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Preface

Policy failures in environment and development have been blamed on frag-
mented and eclectic policies and strategies. The 1992 United Nations Con-
ference on Environment and Development, the ‘Earth Summit’ in Rio de
Janeiro, called therefore for an integrated approach in planning and policy
making to achieve long-term sustainable growth and development. The Con-
ference also recognized in its action plan, the Agenda 21, that integrated poli-
cies need to be supported by integrated information, notably requiring the
implementation of integrated environmental and economic accounting by its
member States.

During the preparations for the Rio Summit, scientists and practitioners of
national accounting met in a Special Conference on Environmental Account-
ing, organized by the International Association for Research in Income and
Wealth (IARIW) in Baden, Austria. Their aim was to explore the need for and
methodologies of adjusting national accounts for environmental reasons.
National accountants had faced mounting criticism that conventional
accounting neglected new scarcities in natural capital, as well as the social cost
of environmental degradation. The result of their deliberations was a draft
manual, later issued by the United Nations Statistics Division (UNSD) as a
handbook of Integrated Environmental and Economic Accounting.

At the same time, the decade-long work on the revision of the conventional
System of National Accounts (SNA) approached its conclusion. Just in time,
the international working group, preparing the revised version of the SNA,
recognized the significance of the new field of environmental accounting. It
incorporated some of the findings of the Baden conference in its classifications
and asset accounts and elaborated the links between the central framework
and an environmental ‘satellite’ in the 1993 SNA. The result of this collabo-
ration between environmental and national accountants is a System of inte-
grated Environmental and Economic Accounts (SEEA) that is firmly anchored
in the concepts and methods of the new SNA. This does not mean, however,
that there is consensus on all the methodologies proposed in the SEEA: con-
trary to the SNA, the SEEA has not been adopted as an international rec-
ommendation but is considered to be work in progress.

A wide range of concepts, techniques, classifications and applications is still
being discussed at national and international levels. Contrary to the first
IARIW Conference, this discussion can now take into account considerable
experience gained from pilot projects of SEEA applications and other, more

ix



X Preface

limited case studies. This was indeed the main reason for convening a second
Special IARIW Conference on ‘Environmental Accounting in Theory and
Practice’, held in Tokyo, 5-8 March 1996. The Conference focused on imple-
mentation questions of the SEEA and the need for its modification for practi-
cal and theoretical reasons. As expected, a broad spectrum of approaches and
views was presented. They reflect a distinct dichotomy of monetary versus
physical accounting, and a pronounced need for gaining experience with the
use of integrated accounts in modelling and policy analysis.

This book attempts to present a fair overview of this spectrum. It goes
beyond a typical proceedings volume, cutting through the conference agenda
for a clear presentation of the most pertinent or ‘representative’ (of a particu-
lar line of thought or methodology) parts of invited and contributed papers.
Any misrepresentation is thus clearly the fault of the editors who, however,
sought the approval of the authors on a first draft of the book. The intended
result is a concise description of the state of the art in integrated environ-
mental and economic accounting. At the same time, the book also points to
emerging commonalities as a basis for future standardization of concepts and
methods.

Peter Bartelmus
Carsten Stahmer
Kimio Uno
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Introduction



1
Overview

PETER BARTELMUS

The main objective of the Special Conference of the International Association
for Research in Income and Wealth (IARIW) on which this book is based was
to take stock of concrete experiences in integrated environmental and eco-
nomic accounting. Such an assessment was believed to cut through some of
the mantras of theories and argumentation repeatedly seen and heard in pub-
lications and expert group meetings. As to be expected, this objective was only
partially achieved. A number of commonalities did emerge from the different
case studies and theoretical contributions. They included a consensus on using
the national accounts system as the basic framework for environmental
accounting, the use of certain valuations, notably net-pricing of natural
resources and maintenance costing of environmental degradation, and the
need to examine more systematically the analytical and policy uses of the
accounting results.

Of course, dissenting voices were also heard. They reflected a fundamental
dichotomy between those favouring an assessment of environmental concerns
in physical measures and others advocating monetary valuation. The former
considered valuation a matter of ‘research’ or ‘modelling’; the latter believed
that full integration of environment and economy can only be achieved by
estimating the direct and social costs of environment—-economy interaction. To
some extent, this dichotomy represents different priorities expressed by
developing and industrialized countries. The valuation of natural resources
which are traded in markets is less controversial than the valuation of
‘residuals’ or ‘externalities’ that do not become part of a market exchange. It
is not surprising, therefore, that many developing countries have made great
efforts to measure the cost of losing their natural resource base. On the other
hand, industrialized countries seem to be content with collecting physical indi-
cators of environmental (pollution) impacts and expenditures for environ-
mental protection.

