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Preface

In response to growing calls for information on tektionship between the economy and the envirohme
to aid in the understanding of numerous policyessimcluding those related to sustainable developme
the international statistical community finalisétk tinternational statistical standard for environtak
economic accounting the System of EnvironmentalrBatic Accounting 2012 — Central Framework
(SEEA Central Framework). This standard was adopyetthe Statistical Commission in 2012.

To support the implementation of the various congmi® of the SEEA Central Framework and to
highlight the potential uses of data organisedofeihg the conceptual framework it describes, the
Statistical Commission endorsed the preparatiorSBEA 2012 — Applications and Extensions and
welcomed its development at its forty-fourth sesdio 2013 recognizing it “as a useful contributiton
illustrating possible applications of the SEEA GahEramework”.

SEEA Applications and Extensions provides potemtahpilers and users of SEEA based environmental-
economic accounts with material to show how thfsrimation can be used in decision making, policy
review and formulation, analysis and research. SBRplications and Extensions is intended to provdde
bridge between compilers and analysts allowing dachecognise the potential uses and the related
measurement considerations.

SEEA Applications and Extensions is a summary ef fiost common applications and extensions and
does not provide complete coverage of all matettlaég may be relevant in the communication and
dissemination of information on environmental-eaoimaccounts. Since it is a summary guide to tlee us
of SEEA based data, SEEA Applications and Exterssismot a statistical standard. The choice ofc®pi
and examples is intended to provide an indicatibthe possibilities and does not represent a Hasis
standardised reporting at national or internatiden!.

It is recognised that implementation of the SEEAtGH Framework itself, and the subsequent analysis
and extensions, requires ongoing efforts at thegnattion of information across various disciplirae®l
usually from a number of agencies. To support imgletation of the SEEA, various training and
technical materials are under development as paheoSEEA implementation strategy. These materials
will provide additional information relevant to ttmmpletion of the types of analysis and extensions
described here.

SEEA Applications and Extensions was prepared utiderauspices of the Committee of Experts on
Environmental-Economic Accounting (UNCEEA), as matedl by the Statistical Commission at its
thirty-either session in 2007. The UNCEEA is a gowgg body comprising senior representatives from
national statistical offices and international amgations. It is chaired by one of the country memshof
the Committee. The United Nations Statistical Doiis serves as Secretariat for UNCEEA. Regular
oversight of the project was provided by the Buretihe UNCEEA.

The determination of the content of SEEA Applicaicand Extensions occurred through a series of
discussions within the London Group on EnvironmeBtonomic Accounting and through discussions of
a subgroup of UNCEEA which was formed to determihree appropriate purpose, audience and scope of
the document.
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Based on the outcomes of these deliberations,dhteit was prepared in a two stage process unéder th
direction of an Editorial Board. The first stagedertaken through the first half of 2012, involvbe
gathering of contributions on specific topics fromminated authors. The second stage, from mid 2012
onwards, involved the Editor bringing these materiagether for ongoing review by the Editorial Biba
Preliminary draft chapters were discussed by thedboa Group (in October 2012), and a broad
consultation process involving the internationatistical community and other interested parties wa
undertaken from December 2012 to January 2013c®hsultation draft was presented to the forty-fourt
session of the Statistical Commission in 2013 afida draft taking on board all feedback was esddr

by the UNCEEA at its meeting in June 2013.
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1.6

I: Introduction

The System of Environmental-Economic Accounting20Xpplications and Extensions (SEEA

Applications and Extensions) provides potential pidens and users of SEEA based

environmental-economic accounts with material towsthow this information can be used in

decision-making, policy review and formulation, e and research. The SEEA Applications
and Extensions provides a bridge between compaletsanalysts allowing each to recognise both
the potential uses and the related measuremenideoatsons.

The SEEA Applications and Extensions is a companimcument to the SEEA Central
Framework. The SEEA Central Framework was adoptedha initial international statistical
standard for environmental — economic accountin@@d?2. It is a multi-purpose, conceptual
framework that describes the interactions betwdéenetconomy and the environment, and the
stocks and changes in stocks of environmentalasset

It is envisaged that through the course of implamgnthe standards of the SEEA Central
Framework in a modular fashion — for example, tgirowwompilation of accounts for water,
energy, land, or air emissions — various appliceti@and extensions might be adopted as
appropriate to the topic of interest. Beyond a nt@ddiocus, many of the applications and
extensions benefit from the development and regypalate of integrated accounts containing a
range of environmental and economic data. Henagsideration of integrated approaches to data
collection and organisation using the SEEA accognframework is likely to be of long term
benefit.

SEEA Applications and Extensions is a summary & thost common applications and
extensions. It does not intend to be exhaustivdsircoverage nor does it describe all of the
relevant data sources and methods in depth. Sinea isummary guide to the use of SEEA based
data, SEEA Applications and Extensions is not &ssigal standard and the choice of topics and
examples does not represent a basis for standandiperting at national or international level.

Consistent with the advice that the SEEA Centrahigwork should be implemented in a flexible
and modular way in line with available resourced aational information demands, it is not
required that countries seek to implement all & dipplications and extensions described here.
Indeed, completion of some of the analysis andnsxb@s outlined here will require the use of
information that is not described in the SEEA Cainiramework — such as detailed information
on the household sector. Further, it may be nepes®a make various assumptions about
relationships between economic and environmentghas and undertake modelling of various
types. The SEEA Applications and Extensions dodspnescribe any assumptions, modelling
approaches or the collection of information requiifer analysis and intends only to indicate the
common requirements and considerations.

It is recognised that implementation of the SEEA G Framework itself, and the subsequent
analysis and extensions, requires ongoing effdrteeaintegration of information across various
disciplines and usually from a number of agencies.support implementation of the SEEA,

1
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various training and technical materials are undewvelopment as part of the SEEA
implementation strategy. These materials will pdevadditional information for the completion
of the types of analysis and extensions descrileeel h

SEEA Applications and Extensions does not providmiaplete coverage of all materials that
may be relevant in the communication and disseminadf information on environmental-
economic accounts and nor does it cater to alliplesaudiences. Of particular relevance in this
regard are the group of people that may generadlyclassed as policy makers — i.e. senior
government officials and politicians. For these pepit is likely that summarised messages of
environmental-economic data are required. This a@eu provides some information that may be
relevant in the preparation of these summarisedsages including some examples of relevant
charts and figures. Further examples of materiat thay best meet the requirements of this
audience are on the UNSD web site that houses adbranging knowledge base of
environmental-economic accounting resources.

Analytical and policy focus

The focus in SEEA Applications and Extensions isdescribing measurement and analysis at a
broad, national level on topics such as resouree asvironmental intensity, environmental
protection activity and the production of enviromta goods and services, environmental assets
and natural resources, and household and other'selsehaviour with respect to the environment.
SEEA Applications and Extensions also highlights plotential for analysis and extension at sub-
national scales and in this context there are gtewaas of synergy with the developments in geo-
spatial information systems (GIS) and related @dsas

Analysis in these areas may feed into discussiobro&der, cross cutting policy areas such as
sustainable development, mitigation of the effedtslimate change, pollution abatement, water
and energy security, sustainable production andswmoption, resource management and
productivity, and land management. The applicatiang extensions described here may be
relevant for the development of policy, the artatidn of policy targets, and the monitoring and
evaluation of policies, in particular assessmenhefeffectiveness of specific policy instruments.

Information from the SEEA alone, does not genergdipvide direct statements regarding
sustainability, either of individual activities of countries and regions as a whole. Assessments
of sustainability require consideration of, or amptions regarding, societal choices and the
appropriate balance between economic, social avidoemental objectives. At the same time, the
integrated and coherent nature of the SEEA is swéted to providing an information base that
can support discussions on sustainability, in paldr concerning the relationship between
economic activity and the use of environmental tasse

For the compiler of environmental-economic accourB8EEA Applications and Extensions
provides an introduction to the types of analygiattmay be conducted using integrated
environmental-economic accounts. The SEEA Applceti and Extensions also provides an
indication of the types of accounts that may beiireg to undertake the analysis.
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For the analyst of environmental-economic topids SEEA Applications and Extensions
provides an insight into the benefits that may lbéeed from utilising a common, integrated
framework, reflected in the compilation of accoyrits the organisation of environmental and
economic data. It is anticipated that this docunwéiitstimulate ideas for analysis and ideas for
the presentation of data that may not be apparem the description of the concepts and
accounts in the SEEA Central Framework.

Relationship to the SEEA Central Framework andtesladocuments

Like the SEEA Central Framework, the SEEA Applioat and Extensions was drafted in the
context of the revision of thelandbook of National Accounting: Integrated Envineental and
Economic Accounting, 200@EEA-2003). The revision of SEEA-2003 has beenoagoing
process since February 2007 managed under thecasspf the Committee of Experts in
Environmental and Economic Accounting (UNCEEA) andolving a wide range of statistical
and subject matter experts, in particular the membe# the London Group of experts on
environmental accounting.

In this regard the SEEA Applications and Extensidnglds on SEEA-2003 Chapter 11
“Applications and policy uses of the SEEA” and alse many examples described throughout the
other chapters of SEEA-2003. The revision of th&&2003 has adopted a different approach
whereby the focus of the SEEA Central Framewordnighe description of accounting principles
and relevant concepts and definitions. Consequamtlgountry examples are included in its text.

There are close links between a number of the egijins discussed in this document and the
material presented in the SEEA Central Framewotiap@er 6 “Integrating and presenting the
accounts”. Chapter 6 discusses the important ctearstec of integration of environmental and
economic data that is the hallmark of the SEEApé#mticular, Chapter 6 discusses combined
presentations of data in physical and monetary deamd the development of aggregates and
indicators. Discussion of these aspects is expamd#éte SEEA Applications and Extensions by
providing a more complete discussion of indicatarsl aggregates for specific topics, by
describing possible analytical approaches, anddyiging relevant examples.

Particular mention is required concerning the dis@n of indicators and aggregates. The SEEA
Central Framework describes a number of indicaaocskey aggregates but does not recommend
the measurement of any specific indicators. Ratladrserves that the relevant indicator should be
defined based on the particular issue under coradida. SEEA Applications and Extensions
follows this approach but also provides a discussio the role and function of indicators and on
the selection, interpretation and presentationndiicators. This discussion is of relevance in
considering how information from SEEA accounts rhaybest used to develop and populate the
range of indicators sets that use environmentakandomic information.

SEEA Applications and Extensions does not provielaits of applications and extensions related
to ecosystem accounting although reference is nadmalysis and extensions related to land
accounting which may serve as a starting poinetmsystem accounting. The lack of coverage of
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ecosystem accounting does not reflect on its waitinportance. Rather it highlights that the
coverage of the SEEA Central Framework in termplofsical flows of materials, energy and
residuals, expenditure and production related woremmental activities, and asset accounts for
individual resources, is much further establisHemhtapproaches to ecosystem accounting. The
body of knowledge on ecosystem accounting is admgneith the main and generally accepted
areas summarised in SEEA Experimental Ecosystenowtig. In time it is anticipated that
documents describing applications and extensiofeterk to ecosystem accounting will be
developed.

SEEA more generally comprises a humber of otheumhents including SEEA-Water, SEEA
Energy and SEEA Fisheries. Each of these docuntegldights some specific applications and
extensions relevant to the particular topics. Céenpiand analysts are encouraged to consult
these documents for further suggestions for arglgstension and presentation.

Ultimately, the analyses and extensions outlinge hely on the development of appropriate basic
information and data. Many relevant economic datsy rbe collected through the national

accounts framework (System of National Accounts ApNFor environmental data, the recent

revision of the Framework for the Development of/iEsnment Statistics (FDES) may provide a

basis for the collection and organisation of datadmpile SEEA accounts.

Structure of the SEEA Applications and Extensions

Chapter 1 of this document outlines the rationale SEEA Applications and Extensions and
places this document in the broader context of SEt#&ed publications.

Chapter 2 “Applications of SEEA data” describesgearof commonly analysed topics using

environmental-economic data. The four broad topocsvered are (i) resource use and

environmental intensity; (i) production, employmeand expenditure related to environmental

activities; (iii) environmental taxes and enviromtad subsidies and similar transfers; and (iv)

environmental assets, net wealth, income and deplef resources. For the different topics the

material covers both the most commonly used indisaand aggregates, and the most common
types of analysis. Chapter 2 also discusses tieearad function of indicators within the context of

the SEEA Central Framework and provides an intridado the issues of selecting, interpreting

and presenting indicators.

Chapter 3 “Analytical techniques” considers theli@gtion of SEEA data from the perspective of
the type of techniques that may be applied acroalysis of different topics. A significant part of
the chapter introduces environmentally extendedhputioutput tables, EE-IOT. These tables
provide a statistical base for a wide variety oélgsis — both more straightforward structural
analysis and more complex modelling. The chaptacrilees a range of techniques including
multipliers, consumption based modelling decompasitanalysis and computable general
equilibrium (CGE) modelling.

Chapter 4 “Extensions of the SEEA” highlights ex#espn which data from the SEEA Central
Framework may be augmented, disaggregated or sdaasin order to provide integrated data
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sets that may be used to address different arepsliofy concern. One example is the use of a
wide range of SEEA data to provide integrated imi@tion for analysis of the household sector in
relation to the environment. Another example isube of geo-spatial techniques to consider the
connections between environmental, economic anidlsteta for particular area or regions within
a country. A final example connects SEEA data aattd @n tourism compiled within a Tourism
Satellite Account. The extensions do not relateltiernative definitions of SEEA concepts.

Annexes are included to (i) provide additional deata the derivation of various indicators and
data presented in the document including explaittiegiinks to the relevant parts of tables in the
SEEA Central Framework, and (ii) describe additicahnical detail related to the analytical
techniques described in Chapter 3.






2.1
2.1

2.2

2.3

24

2.5

2.2
221
2.6

Chapter II: Applications of SEEA data

Introduction

There are many topics to which data from the SEEAtl Framework may be applied. This
breadth emerges from the range of accounts that tbe SEEA Central Framework and the
linkages between the accounts which enables thgsimaf related data sets and the subsequent
compilation of indicators.

An underlying premise in the application of SEEAade& that the accounting structures described
in the SEEA Central Framework form the basis fdrezent and comprehensive data sets. These
data sets may then be analysed and, subsequesglyndicators and aggregates may be derived.
Thus, the indicators emerge from the accounts andénretain the key qualities of coherence and
comprehensiveness.

In addition, it is commonly the case that SEEA de&m be combined with a range of other
economic, environmental and social data to formicetdrs or to undertake analysis. This is
particularly the case in linking SEEA data withrgtard national accounting aggregates such as
GDP or industry value added.

Following a general introduction to indicators,stlthapter presents some of the most common
topics of analysis to which SEEA data are applied about which indicators are derived. These
topics include resource use and environmental gitigrproduction, employment and expenditure

for environmental activities; environmental taxexl ssubsidies; and environmental assets and
natural resources. The chapter concludes with eussson on the selection, interpretation and

presentation of indicators.

Analysis of the topics listed above and the devslept of relevant indicators may require some
additional, more detailed data beyond that desdrihethe SEEA Central Framework and may
also require the use of various assumptions ancehiogl This chapter describes the relevant
considerations and measurement issues.

The use of indicators in environmental analysis
Roles and functions of indicators

Indicators, aggregates and totals (collectivelyemefd to here as indicators) may serve many
purposes depending on the scale at which theyppléed, on the audience to be reached, and on
the quality of the underlying data. Indicators aseful tools for tracking progress with respect to
the environment and sustainable development, andafsing the profile of these issues in the
public debate. They help promote accountabilityfdryning the basis for policy targets and by
informing about how well policies are performingydathey support policy development and
integration by drawing attention to major trendd atructural change.



2.7  Among the main audiences are the general publiznfists, managers and decision makers in
the business and government sectors, policy-makeksding parliamentarians, and stakeholders
from non-government organisations. Most of thesdiemces are not statistical experts. It is
therefore important that the indicators are commateid in a way that is understandable and

meaningful, and that reduces the complexity andllef/detail of the original data.

2.8 Thus, a key function of indicators is to simplifyetcommunication process by which the results
of analysis and accounting are provided to thesused to adapt the information provided to
users' needs. Due to this simplification and adegtathe indicators may not always meet strict
scientific demands to demonstrate causal chaingy Tather represent a balance between their
relevance for users and policies, their statistaaturacy, and their analytical soundness and
scientific coherence. Indicators should thereferedgarded as summary measures that aim to be
fit-for-purpose and should be embedded within largdormation systems (e.g. databases,

accounting frameworks, monitoring systems, models).

29 The relationships between different types of infation in the context of the SEEA are shown in
Figure 2.1. The figure highlights that basic statssand data are organised using accounting
frameworks and that indicators can be sourced ooounts. While it is the case that indicators
can be sourced directly from basic statistics, fifter of an accounting framework lends
significantly to the coherence of the indicatorartker, in the case of the SEEA, its alignment
with the SNA provides a consistency between ecooacamd environmental information that

provides a robustness to indicators that are sduroen accounts.

Figure 2.1 Information pyramid

Role Audience

Properties

Ageregated and/or

Raise awareness; General public, Journalists,

Key
Indicators

Support information
& communication

High-level policy makers
& managers, Lawmakers

weighted index; small
sets of indicators

Support decision

Government officials,

Large sets of

making & policy indicators

coherence

Policy analysts, Managers,

Indicators Stakeholders,

Accounts

/ (SEEA) \"
Basic Statistics
/Economic | Environmental [Socio-demographic

2.2.2 Compiling indicators

Detailed and/or
comprehensive
statistical basis; Multi-
purpose

Support analysis &
in-depth studies

Policy analysts,
Researchers, Statisticians

2.10 The SEEA Central Framework lends itself to theadgion of important aggregates and indicators
in the same way as the national accounts is bestrkiy the important aggregates and indicators
that are derived from the SNA’s accounting strugtyrarticularly GDP and NNI. The range of
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aggregates and indicators is described in Sectibofthe SEEA Central Framework. The range
includes descriptive statistics (such as aggregédés, structural statistics); environmental asse
aggregates and indicators; aggregates relatedetdinthncing and cost recovery of economic
activity related to the environment (such as thevigion of water); and environmental ratio

indicators including productivity and intensity indtors, decoupling indicators and polluter pays
indicators.

Given this broad range, it is recognised that sordiators are directly embedded in individual
SEEA Central Framework accounts in the form of aggtes (e.g. total air emissions for the
economy). Other indicators are calculated as rdbesveen variables from different SEEA
accounts or by relating data from SEEA accountgldta from the national accounts or other
sources (e.g. population census).

The connectivity and coherence of information sedrérom the accounts of the SEEA Central
Framework is particularly important when the indioza are to inform about both the
environmental effectiveness and the economic efiicy of policies, or when they are to support
structural policy analyses. Relevant examples delthe measurement of progress towards
sustainable development, and monitoring the integraf economic and environmental policies.

Indicators that benefit most from being foundedhie SEEA Central Framework include those
that relate to:

. resource use and environmental intensity of thenety (e.g., water and energy
productivity, waste and emission intensity)
. production, employment and expenditure relating etovironmental activities (e.g.,

contribution of environmental activities to GDP,agh of government expenditure on
environmental protection)

. environmental taxes, environmental subsidies anchilasi transfers (e.g., total
environmental taxes to GDP)
. environmental assets and their role in the econ@y., changes in stocks of natural

resources, depletion adjusted value added fora@iteaindustries).

The suitability of a data source as the basisrdicators depends on the purpose for which the
indicators are to be used and on the level at wthielg are to be applied. The narrower the policy
or management focus the more specific the infomnatias to be, and the more detailed the
underlying accounts and databases have to be. ®tembination of several sources is necessary
to calculate the indicators and to support in-dethalysis.

Consequently, the quality and usefulness of ancadr depends on the suitability of the
underlying information and in this regard there nizgy limitations related to the use of an
indicator in certain contexts. For example, an ecoyrwide indicator reflecting average energy
intensity may not be useful for analysis of indusipecific policy options. The use of data quality
assessment frameworks and the application of gepereiples of “fithess for purpose” are
relevant considerations, and, when appropriateynassons about the relationship between the
scope of the indicator and the analytical questitinterest should be made explicit.
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The SEEA Central Framework Section 6.4 introducesnge of indicators. Others are described
through this chapter or may be derived using ttedysinal techniques described in Chapter 3. The
data underlying indicators may also be sourced fotimer statistical sources (e.g. environmental
monitoring systems, emission inventories, pollutatease and transfer registers (PRTR), opinion
polls, business surveys). These other statistioatces are often needed to populate SEEA
accounts, but may also be used directly to caleuattain indicators. Adapting them to SEEA

definitions and classifications helps to structtine underlying data sets and improves their
coherence. As a result, by drawing indicators ftbmaccounts of the SEEA Central Framework,
coherence between data sources is more assurdtiatsdfor example, comparisons between

industry valued added and water use of particuldustries (e.g. agriculture and mining) can be
made with confidence.

Indicators in SEEA Applications and Extensios

In the following sections a number of indicators described in the context of considering the
application of data from the SEEA Central Frameworkvarious topics. The coverage includes:

i. Indicators of resource use and environmental intgr{sect. 2.3) These indicators include
aggregates such as gross energy input, net doneestigy use, and final water use, and
environmental ratio indicators such as intensitydpctivity and decoupling indicators
for various environmental flows such as water, gpecarbon dioxide emissions, nutrient
balances, and solid waste. Also included are indisaof environmental flows from a
consumption- or demand-based perspective.

ii. Indicators of production, employment and expendit@lating to environmental activities
(sect. 2.4) These indicators cover those relatingnivironmental protection and resource
management activities. The indicators are genenalthe form of relationships between
these environmental activities to broad measurexzafomic activity such as the share of
GDP, share of employment and share of exports. ftapb aggregates such as total
national expenditure on environmental protectianaso covered.

iii. Indicators of environmental taxes and environmersiabsidies and similar transfers
(section 2.5) These include measures relatingdattare of environmental taxes in total
taxes, indicators by type of environmental tax (gpeaxes, pollution taxes, etc.), implicit
tax rates, indicators relating to emission perroitesnes, and indicators of the level and
purpose of environmental subsidies and similarsfiers.

iv. Indicators of environmental assets, net wealthpime and depletion of resourdgsection
2.6) The indicators in this section cover physical meeswf levels and changes in the
stocks (e.g. depletion) of different environmerdabets (including mineral and energy
resources, timber resources, aquatic resources,imdicators of asset or resource life,
patterns of change in land use and land covercatalis of intensity of use of resources,
and measures of income and changes in wealth agsoevith natural resources.



2.18 Through the chapter some examples of indicatorsaaatyses are presented. Annex 1 provides an
explanation of the underlying types of data andhoes$ used in these examples and the structured
list of references provides information on relevsindies and publications in these various topics.
At the end of this chapter, Section 2.7 discussesiraber of issues relevant to the selection,
interpretation and presentation of indicators axrtw different topics. For all indicators and
analysis it is important to consider the surrougdiontext, for example the economic structure
and environmental circumstance, as part of thepntgation.

2.3 Analysis of resource use and environmental imsity*
2.3.1 Introduction

2.19 The use of materials from natural resources in muaetivities and the related production and
consumption processes have many environmental oetiorand social consequences that often
extend beyond the borders of individual countriesemions. This has a bearing on decisions
cutting across many policy areas, ranging from eoop trade and technology development, to
natural resource and environmental managementiaman health.

2.20 From an environmental point of view, the use olingtresources and materials has consequences
that occur at different stages of the resourceecyrid that affect the quantity and quality of
natural resource stocks and the quality of ecomystand environmental media. It has
consequences on:

i. the rate of extraction and depletion of renewahld @on-renewable resources,

ii. the extent of harvest and the reproduction capaeity natural productivity of renewable
resources,

iii. the associated environmental burden (e.g. pollutwaste, habitat disruption) and its
effects on environmental quality (e.g. air, climatater, soil, biodiversity, landscape) and
on related environmental services.

2.21 The type and intensity of these consequences depetite kind and amounts of natural resources
and materials used, the way these resources adeansemanaged, and the type and location of
the natural environment from where they originate.

2.22 From a social point of view, the use of naturabteses and any residual flows (such as emissions
and waste flows) have consequences on employmenommuman health, and implications for
leisure habits connected to the presence and aaitigs®f particular resources, landscapes and
ecosystems. There may also be cultural implicatiamsn natural resources are a basic element of
the cultural heritage of people. The way in whielenues and other financial flows related to
resource production and supply are managed (pkmtigun resource rich countries) may also
have a bearing on relative income levels.

! Environmental intensity generally refers to theyvi which economic activity uses the environmesitaasink.
Thus, increasing the rates at which pollutants @thér residuals are released will generally cowadpto increases
in environmental intensity.

