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Abstract

Harnessing  reliable  and  relevant  information  on  ecosystems  requires  focusing  and

prioritising information acquisition on dimensions of interest. As a boundary object between

ecosystem monitoring, research and public decision-making, ecosystem accounting can

serve this purpose. We develop an argument in favour of a set of accounts, consistent with

the statistical standard part of the System of Environmental-Economic Accounting (SEEA-

EA), that explicitly links monetary accounts to ecosystem extent and condition accounts.

The  ecosystem condition  account  is  structured  in  three  categories  reflecting  the  main

values  motivating  integrated  ecosystem  management  targets  and  notions  of  «good

ecological status». These categories are: (i) the maintenance of their heritage dimensions,

(ii) their capacity to sustainably provide ecosystem services and (iii) the maintenance of

their  overall  functionality.  We  discuss how  such  ecosystem  accounts  and  associated

monitoring can form the basis both for assessing an ecological debt by using a cost-based

approach and for designing an action-orientated information system suitable to support the

transition towards sustainable societies.
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Introduction

The need to complement traditional economic indicators, such as gross domestic product

(GDP), employment or public debt with a list of indicators able to account for a long-term

and  broader  vision  of  social  progress  is  widely  recognised  as  a  key  component  of

sustainable pathways* . In order to meet this need, the Ecosystem Accounting framework

of the System of Environmental-Economic Accounting (SEEA-EA) was adopted in March

2021 by the United Nations Statistical Commission (UNSC) as a statistical standard in its

biophysical accounts (chapters 1-7) and as a recommendation in its monetary accounts

(chapters 8-11). This system organises an integrated and spatialised framework to monitor

and  account  for  ecosystem extent,  condition,  services  and  assets.  This  new standard

leaves much leeway for implementation by regional and national statistical offices. At the

European level, harmonising methods within a reporting framework will be supervised by

Eurostat.

Ecosystem  accounts  gather  multiple  data  in  a  structured  framework  and  derive

standardised tables and indicators on this  basis  (Fig.  1).  It  is  useful  to  distinguish the

accounts from the underlying integrated information system as both could be useful  in

different ways depending on their  design. The information system required to build the

accounts is spatialised and organised around basic spatial units (BSU) to which diverse

information can be attributed. Through a set of categories and conventions* , ecosystem

extent, condition, supply and use services accounts are derived from this spatial grid. They

form a set of biophysical ecosystem accounts that can be used to derive standardised

indicators. These accounts, in turn, shape the information system by drawing attention to

specific ecosystem features.

As  a  boundary  object*  between  ecosystem monitoring,  research  and  public  decision-

making, this framework offers great potential  for multiple uses. However and despite a

diversity  of  exploratory  implementation  for  ecosystem accounting,  the  effectiveness  of

these  approaches  to  improve  decisions  remains  unsupported  (Razzaque  et  al.  2019, 

Comte et al.  2022, IPBES 2022). Further implementation requires pursuing challenging

research on measurement and valuation, with greater linkages with the discussions on

diverse value perspectives and on the actual uses and impacts of accounting (IPBES 2022

, message B7).

In this  article,  we propose answers to such challenges.  We specify  the features of  an

ecosystem accounting system suitable for supporting integrated ecosystem management

and monitoring ecosystem degradation at different scales. Thereby, we emphasise how the

estimation of the costs required to reach ecological targets can induce the production of

useful information involving diverse communities and value perspectives. We also stress
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how some features of this system (definitions, categories and valuation methods) crucially

depend on the explicit identification of its intended uses.

In the first section, we describe how liabilities can be defined on the basis of commitments

to  maintain  and restore  ecosystems,  and expressed both  in  biophysical  and monetary

terms.  In  the second section,  we then discuss how such an approach could fit  into  a

dynamic socio-political process of target setting and implementation. In the third section,

we  discuss  how  the  dimensions  of  interest  and  reference  levels  used  in  biophysical

accounts  could  be  inferred  from existing  management  targets  with  diverse  underlying

rationales.  To conclude, we discuss the main avenues of  research required for such a

system of accounts to be used to a degree comparable to economic accounts and provide

substantial support for the transition to sustainable societies.

Figure 1. 

Ecosystem accounts as a boundary object between data producers and policy-makers.

Comment: indicators supporting policies can both be derived from a structured accounting

system where elements are gradually built through a set of rules and conventions motivated

by the conceptual framework (arrows on the right) or directly from the underlying information

system (arrows on the left). In this perspective, the accounting system not only serves the

production of indicators, but can also shape the information system on Nature by emphasising

data gaps.
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Valuing the liabilities due to ecosystem degradation

Amongst  existing  proposals  to  complement  GDP,  a  monetary  indicator  of  the  costs  of

ecosystem degradation could offer a measurement comparable with economic outcomes.

First,  we  present  and  discuss  the  conceptual  framing  of  the  cost-based  approach  for

estimating  such  an  indicator.  Second,  we  consider  the  practical  options  regarding  its

implementation.

Valuing the costs of ecosystem degradation - conceptual framing

Two distinct framings have been discussed through time in SEEA manuals regarding the

monetary valuation of the costs of ecosystem degradation (United Nations 1993, United

Nations et al. 2003, United Nations 2021).

In  the first  framing,  the focus is  on the costs  borne by humans due to  environmental

degradation,  where such costs are  understood as damage or  (negative)  benefits.  Two

approaches developed from this originally called “cost-borne” perspective (United Nations

1993) are the damage-based methods (United Nations et al. 2003, chap. 9 and 10) and

current  recommendations  for  valuing  ecosystem  degradation  in  the  SEEA-EA  (United

Nations 2021, ch. 10). This latter approach mainly differs from the former by moving away

from "welfare" towards "exchange" values to assess losses in ecosystem services. In this

latter approach, ecosystem degradation and its costs are identically defined as the fall in

the net present value of expected future returns of the ecosystem services supplied by

“ecosystem assets”* .

