, Cambridge.
Hein L, Van Koppen K, de Groot RS, Van Ierland EC (2006) Spatial scales,
stakeholders and the valuation of ecosystem services. Ecol. Econ 57: 209‑228. https://
doi.org/10.1016/j.ecolecon.2005.04.005
Horcea-Milcu A-, Leventon J, Hanspach J, Fischer J (2016) Disaggregated contributions
of ecosystem services to human well-being: a case study from Eastern Europe. Reg.
Environ. Change 1 (13): 10‑1007.
IPBES (2018) Units of analysis. https://www.ipbes.net/glossary/units-analysis. Accessed
on: 2018-9-29.
Kandziora M, Burkhard B, Müller F (2012) Interactions of ecosystem properties,
ecosystem integrity and ecosystem service indicators—A theoretical matrix exercise.
Ecol. Indic. Volume 28: 54‑78. https://doi.org/10.1016/j.ecolind.2012.09.006
Kosmidou V, Petrou Z, Bunce RG, Mücher CA, Jongman RH, Bogers MM, Lucas RM,
Tomaselli V, Blonda P, Padoa-Schioppa E (2014) Harmonization of the land cover
classiﬁcation system (LCCS) with the general habitat categories (GHC) classiﬁcation
system. Ecol. Indic 36: 290‑300. https://doi.org/10.1016/j.ecolind.2013.07.025
Kremen C, Ostfeld RS (2005) A call to ecologists: measuring, analyzing, and managing
ecosystem services. Front. Ecol. Environ 3: 540‑548. https://doi.org/10.1890/1540-9295
(2005)003[0540:ACTEMA]2.0.CO;2
Landers D, Nahlik A (2013) Final ecosystem goods and services classiﬁcation system.
U.S. Environmental Protection Agency, Oﬃce of Research and Development 600 (13): .
Lange G- (2014) Wealth Accounting and Valuation of Ecosystem Services (WAVES).
World Ban URL: http://www.wavespartnership.org