11
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From an economic point of view, the way naturabteses and residual flows are managed has
consequences on:

i. short term costs and long term economic sustaibgbil

ii. the supply of strategically important materials,

iii. the costs associated with the downstream managesheraterials, and
iv. the productivity of economic activities and induiedtsectors.

A development pattern that depletes natural regsumithout providing secure, long-term

substitutes for the goods and services that theyige is unlikely to be sustainable. Similarly, a
development pattern that generates significant flofvresiduals (air emissions, polluted water,
waste flows) is likely to have longer term consews in terms of the environment and human
health that will in turn have economic effects.

In recent decades, economic development has bewrally accompanied by growing demand
for raw materials, energy and other natural resuwith consequences on market prices and on
trade flows of these resources. Worldwide, use ighificant materials has been rising, and
concerns about shortages of stocks of natural resswand the security of supply of water and
energy and other materials have been recurrentwiGgoeconomic and trade integration has
shifted many policy issues from local and natideakls to global levels. It has enlarged the size
of markets, allowed greater specialisation and titghin production, increased the role of multi-
national enterprises and led to an overall increasmternational flows in raw materials and
manufactured goods.

At the same time, prices for energy and other riatezsources have also tended to rise along
with growing global demand. This has implications the ways in which natural resources are
supplied and used in the economy. They also habeasing on decisions concerning mineral
exploration, technology development and innovatidance, natural resource consumption and
intensity in the use of materials have become itgmbrissues, adding to long standing concerns
about the availability of resources.

The concepts of resource use and environmentatsityebuild on an integrated and long-term
approach to resource management. They encompasstadipked to the economic efficiency,

productivity and effectiveness of resource usehat various stages of the production and
consumption chain, as well as related social aspdot other words, the concepts aim at
optimising the net benefits from resource use withe context of economic development, by:

i. Ensuring adequate supplies of renewable and nawadnle resources to support
economic activities and economic growth.

il. Managing the environmental pressures associatddtiet extraction, processing, use and
end-of-life disposal of materials, to minimise achee effects on environmental quality
and human health.

iii. Preventing natural resource depletion.
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iv. Maintaining non-market ecosystem services andicéiayy ecosystem degradation.

For analytical purposes the concept of sustaineddeurce use may be considered in two main
streams. First, analysis of sustainable produdiwh consumption and resource productivity, and
second, analysis of residual flows. The followindp-sections describe various types of indicators
and analysis related to these two streams.

Data for the analysis of resource use and envirotehétensity may be sourced from a number
of accounts described in the SEEA Central Framewddst important are the Physical Supply
and Use Tables (PSUT) and the associated consimuofi Environmentally Extended Input-
Output Tables (EE-IOT) which link the physical flewecorded in PSUT (natural inputs, products
and residuals) with monetary input-output tablesinge following the System of National
Accounts (SNA). EE-IOT are a particular type of doned presentation of physical and monetary
data as described in the SEEA Central Frameworlpt@€h&. They are discussed in more detail in
Section 3.2.

Also relevant are accounts related to environmeptatection expenditure and associated
investments in goods and services that reduce tigate environmental pressures. Analysis and
indicators related to these responses are discus&attion 2.4.

Indicators and aggregates for resource use @denvironmental intensity

Resource use and environmental intensity may bdyseth at a broad, economy-wide level
through consideration of relevant aggregates avatiaty of indicators, generically referred to as
intensity indicators. Important aggregates inclfidevs of gross energy input and net domestic
energy use; gross water input, net domestic wageramd final water use (water consumption);
total flows of air emissions, releases of substaricavater and generation of solid waste. All of
these aggregates are derived within the variousiphly supply and use tables described in
Chapter 3 of the SEEA Central Framework.

Intensity indicators compare trends in economicivagt such as value-added, income or
consumption with trends in specific environmenkahk such as emissions, energy and water use,
and flows of waste. These indicators are expreasegither intensity or productivity ratios, where
intensity indicators are calculated as the ratioth® environmental flow to the measure of
economic activity, and productivity indicators aree inverse of this ratio. When monitoring
trends over a given period, these indicators capn &k expressed as decoupling ratios or as
decoupling factors. (Decoupling analysis is disedsa sect. 2.3.3).

Intensity indicators are often grouped into twoaatdypes:

» Environmental intensity indicators characterise éhgironmental and economic intensity
with which pollutants and other residuals generategroduction and consumption are
mitigated, controlled and prevented. They are satibenvironmental variables, such as
emissions of pollutants and other residuals, tmeonuc variables such as output, income

13
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and value added; or alternatively to populationvitmmental intensity indicators can be
disaggregated by institutional sector and by ingusts well as by emission source.

» Resource intensity indicators characterise thengity with which natural resources,
including water, energy and other materials are us@roduction and consumption. They
are ratios of environmental variables, such asettteaction, supply or consumption of
natural resources and materials, to economic Madgatuch as output, income and value
added’

All environmental and resource intensity indicatoen be presented at the aggregate national
level and at more detailed industry and institwgiosector levels. Many of them can be presented
in the form of issue profiles or environmental-emanc profiles (see Section 2.7). When
associated with more detailed analytical tools sashstructural decomposition analysis’ (see
Section 3.3), these indicators can further be decsed to reflect the extent to which underlying
drivers (e.g. technological factors) and structutanges, contributed to reducing or adding to
environmental pressures over the considered period.

The measures of economic activity used in the tatiom of the indicators should be measured in
volume terms for time series purposes. That isimbasures should be adjusted for the effect of
price change (inflation). If measures unadjustedofece change are used, the resulting indicators
may suggest a relationship between the environhdittae and economic activity that is
misleading in terms of the degree of change imsitg or productivity. For example, an intensity
indicator of flows of emissions relative to GDP Mmi#énd to show lower rates of growth using a
GDP measure unadjusted for price change.

Measurement in volume terms is most relevant whamsidering analysis over time within a
single country. For cross-country comparison déiférapproaches should be considered. The
most appropriate method of adjusting economic data different countries to a comparable
basis is the use of purchasing power parities (PRfa$ allow economic data to be compared
through reference baskets of goods and services.

Indicators that show a country’s production inclggtess output, industry value added and GDP.
Care should be taken in the choice of measurepresent production since output and value
added are quite different national accounting cptecén essence, value added is gross output less
intermediate consumption of goods and serviceshis€quently, depending on the scope of the
environmental flow measure that is part of thensity or productivity indicator, quite different
levels and growths rates in the indicators willdieained using different measures of economic
production. For indicators that show a country’snégtic final demand for environmental flows
(natural resources and residual flows), householtsemption or real net income measures are
preferred.

% Note that depending on the context and the selénfmit, increasing intensity ratios (declining guativity ratios)
may not reflect increasing (declining) environméptassures.

% For detail on the calculation of PPPs see Eur@BED (2012) Methodological manual on purchasingvgo
parities (PPPs). PPP data may be accessed fronga of sources including OECD, World Bank and a$ pfathe
Penn World Tables (PWT 7.1, 2012).

14
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While intensity and productivity indicators can wide a good summary of overall change, of
themselves they give no direct indication of whethevironmental pressures are decreasing in
absolute terms, whether environmental pressurebedosv a desired or critical level, or whether
production processes are becoming relatively messurce efficient as a result of structural
economic changes towards service industries. Coesdly, the interpretation of indicators is
likely to require additional contextual informatidhat may commonly be found within the
underlying accounts.

International comparisons of environmental and ussmintensity between countries must also be
interpreted carefully. Differences in industry carsjtion and geographical structures may
account for some of the cross-country differenéesssuch complementary information will need
to accompany intensity indicators (e.g. informatiiout economic structures, stage of economic
development, and natural resource endowments).

Examples of environmental intensity indicators

Greenhouse Gas (GHG) or €@roductivity, which relates economic activity tanigsions of
greenhouse gases (from energy use or from all esyrexpressed in national currency per tonne
of CO, or CG equivalent emitted.

Air pollutant emission intensities, which relateissions of greenhouse gases or air pollutants to
economic activity, expressed in tonnes per unDP. Depending on the air pollutant of interest,
indicators may benefit from a spatial breakdowmn,eioample, to provide indicators of air quality
for specific urban areas or airsheds.

Water pollution intensities that relate the voluwmiewastewater generated or the amounts of
pollutants released in wastewater to economic igctiexpressed in tonnes per unit of GDP. As
for air pollutants, indicators compiled for specifbcations may be of particular interest.

Nutrient surplus intensities (nitrogen, phosphoypwich relate nutrient surpluses (or deficits) to
economic activity. The most common indicators eetatnutrients in agriculture. They are usually
expressed in terms of kilograms of nutrient surgptwsdeficit) per hectare of agricultural land, and
can further be related to agricultural output irygbal or in monetary terms. Levels and changes
in the physical quantities of nutrient surplusesdeficits) can be used to indicate the trend and
level of potential physical pressure of nutrientpduses or deficits on the environment, such as
declining soil fertility in the case of a nutrieshéficit, or risks of polluting soil, water and &ar a
nutrient surplus. Due to regional differences imfimg systems, climate, soil, crop types, and
topography, such indicators benefit from a spétiahkdown.

. Agricultural nutrient balances are calculated as difference between the total
guantity of nutrient inputs entering an agricultusystem (mainly fertilisers and
livestock manure, but also natural inputs), andgbantity of nutrient outputs leaving
the system (mainly uptake of nutrients by crops gnagsland).
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. The same approach can be applied at the macrotlewalculate economy-wide
nutrient balance indicators (e.g. for reactive agén) covering all major sources
(agricultural, industrial, traffic, households, &tc

Waste generation intensities that relate the ansoahtwaste generated to economic output. A
distinction can be made between types of waste astavmaterials (mineral or non-mineral,
hazardous or non-hazardous, industrial or municiphen monitoring municipal or household
waste, the amounts of waste generated can beddlaterivate final consumption expenditure.
When monitoring industrial waste, the amounts obte&egenerated can be related to the value
added by industry. They can also be compared tari@unts of primary resource inputs derived
from material flow accounts. Other useful indicatarclude waste recovery ratios that relate the
amounts of waste recovered (material recyclinglobical recovery, energy recovery) to the
amounts of waste generated or collected.

Examples of resource intensity indicators

Material productivity or intensity indicators retathe use of material resources to the related
economic activity. Such indicators can be calcdlatan aggregate, economy-wide level, as well
as by industry and by material groups (e.g. mineeslources (metallic minerals, industrial
minerals, construction minerals); biotic resour¢e®mass for food, biomass for feed, wood
biomass); energy carriers (oil, coal, gas, pe@jher useful material related indicators include
material dependency ratios which reflect the sloérertain groups of materials imported within
total gross material input.

Energy productivity or intensity indicators reldtee net domestic energy use to the economic
output generated. Such indicators can be calcuktéte aggregate economy-wide level, as well
as by industry and by primary energy source.

Other useful energy related indicators include: share of energy from renewable sources or
from fossil fuels in total supply, and by industenergy dependency ratios that compare the
energy produced in a country or a territory to élmergy imported; and indicators linking energy
production and consumption to resource use anghaigsions, expressed as TOE or kWh per unit
(e.g. tonne) of GHG or air pollutant emitted.

Water use productivity or intensity indicators thelate the use of water to the economic activity
generated. Such indicators can be calculated adbeegate, economy-wide level, as well as by
industry and by water source. Indicator examplehide:

. Water abstraction intensities that relate the ar®wh water abstracted (Total
Abstracted Water in the water PSUT) to economiiviégtor to population. Abstraction
intensities can be broken down by source, (surfsater, groundwater, desalinated
water) and by abstracting industries.

. Water use intensities or productivity ratios thelate the amounts of water used
(Net Domestic Water Use in the water PSUT) to eaunacactivity and by industry.
These intensity ratios can be compiled for indigldandustries and for households. They
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can also be broken down by source, such as wabten fratural stocks (surface,
groundwater), desalinated water, and reused water.

Other useful water related indicators include:réite of final water use (often referred to as wate
consumption) to net domestic water use reflecthrgy ghare of the water used in an economic
activity that is evaporated or incorporated intodarcts and hence no longer available for use;
water recycling rates, that show the share of kuserecycled water in water supply; water
dependency ratios that show the proportion of waturced from outside a territory (i.e.
imported). Dependency ratios can be calculatecbantcy level or for regions within a country
mostly from the water resources asset account leetwdnich imports and exports of water may
be significant.

Land use intensity indicators include ratios of éinea of land used to economic activity (i.e. $/ha)
or the value of land used to economic activity. Tlaéos can be calculated for industries,
institutional sectors and for the country as a whmlfor particular regions.

Production and consumption based indicators

Most environmental and resource intensity indicatanme production-based; they account for the
environmental flows (extraction of natural resogrand residual flows) directly “used” or
“produced” by domestic production and the subsegfileal consumption. It is also of interest to
calculate indicators that account for consumptiasea perspectives on environmental flows, i.e.
those flows that are induced by domestic final deina

A consumption based approach tracks the envirorahéoivs (extraction of natural resources
and residual flows) embodied in imports that haserbdelivered “upstream” by natural resources
and ecosystems to production processes abroad.iddiiect upstream use of environmental
flows is added to the direct use of environmenrtak$ for domestic production. In addition, the
environmental flows embodied in the exports of piid are deducted. The resulting indicators
inform about the net direct and indirect environtaéflows in domestic final demand, including
household and government consumption and capitadafion (investment). Prominent examples
of consumption-based indicators are consumptioedaarbon and GHG indicators.

Consumption-based indicators should be based anatiat relationships contained in input-output
tables, and ideally given the globalised naturenahy environmental flows, multi-regional input-
output tables should be used. Consumption-baseidatods have similarities with footprint
indicators (e.g. carbon and water footprints). Tdigtinct types of footprint indicators should be
recognised. Some footprint indicators are compilgidg industry-product relationships embodied
in input-output tables and hence are closely rdlatethodologically to the consumption—based
indicators just described. Other footprint indicatare based on life-cycle analysis which tracks
particular products through supply chains. Sec8&hdiscusses relevant measurement issues in
more detail.

Two aspects are highlighted here concerning thesldpment and use of consumption-based
indicators:
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. The appeal of a consumption-based method for @logl national-level intensity
indicators rises with the degree to which environtakissues are of a global nature.
Greenhouse gas emissions are the most promineatirtgmint: no matter where they
are emitted, they contribute equally to changeshi global ‘climate system’. This
provides a justification for adding together diraad indirect flows but the rationale is
less clear when it concerns environmental flows #in@ associated with local rather than
global environmental issues.

. Indicators that reflect the direct and indirect ieswmental flows in final demand
are more difficult to link to policy than directyquluction-related indicators. When a
country reduces its production-based environmemedssures but increases its
consumption-based pressures because domestic pordd@as been substituted by
imports, policy conclusions are likely to be comgpleulti-dimensional and difficult to
assess in their effects, involving trade issuesjdas of international investment, and
consumer and industry policy.

2.3.3 General analytical approaches for resource asand environmental intensity
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Decoupling analysis

A common analysis is to look at the degree of dpling between natural inputs or residual flows
and economic variables. Decoupling occurs whergtbesth rate of an environmental pressure is
less than that of its economic driving force (egpl GDP) over a given period. Decoupling
indicators describe the linkages between environahg@nessures and economic development, and
show the extent to which growth in income and cam#tion is occurring with a decreasing use of
environmental flows (e.g. decreasing air or GHG ssioins, decreasing energy and water use,
decreasing waste generation).

Decoupling can be either absolute or relative. Aldsodecoupling is said to occur when the
growth in the environmental pressure is flat orrdasing while economic activity increasing.
Decoupling is said to be relative when the grovette of the environmentally relevant variable is
positive but less than the growth rate of the engnwariable.

Many of the variables that feature in decouplingidators also appear in the concepts of
environmental and resource intensity. Decouplingsisally conceived as an elasticity focusing on
changes in volumes, whereas intensity and prodtycive more concerned with the actual values
of these ratios. Which usage is chosen dependieonantext and, often, on the audience being
addressed.

Decoupling can be measured by intensity indicatiuas have an environmental pressure variable
as the numerator and an economic variable as thentdeator. Sometimes, the denominator (or
driving force) may be population growth or someentariable.

When decoupling is presented as a single lineenfahm of intensity ratios (i.e. a time series of
the ratio of the environmental variable to the exoit driving force), the idea of a decrease in
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intensity is well communicated. But it gives noigation on whether environmental pressures are
decreasing in absolute terms, whether environm@nésisures are below a desired or critical level,
or whether, as a result of structural economic ghdaowards service industries, production across
the economy is becoming, on average, relativelylesource intensive.

For such assessments, it is thus useful to sepaideatify and present the environmental and the
economic components of indicators. This can be dortee form of decoupling trends, i.e. by
displaying two indexed (e.g. base year=100) timeesen the same graph. From such a graph, it
is immediately clear whether economic activity (emgal GDP) is growing or shrinking and
whether decoupling — absolute or relative — is adog, when it started and whether it continues.
The three charts below (Figure 2.2) use stylised da economic activity and an indicator of
environmental pressure (e.g. generation of solidt&ato show the various types of decoupling
that might be exhibited.

Figure 2.2 Stylised examples of decoupling trends

Absolute decoupling ‘ Relative decoupling ‘ No decoupling ‘

Economic activity (GDP) Economic activity (GDP)

Economic activity (GDP)

Environmental pressure (solid waste)

Environmental pressure (solid waste)

Environmental pressure (solid waste)
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Time
To compare decoupling among countries, a decoupditig can be derived following the formula
below which reflects the rate of change in decagptiver an accounting period.

. . hereEP = Environmental Pressure
Decoupling ratio ¥EP/DF od (EP/DF - W
piing :( )end of penod/ ( )tart of period andDF = Driving Force.

If the decoupling ratio is less than 1, decoupliag occurred during the period, although it does
not indicate whether decoupling in any country whsolute or relative, or whether one country’s

decoupling is larger or smaller than another cgimin absolute terms. To avoid displaying (e.qg.,

on a bar graph), small values when the rate of dow is significant, a decoupling factor can be

calculated as follows:

Decoupling factor = 1 — decoupling ratio

The decoupling factor is zero or negative in theesloe of decoupling and has a maximum value
of 1 when the environmental pressure reaches zero
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Analysis by economic industry

2.62 In physical supply and use tables (PSUT) flows ketwthe economy and the environment and
flows within the economy are presented togetherd ame structured following standard
classifications for economic statistics. Using mfiation on individual material inputs for
industries within the PSUT, measures of resourtengity and productivity can be estimated by
taking the amount raw materials that are needgmdduce a unit final product. These measures
can be compared over time, across industries ameeba countries to assess trends in sustainable
resource use and the effectiveness of policy regmnSimilar to economy-wide analysis,
decoupling graphs may be made for individual indest

2.63 The following example in Figure 2.3 highlights usfewater (measured in terms of intermediate
consumption) by selected industries in relationthteir value-added. These are industry level
intensity indicators and the presentation may besiciered an issue profile as described in
Section 2.7.

Figure 2.3 Industry level water use intensity indiators *

Total economy

Arable farming

Manufacture of other non-metallic
mineral products

Manufacture of paper and paper products

Horticulture

Electricity, gas, steam
and air conditioning supply
Manufacture of rubber
and plastics products
Other agriculture
Manufacture of basic chemicals,
chemical products, and man-made fibres

Manufacture of basic pharmaceutical
products and pharmaceutical preparations

Manufacture of food products,
beverages and tobacco

Sewage and refuse disposal senices
Livestock

Other mining

Manufacture of petroleum products;
cokes, and nuclear fuel

Manufacture of basic metals

. 0 4 8 12 16
Year 1 g Year 2 Liters of water used/value added

* Water use refers to intermediate consumption eten Details and relevant measurement considesm@we
described in Annex .

2.64 The same basic approach can be used to track @ibemissions (e.g. GHG emissions, emissions
to water) and flows of waste by industry to assgsanges in the intensity of production with
respect to residual flows and the effectivenegsobty instruments.

2.65 The monetary supply and use tables, estimated samdard national accounts data, provide
economic information by industry on production, ualadded and can be supplemented with
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information on employment. Since PSUT and monetrgply and use tables are structured
following the same classifications additional inblysanalysis may be completed considering
resource use per unit of production or value added.

Comparing PSUT and monetary supply and use tahiegides the possibility of analysing
implicit prices at an aggregated level. For exampfe average energy prices for different
industries may be assessed by looking at the mgnatal physical data from the physical energy
flow accounts and the monetary data on energy ptedtom the monetary supply and use tables.
These implicit prices should be taken as indicatatber than definitive since they will often be
based on comparing data from different sourcestleg will represent unit values and as such
may not take into account important qualitativesefs.

Analysis for households

Using both PSUT and monetary supply and use tafdeas may be placed on household use of
resources and household residual flows (e.g. waste emissions). In particular, measures of
intensity and decoupling with respect to houselmadsumption and population growth may be
formed. Further, since these data are integratédtive industry data, it is possible to trace flows
of individual materials from the point of entryttte economy (including as inputs to own-account
production by households) to the point of final emption by households. Similarly, measures
linking household consumption to residual flowsy(air emissions linked to transport activity)
may be developed. These types of analysis are idedcfurther in relation to input-output
analysis in section 3.3.3 entitled “Attributioneifivironmental flows to final demand”.

Where information is available these measures reayitther developed to consider resource use
and environmental intensity for different househtyiges. This can be done by using information
from the SEEA in combination with data from the SN#hd household budget surveys.
Accordingly, several different household charasters can be analysed, such as the size of
households, gender and age composition, incomdsleste. This kind of information may help
policy makers and researchers better understarseémqrand future developments in, for example,
greenhouse gas emissions, and to develop measatesay influence associated consumption
patterns. A spatial analysis based on the locatfdrouseholds (e.g., rural and urban households)
may also be conducted if information is availaliinapter 4 provides additional detail on the
analytical possibilities with respect to the housdlsector.

Decomposition analysis

Changes in the pressures on the environment franmogcic activities take place in a dynamic
system of interactions, for example where the arm structure of the economy vary in response
to changes in demand and in global trade. It ésetlore often difficult to identify the extent to
which specific consumption and production actigitiand measures to improve resource and
environmental intensity have actually contributeahanges in the levels of these pressures.
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2.70 Decomposition analysis is a technique that can $ed uo account in detail for the factors
underlying these changes. Typically, the varialbdd®n into account in the calculations include
changes in the size of the economy, changes isttheture of the supply chain and the structure
of demand, changes in the energy intensity of mtidn, and improvements in the production
process.

2.71 The example given below illustrates how changethénlevel of carbon dioxide emissions from
economic production may be attributed to a numibehanges in the nature of the economy.

Figure 2.4 Decomposition of changes in C{emissions

800

Increase if emissions had risen in line with consumption levels .~

Efficiency improvements 30%

Million tonnes CO2

Switch to low carbon fuels 20%

Switch to services 20%

Production emissions total (excluding households)

Time

2.72 The figure shows that carbon dioxide emissions @ddve increased by 306 million tonnes if
they had grown in line with consumption levels. l@istimate may be obtained by using the
relationship between consumption and emissions,irtd then estimating emissions in each
subsequent year based on changes in measured gquimsunThis estimate is thus a derivation
from SEEA based data set using certain assumptions.

2.73 However, rather than increasing, measured emissimtseased by 54 million tonnes. The
difference between potential emissions and actmdsons can be decomposed and shown to be
a combination of reduced G@mission intensity (a switch to low carbon fuel20% of the
overall saving; the structural change in the sugbigin - 30% of the saving; gains in energy use
(i.e. reduced energy intensity) - 30% of the savemgd a structural change in demand (e.g. a
change in the pattern of consumption of differentpcts) - 20% of the saving.

2.74 This kind of analysis is important in assessing suecess of policies aimed at reducing
environmental impacts. For example, changes in dfnecture of the supply chain do not
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necessarily have any beneficial impact on glob&lrenmental pressures, as they simply reflect a
relocation of the source of that pressure fromamnentry to another.

Decomposition analysis can also be completed e use or residual flows for households.
For example, the causes of the decrease in emiksiels for stationary sources of emissions by
households can be decomposed into several fadmmisiding the number of households, the
average size of households, the effect of the geetamperature, and an energy saving effect.
Likewise, the change in emission levels for mobierces of emissions can be decomposed into
several factors including population growth, camewship, traffic intensity (kilometres travelled
per vehicle) and a COntensity effects (emissions per kilometre trasa)l

Figure 2.5 Decomposition analysis for C@emissions by households from stationary sources
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Section 3.3 provides a summary of the mechanicdeebmposition analysis, including on the
distinction between structural decomposition andein decomposition, and Annex | provides
some additional details on the examples showndarés 2.4 and 2.5.