All these questions, together with more technical problems of environmental
accounting, form a rich basis for future research. An attempt was therefore
made at the conference to obtain agreement on a coordinated research
agenda - with little success as far as the setting of priorities and distribution of

The author is a staff member of the United Nations. The views expressed here are his own and not
necessarily those of the United Nations.

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 3—12,
© 1998 Kluwer Academic Publishers.



4 Peter Bartelmus

research work are concerned. Nevertheless, the questions were put on the
table, and the book is to serve as a menu for a wider audience. Further stan-
dardization of concepts and methods might be achieved where consensus is
emerging, and research and experimentation should be encouraged where it is
lacking.

This two-pronged approach is reflected in the work of the United Nations
Statistics Division (UNSD) which developed a System of integrated Environ-
mental and Economic Accounting (SEEA), closely linked to, but separate
from, the globally adopted System of National Accounts (SNA). A number of
pilot projects tested the SEEA and form the bulk of national experience with
environmental accounting. Those studies revealed the need for a straightfor-
ward ‘hands-on’ description of the more practical recommendations of the
generic SEEA handbook. Chapter 2 by Alessandra Alfieri and Peter Bartelmus
presents an outline of the core chapter of an operational manual, building on
commonly applied methodologies. The manual uses a step-by-step approach
to lead the practitioners of national (environmental) accounting through the
minimum requirements for the implementation of the basic versions of the
SEEA. By contrast, the last part of the book, prepared by Kimio Uno, sum-
marizes the main unresolved questions in a tentative research agenda. This
agenda should be a good starting point for research and experimentation,
leading eventually to the revision of the SEEA.

The main parts of the book are ordered so as to reflect the transition from
concrete experiences to conceptual and analytical questions. Part II describes
the approaches and results of environmental accounting in selected industrial-
ized and developing countries. A number of equally interesting studies were
presented for Colombia, Costa Rica, Ghana and Thailand but are not shown
here, mainly because of space limits, but also to avoid repetition in describing
similar approaches. Part III deals with an expanding area of research and
application, notably in industrialized countries, i.. the physical accounting of
natural resources and space. Part IV addresses theoretical questions, especially
the valuation of non-market environmgntal phenomena, and discusses pos-
sibilities of the analysis (through modelling) of the accounting results. Many
questions raised in parts I1I and IV remain unresolved. The linkage of physical
and monetary accounting is a particularly important concern as it might over-
come the above-mentioned dichotomy between physical and monetary data
systems. These and other questions of a conceptual, methodological and pro-
grammatic nature, raised in part IV, will need further exploration and are
therefore included in the research agenda of part V. The following provides a
brief summary of the key questions addressed in the individual contributions.

Country experiences

Chapters 3, 4 and 5 describe the results and problems implementing the
SEEA and related approaches in countries at different stages of development.
The description of the SEEA in Chapter 2 provides the methodological back-
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drop against which the scope, coverage and methods of the country studies
can be assessed.

Katsuki Oda, Kiyoshi Arahara, Nobuyoshi Hirai and Hideki Kubo present
trial compilations of the SEEA in Japan for 1985 and 1990. Their paper pro-
vides a detailed account of the concepts, methods and estimations applied.
Given the relatively low significance of the use of domestic natural resources, a
maintenance costing approach is applied for both environmental degradation
and natural resource depletion. In addition, actual expenditures for environ-
mental protection are compiled, including the cost of ‘externalized’ internal
protection carried out within industrial establishments. The relatively low
amount of environmental costs of about 2-3% of NDP (in 1990) is probably
due to undercoverage of pollutants, the shift of the sustainability burden to
foreign countries through importation of natural resources rather than domes-
tic exploitation, and successful pollution control. It is planned to extend the
coverage of environmental protection expenditures and pollutants and to
improve methodologies through marginal rather than average costing and
constant-price accounting. The use of accounting results for the analysis of
Japan’s dependence on foreign countries, regarding the sustainability of eco-
nomic performance and growth, is also envisaged.