In  the  second  framing,  the  focus  is  on  the  costs  caused  by  (human-induced)*

environmental degradation, where such costs are understood as the expenses or efforts

required to avoid ecosystem degradation or to restore ecosystems. Approaches developed

from this originally called “cost-caused” perspective are currently called restoration cost-

based  approaches*  in  the  SEEA-EA  ( United  Nations  2021,  §12.32).  Examples  are

estimates resulting from greened-economy modelling (United Nations et al. 2003, §10.199,

Hueting  2013)  or  the  unpaid  ecological  costs proposed  by  Vanoli  (1995).  In  all  these

approaches,  ecosystem  degradation remains  defined  in  biophysical  terms  as  the

discrepancy between current and some reference condition, while its costs are the costs of

the  measures  needed  to  maintain  or  to  restore  ecosystems  from their  current  to  this

reference condition. The proposal discussed in this paper also follows this framing.

As  will  be  argued  in  the  second  section,  both  valuation  approaches  could  inform

ecosystem management at different stages of the policy cycle. In a nutshell,  estimates

based on the former framing could be useful to provide rationales for policy and action,

while,  based on the latter,  estimates can serve organising action to prevent or remedy

ecosystem degradation (United Nations et al. 2003, §11.124).

However, we may stress several key difficulties when relying on the first framing for valuing

the  cost  of  ecosystem degradation  at  the  national  level.  A  first  difficulty  is  related  to

indeterminants in the preferences required to conduct such an assessment. Valuing future
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flows of ecosystem services requires predicting future conditions, but also quantifying and

valuing  related  uncertainties consistently  with  existing  attitudes  regarding  risks  and

uncertainties,  inferring  the  fundamentally  unknown future  generations'  preferences  and

including non-use values. All of these issues pose considerable conceptual and practical

difficulties. For example, we can note that, despite their recognition, non-use values are

currently excluded from the ecosystem asset value in the SEEA-EA (United Nations 2021;

§6.72).  We  may  also  emphasise  that  the  values  associated  with  ecosystems  and

biodiversity may not always pre-exist, but that they could emerge from individual reflection

and public discussion and require considering valuation in the context of  socio-political

value formation processes (Sen 1995, Spash and Hanley 1995, Kenter et al. 2015).

Another difficulty relates to the different nature of what is valuable when facing complexity

and  uncertainty.  The  SEEA-EA  approach  to  valuing  ecosystem  degradation  relies  on

simple  DPSIR-like*  local  causality  representations,  first  from  pressures  to  condition

change and  then  from condition  change to  impacts  on  benefits.  However,  in  complex

systems, where non-linearity and uncertainty prevail, local causal chains can no longer be

assumed (Chavalarias 2020). One consequence of this is that targets on pressures have to

be defined as they cannot be unambiguously inferred from targets on ecosystem condition.

This is what the French Cour des Compte recognises, for instance, when it recommends to

set  targets  directly  on  agricultural  practices  due  to  the  delay  and  many  sources  of

variability  from them to  ecosystem eutrophication  (Cour  des  Comptes  2021).  In  those

examples, we see how complexity leads to recognise that reductions in pressures shall be

valuable as such. Here, the value of a reduction in pressure cannot be estimated through a

difference  in  damage,  but  through  an  implicit  valuation  approach,  based  on  what  is

collectively valued as revealed by existing targets.

A third difficulty is related to the diverse meanings of  the monetary values covered by

existing valuation methods. In practice, ecosystem services are assessed using diverse

interrelated, but distinct concepts (for example, market price, opportunity cost, real cost

and willingness to  pay).  This  limits  the possibilities  to  commensurate  or  sum resulting

figures,  though  many  of  these  figures  would  prove  useful  in  different  contexts.  The

impossibility to commensurate use and exchange values and the drastic reduction of the

scope of valuation is one prominent example of such concerns. In this line, Femia and

Capriolo (2022) advocate that each of the numerous monetary values proposed may not

be  additive,  but  that  they  can  all  be  useful  separate  pieces  of  a  rich  and  inclusive

information system able to fit a diversity of policy needs.

Most of these discussions are not new and we shall note that the London Group's research

agenda in the 1990’s suggested investigating the restoration cost-based approach before

relegating it to the background (United States Bureau of Economic Analysis 1995, Brouwer

et  al.  1999,  Radermacher  et  al.  1999,  Bartelmus  2013).  Amongst  the  most  advanced

proposals, André Vanoli  developed an argument in favour of a cost-based approach to

measure, in exchange value, the costs of observed ecosystem degradation (Vanoli 1995, 

Vanoli 2017). In Vanoli’s perspective, the “Economy” would remain equipped with its own

information system structured according to the SNA*  and a specific institutional sector

called “Nature” would be considered as an entity distinct from the "Economy" and equipped
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with its specific information system. Relationships between "Nature" and the "Economy"

could then be monitored according to liabilities between them. Unpaid ecological costs can

then be defined as “[representing] the value, in terms of avoidance or restoration costs, of

the degradation of ecosystem assets in a given period due to economic activities” (Vanoli

2017). In contrast with the imputed maintenance costs of the 1993 version of the Integrated

Environmental  and  Economic  Accounting  (United  Nations  1993),  these  costs  are

considered as a liability,  meaning a commitment  to  pay in  the future* .  More recently,

Germain  and  Lellouch  (2020) have  defined  a  " prospective  debt"  in  an  economic

perspective as " the discounted equivalent of the future expenditure stream required to

meet a given liability", thereby defining a "notion of implicit liabilities used for other types of

public expenditure such as pensions".