Input-output analysis — multipliers and footprints

Beyond the types of approaches described aboves ahetailed analytical approaches can be
applied that take advantage of the integrated eatfidatasets that incorporate both economic and
environmental flows. The development and use ofifenmentally Extended Input-Output Tables
(EE-IOT) is the key starting point and these taldlas be developed based on the concepts and
frameworks outlined in the SEEA Central Framework.

The use of EE-IOT generally involves modelling wiws through the economy and potentially
linking to economies within more than one countsing multi-regional input-output models.
Some common outputs from modelling processes arkipirers and footprints that can be
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defined in relation to particular aspects of reseunse and environmental intensity. Section 3.3
discusses the measurement of multipliers and fow$pand gives examples of their application.

Specific analysis for resource use
Analysis by type of resource

It is most common for PSUT to be developed for 8oo¥ particular resources or residuals. For
resources the most common PSUT are for water aedygrn(see SEEA Central Framework
Chapter 3). These targeted resource PSUT enaldeplete mapping of relevant flows through
an economy to be made and, given the structurenefPISUT, direct links can be made to
associated monetary flows relating to the resource.

The types of analysis that are possible are braadimg. In relation to water the SEEA-Water
Chapter 9 highlights a number of potential appiiret including analysis of water use by purpose,
final water use by industry and as a percentaggads value added, water intensity by product.
Using the same framework distinctions may also l@enbetween the use of resources for
intermediate consumption of enterprises or finalstonption of households.

A particular question may lie in the area of resewlependency. PSUT for individual resources
can be used to assess the relative importance pdrimmand domestic extraction of resources,
such as mineral and energy resources. Also inréee @ resource dependency it may be relevant
to assess the relative importance of particulaouees in the generation of GDP (e.g. by
assessing the share of GDP of industries that gperalent on particular resources). Of interest
may be analysis of the countries of origin andidatibn for imports and exports of products.
Finally, on this topic understanding the availdpilof resources within the country will be
relevant and for this purpose data compiled in tasseounts (described in SEEA Central
Framework Chapter 5) are required. Analysis ofstioek of resources is discussed in Section 2.5.

Material flow accounts and analysis

The focus in the SEEA Central Framework is on desg PSUT that pertain to specific
materials, energy or residual flows. In concept,eannomy wide PSUT can be compiled that
traces all flows of all materials, energy and raald from the environment, through the economy
and back into the environment. A common approaahighan adjunct to a SEEA based PSUT are
economy wide - material flow accounts (EW-MFA). Sheare introduced briefly in the SEEA
Central Framework Chapter 3. EW-MFA focus on phafsilows into and out of the economy, i.e.
ignoring intra-economy physical flows. With thisrpase in mind they are commonly compiled
with some differences in treatment compared toSEEA (see SEEA Central Framework 3.282-
3.286). A variety of indicators reflecting aggregataterial input, output and consumption can be
derived (see OECD, 2008a and 2008b).

One of the limitations with the EW-MFA indicators that materials in different states of
production (raw materials, semi-finished productsd dinal products) are added together.
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Accordingly, some measures of consumption fall simunderstanding the total mass of raw
materials consumed by a country as it only accolantthe mass of the final goods imported, not
the raw material used to produce them. In ordegettoa more genuine indication of the resource
productivity of a country the material flows arepexssed in the amounts of raw materials (raw
material equivalents, RME) that were needed dutiegwvhole production chain of a product.

Material input and consumption indicators are samet used as proxies for the generic
environmental pressure on the assumption that samnlkater every material input becomes an
output in the form of waste or emissions, and thaasuring the inputs may therefore provide an
indication of the potential overall environmentatégsure. However, this should not be interpreted
as reflecting either the precise environmental qunes associated with a given activity or the
related potential environmental impacts.

This is because aggregate input measures do nsideorany characteristic of materials other than
mass. The actual environmental pressure of matfioals and the subsequent impacts on

environmental conditions depend on many factorsh st the chemical and physical properties of
the materials, the locality at which ores are mioedollutants released, and the way the materials
are managed across their life-cycle, including méshof production and treatment of wastes and
other residual flows.

Like other highly aggregated indicators, EW-MFA icators can hide important variations in

their constituent variables. For example, quamstitef particular materials flows can vary

considerably from year to year, while the aggredyditgure may remain constant. Also, the total
of highly aggregated indicators can be dominatedobg single material group that masks
developments in other material groups. This efiethe reason that flows of water are generally
excluded from the scope of EW-MFA.

Proper interpretation of EW-MFA indicators therefarequires, wherever possible, a breakdown
of the indicators into their constituent variabl&V-MFA indicators broken down by type of
material inform about the mix of materials and he#fe the weights of different types of materials
in the overall material basis of the economy anidtssin these weights over time. The most
common material groups are: metals (metallic oned metal-based products), non-metallic
industrial minerals, construction minerals, fossilergy carriers (oil, coal, gas, others such as
peat), and biomass (food crops, fodder crops, timiigd animals, other). Materials may also be
grouped according to the type of natural resourom fwhich they are extracted (e.g. materials
from renewable natural resource stocks versus ralterom non-renewable natural resource
stocks) or according to their relative toxicity.

Analysis by product / material groups

Resource productivity and intensity can also bameded for specific materials and energy. From
the monetary and physical supply and use tablésiniation is available for different types of
materials, and commonly distinct PSUT are compil@denergy and for individual materials,
such as water. Using this information the resoproeluctivity of particular types of materials and
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energy for different industries can be estimateadttier, from this information, it is possible to
determine the types of industries for which a patér material yields the most value added. Also
the (economic) intensity of the use of differenttenals to produce a similar product can be
assessed and the substitution of materials carobéored.

By combining data from the PSUT and monetary supplg use tables it is possible to look in
more detail at flows of imports and exports andlym®atrade deficits and surpluses in monetary
and physical terms. The example in Figure 2.6 shihwesmonetary (top section) and physical
(bottom section) measures of exports (+) and ingp@)tfor five groups of materials.

Figure 2.6 Analysis of imports and exports in physial and monetary terms

Biomass Energy carriers Metals Minerals Other

100~

sjun Arejsuo

100 -

o
|
sjun eaisAyd

Exp Imp Bal Exp Imp Bal Exp Imp Bal Exp Imp Bal Exp Imp Bal

Intra-Region trade Extra-Region trade . Balance

The following three types of analyses focus on gjgemoncerns related to environmental impacts,
supply security and technology development thatassociated to certain substances, materials
and manufactured goods. They include:

e Substance flow analysisonitors flows of specific substances (e.g. Cd,Z?h Hg, N, P, CQ
CFC) that are known for raising particular concesssegards the environmental and health
risks associated with their production and consignpt

e Material system analysifMSA) is based on material specific flow accountsocuses on
selected raw materials or semi-finished goods gbwa levels of detail and application (e.qg.
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cement, paper, iron and steel, rare metals, ptadiimber, water) and considers life-cycle-
wide inputs and outputs. It applies to materialat thaise particular concerns as to the
sustainability of their use, the security of theaupply to the economy, and/or the
environmental consequences of their productioncamgumption.

» Life cycle assessmentsCA) are based on life cycle inventories. Thegu® on materials
connected to the production and use of specifidgde.g. batteries, cars, computers, textiles),
and analyse the material requirements and potatisfonmental pressures along the full life
cycle of the goods. LCA can equally be applied ¢ovices through consideration of the
different physical inputs that are required foritipeoduction.

In principle, all of these analyses may be suppldotedata organised following a PSUT structure.
However, it is likely that detailed technical dissions related to the individual elements and
substances would be required in order to popul®@8WT structure and no details pertaining to
such tables are provided in the SEEA Central Fraomew

Specific analysis for residual flows
Describing residual flows in the supply chain

A complete PSUT also contains information on thppdy and use of solid waste. Analysis of
flows of solid waste with all other natural inpptoduct and residual flows can provide resource
intensity indicators such as the solid waste geedrger primary product or the share of
secondary materials (products produced from sohdte) relative to primary (natural) resource
inputs.

A wide number of studies (e.g. EIPBMave highlighted the importance of the food chesna
major source of pressures on the environments Uiseful to have an understanding of where in
the food chain such pressures occur, as policyvetgions can then be targeted at the most
significant areas.

The example given below illustrates how greenh@aseemissions can be allocated to a range of
actors within the economic food chain by attribgtastimates of greenhouse gas emissions (both
direct and embodied emissions) to relevant indestand products, and tracking the series of
product interactions in an input-output context.sktows that although emissions relating to
agricultural and fisheries production are a magarse of food chain emissions (contributing 35%
of all emissions related to food), transport aadérare also important contributors.

* Environmental Impact of Products (EIPRO) (2008}itte of Prospective Technological Studies, Eagop
Science and Technology Observatory and Europeam@ssion Joint Research Centre.
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Figure 2.7 Food chain greenhouse gas emissions
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Data for this type of analysis will need to be dnaffom a wide range of sources. The main
source is the PSUT for emissions of carbon dioXBEEA Central Framework, Section 3.6),

which provides information on the emissions frone tmain food product related industries.

Emissions relating to electricity use are allocatedthe relevant parts of the supply chain.
Emissions relating to households are based on holikéravel surveys and energy use in the
home. Emissions relating to international trade derved based on input-output analyses. This
type of analysis highlights the potential for datganised using PSUT and input-output table
structures to be used to trace residual flows tjinahe economy, since all of the information is
classified to common industry and product classifans.

Analysis of emissions according to different framew

Emissions may be accounted for in different framiwqielding different results for some types
of analysis. Well-known are the emissions repottethe UNFCCC (United Nations Framework
Convention on Climate Change) and other framewarkkide general environmental statistics
and the air emission accounts of the SEEA CenttainBwork. Bridge tables can be developed
which both, describe the differences between thimwa concepts and boundaries of emissions,
and show the differences in the growth rates ofssimns according to different definitions. For
example, a bridge table can show the impact onstonis aggregates when international transport
is taken into account.
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Emissions with respect to transport and energy

A particular area of analysis may be the emissigmserated from the use of energy and in
particular from transport activity, including hobstds. The air emission and energy accounts
described in the SEEA Central Framework providasidset of information that is structured to

permit linking emission flows to the energy usepafticular industries and to households. In this
regard the use of common classifications is centrahe potential analytical usefulness of the
SEEA.

Emission and energy accounts data for transport asy be connected to transport and traffic
statistics. These statistics provide data on digtaravelled and transport volumes by different
transport modes. Combining this information witre tSEEA data provides many kinds of
analytical possibilities. For example, the emissiaiensity of different transport modes can be
assessed.

Linking residual flows and expenditures

Public sector agencies are significant purchaskreiain industries’ output, and hence public
sector procurement practices and choices can ki ase policy lever to improve sustainable
resource use in those industries.

The example below shows a few selected activitieeres the emissions associated with general
government sector procurement are significant. ikbe of the circle reflects the extent of direct
emissions relating to that activity.) For some \atiis, such as pharmaceuticals, general
government procurement accounts for up to 35 pat o€ the total output of that industry.
Although government procurement in this activityadsly just over 10 local currency units,
emissions from this activity are larger than théeen a number of other sectors, such as land
transport, or sewerage and refuse.

The data used in this analysis is derived from @Pfr emissions of carbon dioxide by industry
(based on the air emissions account in the SEEAr@leRramework Section 3.6), and by
attributing emissions related to energy use (paleity electricity use) to the energy user (rather
than the energy producer) based on the PSUT faggrfeee SEEA Central Framework, Section
3.4). These data are then linked with information public sector procurement drawn from
monetary supply and use tables.
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Figure 2.8 CQO, emissions and public sector expenditure

407
Pharmaceuticals

30 ‘ . Medical instruments

Sewerage and refuse

Construction

N
oS
1

Health and social work

Land transport services
10 ‘
‘ Other business activities

0 Hotels and catering

Market share (%)

T T T
0 10 20 30 40
Public sector procurement (currecy units)

Analysis of production, employment and expendite relating to environmental activities
Introduction

The economic consequences of environmental meaaatesnvironmental concerns are of great
interest to policymakers. They approach these sofficm various perspectives. For example,
their interest may focus on the financial burdeat ik placed on the polluting industries, as they
have to invest in pollution prevention, abatemend acontrol in order to comply with
environmental regulations. Alternatively, enviromtad measures will bring about new economic
activities that may create new jobs and stimulatnemic growth. Policymakers therefore need
information on enterprises and institutions thaidoice environmental goods and services and
also information on the levels of expenditure oest# goods and services by enterprises,
governments and households.

The SEEA Central Framework presents two measurena@proaches relevant to these
information needs: statistics on the Environmer@alods and Services Sector (EGSS) and
Environmental Protection Expenditure Accounts (EPEBGSS and EPEA are described in
Chapter 4 of the SEEA Central Framework. They alated but different sets of economic data
that may be compiled for the purposes of analysimgronmental activities.

Environmental activities are defined in the SEEA®msist of environmental protection activities
and resource management activities and relate tmoaaic activities aimed at reducing
environmental degradation and safeguarding agtiesdepletion of natural resources.

The EGSS consists of a heterogeneous set of eiseshat produce these environmental goods
and services. Historically, the production of eomimental goods and services focused on the
demand for basic services, such as wastewatemeeadr the collection of solid waste. However,
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with the drive towards cleaner and more resourfieigfit processes, products and materials, the
activities of the sector have shifted to includsorgce management activities. Across both
environmental protection and resource managemetiitpc the EGSS includes enterprises
created specifically to serve this emerging matkath as enterprises involved in renewable and
sustainable energy systems) and enterprises in tnadiionally defined industries (such as
sewage and refuse disposal services).

Compilation of EPEA is motivated by identifying angheasuring society’s response to
environmental concerns through the supply of andastel for environmental protection services
and through the adoption of production and consionpbehaviour aimed at preventing
environmental degradation. While the EPEA has aesdmat narrower scope than EGSS in terms
of covering only environmental protection activity,is relatively broader than EGSS in that it
includes demand for all goods and services that bmyused for environmental protection
purposes not only those produced more specifi¢atifhose purposes. For example, EPEA will
include vehicles purchased to undertake environah@astoration work even though the vehicles
themselves were not designed for this specific pagp

This section presents various types of indicatasanalysis on issues of environmentally related
production and employment that may be undertakémgudata from the EGSS, and analysis of
demand related to environmental activities fromBEREA as described in Chapter 4 of the SEEA
Central Framework.

Indicators and aggregates for environmentallyelated production and employment

Key EGSS indicators and aggregates

2.108 The most common indicators and aggregates showntpertance of environmentally-related

activities in the economy and characterise theviies by revealing their contribution to
employment, to the economy as a whole, and to t(edports, imports). Indicator examples
include:

. The value added generated by the EGSS expressegeasentage of GDP (see
Figure 2.9).

. Employment in the EGSS expressed as a percentaggabfemployment (see
Figure 2.9).

. Exports of environmental goods and services ag@ptage of the production of
environmental goods and services

. Trade (exports, imports) in environmental goods s@vices as a percentage of
total trade

. The proportion of enterprises that produce enviremial goods and services in
the economy

. The level of investment in the EGSS and its devekat over time.
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Figure 2.9 EGSS contributions to GDP and employment
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The production of environmental goods and servemed employment in the EGSS reflect an

important, albeit partial, aspect of the transfdiorato a more resource efficient and less waste
intensive economy. Actions in ‘traditional’ indust (e.g. reduced energy intensity in steel
production) can also move an economy towards adamon, resource efficient growth path.

These changes, while often driven by cost or coitigeriess considerations rather than

environmental concerns, can have a significant anpa

Green jobs has been an area of recent interestlitwy pnakers. Several approaches have been
taken to the definition of green jobs including aygrhes based on employment in relevant
economic activities, in the production of relevanbducts, in relevant processes, or in jobs with
specific descriptions and roles. Each of these agmtres will lead to the derivation of different
measures of green jobs and will vary depending hen ahosen scope of activities, products,
processes or job descriptions. International wanktlee definition of green jobs is conducted
under the auspices of the International Labour Girgdion.

The SEEA Central Framework does not define a measfugreen jobs. However, the measure of
employment in the EGSS may prove a useful indicafochanges in environmentally related
employment. The indicator’s usefulness may be gthemed through its coherence with other
economic information that is structured followingetEGSS as defined in the SEEA Central
Framework.

Indicators and aggregates on the EGSS can be lysefuhplemented with information on

transformations in economic sectors and moves ftaditional business activities to more
resource efficient and less waste intensive aEgj/itand information on technology development
and innovation, including research and developregpenditure, patents (in pollution abatement
and waste management technologies, in energy amdhtel change mitigation technologies).
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Other important information includes the framewadaditions in place for doing business and
accessing financing.

The EGSS include a broad set of activities, ineigditraditional’ activities like waste and

wastewater treatment, but also innovative activitike the development of new environmental
friendly technologies. Also, EGSS activities ofteplace other, environmental harmful activities,
for example through the production of renewablegne place of the burning of fossil fuels. To
provide useful indicators for policy for new ecoriomactivities it may be us useful to look at
certain aspects of the EGSS using information ifladsat finer levels of the Classification of

Environmental Activities, like the growth of enteiges involved in the prevention of pollution
through in-process modifications or research angldpment activities.

Key EPEA indicators

Efforts to reduce environmental pressures usuatlyri public and private expenditure, to:
i. finance environmental protection (EP) activities,
ii. finance resource management and preservation, and

iii. provide financial and technical support for enviramtal protection activities in other
countries.

Monitoring the levels of these expenditure andrtlvends over time gives a general indication of
how much a country or an industry spends on prawgntontrolling and reducing pressures from
pollution and resource use, and on managing natesalurces and materials in an efficient way.
This information may be helpful in informing of te&tent to which an economy is transitioning
towards one that is less resource intensive argl wesste intensive. At the same time, these
indicators do not provide a measure of the changenvironmental condition in response to any
expenditure.

The most common indicators show trends in experalibun pollution prevention and abatement,
and biodiversity; the shift to pollution preventingchnologies; and how expenditure on EP
compares to other types of expenditure. Such italisaare useful to inform about the financial
efforts undertaken by society to prevent, mitigatabate pollution, including the relative share of
activity by private and public sectors.

Key indicators and aggregates include:

i. The level of national expenditure on environmenpabtection, disaggregated by
environmental activity domain (i.e. the classeghaf Classification of Environmental
Activities® such as air and climate, soil and water, and besdity and landscape), by
the institutional sector undertaking the measugesdrnment, corporations, households),
and by industry (by ISIC).

® See SEEA Central Framework Chapter 4 and Annex 1.
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ii. The relative importance of investment expenditwmgared to operating expenditure.
In general, the investment-related share of EP redpge decreases as investment
programmes progress, while operating expensesé graws.

iii. The share of EP expenditure in GDP, and its redatmportance compared to other
types of expenditure such as expenditure on healtim education.

iv. Total financing of environmental expenditure disaggted by institutional sector
(government, corporations, households).

By relating data on environmental protection expiemd to data on the financing of this
expenditure, one can calculate indicators thaécethe share of transfers from government or the
rest of the world in the financing of the expendbtuLess experience exists with indicators on
resource management expenditure for which inteynaliy agreed definitions and classifications
have only been elaborated recently.

EP expenditure is sometimes used as a proxy fosumieg the implementation of and the costs of
complying with environmental regulations and thevele of integration of environmental
considerations in a country or an industry. Howewer its own, information on EP expenditure
does not provide any information on the qualitytioé environment nor on the effects of EP
activities on the environment, and hence requiagsfal interpretation in this regard.

Indicators and aggregates on EP expenditure céaliysee complemented with information on
other environmentally-related activities, such asural resource preservation and management,
management of natural or industrial risks, and egjiare on workplace protection.

Types of analysis for environmentally relategroduction and employment
Analysis by economic sector and industry

For the EGSS indicators noted above, it may bevaele to compare private sector and
government activities. This type of analysis pregdnformation on, for example, the importance
of public ownership and the evolution of privatisat Corporations and government activities can
also be analysed at a more detailed level providimigrmation on the magnitude of
environmental activities of the different ISIC ssietors (for corporations) and administrative
levels (for general government), including througdmparison to levels of value-added. For
corporations, data can also be analysed to meakar@nportance of ancillary activities (i.e.
activities commonly undertaken within enterprisegher than being purchased from other
enterprises) and the evolution of outsourcing as agethe relative magnitude of market and non-
market activities.

For EPEA data, analysis by industry and sectorteghlight those areas in which expenditure is
most prevalent and in turn this can be compareddasures of other environmental flows such as
emissions or flows of solid waste. The relative nfigance of environmental protection

expenditure within overall intermediate consumptafngoods and services by enterprises and
gross fixed capital formation may also be asse<3&garticular interest is the expenditure of the
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government and how this relates to total environtaleaxpenditure noting that care in needed in
differentiating between direct expenditure by gowmeent and activities by the private sector that
are financed by government. Comparison of levelgmfironmental protection expenditure to
industry estimates of value added and operating/simay also be relevant.

Analysis by environmental activity domain

Comparing data on the EGSS by environmental agttoimains (i.e. high level classes within the
Classification of Environmental Activities suchasand climate, soil and water, and biodiversity
and landscapgreveals which are the most important domaingetilisation for environmental
producers in a country. This analysis is importaaetause a large majority of environmental
companies focus on only one of the environmentahalos and the competitive conditions in
each of the domains can vary significantly. Combinéh environmental protection and resource
management expenditure data, the analysis of theSEGn also provide an indication of the
opportunities for environmental activity within adues.

One area of particular interest may be those emsepwithin the EGSS that produce renewable
energy (exploitation phase), as well as enterpresgve in pre-exploitation phases (e.g., the
design and production of energy saving activitied products).

Analysis of EPEA data by environmental activity domwould highlight the main areas of focus
in response to identified environmental concernghSinformation may be useful to compare
against aspects of environmental change and agaolistes to promote expenditure in particular
domains (e.g. through use of environmental subsjdie

Analysis by type of environmental output

The SEEA Central Framework explains that the ouffuhe EGSS may be considered in terms
of environmental specific services, sole-purposedpcts, adapted goods, end-of-pipe
technologies and integrated technologies. In comgathe figures for the different types of
environmental goods, technologies and services, dhalysis can highlight, for example, the
importance of integrated (pollution preventing) heclogies compared to end-of-pipe
technologies. This is very important in the caseraing the awareness on the type of
environmental output, in particular adapted gdaaisd integrated technologies for which its
development represents one of the most importamtisgof policies towards sustainable
development. Given the peculiarities of adapteddgogarticular attention should be paid to the
producers of this class of environmental goodssamdices.

% For details see SEEA Central Framework, Annex 1.

" Adapted goods are goods that have been spedifivaltiified to be more “environmentally friendly” teleaner”
and whose use is therefore beneficial for enviramaleprotection (SEEA Central Framework 4.67)
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More specifically, in addition to the standard emmic indicators (value added, production,
employment, exports, imports, capital formatiorgtadrelated to renewable energy activities may
be further broken down into various product prafiged process profilés.

Regional analysis

Where information can be obtained, the activitiethe EGSS may also the analysed at a regional
level. Accordingly, it may be established wheth€&83S activities are concentrated in certain
areas and whether this is directly linked with otbeonomic activities or particular environmental
characteristics of the area. For example, the poesef electrical engineering and the technical
university may play a key role for the developmehtompanies specialised in the development
of certain environmental equipment, such as saae|s (network economics). Or, the presence
of significant natural features like coral reefsayrspur concentrations of businesses aimed at
limiting the impacts of tourist activity or variofisrms of pollution.

Analysis of associated physical data

Data from the EGSS may be directly compared witysjaal data from the physical supply and
use tables. For example, the physical data abeuptbhduction of renewable energy and the data
derived from the sustainable energy sector carebgwaluable in supplementing each other.

For EPEA comparison of expenditure data to physikcals of emissions and waste may be
particularly relevant and would enable the dertvatiof polluter pays indicators (see SEEA
Central Framework 6.111) and an assessment ofteolhays principles — i.e. the extent to which
the economic unit responsible for the residual #owmcurs the cost to remediate any
environmental degradation or limit the residuaMfo A commonly derived indicator in this
regard is implicit tax rates (see sect. 2.5.3 Asialpf environmental taxes).

It should be noted that the comparison of monetita from EGSS and EPEA with relevant
physical data requires consideration of the extiemthich the data are classified and recorded on
a comparable basis (for example, in terms of inglestd product scopes, accounting period, etc).
Any differences in classification and recording m@zhes must be taken into account.