A critical review of ecosystem accounting and services frameworks

•

•

•
•

•

•

•

•

•

•

•

•
•

•

•

23

Luck GW, Harrington R, Harrison PA, Kremen CaBP, R B, Dawson TP, de Bello F, Diaz
S, Feld CK (2009) Quantifying the contribution of organisms to the provision of
ecosystem services. Bioscience 59: 223‑235. https://doi.org/10.1525/bio.2009.59.3.7
Luck GW, Chan KM, Eser U, Gomez-Baggethun E, Matzdorf B, Norton B, Potschin MB
(2012) Ethical considerations in on-ground applications of the ecosystem services
concept. BioScience 62 (12): 1020‑1029. https://doi.org/10.1525/bio.2012.62.12.4
MA (2005) Millennium Ecosystem Assessment. Ecosystems and Human Well-being: A
Framework for Assessment: Summary. Island Press, Washington, DC.
Maes J, Liquete C, Teller A, Erhard M, Paracchini ML, Barredo J, Grizzetti B, Cardoso
A, Somma F, Petersen J, Meiner A, Gelabert ER, Zal N, Kristensen P, Bastrup-Birk A,
Biala K, Piroddi C, Egoh B, Degeorges P, Fiorina C, Santos-Martín F, Naruševičius V,
Verboven J, Pereira H, Bengtsson J, Gocheva K, Marta-Pedroso C, Snäll T, Estreguil C,
San-Miguel-Ayanz J, Pérez-Soba M, Grêt-Regamey A, Lillebø A, Malak DA, Condé S,
Moen J, Czúcz B, Drakou E, Zulian G, Lavalle C (2016) An indicator framework for
assessing ecosystem services in support of the EU Biodiversity Strategy to 2020.
Ecosystem Services 17: 14‑23. https://doi.org/10.1016/j.ecoser.2015.10.023
Maynard S, James D, Davidson A (2010) The development of an ecosystem services
framework for South East Queensland. Environ. Manage 45: 881‑895. https://
doi.org/10.1007/s00267-010-9428-z
Maynard S, James D, Davidson A (2015) Determining the value of multiple ecosystem
services in terms of community wellbeing: Who should be the valuing agent? Ecological
Economics 115: 22‑28. https://doi.org/10.1016/j.ecolecon.2014.02.002
Nahlik AM, Kentula ME, Fennessy MS, Landers DH (2012) Where is the consensus? A
proposed foundation for moving ecosystem service concepts into practice. Ecol. Econ
77: 27‑35. https://doi.org/10.1016/j.ecolecon.2012.01.001
Nijkamp P, Vindigni G, Nunes PA (2008) Economic valuation of biodiversity: A
comparative study. Ecological Economics 67: 217‑231. https://doi.org/10.1016/
j.ecolecon.2008.03.003
Norton B, Environmental Philosophy Cf, North Texas TUo (1997) Convergence and
Contextualism. Environmental Ethics 19 (1): 87‑100. https://doi.org/10.5840/
enviroethics199719141
OECD (2011) How's Life? Measuring well-being. Organisation for Economic Cooperation and Development URL: http://www.oecd-ilibrary.org/content/
book/9789264121164-eni
Paetzold A, Warren PH, Maltby LL (2010) A framework for assessing ecological quality
based on ecosystem services. Ecol. Complex 7: 273‑281. https://doi.org/10.1016/
j.ecocom.2009.11.003
Partidario MR, Gomes RC (2013) Ecosystem services inclusive strategic environmental
assessment. Environ. Impact Assess. Rev 40: 36‑46.
Ring I, Hansjügens B, Elmqvist T, Wittmer H, Sukhdev P (2010) Challenges in framing
the economics of ecosystems and biodiversity: the TEEB initiative. Curr. Opin. Environ.
Sustain 2: 15‑26. https://doi.org/10.1016/j.cosust.2010.03.005
Rounsevell MD, Dawson TP, Harrison PA (2010) A conceptual framework to assess the
eﬀects of environmental change on ecosystem services. Biodivers. Conserv 19:
2823‑2842. https://doi.org/10.1007/s10531-010-9838-5
Saner MA, Bordt M (2016) Building the consensus: The moral space of Earth
measurement. Ecol. Econ 130: 74‑81. https://doi.org/10.1016/j.ecolecon.2016.06.019

24

•

•

•

•
•

•
•

•
•

•

•

•

•

•

•

Bordt M, Saner M

Sayre R, Dangermond J, Frye C, Vaughan R, Aniello P, Breyer S, Cribbs D, Hopkins D,
Nauman R, Derrenbacher W (2014) A new map of global ecological land units—an
ecophysiographic stratiﬁcation approach. Association of American Geographers.
Association of American Geographer.
Sayre RG, Wright DJ, Breyer SP, Butler KA, Van Graafeiland K, Costello MJ,
Kavanaugh MT (2017) A three-dimensional mapping of the ocean based on
environmental data. Oceanography 30 (1): 90‑103. https://doi.org/10.5670/
oceanog.2017.116
Schröter M, Zanden EH, Oudenhoven AP, Remme RP, Serna-Chavez HM, de Groot RS,
Opdam P (2014) Ecosystem services as a contested concept: a synthesis of critique
and counter-arguments. Conserv. Lett 7: 514‑523. https://doi.org/10.1111/conl.12091
Smith RI, Dick JM, Scott EM (2011) The role of statistics in the analysis of ecosystem
services. Environmetrics 22: 608‑617. https://doi.org/10.1002/env.1107
Spangenberg JH, von Haaren C, Settele J (2014) The ecosystem service cascade:
Further developing the metaphor. Integrating societal processes to accommodate social
processes and planning, and the case of bioenergy. Ecol. Econ 104: 22‑32. https://
doi.org/10.1016/j.ecolecon.2014.04.025
Stirling A (2010) Keep it complex. Nature 468: 1029‑1031. https://
doi.org/10.1038/4681029a
Sumarga E, Hein L, Hooijer A, Vernimmen R (2016) Hydrological and economic eﬀects
of oil palm cultivation in Indonesian peatlands. Ecology and Society 21 (2): 52‑52.
https://doi.org/10.5751/ES-08490-210252
TEEB (2013) Guidance manual for TEEB country studies. T.E.E.B. URL: http://
www.teebweb.org/publication/guidance-manual-teeb-country-studies-4/.
Turner R, Daily G (2008) The ecosystem services framework and natural capital
conservation. Environ. Resour. Econ 39: 25‑35. https://doi.org/10.1007/
s10640-007-9176-6
UK DEFRA (2011) The UK National Ecosystem Assessment - Synthesis of Key
Findings. The UK National Ecosystem Assessment URL: http://uknea.unep-wcmc.org/
LinkClick.aspx?ﬁleticket=ryEodO1KG3k%3d&tabid=82
United Nations, European Comission, Food and Agriculture Organization Comission,
OECD, World Bank (2014) System of Environmental-Economic Accounting 2012 Experimental Ecosystem Accounting. United Nations Statistics Division URL: http://
unstats.un.org/unsd/envaccounting/seeaRev/eea_ﬁnal_en.pdf
United Nations (2015) Transforming our world: the 2030 Agenda for Sustainable
Development. United Nations URL: https://sustainabledevelopment.un.org/post2015/
transformingourworld
United Nations Statistics Division (2008) SNA 2008. System of National Accounts.
United Nations, New York, 755 pp. URL: http://unstats.un.org/unsd/nationalaccount/
docs/SNA2008.pdf
United Nations Statistics Division (2013a) Expert Group Meeting: Modelling Approaches
and Tools for Testing of the SEEA Experimental Ecosystem Accounting. United Nations
Statistics Division URL: http://unstats.un.org/unsd/envaccounting/seeaRev/
meeting2013/lod.htm
United Nations Statistics Division (2013b) Framework for the Development of
Environment Statistics (FDES) 2013. United Nations Statistics Division URL: http://
unstats.un.org/unsd/statcom/doc13/BG-FDES-Environment.pdf