In contrast to the Japanese study which was carried out by the national
accountants of the Economic Planning Agency, a pilot compilation for the
Republic of Korea was conducted by a research institute, in cooperation with
the United Nations. Seung-Woo Kim, Jan van Tongeren and Alessandra
Alfieri discuss data availability, estimation procedures and data analysis. They
call not only for the improvement and extension of data collection but aiso for
the ‘institutionalization’ of environmental accounting within the official sta-
tistical services. As in the case of Japan, scant natural resource endowment,
omission of possible depletion of fishing grounds and undercoverage of pol-
lution account for the relatively low environmental cost compiled, amounting
to 4.1% and 2.6% of NDP in 1986 and 1992 respectively (including environ-
mental cost of private consumption: own calculation from project data). An
attempt is also made to link environmental impacts to economic responses of
protection expenditures by industries. However, no clear relation between the
cost of environmental asset use and environmental expenses could be estab-
lished.

A project of SEEA application in the Philippines, presented by Estrella V.
Domingo, focuses on the natural resource base and its depletion. The project
was carried out by the National Statistical Coordination Board (NSCB) which
compiles the national accounts for the country. The results demonstrate the
feasibility of compiling natural asset accounts in physical and monetary terms
in a developing country without entering into primary data collection. In the
words of the author: ‘lack of data should ... not prevent a country from
pursuing environmental accounting’. The accounts for mineral resources,
forests and fish indicate significant depletion since the late 1980s, with decreas-
ing depletion rates in minerals and forests but increasing depletion rates for
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aquatic resources. Overall, environmentally-adjusted net domestic product
(EDP) ranged between 96% and 99%, approximating NDP over time with a
slightly higher growth rate than NDP. It is intended to expand the scope and
coverage of the project to include environmental degradation from emissions
of pollutants, as well as expenditures for environmental protection.

The next study describes a different approach to environmental accounting
in the same country but conducted outside the official statistics system.
Marian S. Delos Angeles and Henry M. Peskin present the results of a USAID-
sponsored Environmental and Natural Resource Accounting Project
(ENRAP) in the Philippines. The project applies a ‘neoclassical’ accounting
approach proposed by Peskin. The objective is to go beyond national income
accounts in costing the outputs of nature’s environmental production system
as well as its inputs of environmental damage. This expansion of the pro-
duction boundary is the main difference from the SEEA application carried
out by the national accountants. A comparison of the results of the two
systems shows the significance of alternative concepts and definitions, with
much lower environmental cost estimates in the ENRAP. Overall, the project
estimates that the net effect (net benefit) from environmental services results in
an increase of NDP for 1988 and a slight decrease for 1992. Total pollution
control costs are also much greater than the expected benefits of environ-
mental protection. The conclusion is that wholesale pollution control is not
warranted and more detailed targets need to be established for particular
environmental policies. Contrary to the NSCB study presented in Chapter 5,
the authors conclude that environmental accounting should be addressed by
an independent group (i.c. ENRAP) rather than the official statistical system.

The approach followed in the USA, described by J. Steven Landefeld and
Stephanie L. Howell, differs from the previous studies by focusing only on
mineral resources and by being ‘modelled’ on the SEEA. This modelling
results in one major deviation from the SEEA by accounting for mineral
resource discovery and environmental protection as capital formation. Such
accounting largely offsets environmental depletion and degradation. Consider-
ing that SEEA accounting procedures would show an environmental
(depletion) cost of between 15% and 78% of the net value added generated by
the mining industry during 1977-1991 (according to our own calculation from
the original data), this demonstrates again the influence of alternative concepts
and accounting rules on environmentally adjusted economic aggregates. Other
results of the asset accounts show the significance of subsoil assets whose
(stock) value is estimated at two to four times the value of associated
(produced) capital. The Bureau of Economic Analysis plans to implement two
further phases in which renewable resources will be included and environ-
mental asset depreciation will be estimated for air, water, land and forests.

The input-output framework of the national accounts is used by Deborah
Vaughn Nestor and Carl A. Pasurka, Jr to measure the goods and services
that constitute environmental protection (EP) activities in the USA. The
framework is based on SEEA concepts, and thus produces data that are con-
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sistent and comparable with conventional national accounts aggregates. This
is considered to be a major advantage over estimations of revenues and
expenses outside the national accounts. The results show that the share of
direct value added generated by EP ranged between 0.64% and 0.80% of GNP
between and during 1977 and 1991; these shares more than double (to 1.53~
2.12%) when indirect value added contributions to EP production are
included. The disaggregation of the conventional input—output table was made
by using survey results, engineering studies and other information from federal
agencies. Current and future activities of the US Environmental Protection
Agency will expand the approach to estimate emissions generated in pro-
duction processes and explore the use of these data in a general equilibrium
model.