Multiplier analyses
The economic and environmental effect of policiestimulate particular industries often goes

well beyond their direct effect on output, employme or emissions. The growing
interconnectedness of economic activities alsodeadignificant indirect or spill-over effects in

8 Product profiles include items such as ‘solar phailtaic cells’, ‘solar CSP’, ‘solar thermal engrgbio gas’, ‘bio
mass (solid) & waste’, ‘bio fuels’, ‘bio refining'wind on land’, ‘wind at sea’, ‘heat & geo thernaergy’, ‘energy
from water’, ‘energy saving’, ‘electric transportsmart grids’, ‘hydrogen technology’ and ‘carboioxide capture
and storage’. Process profiles include items sush‘rasearch and development’, ‘consultancy’, ‘t@or$,
‘preparation/raw material production’, ‘supply, @swly and construction’, ‘production of energy @ns’,
‘installation and maintenance’.
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the rest of the economy. These indirect effects lmandetermined by calculating multipliers

derived from input-output (10) tables - see Sec8d for details. It is noted here that multipliers
rely on assumptions regarding the relationships/éeh economic and environmental variables.
The multipliers discussed here assume linear oglsliips and while these may be applicable for
economic variables they may be less appropriateeirtase of environmental variables.

Cost-recovery analysis

The SEEA Central Framework provides monetary infdiam on a wide variety of environmental
transactions in a consistent framework. As it ceMasth expenditures and revenues, it supports
cost recovery analysis. Cost recovery can be ddfasethe ratio between the revenues paid for a
specific service and the cost of providing thavser. For example, the revenues from taxes ear-
marked for wastewater treatment paid by househadisindustries may be directly compared to
the relevant environmental expenditures by the gowent or specialised producers as recorded
in the EPEA. Thus, it may be determined whetheofathe costs (including operating and capital
costs) are covered by revenues. It may also beljegs analyse the relative contribution of
different sectors to the recovery of the costsupfpdying the wastewater treatment service.

Micro-analysis

Depending on the methods used to collect source, @t part of organising data for use in
compiling accounts it may be possible to constaiactatabase holding information on various
economic flows at the level of individual businegdacluding on the location of businesses. Such
information may include data on employment, proauct value added, exports, imports,

innovation, research and development activity,alischemes and subsidies. If this information
can be collated in consistent manner, it may be teesupport micro-analysis of industry effects
relating to environmental activities such as thasmcerning research and development,
innovation and environmental taxes and subsidies.

Analysis of environmental taxes and environmeat subsidies and similar transfers
Introduction

Environmental taxes and environmental subsidies samilar transfers are important economic
instruments used regularly by governments to aehpmlicy objectives. They receive a great deal
of attention as they change the income of housshahlil enterprises with the objective of
encouraging and supporting desired behaviours.

The analysis of information on these flows may bearticular interest in the assessment of the
relative size and burden of different policy opspthe assessment of competitiveness between
countries, the assessment of the effectivenessanbus environmental transfers in changing
behaviours, and the assessment of the distribefifests of different taxes, subsidies and other
transfers.
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The SEEA Central Framework Chapter 4 sets out ¢ffi@itions, classifications and measurement
scope for environmental taxes and environmentadidigs and similar transfers. This information
can be combined with information on physical floflsr example, changes in flows of solid
waste or air emissions) to provide a broad inforomalbase for analysis.

This section presents the types of analysis thatmeaconducted on information compiled about
environmental taxes and environmental subsidies simdlar transfers consistent with the
definitions outlined in the SEEA Central Framework.

There are a variety of other related analytical rapphes, including the use of alternative
definitions of environmental taxes (see the disaumsi the SEEA Central Framework Chapter 4),
the recognition of implicit subsidies (e.g., betefbtained through lower relative tax rates for
certain activities), analysis of producer subsiduiealents (PSE) in agriculture, and analysis of
the distinction between environmentally damagind anvironmentally beneficial subsidies, but
these types of analyses are not described here.

Indicators and aggregates for environmentakixes, subsidies and similar transfers

There is a range of countries around the world llaate implemented environmental taxes. It is
important to understand the use of the taxes, swiral implications and their impact on the
environment.

The SEEA Central Framework defines an environmeatabs a tax whose tax base is a physical
unit (or a proxy of it) of something that has a v@o, specific, negative impact on the

environment (SEEA Central Framework 4.150). Thidudes taxes on products, other taxes on
production, capital taxes and current taxes onnma@and wealth. Environmental taxes are
classified according to their tax base in four bra@ategories: energy, transport, pollution and
natural resources.

The most common indicator of environmental taxeshes total of environmental taxes as a
percentage of GDP. This measure provides bothdiaator of the tax burden and of the structure
of taxation. Given that an environmental tax isegafly levied on a physical unit, a tax-to-GDP
ratio alone is not a sufficient measure of the sizéhe tax burden. For this purpose, it may be
useful to compare particular environmental taxeg, those on petrol/gasoline to volumes of
petrol consumed and to total expenditure on patrolonetary terms.

Another indicator is the ratio of environmentaldaxo total taxes. However, interpretation of this
ratio needs to take into account a range of contéxfactors, including environmental
circumstance and the nature of the tax base, andgé of regulation as distinct from taxation to
implement environmental policy.

° Payments for tradable emission permits relatingniissions of carbon dioxide are treated as enviesral taxes,
specifically energy taxes. See SEEA Central Framkewd 85-4.187 for a summary of the treatment.
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government. The mix of different types of paymelysgovernment, particularly a distinction
between current and capital transfers may be efest, and a comparison of environmental and
non-environmental subsidies and similar transfeey mighlight changes in policy focus over
time. Payments of environmental subsidies and aimiansfers may also be compared to relevant
environmental protection and resource managememenehiture. In addition, classification of
these flows by purpose or by receiving industry aedtor may highlight developing trends and
inform on the structure of the payments.

Analysis of environmental taxes

For initial analysis of environmental taxes it nzgy useful to compare the relative proportions of
the different types of environmental taxes - engtggnsport, pollution and resources — and how
these shares are changing over time. This typaalf/sis is shown in the figure below. This may

be of particular interest in understanding the mixte which taxes influence changes in behaviour
(through changes in relative prices) and, at tingesiame, the extent to which they lead to changes
in environmental pressures. At the same time itukhde recognised that movements in tax

revenue will be impacted by changes in economiwvtir@nd broader business cycles.
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Figure 2.10 Environmental tax revenue by type
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2.146 For environmental taxes there may be interest imstracting implicit (or effective) tax rates.
Implicit tax rates are derived as the ratio betweernironmental tax revenues (measured in
currency units) and an indicator of consumptioren¥ironmental flows (e.g. unit of energy or
carbon dioxide emissions). Thus, an implicit taterfor energy may be defined as the ratio of
energy tax revenues to final energy consumptionsorea in tonnes of oil equivalent (TOE).
Such rates may be compared across industriesysggtoducts and countries. In the figure below
implicit tax rates for energy are shown for sevemintries-’

9Within the EU Sustainable Development Strategg, ithplicit tax rate for energy (measured in EuroE)QGs a
sustainable development indicator see http://eppstat.ec.europa.eu/portal/page/portal/sdi/indiséddl_indicators.
Effective tax rates on energy are also measured thy OECD - see http://www.oecd.org/tax/tax-
policy/taxinenergyuse.htm
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Figure 2.11 Energy taxes divided by energy consuniph by sector
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2.147 Using SEEA data, analysis can also be undertakanderstand the environmental effect of a tax,
for example, the change in pollution resulting frima introduction of a pollution tax. To do this,
physical data relating to the tax (e.g. emissioveste and energy products) are required. Figure
2.12 presents the share of £@xes, allocated emission trading permits, the, @@issions
occurring within the trading schemand total C@emissions by industry. As shown, the {6x
revenues to the government vary depending on tlwmosaic activity. The transport and
communication industry paid the highest fractionGad, taxes in the economy (36%), while the
manufacturing industry (including energy intensagdivities such as steel manufacturing and pulp
and paper manufacturing) paid about 13% of total @QRes. This type of analysis may be
extended using additional data and assumptionsrsider the extent to which the polluter pays
principle is in effect.

™ European Union Emissions Trading Scheme, launihe2D05 to combat emissions related to climate gban
Aviation is included since 2012. Water works andstouction, maritime transport and forestry ark exicluded.
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Figure 2.12 Distribution of CO, tax revenues, emissions rights, C{emissions covered by the

trading scheme and total CQ emissions by industry
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Table 4.10 in the SEEA Central Framework presentaaount for tradable emission permits
showing the stock and changes in stock of permitasured in terms of tonnes of carbon dioxide.
This information, which can be structured by ingignal sector or by industry, can be used to
analyse which economic units hold permits and tkterg to which the holders are complying
with relevant emission targets. It may also bevaaé to assess the links between the industries
holding permits and their contributions to GDP antbloyment.

Because of the common classifications used in thisston permit account and other accounts,
such as the energy PSUT and the air emission ats;atins possible for modellers to analyse

energy input structures and relate these to thegdsain demand for emission permits. Tables
showing the monetary value of emission permits lmamsed to analyse the effect of changes in
permit prices on energy use by industry.

Analysis of environmental subsidies and sinait transfers

Where information is available, measures of envirental subsidies and similar transfers by
industry would be of interest and within the SEEaniework could be compared to measures of
industry output, value added and operating surgepending on the purpose of the payment,
industry level flows might be compared to changephysical flows of emissions, solid waste or

other environmental pressures to assess the g@Haetis of the subsidy or transfers.
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The purpose of the environmental subsidy or simiiansfer may be analysed by classifying the
flows by type of environmental activity followindné Classification of Environmental Activity
(CEA). Although often the purpose of particular pents may be hard to assess, if this work can
be done comparisons can then be made as to whiieftias are receiving support and whether
there are links between the levels of environmesubkidy and similar transfers and the level of
expenditure on environmental protection as recorndeBnvironmental Protection Expenditure
Accounts (EPEA).

Further analysis

There may be interest in undertaking analysis ofirenmental taxes and subsidies using
techniques that are applied in the analysis ofga® subsidies more generally. For example,
using the accounting structure of the SEEA it isgilde to analyse the relative importance of
environmental taxes and environmental subsidies similar transfers in the context of the
sequence of accounts (Table 6.3 in the SEEA CeRteahework). Also, it would be possible to
undertake an analysis of the incidence of envirortaldaxes and subsidies by using the structure
of relevant supply and use tables and input-outabites in conjunction with general analytical
approaches in this area.

Analysis of environmental assets, net wealtmdome and depletion of resources
Introduction

There is a range of motivations for accounting darvironmental assets. One motivation is to

assess whether current patterns of economic actweé depleting and degrading the available

environmental assets. Information from environmleagget accounts can also be used to assist in
the management of environmental assets and vahsatb natural resources and land can be

combined with valuations of produced and finan@abkets to provide broader estimates of

national wealth.

The SEEA Central Framework describes a comprehersev of asset accounts for individual
environmental assets covering mineral and eneigpurees, land, soil resources, timber resources,
aguatic resources, other biological resources am@nvesources. The accounts presented are in
both physical and monetary terms and hence coataast array of information on the stocks and
changes in stocks of these various environmensaitss

The SEEA Central Framework does not describe thesorement of ecosystems since
approaches to ecosystem accounting are less shbidblithan accounting for individual
environmental assets. Approaches to ecosystem w@iteglare described in SEEA Experimental
Ecosystem Accounting.

This section highlights the range of informatioattinay be accessed from asset accounts and its
combination with other information to provide compensive assessments of individual
environmental assets. The types of question thgtheaanswered with these information include:

43



2.157

2.158

2.159

2.6.2
2.160

2.161

* How has the stock of environmental assets changedtione?

* Whatis the value of a country’s environmental ke

* How much income is generated from natural resousndsto whom does it accrue?
* To what extent are environmental assets being thejile

Discussion of sustainable development is often lsedan terms of the use of different forms of

capital, including environmental assets. The infation in the asset accounts of the SEEA forms
part of the information needed to consider thegeegsyof questions but does not cover a
comprehensive suite of capital that will generadliso include human and social capital.

Nonetheless, for particular parts of the economgt thre dependent on natural resources,
information from the SEEA asset accounts may be @bprovide useful indicators for assessing
sustainable patterns of growth, or long-term vigbibf those industries that are dependent on
natural resources.

The valuation of environmental assets in monetamys$ in the SEEA Central Framework follows
the same principles as the SNZConsequently, the measures can be compared tathes of
other assets within the SNA framework, for exampleduced assets and financial assets. In this
framework it may also be relevant to assess thenexb which the overall value of assets
(including environmental and other economic ass&tsghanging in real, per capita terms.
Undertaking valuation for individual natural resoes can also help in understanding the
relationship between physical stocks of resourocéeschanging likelihoods of extraction since the
likelihood of extraction will be based on the extém which expected extraction costs using
available technologies are less than expectedpfizdhe extracted resources.

In this context, it is likely to be beneficial tomsider monetary and physical measures of
resources as being complementary while also resognithat the approaches to valuing
environmental assets in monetary terms often reqiie use of assumptions regarding future
patterns of activity and discount rates and, agslt, care should be taken in undertaking
comparisons of values of different asset types.

Analysis and indicators of individual enviromental assets in physical terms

At the most basic level, physical data can impartappreciation of the lifetime or physical
constraints in which the economy and society caeraip. From the perspective of the SEEA
Central Framework assessments of these consteaimtisased on consideration of each different
type of environmental asset within the broad categoof land, natural resources, and cultivated
biological resources.

Physical asset accounts for land generally focush@amges in land use and land cover within a
country and can be particularly important in untlding changes in land management and

12 \While the principles are aligned the valuatiorenfironmental assets often requires the use ahalige
valuation approaches (e.g. net present value apipesawhen market prices are not observable.
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potential environmental pressures arising fromradtaise of the environment. It is noted that, in
physical terms, the scope of the SEEA Central Fvaorie encompasses all land in a country, not
only land considered to be “economic”. Thus, lamghysical terms is not restricted to land that is
owned and can be used or held for monetary gaiis ddmplete coverage in physical terms
permits a full assessment of changes in land udelard cover — particularly in the change
between economic and non-economic uses of landifetige analysis of desertification).

Biological resources, primarily timber resourcesd aaguatic resources (e.g. fish), generally
comprise both natural and cultivated resources.stiope of the SEEA Central Framework asset
accounts covers both natural and cultivated regsureecognising the importance of clearly
distinguishing between these two types of resoubeesuse the environmental pressures may be
quite different. For example, the harvest of timsem mono-cultural plantation forests will have
quite different effects compared to the harvestimber from long-standing, native forest areas.
As well, the production processes and effects weablin activities such as aquaculture are quite
different from those in fishing in open waters. ®ahowing the relative changes in the share of
cultivated and natural biological resources as parthe overall stock of timber and aquatic
resources may be of significant policy interestrdbroadly, analysis of rates of extraction, costs
of extraction and available stock levels shoulébke to inform discussions on the sustainable use
of resources.

Other environmental assets include mineral and ggneesources, soil resources and water
resources. Particularly for soil resources and masources, the presentation of information on
stocks by different spatial areas (e.g. rivers rigspossibly using maps, may provide a more
useful set of data.

In physical terms, each set of information on défe types of environmental assets will not be
able to be readily compared since the measureméht& undertaken in different units of
measure. Indeed, even within particular broad agpess the measurement units may vary (e.g.
different mineral and energy resources may be medsno tonnes, cubic metres, barrels, etc) and
further, for biological resources it may me modevant to assess the resources in terms of
species. An exception to this approach is the measnt of energy related environmental assets
which may be considered using joules as a commdrofimeasure. Thus for a range of different
environmental assets — particularly mineral andrggneesources, timber resources and water
resources — the assessment of the physical stotsrims of a common unit of energy may be
particularly useful. This approach is outlined ionedetailed in SEEA Energy.

The SEEA Central Framework defines the depletionatfiral resources as, in the first instance, a
measure of physical change and hence there mawntéeest in comparing rates of depletion
relative to the levels of the stock of certain mafwesources. These comparisons give an insight
into the extent to which extraction rates are {ikkel exceed rates of regeneration and hence can be
used to assess remaining asset lfves.

13 |deally, asset lives would be determined on thsishaf expected extraction rates (rather than basedecent
trends). However, expected extraction rates maydifficult to determine given various future uncémtées
particularly concerning changes in prices and teldgy that will impact on extraction rates.
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2.166 For mineral and energy resources a particularéstanay lie in analysis of rates of discovery of

new resources. The chart below shows this typenafyais for selected mineral and energy

resources over a twelve year period. For biologieaburces the analysis may be more complex
due to the need to take into consideration varipogulation dynamics and other ecosystem
processes in assessing expected rates of regeneshthe resources.

Figure 2.13 Asset lives for selected mineral and ergy resources
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2.167 Other common indicators monitor the availabilityaofjiven asset and its changes over time, and
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relate th

e amounts extracted or harvested to thaingng stocks. They are particularly useful for

the management of demand and supply of naturaliress. Indicator examples include:

. The intensity of use of water resources, also dallater stress, which relates

water abstractions to the available natural stamksenewable water resources. This
indicator reflects the pressure exerted on nat@sburce stocks by water abstractions
for human use. It can be sourced from physicaltaseounts for water resources in
combination with physical flow accounts for watand is most relevant at territorial and
at river basin level. Macro-level indicators of watstress often hide significant sub-
national variations due to the concentration of hnmctivities, the location of water

stocks and local climatic and meteorological caods.

. The intensity of use of forest resources (timbemyjch relates actual harvest
(fellings) and natural losses to annual produati&pacity. Annual productive capacity is
either a calculated value, such as annual allowaltleor an estimate of annual natural
growth for the existing stock. The choice dependsfarest characteristics and the
availability of information. This indicator can ®®urced from physical asset accounts
for timber resources. It should be noted that iatdicts based on a national averages can
conceal variations among forests. When used forir@mwental purposes, these
indicators should be accompanied with informatiam forest quality (e.g. species
diversity, including tree and non-tree speciese$brdegradation; forest fragmentation),
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and on forest management practices and protecteasunes. They can be used together
with indicators on output of and trade in foresigurcts.

For biological resources, such as timber and fismay also be of interest to distinguish between
natural and cultivated resources, and betweenrdiffetypes of management practices. Indicator
examples include: the relative changes in the sbioeiltivated and natural biological resources
as part of the overall stock of these resourcessopart of the total production from these
resources (e.g. the share of planted forests @l fotest land; fish production from capture
fisheries versus fish production from aquacultuegld the share of cultivated forest areas under
sustainable management practices.

Other useful indicators inform about changes irdlase and land cover and about conversions
from one use category or cover type to anothertti@se types of analysis it is possible to use the
interim classifications on land use and land ca&presented in Annex 1 of the SEEA Central
Framework. Since land is an input into most ecowcomitivities, such indicators speak to
competing uses of land. It has to be noted that lsse and land cover are related, but not the
same: land cover refers to the biophysical dimenb land while land use refers to the
functional dimension of land for human and econoaxtvities. Most land indicators can be
sourced from physical asset accounts for landdatiain data on both land use and land cover.

Indicator examples include:

. The share of built-up areas (or artificial surfgdagotal land area.

. Conversions of areas with a natural cover to crgmstures for grazing or
artificial surfaces.
. Conversions of agricultural (or forest land) landuilt-up and related areas.

. The share of forest areas (cultivated and natimadtal land area, accompanied
with a breakdown by type of forest land.

In terms of interpretation, indicators and aggregatf stocks and changes in stocks of natural
resources, whether in physical or monetary ternas; not provide a complete picture on whether
natural resource use is sustainable or whethee thea risk to future economic growth and well-
being from unsustainable use and management pactieurther, the stocks of many natural
resources are unevenly distributed among countaied within countries and this spatial
component is important to consider when developing interpreting natural resource indicators.
While it may not provide a complete picture, tmfrmation maybe very useful in providing a
sense of the scale and scope of changes and tlugchéorm an information base for the
assessment of sustainability with regard to envirental assets.

Physical measures of environmental assets may beyarly relevant in the assessment of
access to resources, particularly for water ressuend energy related resources. In this regard
both the location of the resources and an undatistgrof who is able to access them, perhaps in
terms of household income, may be needed for pdatiqolicy questions. This use of asset
account data is considered further in Chapter 4.
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Analysis of environmental assets in terms @fealth and incomes

The SEEA Central Framework follows the valuatiopraaches of the SNA in defining measures
of environmental assets in monetary terms. Thisraggh allows the formation of monetary
estimates that can be readily compared with inftionacontained in the standard national
accounts. Relevant measures include flows of operaurplus from the extraction and use of
environmental assets, flows of rent from naturadotmces and land, and balance sheets
incorporating both economic and environmental asset

Using this broader framework of assets and incomésrmation may be organised to consider
* More comprehensive measures of wealth and thevelsignificance of different asset types

« Analysis of changes in wealth per capita and charigethe ownership of assets across
different institutional sectors (e.g. corporatioggyernment, households)

« Rates of return to natural resources through coisgrarof operating surplus to extracting
industries to the stock of natural resources

« Depletion adjusted measures of income accruingtra&ing industries and owners of natural
resources

e Share of returns on extraction earned by governnmamhmonly through rent and royalties,
but also via quota schemes and taxation arrangentefdted to the extraction of natural
resources

* Levels of investment and employment by extractindustries relative to the country as a
whole.

At an aggregate, economy-wide level, adjustmentsnéasures of economic activity such as
depletion adjusted Net Domestic Product and depletdjusted Net National Income may also be
compiled following the guidelines in the SEEA CahtFramework. These adjusted aggregates
may be compared with non-adjusted aggregates tw/,sfar example, the extent to which
depletion contributes to the change in Net Natidmabme over time.

Using the information required to estimate valué®mvironmental assets it is also possible to
derive volume measures or indeXa®flecting changes in the values of environmeatsets
without the effect of price change. Volume measaresderived by weighting together changes in
the stock of assets in physical terms using thetivel value of each asset as a particular point in
time. Aggregation may be completed within a typeas$et (e.g. aggregating different types of
mineral and energy resources) or across asset (ggesaggregating mineral and energy resources
and timber resources).

The compilation of volume measures may usefully giement measures of changes in assets in
physical terms which generally cannot be aggregatdss asset type because the physical

4 |n this context volume measures do not relateeasures of physical changes, for example cubicemetirwater.
See SEEA Central Framework section 2.7.4 for awdhiction to volume measures.
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measures are in different units. Chapter 2 of tBE/ASCentral Framework provides a summary of
the compilation of volume measures and a more lddtdescription is in the 2008 SNA, Chapter
15.

Aggregate measures of environmental assets, eitheralue or volume terms, should be

interpreted cautiously since when presented inranoon unit of measure, such as in monetary
terms, it may be implied that there is substitdigbbetween asset types. Such an interpretation
may, or may not, be considered appropriate. Furihés noted that some measurement of the
values of environmental assets and natural ressuscendertaken using social valuations. Such
valuation approaches are not endorsed within thEASEentral Framework and any estimates
compiled using social valuations should not be camagp with estimates of the value of other
assets within scope of the SEEA or SNA.

Selection, interpretation and presentation ofridicators
Introduction

Section 2.2 described the role and function ofdattirs and made some general points on the
compilation of indicators in the context of the SEEentral Framework. Sections 2.3-2.6 have
provided examples of a range of aggregates anddtuls across different topics to which
environmental-economic information is relevant.edftin the communication of information in
complex and cross-cutting areas it is necessaprdeide summary measures from a number of
areas and in this regard the selection, interpogtaind presentation of indicators are important
tasks. Many agencies have considered the issuelv@vin selecting, interpreting and presenting
indicators and the following paragraphs provideaerview of the key aspects.

Selection criteria

2.180 The number of potentially useful indicators is oftarge. It is therefore necessary to have a good

understanding of the purpose for which they areetaised and to apply agreed criteria that guide
and validate their choice. Some of the requiredjgmdents concern issues such as: What is the
environmental and economic context about whichndeators are intended to inform? How and
by whom will they be used? How solid is the infotima base on which the indicators rely? In
addition, when used in international contexts, gatbrs will require some consensus about their
validity among the countries concerned.

2.181 Various criteria for selecting environmental andreamic indicators have long been established.

2.182

Relevant criteria include factors such as respemsss, reliability, ease of interpretation,
simplicity, scientific validity, data availabilitycomparability over time and space, structured
around three basic criteria: policy relevance atitityu for users, analytical soundness, and
measurability.

It is relevant to recall that the use of commoncamts, definitions, and classifications is centival
the usefulness of the SEEA Central Framework forivolg indicators that monitor the
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interactions between the economy and the envirohneia in physical and monetary terms can
thus be combined in a consistent format, for exanipt calculating intensity or productivity
ratios. And macro-level indicators can be disaggted) by industry and institutional sector, to
show structural changes over time, to analyse enmiental pressures exerted by different
economic activities, and distinguish governmenpoases from those of the corporate sector or
households.

