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Chapter I: Introduction

The System of Environmental-Economic Accounting20XApplications and Extensions (SEEA

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

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

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

The SEEA Applications and Extensions is a companimtument 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 betwdédenetconomy and the environment, and the
stocks and changes in stocks of environmentalasset

It is envisaged that through the course of impleémgnthe standards of the SEEA Central
Framework in a modular fashion — for example, tgirowwompilation of accounts for water,
energy, land, or air emissions — various applicati@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 efrttost common applications and extensions.
It does not intend to be exhaustive in its covenagedoes it describe all of the relevant data
sources and methods in depth. Since it is a summade to the use of SEEA based data, SEEA
Applications and Extensions is not a statisticandard and the choice of topics and examples
does not represent a basis for standardised regatinational or international level.

Consistent with the advice that the SEEA Centraht@work 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 SEEAGH Framework itself, and the subsequent
analysis and extensions, requires ongoing effdrteeaintegration of information across various
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disciplines and usually from a number of agencies.support implementation of the SEEA,
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 provideraplete coverage of all materials that may
be relevant in the communication and disseminadibmformation on environmental-economic
accounts and nor does it cater to all possibleemadis. Of particular relevance in this regard are
the group of people that may generally be classegadlicy makers — i.e. senior government
officials and politicians. For these people, ilikely that summarised messages of environmental-
economic data are required. This document provsde® information that may be relevant in the
preparation of these summarised messages inclsdimg examples of relevant charts and figures.
Further examples of material that may best meetrélgetirements of this audience are on the
UNSD web site that houses a broad ranging knowledgse 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 resoureg esvironmental efficiency, 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 discussiobroéder, 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 applicatians extensions described here may be
relevant for the development of policy, the artitidn of policy targets, and the monitoring and
evaluation of policies, in particular assessmenhefeffectiveness of specific policy instruments.

Information from the SEEA alone, does not genergllpvide 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 swgted 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 accour8&EA Applications and Extensions
provides an introduction to the types of analydiattmay 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.



1.12

1.13

1.14

1.15

1.16

1.17

UNCEEA CONSULTATION DRAFT

For the analyst of environmental-economic topidse ISEEA 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 Applica and Extensions was drafted in the
context of the revision of thelandbook of National Accounting: Integrated Envineental and
Economic Accounting, 2006SEEA-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 memb# 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 adlse 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 egtjfins 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 SEEAp#mticular, Chapter 6 discusses combined
presentations of data in physical and monetary deamd the development of aggregates and
indicators. Discussion of these aspects is expamdéte 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 disan of indicators and aggregates. The SEEA
Central Framework describes a number of indicaaoskey 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 provietaits of applications and extensions related
to ecosystem accounting although reference is madmalysis and extensions related to land
accounting which may serve as a starting poinetmsystem accounting. The lack of coverage of
ecosystem accounting does not reflect on its waitinportance. Rather it highlights that the
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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 establishehtapproaches to ecosystem accounting. The
body of knowledge on ecosystem accounting is admgneith the main and generally accepted
areas summarised in SEEA Experimental Ecosystenoukting. In time it is anticipated that
documents describing applications and extensiofeterk to ecosystem accounting will be
developed.

SEEA more generally comprises a number of otheuhents including SEEA-Water, SEEA
Energy and SEEA Fisheries. Each of these docuniégldights 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 datay rhe collected through the national

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

revision of the Framework for the Development otiEsnment 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” describesgerof commonly analysed topics using

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

environmental efficiency; (ii) 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 tlkearad 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@ppion of SEEA data from the perspective of
the type of techniques that may be applied acmoalysis 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 chaptacrilges a range of techniques including
multipliers, consumption based modelling decompmsitanalysis and computable general
equilibrium (CGE) modelling.

Chapter 4 “Extensions of the SEEA” highlights ex&mspn which data from the SEEA Central
Framework may be augmented, disaggregated or sdga@sin order to provide integrated data
sets that may be used to address different arepslioly concern. One example is the use of a
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wide range of SEEA data to provide integrated imfation 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 andlsiata 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 relatalternative definitions of SEEA concepts.

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

Introduction

There are many topics to which data from the SEEAt@l 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 SEEA&ad® 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 deam be combined with a range of other
economic, environmental and social data to fornicetdrs 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 sustainable resource use and emagatal efficiency; production, employment
and expenditure for environmental activities; eommental taxes and subsidies; and
environmental assets and natural resources. Thptezshaoncludes with a discussion on the
selection, interpretation and presentation of iagtics.

Analysis of the topics listed above and the devalem 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 (collectivelyenmeid 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 accountabilityfdzyning 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.

10
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Among the main audiences are the general publicn@ists, 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.

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 statisteaturacy, and their analytical soundness and
scientific coherence. Indicators should therefaredgarded 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).

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 fooounts. While it is the case that indicators
can be sourced directly from basic statistics, fiftter 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 ecooaacamd environmental information that
provides a robustness to indicators that are sduroen accounts.

Figure 2.1 Information pyramid

Role Audience

Properties

Raise awareness; General public, Journalists. Aggregated and/or

Key
Indicators

Indicators

Accounts

-

Support information
& communication

High-level policy makers
& managers, Lawmakers

weighted index; small
sets of indicators

Support decision
making & policy
coherence

Government officials,
Policy analysts, Managers.
Stakeholders,

Large sets of
indicators

/ (SEEA)
Basic Statistics
Economic | Environmental |Socio-demogr

Support analysis &
in-depth studies

Policy analysts,
Researchers, Statisticians

2.2.2 Compiling indicators
2.10

Detailed and/or
comprehensive
statistical basis: Multi-

purpose

The SEEA Central Framework lends itself to thewdgion of important aggregates and indicators
in the same way as the national accounts is bestikiy the important aggregates and indicators
that are derived from the SNA’s accounting strugtyrarticularly GDP and NNI. The range of

aggregates and indicators is described in Sectibmofthe SEEA Central Framework. The range

11
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includes descriptive statistics (such as aggregétés, structural statistics); environmental asse
aggregates and indicators; aggregates relatedetdinthncing and cost recovery of economic
activity related to the environment (such as thevigsion 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 accountddta from the national accounts or other
sources (e.g. population census).

The connectivity and coherence of information sedrirom the accounts of the SEEA Central
Framework is particularly important when the indoza are to inform about both the
environmental effectiveness and the economic efficy 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 efficiency of thenemy (e.g., water and energy
productivity, waste and emission intensity)
. production, employment and expenditure relating elovironmental activities (e.qg.,

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

. environmental taxes, environmental subsidies annhilesi transfers (e.g., total
environmental taxes to GDP)
. environmental assets and their role in the econeny., changes in stocks of natural

resources, depletion adjusted value added fora@iteaindustries).

The suitability of a data source depends on thpga& for which the indicators are to be used and
on the level at which they are to be applied. Thgawer the policy or management focus the
more specific the information has to be, and theemietailed the underlying accounts and
databases have to be. Often a combination of degeraces is necessary to calculate the
indicators and to support in-depth analysis. Comeetly, the quality and usefulness of an
indicator depends on the suitability of the undedyinformation and in this regard there may be
limitations related to the use of an indicator émtain contexts. The use of data quality assessment
frameworks and the application of general pringplef “fitness for purpose” are relevant
considerations.

The SEEA Central Framework Section 6.4 introduceasnge of indicators. Others are described
through this chapter or may be derived using ttadyginal 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

12



2.2.3
2.16

2.17

UNCEEA CONSULTATION DRAFT

accounts, but may also be used directly to caleutattain 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 particudustries (e.g. agriculture and mining) can be
made with confidence.

Indicators in SEEA Applications and Extensios

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

Indicators of resource use and environmental efficy (sect. 2.3) These indicators
include aggregates such as gross energy inputjameestic energy use, and final water
use, and environmental ratio indicators such asnsity, productivity and decoupling

indicators for various environmental flows such water, energy, carbon dioxide
emissions, nutrient balances, and solid waste. Alscluded are indicators of

environmental flows from a consumption- or demaaddal perspective.

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 measurezofomic activity such as the share of
GDP, share of employment and share of exports. fapb aggregates such as total
national expenditure on environmental protectianaso covered.

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

Indicators of environmental assets, net wealthpine and depletion of resourc@ection
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 assdevith natural resources.

Through the chapter some examples of indicatorsaaati/ses 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 relevstoidies 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 axritee different topics. For all indicators and

13
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analysis it is important to consider the surrougdiontext, for example the economic structure
and environmental circumstance, as part of thepnegation.

Analysis of resource use and environmental effency*
Introduction

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

From an environmental point of view, the use otiratresources 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 renewahkt rron-renewable resources,

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

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

The type and intensity of these consequences dapetite 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.

From a social point of view, the use of naturabteses and any residual flows (such as emissions
and waste flows) have consequences on employmeénbmamuman health, and implications for
leisure habits connected to the presence and aaoitigs®f particular resources, landscapes and
ecosystems. There may also be cultural implicatwmsn 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 (pkatigun resource rich countries) may also
have a bearing on relative income levels.

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

i. short term costs and long term economic sustaibgbil

! Environmental efficiency refers to the way in whieconomic activity uses the environment as a siilus

increasing the rates at which pollutants and otlesiduals are released will generally correspondatis in

environmental efficiency. Environmental efficiendges not refer to the operation or functioninghef €nvironment
itself although there are undoubtedly connectiogisvben the release of pollutants and how well thdrenment
functions.

14
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ii. the supply of strategically important materials,
iii. the costs associated with the downstream managevherdterials, and
iv. the productivity of economic activities and indigtsectors.

2.23 A development pattern that depletes natural ressurgithout providing secure, long-term
substitutes for the goods and services that theyige is unlikely to be sustainable. Similarly, a
development pattern that generates significantSlofvresiduals (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.

2.24 In recent decades, economic development has bewrally accompanied by growing demand
for raw materials, energy and other natural resmiwith 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 natidesakls 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.

2.25 At the same time, prices for energy and other rmatezsources 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
efficiency in the use of materials have become ntgm issues, adding to long standing concerns
about the availability of resources.

2.26 The concept of sustainable resource use and enviotal efficiency builds on an integrated and
long-term approach to resource management. It epasses aspects linked to the economic
efficiency, productivity and effectiveness of resmiuse at the various stages of the production
and consumption chain, as well as related socp@as. In other words, it aims at optimising the
net benefits from resource use within the contéxtconomic development, by:

i. Ensuring adequate supplies of renewable and n@wadtle resources to support
economic activities and economic growth.

il. Managing the environmental pressures associatddthat 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.
iv. Maintaining non-market ecosystem services andic&aty ecosystem degradation.

2.27 For analytical purposes the concept of sustaineddeurce use may be considered in two main
streams. First, analysis of sustainable produdint consumption and resource productivity, and
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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 sustainable resource useeavironmental efficiency may be sourced
from a number of accounts described in the SEEAtr@eframework. Most important are the
Physical Supply and Use Tables (PSUT) and the mdedcconstruction of Environmentally

Extended Input-Output Tables (EE-IOT) which linle thhysical flows recorded in PSUT (natural
inputs, products and residuals) with monetary imquuiput tables defined following the System of
National Accounts (SNA). EE-IOT are a particulgpeyof combined presentation of physical and
monetary data as described in the SEEA Central éraork Chapter 6. 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 tigaté environmental pressures. Analysis and
indicators related to these responses are discus&attion 2.4.

Indicators and aggregates for resource use éenvironmental efficiency

Resource use and environmental efficiency may kdysed at a broad, economy-wide level
through consideration of relevant aggregates avatiaty of indicators, generically referred to as
efficiency indicators. Important aggregates incliidais 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 substarncavater and generation of solid waste. All of
these aggregates are derived within the variousiphaly supply and use tables described in
Chapter 3 of the SEEA Central Framework.

Efficiency indicators compare trends in economidivélg such as value-added, income or
consumption with trends in specific environmentaivé such as emissions, energy and water use,
and flows of waste. Efficiency indicators are uguakpressed as intensity or productivity ratios.
Intensity indicators are calculated as the ratio of the remwental flow to the measure of
economic activity, while_productivityndicators are the inverse of this ratio. When itorimg
trends over a given period, efficiency indicatoas @lso be expressed as decoupling raticss
decoupling factorgDecoupling analysis is discussed in sect. 2.3.3).

Efficiency indicators are often grouped into twodn types:

» Environmental efficiency indicatorsharacterise the environmental and economic
efficiency with which pollutants and other residagjenerated in production and
consumption are mitigated, controlled and prevenidtky are usually expressed as
intensity or productivity ratios. They relate emnmental variables such as emissions of
pollutants and other residuals to economic varglslech as output, income and value
added; or alternatively to population. Environméngdficiency indicators can be
disaggregated by institutional sector and by ingusts well as by emission source.

» Resource efficiency indicatorsharacterise the efficiency with which naturalowgses,
including water, energy and other materials are us@roduction and consumption. They
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are usually expressed as intensity or productivifios. They relate environmental
variables such as the extraction, supply or consempf natural resources and materials
to economic variables such as output, income aho\added.