The Dutch National Accounting Matrix including Environmental Accounts
(NAMEA) shows environmental indicators of pollution and natural resource
losses in physical units linked to the causing economic transactions of the
national accounts. Steven Keuning and Mark de Haan describe the NAMEA
and show how, for a more aggregate presentation and analysis, emissions of
the different substances are converted into (Dutch) policy ‘theme equivalents’.
The result is an accounting format which is quite similar to the SEEA (as
described in the physical data sheets of Chapter 2) but which excludes the
asset accounts and stops short of monetary valuation of environmental costs.
As a consequence, shares of direct and indirect contributions to themes
(greenhouse effects, ozone layer depletion, acidification, eutrophication, waste)
by different industries can be compared with the shares of these industries in
GDP. All in all, these calculations indicate that a guilder of demand for food
(including indirect contributions by agriculture) contributes most to the green-
house effect while a guilder of demand for manufactured products generates
most waste and ozone layer depletion. The further expansion of NAMEA to
incorporate sociodemographic accounts in a System of Economic and Social
Accounting Matrices and Extensions (SESAME) is currently being explored
by Statistics Netherlands.

Physical and spatial accounting

Addressing both monetary and physical accounting, Alice Born’s paper pro-
vides a pertinent transition to the following parts of the book, dealing with the
concepts and methods of physical accounting on the one hand and monetary
valuation on the other hand. Accounting for natural wealth in both monetary
and physical terms is needed to obtain a comprehensive picture of the avail-
ability of natural resource stocks and material flows (in physical quantities)
and of their economic significance for production and income generation (in
monetary values). The monetary value of wealth and wealth per capita are key
indicators of the sustainability of an economy; however, as time series of the
quantities and present values of Canada’s mineral resource stocks reveal, mon-
etary wealth figures do not clearly indicate trends in the remaining reserves
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from which income is to be derived. ‘From a national accountant’s per-
spective, a natural resource is as much an economic as a physical concept’.
Opverall, the results of expanded wealth accounts (for produced and subsoil
assets, and land) indicate that Canada’s wealth and wealth per capita are being
maintained and are increasing over time.

A physical accounting project in Namibia is based on the stock and use
accounts of the SEEA. Glenn-Marie Lange describes work in progress on the
compilation of accounts for water and water-based resources, marine fisheries,
land and land-based resources, livestock, wildlife, and minerals. Given the
dependency of the economy on natural resource exploitation, physical
accounts are considered to provide insight into economic performance, assess
the interaction of the economy with the environment and provide input into a
model of the resource implications of national development strategies. Expan-
sion into monetary accounting is planned to capture mineral resource rents,
measure the value of water for different uses and to assess land values as an
input into land use planning and land reform.

The above project of natural resource accounts in Namibia can be seen as
the physical basis of integrated environmental and economic accounts. The
following chapters describe approaches of material/energy and land (use/
cover) accounting which go beyond the SEEA proposals in providing greater
detail on material flows and spatial distribution of activities and impacts.

Walter Radermacher and Carsten Stahmer present three practical applica-
tions of a broad physical information system: material flow accounts, physical
input—output tables and emission matrices linked to the input—output tables.
A novel and ‘unaccustomed’ feature of physical accounts at the macro-
economic level is the aggregation of material flows in weight units (tons). Such
an approach cannot, of course, account for the ecological risks associated with
particular material flows. On the other hand, some interesting results emerge
from such accounting in Germany. They include a surprisingly high amount of
‘unutilized” material deposits (slag, excavated soil) when compared with the
useful (processed) material or ore extracted, a somewhat slower growth in
materials ‘bound’ (accumulated) in the economy, and considerable increases in
quantity throughputs through the economy (during 1960-1990). The next step
in expanding material flow accounts is to introduce production and consump-
tion processes in physical input-output tables that incorporate nature as a
production factor. The first results of such a table are presented for Germany.
By linking emission data to the extended input-output table direct and
indirect (cumulative) emissions can be compiled for the different economic
activities.