Interpretation and use of indicators

Indicators usually address policy questions at rmeg® level by giving an overview of major
issues and trends and by highlighting developm#ras require further analysis. Indicators are
thus only one tool for evaluation and scientifidgolicy-oriented interpretation is required for
them to acquire their full meaning. Often, indigataeed to be supplemented by other gqualitative
and contextual information, particularly in explaig driving forces behind indicator changes
which form the basis for an assessment. Examplesmextual information include population
change and economic structure. The informationevalumany indicators may also be enhanced
when they are associated with policy objectiveaayets.

Indicator sets are structured and communicatediffarent ways. Among the most frequently
used frameworks are those based on the PressuesFR&sponse (PSR) model and its variants
that account for greater detail or for specifictbees, for example, the Driving force-Pressure-
State-Impact-Response (DPSIR) model - see Figuré. Such frameworks help ensure that
important aspects are not overlooked when devaiotia indicators, and organise the indicators
in a way understood by decision-makers and thei@ubl

In the development of indicator sets the SEEA dary pvo roles. First, it can provide a basic

structure for the set of relationships betweeneittnomy and the environment upon which policy
and other interpretative frameworks may be builecdd, it can provide an underlying

information set containing relevant information. Hoth roles, the SEEA can help to avoid the
development of indicator sets that reflect onlytipalar aspects or perspectives on particular
topics.
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Figure 2.14 DPSIR model

DRIVERS IMPACT
PRESSURES > STATE

Presentation of indicators
Level of detail and disaggregation

It is often necessary to disaggregate the indisatofocus on a particular topic of interest tadret
understand the macro-level trends. The extent iohwthe following disaggregations are possible
will depend on the availability of information afeer levels of detail, either through the
existence of more detailed data within the samea dadurce used to compile aggregated
information, or through the use of information frather data sets.

Industry disaggregation helps understand how strattchanges in the economy affect

environmental pressures and the use of environinergaurces. It is also useful in understanding
the contribution of different industries to a commenvironmental issue (e.g. @@missions)
when reviewing the integration of environmental andustry specific policies. Macro-level
indicators derived from SEEA accounts and fromabksociated analytical tools can generally be
disaggregated at an industry level in accordantle mdustry classifications and the SNA. They
can then be linked to data from economic accoumtsionetary terms, to derive measures of
intensity and productivity.

2.188 When macro-level indicators are classified by induand by institutional sector, it is possible to

present the indicators in the form of issue-prefibe environmental-economic profiles. An issue-
profile consists of the contributions of relevaet®rs and industries to a particular environmental
pressure (e.g. greenhouse gas emissions) whicikrircan be linked to a particular environmental
issue (e.g. climate change). Issue profiles camladsused to show the contributions of the various
industries and sectors to efforts aimed at premgnticontrolling and mitigating a given
environmental pressure (e.g. through environmengaénditure and transfers) or to show changes
over time for different industries for a certairsugs (with respect to a previous year or other
reference year). A stylised issue profile coveiimdustries and the household sector for a generic
environmental pressure is presented in Figure 2.15.
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Figure 2.15 Stylised issue profile
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Environmental-economic profiles provide a condersed comparable review of environmental
and economic performance for a certain economiwvigcie.g. manufacturing, agriculture) or
type of economic unit (e.g. households). Theseilppay either show the development over
time of the relevant indicators or their relativease with respect to other economic activities or
units.

Institutional sector disaggregation helps distisgugovernment responses from those of the

corporate sector or household sector. Disaggragaticector is thus likely to be most relevant in
understanding expenditure on environmental praieaind resource management, the impacts of
environmental taxes and subsidies, and the usetofal resources which are often publically
owned but privately extracted under various ingthal arrangements.

Disaggregation by type of environmental activitypnesents an extension beyond standard

industry disaggregation. Here the purpose of dgtivhdertaken by economic units (enterprises,
governments and households) may be broken dowrdiffexent types of environmental activity
following the Classification of Environmental Acties (CEA) described in Chapter 4 of the
SEEA Central Framework. Examples of relevant typésenvironmental activity include
environmental protection activity and resource nganaent activity.

Product and asset type disaggregation helps inrstagheling the most significant aspects within

analysis of broad issues such as energy use orahagsource management. For example,
disaggregation by type of energy product is likielybe useful in understanding the fuel mix and
other compositional issues in the analysis of gnergpply and demand. As well, disaggregation
by type of environmental asset, (e.g. by type ofieral or energy resource or type of timber
resource) may assist in understanding implicatafrehanges in demand for different resources.

Spatial disaggregation (i.e. disaggregating datantaller spatial scales) helps understand the

relationships between the location of natural resmwstocks (e.g. water and energy resources),
settlement areas and economic activities. Thignjgortant when indicators are to support sub-
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national decision making, for example, when dealisity river basin or ecosystem managerfent
or when using indicators describing drivers whioé r@levant at the local level or that distinguish
between rural and non-rural areas. It is also ingmbdrwhen national-level indicators hide
important variations within countries. Methods addta requirements related to spatial
disaggregation are considered further in Chapteas4an extension of the SEEA Central
Framework.

Disaggregation by population groups, for exampleabg classes, gender and income levels, may

be important in understanding the distributive atpand social consequences of environmental
policies and economic instruments. The combinatbrdata required for disaggregation by
population groups with SEEA based information imsidered further in Chapter 4 as an
extension of the SEEA Central Framework.

Indicator sets, dashboards and aggregated indices

Answering policy questions generally requires tee af more than one indicator. What is often
needed is a set of indicators that cover to thatgst extent possible the various aspects of the
topics covered and that collectively give the neagsinsights. But a large set also carries the
danger of losing a clear message that speaks imypuobkers and helps communicating with the
media and with citizens.

One way of addressing the issue is to construateggged indices. By combining the information
contained in two or more indicators, aggregatedce®l make it possible to convey simple
messages about complex issues.

However, reducing the number of indicators by costey information also runs the risk of
misinterpretation because users are not alwayseawofathe scope and limitations of the index
methodology, and because the message conveyederdigtorted by data gaps or differences in
the quality of the data supporting the indexes. @leantages of ease of communication and
concise presentation of a composite index must bleusalanced against the problem of choosing
units and weights required for aggregation acrd$srent indicators.

In general, a balance needs to be struck betweewith to have as few indicators as possible and
the need to keep each as intelligible, robust aadsparent as possible. Many countries and
institutions therefore identify small sets of “k@ydicators” or “headline indicators” that are

representative of the topics covered and are ableatk central elements of it. For particular

topics it may be relevant to present an aggregatiedtor and relevant component indicators.
Others take an approach of visual aggregation iictwtine values of the constituent indicators or
variables are displayed together, instead of cafestinig the scores of all indicators or variables
into an aggregated index. One example of such aaliaggregation are dashboards. These

15

Neither environmental pressures nor ecologicairigng capacity” are evenly distributed acros@antry’s

surface area and local ecosystem collapses arg likeoccur long before nationally-averaged pressuwill
approach critical values.
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approaches - aggregated indices, headline indgattashboards, etc - need not be mutually
exclusive.

Aggregation and the SEEA

2.199 Aggregation is generally considered straightforwaln the relevant variables are expressed in a
common metric (e.g. currency units, tonnes, joules) when scientific evidence provides
information about the relative “weights” of the Mars variables in a phenomenon that the index
is intended to represetft Aggregates based on an accounting framework sacthe SEEA
Central Framework are thus potentially attractitreey are based on a theoretically sound and
widely accepted framework, and they are based tmalgressed in common and familiar metrics.
They also tend to be more transparent because dtoenputation is straightforward, often
involving only additions and deductions.

2.200 At the same time, care needs to be taken when takileg some aggregations in common metrics
since the relationships between variables anddlaive significance of different variables may
be complex. This is particularly the case when wmsig measures of flows of different
materials all measured in terms of mass units (@gnes). In this case, aggregates may be
dominated by flows of materials that are abundar. (soil) and not appropriately reflect flows of
materials that represent more significant enviram@adepressures but be relative small in total
quantity (e.g. mercury). The OECD/JRC handbookamstructing composite indicators provides
additional description and explanation of aggremaissues’

2.201 The standard metric in economic accounting is cusreunits (money). Aggregates may be
formed by adding together relevant accounting estexpressed in common currency units to
provide aggregates in monetary terms. There areide wariety of aggregates that can be
compiled in monetary terms, for example, the valfistocks of natural resources and the value of
depletion of natural resources. Further, when asistent basis for valuation is applied these
aggregates can be directly incorporated with st@hdaonomic accounting aggregates such as net
wealth and GDP. It is noted that in many casesthes a variety of assumptions required in order
to assign monetary values to relevant accountingesn— Chapter 5 of the SEEA Central
Framework discusses these measurement issuesih det

16 A prominent example is the global warming potdrifavarious greenhouse gases that is used to gagr&HG
emissions into one index expressed in carbon @0xnequivalents.

" OECD, European Commission Joint Research Cou2@{§),Handbook on Constructing Composite Indicators:
Methodology and User Guide
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Chapter III: Analytical techniques

Introduction

Analysis of the various topics and themes descrihe@hapter 2 may often be completed with
straightforward consideration of data from SEEAld¢abor direct comparisons to similarly
structured data from other sources. However,alss possible to use the data from the SEEA for
environmental-economic modelling using a variety afalytical techniques. This chapter
describes a range of the most commonly used appeeac

Section 3.2 introduces the datasets at the corthasfe modelling and analytical techniques:
environmentally extended input-output tables (EHJIOThe section discusses the various types
of EE-IOT, such as single region and multiregianalut-output tables, and input-output tables in
hybrid units. Section 3.3 outlines a number of giedl and modelling techniques that may be
applied to data from these EE-IOT, including muigipanalysis, the attribution of environmental
flows to final demand (including footprints), degoosition analysis and computable general
equilibrium (CGE) modelling.

The chapter aims to provide a summary of the teethrdspects concerning the construction of
relevant datasets and the related analytical tgalesi A summary is relevant since often there are
important implications in the choice of approachtthave a material impact on the interpretations
and conclusions that can be made. These implicatan be lost amid the technical complexity of

input-output tables and the associated models.xAnsive list of references is provided on the

various topics that are introduced to allow furtbensideration of the critical elements.

A key message of the chapter is that the construcif detailed EE-IOT datasets, that reflect
industry and product detail in physical and monetierms and encompass economic and
environmental information, can be powerful toolsaimalysis and research. Models based on EE-
IOT have been used to study the impact of changearbon emissions on economic activity, the
links between water use and industry performancetla® connections between economic activity
and the location of environmental pressures. StheeSEEA Central Framework provides an
articulation of precise measurement boundariess ftossible to have a coherent integration of
environmental data into standard input-output ddsathat are compiled in accordance with the
SNA. While there may be ongoing discussion aboet dppropriate choice of analytical or
modelling technique, there should be recogniticat the establishment of detailed, accounting
based, input-output datasets is an important asgesdvancing understanding of environmental
and economic issues.
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Environmentally Extended Input-Output tables EE-IOT)

Introduction

Environmentally extended input-output tables (EH-JCare integrated datasets that combine
information from standard economic input-outputléabin monetary units and information on
environmental flows, such as flows of natural irgpand residuals, that are measured in physical
units. There are a number of ways in which EE-I@mM be constructed. The intent of this section
is to introduce the main types of EE-IOT, to shaay lparts of their compilation, and to discuss
some of the measurement issues associated with tBeotion 3.2.2 shows the structure of the
single region input-output (SRIO) table which ismouonly compiled by statistical institutes.
Sections 3.2.3 and 3.2.4 discuss EE-IOT in hybjidthygical and monetary) units and
multiregional input-output (MRIO) tables respechueFinally, section 3.2.5 concludes with a
number of measurement issues which might arise whastructing the various EE-IOT. Overall,
this section is intended to provide a basis forausi@nding the analytical techniques described in
Section 3.3. It does not provide a complete desaripf requirements for the compilation of EE-
IOT.

The presentations of the EE-IOT tables in thisisaare simplifications which do not include all
the details which may be useful in environmentalreenic modelling. For example, data on
landfills or recycling (both in monetary and physiterms) may be introduced into the EE-I8T.
Thus, the discussion of the EE-IOT has been kefttiraple as possible in order to be able to
explain the basic premises of the analytical tephes described in section 3°3n each section,
references to more detailed material are provided.

Single region input-output (SRIO) tables

In order to apply the analytical techniques enwinental data are often combined with input-
output tables (IOT). The compilation of IOT is déked as an analytical extension in the System
of National Accounts being derived through the coration of supply and use tables (SUT)
which are core accounts of the SNAVarious mathematical and analytical approaches are
available to convert SUT to an IOT (see United dladj 2009).

Table 3.1 shows a simplified version of a SinglgiBe Input-Output (SRIO) table. It gives a
detailed description of domestic production proessnd transactions within a single country (or
region). An IOT is usually structured as a produgtproduct or industry-by-industry table. Table
3.1 shows an industry by industry tablejdhdustries. The rows show the outputs by industry
while the columns provide information about theutgprequired in the production process of an
industry.

18 For waste input-output modelling see Nakamura91%uh 2004; Hoekstra and van den Bergh 2006; W\sgisz
Duchin 2006; Nakamura et al. 2007.

19 Note also that for the sake of simplicity, theediremissions from consumers are also not incliml¢ite models.
It is fairly straightforward to add these to theical techniques described in section 3.3.

% Note that it is also possible to model environrakatonomic relationships using SUT systems (se@xfample
Lenzen and Rueda-Cantuche (2012)), but most apiplisause input-output tables.
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Table 3.1. A single region input-output table (SRIQ with environmental data

Data in monetary terms

Industries Final demand Total output
10 .00 Final Gross capital | Exports
' 5 consumption  formation
: |
Industries 7 c f e q+m
T I
Value added LV
Total inputs L g Got fiot ot

Data in physical (non-monetary) terms

Natural inputs

i r T
residuals fot

The output of the industries is the sum of interraedconsumptionZ) (which is a by j matrix)
and final demand categories such as final consomt), gross capital formatiorf)((including
changes in inventories), and exporg. (Note that for all these categories this is then of
domestically produced goods and services and impgtoducts. i.eZ=Z4+Z,, C=C4*+Cpn, f=fqtf,
e=eys+e,, (subscriptd denotes the use of domestically produced inpuisnathe use of imported
goods and services). The inputs for each domewstigsiry comprise the intermediate inpu$ (
and value added categorieg) (- including compensation of employees (wages) gnuoks
operating surplus (profit). Since the inputs intoiadustry must equal the outputs, the column
sums are thus equal to the outpuds ¢f domestic industries while the row sums areatqa
domestic output plus the imported produasrf). All the variables with the subscripdt are
scalars that show the totals for those respectiwiear columns.

The intermediate input matrix) of an IOT is therefore a square matrix (i.ecahtains the same
number of rows and columns) and a symmetric mdiex, the items indicated by the rows and
columns are the same: both are products or botimdwstries).

The IOT is then augmented using data on environahdiotvs by industry (denoted by the vector
r) which may be taken from relevant SEEA accoumnismbst applications these data relate to
flows of natural inputs and/or residuals (see SEEeAtral Framework Chapter 3).

* Natural inputs are all physical inputs that are etbfrom their location in the environment as
a part of economic production processes or arettiirased in production. Natural inputs
comprise natural resource inputs (such as, mie@lenergy resources, water, soil and
biological resources), inputs of energy from rengeaources (such as, solar, hydro and wind
sources) and other natural inputs (such as, stilemis, and oxygen used in combustion).
Natural inputs flow mainly from the national enviroent into the national economy.

* Residuals are flows of solid, liquid and gaseoutenss and energy that are discarded,
discharged or emitted by establishments and holdsehwoough processes of production,
consumption and accumulation. Residuals includedlof solid waste, wastewater, emissions
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to air, emissions to water, dissipative uses oflpcts, dissipative losses and natural resource
residuals (such as discard catch in fishing).

The sourcing and use of data on flows of naturplis and residuals from SEEA accounts is
advantageous for the compilation of EE-IOT sineeitffiormation has already been organised in a
manner consistent with the classifications (e.g. gmducts and industries) and measurement
boundaries that are used in the compilation of@ikitself.

It was noted above that the core IOT may be stradtusing an industry by industry or a product
by product matrix for intermediate consumption. WWtha product by product based structure is
used it is likely to be necessary to adjust datamvironmental flows which is most commonly
collected and classified by industry. The adjustmehenvironmental flow data in terms of
industries and products will also arise when sugplg use tables (SUT) form the basis for the
representation of flows within the economy. SUT a&@enerally structured with columns
representing industries and rows representing ptedwith substantially more products than
industries. Examples of environmentally extended Stk emerging in the literature and may be
beneficial for some analysis since they providdtamthl detail by product.

Hybrid input-output tables

The entries in the input-output table shown indaBll are in monetary units. However, it is
possible to record the output of an industry, ite.products, in physical terms as well. For
example, many studies have analysed energy usin@&nn which the output of the energy
industries is measured in gigajoules or anotherggnenit. Table 3.2 shows such a hybrid unit
IOT for which the industry (shaded) is measured in physical terms. The ifiput this type of
data could, for example, be from an energy accotithe SEEA Central Framework. Note that
because the columns contain a mix of entries ifemiht units (some monetary and some
physical) it is not possible to aggregate entrighiwa column. However, summation across each
row is possible.

Table 3.2. A single region input-output table (SRIQ in hybrid units

Industries Final demand Total outp(it
1 ] Final Gross capitg Exports
consumption formation
1
Industries Z c f e g+m
J (physical
units)
Value added v

For environmental analysis it remains relevant xtered the hybrid input-output table using

information on flows of natural inputs and residuals in the case of the SRIO above. The
advantage of using physical units within the c@# is that, in many cases, this provides a better
description of the technological relationships ifmtustries that have a reasonably large share of



physical rather than service-based flows. Hencenwdpplying the analytical techniques outlined
in Section 3.3, there is likely to be a betterreation of the direct and indirect environmental
pressures across the economy. It is important te tiat the mathematical specifications of the
input-output model apply irrespective of the urifsthe rows of the hybrid input-output tables.

The details of these types of models (for energg)paovided in Miller and Blair (2009, Chapter

9).

3.16 This type of EE-IOT incorporates elements of lifele analysis and process analysis since it is
possible to reflect the chain of flows between @coic units in physical terms in the context of an
economy wide set of flows.

3.2.4 Multiregional input-output (MRIO) tables

3.17 Input-output tables that are constructed by stedilsbffices are mostly SRIO tables such as the
one shown in table 3.1. Subsequent, input-outpulettiog that is based on an SRIO has the
limitation that they often need to use the “doneettthnology assumption™: i.e. it is assumed that
imported products are produced using the same ptiotduprocess that is used to produce the
same product domestically (see Section 3.3.3).hEoeitent that the domestic technologies are
not representative of the technology used to predihe imported product, the effect of the
assumption is that the input-output modelling wilbduce estimates that do not reflect the likely
environmental pressures.

3.18 Given the significant and ongoing globalisation pgpbduction processes there is thus strong
interest in the construction of EE-IOT datasetd th&e these international flows into account.
Recently, there have been a number of large psojbet have created multiregional input-output
(MRIO) tables and made them available via dataBas€ke number of countries covered can
vary significantly (from 2 to around 190) dependiog the regional breakdown used in each
project. As well there is variety in the numberioflustry classes used, types of aggregation
procedures used, and in the inclusion of time seriénformatior?? 2

2L GTAP (2012), EXIOPOL/CREEA (2012), WIOD (2012), R@ (2012), GRAM (2012) and GLIO (2012). A
number of review articles have also been writtea f& example Wiedmann et al. 2007; Wiedmann 2009;
Wiedmann et al. 2011). A special issudeabnomic Systems Resea(®olume 25, Issue 1) and a book (Murray and
Lenzen, forthcoming) provide additional detail OiRND.
% There are also datasets that cover only tradedsetiwvo countries (Bilateral Trade Input-Output BThbles) and
associated input-output models such as EmissiortsoHi®d in Bilateral Trade (EEBT). With developmeintsiata
availability and computing power a focus on bilatetatasets and models is becoming less frequeatrdparison
of different approaches can be found in Peters i @910).
% In general MRIO are compiled using data on intdomal trade flows between countries and production
relationships for individual products are modelieth each relevant country. An alternative approacto directly
survey the production processes associated widhnational flows of products at an industry le@lich datasets,
generally referred to as Inter-Regional Input-Out@iRIO) tables are challenging to compile givee thigh data
requirements.
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Table 3.3 shows a simplified structure for an MRHEDble in which there is a country A and
country B?* The accounting structure follows that of the SRi@& rows signify the output (both

to the domestic and export markets) and the colurepsesent the inputs (also domestic and
imported). In this way imports and exports areyfuidccounted for. The subscripts indicate the
region of the variable. If there are two subscripts first indicates the source and the second the
destination. E.gcag is the output of country A that is used as fir@misumption in country B.

Table 3.3. A multiregional input-output table (2-caintry) with environmental data

Country ACountry B Country A Country B Total
output
Industries Industries Final demand Final demand
Final Gross Final Gross capita
consumption capital |consumption formation
formation

<
fay
g Industries Zan Zng Caa fAA CaB fAB Ja
@)
@)
m
oy
£ |Industries Zga Zgg Caa fen Cas fes Os
@)
@)

Value added Va Vg

Total input da Os

Natural " "

inputs/residuals A B

The production of MRIO databases has enhancedudil@ygof the input-output models because it
is no longer necessary to use the domestic techpassumption. In many cases the MRIO
databases are linked to environmental and othao-soconomic accounts, which then makes it
possible to analyse both environmental and othstasability issues. A number of these
applications are discussed in section 3.3.3.

At the same time, the integration of input-outpatadacross countries generally reduces the level
of industry detail that can be analysed and gelyerafjuires adjustment to individual national
IOT to, among other matters, ensure harmonisatiotramle data and account for currency
conversion. These and other measurement issueeseabed in the following sub-section.

24 All MRIO aim to include economic activity for atbuntries. In practice, there is usually a smalicheal reflecting
a “rest of the world” region that would generallgcaunt for less that 1% of world GDP. This “resttioé world”
region has been omitted here for the purposespistion.
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Tables 3.1-3.3 provide simplified representatiohghe tables that may be used as underlying
datasets for the application of the analytical teghes described in Section 3.3. However, there
are a number of measurement issues that are impddarecognise when compiling these
accounts for use in environmental economic apjtinat

Differences in the SEEA and the 2008 Sh4the most recent revision of the system ofarei
accounts (2008 SNA) the definition of imports axgarts are defined on the basis of ownership
rather than physical flows. However, in physicaie a difference in the recording of some flows
of products (e.g. goods sent abroad for processitay) need to be taken into account (see the
SEEA Central Framework Chapter 3 for more detailsthe treatment in physical terms).
Consequently, analysis seeking to utilise infororatin both monetary and physical terms may
require adjustment to either data set to ensuadignment in the treatment of certain flows.

Utilisation of data on environmental flow€ommonly information on environmental flows will
not be strictly aligned to the measurement bourdasf the SEEA. Care should therefore be taken
to appropriately record, with adjustment as necgssatries for purchases abroad by tourists, re-
exports and the general issue of recording data @sidence basis rather than on territory. (See
SEEA Central Framework section 3.3 for details)

Construction of MRIO tableA range of measurement issues arise in the aatistn of MRIO.
First, an unavoidable consequence of the produatioan MRIO is that it is unlikely to be
consistent with the individual SRIO produced byioval statistical offices. This is because SRIO
are produced using data from that country only,re&® generally compilation of MRIO requires
all countries’ data to be amended to ensure arathmlance in the I-O tables. On a national level,
the supply and use accounting identity is used atarice the production and consumption
statistics.

A common area of adjustment relates to the existefhttrade asymmetries” i.e. the phenomenon
that the trade statistics on the imports of couAtfyom country B are not equal to the data about
the exports of country B to country A. In the regmn of these asymmetries, as well as through
other construction procedures, it is most likelgtttifferences between the MRIO and the SRIO
of statistical institutes will emerge.

Second, it is necessary to convert all SRIO basmd ¢hto a common currency to permit
aggregation and analysis of the resulting MRIO.alye purchasing power parities (PPP) for
different products and industries would be appbatsuch information is generally unavailable at
the required level of detail. The use of aggred®@®® information or exchange rates is likely to
affect the quality of the resulting MRIO.

Third, compilation of MRIO requires the use of agie reference year at which all cross-country
relationships are compared. However, most countitesot compile their input-output tables on
an annual basis and hence it is likely to be nergs® adjust available data to a common
reference year using assumptions concerning tis lretween industry and product structures
and broad measures of economic activity.
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Given these compilation issues it is reasonableottsider whether the benefits of adopting an
MRIO approach, most notably the capacity to remthwe domestic technology assumption, are
sufficiently large. Decisions to opt for an MRIO 8RIO approach may, for example, depend on
the extent of differences in production processesvéen trading partners, or between their
environmental and resource use profiles. The grehee differences the greater the error in
treating trading partners as though they have théygtion processes and technologies.