All environmental and resource efficiency indicat@man be presented at the aggregate national
level and at more detailed industry and institugiogector 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 ¢ation 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 unadjustedpfice 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 Mi#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 odférapproaches should be considered. The
most appropriate method of adjusting economic data different countries to a comparable
basis is the use of purchasing power parities (PBR$ allow economic data to be compared
through reference baskets of goods and services.

Indicators that show a country’s production inclgsless 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’sndstic final demand for environmental flows
(natural resources and residual flows), householtsemption or real net income measures are
preferred.

While intensity and productivity indicators can yide 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 mes®surce efficient as a result of structural

2 Note that depending on the context and the selénfrit, increasing intensity ratios (declining guetivity ratios)
may not reflect increasing (declining) environméptassures.

% For detail on the calculation of PPPs see Eur@®EED Methodological Manual on PPP (2012). PPP oty be
accessed from a range of sources including OECDrJd\Rank and as part of the Penn World Tables (PRI,

2012).
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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 ues® efficiency between countries must also
be interpreted carefully. Differences in industmymposition and geographical structures may
account for some of the cross-country differenésssuch complementary information will need
to accompany efficiency indicators (e.g. informati@bout economic structures, stage of
economic development, and natural resource endotginen

Examples of environmental efficiency indicators

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

Air pollutant emission intensitiesvhich relate emissions of greenhouse gases @odutants to
economic activity, expressed in tonnes per unDP. Depending on the air pollutant of interest,
indicators may benefit from a spatial breakdowmn,efoample, to provide indicators of air quality
for specific urban areas or airsheds.

Water pollution intensitieshat relate the volume of wastewater generatetheramounts of
pollutants released in wastewater to economic igtiexpressed in tonnes per unit of GDP. As
for air pollutants, indicators compiled for specifbcations may be of particular interest.

Nutrient surplus intensitig@itrogen, phosphorous), which relate nutrienpkiges (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 irygibal 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), anddgbantity of nutrient outputs leaving
the system (mainly uptake of nutrients by crops gnagsland).

. The same approach can be applied at the macrotewalculate economy-wide
nutrient balance indicators (e.g. for reactive agén) covering all major sources
(agricultural, industrial, traffic, households, &tc

Waste generation intensitiesat relate the amounts of waste generated tooagicnoutput. 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
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waste, the amounts of waste generated can beddlaterivate final consumption expenditure.
When monitoring industrial waste, the amounts obteagenerated 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 indicatorclude waste recovery ratitsat relate the
amounts of waste recovered (material recycling/obical recovery, energy recovery) to the
amounts of waste generated or collected.

Examples of resource efficiency indicators

Material productivity or intensity indicatonselate the use of material resources to the kklate
economic activity. Such indicators can be calcdatean 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®mmass 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 slodmertain groups of materials imported within

total gross material input.

Energy productivity or intensity indicatorelate the 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 industgnergy dependency ratios that compare the
energy produced in a country or a territory to ¢lmergy 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 indicatalet relate the use of water to the economic igtiv
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 anwwh water abstracted (Total
Abstracted Water in the water PSUT) to economiiviégtor to population. Abstraction
intensities can be broken down by source, (suri@ater, 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 indigildandustries and for households. They
can also be broken down by source, such as waben fnatural stocks (surface,
groundwater), desalinated water, and reused water.

Other useful water related indicators include:rét@ 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 intoducts and hence no longer available for use;
water recycling rates, that show the share of kuserecycled water in water supply; water
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dependency ratios that show the proportion of waturced from outside a territory (i.e.
imported). Dependency ratios can be calculatedbantcy level or for regions within a country
mostly from the water resources asset account leetwaénich imports and exports of water may
be significant.

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

Production and consumption based indicators

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

A consumption based approach tracks the envirorahéoivs (extraction of natural resources
and residual flows) embodied in imports that hagerbdelivered “upstream” by natural resources
and ecosystems to production processes abroad.iddiiect upstream use of environmental
flows is added to the direct use of environmentak$ 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 capitaddiion (investment). Prominent examples
of consumption-based indicators are consumptioedaarbon and GHG indicators.

Consumption-based indicators should be based @nathak 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. SecB8dhdiscusses relevant measurement issues in
more detail.

Two aspects are highlighted here concerning thesldpment and use of consumption-based
indicators:

. The appeal of a consumption-based method for calogl national-level
efficiency indicators rises with the degree to whenvironmental issues are of a global
nature. Greenhouse gas emissions are the mostm@ontase in point: no matter where
they are emitted, they contribute equally to charigehe 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.
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. 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 efficiency

2.54

2.55

2.56

2.57

2.58

2.59

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 camstion 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 enunwariable.

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

Decoupling can be measured by efficiency indicatioas 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 linearfahm of efficiency/intensity ratio§.e. a time
series of the ratio of the environmental varialdethie economic driving force), the idea of
improvement in efficiency is well communicated. Bilit gives no indication on whether
environmental pressures are decreasing in abstutes, whether environmental pressures are
below a desired or critical level, or whether, asesult of structural economic change towards
service industries, production across the econosnypecoming, on average, relatively more
resource efficient.

For such assessments, it is thus useful to separmdéatify and present the environmental and the
economic components of indicators. This can be dortee form of decoupling trendge. by
displaying two indexed (e.g. base year=100) timesen the same graph. From such a graph, it
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is immediately clear whether economic activity (emgal GDP) is growing or shrinking and

whether decoupling — absolute or relative — is aweg, 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

Absclute decoupling || Relstive decoupling H No decoupling

Econsmic sctivity (GDF

Index

Time

2.60 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
p g :( / )end of penod/ ( / }tart of period andDF = Driving Force.

If the decoupling ratigs less than 1, decoupling has occurred duringograd, although it does
not indicate whether decoupling in any country wahsolute 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 dowy is significant, a decoupling factcan be
calculated as follows:

Decoupling factor = 1 — decoupling ratio

The decoupling factais zero or negative in the absence of decouplmbreas a maximum value
of 1 when the environmental pressure reaches zero

Analysis by economic industry

2.61 In physical supply and use tables (PSUT) flows ketwthe economy and the environment and
flows within the economy are presented together] 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
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2.62 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 besiclered 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-metsllic
mineral products
Manufacture of paper and paper products
Horticulture
Electricity, gas, steam
and air conditioning supply
Manufacture of rubber
and plastics products
Crther agriculture
Manufacture of basic chemicals,
chemical products, and man-made fibres
Manufacture of besic pharmacsutical
products and pharmaceutical preparations
Manufacture of food products,
beversges and tobascoo
Sawage and refuse disposal services
Livestodk
Crther mining
Manufacture of petroleum preducts;
cokes, and nuclear fusl
Manufacture of basic metals

T T T T

< ] 12 18

Y53'1.Y53'E . I .
Yalue added per liter/currency unit

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

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

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

2.65 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.

23



2.66

2.67

2.68

2.69

2.70

UNCEEA CONSULTATION DRAFT

These implicit prices should be taken as indicatatber than definitive since they will often be
based on comparing data from different sourcestlag 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 houseloaldsumption 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 ®eamption by households. Similarly, measures
linking household consumption to residual flowsy(eir 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 “Attributioreifivironmental flows to final demand”.

Where information is available these measures neafyitther developed to consider resource use
and environmental efficiency for different househdlypes. This can be done by using
information from the SEEA in combination with datm the SNA and household budget
surveys. Accordingly, several different househdidracteristics can be analysed, such as the size
of households, gender and age composition, incewxedd, etc. This kind of information may help
policy makers and researchers better understasemrand future developments in, for example,
greenhouse gas emissions, and to develop measatesay influence associated consumption
patterns. A spatial analysis based on the locatfdiouseholds (e.g., rural and urban households)
may also be conducted if information is availaliitnapter 4 provides additional detail on the
analytical possibilities with respect to the housddlsector.

Decomposition analysis

Changes in the pressures on the environment franoagic activities take place in a dynamic
system of interactions, for example where the aim 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 efficiency have actually contributeadthanges in the levels of these pressures.

Decomposition analysis is a technique that can $eduo account in detail for the factors

underlying these changes. Typically, the varialdé®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 prtoin, and changes in efficiency improvements
in the production process.

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.
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Figure 2.4 Decomposition of changes in C{&missions

2300 7
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200 1

Time

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

However, rather than increasing, measured emissilmtseased 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 sumghigin - 30% of the saving; efficiency gains in
energy use (resource efficiency) - 30% of the sggvamd a structural change in demand (e.g. a
change in the pattern of consumption of differentpcts) - 20% of the saving.

This kind of analysis is important in assessing thecess of policies aimed at reducing
environmental impacts. For example, changes in dfnecture of the supply chain do not

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 fmowee 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 fadtmisiding the number of households, the
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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, camevship, traffic intensity (kilometres travelled
per vehicle) and a C(&fficiency effects (emissions per kilometre tréeg).

Figure 2.5 Decomposition analysis for C@emissions by households from stationary sources

02 Units

2.75

2.76

2.77
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[ Iy

Year

—*— | Enargy saving —#- Size of houssholds B Total staticnary C02 emissions

- | Mumber of households |-+ - | Temperature effect

Section 3.3 provides a summary of the mechanicdesbmposition analysis, including on the
distinction between structural decomposition andein decomposition, and Annex | provides
some additional details on the examples showngdarés 2.4 and 2.5.

Input-output analysis — multipliers and footprints

Beyond the types of approaches described aboves nhetailed analytical approaches can be
applied that take advantage of the integrated eattidatasets 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 taldas be developed based on the concepts and
frameworks outlined in the SEEA Central Framework.

The use of EE-IOT generally involves modelling wws through the economy and potentially
linking to economies within more than one countsing multi-regional input-output models.
Some common outputs from modelling processes arkiptiers and footprints that can be
defined in relation to particular aspects of reseurse and environmental efficiency. Section 3.3
discusses the measurement of multipliers and fo$pand gives examples of their application.
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2.3.4 Specific analysis for resource use
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Analysis by type of resource

It is most common for PSUT to be developed for 8osf particular resources or residuals. For
resources the most common PSUT are for water aedggrn(see SEEA Central Framework
Chapter 3). These targeted resource PSUT enaldenplete mapping of relevant flows through
an economy to be made and, given the structurehefPISUT, 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 appic®t 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@lenbetween the use of resources for
intermediate consumption of enterprises or finalstonption of households.

A particular question may lie in the area of reseulependency. PSUT for individual resources
can be used to assess the relative importance mdrimmand domestic extraction of resources,
such as mineral and energy resources. Also inrdee @ 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 gperlent on particular resources). Of interest
may be analysis of the countries of origin and idaibn 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 desgy PSUT that pertain to specific
materials, energy or residual flows. In concept,eaonomy 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 approaahithan 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 phgisilows into and out of the economyj, 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 and Eurostat 20 2011a).

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.
Accordingly, some measures of consumption fall simmunderstanding 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 ordegetoa more genuine indication of the resource
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productivity of a country the material flows arepexssed in the amounts of raw materials (raw
material equivalents, RME) that were needed duthiegvhole production chain of a product.

Material input and consumption indicators are samet used as proxies for the generic
environmental pressure on the assumption that sammlkater every material input becomes an
output in the form of waste or emissions, and thatsuring the inputs therefore gives a first
approximation of the potential overall environménbarrden. This should however not be
interpreted as reflecting environmental impactsgikgate weight measures do not consider any
characteristic of materials other than weight. @htual environmental pressure of material flows
and the subsequent impacts on environmental conditdepend on many factors, such as the
chemical and physical properties of the materi#tig, locality at which ores are mined or
pollutants released, or the way the materials aeaged across their life-cycle.

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

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

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

Proper interpretation of EW-MFA indicators thereforequires, 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 hedie the weights of different types of materials
in the overall material basis of the economy aniftssin these weights over time. The most
common material groups are: metals (metallic onred 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 resouram 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 bemedéd for specific materials and energy. From
the monetary and physical supply and use tablés;nvation is available for different types of
materials, and commonly distinct PSUT are compfl@denergy and for individual materials,
such as water. Using this information the resoproeluctivity of particular types of materials and
energy for different industries can be estimatadtter, 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) efficiency of the use of differenatarials to produce a similar product can be
assessed and the substitution of materials carobéored.

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

Figure 2.6 Analysis of imports and exports in physial and monetary terms
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The following three types of analyses focus on gjgezoncerns related to environmental impacts,
supply security and technology development thatassociated to certain substances, materials
and manufactured goods. They include:

* Substance flow analysisonitors flows of specific substances (e.g. Cd, 2 Hg, N, P, CO2,
CFC) that are known for raising particular concesmesegards the environmental and health
risks associated with their production and consuwnpt

» Material system analysi@MSA) is based on material specific flow accourtsocuses on
selected raw materials or semi-finished goods dbwa levels of detail and application (e.qg.
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.

e Life cycle assessmenfsCA) 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 potentiaifonmental pressures along the full life
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cycle of the goods. LCA can equally be applied ¢ovices through consideration of the
different physical inputs that are required foritipeoduction.