The physical accounts presented above as part of the official statistics of
Germany are further explored by staff of a research institute in Wuppertal.
Stefan Bringezu, Ralf Behrensmeier and Helmut Schiitz assess what they call
the ‘ecological rucksack’ (backpack) of imports and exports, ie. the
environmental impacts generated by domestic and foreign use of materials.
These calculations are to extend the sustainability analysis of economic
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growth to the rest of the world. Both material intensity and environmental
burden are also linked to industries and final demand categories. For
Germany, the non-ferrous metal industry imports the highest total material
input, i.e. the weight of raw materials and the associated ‘rucksack’ of material
inputs that are not incorporated in products (wastes and emissions). The
authors claim that physical accounting and analysis are a good substitute for
economic valuation, indeed a superior approach to measuring the interaction
between economy and environment.

It will take about 81 years to cover Germany with human settlements
according to a business-as-usual scenario of land use extrapolation. Walter
Radermacher uses this scenario and others to demonstrate the significance of
accounting for land use and its pressures on the environment. A pilot project
for a selected region is to assess the feasibility of presenting physical environ-
ment statistics in an accounting scheme that combines land use/cover accounts
with geo-referenced environmental and economic data. Setting out from the
core accounts, developed under a UN/ECE programme of physical account-
ing, supplementary (issue-orientated) accounts are being developed for
Germany. Issues include land use by economic activities, partitioning of land
and habitats by traffic ‘lines’, soil sealing and vegetation cover, and the degree
of artificiality of landscapes. The main conclusion from the pilot project is that
the linkage of land use accounts to economic activities obtains specific pres-
sure indicators. However, the statistical linkage of pressure indicators to
changes in the state of the environment requires further investigation.

Andrew Stott presents land use accounts for the UK. The accounts are based
on the Countryside Survey, which included a land cover census, remote
sensing data and a sample (field) survey. Accounts that measure rural land
cover change provide the key paramenters for policies on agriculture, forestry,
control of development, biodiversity and quality of life. However, these
accounts do not measure changes in quality or value. To this end, ‘biotope
accounts’ were formed which permit the classification of land by use intensity,
according to an index of intensity of management. To assess the conservation
value, in terms of botanical diversity, the mean number of species per plot has
to be measured. The results show that a relatively small increase in use inten-
sity can be accompanied by a considerable loss of botanical diversity within
some biotopes. The paper also demonstrates that different scales of resolution
yield different rates and trends in land cover change. National accounts may
thus obscure ecological and environmental change which occur at the sub-
national level, but which can be captured in ‘zonal landscape accounts’.

Concepts, methods and analysis

Valuation has emerged as the central and most divisive issue of environmental
accounting. Peter Bartelmus assesses the discussion to date, setting out from a
basic dichotomy between monetary environmental economics and accounting,
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and non-monetary or physical indicator development and use. Both environ-
mental economists and environmentalists aim at integrating economic, social
and environmental concerns in what they perceive as sustainable development.
Integrated environmental and economic accounting achieves the highest
degree of data integration by different categories of valuation: market valu-
ation, maintenance costing, and contingent and related valuations. The abil-
ities of these valuations to incorporate environmental concerns into the
national accounting system are discussed from theoretical and practical (data
availability) points of view. Operational concepts of sustainable economic
growth are advanced, based on the key indicators of integrated accounting.
Supplementary indicator sets are needed to capture non-economic aspects of
sustainable development such as health, biodiversity, equity or political
freedom. Given the current state of consensus in this new area of applied sta-
tistics, the author advocates a two-pronged approach of standardization of
concepts and methods for capacity building at the national level while, at the
same time, encouraging a pluralism of approaches and experimentation by the
research community.

Anton Steurer, G. Gie, Christian Leipert, Carl Pasurka and D. Schifer
explore the treatment of one element of environmental accounting which is, in
principle, already part of the conventional economic accounts. Environmental
protection expenditures (EPE) are considered as a subset of ‘defensive
expenditures’ that deserve greater visibility in national accounts. The authors
argue that newly introduced EPE are fully contained in GDP at current prices
and can thus be considered as a ‘true share’ of this aggregate. In constant
prices, however, only final uses enter the GDP value since intermediate uses of
EPE translate into price increases. This argumentation is distinguished from
the question of actual increases or decreases of GDP resulting from EPE — an
issue to be resolved through modelling.