Building on these notions of “unpaid ecological costs”*  and "prospective debt", we define

a monetary ecological debt as the costs that would have to be incurred in order to attain

some reference levels on dimensions of interest of ecosystem extent and condition* . We

now  focus  on  the  practical  implementation  of  an  aggregate  measure  of  the  costs  of

ecosystem degradation at the national scale, starting with the practical valuation of the

costs required to attain some reference levels.

Valuing in practice - modelling or observing?

In the second framing (cost-caused), two distinct perspectives are possible for the practical

estimation  of  the  cost  of  ecosystem degradation,  which  we may,  respectively,  call  the

economic and the accounting perspectives.

In  an  economic  perspective,  the  estimation  is  carried  out  through  different  kinds  of

modelling.  Technico-economic  models  are  the  first  kind.  They  rely  on  a  database  of

possible measures to reach defined targets, along with their costs and their impacts. From

this,  the  estimation  generally  consists  in  adding  the  required  cost  for  implementing

measures  from  the  least  to  the  most  costly  until  the  reference  level  is  reached* .

Macroeconomic models are a second kind (Brouwer et al. 1999). They directly estimate the

cost required to achieve the targets from a representation of how financial efforts translate

into impact (dose-response models).

Resulting estimates are uncertain, in particular, due to limited knowledge on future market

conditions  and  technical  progress.  Given  the  limits  and  uncertainties  associated  with

modelling, intercomparisons of model outcomes or regular model updates are necessary to

ensure reasonable estimates.  For example,  Germain and Lellouch (2020) assess what

they call a "prospective debt" related to climate change mitigation targets for France. They

develop a simple macroeconomic model which, they show, yields consistent results with

another  pre-existing  technico-economic  model.  They  also  show  that  the  carbon  value

derived from their  macroeconomic model  is  roughly consistent  with the tutelary carbon

value used in France for the evaluation of public investments, suggesting their estimates

are  reasonably  robust.  We can further  stress  that  the  estimation  of  this  latter  tutelary

carbon value is  itself  based on such intercomparison between the results  of  technico-

economic and macroeconomic models (Quinet et al. 2019, Bureau et al. 2021).
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For biodiversity and ecosystems, numerous models relating responses with outcomes on

dimensions of interest could be used to carry out similar estimations. For example, the

scientific  literature  on  wetland  restoration  costs  can  provide  sound  estimates  of  the

required budget to reach specific ecological outcomes (Szałkiewicz et al. 2018). Recent

reports also estimate how much it would cost to stop species and natural habitat erosion by

2030 (Deutz  et  al.  2020).  However,  greater complexity  may  arise  due  to  the  need to

account for the multiplicity of drivers of change (and their non-linear combination) and for

the multiplicity of dimensions of interest (and their interactions)* . Sketching the contours

of efficient trajectories, as well as their overall costs, will require integrating multiple models

and explicit spatial modelling. The resulting estimates will involve high uncertainty. Thus, as

for climate, credible values will require intercomparisons of models and regular updates

(Guivarch et al. 2017, Riahi et al. 2022).

In  an  accounting  perspective,  drawing  from  a  comparison  with  national  economic

accounting, the indicator results from the aggregation of costs estimated and reported at

the  level  of  economic  units  (corporation,  household,  government  etc.).  This  approach

requires widening organisational accounting in order to monitor impacts and liabilities at

this level. Some legal procedures, although still partial, already exist, for example, through

impact assessments for development projects supported by corporations or governments.

Non-financial reporting is also increasingly standardised, for example, through initiatives

such as the European Union's Corporate Sustainability Reporting Directive (CSRD).

More  ambitiously,  extended  and  normalised  accounting  models  could  ensure  the

production of suitable information. The Comprehensive Accounting in Respect of Ecology

(CARE) is an example of such a model. With it, organisations would be required to monitor

and  account  for  their  impacts  or  pressures  on  ecosystems,  in  relation  to  ecological

reference levels*  (Rambaud and Richard 2015,  Rambaud and Chenet  2021).  In  this

framework,  organisations  report  as  liabilities  in  their  own  accounts  the  cost  of  the

prevention  and  restoration  measures  required  to  ensure  these  reference  levels  are

achieved* . With a similar auditing procedure as financial reporting, reliable data would be

produced at organisational level. Should the reference levels set at organisations level be

consistent, on larger scales, with the environmental norms of the territories where they

operate, the bottom-up aggregation of liabilities would provide an estimation of the costs of

ecosystem degradation.

The economic and accounting approaches both cover investment and recurrent costs, in

exchange value, for achieving existing targets. However, they differ regarding the relevant

information  on  costs,  possibly  reflecting  differences  in  objects  and  concerns  of  the

economic  and  accounting  disciplines.  While the  accounting  discipline  seeks  to  assess

reliable,  tangible  as well  as  opposable  commitments  to  pay,  which are unambiguously

attributed to an entity, the economic discipline seeks to assess values that are relevant to

decision-making, even though they are more hypothetical or not clearly attributed. As a

result, the scope and nature of the costs covered in the ecological debt indicator could

differ between the two perspectives, leading to different interpretations and relevant uses.