Another factor to be considered in making the oboegcthat the significance of the compilation
issues in terms of quality of the estimates carassessed in terms of stochastic errors on the
estimates, whereas the use of the domestic teayalssumption using an SRIO may introduce
systematic errors to subsequent analysis.

It is noted that for some purposes it may be resslento construct multi-region input-output
databases by holding some country information emmsather than allowing all countries’ data to
vary in the modelling process.

Techniques for the analysis of input-output dat
Introduction

The history of input—output tables and modellingedaback to 1936 when Wassily Leontief
published his article on ‘Quantitative input andpau relations in the economic system of the
United States’ (Leontief, 1936). That article dissed the construction of an economic
transactions table that Leontief based onTthaleau Economiquéroposed by Francgois Quesnay
in 1758. Somewhat later, Leontief developed th& firput-output model (Leontief, 1941), which
was based on theories developed by Leon Walras.

The first extensions of input-output tables and eflaty to environmental concerns emerged at
the end of the 1960s and early 1970s (Ayres ane$:€el969; Leontief, 1970; Leontief and Ford,
1972). In the 1970s and 80s input-output modelswsed in a variety of academic publications
and were also used widely for applied analysis. igto late 1990s provided a significant surge
in interest in environmental input-output modellifidhere was a large increase in the number of
peer-reviewed journal articles starting at the ehdhe 1990s (Hoekstra, 2010). This increase
coincided with the period in which there was alsowgng interest (and data) for environmental
accounts. Given the recent proliferation of inputpat data and environmental extensions (see for
example the work done by Eurostat, OECD and thewsrinitiatives to create multiregional
input-output databases with environmental exters3iaihis development is likely to continue to
strengthen.

In the array of work that has been completed is #neéa there are a range of different input-output
models that have been developed. This section Wokaim to explain all of the variations and

% For example, see Lenzen et al (2013) “BuildingeEdr global multi-region input-output database ighrcountry
and sector resolutionEconomic Systems Researgh, 20-49. See also Lenzen, Pade & Munksgaa@4jtor an
analysis of aggregation errors in an MRIO for Scaada.

62



3.35

3.36

3.37

instead explains a basic environmentally-extendedtioutput model to give a sense of the type
of analysis that is possible.

Equation 3.1 shows an input-output model based single region EE-IOT. The model estimates
the total environmental pressurgy] (e.g. emissions) as a function of the intensityttee
environmental pressure in each industd), (he domestic output of each industky)(and the
various sources of final demangy)(including household consumption, capital formatiand
exports.

ot =NEL, LY, (3.1)
where

n=r"

L, =(-A)"=(0-(Zz,09 "™

Y. =C, + f, +e,

Definition of variables (see also Table 3.1)

Iot Total environmental pressure (scalar)

Intensity of environmental pressure (vectdayj)

Leontief inverse of use of domestic output (mativy j)
Final demand of domestic output (vectoy bf 1)
Environmental pressure per industry (vectot bfy )

Output per industry (vector dafbyj)

Identity matrix (matrix of zeros with values obh the diagonal)
Technical coefficients of use of domestic outpn&{fixj by j)
Intermediate use of domestic output (majtiy j)

Final consumption expenditures (vegtdry 1)

Gross capital formation (vectpby 1)

Exports (vector of by 1)

L NPT TELY

The use of a “*" denotes that the relevant vectts been diagonalised, i.e. the vector has been
transformed into a square matrix with the valuethefvector on the diagonal.

The mathematical derivation of the Leontief invershich is the core concept in the input-output
model, is described in Annex Il. The interpretatiminthe coefficients in the Leontief inverse
matrix model is important. This matrix providesamhation about the direeind indirect effects

of an increase in final demand. This is one ofrttest important advantages of the input-output
model, since it makes explicit the linkages andifeek loops in an economy.

A number of analytical techniques based on thisutiqutput model are discussed in the
remainder of this section. In the first sections static applications will be discussed: multigdier
(section 3.3.2) and the attribution of environméptassures to final demand (section 3.3.3).
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Input-output models are also used for dynamic amalguch as decomposition analysis (section
3.3.4). When decomposition is applied using theutrqutput model it is known as structural
decomposition analysis. However, other decompaesitieethods, which use EE-IO data but not
input-output models, also exist.

The input-output model has a number of advantdnpasit is also criticised for the assumptions
that underlie the model, especially when used ¢enario or future modelling. The most notable
of these is the assumption of perfectly elastiqpbuf.e. of inputs of labour, capital and mates)al
Another issue is that substitution between inpsitsat possible. Computable general equilibrium
(CGE) models, which use less restrictive assumgtiohile still being based on EE-IOT, are
therefore an important analytical technique. CGHEeware discussed in section 3.3.5.

Multiplier analysis

Multipliers provide a summary of input-output modebults and typically provide a measure of
direct and indirect economic impacts per unit dfpoti by industry. Multipliers were traditionally
compiled for economic variables such as outputueveddded, income, and employment (see
Eurostat, 2008; Miller and Blair, 2009), but thepegach has been readily extended to
environmental flows (see Ostblom, 1998; Lenzen 20@hzen et al., 2004; Rueda-Cantuche and
Amores, 2010). The most commonly used environmefitals relate to energy and carbon
dioxide. Other environmental flows include greend®mugas emissions, acidification, and
emissions of heavy metals to water. Overall, kndgte of the magnitude of a wide range of
multiplier effects of individual industries provisieelevant information for the evaluation of trade-
offs (Foran et al., 2005).

The basic formulation of the environmental mulepl{sometimes referred to as eco-efficiencies)
is provided in the following equation. The deriaatiof the multipliers «) involves multiplying
the intensity of the environmental flow for eachustry @) by the structure of output by industry

wL).
a=0lL (3.2)

Where the variable which has not yet been defimedipusly is:
o — multipliers(vectorl by)

There are several varieties of multipliers sucfoasard and backward linkages (Miller and Blair,
2009). The multipliers provide insight into the @ommental pressures caused by the direct and
indirect demand effects of a unit increase in outplua particular industry. Multipliers can
therefore illustrate that an increase in one ingusill also lead to increases in environmental
pressures in other industries through the diredf@nindirect demand that is generated. At the
same time, interpretation of multipliers shouldetakto account the validity of the assumptions
underlying the input-output model, most notablydascribed above, the assumption of perfectly
elastic supply of inputs, i.e. that there are rsmuece constraints.



3.43 The practical challenge of aligning environmentatadwith the input-output categories may be
remediated by use of a supply and use table (Stdimework and undertaking multiplier analysis
in there, rather than converting to 10 tables. &i&JT often have many more products than
industries, environmental data can often be alemta@tto additional vectors by product just as it
can be allocated to vectors by industry. In sugrag, multipliers for both industries and products
can be calculated in one single procedure. Thiemecently developed technique is described in
detail in Lenzen and Rueda-Cantuche (2012), andb&as employed in case studies (Lenzen et al.
2004; Wachsmann et al. 2009). The appropriaterfesms SUT approach is likely to depend on the
availability of data, the relative ease with whitdta on the relevant environmental flows can be
attributed to products and industries, and thengtteof any required assumptions.

3.44 A wide variety of multipliers covering different @inonmental themes have been compiled. The
range includes multipliers relating to energy, esmoiss, land, water, biodiversity, pollutants,
phosphorous, nitrogen, and the environmental gaadsservices sector.

3.3.3 Attribution of environmental flows to final demand

3.45 Input-output analysis is regularly used to attrébetvironmental flows to final demand categories.
This type of analysis can identify the link betwdiral demand and resource use, emissions and
other environmentally related flows. It can therdiighlight ‘hot spots’ or ‘pressure points’ that
may be subject for policy attention.

3.46 There are three research topics which are regulackied in the literature using this technique:
footprints, consumption versus production perspesti and the global shifts in environmental
pressures. The following paragraphs discuss eadhesfe topics in turn, followed by a short
description of the relevant mathematical detatlss Inoted that analysis for each of these three
topics is based on the same input-output approadtance the analyses present complementary
rather than competing perspectives.

3.47 It is possible to undertake analysis concerninglithies to final demand by using Life Cycle
Analysis (LCA). Under LCA based approaches thee“tif/cles” for particular consumption items
are traced through their production processes tingeaupply or value chains) and then the links
to the use of various materials or emissions caddtermined. The difference in using an LCA
approach rather than an input-output based apprizathat the fully integrated industry and
product information inherent in an IOT is not wdd and consequently the full effects may not be
captured® At the same time LCA approaches may be able teigieca more detailed “bottom-up”
type of assessment in contrast to the broader lewétop-down” perspective inherent in I-O
approaches. Thus there are hybrid LCA approaclasithise EE-IOT data together with specific
data on certain production processes. The combimaif physical and monetary relationships
present in these hybrid datasets can be used tducbiprocess analysis and structural path
analysis.

% These are referred to as truncation errors.
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Footprint calculations

The calculation of a “footprint” is a techniquewhich environmental pressures are attributed to
domestic demand. This line of work was popularitesugh the introduction of “ecological
footprints” in the early 1990s (Rees, 1992, Wachkgeh and Rees, 1996). The ecological footprint
calculates the amount of land and water (surfaea)athat is necessary in the production of a
certain consumption bundle. However, the initialkvin this area used an LCA based approach
rather than input-output techniques for its caltaia

From an input-output perspective the analysis islibetween environmental flows and final
demand is relatively long-standing. Over the lastadie or so, a variety of footprints have been
derived using input-output techniques, especiatynf MRIO models! Examples include carbon
footprints, land footprints, water footprints andosystems pressure footpridfsAs noted in
Chapter 2, footprints may also be derived using LB#sed datasets and these should be
considered a distinct, albeit related, family abtfarint indicators. Although the methodologies are
currently quite varied, there are efforts to harimertheir calculation (Galli et al, 2011, Weinzétte
et al., 2011).

Footprints derived based on data in the SEEA CeRteemework will be limited to a focus on
environmental flows that are separable, such assflof water or carbon. The derivation of
ecological and ecosystem pressure type footpriatpuires consideration of more systemic
changes in environmental and ecosystem conditioterflal approaches to the measurement of
such changes is presented in SEEA Experimentaly&tma Accounting.

Production versus consumption perspective

Footprint indicators make explicit the environménpaessures that are driven by consumer
behaviour. However, their calculation may also ®dito highlight the “production versus
consumption perspective” (see Peters, 2008; Pater$iertwich, 2008; Barrett and Scott, 2012).

Underlying this discussion are the questions: whatvironmental pressures is a country
responsible for, and in the polluter-pays-principlao is the polluter? On the one hand, the
polluter may be the industries (or producers). Vigsv is commonly referred to as the production
perspective. Some international agreements, sutteasyoto Protocol, follow this logic because
they are based on all greenhouse gas emissions Wit geographical boundaries of the country.
(It should be noted that this view of productiorbesed on the territory principle of attributing
economic activity whereas in the SNA and the SEE#dpction is attributed to countries on the

?"The increased use of input-output techniques isbsjized by the publication of a special issue loa tarbon
footprint in theEconomic Systems Resea(tie journal of the international input-output asation) in 2009 (ESR,

2009).

% geveral national statistical offices and instisusech as the OECD and Eurostat have also exploeechlculations
of footprints (Eurostat, 2006; Lenglart, 2010; DEESTS, 2012; Statistics Netherlands, 2013; Nijdamrakt 2005;
Wilting and Vringer, 2009; DEFRA, 2013; Ahmad and/tKoff, 2003; Nakano et al, 2009.
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basis of the residence of the producing units. &herlikely to be significant overlap in these
attribution methods but there are notable diffeesndor example in relation to international
transport. SEEA Central Framework section 3.3 ghesimore details.)

On the other hand, the consumption perspectivasedon the premise that the ultimate “polluter”
is the consumer of the end product. The consumppienspective is captured by calculating
environmental footprints that include all enviromts pressures attributable to consumption by
residents of a country whether they are generayedrbdducing units located abroad or in the
reference country.

Figure 3.1 gives an example of an analysis of prtidn and consumption perspectives for the 27
countries of the European Union, showing the cardioride emissions per capita in 2006 from
both a consumption and a production perspectiveodat, 2011). The starting point for this
analysis is the total emissions related to final esdemand including demand from the rest of the
world. The consumption perspective attributes tremessions to exports, capital formation, and
consumption (both in expenditures and in termsrafigport and heating activity undertaken by
households). The production perspective attribthessame emissions but with a focus on those
industries and activities that supply the relevgmbds and services. It can be seen that around
70% of the CQemissions are ultimately attributable to househeid their demand for (i) energy
used in and around the house, (ii) personal tratispod (iii) food. Further, it is apparent that
there is a relative balance in the import and expbemissions reflecting that the products that
are imported include raw materials that generate denissions in extraction whereas exports
comprise finished products that embody a signiticamount of emissions. Such insights are
important in understanding which product-related annsumption-related policies may help to
limit carbon emissions.

Figure 3.1 Production and consumption based Cg£emissions per capita

Direct by private households 1.9

Direct by private households 1.9

Consumption expenditures 5.6

Tonnes CO2 per person

257 Capital formation 1.6

Global shifts in environmental pressures
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In a closed economy, the total environmental pressdiollowing the producer or consumer
perspective would be the same. Differences occuoaldme of trading relationships with other
countries in the world. One can therefore obsehnet &ll countries have an “environmental trade
balance” for specific environmental pressures suwsh carbon dioxide emissions. This
environmental trade balance, which is the diffeeeretween the environmental pressures
embodied in imports and exports, will change overet This may be caused by economic
developments as well as international agreememisecning the environment (e.g. the Montreal
and Kyoto Protocols) or the economy (e.g. the UaygRound agreements on international trade).

A lot of research has analysed these shifts inrenmiental pressures. Various hypotheses have
been proposed. For example, estimates of “carbakate” have been made in studies that
investigate whether countries’ emissions undekiy@o Protocol are being reduced by importing
emission intensive products from countries thaindb participate in the Protocol (Peters, 2008,
Weber and Matthews, 2008; Peters and Hertwich, 202608; Babiker, 2005 A related field

of research is the “pollution haven hypothesis't inaestigates the same shifts from developed to
developing countries resulting from differences anvironmental regulation (Eskeland and
Harisson, 2003; Cole, 2004).

Mathematical attribution of environmental pressutedinal demand

Environmental pressures can be attributed to fileahand categories in the way that is shown in
Equation 3.3. In this model, which uses SRIO data&jronmental pressures are attributed to final
consumption, gross capital formation and exportgdafhestic output. It can be seen that the
second row of equation 3.3 is an expansion of égu&t1 where the variable for final demaynd

is separated into its constituent parts — consunyity), capital formationff) and exportse).

@, =@, +d; +af (33)
®, =nlL, [g, +nlL, [, +n[L, [&

Where the variables which have not yet been prelyadefined (all scalars):

>, Environmental pressures attributed to final dednaindomestic output

O F Environmental pressures attributed to final comstion expenditures of domestic output
o Environmental pressures attributed to gross abfaitmation of domestic output

@ Environmental pressures attributed to exporsomfiestic output

The domestic technology assumption is often cs#idibecause it is not an accurate reflection of
the environmental pressures created by goods amttes produced in other countries. Where

# Estimates of “carbon leakage” depend in part endiwice of model used to analyse the environmgmésisure.
In general the use of input-output models will gate higher estimates of carbon leakage than tbeotisCGE
models since the latter takes into account adjustsnan production and consumption patterns thateadue to
changing relative prices and other substitutiopcff.
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possible, and taking into account the measurenfaidtenges outlined in section 3.2.5, it is likely
to be therefore appropriate to do the attributisimgt MRIO data because this makes it possible to
calculate the environmental pressures embodiednpoits more accurately. The model also
includes the feedback loops in the world economgesihe Leontief inverse includes all the inter-
industry deliveries of all the countries.

The formula for country A is provided in equatiom3It uses the variables of table 3.3 for
countries A and B to reflect the multi-regional émsion to the model, and follows the general
structure of the expression for multipliers showreguation 3.3.

P, =P +P} +D, (3-4)

L L c L L f
(DA = (nA nB)EELAA LAi)EECAj + (nA nB):ELAA LA:JI:E fAj
BA B B BA B B
Lo LAj EEeA,j
+n n
( . B)EELBA Les/ \&

Where the variables which have not yet been prelyalefined are:

P, Environmental pressures attributed to final dedhof country A

o<  Environmental pressures attributed to final comstion expenditures of country A
®f  Environmental pressures attributed to grosgaldprmation of country A

o Environmental pressures attributed to exporisoohtry A

Decomposition analysis

Decomposition analysis can be used to analyse elamgenvironmental pressures and answer
questions such as: which economic or technologibahges have caused emissions of @O
increase and, what economic factors have contibiate@n increase in demand for raw materials?
Decomposition analysis is a tool by which the pattr driving forces influencing changes in
environmental impacts are estimated separately.mBles of decomposition analysis are
presented in section 2.3.3.

The driving forces that are distinguished depenthermodel that is used. When a decomposition
model is specified using an input-output modeis iknown asstructural decomposition analysis
(SDA)*° The simplest specification, based on the SRIO insi@wvn in equation 3.1, is provided
in equation 3.5.

Ary =AS L, Oy, + 9D, [y, + O [, [y, (3.5)

In this equation, the changes in environmentalques {r;) are determined by the changes in
the intensity of environmental pressurds-(4-yy), the changes in the industry structure of the

%0 For overviews see Hoekstra and van den Bergh,;20G2Hoekstra, 2005. For state of the art apjitinatsee de
Haan, 2000; 2001; Lenzen, 2006; and Wood, 2009.
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economy f4Lgyy) and the changes in final demand/economic growthy-{yg).>* Note it is
possible to provide more detailed decompositionssjitting final demand in subcomponents
(export, consumption and capital formation), omatalyse the changes in them (i.e. the mix and
level effects of changes in final demand categdiesthat it is possible to analyse the effect of
changes in consumption patterns for example. Tgciesi also exist to decompose the
technological aspects of changes. For exampld,gbatief inverse may be broken down further,
or the environmental pressures intensity may b&eira@own into a fuel mix and energy intensity
effect.

To undertake an SDA it is necessary to have dah fghrmits analysis in volume terms, i.e.
through the removal of price effects. This may baalby using input-output data in the current
prices of a given reference year and in prices base year (constant prices). Given that the
decomposition is done using discrete data for a tyaadt-1 each variable in equation 3.5 has to
be weighted using a relative importance of thealde at time t and t-1. There are many ways in
which this weighting can be undertaken and thislaémp the lack of a time notation in the
equation. In the SDA literature most recent studies the weighting method proposed by
Dietzenbacher and Los (1998) which lead to equitatesults as Sun (199%)In the related field

of index decomposition analysis other weightinghoéds are used.

Models which do not use an input-output model aoeenprevalent because the data requirements
are less restrictive. These methods are oftenregféo as index decomposition analysis (IDA) or
energy decomposition (Ang and Zhang, 2000; Ang4200

The most simple IDA is provided in the followinguadion:

Ary, = Anlslgy, +t NILAS[gy + NLSTAQ (3.6)

Wheres (g/g.y) equal to the sector structure agpglis equal to the changes in the total output.

As for the decomposition shown in equation 3.5 tmisdel still decomposes the change in
environmental pressure into the effects of chamgestensity, changes in industry structure and
changes in economic activity. However, this modal gequires data on the output by industry
and not an entire input-output table — hence, coathto equation 3.5 the matrixis replaced
with the sector structurs, Note also that here the focus is on decompositad dutput,g, rather
than final demang. An IDA approach still requires data from envircemtal flows by industry
from the accounts of the SEEA Central Framework.

31 Note that the model is slightly different from thaes of section 3.3.2 and 3.3.3 in that the Lebriverse and
final demand only include the domestically produgedds and services (denoted by subsdjpfThis is because
SDA is usually applied to explain changes in domesmissions (which are only generated by the deirfan

domestic products). Also use of the model whicHuides imported intermediate inputs has been éttiin a
related input-output technique called “impact asesy/(Dietzenbacher and Los, 1998).

%2 The Dietzenbacher and Los method relates to theval of the residual term in the decompositiore Tirethod
involves averaging the possible alternative decaitipm formulations, where the number of formulatas
dependent on the number of variables in the decsitipe. An overview of the various weighting schenused in
decomposition analysis can be found in Hoekstravamdden Bergh 2002, Hoekstra, 2005
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Note that in equations 3.5 and 3.6 no residual erincluded and hence these decompositions
should not be considered to be exact. In effecgerous and mixed effects are not separately
analysed and are distributed across the compotteitare included in the model.

Computable general equilibrium modelling

Computable general equilibrium (CGE) models ardamscof economic models that combine
input-output data with micro-economic theory. Inetltontext of environmental-economic
accounts, CGE models may be developed using inf@maontained in EE-IOT thus bringing
together monetary and physical data. The connettidhe SEEA Central Framework lies in the
use of data on environmental flows in the compitatof EE-IOT that in turn underpin CGE
models.

CGE models consist of a system of non-linear demsiglply and market equilibrium equations.
The main model equations are based on neo-classicaiomic principles. Each industry in a
CGE model selects inputs of labour, capital andenes to minimise costs of production.
Demand within a CGE model reflects prices and iremnMarket clearing equations ensure that
supply for each good or service produced equalsaddmand industry investment reflects rates of
return on capital. Finally it is assumed that thame markets for all possible goods and services
and that there are no externalities.

The key distinction between analysis using CGE r®dad analysis using input-output models
as described in the previous sections, is that @G®Hels allow resource constraints to be taken
into account. In addition, depending on the typeC&E model used various short run and long
run assumptions may be used concerning constraimtsapital and labour. CGE models also
allow for price induced substitutions and do noquiee the assumption of fixed production

technologies.

The use of CGE models can help to understand wimetrdic impacts may be expected in case of
policy interventions, or other developments. Faaragle, in the case of the introduction of a tax
on carbon emissions, there will be substitutionyairam relatively carbon-intensive inputs, and
CGE models can assist in understanding these dgsa@verall, while input-output models are
excellent for understanding the current situatmmthe causes related to historical changes, they
are not well suited to analyse the future effe€fsalicies.

The incorporation of physical data within CGE madedquires the addition of equations that link
environmental quantities to economic quantitieds Thay be particularly relevant in cases where
the monetary value of flows, for example water, dawt bear a close relationship to the
underlying physical flows. Further, for some enwireental flows, such as emissions and waste,
relationships in monetary terms to industry agfiviteasures may not be present.

EE-IOT databases are used in order to calibratentie parameters of CGE models such that in
the initial reference year the model reproducesBRelOT data. Overall, the core structure of
CGE models is quite similar to the structure of IEH- However, it is usually the case that not all
of the model parameters can be calibrated on this loh EE-IOT database and hence are taken
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from relevant literature or estimated econometijc&@uch parameters include, among others, the
elasticities of substitution and elasticities ofrdand with respect to income. Inclusion of these
additional elements and parameters depends onuitpoge of the particular CGE models and

varies significantly between the existing models.

Building Computable General Equilibrium (CGE) madéd a specialist job falling outside the
scope of this document. In particular, in the cehief environmental-economic analysis both
economic and scientific modelling is likely to lemuired. Well known CGE models include:

the ORANI model (see Dixon, et al., 1982)

the MONASH model (see Dixon and Rimmer, 2002)

the GTAP model (built around the GTAP database tauaphe ORANI model to a multi-
country application) (see Hertel, 2012)

the OECD Env-linkages model, used for the OECD Emwnental Outlook to 2050 (see
Burniaux and Chateau, 2010)

GEM-E3 model used by DG ENV and DG ENERGY (see Gapt. al., 2013)
WorldScan model used by DG ENV and DG TRADE (sgeuueet. al, 2006)

EPPA model of MIT (see Babiker et. Al., 2008)
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Chapter IV: Extensions of the SEEA

Introduction

The focus in this chapter is the potential of datam the accounts of the SEEA Central
Framework to be extended and integrated with dtifermation. The potential to connect SEEA
accounts to a range of existing information sourcas be of direct assistance in better
understanding multi-faceted issues, such as sasiaindevelopment. It also recognises that
responses to environmental pressures will usuallyan understanding connections between the
environment, the economy and individuals. In thogtext the SEEA accounts do not provide a
complete information set but can provide an impurggart of the information and SEEA is a
framework that supports and encourages the iniegraf data.