The difficulties of linking ‘costs caused’ and ‘costs borne’ are discussed by
Jyoti K. and Kirit S. Parikh in their overview of valuations in environmental
projects. This discussion might be the much needed beginning of research into
the linkages between cost-benefit analysis at the project or programme levels
and national accounting at the sectoral and macroeconomic levels. The paper
also shows the problems of measuring and valuing the benefit (of environ-
mental functions) and damage (of function losses from pollution) valuations.
There are considerable differences in the results between methods of contin-
gent valuation and indirect market studies, though the differences ‘do not look
outrageous’ to the authors. However, the range of these estimates (from one
half to four times) might increase considerably at the national (accounting)
level. Human capital assessment in monetary and physical terms is another
issue addressed, whose incorporation into integrated accounts would provide
for a broader analysis of the sustainability of production and income
generation.

Michael Ward and Kirk Hamilton set out from a critique of the SEEA
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similar to the one offered by Bartelmus (Chapter 16). The SEEA is seen as a
valid framework whose contents as to valuation need to be made more precise.
Through differential analysis (rather than the difference equations used in
Chapter 16) they come to similar assessments of the Hotelling rent valuation
and the El Serafy method, advanced for the measurement of natural resource
depletion. Both methods are practical techniques with the former catering to
optimization of resource use and the latter to ‘neutral’ expectations of con-
stant profits. However, the authors favour the income-oriented El Serafy
method over the (net) production-oriented approach of rent valuation. This
view contrasts with Bartelmus’s assessment of the net-price method as more
consistent with the national accounts concept of capital consumption. For the
valuation of pollution impacts, the SEEA’s ‘cost caused’ notion is recom-
mended though its maintenance costing is rejected, again contrary to the find-
ings of Chapter 16. Bartelmus, in fact, uses the Hamilton analysis to show how
(marginal) maintenance costing can be justified for measuring environmental
externalities. Genuine savings are advanced as an alternative to SEEA indica-
tors of green GDP and capital accumulation, making similar deductions for
environmental depletion and degradation costs.

‘Soft’” modelling, beyond direct observation, is already common practice in
national accounting, according to André Vanoli. The costing of non-marketed
outputs, hypothetical goods baskets in constant-price aggregates and the role
of expectations in capital consumption measures are examples of modelling in
the central national accounts. Much of the paper deals with modelling aspects
inherent in contingent and maintenance valuations of different versions of the
SEEA. The author presents a number of challenges to, as well as agreements
with, some of the conclusions reached by Bartelmus (Chapter 16). Converging
views are presented on the need to include soft or descriptive modelling in
environmental accounting, a critique of demand-side (contingent) valuation
and the non-viability of combining exchange values and welfare measures that
include consumer surplus. On the other hand, the authors disagree on the
deduction of maintenance cost (standing on weak theoretical grounds accord-
ing to Vanoli), on the interpretation of maintenance costing as a ‘moral’ ques-
tion (referring to desirable environmental action), and on the characterization
of environmental accounting as ‘largely a modelling construct’.

A critique of the SEEA is also provided by Henry M. Peskin. The author
distinguishes between two main functions of accounting, namely score keeping
or the recording of performance, and management or policy support. Both
functions are addressed in the main comprehensive accounting systems that
extend the national accounts, i.e. the SEEA and the Peskin framework of the
Environmental and Natural Resource Accounting Project (ENRAP) (see
Chapter 6 for an application of this framework). While ‘having much in
common’, the author contends that the SEEA is consistent with the conven-
tional national accounts, the SNA, but less so with (neoclassical) economic
theory. This makes the ENRAP the ‘more correct approach’ whereas the
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SEEA might be ‘more practical to implement’. In practice, the process of
implementation, i.e. ‘accounting’, is considered to be more important, owing
to its data generation capability, than its results, ie. the ‘accounts’. As to
policy uses and analysis, physical accounts may provide the appropriate inputs
into regulatory policies and models of policy simulation and programming;
cost and expenditure accounts, on the other hand, produce score keeping indi-
cators such as a green GDP and are aimed at sectoral and macroeconomic
impact analyses.

Bernd Meyer and Georg Ewerhart present a dynamic input—output model
which assesses the implications of different CO, reductions for economic
(GDP) growth and structural change. The model is considered superior to
general equilibrium models as it assumes the long-term implementation of an
environmental policy instrument, rather than a one-time adjustment. Under
the model assumptions, notably full environmental cost incidence and cost
compensation (from pollution permit revenues), the high CO, reduction sce-
nario indicates that in West Germany a 30% (as compared to the 1990 emis-
sion figure) reduction can be achieved with a relatively small loss of about 3%
of forecasted GDP. This would be done largely through structural change in
consumption and production patterns. Further coverage of other pollutants
and environmental policies is envisaged in future versions of the model.