2.89 In principle, all of these analyses may be suppdotedata 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

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

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

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

2.92 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) 2006itast of Prospective Technological Studies, Europgeience
and Technology Observatory and European Commiskiont 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 dnawom a wide range of sources. The main source
is the PSUT for emissions of carbon dioxide (SEE&nital Framework, Section 3.6), which
provides information on the emissions from the nfaimd product related industries. Emissions
relating to electricity use are allocated to tHevant parts of the supply chain. Emissions regatin
to households are based on household travel sumegsenergy use in the home. Emissions
relating to international trade are derived basednput-output analyses. This type of analysis
highlights the potential for data organised usisgJFP and input-output table structures to be used
to trace residual flows through the economy, siltef the information is classified to common
industry and product classifications.

Analysis of emissions according to different framdw

Emissions may be accounted for in different framéwwqyielding 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 CenttainEwork. 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 ofseimns according to different definitions. For
example, a bridge table can show the impact onstonis aggregates when international transport
is taken into account.

31



2.95

2.96

2.97

2.98

2.99

UNCEEA CONSULTATION DRAFT

Emissions with respect to transport and energy

A particular area of analysis may be the emissigaiserated 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 al&y 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 emissafiiciency of different transport modes can be
assessed.

Linking residual flows and expenditures

Public sector agencies are significant purchaserxain 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 activitiesres 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 \dtiis, 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 @ P®r 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

Circle area indicates
a0 - carbon amount

Pharmacsulicak
Sewerage and
T R
x‘.
A= 3
Wedical
25— instruments
Health and Construction
20 - =0Cial work
15 - 1d franzport
zErvices
10 -
g - Otherbusiness
Hotelz and BEMICES
catering
D T I T
0 5 10 15 20 25 30 35 40

Public sector procurement spending (lecal currency)

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

The economic consequences of environmental meaaaesnvironmental concerns are of great
interest to policymakers. They approach these sofriem 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, abatementd acontrol in order to comply with
environmental regulations. Alternatively, enviromtad measures will bring about new economic
activities that may create new jobs and stimulanemic growth. Policymakers therefore need
information on enterprises and institutions thaidoice environmental goods and services and
also information on the levels of expenditure omesth goods and services by enterprises,
governments and households.

The SEEA Central Framework presents two measurena@mproaches 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 tmoegic activities aimed at reducing
environmental degradation and safeguarding agtiegdepletion of natural resources.

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

Compilation of EPEA is motivated by identifying anoheasuring 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¢alifhose 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 indicatacs analysis on issues of environmentally related
production and employment that may be undertakémgusata 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

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 expresse@easentage 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 sewvices as a percentage of
total trade

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

. The level of investment in the EGSS and its develaqt 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’ induiss (e.g. increased energy efficiency in steel
production) can also move an economy towards adamon, resource efficient growth path.

These changes, while often driven by cost or coiigeriess 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 dhosen scope of activities, products,
processes or job descriptions. International wanktlve 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 aEg/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 envir@mtal 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 environmengabtection, disaggregated by
environmental activity domain (i.e. the classegha Classification of Environmental
Activities® such as air and climate, soil and water, and bedity 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 expenditumgared to operating expenditure. In
general, the investment-related share of EPE deeseas investment programmes
progress, while operating expenses’ share grows.

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 bevaelke 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 aé agethe relative magnitude of market and non-
market activities.

For EPEA data, analysis by industry and sectorheghlight 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<3égarticular interest is the expenditure of the
government and how this relates to total envirortaleaxpenditure noting that care in needed in
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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 operatinglssimay also be relevant.

Analysis by environmental activity domain

2.121 Comparing data on the EGSS by environmental agtdoimains (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 importaetause 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. Combing&h environmental protection and resource
management expenditure data, the analysis of theSEGn also provide an indication of the
opportunities for environmental activity within atues.

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

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

Analysis by type of environmental output

2.124 The SEEA Central Framework explains that the ougfuhe EGSS may be considered in terms
of environmental specific services, sole-purposedpcts, adapted goods, end-of-pipe
technologies and integrated technologies. In coimgathe 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 caseraising 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 adapteddgpparticular 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 emwit 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&3S 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 witpsjgal 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 physilcals 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.

8 Product profiles include items such as ‘solar phailtaic cells’, ‘solar CSP’, ‘solar thermal engigbio gas’, ‘bio
mass (solid) & waste’, ‘bio fuels’, ‘bio refining'wind on land’, ‘wind at sea’, ‘heat & geo thernmaergy’, ‘energy
from water’, ‘energy saving’, ‘electric transportsmart grids’, ‘hydrogen technology’ and ‘carboioxide capture
and storage’. Process profiles include items sush‘raesearch and development’, ‘consultancy’, ‘tfzors,
‘preparation/raw material production’, ‘supply, @swly and construction’, ‘production of energy @ns’,
‘installation and maintenance’.
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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 alsosléadsignificant indirect or spill-over effects in
the rest of the economy. These indirect effects lmandetermined by calculating multipliers
derived from input-output (10) tables - see SecBah 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 oglgliips 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 infdrom 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 thavmer. For example, the revenues from taxes ear-
marked for wastewater treatment paid by houseladisindustries 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 whetheofalhe costs (including operating and capital
costs) are covered by revenues. It may also belj@gs analyse the relative contribution of
different sectors to the recovery of the costsupipdying the wastewater treatment service.

Micro-analysis

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

innovation, research and development activity,alischemes and subsidies. If this information
can be collated in consistent manner, it may be tsesupport 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 similar 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 housshalttl enterprises with the objective of
encouraging and supporting desired behaviours.
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The analysis of information on these flows may beanticular 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.

The SEEA Central Framework Chapter 4 sets out é¢fi@itions, classifications and measurement
scope for environmental taxes and environmentadidigs and similar transfers. This information
can be combined with information on physical flofisr example, changes in flows of solid
waste or air emissions) to provide a broad inforomelbase for analysis.

This section presents the types of analysis thatlmeaconducted 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 analyticalrapgphes, including the use of alternative
definitions of environmental taxes (see the discumss 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 tiaae implemented environmental taxes. It is
important to understand the use of the taxes, swgral implications and their impact on the
environment.

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

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

The most common indicator of environmental taxeshis 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 isegaily 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.

° Payments for tradable emission permits relatingniissions of carbon dioxide are treated as envieomal taxes,
specifically energy taxes. See SEEA Central Framkewd 85-4.187 for a summary of the treatment.
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2.141 Another indicator is the ratio of environmentaldgaxo total taxes. However, interpretation of this
ratio needs to take into account a range of condéxtactors, including environmental
circumstance and the nature of the tax base, andgé of regulation as distinct from taxation to
implement environmental policy.

2.142 A key indicator for environmental subsidies andikimtransfers is their share in total outlays by
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 managemepenghiture. 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.

2.5.3 Analysis of environmental taxes

2.143 For initial analysis of environmental taxes it mas/ 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 economievtir@nd broader business cycles.

42



2.144

UNCEEA CONSULTATION DRAFT

Figure 2.10 Environmental tax revenue by type
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For environmental taxes there may be interest msitacting implicit (or effective) tax rates.
Implicit tax rates are derived as the ratio betweerironmental 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™

1 The implicit tax rate for energy (measured in FUEE) is a sustainable development indicator witthia EU
Sustainable Development Strategy. Effective taesabn energy are also measured by the OECD - see
http://www.oecd.org/tax/tax-policy/taxinenergyugsenh
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Figure 2.11 Energy taxes divided by energy consuniph by sector

=]
[=1]
1

Currency unitsimoE

=]
[[%]
1

o=

.I"c.,at'-,-.T'a"s-:c"t Households Primary aclivities Total-all sectors

2.145 Using SEEA data, analysis can also be undertakanderstand the environmental effect of a tax,
for example, the change in pollution resulting frtma introduction of a pollution tax. To do this,
physical data relating to the tax (e.g. emissiovaste and energy products) are required. Figure
2.12 presents the share of £@xes, allocated emission trading permits, the, @@issions
occurring within the trading schefand total C@emissions by industry. As shown, the a6éx
revenues to the government vary depending on tleoscic activity. The transport and
communication industry paid the highest fractionCé, 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 @3es. This type of analysis may be

extended using additional data and assumptionsrisider 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 sxicluded.
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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

Water works and constructicn
Transpeort and communication
Trade and hotels

Mining

Manufacturing industry

Finance, other services, public adm

Electricity, gas, hest

Agriculture, forestry, fisheries

Fercent
CO2 emissions in scope of the trading scheme Emission rights distributed
CO2 tax Totzl CO2 emissions

2.146 Table 4.10 in the SEEA Central Framework presentsi@ount 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 ingitinal 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 bevaai¢ to assess the links between the industries
holding permits and their contributions to GDP antbloyment.

2.147 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 thagdsain 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.

2.5.4 Analysis of environmental subsidies and sinait transfers

2.148 Where information is available, measures of envirental subsidies and similar transfers by
industry would be of interest and within the SEEAnfiework could be compared to measures of
industry output, value added and operating surdhepending 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 ef#aets of the subsidy or transfers.

45



2.149

2.150

2.6
26.1
2.151

2.152

2.153

2.154

UNCEEA CONSULTATION DRAFT

The purpose of the environmental subsidy or simi@nsfer 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 ofsa® 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 environtaldaxes 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 davironmental 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 comprehersst of asset accounts for individual
environmental assets covering mineral and eneigpurees, land, soil resources, timber resources,
aquatic 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 established ttwuating for individual environmental assets.
Approaches to ecosystem accounting are describ8&HA Experimental Ecosystem Accounting.

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

* How has the stock of environmental assets changedtione
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* What is the value of a country’s environmental eske
* 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 lseddn 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 theggegyof 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.

2.156 The valuation of environmental assets in monetanys in the SEEA Central Framework follows

2.157

2.6.2

the same principles as the SR Consequently, the measures can be compared wathes of
other assets within the SNA framework, for exampteduced assets and financial assets. In this
framework it may also be relevant to assess thenexo which the overall value of assets
(including environmental and other economic assetshanging in real, per capita terms.

However, it should be recognised that the appraath&aluing environmental assets in monetary
terms often require the use of assumptions regarftiture patterns of activity and assumptions
regarding discount rates and, as a result, caraldtze taken in undertaking comparisons of
values of different asset types. In this contexs always relevant to consider physical measures
of environmental assets in considering questiorsusfainable use of assets since they are not as
reliant on these types of assumptions.

Analysis and indicators of individual enviromental assets in physical terms

2.158 At the most basic level, physical data can impartappreciation of the lifetime or physical

2.159

constraints in which the economy and society cagraip. From the perspective of the SEEA
Central Framework assessments of these consteaimtisased on consideration of each different
type of environmental asset within the broad caiegoof land, natural resources, and cultivated
biological resources.

Physical asset accounts for land generally focushamges in land use and land cover within a
country and can be particularly important in untlding changes in land management and
potential environmental pressures arising fromredteise of the environment. It is noted that, in
physical terms, the scope of the SEEA Central Fraorie 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 gairs @dmplete coverage in physical terms

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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permits a full assessment of changes in land udelad cover — particularly in the change
between economic and non-economic uses of landifetige analysis of desertification).

Biological resources, primarily timber resourcesd amquatic resources (e.g. fish), generally
comprise both natural and cultivated resources.stiope of the SEEA Central Framework asset
accounts covers both natural and cultivated regsurcecognising 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 défé 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 stotskrims of a common unit of energy may be
particularly useful. This approach is outlined ionedetailed in SEEA Energy.

The SEEA Central Framework defines the depletionadfiral resources as, in the first instance, a
measure of physical change and hence there mawtéeest 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 {ilkel exceed rates of regeneration and hence can be
used to assess remaining asset lfves.

For mineral and energy resources a particularestanay 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

3 |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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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

Years

—+— Bazuxitz --*- Copper —®- Iron ore -+ - Matursl gas 8- Midsl - #-|Zinc

2.165 Other common indicators monitor the availabilityaofjiven asset and its changes over time, and
relate the amounts extracted or harvested to thainéng 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 physicaltassounts 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 wastress often hide significant sub-
national variations due to the concentration of Anmctivities, 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 productiagpacity. 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
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diversity, including tree and non-tree speciese$ordegradation; forest fragmentation),
and on forest management practices and protecteasuanes. They can be used together
with indicators on output of and trade in foresigurcts.

For biological resources, such as timber and fisimay also be of interest to distinguish between
natural and cultivated resources, and betweenrdiffetlypes of management practices. Indicator
examples include: the relative changes in the sbboeiltivated 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 aquacultuesld 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 anotherttase types of analysis it is possible to use the
interim classifications on land use and land cagpresented in Annex 1 of the SEEA Central
Framework. Since land is an input into most ecowcoagtivities, 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 dimensib 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 landdbatiain data on both land use and land cover.