There are two main approaches to considering extensof the SEEA. The first approach

involves a decomposition of existing SEEA accourgsg additional information, for instance

through linking to specific spatial areas, throdgtther breakdown of the household sector, or
through a focus on certain themes where there istaraction between human activity and the
environment, such as tourism or health. The seammioach involves using the environmental-
economic data of the SEEA as an input to developmwielroader information sets for analysis of
topics such as sustainable development. This wilally require linking the SEEA with data on

social conditions. The focus of this chapter iglanfirst approach.

In regard to the second approach, there have hisemsdions and some research on the potential
of developing holistic accounting models that lihle SEEA with so-called Social Accounting
Matrices (SAMS). SAMS provide a connection betwdba SNA and social datasets — in
particular information on household income and exiiteire (see 2008 SNA Chapter 28). The
discussion here does not attempt to build thesaderomodels but at the same time it should be
recognised that the SEEA, given its strong conoastio the SNA, may play an important role in
the development of such integrated frameworks atalsets.

Following the first approach to extending the SEB&ction 4.2 provides an introduction to the

potential for spatially disaggregating SEEA basathdo provide information sets that are more

amenable to the consideration of specific issugprédaches to generating spatially disaggregated
information have advanced significantly in receergs with the increasing adoption of geo-

spatial information systems (GIS) in many areas #@nadincreasing capability to organise and

analyse large datasets.

Section 4.3 provides a description of extensionsthi® SEEA concerning households and

household activity. The importance of this extensreflects both the focus on the industry

dimension in the earlier chapters (whereas houdshaie often considered as simply one single
vector), and also the important role that consubsdraviour plays in relation to environmental

pressures. Thus, the capacity to further analyséétaviour of different types of households or
households in different locations in relation tacess to natural resources and environmental
pressures, is an important extension of the SEEA.
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The final extension described in this chapter iwgel re-organisation (and disaggregation) of
existing industry and product information to foars particular themes. The example highlighted
concerns tourism activity but the same type of apgh may be applied in the analysis of other
cross cutting activities and specific themes swukransport, forest products and food industries.
This type of extension is in Section 4.4.

The extensions described in this chapter are likelyequire the integration of additional data
beyond the data required for compiling accounth&SEEA Central Framework. These data may
already exist but it may also require additiondmary data collection activity. For example,
surveys of household income and consumption shothiadocation and distribution of household
incomes and household types are required in oodalfdcate information at these levels of detail.
At the same time it may be possible to model theticmships between physical flows of natural
inputs and residuals and specific products usimgsdtinucture of data from the SEEA Central
Framework.

Spatial disaggregation of SEEA data

The data described in the SEEA Central Framewadelg relate to specific materials, substances
and resources, and the various stocks and flowsi@eunted for without regard to the precise
location of the materials, substances or assetie fism the country about which the accounts are
compiled.

In reality, all materials, substances and resouaresfound in particular locations and, from a
policy perspective, knowledge of the location ofismas stocks and flows may be of particular
relevance. Thus, knowledge of the locations of etepl fish stocks, or places of high emissions to
water bodies, may be of more power than knowledgkeototal stocks or flows for the country as
a whole. Indeed, national averages often hide itaporocal variations. In short, knowing the
locations can help to better identify environmeptassure points.

In some cases, the basic source data may be edlestd compiled so that the location is
accurately known (e.g. using geographic coordinatgsin reference to relatively detailed
administrative areas. Often however, there will aBma requirement to integrate data that has
been compiled at different spatial scales throwggregation and disaggregation as appropriate. In
this regard, the structured framework of the SEE#vjales a strong basis for the harmonisation of
data at desired levels of detail.

Increasingly it is possible to use mapping andrmgtion technologies (i.e. GIS) to re-present
standard national level information according te kbcation of the underlying observation. Thus,
water resources can be mapped to particular riaginb and emissions mapped to particular urban
areas. Geo-spatial analysis refers to the capaxitg-organise existing information according to
standard geographical classifications. Most comgnadhle power of this approach is seen in the
creation of maps that can highlight particular arekinterest or concern.
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A particular challenge in geo-spatial analysis @nbining information from various sources
according to a common geographical classificatidfor this purpose it is necessary to delineate
(or mark out) a set of relatively small spatialeadessentially building blocks). Information is
then attributed to these spatial areas. A commficulty is that observations for different types
of data may not all be able to be easily attributethe same level of spatial area.

Where multiple sets of information can be attriloutee power of geo-spatial analysis increases.
Also, where information can be organised to theesapatial areas in a time series, geo-spatial
analysis allows powerful analysis of change overetiin a way that is not possible through
analysis of standard accounts and tables.

To point to the potential of geo-spatial analysisl adhe use of SEEA data, two examples are
provided. These examples work within the generam@work provided by land accounts as
described in the SEEA Central Framework. The SE& laccounts show measures of stocks and
changes of stocks of land in terms of areas of lagel and land cover. They may also be
structured to consider land in terms of ownershipebonomic units, for example by industry or
institutional sector. It should be recognised titet completion of geo-spatial analysis requires
strong underlying information systems. A descriptiof such systems and the relevant
methodologies and best practices is not contaiméioei SEEA Central Framework.

The two examples point to the usefulness of sphatifributed information for policy purposes. A
focus on the use of specific spatial areas enabledronger, joint consideration of social,
economic and environmental implications of varipo$icy choices and options. The expansion in
the use of land for housing, for example, requiinetsirn infrastructure such as roads, sewers, and
water supply lines and at the same time can leashtmoachment into high quality agricultural
land. Potential environmental impacts include loSsvildlife habitat, increased air pollution and
greenhouse gas emissions, and the contaminatiaveos, lakes and aquifers. The type or form of
expansion may also be significant, e.g. is the egioa relatively high or low density in terms of
changes in human population.

The first example involves analysis of settlemavsr time. Settlements were defined as tracts of
land where humans have altered the physical ermeoh The methodology was based on GIS
technology. At its heart, the method is statistiteibugh combining remote sensing technology
and imagery with the most detailed data from theupettion census. Application of the
methodology provided detailed, harmonised and coatpy@ datasets enabling a more complete
national analysis of settlements and formed thesbasthe development of indicators that can be
used to track land cover and land use change. ghindication of the types of maps that may
be generated, the map in Figure 4.1 shows somégdsusettlements in relation to dependable
agricultural land (i.e. land free of severe constsato crop production).

3 A specific geographic classification is not delsed in the SEEA Central Framework. However, related
classifications on land use and land cover araudssd in Chapter 5 and SEEA Experimental EcosySigrounting
discusses the measurement issues in more deta#rlicular, SEEA Experimental Ecosystem Accountiegcribes

a units model for spatial areas involving basictigpainits, land cover/ecosystem functional unitsl @&cosystem
accounting units, and such a units model may bvaek in the development of a whole range of exbeissof the
type described in this chapter.
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Figure 4.1 Map of settlements and dependable agrittural land

. & B S

Legend

— + Provincial Boundary

- Settlements Area

Agriculture land

Scale 1 : 4,500,000 ,l
N

City B

-t 0 50 1{]:0

L L 1 1 1 L 1

4.17 The second example concerns the integration of@mviental and economic information over a
large coastal area. As a result of carefully dafinihe spatial areas, and through attribution of
various data sources to the spatial areas; a atsdt was constructed. The types of information
included population, land use, land ownership, laallies, vegetation cover, forest extent and
change, water consumption, agricultural productigrhysical and monetary terms), land
management practices (such as use of fertiliseigatron) and topographical features (e.g.
elevation and slope). The integration of socio-ectoic data and environmental data is a
particular feature of this dataset and enabledrnhestigation of a broad range of issues. These
data can be presented in tables and fMapgjure 4.2 shows a map to which a selection td da
have been overlaid for each spatially defined area.

4.18 The development of geo-spatial information setpasicularly relevant in the development of
ecosystem accounts as described in SEEA Experiineataystem Accounting. Since ecosystem
accounts can utilise much information describedhia SEEA Central Framework, integrated
approaches to the development of spatially refe@maformation sets are likely to provide very
rich sources of information for analysis of mansuiss concerning the link between the economy
and the environment.

3 Australian Bureau of Statistics (2012), Land AatbWictoria, Experimental Estimates, 2012; and taign
Bureau of Statistics (2011), Land Account: Greatrida Reef Region, Experimental Estimates
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Figure 4.2 Map of Statistical Area, Level 1
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Extensions of SEEA to the household sector
Introduction

Integrated data, including social, economic andirenmental accounts based on agreed
classifications and methods, are important in &fow help countries design effective sustainable
development and other cross-cutting policies. Caaigla data over time and across countries are
needed to track performance across a range ofimsalsta development related goals and

objectives, including, for example the Millenniune®lopment Goals.

It is important that these common data are usddftom policymaking and implementation as
part of integrated planning at all levels. Suchadatalso integral to the systems used to define,
track and achieve future national and internatial®alelopment objectives. Extensions into these
areas are encouraged by the Rio+20 Conference @eatBmcument, and are supported by several
development programmes linking the collection amalysis of data to integrated policymaking.

The SEEA Central Framework provides the basis ritggrating environmental-economic data.
This section considers how the SEEA Central Framkewan be expanded to include household
and social information and thus provide informationa broader analysis of relevant tradeoffs. A
general caveat to this expansion is that there bagignificant data requirements beyond the
scope of the SEEA Central Framework, and even whata are available, work is likely to be

required to ensure and alignment between this iadditdata and the SEEA based information.

In relation to the connection between householdsiesy and the environment, it is increasingly
recognised that there are a range of non-market¢eefits that are received by societies and
individuals from the environment such as air fiiwa, carbon sequestration, water regulation and
various opportunities for recreation. There areo adéten strong cultural, including religious,
connections to environmental locations. Measurenaéniarious non-marketed benefits is not
covered in this chapter but relevant developmemtsi¢asurement in this area are presented in
SEEA Experimental Ecosystem Accounting.

Some examples of key social indicators are alréadyded in the SEEA-Water Chapter 7 and
SEEA-Energy Chapter 7, including data on acceswdter with respect to supply, sanitation,
infrastructure, and cost recovery, as well as gndegs and subsidies for households and
industries. This section highlights some of the kspects of these potential extensions to the
SEEA Central Framework with a focus on informatitimat relates to the question of
environmental sustainability.

Household access to natural resources

Expanded SEEA indicators should help capture afatrimthe multi-dimensional poverty and
environment nexus. Poverty may be linked to envivental conditions and often the poor and
vulnerable groups rely on the environment for the&lihoods and well-being. For these reasons
they can also contribute to and be affected bycimdidesigned to manage natural resources and
respond to related environmental issues.
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Given the many different factors influencing wedlitag, livelihoods, and sustainable development,
no single indicator, such as income or other firgndata, can reflect the multiple aspects of
poverty, deprivation, and links to the environmdrite multiple dimensions of poverty link to the
environment and the economy in many ways. Thegs Imclude empowerment, inclusion, health,
education, living standards, environmental degiadaecosystem services, income, employment,
food, water, sanitation, energy, safety, and acmebasic services and infrastructure.

The main areas in which SEEA might be extendedapuwe relevant information relate to data
on stocks and flows of water resources and energgurces. These two types of resources are
central to the operation of well-functioning houskels and communities in all parts of the world.
The extension of most direct relevance is likelyoeoa breakdown of household consumption of
water and energy by household income. This invothesanalysis of data on this consumption
and integrating it within the Physical Supply andeUrables (PSUT) for water and energy (see
SEEA Central Framework Chapter 3) through the ipetion of additional columns in the use
table.

The types of breakdown that are applied will depemdhe analytical interest and data availability.
There may be interest in decomposing informatiomausehold consumption of energy and water
use by purpose, i.e. differentiating energy usecéating, cooking, transportation or water used
for washing, cooking, bathing, etc. Alternativelyere may be interest in decompositions that aid
in the study of equality and development. In trasecdata that differentiates urban and regional
areas, special population groups (e.g., the elgéityilies with young children, specific ethnic
groups) or household consumption and activity lmpime decile or quintile, may be relevant.

Also in relation to flows of these resources it nieyrelevant to understand the extent to which
households are dependent on finding their own watdrenergy resources as distinct from using
relevant distribution systems. In this regard addal columns can be added to the supply tables
within the PSUT for water and energy to record iighy household production of water and
energy (i.e. through collection of water, fuelwodotktallation of solar energy panels, etc). Again,
the addition of columns reflecting household prdaurc by household income would be of
assistance and it would be useful to ensure tleatdvs of the table are designed to capture the
various types of resources being sourced.

The focus in the discussion to date has been osemald final consumption but there may also be
interest in understanding the use of natural infnits the economic production undertaken by
households such as agriculture, fishing, forestoystruction, or in small businesses. For analysis
of this aspect of household activity, additionalucans may be introduced into the industry
section of the use table within the PSUT to distiely household activity from activity by other
enterprises in the same industry.

In terms of sustainability of access to these nessuan important factor will be the stocks and
changes in stocks of the relevant resources. indtext, the development of asset accounts for
water resources and energy resources (particuiarher resources) may be particularly relevant
with a focus on distinguishing those resourceslabt for use by households for their own
collection and consumption. Asset accounts are ritbest in the SEEA Central Framework
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Chapter 5. Depending on the economic structure cbumtry, land, soil resources and aquatic

resources may be of particular relevance to loweorne households. Asset accounts for these
resources may therefore be of particular relevaitt®ugh attributing the resources to specific

households may not be straightforward. One altemanay be to consider the availability of
resources by spatial area (e.g. via land accoanid)hen link this information to the location of
households of various income types.

4.31

The applicability of extended analysis of acceswater and energy resources through the SEEA

can be seen in the context of the Millennium Depalent Goals (MDGs). Table 4.1 presents 8
MDGs and their environmental links. Goals 1 an@ldte most directly to the type of information
and extensions just described. However, it is elsar that progress towards other goals may also
be supported by progress in relation to access dtemand energy resources. For example,
reducing the time taken to collect water and fueld/by children may allow more time for school
attendance. Although the extended SEEA datasetswtairectly answer these questions, SEEA
based data may provide part of a broader set afrrivdtion (e.g. sustainable development
indicator sets) relevant for consideration of them.

4.32

Linking to the discussion in Chapter 3, extensiongerms of spatial disaggregation may be of

particular importance both in relation to distinghing between rural and non-rural areas and in
terms of understanding the spatial relationshipgsvéen the location of resources (particularly
water and energy) and the relevant settlement ateesl accounts are a starting point for this
type of analysis.

Table 4.1 Links between selected Millennium Developent Goals and the environment

MDG

Environment link

1. Eradicate
extreme poverty
and hunger

v/ livelihoods and food security depend on functiongegsystems

v/ the poor often have no entitlements to environmeatopurces and inadequate access to environment
information, markets and decision-making

v/ lack of energy services limits productive opportigsi for the poorest

v improvement in the management of natural resousileanprove livelihoods for rural households
whose incomes are largely dependent on these m@&sour

v improved access to clean water and basic samitafiibhelp to reduce malnutrition

ial

2. Achieve
universal primary
education

v/ time spent collecting water and fuel wood can rediroe available for schooling

v lack of energy, water and sanitation discourageh®s to live in rural areas

v alack of water, sanitation and hygiene is a megarse of malnutrition which in turn lowers educaél
attainment

3. Promote gender
equality and
empower women

v water and fuel collection reduce the time that woraed girls might have available for educatiorricy
and income-generating activities
v’ women do not benefit from equal entitlements talland other natural resources

4. Reduce child

v/ water and sanitation-related diseases (e.g. dieajhand respiratory infections are the two mosbirtigmt

mortality causes of under-five child mortality
v/ lack of clean water and fuels for boiling water tdnute to preventable water-borne diseases
5. Improve v indoor air pollution and carrying heavy loads oftevaand fuel wood affect women’s health, increasing

maternal health

risks of complication during pregnancy
v/ lack of energy (light, refrigeration) and sanitatiomit the quality of health services in rural ase

6. Combat major
diseases

v environmental health hazards are associated vgikhfaictors (e.g. malaria, parasitic infections)

7. Ensure
environmental
sustainability

v keeping the resource base (land area covered bstépbiodiversity, water sources) and regulating
energy, carbon dioxide emissions and recycling ides/the foundation for the links described in thisle
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8. Global

partnership for v external debt, unfair terms of trade and predaitorgstment can increase pressure to overexploit
development v/ environmental assets in developing countries

v global environmental problems need the participatibrich countries (that consume more resources)

Source:
http://un

From Table 3, UNDP and UNEP (2008) Pgnaamti Environment Indicators. Based on DFID e2alQ).
peilac.org/documentos/Poverty & Environmmémdicators-eng.pdf

4.3.3
4.33

4.34

4.35

4.36

Linking household activity and environmentapressures

Another SEEA extension relating to households corecénking household activity to measures
of residual flows related to that activity. Thisyrm@onsider the direct effects of household activity
on the environment such as via flows of solid wasgstewater (e.g. sewerage), air emissions and
emissions to water. Or it may also consider theréutl effects of household activity by
considering the residual flows that occur in thecpss of producing and distributing goods and
services that households consume. The indirecttsffaclude the flows of residuals embedded in
goods and services that are exported and impdttstdould be recognised that there are likely to
be considerable data challenges involved in estaiblj these types of data sets and the quality of
the analysis will be dependent upon the qualitthefdata set that can be formed.

In the first instance, the extension of the SEEArefation to these environmental pressures
involves extending the Physical Supply and Use @aBPSUT) for the residual flows of interest.
The PSUT for air emissions, emissions to watersaiid waste are described in the SEEA Central
Framework Chapter 3. In these tables, the housedsatbr is generally shown as a single column
that “supplies” residuals either for collection amelatment by other economic units or direct to
the environment. The first extension is therefarentroduce additional columns. Alternatives for
the disaggregation include household income, haldettructure (e.g. number of people, single
person, couple with children, etc), the size anqbtgf dwelling (e.g. number of bedrooms, floor
area, apartment or detached house, etc), or locétig. city or rural). The variable chosen to
characterise households will depend on the datdabdi@ and the policy or analytical research
guestion. In turn, this question may depend on valspects of household behaviour are of most
interest or places where household behaviour meg thee greatest impact on the environment.

Using the connection between the SEEA and the SN& then possible to relate the physical
measures of residuals flowing from households timeses of consumption and income in
monetary terms. The connection to income is pdditu relevant if information is to be
structured using income by decile or quintile. Bas purpose data from household surveys or
other data sources (e.g. administrative sourcefidasing construction, energy efficient rating
schemes, income tax, etc) containing informationhonsehold size, income and consumption
patterns is likely to be required. Work may be mektb align the data with the concepts and
classifications of the SEEA.

The measurement of indirect effects requires mdelf residual flows via EE-IOT that have
been extended to incorporate information by typlaisehold. Through EE-IOT it is possible to
link residual flows with particular products (gooaisd services) and in turn link these products to
their source — i.e. domestic industry or importdoAger discussion of the relevant modelling is
described in Chapter 3.
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Much of the focus of household activity and resldiawvs is on household consumption (e.g. air
emissions from driving cars or heating houses, iggiom of solid waste, etc). However, it may
also be relevant to incorporate aspects of houdeflestment, particularly in dwellings.
Although there are likely to be few direct residilavs associated with household investment in
dwellings, there may well be significant indirelcvis in terms of the choice of building materials,
for example.

Figure 4.3 gives an examples of possible extensiortbis area through a combination of air
emissions data from the SEEA Central Framework aamdnge of data from household income
and expenditures surveys. Figure 4.3 shows totdrdrouse gas emissions for direct and indirect
emissions by both number of persons in a househalii by decile of household income.
Extensions of this figure include showing measumsi®n a per household basis or in terms of
equivalised income (i.e. where the household incmragjusted to account for differences in the
number of people supported per household).

Figure 4.3 GHG emissions by household characteriss of size (persons) and income (deciles)

4.39
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Table 4.2 shows the links between the types of wopsion expenditure by purpose (COICOP)
and the associated levels of greenhouse gas engsdibe message here is that the proportion of
total expenditure on a particular consumption it@ay not correspond directly to the proportion
of GHG emissions attributable to that item. Anaysf this type of information can be extended
by considering the mix of consumption items pureldsy different households.



Table 4.2 Household final consumption expenditurered GHG emissions by COICOP category

COICOP category ‘ Consumption (%) Emissions (%)
Food and non-alcoholic beverages | 13 18
Alcoholic beverages, tobacco and narcotics 2 1
Clothing and footwear | 2 2
Housing, water, electricity, gas and other fuels 20 32
Furnishings, household equipment and & 5
routine household maintenance B -
Health 12 5
Transport | 13 2l
Communication 3 1
Recreation and culture | 8 7
Education 1 0
Restaurants and hotels | 3 4
Miscellaneous goods and services 21 7

4.4 Extensions to present environmental-economic emunts data by theme
4.4.1 Introduction

4.40 There are a number of perspectives on economicityctihat may not be easily reflected in the
structure of information on economic activity follimg standard international industry
classifications. This may occur for two reasonssti-a particular activity may involve enterprises
from a range of different parts of the economy ehating different production functions and
principle outputs. Consequently while the entegwisre classified to different industries they
may have relationships that could be analysedljoifthe most commonly considered activity in
this regard is tourism activity. Another exampleultbbe activities around health (e.g. hospitals,
pharmaceuticals, medical equipment, education¢ypaokevelopment, etc).

441 Second, there may be a particular activity thatingertaken by many enterprises in different
industries but which may be difficult to identifiy standard industry statistics since it is oftet no
the principal activity of the enterprise. The mostevant example of this for environmental-
economic accounting is transport activity whichaisignificant user of natural resources and a
significant contributor to air emissions. The owneguction of energy is another activity that may
fit this type of analysis. It is noted that for &s#s of these specific activity an important agpec
may be the own-account production of householdsldition to production by enterprises.

4.42 This section presents an example of an extensidheoSEEA Central Framework in relation to
tourism activity. In general, the same consideretias described in relation to tourism will apply
to other activities. That is, it will generally becessary to start with a standard monetary PSUT or
IOT, then determine the key products and industifeelevance to measurement of the activity
(this may require disaggregation of some of thedsded rows and columns), and finally extend
the modified table with relevant physical flow infieation (e.g. on flows of emissions or solid
waste).
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4.4.2 Presentation of environmental-economic accotmdata for tourism

4.43

4.44

4.45

4.46

4.47

4.48
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Introduction

The importance of good information on the tourisectter has been recognised within the
presentation of principles and objectives in th@Zamote Charter developed at the 1995 World
Conference on Sustainable Tourism. Significantlyas observed in that charter that tourism can
contribute positively to socio-economic and cultutavelopment, while at the same time it can
cause degradation of the natural environment assl db local identity. Integrated environmental,

economic and social information is essential, tfiendefining policies in the tourism field.

In the context of the SEEA it is relevant to comesitinks between the accounting approach that
has been developed for analysis of tourism, thei$iouSatellite Account (TSA), and the SEEA
since both are based on the accounting princifleeeoSNA. A combining of TSA and SEEA
would enable consideration, within an integratethsiet of both the contribution of tourism to the
economy and the environmental uses and pressutesrifm activities.

The expansion of the SEEA suggested here is aloadines of an approach explained in the
International Recommendations for Tourism StagsB008 (IRTS2008) whereby tourism is

incorporated as a specific set of industries anad¢arfsumers within environmental combined
physical and monetary flow accounts of the SEEA t@énFramework (see SEEA Central
Framework Chapter 6). This section provides a sumrohthe approach and uses information
from Italy where this approach has been trialledite an insight to the potential in this area.

The coverage of the information concerning touresma the environment in this section is not
limited to consideration of what may be referreda® “eco-tourism”, i.e. tourism activities
designed to enhance the connection between thisttamd the environment. Rather the coverage
here is all tourism activity and its use of naturgduts and generation of residuals. In principle,
the approaches described here may be applied raor@wvly as data permit.

It is noted that TSA fall within the general famiy satellite accounts described in the SNA (2008
SNA, Chapter 29) of functionally oriented accoumire specifically, tourism is a concept that
must be defined from the perspective of the consuaher than the producer and hence the
following description should be applicable to tlmenbination of the SEEA with other functionally
oriented satellite accounts defined from the densaae, such as health.

Key aspects of integrating tourism and environmianfarmation

In general terms, the focus for measurement shioelldn regular monitoring of tourism activity
and allowing analysis of the pressures emerging fimurism activities. Within this scope aspects
to be considered particularly important includerreat measures of tourism activity (e.g. value
added, output, consumption), number of enterprisegloyment supported, visitor facilities and
services, environmental conditions (air, waterjatiee contribution of tourism to the economy.
All these elements are of interest for making a@sests concerning the tourism sector inspired
by a holistic approach.
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Satellite accounting, within official statistics & specific tool that in principle best allows the
integration of information on the environmentak #gconomic and the social systems, by focusing
on the interrelationships between these three ndistspheres. One specific advantage of
accounting approaches is linking data on tourisd an the environment, to the economic

aggregates of the core system of national accofgts GDP), by making use of common

concepts, definitions and classifications.