Regarding the scope, the reported costs cover reduction and restoration measures in the

accounting perspective* . In contrast, the economic perspective adopts a wider scope,
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possibly  including  avoidance  measures,  which  are  the  opportunity  costs  of  renounced

projects.  Regarding  the  nature  of  the  information  on  costs  covered,  the  economic

perspective departs from the mere observation of actual transactions and other facts. It

involves models,  hypotheses,  normative  inputs  and  requires  interpretation  (e.g.

intercomparisons  of  model  results).  Many  authors  have  argued  against  such  “hard

modelling” approaches in official statistics as they are alleged to undermine accuracy and

trust  in the information produced (Desrosieres 2009, Vanoli  2017, Radermacher 2020).

Therefore, the economic perspective may be best carried out outside official statistics, in a

specific  institutional  context  involving  research  and  other  public  institutions  in  close

articulation with official statistics. The accounting perspective, on the contrary, relies on the

observation of approved accounting information. This is more in line with the traditional role

of public statistics and national economic accounting.

Fig. 2 presents how an ecological debt account could be built at the margins of national

economic  and  ecosystem  accounting.  Whether  conducted  within  or  outside  official

statistics, interpretations of the resulting aggregate indicator and its variations may depend

on the perspective taken towards implementing it.

In the accounting perspective, for instance, variations of such an aggregate indicator from

an accounting period to the next could be further broken down and interpreted in a similar

way as SNA categories for variation of assets and liabilities (United Nations et al. 2009,

§§12.1-3). They would be:

1. changes  in  ecosystem  condition  attributable  to  an  economic  unit  (e.g.  the

destruction of a hedge by a farmer or the revegetation of a degraded area by a

manager); treated as "economic transactions",

2. changes in ecosystem condition resulting from exogenous causes (e.g. hurricane

damage to a coral reef); treated as "other volume change",

3. changes  in  the  reference  levels  reflecting  changes  in  collective  preferences* ;

treated as "other volume change",

4. changes resulting from improved data and assessment methods; treated as "other

volume change",

5. technical  progress  and  the  evolution  of  prices  conditioning  the  costs  of

maintenance and restoration actions required to  reach related reference levels;

treated as a "revaluation" (change in prices level or structure).

Regardless of the perspective taken, interpreting these costs as an ecological debt, i.e. a

liability that would have to be paid at some point, requires a relevant choice of reference

levels. This point is discussed in the next section.

Good ecological status as a boundary object for the strategic

discussion of environmental targets and reference levels

While  recognising  the  existence  of  a  large  diversity  of  approaches, the  SEEA-EA

recommends defining reference condition levels “using the natural state as the reference
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condition” (United Nations 2021, § 5.72). The rationale is that the methodology “should

allow accounts to be developed devoid of value judgements and which do not imply a

policy goal or a desired condition” (Keith et al. 2020). However, in order to be interpreted

as an ecological  debt,  the costs  required for  reaching some reference levels,  both on

ecosystem extent  and  condition,  would  have  to  be  somehow related  to  our  collective

willingness to pay for maintaining and restoring ecosystems* . That is why Vanoli (2017)

estimates the ecological debt on the basis of environmental norms determined “in the form

of  societal  standards”,  as  revealed  by  policy  goals.  While  simple  in  principle,  such  a

perspective raises challenging practical questions. It also requires considering valuation as

part of a larger sociopolitical process such as argued, for instance, by Godard and Laurans

(2004). In this section, we discuss how a collective willingness to pay for maintaining and

restoring  ecosystems  can  emerge  from  a  dynamic  political  process  involving  different

communities around the discussion and collective legitimation of the targets defining good

ecological status.

18

Figure 2. 

Structure of the accounts derived from an ecosystem monitoring framework.

Comment: Boxes reflect different accounts. Some of these components are already required

in statistics as the biophysical side of the SEEA-EA. Other components are not explicit in the

SEEA-EA. Accounts specific to the Nature information system are in the green area, accounts

common to the Economy and Nature are in the yellow area. Accounts in grey may need to be

produced in specific institutional contexts, as they may not meet certain quality criteria for

official statistics. Under some conditions, existing accounts represented with dashed borders

could provide useful  information to monitor pressures (e.g. ecosystem use) or monitor the

actions  taken  and  their  effectiveness,  thereby  fostering  learning  regarding  solutions  (for

example, environmental goods and services accounts).

Source: adapted from Comte et al. (2020).
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The detailed description of such a process first requires careful consideration of how the

scientific, political and administrative spheres can be involved in the dynamic processes of

target setting and implementation at different scales. Thus, we shall also describe good

ecological  status  as  a  boundary  object,  involving  different  communities  without  getting

them to drastically change their referentials. To define such a process, we will elaborate on

the useful distinction between environmental limits, norms and targets, initially proposed by

Usubiaga-Lião and Ekins (2021), emphasising the processes and communities involved in

their construction. Environmental limits come from scientific arenas. They warn about the

risks of crossing specific thresholds, just as, for example, Steffen et al. (2015) did at the

global  level  with planetary boundaries.  Although they may encompass some normative

content, they leave the most crucial trade-offs to public discussion. Environmental targets

are elaborated through the political process, whose role is notably to ensure the legitimacy

of  collective  choices  and  building  political  preferences  weighing  economic  and  social

considerations. At this level, environmental targets may be expressed in laws, regulations,

plans and  strategies.  However,  they  may  still  be  insufficiently  consistent,  specific,

measurable,  ambitious  or  realistic  for  implementation* .  Therefore,  we  may  define

environmental  norms as  specifications  of  environmental  targets  performed  by  the

administration in order to enforce them.