Indicator examples include:

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

. Conversions of areas with a natural cover to crggstures 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 teea 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, thiformation maybe very useful in providing a
sense of the scale and scope of changes and thugchéorm an information base for the
assessment of sustainability with regard to enviremntal assets.

Physical measures of environmental assets may bearly 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 Section 4.1.
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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 coisgarof 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 governnoambhmonly 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.

2.173 At an aggregate, economy-wide level, adjustmentsnéasures of economic activity such as

2.174

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).

2.175 The compilation of volume measures may usefully glement measures of changes in assets in

physical terms which generally cannot be aggregatdss asset type because the physical
measures are in different units. Chapter 2 of tRE/ACentral Framework provides a summary of

4 |n this context volume measures do not relateeasures of physical changes, for example cubicemetiwater.
See SEEA Central Framework section 2.7.4 for awdhiction to volume measures.
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the compilation of volume measures and a more lddtdiescription is in the 2008 SNA, Chapter
15.

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

2.7
2.7.1
2.177

2.7.2

interpreted cautiously since when presented inmanoon 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 camag 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, interpoetand presentation of indicators are important
tasks. Many agencies have considered the issuelv@uvin selecting, interpreting and presenting
indicators and the following paragraphs provideaeerview of the key aspects.

Selection criteria

2.178 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 requiredgmdents concern issues such as: What is the
environmental and economic context about whichindecators 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, éatbirs will require some consensus about their
validity among the countries concerned.

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

2.180

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 forivilg indicators that monitor the
interactions between the economy and the envirohnbeia in physical and monetary terms can
thus be combined in a consistent format, for exanipt calculating intensity or productivity
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ratios. And macro-level indicators can be disaggred) 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 reeg® level by giving an overview of major
issues and trends and by highlighting developmtvats require further analysis. Indicators are
thus only one tool for evaluation and scientifidglicy-oriented interpretation is required for
them to acquire their full meaning. Often, indicataeed to be supplemented by other qualitative
and contextual information, particularly in explaig driving forces behind indicator changes
which form the basis for an assessment. Examplesmtextual 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 PressuesR&isponse (PSR) model and its variants
that account for greater detail or for specifictfieas, for example, the Driving force-Pressure-
State-Impact-Response (DPSIR) model - see Figurd. Zuch frameworks help ensure that
important aspects are not overlooked when devajoihia indicators, and organise the indicators
in a way understood by decision-makers and thei@ubl

In the development of indicator sets the SEEA daiy 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 builecéhd, it can provide an underlying

information set containing relevant information. doth roles, the SEEA can help to avoid the
development of indicator sets that reflect onlytipatar aspects or perspectives on particular
topics.

Figure 2.14 DPSIR model

DRIVERS IMPACT
PRESSURES s 3 STATE
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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 afaer levels of detail, either through the
existence of more detailed data within the samea daturce used to compile aggregated
information, or through the use of information fratmer data sets.

Industry disaggregatiorhelps understand how structural changes in thenceuoyp affect

environmental pressures and the use of environiergaurces. 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 fromabsociated analytical tools can generally be
disaggregated at an industry level in accordantie wdustry classifications and the SNA. They
can then be linked to data from economic accoumtsionetary terms, to derive measures of
intensity and productivity.

2.186 When macro-level indicators are classified by irduand by institutional sector, it is possible to

present the indicators in the form of issue-prsfite environmental-economic profiles. An issue-
profile consists of the contributions of relevaaett®rs and industries to a particular environmental
pressure (e.g. greenhouse gas emissions) whicinnrcan be linked to a particular environmental
issue (e.g. climate change). Issue profiles camlzsused to show the contributions of the various
industries and sectors to efforts aimed at premgnticontrolling and mitigating a given
environmental pressure (e.g. through environmangaénditure and transfers) or to show changes
over time for different industries for a certairsue (with respect to a previous year or other
reference year). A stylised issue profile coveiimdyustries 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
Mining & guamying

Manufacturing

Contribution to environmental pressure (%)

Environmental-economic profiles provide a condenmed comparable review of environmental
and economic performance for a certain economiivigci{e.g. manufacturing, agriculture) or
type of economic unit (e.g. households). Theseilppmay either show the development over
time of the relevant indicators or their relativeage with respect to other economic activities or
units.

Institutional sector disaggregatidmelps distinguish government responses from ttadsthe
corporate sector or household sector. Disaggragatgicsector is thus likely to be most relevant in
understanding expenditure on environmental praieand resource management, the impacts of
environmental taxes and subsidies, and the usatofal resources which are often publically
owned but privately extracted under various ingtal arrangements.

Disaggregation by type of environmental activitgpresents an extension beyond standard
industry disaggregation. Here the purpose of agtivhdertaken by economic units (enterprises,
governments and households) may be broken dowrdiffeyent types of environmental activity
following the Classification of Environmental Acities (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 disaggregatefps in understanding the most significant aspedthin
analysis of broad issues such as energy use orahatsource management. For example,
disaggregation by type of energy product is likiel\be useful in understanding the fuel mix and
other compositional issues in the analysis of gnstgpply 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 implicatadrehanges in demand for different resources.
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Spatial disaggregatiofi.e. disaggregating data to smaller spatial s¢delps 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-
national decision making, for example, when dealiity river basin or ecosystem managerfent
or when using indicators describing drivers whioh iilevant at the local level or that distinguish
between rural and non-rural areas. It is also itgmbdrwhen 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 groyger example by age classes, gender and inconeds|lewmay

be important in understanding the distributive asp@nd 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 tse 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 nsass insights. But a large set also carries the
danger of losing a clear message that speaks imypobkers 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, aggregatedcesl make it possible to convey simple
messages about complex issues.

However, reducing the number of indicators by cositeg information also runs the risk of
misinterpretation because users are not alwayseawofathe scope and limitations of the index
methodology, and because the message conveyederdigtbrted 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 leusalanced against the problem of choosing
units and weights required for aggregation acrd$srent indicators.

In general, a balance needs to be struck betweeanwigh 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 “kéydicators” 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 aggregateator and relevant component indicators.
Others take an approach of visual aggregation iictwtine values of the constituent indicators or
variables are displayed together, instead of ciagestirhg the scores of all indicators or variables

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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into an aggregated index. One example of such aaliaggregation are dashboards. These
approaches - aggregated indices, headline indsgat@shboards, etc - need not be mutually
exclusive.

Aggregation and the SEEA

Aggregation is generally considered straightforwabhe:n 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 i@rs variables in a phenomenon that the index
is intended to represetftAggregates 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 toemputation is straightforward, often
involving only additions and deductions.

At the same time, care needs to be taken when takid®y some aggregations in common metrics
since the relationships between variables anddlaive significance of different variables may
be complex. This is particularly the case when wwrgg 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 abundeud. (soil) and not appropriately reflect flows of
materials that represent more significant enviram@adepressures but be relative small in total
guantity (e.g. mercury). The OECD/JRC handbook amstructing composite indicators provides
additional description and explanation of aggremaissues’

The standard metric in economic accounting is cayeunits (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@ahédeaonomic 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 accountirtgiesn— Chapter 5 of the SEEA Central
Framework discusses these measurement issuesih det

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

" OECD, European Commission Joint Research Cou2@{lg), Handbook on Constructing Composite Indicator
Methodology and User Guide.
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Chapter IlI: Analytical techniques

Introduction

Analysis of the various topics and themes describe@hapter 2 may often be completed with
straightforward consideration of data from SEEAlgabor direct comparisons to similarly
structured data from other sources. However,alds 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 corthesdfe modelling and analytical techniques:
environmentally extended input-output tables (EH)OThe section discusses the various types
of EE-IOT, such as single region and multiregionalut-output tables and input-output tables in
hybrid units. Section 3.3 outlines a number of wtiedl and modelling techniques that may be
applied to data from these EE-IOT, including muiéipanalysis, the attribution of environmental
flows to final demand (including footprints), decpasition analysis and computable general
equilibrium (CGE) modelling.

The chapter aims to provide a summary of the techraspects of both the construction of
relevant datasets and the related analytical tqalesi A summary is relevant since often there are
important implications in the choice of approacatthave a material impact on the interpretations
and conclusions that can be made .Often howevesethimplications can be lost amid the
technical complexity of the input-output tables amskociated models. An extensive list of
references is provided on the various topics thatirroduced to allow further consideration of
the critical elements.

A key message of the chapter is that the construati detailed EE-IOT datasets, that reflect
industry and product detail in physical and moneteerms and encompass economic and
environmental information, can be powerful toolsamalysis 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 performancktia@ connections between economic activity
and the location of environmental pressures. Tietlb the SEEA Central Framework lies in its
articulation of precise measurement boundaries tpatmit a coherent integration of
environmental data into standard input-output dasathat 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 asgesivancing 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 irgpaihd residuals, that are measured in physical
units. There are a number of ways in which EE-I@# 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 Bection 3.2.2 shows the structure of the
single region input-output (SRIO) table which ismroonly compiled by statistical institutes.
Sections 3.2.3 and 3.2.4 discuss EE-IOT in hybnithyg§ical and monetary) units and
multiregional input-output (MRIO) tables respectweFinally, section 3.2.5 concludes with a
number of measurement issues which might arise whestructing the various EE-IOT. Overall,
this section is intended to provide a basis foramsthnding the analytical techniques described in
Section 3.3. It does not provide a complete desoripf 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 environmentalremnic modelling. For example, data on
landfills or recycling (both in monetary and physiterms) may be introduced into the EE-I&T.
Thus, the discussion of the EE-IOT has been keiraple as possible in order to be able to
explain the basic premises of the analytical temines 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 delsed 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 SKAVarious mathematical and analytical approaches are
available to convert SUT to an IOT (SNA 2008; Uditéations, 2008).

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

8 For waste input-output modelling see Nakamura, 9198000; Suh 2004; Nakamura and Nakajima 2005;
Dietzenbacher 2005; Hoekstra and van den Bergh;20@6&z and Duchin 2006; Nakamura et al. 2007.

9 Note also that for the sake of simplicity, theediremissions from consumers are also not inclimi¢de models.

It is fairly straightforward to add these to theabical techniques described in section 3.3.

2 Note that it is also possible to model environrabrtonomic relationships using SUT systems (seeXample
Lenzen and Rueda-Cantuche (forthcoming)), but mppglications use 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 0 Final Gross capital | Exports
' ' consumption  formation
1
Industries 7 c f e q+m
j ; ;
Value added LV
Total inputs L q Got fiot ot

Data in physical (non-monetary) terms

Natural inputs

) r T
residuals fot

The output of the industries is the sum of interimsdconsumption) (which is aj by j matrix)
and final demand categories such as final consomt), gross capital formatiorf)((including
changes in inventories), and expor&. (Note that for all these categories this is then oof
domestically produced goods and services and imggntoducts. i.eZ=Z4+Z, C=Cy+Cp,, f=fqtfp,
e=es+e, (subscriptd denotes the use of domestically produced inputsmathe use of imported
goods and services). The inputs for each domeawtigsiry comprise the intermediate inpuf¥ (
and value added categorieg) (- including compensation of employees (wages) gnuss
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 area¢qa
domestic output plus the imported produasnt). All the variables with the subscripdt are
scalars that show the totals for those respectwear 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 mdimx, 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 accountsmbst applications these data relate to
flows of natural inputs and/or residuals (see SEEAtral 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, miredlenergy resources, water, soil and
biological resources), inputs of energy from rengeaources (such as, solar, hydro and wind
sources) and other natural inputs (such as, stikemis, 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 hoidehwoough 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 naturpuis and residuals from SEEA accounts is
advantageous for the compilation of EE-IOT sinaeittiormation has already been organised in a
manner consistent with the classifications (e.g. foducts and industries) and measurement
boundaries that are used in the compilation of@eitself.

It was noted above that the core IOT may be stradtusing an industry by industry or a product
by product matrix for intermediate consumption. \Wha 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 adjustimeinenvironmental 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 ayenerally structured with columns
representing industries and rows representing mtedwith substantially more products than
industries. Examples of environmentally extended 3tk 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 indaBl1l 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@arin 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 ifrpat 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 ifemift units (some monetary and some
physical) it is not possible to aggregate entrighiva 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 outpiit
1 ] Final ’LGross capitg Exports
consumption formation
1
Industries Z c f e g+m
J (physical
units)
Value added v

For environmental analysis it remains relevant xterd 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 ifutustries that have a reasonably large share of
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physical rather than service-based flows. Hencendpplying the analytical techniques outlined
in Section 3.3, there is likely to be a betterraation of the direct and indirect environmental
pressures across the economy. It is important te that the mathematical specifications of the
input-output model apply irrespective of the urdfsthe rows of the hybrid input-output tables.

The details of these types of models (for energg)provided 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 @toic 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 stedisbffices are mostly SRIO tables such as the
one shown in table 3.1. Subsequent, input-outpuletliag that is based on an SRIO has the
limitation that they often need to use the “doneetgchnology assumption™: i.e. it is assumed that
imported products are produced using the same ptiotuprocess that is used to produce the
same product domestically (see Section 3.3.3).hEoeixtent that the domestic technologies are
not representative of the technology used to predhe imported product, the effect of the
assumption is that the input-output modelling ilbduce estimates that do not reflect the likely
environmental pressures.