From a methodological point of view, compiling aA &quires definition of the boundary of the
tourism sector. This is done through a focus orgieditative and quantitative elements observed
on the demand side, i.e. to the acquisition of gamtl services (products) by visitBr&rourism
consumption is then a key concept for a correcttifieation of tourism-related activities and
consumption products. From the supply perspectiie, aim is to describe the productive
activities that provide the tourism products thatters acquire.

The link to the SEEA can then be made by focusimdipthe residuals generated as a result of
tourism consumption (either by the visitors themseglor by the enterprises supplying goods and
services to visitors; and (ii) the natural inputsed in the production of tourism products.
Important connections may also be possible by figkneasures of tourism activity to measures
of ecosystem condition and extent. For exampléyiaicto improve the attractiveness of an area
to tourists may lead to improvements in ecosystendition. Alternatively, increasing tourism
activity may increase environmental pressures aulige ecosystem condition. Measures of
ecosystem condition and extent are not well deeslonitial efforts in this area are summarised
in SEEA Experimental Ecosystem Accounting.

In line with the International Recommendations Taurism Statistics, the following tourism
products are distinguished:

e tourism characteristicconsumptionproducts those that satisfy one or both of the
following criteria:

I. tourism expenditure on the product should repreaesignificant share of total
tourism expenditure (share-of-expenditure/demamdiition);

ii. tourism expenditure on the product should represenignificant share of the
supply of the product in the economy (share-of-guppndition). This criterion
implies that the supply of a tourism characterigtiocduct would cease to exist in
meaningful quantity in the absence of visitors.”

» tourism connected producthose of lower significance to tourism analysis.

35« visitor is a traveler taking a trip to a maiedtination outside his/her usual environment fes ldan a year and for any main
purpose (business, leisure or other personal paypmbker than to be employed by a resident entithé country or place visited.”
(TSARMF2008, par 1.1).
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Examples of characteristic products are transponahotel and accommodation expenditure,
restaurant meals, payments for tourist attractidmsexample of tourism connected products are
products purchased in supermarkets by visibrs.

Once the relevant set of tourism products is idieati connections to relevant producing
industries can be made using standard supply-ugk iaput-output relationships. These
relationships form the core of the TSA model. Tenrriexpenditures are usually estimated on the
basis of surveys of visitors and these data forenbihsis to distinguish between visitor and non-
visitor expenditure.

Using the defined set of economic activities anddpcts of relevance, the connection can be
made to relevant environmental flows noting thainsodisaggregation of industry level data
normally recorded in the SEEA accounts is likelyporequired. Thus, the core of the approach
consists of establishing a more complex type ofifqutput matrix in which not only the ‘usual’
inputs are considered, but also environment inm#i®blished in quantity, and output also
includes waste, greenhouse gas emissions andesthieonmentally significant by-products.

Table 4.3 shows the type of information that mayaoised using the type of matrix just described
based on research undertaken in Italy. The mamevatided of the proposed framework stems
from the fact that it organises statistical infotima on economic and environmental aspects in a
way that best enables a detailed assessment oénfieonmental pressures of the economic
development of tourism. By making it possible tceritfy trade-offs between economic
development and environmental pressures as faroassm is concerned, the statistical
information organised according to the frameworkést suited for providing a valuable support
to decision-making for sustainable tourism.

Once time series are made available, these towmsnmmeonment accounts allow to assess, for
example, whether or not decoupling is occurring, amthis perspective, they can be used as a key
tool for assessing the sustainability of actionsetaor policies proposed for adoption in the
tourism sector.

Using the sequence of economic accounts outlinéeEBA Central Framework Chapter 6, it is
also possible to consider the integration of infation on relevant taxes, subsidies and similar
transfer and also the connection to informatioreovironmental protection expenditure.

Table 4.4 shows a simple way of depicting tourigtated economic activity and environmental
flows in contrast to other economic activities. wigh the SEEA more generally, it is clear that the
organisation of information following integratedeusf classifications and accounting principles
can help to provide readily accessible and relewvdatmation.

% Note that the International Recommendations farrfeon Statistics also contains a set of internaiign
comparable tourism products that forms a corddisthe purposes of international comparisons ¢4 déthin
tourism satellite accounts.
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Table 4.3 -Stylised tourism-environment accounts specifying tourism industries and tourism
characteristic consumption products

Supply
(tourism
industries)

Tourism Satellite
Account (TSA) —
Monetary units

Environmental accounts
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Accommodation for visitors

Food and beverage serving activities
Railway passenger transport

Road passenger transport

Water passenger transport

Air passenger transport

Transport equipment rental

Travel agencies and other reservation
services activities

Cultural activities

Sports and recreational activities
Retail trade of country-specific tourism
characteristic goods

Country-specific tourism characteristic
activities

Use

(tourism
characteristic
consumption
products)

Accommodation services for visitors
Food and beverage serving services
Railway passenger transport services
Road passenger transport services
Water passenger transport services
Air passenger transport services

Transport equipment rental services

Travel agencies and other reservation
services

Cultural services

Sports and recreational services
Country-specific tourism characteristic
goods

Country-specific tourism characteristic
services

Not applicable
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Table 4.4 Flows from tourism-environment accountgas a percentage of total economy)

Tourism Other Tourism Other
industries (%) industries (%) industries (%) industries (%)

Production 5 95 Hg 0 100
Intermediate - - N20 0.2 99.8
consumption ° % NH3 0 100
Value added T 93 Ni 5 95
Employment 9.5 90.5 NMVOC 1.5 98.5
As 0 100 Nox 16 84
Cd 0.3 99.7 Pb 2 98
CH4 0 100 PM10 8 92
CO 2.5 97.5 PM2.5 10 90
CO2 4.5 95.5 Se 3.5 96.5
Cr 0.5 99.5 Sox 15 85
CU 6 94 Zm 0 100




Annex |: Derivation of examples and links to the SEA Central Framework

Background

1. This annex provides an explanation of each of ttemples presented through chapters 2, 3 and 4.
The explanation includes a description of the datées used, relevant methods, and the connection t
the tables and accounts in the SEEA Central Framiewde data used are generally based on work
undertaken in the specific analytical topics atoantry level, however, for the purposes of SEEA
Applications and Extensions, the examples have bggised to provide an indication of the potential
outputs and analysis since the intent is not terites research pertaining to individual countries.

2. At the same time, it is recognised that readers b@ainterested in understanding further the specifi
research projects at a country level. To this eftEA Applications and Extensions provides
references to individual country level projectspast of the structured list of references. In addit
the United Nations Statistics Division maintains am-line Knowledge Library with up-to-date
references to a wide range of country studies,rtefny international agencies, and other matenal o
environmental-economic accounting.

3. Interested users are also encouraged to consigemprictical work on environmental-economic
accounting that has been presented to, and digstubgethe London Group of Expert on
Environmental-Economic Accounting since its firseeting in 1994. Papers and other relevant
material can be found via the London Group website.

Explanation of examples
a. Industry level water use intensity indicatorgy{ife 2.3)

4. The preparation of this figure involved use of mh@tion on the intermediate consumption of water
distributed by ISIC Class 36 and used by detaibgdi$try class and estimates of gross value added fo
the same industries. The figure presents a congradbthe ratio of the litres of water to the vahfe
gross value added in monetary terms (litres parevadded in currency units) at two different points
in time.

5. In broad terms this information may be considemdrherge from a table similar to that presented in
the SEEA Central Framework Table 6.6 “Combined gméstion for water data”, noting that the
industry classes shown in that table would nedoketonore detailed to provide the information of the
type shown in Figure 2.3.

6. Information to form estimates of water use by indushould be sourced from a physical supply and
use table for water as shown in the SEEA Centraiéwork Table 3.6. The data in Figure 2.3 relate
to the intermediate consumption of distributed wdig industries. Alternative measurement scopes
for the general concept of water use may also bed (@so sourced from SEEA Central Framework
Table 3.6) depending on data availability and tmaldical requirements. The SEEA Central
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Framework defines some alternative indicators thay be used (see paragraphs 3.219-223). Data on
value added by industry should be sourced fromngti®nal accounts.

b. Decomposition of changes in €émissions (Figure 2.4)

The preparation of this figure required time sengermation on (i) the generation of carbon diexid
emissions by industries (i.e. non-household, @@issions), (i) changes in household consumption,
and (iii) the various factors driving changes inigsions by industry. Estimates of emissions by
industry may be organized following the “Air emimss account” (SEEA Central Framework, Table
3.7). Measures of household consumption shoulcbbeced from the national accounts. Indicators of
drivers of changes in emissions are based on iftiom on (i) the location of production by product
type from international trade data reflected inuputput tables; (ii) the product composition of
consumption reflected in input-output tables; @ianges in the composition of industries as reftbc

in input-output tables; and (iv) carbon dioxide ssmns by industry by type of fuel used and by non-
fuel sources of emissions that may be reflectemhasxtension to SEEA Central Framework Table 3.7.

The top line in the figure reflects an estimatehaf time series of carbon dioxide emissions thatlevo
have occurred if there had been no changes inatterp of consumption over the time period. This
estimate is obtained by determining the ratio ofissions to total consumption in period 1 and
multiplying this ratio by subsequent estimates ofsumption to form a time series of projected
carbon dioxide emissions.

With this alternative scenario estimated then, gigime data noted above, it is possible to apply
decomposition techniques (see Chapter 3) to agbesdgliffering impacts of “reduced energy

intensity”, “switches to low carbon fuels”, “reldgan of production” and “switch to services”.

The decomposition in this example was based onysisalising a Multi-Regional Input-Output
(MRIO) table and hence is considered a structueabthposition analysis. Similar types of analysis
may be undertaken using index decomposition arglysi

c. Decomposition analysis for CO2 emissions by éooisls from stationary sources (Figure 2.5)

The preparation of this figure required information (i) the generation of CO2 emissions by
households from stationary sources (i.e. excludngssions related to transportation activity) —
compiled consistently with the “Air emissions acotiu(SEEA Central Framework, Table 3.7); (ii)
demographic information on the number and sizeookkholds (i.e. number of people in a household),
likely to be obtained from a population censusiomlar data source; (iii) energy use by households
by purpose (compiled consistently with the “Phyksgpply and use table for energy” (SEEA Central
Framework, Table 3.5)); and (iii) changing exterm@imperatures (from national meteorological
agencies) which will influence the extent to whibkating and air-conditioning is required by
households to regulate internal temperatures.

Using index decomposition analysis techniques ¢s=¢. 3.3) the different contributions of each of
these factors can be determined.
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d. Analysis of imports and exports in physical amzhetary terms (Figure 2.6)

The preparation of this figure is based on inteonai trade data on flows of imports and exports of
goods between European countries and external ropEun both physical terms (kilogrammes) and
monetary terms (currency units) and adjusted tgnalwith Balance of Payments and SNA
measurement boundaries. A specific account forrozgeg information on trade flows is not shown in
the SEEA Central Framework but, in general terme,drganization of this information reflects the
consistency in structure between monetary suppllyuse tables and physical supply and use tables
(SEEA Central Framework Tables 2.1 and 2.2).

The classification of goods used in the figuredats the highest level of aggregation used for nedter
flow accounting but this classification can be aéd with the central product classification (CPC)
which is the classification recommended for usthenSEEA Central Framework (see paragraph 3.72).

Consideration should be given to ensuring the aligmt of the conceptual scope of data in physical
and monetary terms based on the discussion inEEAEentral Framework sect. 3.3.

e. Food chain greenhouse gas emissions (Figure 2.7)

The preparation of this figure requires informatimm greenhouse gas emissions by industry and by
type of household consumption activity followingetgeneral structure of “Air emissions accounts”
SEEA Central Framework Table 3.7. The level of dlegmuired will depend on how precisely flows
related to the production and consumption of foal loe traced within an economy.

A food chain (i.e. an articulation of all econonaictivity involved in the production, distributioma
consumption of food) is determined from analysisiindard national accounts based, input-output
tables. Emissions from the relevant activities 4areed from the “Air emission accounts” (SEEA
Central Framework Table 3.7) are summed to prositestimate of total emissions of green house
gases related to food. From the supply side, tleoonsideration of (i) the domestic production of
food and a listing of the relevant industries aidtlie importation of food. Emissions generated fo
each relevant industry and for imports are addeti eamissions related to food that is exported are
deducted. The relevant industries on the supplg sidlude the distribution of food via transport,
retailers and restaurant and catering activitiesti® demand side, the consumption of food requires
activities such as shopping (including associatadsport), cooking and storage (e.g. refrigeration)
each of which will generate some greenhouse gassems (with emissions data also sourced from
the Air Emissions Account). Measurement of the eoaic size of these activities is likely to require
additional data through combining information onusehold final consumption expenditure by
purposes (from the national accounts) with datenfrmusehold surveys (e.g. time-use surveys) that
measure food related activity (e.g. cooking).
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The total emissions reflect the sum of the suppig the demand side emissions for each relevant
activity. The proportions of the total for eachiaty can then be directly determined. In this exdan
both direct and embodied emissions for each sugmlydemand activity are included.

Relevant measurement considerations include detargiithe boundary of food production in
reference to industry output (i.e. there might lm-food production by agricultural units), and
determining the treatment of agricultural outpugedifor non-food purposes (e.g. for bio-fuels).

f. Carbon dioxide emissions and public sector egpare (Figure 2.8)

The preparation of this figure requires informatamcarbon dioxide emissions for various industries
whose outputs are commonly purchased by publiosegfencies. Similar to the articulation of the
food chain (Figure 2.7), it is necessary to usati@hships in standard national accounts inputigutp
tables to identify those products that are purdhasg public sector agencies and, from there,
determine the industries which supply those prau€he figure includes those industries where
either the purchases by the public sector repressignificant proportion of total industry outgetg.,
purchases of pharmaceuticals) or the purchases aignificant proportion of total public sector
expenditure (e.g., construction). In this case shepe of the public sector is limited to general
government agencies. The cross-tabulation of eglelant industry in terms of market share and level
of public sector expenditure provides the centiiatpaf each “dot” in figure 2.8.

Once the relevant set of industries has been eelethe relevant emissions information may be
organized following the structure of the “Air em@ss accounts” (SEEA Central Framework, Table
3.7). In this figure the scope of emissions is tadito those arising from the use of energy praduct
and in this context it may be relevant to model flbevs of emissions using data on the end use of
energy products (particularly electricity) by intlysfrom the PSUT for energy (SEEA Central
Framework, Table 3.5). The larger the flow of enaiss the larger the “dot” in figure 2.8.

g. EGSS contributions to GDP and employment (Figueg

This figure presents information that may be sodirtem the “Environmental Goods and Services
Sector” table in the SEEA Central Framework (Tal@). This table includes information on the
gross value added, compensation of employees, ®xpgross fixed capital formation and
employment of various producers in the EGSS. Infdiom on all of these variables can be compared
to economy wide aggregates for the same variableged from standard national accounts tables and
labour force survey data sets to provide ratioheftype shown in Figure 2.9.

The figure shows the gross value added (GVA) offf&SS in basic prices to GDP. Strictly, the most
appropriate comparison would be between EGSS GM#asic prices to economy wide GVA in basic
prices. The use of GDP reflects a choice to utiizenore commonly known indicator of economic
size.

All types of EGSS producers are included in therés, i.e. specialist, non-specialist and own-agtou
producers.
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h. Environmental tax revenue by type (Figure 2.10)

The preparation of information for this figure ré@s time series data on different categories of
environmental taxes following the definition of émmnmental taxes (SEEA Central Framework para.
4.150). The categories of environmental taxes asrgy taxes, transport taxes, pollution taxes and
resource taxes (SEEA Central Framework para. 4.155FA Central Framework Table 4.9 is an

organization of this type of information for a degaccounting period. Also in Figure 2.12 is a

comparison of total environmental taxes to GDP.

I. Energy taxes divided by energy consumption bioséFigure 2.11)

The preparation of this figure requires informat@mnenergy taxes paid by various economic actsvitie
and sectors — in this case energy taxes paid hysirids (excluding taxes related to transport agtiv
and excluding primary activities), energy taxesdgairelation to transport activity, energy taxesdp

by households and energy taxes paid by primaryies (agriculture, forestry, fishing and mining).
Data on energy taxes are not organized in thisiwélye SEEA Central Framework but the definition
of an energy tax does follow the definition in tBEEA Central Framework, para. 4.155. Data to
compile estimates of energy taxes by industry avity may be available in detailed tax revenue
statistics or may be modeled based on informatioreoergy use by these activities and sectors
combined with information on relevant tax rates.

This figure also requires information on energystonption across all sources of energy measured in
a common unit of measure such as joules or TOE classified by the relevant economic activities
and sectors. An appropriately structured “Physseadply and use table for energy” (SEEA Central
Framework Table 3.5) could provide such information

The ratio of energy taxes to energy consumptioniges an implicit tax rate for energy.

J. Distribution of carbon dioxide tax revenues, ssion rights, carbon dioxide emissions covered by
the trading scheme and total carbon dioxide emissliy industry (Figure 2.12)

The preparation of this figure requires a rangenédrmation from different sources pertaining to
carbon dioxide emissions. The key to the figur¢het all relevant information has been classified
following the same industrial classification.

Carbon dioxide taxes relate to specific types résawithin scope of the definition of environmental

taxes (see SEEA Central Framework sect. 4.4.3hdDadioxide taxes include payments for tradable
emission permits (of carbon dioxide) following tieeatment summarized in the SEEA Central
Framework paras. 4.185-4.187. Analysis of goverrirfirance statistics by type of tax is likely to be

the best source of information on these flows.
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34.

35.

36.
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Information on emission rights distributed and carfalioxide emissions within the trading scheme
may be structured along the lines of SEEA Centrahfework Table 4.10 “Account for tradable
emission permits”, using an industrial classifioatirather than an institutional sector classifaati
Information on total carbon dioxide emissions maysiructured as per the “Air emissions account”
(SEEA Central Framework Table 3.7).

k. Asset lives for selected mineral and energyuess (Figure 2.13)

The information in this figure may be sourced fribra “Physical asset account for mineral and energy
resources” (SEEA Central Framework, Table 5.8) dtedfor the relevant resource types. Expected
patterns of extraction and associated annual ddtestraction may be determined either on the basis
of historical or recent average rates of extractorbased on discussion with relevant experts and
taking into account a range of factors affectingsaof extraction (such as technology, output price
and discoveries). Asset lives for each resource gne then derived by dividing the closing stock of
the resource by the expected extractions per yedhat resource. (For more details on asset bees
SEEA Central Framework paras 5.137-5.140 and 5522103.)

[. Production and consumption based carbon dioxigéssions per capita (Figure 3.1)

The data that underlies this figure reflect a caration of data on carbon dioxide emissions classifi
by industry and sector (following standard struesuof supply and use and input-output tables and
following the “air emissions account, SEEA CentFabhmework Table 3.7); and economic data
contained in supply and use and input-output tablexjether these data are used to form an
environmentally extended input-output table (EE-)@3llowing the descriptions in Chapter 3.

Using the data and relationships within the EE-IDTs possible to estimate the carbon dioxide
emissions that are (i) induced by the final us@raiducts in EU countries; and (ii) embodied in the
production of EU countries including their expoi®nce the study covers the 27 countries of the EU
it is also possible to determine the extent to Wwhimissions are embodied in the imports of products
traded within the EU.

m. Geo-spatial analysis (Figures 4.1 & 4.2)

The data in the maps shown in figures 4.1 and ledram a variety of sources including population
censuses, agricultural and land use surveys, res@tsing imagery, and administrative data from
government agencies (e.g. land planning authaoyities then necessary to select a particularesoal
region of analysis — figure 4.1 covers a large afesoughly 600krfi while the area in figure 4.2 is
245 hectares. Using GIS methods the data arewtdlo the relevant areas. There is a range tf too
that are available for undertaking this step.

The particular challenge in developing figures sashthese is aligning the desired information to a
common scale that is appropriate for analysis efdifferent variables. The scale used is likelydoy
depending on the available data and the analgsiglundertaken.
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38.

39.

40.

41.

42.

n. Greenhouse gas emissions by household charstoaterand household expenditure (Figure 4.3)

To develop the extension shown in this figure ihéxessary in the first instance to have estintes
greenhouse gas emissions consistent with thosdnan“Air emissions account” (SEEA Central
Framework Table 3.7). This should cover estimafesnissions embodied in products consumed by
households (classified by the industries produtimegproducts) and direct emissions of households in
undertaking various activities, particularly hegfoooling and transportation.

In addition it is necessary to have detailed datdhousehold characteristics, such as the number of
people per household, the income per householdFatally, it is necessary to have information on
the types of expenditure and activities that arelemwiaken by different household types. Most
commonly, these latter two pieces of informationynize obtained from household budget or
expenditure surveys.

For SEEA purposes it is necessary to integratectdesa from household surveys with estimates of
household expenditure from the national accounth #suat a coherent and comprehensive perspective
on household activity can be produced.

Using input-output table relationships and inclgdassumptions regarding the emissions embodied in
imports, it is possible to attribute emissionshe products consumed by different households. There
are a number of ways in which this series of stepy be undertaken. (The relevant methods are
summarized in Chapter 3). The key from a SEEA patsge is that there is an alignment made
between the aggregate economy wide emissions argkhold expenditure measures and the detailed
information on household characteristics and emissfor specific products.

0. Flows from tourism-environment accounts (Tablg 4

The data in this table require information on eioiss for the range of substances classified by
industry following the general structure of the fAimissions account” (SEEA Central Framework
Table 3.7). However, the level of industry detadjuired is greater than in the standard air emmssio
account because it is necessary to distinguish dstwhose industries that are considered tourism
industries and all other industries. The definitafrtourism industries should follow the Internaia
Recommendations for Tourism Statistics and, wh#dalyf common across countries, the set of
industries will vary by country depending on theuna of the tourism industry. Depending on the
level of industry detail generally used to colleat emissions information, additional data collecti
may be required to generate emissions data foistaundustries.

Information on the production, intermediate constionp value added and employment of tourism
industries is generally compiled within the framekw®f a tourism satellite account (TSA). It is
possible to combine the air emissions informatiod atandard TSA data into an environmentally
extended TSA — this is the logic presented in T4le
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A2

A3

A4

A5

A.6

A7

Annex II: Mathematical derivation of the Leontief inverse

Calculation of the Leontief inverse is a standgvdration in input-output analysis (e.g. Miller and
Blair, 2009). At the core of the 10 model is theoh&ief matrix, which will be derived in this
annex.

Equation A.3.1. shows the technical coefficientdrina for the SRIO model.

Ay =2, [(q)_l (A.3.1)

Here,Z; denotes the intermediate input matrix, wiglés the output vector. A ‘hat’ (*) indicates
that the vector has been diagonalized, that isvéitor is transformed into a square matrix with
the values of the vector on the diagonal. The l@ffaent matrix A gives a technological
description of the intermediate input—output stuuet the quantity of intermediate input that are
required to produce one unit of output. IO modstsuane that the elements of A are constant. This
fixed coefficient assumption implies that 10 coeiffints are independent of the level of output. In
other words, the production relations exhibit cansteturns to scale.

The Leontief production function of the 10 modelhiah results from the fixed coefficient
assumption, exhibits complementarity between inpauigput cannot be increased by substituting
one input for another. This assumption deviatemfimost neoclassical production functions,
which allow for substitution between inputs.

By rearranging Equation A.3.1 and using the idegiimplicit in Table 3.1 Equation A.3.2 is
derived:

A lot+y,=q (A3.2)

Rearranging this identity gives:

q=(1-A)" Dy, (A33)

This equation is the best-known formulation of tBemodel, where matrix (I — A is usually
referred to as the ‘Leontief inverse’. Mathematigahe Leontief inverse can only be found if (I —
A) is square and non-singular. An element of theritef inverse matrix assesses the direct and
indirect effects of a change in final demand. Whka final demand matrix iy, then the
production units producg; to meet the demand. This is the direct demand.dy¥ew to produce
this output, the production unit requires inputsragnitudeA-y. This constitutes an increase in
the demand for all production units that provideuts. This extra demand will, in turn, have to be
satisfied by more inputs: A(Ag)=A’ys; and so on. The IO model can therefore also be
represented by Equation A3.4 (Miller and Blair, 200

g=(1+A, +AZ+AZ+..)0y, (A3.4)
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A.8 Mathematically, equations A3.3 and A.3.4 are edeivia Therefore, elements on the diagonal of
the Leontief inverse are always equal to 1 plusinbd@ect requirements per unit output. The off-
diagonal elements constitute indirect demand only.
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