With  these  distinctions  in  mind,  an  ideal  socio-political  process  can  be  described  that

articulates  –  rather  than  opposes  –  existing  valuation  approaches  for  sustainable

ecosystem management.  First,  the  warnings  given  by  scientists  lead,  for  example,  to

identify limits beyond which the population is exposed to risks or other considerations.

Within the political arenas, the discussion and interactions amongst politicians, scientists

and the public lead to setting environmental targets informed by science. These objectives

are then translated into operational norms at relevant levels for implementation (Commons

1970). Of course, this process is fundamentally iterative and dynamic. Scientific advances

can lead to updates of environmental limits just as societal changes can induce evolutions

in targets and associated norms. Inconsistencies between different environmental norms

can also lead to adjust targets.

Alongside  other  scientific  inputs,  ecosystem accounts  can  provide  information  for  this

process  at  different  levels,  as  illustrated  in  Fig.  3.  In  political  arenas,  knowledge  on

ecosystem services could complement knowledge on environmental limits with economic

and social considerations to define targets. In turn, norms clarify residual trade-offs or the

realism of existing targets by making explicit the required measures and associated costs,

possibly  leading  to  their  revision  in  an  iterative  dialogue.  Such processes  are  already

underway,  for  example,  in  the  European  Union's  management  of  continental  aquatic

ecosystems, where disproportionate costs may justify relaxing targets, through postponing

the deadline for  achieving good status of  water bodies (see, for  example,  Boeuf et  al.

(2018)). The discrepancy between existing targets and actual policies as documented by

the  ecological  debt  and its  evolution  could  also  reinforce  accountability  in  the  political

sphere and call for adjustments in ambition or actions.
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What is worth noting at this stage is that such an indirect approach to valuation allows for

the  production  of  a  meaningful  macro-aggregate  indicator  without  constraining  the

expression  of  values  presiding  over  the  formulation  of  targets.  Such  values  may  be

expressed  by  a  diversity  of  actors  with  different  interests,  concerns  and  world-views,

including ethical, symbolic or identity-related considerations. They may even not pre-exist,

but emerge from individual reflections and public discussions. Such an indirect approach to

valuation  can  be  particularly  relevant,  as  managing  ecosystems  and  their  biodiversity

requires embracing their complex functioning (OCDE 2018), value formation (Sen 1995)

and pluralism (Pascual et al. 2021).

Figure 3. 

Good ecological status and ecosystem accounts as boundary objects at the level of strategic

discussion around environmental targets.

Comment:  Each  of  the  spheres  gathers  a  diversity  of  actors  with  adequate  governance

systems. Arrows represent some possible interactions between spheres around the objects

introduced in this article.  They are not exhaustive of the complex and moving interactions

between these spheres. For instance, Environmental targets established in the political sphere

can be informed by scientific inputs regarding environmental limits, but also with the social and

economic  information  built  around Nature  and Economy accounts,  for  instance,  regarding

losses in ecosystem services or the cost along the pathways towards the targets. In return, the

targets  can  be  used  to  establish  environmental  norms  most  suitable  to  provide  sound

reference  levels  usable  to  provide  robust  information  on  the  effort  needed  towards  good

ecological status.
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Focusing on what matters: ecosystem extent and condition as the

component of a broad information system on Nature

At this stage of the argument, it shall be clear that no meaningful monetary indicator of

ecosystem  degradation  could  be  obtained  in  the  absence  of  sound  and  relevant

biophysical  monitoring  of  ecosystem  extent  and  condition* .  This  requires  identifying

dimensions  of  interest,  i.e.  dimensions  related  to  specific  values* ,  either  explicitly  or

implicitly  based  on  existing  targets.  In  particular,  the  estimation  of  an  ecological  debt

through the cost-based approach requires careful attention to variable selection so that all

dimensions  subject  to  environmental  norms  as  previously  defined  are  monitored.

Therefore, we discuss here how such an intention in terms of monetary valuation could, in

return, shape the ecosystem extent and condition accounts.

Currently, the measurement of ecosystem extent is organised around the SEEA ecosystem

type reference classification types, based on the IUCN Global Ecosystem Typology (GET)

and  the  measurement  of  ecosystem  condition is  organised  around  the  SEEA-EA

ecosystem  condition  typology  (ECT).  This  latter  typology  remains  primarily  orientated

according to natural science categories, where links to values are made through the use of

two  indicator  selection  criteria:  instrumental  or  intrinsic  relevance  (Czùcz  et  al.  2021, 

United  Nations  2021).  With  the  intention  to  strengthen  ecosystem  accounting  as  a

boundary  object,  Comte  et  al.  (2020) propose  to  structure  an  ecosystem  condition

dashboard according to three categories motivated by an explicit relationship with existing

policy targets and underlying values, so that all dimensions of interest can be specified

along  with  the  underlying  rationale  for  their  monitoring.  Each  of  these  categories  are

related to the value concepts invoked to justify management targets, which are of three

contrasting types.

• Heritage dimensions  comprise  the  features  of  ecosystems  that  are  deemed

remarkable for some reason. The value of monitoring such dimensions comes from

the non-use or intrinsic values tied to such specific elements and that are invoked

to justify conservation targets.

• Use dimensions*  comprise  the  features  of  ecosystems  that  determine  their

capacity to sustainably provide specific ecosystem services* . The advantage of

monitoring such dimensions comes from the benefits (use values) invoked to justify

some optimal management targets (e.g. the maximum sustainable yield (MSY) for

fisheries), possibly tempered by existing trade-offs with other dimensions.

• Functionality dimensions finally comprise the features of ecosystems ensuring the

maintenance of their overall resilience and functionality. The benefit of monitoring

such dimensions comes from the  values invoked to  justify  fostering  ecosystem

resilience  and  maintaining  pressures  within  a  safe  operating  space,  without

reference to specific ecosystem services or remarkable elements* .