3.18 Given the significant and ongoing globalisation prbduction processes there is thus strong
interest in the construction of EE-IOT datasetd thk&e these international flows into account.
Recently, there have been a number of large psojaet have created multiregional input-output
(MRIO) tables and made them available via databas€se 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 saiénformatior???®

L GTAP (2012), EXIOPOL/CREEA (2012), WIOD (2012), R@ (2012), GRAM (2012) and GLIO (2012). A
number of review articles have also been writteMbgdmann et al. 2007; Wiedmann 2009; Wiedmanmn. &04.1).

A special issue oEconomic Systems Resea®olume 25, Issue 1) and a book (Murray and Lenfemhcoming)
provide additional detail on MRIO.

“2 There are also datasets that cover only tradedsetwwo countries (Bilateral Trade Input-Output 8Tables) and
associated input-output models such as EmissiorntsoHiad in Bilateral Trade (EEBT). With developmeimsata
availability and computing power a focus on bilatefatasets and models is becoming less frequeobmparison
of different approaches can be found in Peters Bi @910) Global carbon footprints — Methods and import/expor
corrected results from Nordic countries in globatioon studies

% In general MRIO are compiled using data on intéomal trade flows between countries and production
relationships for individual products are modelietb each relevant country. An alternative approacto directly
survey the production processes associated wignnational flows of products at an industry levi&lich datasets,
generally referred to as Inter-Regional Input-OutffRIO) tables are challenging to compile giver thigh data
requirements.
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3.19 Table 3.3 shows a simplified structure for an MREble in which there is a country A and
country B?* The accounting structure follows that of the SRil@& rows signify the output (both
to the domestic and export markets) and the colurapsesent the inputs (also domestic and
imported). In this way imports and exports areyfidccounted 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 firmhsumption 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 capital
consumption capital |consumption formation
formation

<
P
% Industries Zan Znp Caa fAA CaB fAB Ja
(@)
O
m
P
£ |Industries VAT Zgp Caa fen Cas fes Os
(@)
@)

Value added Va Vg

Total input da Os

Natural " "

inputs/residuals A B

3.20 The production of MRIO databases has enhancedudléygof the input-output models because it
is no longer necessary to use the domestic tecgpassumption. In many cases the MRIO
databases are linked to environmental and otheo-soonomic accounts, which then makes it
possible to analyse both environmental and othetamability issues. A number of these
applications are discussed in section 3.3.3.

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

2 All MRIO aim to include economic activity for atbuntries. In practice, there is usually a smaliceal 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 purposespaiston.
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3.2.5 Measurement issues

3.22

3.23

3.24

3.25

3.26

3.27

3.28

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 impadarecognise when compiling these
accounts for use in environmental economic apjtioat

Differences in the SEEA and SNA2008 the most recent revision of the system of ameti
accounts (SNA2008) the definition of imports angaxs are defined on the basis of ownership
rather than physical flows. However, in physicairte a difference in the recording of some flows
of products (e.g. goods sent abroad for processiray) need to be taken into account (see the
SEEA Central Framework Chapter 3 for more detaflsthe 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 bouedaof the SEEA. Care should therefore be
taken to appropriately record, with adjustment asegsary, entries for purchases abroad by
tourists, re-exports and the general issue of diéegrdata on a residence basis rather than on
territory. (See SEEA Central Framework sectionf8t3letails)

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 byiowl statistical offices. This is because SRIO
are produced using data from that country only,r@&g generally compilation of MRIO requires
all countries’ data to be amended to ensure arati®lance in the I-O tables. On a national level,
the supply and use accounting identity is used dtarize the production and consumption
statistics.

A common area of adjustment relates to the existehttrade 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 redimn of these asymmetries, as well as through
other construction procedures, it is most likelgitttifferences 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.allye purchasing power parities (PPP) for
different products and industries would be apphbatsuch 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 aglé reference year at which all cross-country
relationships are compared. However, most countteesot compile their input-output tables on
an annual basis and hence it is likely to be nergst® adjust available data to a common
reference year using assumptions concerning tlks liretween 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 remihedomestic technology assumption, are
sufficiently large. Decisions to opt for an MRIO 8RIO approach may, for example, depend on
the extent of differences in production processesveen trading partners, or between their
environmental and resource use profiles. The graae differences the greater the error in
treating trading partners as though they have tbéygtion processes and technologies.

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

It is noted that for some purposes it may be reaslento construct multi-region input-output
databases by holding some country information @mstather 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 onTthkleau Economiqueroposed by Francois Quesnay
in 1758. Somewhat later, Leontief developed th& fitput-output model (Leontief, 1941), which
was based on theories developed by Leon Walras.

The first extensions of input-output tables and eflaay to environmental concerns emerged at
the end of the 1960s and early 1970s (Ayres ana$@el969; Leontief, 1970; Leontief and Ford,
1972). In the 1970s and 80s input-output modelwsed in a variety of academic publications
and were also used widely for applied analysis. Mieeto 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 inputput data and environmental extensions (see
for example the work done by Eurostat, OECD andvHr@us initiatives 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 #nea there are a range of different input-output
models that have been developed. This section miokeaim to explain all of the variations and

% For example, see Lenzen et al (2013) “BuildingsEdr global multi-region input-output database ighhcountry
and sector resolutionEconomic Systems Resear2h, 20-49. See also Lenzen, Pade & Munksgaat@4{or an
analysis of aggregation errors in an MRIO for Scaavda.
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instead explains a basic environmentally-extendedtioutput model to give a sense of the type
of analysis that is possible. Equation 3.1 shows$npnt-output model based on a single region
EE-IOT:

rtOt

=niL,Ty, GD)

Where

n=r "

L. = (I _Ad)_l = (I _(Zd Eﬁ'l)'l
Ve =Cs + f, +e,

Definition of variables (see also Table 3.1)

I Total environmental pressure (scalar)

(0]

n Intensity of environmental pressure (vediday )
L Leontief inverse of use of domestic output (nxgtby j)
Ya Final demand of domestic output (vectof bf 1)

5 Environmental pressure per industry (vectot b j)
Output per industry (vector afby j)

Identity matrix (matrix of zeros with values obh the diagonal)

A Technical coefficients of use of domestic outoatrixj by j)
Z, Intermediate use of domestic output (majttiy j)

Cy Final consumption expenditures (vedtdry 1)

f, Gross capital formation (vectpby 1)

e, Exports (vector of by 1)

The use of a “*" denotes that the relevant vectw 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 invemshich is the core concept in the input-output
model, is described in Annex Il. The interpretatminthe coefficients in the Leontief inverse
matrix model is important. This matrix providesdmrhation about the direeind indirect effects

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

A number of analytical techniques based on thistigqutput model are discussed in the remainder
of this section. In the first sections two statplications will be discussed: multipliers (section
3.3.2) and the attribution of environmental pressuo final demand (section 3.3.3).

Input-output models are also used for dynamic amalguch as decomposition analysis (section
3.3.4). When decomposition is applied using theuirqutput model it is known as structural
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decomposition analysis. However, other decompasitiethods, which use EE-IO data but not
input-output models, also exist.

The input-output model has a number of advantagasit is also criticised for the assumptions
that underlie the model, especially when used éenario or future modelling. The most notable
of these is the assumption of perfectly elasticpbugi.e. of inputs of labour, capital and
materials). Another issue is that substitution leetvinputs is not possible. Computable general
equilibrium (CGE) models, which use less restreetassumptions while still being based on EE-
IOT, are therefore an important analytical techeig@QGE models are discussed in section 3.3.5.

Multiplier analysis

Multipliers provide a summary of input-output modesults and typically provide a measure of
direct and indirect economic impacts per unit dipotl by industry. Multipliers were traditionally
compiled for economic variables such as outputueraddded, 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 environmefidals relate to energy and carbon
dioxide. Other environmental flows include greerd®mugas emissions, acidification, and
emissions of heavy metals to water. Overall, kndgée of the magnitude of a wide range of
multiplier effects of individual industries provisiaelevant information for the evaluation of
trade-offs (Foran et al., 2005).

The basic formulation of the environmental mulgépl{sometimes referred to as eco-efficiencies)
is provided in the following equation. Essentialhe derivation of the multipliersa) involves
multiplying the intensity of the environmental fldar each industry by the structure of output by
industry.

a=0I[L (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 outpua particular industry. Multipliers can
therefore illustrate that an increase in one inguatll also lead to increases in environmental
pressures in other industries through the diredfanindirect demand that is generated. At the
same time, interpretation of multipliers shouldetakto account the validity of the assumptions
underlying the input-output model, most notablygdascribed above, the assumption of perfectly
elastic supply of inputs, i.e. that there are remuece constraints.

The practical challenge of aligning environmentatadwith the input-output categories may be
remediated by use of a supply and use table (Stdimdwork and undertaking multiplier analysis
in there, rather than converting to 10 tables. 8i&tJT often have many more products than
industries, environmental data can often be alEtatto additional vectors by product just as it
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can be allocated to vectors by industry. In sualag, 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), andhé&as employed in case studies (Lenzen et al.
2004; Wachsmann et al. 2009). The appropriatenieas SUT approach is likely to depend on
the availability of data, the relative ease withiethdata on the relevant environmental flows can
be attributed to products and industries, and titemgth of any required assumptions.

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

Attribution of environmental flows to final demand

Input-output analysis is regularly used to attrébenhvironmental 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.

There are three research topics which are regulackled in the literature using this technique:
footprints, consumption vs. production perspectivasd the global shifts in environmental
pressures. The following paragraphs discuss eadhese 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 approagdtance the analyses present complementary
rather than competing perspectives.

It is possible to undertake analysis concerning litties 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 caddbermined. The difference in using an LCA
approach rather than an input-output based apprzathat the fully integrated industry and
product information inherent in an 10T is not @w#d and consequently the full effects may not be
captured® At the same time LCA approaches may be able twigieoa more detailed “bottom-
up” type of assessment in contrast to the broamlesl lor “top-down” perspective inherent in I-O
approaches. Thus there are hybrid LCA approaclasitiise EE-IOT data together with specific
data on certain production processes. The combmatf physical and monetary relationships
present in these hybrid datasets can be used tducbmprocess analysis and structural path
analysis.

Footprint calculations

The calculation of a “footprint” is a techniquewhich environmental pressures are attributed to
domestic demand. This line of work was popularige@dugh the introduction of “ecological

% These are referred to as truncation errors.
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footprints” in the early 1990s (Rees, 1992, Wackgeht 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 initiakkvim this area used an LCA based approach
rather than input-output techniques for its calttata

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

Footprints derived based on data in the SEEA CeeRttemework 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 footpriatglires consideration of more systemic
changes in environmental and ecosystem conditioterffial 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 eedito highlight the “production versus
consumption perspective” (Peters, 2008; Peter artinith, 2008; Barrett et al. 2012).

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

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

2009).

% gSeveral national statistical offices and instisutsuch as the OECD and Eurostat have also expltred
calculations of footprints(Statistics Canada, 2QR@rmose et al, 2009; Eurostat, 2012; LenglartO2ESTATIS,

2010; Edens et al, 2011; Statistics Netherlands02R011; Statistics Sweden 2003; Nijdam et al0x22®ilting and

Vringer, 2009; Wilting, forthcoming; DEFRA, 2012;i&dmann et al, 2008; Ahmad and Wyckoff, 2003; Nakah
al, 2009.
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On the other hand, the consumption perspectiveaised on the premise that the ultimate
“polluter” is the consumer of the end product. T¢tmnsumption perspective is captured by
calculating environmental footprints which includé environmental pressures attributable to
consumption by residents of a country whether they generated by producing units located
abroad or in the reference country.

Figure 3.1 gives an example of an analysis of prtdn and consumption perspectives for the
EU27, showing the carbon dioxide emissions pertadapi 2006 from both a consumption and a
production perspective (EUROSTAT, 2011). The gtgrtpoint for this analysis is the total
emissions related to final use or demand includieghand from the rest of the world. The
consumption perspective attributes these emissmasgports, capital formation, and consumption
(both in expenditures and in terms of transport hedting activity undertaken by households).
The production perspective attributes the samestoms but with a focus on those industries and
activities that supply the relevant goods and sesilt can be seen that around 70% of the CO
emissions are ultimately attributable to househeidstheir demand for (i) energy used in and
around the house, (ii) personal transport, andl f@od. Further, it is apparent that there is a
relative balance in the import and export of emoissireflecting that the products that are
imported include raw materials that generate fewisgimns in extraction whereas exports
comprise finished products that embody a signiticamount of emissions. Such insights are
important in understanding which product-related aonsumption-related policies may help to
limit carbon emissions.