A critical review of ecosystem accounting and services frameworks

•
•

•

•

•

25

United Nations Statistics Division (2015a) Central Product Classiﬁcation (CPC) Version
2.1. United Nations URL: http://unstats.un.org/unsd/cr/registry/regdntransfer.asp?f=284
United Nations Statistics Division (2015b) Advancing the System of EnvironmentalEconomic Accounting (SEEA) Experimental Ecosystem Accounting: Expert Forum
Minutes. United Nations URL: http://unstats.un.org/unsd/envaccounting/ceea/meetings/
tenth_meeting/BK10a.pdf
United Nations Statistics Division (2017) Technical Recommendations in support of the
System of Environmental-Economic Accounting 2012–Experimental Ecosystem
Accounting. https://seea.un.org/ecosystem-accounting. Accessed on: 2018-9-29.
Vardon M, Burnett P, Dovers S (2016) The accounting push and the policy pull:
balancing environment and economic decisions. Ecol. Econ 124: 145‑152. https://
doi.org/10.1016/j.ecolecon.2016.01.021
Wainger L, Mazzotta M (2011) Realizing the potential of ecosystem services: a
framework for relating ecological changes to economic beneﬁts. Environ. Manage 48:
710‑733. https://doi.org/10.1007/s00267-011-9726-0

Supplementary material
Suppl. material 1: Annex 1: Detailed assessment of frameworks
Authors: Michael Bordt
Data type: Table
Filename: AnnexI.xlsx - Download ﬁle (62.61 kb)

Endnotes
*1
*2
*3

*4

We distinguish national ecosystem accounting as an approach that is speciﬁcally
developed to be applied at the national level.
The detailed assessment table is presented in Suppl. material 1.
In earlier literature (e.g. de Groot et al. 2002, MA 2005, Kremen and Ostfeld 2005 the
term “ecosystem functions” was commonly used to describe the processes undertaken
by ecosystems. More recent literature has tended to use the term “ecosystem
processes” (e.g. Díaz et al. 2015) or “ecological processes” (e.g. Rounsevell et al.
2010). This paper consistently uses the term “ecosystem processes” regardless of the
nomenclature of the source material. We believe this terminology helps distinguish
ecosystem processes from the more general “function” of ecosystems to provide ES
and also from “ecological production functions”, which are mathematical constructs.
“Optimally, the community should be included in open dialog [sic] early in the
framework development process to identify, classify, value, and/or quantify ecosystem
services.” This is consistent with the approach suggested by Ash et al. (2010).