These three categories reveal three major rationales that are often opposed, overlooked or

hierarchised in  ecosystem monitoring  and management.  For  example,  the  functionality

rationale dominates in the planetary boundary (Rockström et al. 2009, Steffen et al. 2015)
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or in the environmental sustainability gap (Usubiaga-Lião and Ekins 2021) frameworks.

The domination of the use rationale in the SEEA-EA is also worth noting, at least when it

comes to choosing what will count in monetary accounts (United Nations 2021).

This categorisation is useful for ensuring an inclusive selection of variables of interest. It

recognises that each of these rationales has its own logics and legitimacy for ecosystem

monitoring and management,  without  prioritising them.  It  allows the construction of  an

ecosystem monitoring  system that  does not  create  a priori power  asymmetries  and is

suitable to support  a diversity of  political  projects.  Such a framework thus embraces a

broad and inclusive scope, both consistently with the SEEA-EA approach to condition (

Keith et al. 2020) and with the increasingly recognised need to embrace diverse valuation

perspectives in accounting and policy-making (see, for example, Pascual et al. (2021) or

IPBES (2022), messages KM7 and B7).

Through  a  quick  correspondence  with  the  descriptors  defining  good  ecological  status

(GES) for marine integrated ecosystem management, Comte et al. (2020) also show that

these  categories  can  easily  be  matched  with  the  descriptors  defining  good  ecological

status in the Marine Strategy Framework Directive (MSFD) (Fig. 4). They further note that

the functionality category provides a rationale for most of the dimensions defining good

ecological status for the marine environment (8 out of 11 descriptors), thereby emphasising

the importance of a holistic perspective on ecosystem functionality for actual management.

Such a typology helps to bridge a gap between the communities and also helps overcome

some of the issues identified in the SEEA-EA research and development agenda (United

Nations 2021, p. 348). In particular, this typology ensures considering all dimensions of

non-instrumental  relevance  (heritage  and  functionality)  by  establishing  explicit  linkages

with underlying values, thereby allowing the broad and inclusive perspective on values to

be reflected in valuation and monetary accounts through the indirect and dynamic valuation

approach discussed in the former sections* . The functionality category, motivated by a

recognition  of  the  complexity  of  ecosystem  functioning,  also  provides  a  compelling

rationale  for  monitoring  specific  dimensions  of  ecosystem resilience  and  pressures  as

valuable  in  themselves,  even  in  the  absence  of  an  explicit  link  with  some ecosystem

services  or  the  intrinsic  value  tied  to  specific  elements.  We insist  that  the  accounting

system  needs  ensuring  such  monitoring  so  as  to  support  current  policies  and

complementary valuation approaches, such as those discussed in this article. As revealed

by existing targets, required dimensions cover specific dimensions of ecosystem state (e.g.

plastic  wastes in  the oceans),  but  also the attribution of  specific  change in ecosystem

condition to human activities (e.g. fishing mortality) or pressures which could not easily be

connected to change in ecosystem condition due to, amongst other difficulties, delayed

impacts  or  natural  variability  (e.g.  pesticide  use  or  excess  nitrogen  in  agriculture).  At

present, the SEEA-EA only accommodates pressure indicators in condition accounts as

surrogate  for  state  indicators  (United  Nations  2021,  §5.103).  This  requires  particular

attention, as it puts the overall ecosystem account at risk of dismissing critical information

regarding functionality concerns.
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Conclusion – An agenda for research and action

In this article, ecosystem accounting and related data are framed so as to be part of a

broad information system on nature tailored to support policy-making and other uses. This

leads us to explicitly relate dimensions of interest with the multiple underlying values that

motivate their monitoring. This provides a sound basis to discuss, expand and prioritise

monitoring  efforts.  This  also  leads  us  to  stress  the  need  to  complement  SEEA-EA

Figure 4. 

Linkages between categories of ecosystem condition indicators, broad value concepts and

broad categories of integrated management targets using the EU Marine Strategy Framework

Directive as an example.

Comment: The Heritage category includes the conservation status of all ecosystem elements

with intrinsic or non-instrumental worth as recognised through labels of diverse sorts (species

of Community interest in the EU, World Heritage etc.). The Functionality category refers to the

dimensions which need to be monitored in order to ensure that the overall functionality of the

ecosystem is not threatened, as indicated by resilience indicators or when some pressures are

above specific safe thresholds. Finally, the Use category monitors all direct determinants of

ecosystems'  capacity  to  contribute  to  specific  dimensions  of  human  welfare  (ecosystem

services). Targets categories are the 11 descriptors of the good ecological status of the EU

Marine Strategy Framework Directive.

Credit: Planetary boundaries are designed by Azote for Stockholm Resilience Centre, based

on analysis in Steffen et al. (2015) and Persson et al. (2022).
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guidelines with a stronger focus on sustainable management issues, pressures, solutions

and their costs. Such an information system would expand and benefit from the rich data

that already exist in support of integrated ecosystem management policies.

An  ecological  debt  indicator  could  be  derived  from  such  a  system  and  included  in

sustainability  dashboards  (Stiglitz  et  al.  2009).  Making  visible  ecosystem  degradation

alongside other dimensions of national progress may prove performative. Being monetary,

comparisons with wealth creation as measured by GDP may be eased and ecosystem

concerns may gain weight in budgetary discussions. More importantly and as for GDP,

such an aggregate indicator (the destination) may not only be useful  in itself,  but  also

because of the whole information system associated with it and the processes that go with

its production (the journey). One major benefit of this approach is to channel economic

valuation efforts from those focused on the rationale for action (for example, the cost of

inaction) to those focused on action and solutions, more in tune with policy- and decision-

makers' needs. From the support of integrated ecosystem management*  to the design of

policy instruments* , many potential uses could emerge. With a related ecological debt as

a flagship indicator, such an accounting system may be used to an extent comparable to

GDP and associated economic accounts.