Figure 3.1 Production and consumption based C&emissions per capita

10.0

Tonnes COZ per parson

Exportz 1.5 Imports 1.7

0.0 T T
Consumption Production

Global shifts in environmental pressures

In a closed economy, the total environmental presstdiollowing the producer or consumer
perspective would be the same. Differences occualse of trading relationships with other
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countries in the world. One can therefore obsene¢ &ll countries have an “environmental trade
balance” for specific environmental pressures swsh carbon dioxide emissions. This

environmental trade balance, which is the diffeeerietween the environmental pressures
embodied in imports and exports, will change overet This may be caused by economic
developments as well as international agreememtsecning 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 inrenmental pressures. Various hypotheses have
been proposed. For example, estimates of “carbakafge” have been made in studies that
investigate whether countries’ emissions undeKiy@o Protocol are being reduced by importing
emission intensive products from countries thandb participate in the Protocol (Peters, 2008,
Weber et al, 2008; Peters and Hertwich, 2006/28@&jker, 2005)2.9A related field of research

is the “pollution haven hypothesis” that investegmthe same shifts from developed to developing
countries resulting from differences in environnaénmegulation (Eskeland and Harisson, 2003;
Cole, 2004).

Mathematical attribution of environmental pressuteginal 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 dat@jronmental pressures are attributed to final
consumption, gross capital formation and exporgonhestic output:

P, =0+ +& G3)
@, =n(L, (¢, +nllL, [f, +nlL, (&,

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

®, Environmental pressures attributed to final desnaindomestic output

@ Environmental pressures attributed to final comstion expenditures of domestic output
G Environmental pressures attributed to gross gbfmtmation of domestic output

@ Environmental pressures attributed to exporidonhiestic output

The domestic technology assumption is often csi¢idibecause it is not an accurate reflection of
the environmental pressures created by goods amtes® produced in other countries. Where
possible, and taking into account the measurentaitenges outlined in section 3.2.5, it is likely
to be therefore appropriate to do the attributismg MRIO data because this makes it possible to
calculate the environmental pressures embodiednjpoits more accurately. The model also
includes the feedback loops in the world economgesthe Leontief inverse includes all the inter-

2 Estimates of “carbon leakage” depend in part endtoice of model used to analyse the environmeméesisure.
In general the use of input-output models will gate higher estimates of carbon leakage than theotisCGE
models since the latter takes into account adjusisnin production and consumption patterns thaeadue to
changing relative prices and other substitutiopctf.
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industry deliveries of all the countries. The fotenfor country A, which is based on the variables
of table 3.3, is provided in equation 3.4.

D, = + qn/i +@5 (34)

Laa Lag|lC Laa L f
LBA LB CB LBA LBB fB
L. L €
hE ”B)EELAA Lﬁ J
BA B eB

Where the variables which have not yet been prelyalefined are:

>, Environmental pressures attributed to final dednaf country A

> Environmental pressures attributed to final comgtion expenditures of country A
! Environmental pressures attributed to grosstalfoirmation of country A

D2 Environmental pressures attributed to exportsoohtry A

Decomposition analysis

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

The driving forces which are distinguished depend the model that is used. When a
decomposition model is specified using an inpupautmodel, it is known astructural
decomposition analysiSDA).* The simplest specification, based on the SRIO insklewn in
equation 3.1, is provided in equation 3.5.

Arg =A0 Ly By + O [ALy Oy + O [, [AY, (3.5)

In this equation, the changes in environmentalquies {ry;) are determined by the changes in
the intensity of environmental pressuré®-Lq'Yy), the changes in the industry structure of the
economy f4Lgyy) and the changes in final demand/economic growthy{yy).>* Note it is

%0 For overviews see Rose, 1999; Hoekstra and vamBdegh, 2002; and Hoekstra, 2005. For state ofithe
applications see de Haan, 2000; 2001; Lenzen, 20@bWood, 2009.

31 Note that the model is slightly different from thaes of section 3.3.2 and 3.3.3 in that the Lediiverse and
final demand only include the domestically produgeeds and services (denoted by subsafipfhis is because
SDA is usually applied to explain changes in domesinissions (which are only generated by the deihfan

domestic products). Also use of the model whicHudes imported intermediate inputs has been @éitiin a
related input-output technique called “impact asily/(Dietzenbacher and Los, 1998).
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possible to provide more detailed decompositionssjiitting final demand in subcomponents

(export, consumption and capital formation), olatalyse the changes in them (i.e. the mix and
level effects of changes in final demand categdisesthat it is possible to analyse the effect of
changes in consumption patterns for example. Tegclesi also exist to decompose the
technological aspects of changes. For exampld, d¢batief inverse may be broken down further,

or the environmental pressures intensity may b&esra@own into a fuel mix and energy intensity

effect.

To undertake an SDA it is necessary to have dah ghrmits analysis in volume terms, i.e.
through the removal of price effects. This may bealby 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 yaadt-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 thislarp 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 equintatesults as Sun (1998)In the related field

of index decomposition analysis other weightinghods are used.

Models which do not use an input-output model apeenprevalent 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:

Ar, = Anlsiq, +nlAsiq, +nlslAq, (3.6)

Wheres (g/q.y) equal to the sector structure apgis equal to the changes in the total output. This
model only requires data on the output per induatrg not an entire input-output table. It does
however require data from environmental flows bgusiry from the accounts of the SEEA

Central Framework.

Note that in equations 3.5 and 3.6 no residual terincluded 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 ardamsscof economic models that combine
input-output data with micro-economic theory. Ine tltontext of environmental-economic
accounts, CGE models may be developed using intavma&ontained in EE-IOT thus bringing
together monetary and physical data. The connettidthe SEEA Central Framework lies in the

%2 The Dietzenbacher and Los method relates to theval of the residual term in the decompositione Titethod
involves averaging the possible alternative decaitiom formulations, where the number of formulatas
dependent on the number of variables in the decsitipo. An overview of the various weighting schesmsed in
decomposition analysis can be found in Hoekstravamdden Bergh 2002, Hoekstra, 2005
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use of data on environmental flows in the compilatof EE-IOT that in turn underpin CGE
models.

CGE models consist of a system of non-linear demsimgply and market equilibrium equations.
The main model equations are based on neo-classicalomic principles. Each industry in a
CGE model selects inputs of labour, capital andenss 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 thare 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 @®Hels allow resource constraints to be taken
into account. In addition, depending on the type&CQE model used various short run and long
run assumptions may be used concerning constramtsapital and labour. CGE models also
allow for price induced substitutions and do naguiee 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. Foaragle, in the case of the introduction of a tax
on carbon emissions, there will be substitutionyaWwam relatively carbon-intensive inputs, and
CGE models can assist in understanding these dgsa@werall, 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 quantitiess Thay be particularly relevant in cases where
the monetary value of flows, for example water, ddlomt bear a close relationship to the

underlying physical flows. Further, for some enwimental 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 calibratentia 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 [EH- However, it is usually the case that not all

of the model parameters can be calibrated on tbis loé EE-IOT database and hence are taken
from relevant literature or estimated econometiyc&@uch parameters include, among others, the
elasticities of substitution and elasticities oh@and with respect to income. Inclusion of these
additional elements and parameters depends onulpmge 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 crnhtaf environmental-economic analysis both
economic and scientific modelling is likely to eguired. Well known CGE models include:

« the ORANI model (Dixon, et al. 1982)
* the MONASH model (Dixon and Rimmer, 2002)
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the GTAP model (build around the GTAP databasetadathe ORANI model to a multi-
country application) (e.g. Hertel et al. 2007)

the OECD Env-linkages model, used for the OECD Emwnental Outlook to 2050 (OECD,
2012)

GEM-E3 model used by DG ENV and DG ENERGY (GEM-EGdel manual
http://ipts.jrc.ec.europa.eu/activities/energy-arschsport/gem-e3/ )
WorldScan model used y DG ENV and DG TRADE (Lejetral , 2006)
EPPA model of MIT (Paltsev et. al. 2005)
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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 atifermation. 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 safif@indevelopment. It also recognises that
responses to environmental pressures will usuallyan understanding connections between the
environment, the economy and individuals. In thestext the SEEA accounts do not provide a
complete information set but can provide an impurigart 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 accowrgsg additional information, for instance

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

social conditions. The focus of this chapter iglmnfirst 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 betwedka 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 conaastio the SNA, may play an important role in
the development of such integrated frameworks atalsets.

Following the first approach to extending the SEBS&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 issupprédaches to generating spatially disaggregated
information have advanced significantly in receeans with the increasing adoption of geo-

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

analyse large datasets.

Section 4.3 provides a description of extensionsti® SEEA concerning households and
household activity. The importance of this extensieflects both the focus on the industry
dimension in the earlier chapters (whereas houdslene often considered as simply one single
vector), and also the important role that consub@raviour plays in relation to environmental
pressures. Thus, the capacity to further analysdémaviour of different types of households or
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households in different locations in relation tacegs to natural resources and environmental
pressures, is an important extension of the SEEA.

The final extension described in this chapter iagsl re-organisation (and disaggregation) of
existing industry and product information to foarsparticular themes. The example highlighted
concerns tourism activity but the same type of appin may be applied in the analysis of other
Cross cutting activities and specific themes siglransport, 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 accounthé&nSEEA Central Framework. These data may
already exist but it may also require additionamary data collection activity. For example,
surveys of household income and consumption shothiadocation and distribution of household
incomes and household types are required in ocdaltdcate information at these levels of detail.
At the same time it may be possible to model thatimnships between physical flows of natural
inputs and residuals and specific products usimgstiucture of data from the SEEA Central
Framework.

Spatial disaggregation of SEEA data

The data described in the SEEA Central Framewagelg relate to specific materials, substances
and resources, and the various stocks and flows@reunted for without regard to the precise
location of the materials, substances or assetie &®m 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 ofisas 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 knowleddBeototal 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 edllestd compiled so that the location is
accurately known (e.g. using geographic coordinat@sin reference to relatively detailed
administrative areas. Often however, there will agma requirement to integrate data that has
been compiled at different spatial scales througgregation and disaggregation as appropriate. In
this regard, the structured framework of the SEE@vigles a strong basis for the harmonisation
of data at desired levels of detalil.

Increasingly it is possible to use mapping and rimftion technologies (i.e. geographic
information systems (GIS)) to re-present standaational level information according to the
location of the underlying observation. Thus, watsources can be mapped to particular river
basins and emissions mapped to particular urbasateo-spatial analysis refers to the capacity
to re-organise existing information according tanstard geographical classifications. Most
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commonly, the power of this approach is seen ircteation of maps that can highlight particular
areas of interest or concern.

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 spatialaardessentially building blocks). Information is
then attributed to these spatial areas. A commfficwlty 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 attriloutiee 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 ovaretiin a way that is not possible through
analysis of standard accounts and tables.

To point to the potential of geo-spatial analysigl dhe 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&#dlaccounts show measures of stocks
and changes of stocks of land in terms of aredaraf use 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 ftitet completion of geo-spatial analysis requires
strong underlying information systems. A descriptiof such systems and the relevant
methodologies and best practices is not contaméael 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 enablestronger, joint consideration of social,
economic and environmental implications of variposicy choices and options. The expansion in
the use of land for housing, for example, requinesirn infrastructure such as roads, sewers, and
water supply lines and at the same time can leahtooachment into high quality agricultural
land. Potential environmental impacts include loswiildlife 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 esioa relatively high or low density in terms of
changes in human population.

The first example involves analysis of settlemesr time. Settlements were defined as tracts of
land where humans have altered the physical enmeoh The methodology was based on
Geographical Information System (GIS) technologyité heart, the method is statistical through
combining remote sensing technology and imagernh wite most detailed data from the
population census. Application of the methodologyovied detailed, harmonised and
comparable datasets enabling a more complete aataalysis of settlements and formed the
basis for the development of indicators that camde to track land cover and land use change.

% A specific geographic classification is not delsed in the SEEA Central Framework. However, related
classifications on land use and land cover areudisad in Chapter 5 and SEEA Experimental Ecosysiaunting
discusses the measurement issues in more detpérficular, SEEA Experimental Ecosystem Accountiegcribes

a units model for spatial areas involving basictigbainits, land cover/ecosystem functional unitsl &cosystem
accounting units, and such a units model may levaait in the development of a whole range of exteissof the
type described in this chapter.
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As a brief indication of the types of maps that n&ygenerated, the map in Figure 4.1 shows
some results for settlements in relation to depeledagricultural land (i.e. land free of severe
constraints to crop production).

Figure 4.1 Map of settlements and dependable agrittural land
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4.17 The second example concerns the integration off@mviental and economic information over a
large coastal area. As a result of carefully definihe spatial areas, and through attribution of
various data sources to the spatial areas; a Htdsdt was constructed. The types of information
included population, land use, land ownership, laallies, vegetation cover, forest extent and
change, water consumption, agricultural productigysical and monetary terms), land
management practices (such as use of fertilisegatron) and topographical features (e.qg.
elevation and slope). The integration of socio-ecoic data and environmental data is a
particular feature of this dataset and enablesrhestigation of a broad range of issues. These
data can be presented in tables and Mapigure 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 Experilréotaystem Accounting. Since ecosystem
accounts can utilise much information describedh@ SEEA Central Framework, integrated
approaches to the development of spatially refex@maeformation sets are likely to provide very

3 ABS 2011. Land Account: Great Barrier Reef RegBxperimental Estimates, cat. No. 4609.0.55.001:
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rich sources of information for analysis of mansuiss concerning the link between the economy
and the environment.

Figure 4.2 Map of Statistical Local Area
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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 &ftw help countries design effective sustainable
development and other cross-cutting policies. Coaiga data over time and across countries are
needed to track performance across a range ofisaiska development related goals and

objectives, including, for example the Millenniunezlopment Goals.

It is important that these common data are useadftom 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 internatialeslelopment objectives. Extensions into these
areas are encouraged by the Rio+20 Conference @atddocument, and are supported by
several development programmes linking the colbectand analysis of data to integrated
policymaking.

The SEEA Central Framework provides the basis ritegrating environmental-economic data.
This section considers how the SEEA Central Framlkewan 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 beagignificant data requirements beyond the
scope of the SEEA Central Framework, and even wtata 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-marke¢eefits that are received by societies and
individuals from the environment such as air fiitvsa, carbon sequestration, water regulation and
various opportunities for recreation. There are aften strong cultural, including religious,
connections to environmental locations. Measurenaéntarious non-marketed benefits is not
covered in this chapter but relevant developmenteeasurement in this area are presented in the
SEEA Experimental Ecosystem Accounts.

Some examples of key social indicators are alréadyded in the SEEA-Water Chapter 7 and
SEEA-Energy Chapter 7, including data on accesadter 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 envitental conditions and often the poor and
vulnerable groups rely on the environment for thigelihoods and well-being. For these reasons
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they can also contribute to and be affected bycmsidesigned to manage natural resources and
respond to related environmental issues.

Given the many different factors influencing wedlihg, livelihoods, and sustainable development,
no single indicator, such as income or other fir@ndata, 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 limclude empowerment, inclusion, health,
education, living standards, environmental degradaecosystem services, income, employment,
food, water, sanitation, energy, safety, and acmebasic services and infrastructure.

The main areas in which SEEA might be extende@piure relevant information relate to data on
stocks and flows of water resources and energyuress. These two types of resources are
central to the operation of well-functioning houslkels and communities in all parts of the world.

The extension of most direct relevance is likelyp&a 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 ipoaation 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 informationhonsehold consumption of energy and
water use by purpose, i.e. differentiating energgdufor heating, cooking, transportation or water
used for washing, cooking, bathing, etc. Alterrglily there may be interest in decompositions
that aid in the study of equality and developmémthis case data that differentiates urban and
regional areas, special population groups (e.g.etterly, families with young children, specific
ethnic groups) or household consumption and agtibit income decile or quintile, may be
relevant.

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

The focus in the discussion to date has been osefmold final consumption but there may also be
interest in understanding the use of natural injmits the economic production undertaken by
households such as agriculture, fishing, forestopstruction, or in small businesses. For analysis
of this aspect of household activity, additionaluoans may be introduced into the industry
section of the use table within the PSUT to digtisg 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. incitmtext, the development of asset accounts for
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water resources and energy resources (particuiarher resources) may be particularly relevant
with a focus on distinguishing those resources labk for use by households for their own
collection and consumption. Asset accounts are ribest in the SEEA Central Framework
Chapter 5. Depending on the economic structure ofumtry, land, soil resources and aquatic
resources may be of particular relevance to loweorne households. Asset accounts for these
resources may therefore be of particular relevatiteugh attributing the resources to specific
households may not be straightforward. One alteimahay be to consider the availability of
resources by spatial area (e.g. via land accoant$)then link this information to the location of
households of various income types.

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

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 relationshipsvéen 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

and hunger v'the poor often have no entitlements to environmeetources and inadequate access to environmental

Vlivelihoods and food security depend on functiongegsystems
poverty
information, markets and decision-making

vlack of energy services limits productive opportigsi for the poorest
v improvement in the management of natural resousileanprove livelihoods for rural households wieos
incomes are largely dependent on these resources

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

2. Achieve

universal primary o ) o
education Vlack of energy, water and sanitation discouragehiess to live in rural areas

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

v a lack of water, sanitation and hygiene is a megase of malnutrition which in turn lowers educaéil
attainment

3. Promote gender
equality and
empower women

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

4. Reduce child

mortality

v'water and sanitation-related diseases (e.g. dieahand respiratory infections are the two mosbirigmt
causes of under-five child mortality

Vlack of clean water and fuels for boiling water tdnute to preventable water-borne diseases
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5. Improve vindoor air pollution and carrying heavy loads oftevaand fuel wood affect women'’s health, increasing
maternal health

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

g: Combat major | /environmental health hazards are associated vekifactors (e.g. malaria, parasitic infections)
iseases

7. Epsure vkeeping the resource base (land area covered bstéobiodiversity, water sources) and regulatimeygy,
environmental

sustainability

carbon dioxide emissions and recycling providesoliedation for the links described in this table

8. Ct;IObafl]' ¢ v global environmental problems need the participatibrich countries (that consume more resources)
partnership for . . . )
development vexternal debt, unfair terms of trade and predatorgstment can increase pressure to overexploit

venvironmental assets in developing countries

Source: From Table 3, UNDP, UNEP, IIED, IUCN aN@I (2005: 17), based on DFID et al (2002).
http://unpeilac.org/documentos/Poverty & Environimémdicators-eng.pdf

4.3.3 Linking household activity and environmentapressures

4.33

4.34

4.35

Another SEEA extension relating to households corscénking household activity to measures
of residual flows related to that activity. Thisynaonsider the direct effects of household activity
on the environment such as via flows of solid wastestewater (e.g. sewerage), air emissions and
emissions to water. Or it may also consider therdéuntl effects of household activity by
considering the residual flows that occur in thecgss of producing and distributing goods and
services that households consume. The indireattsfiaclude the flows of residuals embedded in
goods and services that are exported and impdttsdould be recognised that there are likely to
be considerable data challenges involved in estaibly 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 @aPSUT) for the residual flows of interest.
The PSUT for air emissions, emissions to water solii waste are described in the SEEA
Central Framework Chapter 3. In these tables, thisdhold sector is generally shown as a single
column that “supplies” residuals either for collentand treatment by other economic units or
direct to the environment. The first extension heréfore to introduce additional columns.
Alternatives for the disaggregation include housglivacome, household structure (e.g. number of
people, single person, couple with children, etiog, size and type of dwelling (e.g. number of
bedrooms, floor area, apartment or detached hatsg, or location (e.g. city or rural). The
variable chosen to characterise households wiledémpn the data available and the policy or
analytical research question. In turn, this questimay depend on what aspects of household
behaviour are of most interest or places wheredtmld behaviour may have the 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 pddity relevant if information is to be
structured using income by decile or quintile. Eus purpose data from household surveys or
other data sources (e.g. administrative sourcefdasing construction, energy efficiency rating
schemes, income tax, etc) containing informationhonsehold size, income and consumption
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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 modelbf residual flows via EE-IOT that have
been extended to incorporate information by typaafsehold. Through EE-IOT it is possible to
link residual flows with particular products (gooalsd services) and in turn link these products to
their source — i.e. domestic industry or importsloAger discussion of the relevant modelling is
described in Chapter 3.

Much of the focus of household activity and resldigvs is on household consumption (e.g. air
emissions from driving cars or heating houses, igaioe of solid waste, etc). However, it may
also be relevant to incorporate aspects of houdeholestment, particularly in dwellings.
Although there are likely to be few direct residtlaivs 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 extensiorthis area through a combination of air
emissions data from the SEEA Central Framework amadnge of data from household income
and expenditures surveys. Figure 4.3 shows toenjrouse gas emissions for direct and indirect
emissions by both number of persons in a househalll by decile of household income.
Extensions of this figure include showing measumen a per household basis or in terms of
equivalised income (i.e. where the household incaragljusted to account for differences in the
number of people supported per household).

Figure 4.3 GHG emissions by household characterist of size (persons) and income (deciles)
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4.39 Table 4.2 shows the links between the types of wopsion expenditure by purpose (COICOP)

and the associated levels of greenhouse gas enssdibe message here is that the proportion of
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total expenditure on a particular consumption iteay not correspond directly to the proportion
of GHG emissions attributable to that item. Anadysf this type of information can be extended
by considering the mix of consumption items pureldsy different households.

Table 4.2 Household final consumption expenditurerad GHG emissions by COICOP category

COICOP category Consumption (%]  Emissions (%)
Food and non-aleoholic beverapes 13 18
Aleoholic beverages, tobaceo and nareotics 2 1
Clothing and footwear 2 2
Housing, water, electricity, gas and other fuels 203 32
Furnishings. household equipmment and 5 5
routine household maintenance B
Health 12 5
Transport 13 21
Communication 3 1
Recreation and culture "‘5 T
Education 1 4]
Restanrants and hotels ] 4
Migcellaneous soods and services 21 7

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

4.40 There are a number of perspectives on economititgcthat may not be easily reflected in the
structure of information on economic activity falllg 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 entegwigre classified to different industries they
may have relationships that could be analysedljoifihe most commonly considered activity in
this regard is tourism activity. Another exampleuwledbbe activities around health (e.g. hospitals,
pharmaceuticals, medical equipment, educationcypdévelopment, etc).

4.41 Second, there may be a particular activity thatinglertaken by many enterprises in different
industries but which may be difficult to identify standard industry statistics since it is ofteh no
the principal activity of the enterprise. The moskevant 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 &rsés 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 extensiagheoSEEA Central Framework in relation to
tourism activity. In general, the same consideratias described in relation to tourism will apply
to other activities. That is, it will generally Inecessary to start with a standard monetary PSUT
or 10T, then determine the key products and indestof relevance to measurement of the
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activity (this may require disaggregation of sonfiehe standard rows and columns), and finally
extend the modified table with relevant physicalnlinformation (e.g. on flows of emissions or
solid waste).

Presentation of environmental-economic accotsdata for tourism
Introduction

The importance of good information on the tourisectter has been recognised within the

presentation of principles and objectives in th@daaote Charter developed at the 1995 World
Conference on Sustainable Tourism. Significantlyds 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 as&l @b 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, thai$iwuSatellite Account (TSA), and the SEEA
since both are based on the accounting princigfléeseoSNA. 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 Stass008 (IRTS2008) whereby tourism is

incorporated as a specific set of industries anatarfsumers within environmental combined
physical and monetary flow accounts of the SEEA taénFramework (see SEEA Central
Framework Chapter 6). This section provides a sumrmofithe 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 tourema 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 thisttand the environment. Rather the coverage
here is all tourism activity and its use of naturguts and generation of residuals. In principle,
the approaches described here may be applied racr@nly 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 consumaiher than the producer and hence the
following description should be applicable to thembination of the SEEA with other
functionally oriented satellite accounts definashfrthe demand side, 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
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added, output, consumption), number of enterprisegloyment supported, visitor facilities and
services, environmental conditions (air, waterlatree contribution of tourism to the economy.
All these elements are of interest for making emsests concerning the tourism sector inspired
by a holistic approach.

4.49 Satellite accounting, within official statistics a 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.

450 From a methodological point of view, compiling aA 8quires definition of the boundary of the
tourism sector. This is done through a focus orgtlaitative and quantitative elements observed
on the demand side, i.e. to the acquisition of gaamt services (products) by visitBr& ourism
consumption is then a key concept for a correattiieation of tourism-related activities and
consumption products. From the supply perspectilie, aim is to describe the productive
activities that provide the tourism products thiatters acquire.

451 The link to the SEEA can then be made by focusimdipthe residuals generated as a result of
tourism consumption (either by the visitors themsglor 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 tigkiheasures of tourism activity to measures
of ecosystem condition and extent. For exampléyifcto improve the attractiveness of an area
to tourists may lead to improvements in ecosystemdition. Alternatively, increasing tourism
activity may increase environmental pressures aulige ecosystem condition. Measures of
ecosystem condition and extent are not well dewslomitial efforts in this area are summarised
in SEEA Experimental Ecosystem Accounting.

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

» 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 represesignificant share of the
supply of the product in the economy (share-of-§uppndition). This criterion
implies that the supply of a tourism characteriptioduct would cease to exist in
meaningful quantity in the absence of visitors.”

» tourism connected productihose of lower significance to tourism analysis.

35« visitor is a traveler taking a trip to a maiestination outside his/her usual environment fes lnan a year and for any main
purpose (business, leisure or other personal pejpother than to be employed by a resident entitthe 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 attractiémsexample of tourism connected products are
products purchased in supermarkets by visibrs.