The potential uses of ecosystem accounts are thus numerous, but we need more proof that

such uses can be more than speculative or anecdotal (IPBES 2022, messages KM7 and

B7). Further discussion and investigation are needed to identify and specify these potential

uses – along with  underlying theories of  change*  –,  validate them and discuss their

relative  relevance  for  supporting  the  transition  to  sustainable  societies  (IPBES  2022,

message  B7).  Work  is  also  needed  to  reinforce  a  co-construction  framework

complementing the “technical-push” orientation that largely dominated the development of

accounts until now (Vardon et al. 2016). It shall also be clear, from this discussion, that

many technical questions would require further investigations, for instance, regarding the

relative merits of typologies for ecosystem types or condition, the different ways to define

reference levels or the relevant categories for accounting treatments. Yet, these important

discussions could not be solved rigorously without an explicit and specific identification of

the main intended uses of the accounts and their context.
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Endnotes

See, for example, IPBES (2019), message D10.

Examples  in  the  SEEA-EA  include  the  delimitation  of  "ecosystem  assets"  or

"ecosystem accounting areas".

“Boundary objects are those objects that both inhabit several communities of practice

and satisfy the informational requirements of each of them. [...]  Such objects have

different meanings in different social worlds but their structure is common enough to

more than one world to make them recognizable, a means of translation. The creation

and management of boundary objects is a key process in developing and maintaining

coherence across intersecting communities.” (Bowker and Star 1999)

In this article, we simply use the term ecosystem and not "ecosystem asset" as this

term evokes a narrow notion of value restricting the total economic value to flows of

ecosystem services as well as an inclusion of ecosystems within the economy.

We can note that, although the causal attribution of degradation to economic entities

was central in the original framing (costs were caused by economic entities), such an

attribution has later proved not central to this notion with the apparitions of proposals
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of macro-aggregates with no explicit treatment of who caused the degradation. This is

why we present this framing in a way that does not require such attribution.

Note  that  we  use  here  the  latest  denomination  (United  Nations  2021,  §12.32-42),

though it is interesting to comment on the progressive evolution of their denomination

and related source of confusion. Starting from the original – more accounting-driven –

distinction  between  cost-borne and  cost-caused approaches,  these  contrasted

framings of ecosystem degradation valuation where carry over the 2003 version into

the  –  more  economic-driven  –  distinction  between damage-based and  cost-based

approaches. Both approaches were later understood to focus on valuation methods in

welfare values, though this is not the case. The recent shift away from welfare value

leads to explicitly  move away from damage-based methods (United Nations 2021,

§12.6) though maintaining the main focus (on lost benefits). In parallel, the meaning of

"cost-based approaches" also changed. After the presentation of a paper at the 2011

expert meeting on ecosystem accounting (Pittini 2011), cost-based methods are no

longer  opposed to  damage-based methods  as  two contrasting  ways  to  frame the

valuation  of  ecosystem  degradation,  but  they  more  widely  describe  all  valuation

methods  that  use  some  "cost"  notion  to  value  either  ecosystem  degradation

(maintenance  costs,  avoidance  costs,  restoration  costs,  abatement  costs  etc.)  or

ecosystem services (replacement costs, mitigation costs, travel costs etc.). What is

further  confusing is  that,  when used to estimate ecosystem services,  "cost-based"

methods for valuing ecosystem services can actually be used in a "damage-based"

framing for valuing ecosystem degradation. This explains why “cost-based methods”

has now to  be specified as “restoration (or  maintenance)  cost-based approaches”

(rather than simply “cost-based approaches to valuing ecosystem degradation”).

The "Driving force" - "Pressure" - "State" - "Impact" - "Response" (DPSIR) framework (

European Environment Agency 1999).

Which he proposes to rename System of National Economic Accounts (SNEA) instead

of SNA to make explicit its restricted scope to the economic sphere.

In this sense, the ecological debt refers to the the debt defined in a "prospective" way

in Germain and Lellouch (2020).

We shall note from now on that our proposal could differ from the initial one in several

regards.  In  particular,  from  an  accounting  technical  point  of view,  Vanoli  (2017)

proposed to increase the final consumption (and thus the savings) of the institutional

sectors that impacted the environment in order to balance the accounts with the new

debt. We may consider a different treatment of the ecological debt more in line with

the CARE model (Rambaud and Richard 2015) and follow a more classic recording, in

the manner of what is done for a financial debt: an entry is made on the liabilities side

and another, of an equal amount, is made on the assets side. This requires to create a

particular category of natural assets, which corresponds to the way in which debts are

used by sectors. For example, for a climate debt, the corresponding asset is "CO

warehousing". This approach also guarantees the double entry and the balance of the

accounts  (Rambaud  and  Chenet  2021).  Although  theoretically  sound  from  an

accounting perspective, its actual content and quantification still requires further work.
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We will focus on how to build the biophysical information system and the physical and

monetary  debts  accounts.  We  will  not  discuss  the  accounting  treatments  in  the

sequence of accounts which would deserve a more extensive discussion.