Once the relevant set of tourism products is idiedti connections to relevant producing
industries can be made using standard supply-usk iaput-output relationships. These
relationships form the core of the TSA model. Tsnriexpenditures are usually estimated on the
basis of surveys of visitors and these data forenbisis 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 thameodisaggregation of industry level data
normally recorded in the SEEA accounts is likehb®required. Thus, the core of the approach
consists of establishing a more complex type ofiffgutput matrix in which not only the ‘usual’
inputs are considered, but also environment inmgablished 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 mainevatided 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 ofnfieonmental pressures of the economic
development of tourism. By making it possible tcertfy trade-offs between economic
development and environmental pressures as faroadsm is concerned, the statistical
information organised according to the frameworkest suited for providing a valuable support
to decision-making for sustainable tourism.

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

Using the sequence of economic accounts outlinédsEBEA 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 informatiorevironmental protection expenditure.

Table 4.4 shows a simple way of depicting tourighated 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 integrdtause of classifications and accounting
principles can help to provide readily accessilpl@ eelevant information.

% 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

Tourism Satellite Environmental accounts

Account (TSA) — (SEEA)

Monetary units Physical units
Economic aggregates | Other Environmental pressures

Residual flows Natural inputs
e w —

c |58 2 e E| 8| e
g |38l < E | 2|5 | 3| ¢lo|58
S eS| 3 5 E| 2| 2 |zElc|oEl
3|sg| 2 22| 52|53 2|28 8
& |ES| S ElZ | =2 13|[s8/s|18¢| =

Accommodation for visitors

Food and beverage serving activities

Railway passenger transport

Road passenger transport

Water passenger transport

Air passenger transport

Supply
(tourism Transport equipment rental

industries) Travel agencies and other reservation
services activities

Cultural activities

-I.’Tourism consum ption

Sports and recreational activities

Retail trade of country-specific tourism
characteristic goods

Country-specific tourism characteristic
activities

Accommodation services for visitors

Food and beverage serving services

Railway passenger transport services

Road passenger transport services

Water passenger transport services

Use Air passenger transport services

(tourism ) .
characteristic | Transport equipment rental services -

consumption | Travel agencies and other reservation
products) 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 accountsgs a percentage of total economy)

Tourism Other Tonrism Other
industries (%) industries (%) industries (%) industries (%)
Produetion 5 05 Hg 0 100
[ntermediate 5 o5 N20 0.2 99.8
consumption : & NI 0 100
Walue added i 53 Ni 5 a5
Employment 0.5 90.5 MNAMVOO 1.5 05.5
Ag ] 100 Mok Lt B4
Cd 0.3 0T Ph 2 05
CTH4 1] 100 PA10 LS B2
] 2.5 7.5 PM2.5 L) )
oz 4.5 5.5 Se 3.5 96.5
Cr 0.5 095 Sox LA )
L 5] G 94 Zn i 100
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Annex |: Derivation of examples and links to the SEA Central Framework

Note from the Editor: This annex requires additional work. It has be@assible to provide the
descriptions of the relevant data and methods fouraber of the examples presented in the chapfers o
SEEA Applications and Extensions. However, somééirclarification and confirmation of the methods
is required in some cases and in others the gedesaliption still needs to be completed.

As well, there is an important piece of work to gdete concerning the identification of relevant
references for each of the examples that can poiactual examples of the types of applications and
examples that have been shown.

These steps will be completed in the coming moastpaat of finalisation of the white-cover version.

While there is work required to complete the anribe, current draft provides a clear indication fud t
proposed style and content that has been developexspond to requests to provide additional dédail
support the examples included in the main sectdiise document.

Background

1. This annex provides an explanation of each of #@mples 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 FrameWde data used are generally based on work
undertaken in the specific analytical topics atoartry 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 tarites 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 eltEA 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,rteflry international agencies, and other matenal o
environmental-economic accounting.

3. Interested users are also encouraged to consideipridictical work on environmental-economic
accounting that has been presented to, and distusgethe 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 indicatorgg{ife 2.3)
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The preparation of this figure involved informatiam the intermediate consumption of water
distributed by ISIC Class 36 and used by detaitedstry class and estimates of gross value adaed fo
the same industries. The figure presents a conggadtthe ratio of the litres of water to the vahfe
gross value added in monetary terms (litres parevatlded in euro) at two different points in time.

In broad terms this information may be consideredrmerge 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 nedaktonore detailed to provide the information of the
type shown in Figure 2.3.

Information to form estimates of water use by iridushould be sourced from a physical supply and
use table for water as shown in the SEEA Centraiiéwork Table 3.6. The data in Figure 2.3 relate
to the intermediate consumption of distributed wéte industries. Alternative measurement scopes
for the general concept of water use may also bd depending on data availability and the analltica
requirements. The SEEA Central Framework definesesalternative indicators that may be used.

Relevant referencesTo be completed

10.

11.

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

The preparation of this figure required time seiidgsrmation on (i) the generation of carbon diaxid
emissions by industries (i.e. non-household, @®issions), (ii) changes in gross domestic product
(GDP), and (iii) the various factors driving chasge emissions by industry. Estimates of emissions
may be organised following the “Air emissions actdSEEA Central Framework, Table 3.7).

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

Some information on the factors driving changesverall emissions may be organised following the
general structure “Combined presentation for airssions” (SEEA Central Framework, Table 6.8).
However, instead of showing data by type of sultg#aimformation is needed on carbon dioxide
emissions by industry by type of fuel used. Assesdgnof “efficiency improvements” requires
information on non-fuel sources of carbon dioxidessions by industry.

Information to assess the “relocation of productiand the “switch to services” is based on the
changing mix of industrial activity over time agpented in the national accounts. To use thismeltio
accounts information it is necessary to also haf@iination on carbon dioxide emissions by industry.

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

Relevant referencesTo be completed

93



UNCEEA CONSULTATION DRAFT

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

To be completed

Relevant referencesTo be completed

12.

13.

14.

d. Analysis of imports and exports in physical amshetary terms (Figure 2.6)

The preparation of this figure is based on inteomad trade data on flows of imports and exports of
goods between and external to Europe in both paysggms (kilogrammes) and monetary terms
(euro) and adjusted to align with Balance of Payimand SNA measurement boundaries. A specific
account for organising information on trade floesbt shown in the SEEA Central Framework but,
in general terms, the organisation of this infoioratreflects the consistency in structure between
monetary supply and use tables and physical supplyuse tables (SEEA Central Framework Tables
2.1 and 2.2).

The classification of goods follows the highesteleaf aggregation used for material flow accounts
but can be aligned with the CPC.

Consideration should be given to ensuring the algmt of the conceptual scope of data in physical
and monetary terms based on the discussion inEEA S entral Framework Section 3.3.

Relevant referencesTo be completed

15.

16.

17.

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 followingetheneral structure of “Air emissions accounts”
SEEA Central Framework Table 3.7. The level of tle¢émuired will depend on how precisely flows
related to the production and consumption of foma lse traced within an economy.

The food chain is determined from analysis of inputiput tables and emissions from the relevant
activities are summed to provide an estimate @l @missions of green house gases related to food.
From the supply side, there is consideration ofh@ domestic production of food and a listinglod t
relevant industries and (ii) the importation of lo&missions generated for each relevant indusidy a
for imports are added and emissions related to fhad is exported are deducted. The relevant
industries on the supply side also include theidistion of food via transport, retailers and restent

and catering activities. On the demand side, theswmption of food requires activities such as
shopping (including associated transport), coolingd storage (e.g. refrigeration), each of which wil
generate some greenhouse gas emissions.

The total emissions reflects the sum of the supplg the demand side emissions for each relevant
activity. The proportions of the total for eachiaty can be directly determined. In this examjdeth
direct and embodied emissions for each supply anthdd activity are included.
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Relevant measurement considerations include datgrgnithe boundary of food production in
reference to industry output (i.e. there might lmn-food production by agricultural units), and
determining the treatment of agricultural outpugedifor non-food purposes (e.g. for bio-fuels).

Relevant referencesTo be completed.

19.

20.

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

The preparation of this figure requires informat@ncarbon dioxide emissions for various industries
whose outputs are commonly purchased by publiosegiencies. Similar to the articulation of the
food chain (Figure 2.7), it is necessary to usati@mhships in input-output tables to identify those
products that are purchased by public sector ageraid, from there, determine the industries which
supply those products. The figure includes thoskeistries where either the purchases by the public
sector represent a significant proportion of taidlistry output (e.g., purchases of pharmaceujicals
the purchases are a significant proportion of puddictor expenditure (e.g., construction). In taise

the scope of the public sector is limited to gehgozernment agencies.

Once the relevant set of industries has been sdlethe relevant emissions information may be
organised following the structure of the “Air emisss accounts” (SEEA Central Framework, Table
3.7). In this figure the scope of emissions ardtéithto those arising from the use of energy and in
this context it may be relevant to use data onetigk use of energy products (particularly elecy)cit
by industry from the PSUT for energy (SEEA Cenkiamework, Table 3.5).

Relevant referencesTo be completed

21.

22.

23.

g. EGSS contributions to GDP and employment (Figue¢

This figure presents information that may be saadiitem the “Environmental Goods and Services
Sector” table in the SEEA Central Framework (Ta#lé). This table includes information on the
gross value added, compensation of employees, tsxpgross fixed capital formation and
employment of various producers in the EGSS. In&diom on all of these variables can be compared
to economy wide aggregates for the same variablpsovide ratios of the type shown in Figure 2.9.

The figure shows the gross value added (GVA) ofB@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 utiizemore commonly known indicator of economic
size.

All types of EGSS producers are included in theurfgs, i.e. specialist, non-specialist and own-
account producers.

Relevant referencesTo be completed

h. Environmental tax revenue by type (Figure 2.10)
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24. The preparation of information for this figure régs time series data on different types of

environmental taxes following the definition of @mnmental taxes (SEEA Central Framework para.
4.150) and the broad categories of environmentedsta— namely energy taxes, transport taxes,
pollution taxes and resource taxes (SEEA CentaEwork para. 4.155). SEEA Central Framework
Table 4.9 is an organisation of this type of infation for a single accounting period. Also in Figur
2.12 is a comparison of total environmental taxeGDP.

Relevant referencesTo be completed

i. Energy taxes divided by energy consumption btos¢Figure 2.11)

25. To be completed

Relevant referencesTo be completed

26.

27.

28.

j- Distribution of carbon dioxide tax revenues, ssivn rights, carbon dioxide emissions covered by
the trading scheme and total carbon dioxide emissly industry (Figure 2.12)

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

Carbon dioxide taxes are and relate to specifiesypf taxes within scope of the definition of
environmental taxes (see SEEA Central Framework de¢.3). Carbon dioxide taxes (??) include
payments for tradable emission permits (of carbdoride) following the treatment summarised in the
SEEA Central Framework paras. 4.185-4.187.

Information on emission rights distributed and carldioxide emissions within the trading scheme
may be sourced from a table structured along thesliof SEEA Central Framework Table 4.10
“Account for tradable emission permits”, using adustrial classification rather than an instituéibn
sector classification. Information on total carbdioxide emissions may be sourced from a table
structured as per the “Air emissions account” (SEE&htral Framework Table 3.7).

Relevant referencesTo be completed

29.

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

The information in this figure may be sourced fritra “Physical asset account for mineral and energy
resources” (SEEA Central Framework, Table 5.8) dtedpfor the relevant resource types. Taking
into account a range of factors affecting rategxifaction it is possible to determine the expected
extractions per year. Asset lives for each resotye are derived by dividing the closing stockhaf
resource by the expected extractions per yearhfarresource. (For more details see SEEA Central
Framework paras 5.137-5.140 and 5.210-5.213.)

Relevant referencesTo be completed

96



UNCEEA CONSULTATION DRAFT

|. Production and consumption based carbon dioedgssions per capita (Figure 3.1)
30. To be completed

Relevant referencesTo be completed

m. Greenhouse gas emissions by household charstaterand household expenditure (Figures 4.3)
31. To be completed

Relevant referencesTo be completed

n. Flows from tourism-environment accounts (Tab{g 4
32. To be completed

Relevant referencesTo be completed
0. Geo-spatial analysis

33. To be completed

Relevant referencesTo be completed
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Annex IlI: Mathematical derivation of the Leontief inverse

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

Equation A.3.1. shows the technical coefficientdrima\ for the SRIO model.

A, =Z,0a)" (A3.1)

Here,Z; denotes the intermediate input matrix, wiilés the output vector. A *hat’ () indicates
that the vector has been diagonalized, that isv@otor is transformed into a square matrix with
the values of the vector on the diagonal. The I@fft@ent matrix A gives a technological
description of the intermediate input—output stwuet the quantity of intermediate input that are
required to produce one unit of output. IO modeasume that the elements of A are constant.
This fixed coefficient assumption implies that l@efficients are independent of the level of
output. In other words, the production relationkibit constant returns to scale.

The Leontief production function of the 10 modelhieh results from the fixed coefficient
assumption, exhibits complementarity between inpuiput cannot be increased by substituting
one input for another. This assumption deviatesnfraost 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 lg+y,=q (A3.2)

Rearranging this identity gives:

q=(1-A)" Oy, (A3.3)

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

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