Note that such a focus on (economically) efficient trajectories could be discussed due

to non-market side effects, complex dynamic effects (lock-in, uncertainties, knowledge

gaps etc.) or difficult trade-offs. As a result, efficient trajectories coming from these

models  may not  be socially  desirable  and the resulting estimation may indicate a

lower bound of required costs, whose practical reach, for instance, as an indication of

funding needs, requires careful consideration.

This would be all the more critical as the benefits of some measures, such as nature-

based  solutions,  is  their  multifunctionality,  i.e.  their  potential  to  address  multiple

conservation  and  societal  issues  at  the  same  time.  Failure  to  account  for  these

synergies may induce a systematic bias against such measures.

Note that such reference levels may - but need not - reflect actual legal obligations.

They  may  be  defined  and  distributed  amongst  economic  units  (corporations,

government etc.) according to conventional rules for reporting purposes.

Note that our approach is only possible if there exists at least one reasonable way to

prevent  (ex  ante)  or  mitigate  (ex  post)  ecosystem degradation.  Otherwise,  we  lie

outside the scope of ecological liability accounting. The need to acknowledge that the

impacts are irreversible or their cost "disproportionate" would lead to redefine new,

more realistic, targets and related condition indicators. This limitation can also be a

strength from a practical perspective as it allows identifying realistic (and thus more

likely to actually take place) actions for sustainably managing ecosystems. In addition,

it goes along with the need to define precautionary targets on pressures, especially

when facing irreversible risks as argued elsewhere in this article.

In the CARE accounting model, preservation costs are the expenditure that do not

change an organisation's business model and whose primary function is to preserve

the environment.  They include reduction costs (prevention actions) and restoration

costs  (repairing  actions).  In  contrast,  avoidance  costs  are  related  to  actions  that

change the business model with the secondary objective of having less impact on the

environment (e.g. electric cars). To prevent double-counting and “hard modelling”, they

are not included in the calculation of ecological debts.

As  change  in  prices  can  be  interpreted  as  resulting  from  changes  in  individual

preferences and change in public spending from changes in collective preferences in

national accounting.

The idea as to the possibility to define a pristine, natural state on objective bases is

also  a  controversial  idea since humans have shaped ecosystems for  a  very  long

period (Ellis et al. 2021).

These requirements are the widely used SMART criteria: “Specificity”, “Measurablity”,

“Ambition”, “Realism” and “Time-bound”. More precisely, “Specificity” requires targets

are  set at  levels  suitable  for  implementation  (scales,  time  horizons,  sectors),

“Measurablity”, that indicators are specified, so that progress towards the targets can

be  evaluated,  “Ambition”,  that  the  norm  used  is  fully  consistent  with  the  existing

targets' ambition and “Realism” that a credible action plan consistent with reaching

related targets is made explicit.
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Dimensions of interest can be related to ecosystem extent or condition as some forms

of  ecosystem degradation (e.g.  drainage of  wetlands,  deforestation for  agricultural

purpose,  conversion of  pasture  to  cropland,  desertification,  land-take or  coral  reef

bleaching) may be reflected in the accounts as changes in types depending on the

retained ecosystem typology.

Here, we mean value in a broad and inclusive sense consistently with IPBES (2022)

recent key messages to policy-makers. They can be use values, but also, for instance,

values  as  principles such  as  the  precautionary  principles  which  motivate  safe

minimum standards in the spirit of the planetary boundaries framework (Rockström et

al. 2009, Steffen et al. 2015).

Though we rephrased the term capacity,  initially used by Comte et al.  (2020), we

maintain an "upstream" perspective by considering under this category the dimensions

included in the measurement of ecological condition that inform us about the capacity

of  ecosystems  to  deliver  specific  services  in  a  sustainable  manner,  as  are,  for

example, the indicators associated with descriptors 3 and 9 in the Marine Strategy

Framework Directive. These are dimensions of interest because they can be directly

related to the ability of the ecosystem to deliver a given service sustainably and at an

optimal or satisfactory level (e.g. distance to MSY for the different dimensions of a fish

stock).  It  is  not  necessarily  one-dimensional  and  it  is  not  required  that  these

dimensions be expressed in the same unit as the ecosystem service concerned as

recommended by the SEEA-EA (United Nations 2021, § 6.149) for capacity.

Ecosystem services are defined, in the original and broad sense, as "the benefits

people  obtain  from ecosystems"  (Millennium  Ecosystem  Assessment  2005).  We

define benefits as an increase in some explicit dimension of individual or collective

welfare,  such  as,  for  instance,  those  identified  by  the  Stiglitz,  Sen  and  Fitoussi

Commission (Stiglitz et al. 2009).

Such values, such as the precautionary principle, are closely related to our collective

attitudes towards risks and uncertainties.

Regarding non-use values, we find in the SEEA-EA that “it is not considered, from an

accounting perspective, that a transaction has taken place consistent with the framing

used for recording ecosystem services in the SEEA EA” so “these values can [only] be

presented in complementary valuations” (United Nations 2021, §6.72-73).

We may first note that measures of the costs of degradation at the national scale are

already explicitly required, for example, in the initial assessment of the MSFD (Levrel

et al. 2014).

For example, reducing environmentally harmful subsidies and increasing payments

for  environmental  services,  environmental  taxation,  green  public  procurement  or

environmental disclosure.

A theory of change is an explicit account of how an intervention (for example, here the

development  of  a  specific  ecosystem  accounts  or  indicator)  would  entail  specific

outcomes at  different  time horizons.  By  requiring  an  explicit  representation  of  the

causal linkages that connect an intervention with its impacts, it provides the basis of a

rational discussion. For examples linking accounting to conservation outcomes, see,

for example, Mermet et al. (2013) or Feger et al. (2019).
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