Identifying research priority

The last part of the book builds on a historical perspective of environmental
accounting and indicator development to advance a research agenda for the
generation and use of environmental data. Kimio Uno describes the develop-
ment of integrated environmental and economic accounting and of indicators
of sustainable development, as requested by the Earth Summit in Rio de
Janeiro in its Agenda 21. He then advances six priority items for research in
these areas. The linkage of physical and monetary indicators is considered as
an essential feature of a comprehensive information system of environment—
economy interaction. International aspects of integrated accounting require
further elaboration, given the significance of transboundary economic and
environmental flows and impacts. The effects of structural change in pro-
duction and consumption patterns need to be explored in intertemporal
analysis of the results of environmental accounting and indicator compilation.
Input—output tabulations, which are an extension of the conventional acount-
ing framework, are a suitable means for measuring technological change and
its effects on the environment, and the sustainability of economic growth.
Social aspects of the quality of life, notably inequities in the distribution of
income and environmental impacts, need to be explored through appropriate
indicators. Finally, models of alternative scenarios of the sustainability of
growth and development would have to take account of all of the research
issues described above.
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Implementation of environmental accounting: towards
an operational manual

ALESSANDRA ALFIERI AND PETER BARTELMUS

Introduction

Accountability of economic activity for its impacts on the environment is at
the heart of sustainable development. Accounting for both, socioeconomic per-
formance and its environmental effects, is a first step towards integrating
environmental concerns into mainstream economic planning and policies. This
is because national accounts have provided the most widely used indicators
for the assessment of economic performance, trends in economic growth, and
the economic counterpart of social welfare. However, various flaws of conven-
tional accounts may have sent the wrong signals to decision makers who, as a
consequence, may have set society on a non-sustainable path of development.
In assessing cost and capital, national accounts have neglected, on the one
hand, new scarcities of natural resources which threaten the sustained pro-
ductivity of the economy and, on the other hand, the degradation of environ-
mental quality and its effects on human health and welfare. In addition, some
expenditures for maintaining environmental quality are accounted as increases
in national income and product; this is despite the fact that such outlays could
be considered a maintenance cost to society, rather than social progress.

It has been argued that the traditional System of National Accounts (SNA)
(Commission of the European Communities et al., 1993) should be replaced by
‘green’ accounts. National accountants and mainstream economists disagree,
pointing out that conventional accounts serve many short- and medium-term
purposes of market observation and business cycle assessment. Moreover,
these accounts are based on observable data, whereas environmental account-
ing would require numerous and controversial estimations and valuations.

In the absence of international consensus on how to incorporate environ-
mental assets and the costs and benefits of their use into national accounts, the
United Nations Statistics Division (UNSD) developed an SNA ‘satellite’
System of integrated Environmental and Economic Accounting (SEEA) rather
than modifying the core SNA itself. This approach was confirmed by the
United Nations Conference on Environment and Development in its Agenda
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not necessarily those of the United Nations.
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21. The Conference also recommended that systems of integrated environ-
mental and economic accounting be established in all member States ‘at the
earliest date’ (United Nations, 1993b, para. 8.42).

Reflecting the broad range of proposed methodologies for ‘greening’ the
national accounts, UNSD issued an interim version of a handbook on Inte-
grated Environmental and Economic Accounting (United Nations, 1993a)
which incorporated most of those methodologies in different versions of the
SEEA. The handbook was tested in a number of country projects! which
demonstrated the feasibility of implementing the more practical (as far as data
availability and policy use are concerned) modules of the SEEA. The country
applications also revealed the need for a simpler guide to the implementation
of the SEEA, especially in countries with limited statistical capacities and for
data users that are not familiar with the complexities of national accounts.

UNSD, in cooperation with the United Nations Environment Programme
(UNEP), proposed therefore to develop an operational manual which would
provide easy access for both data users and producers to the concepts and
methods of integrated accounting. To assist in this effort UNEP convened a
working group, the so-called ‘Nairobi Group’, in October 1995. The Group
met again in November 1996 to discuss a first draft of the manual. The core
section of this draft, prepared by the UNSD, presents a step-by-step guide on
how to implement the commonly applied modules of the SEEA. Those steps
are presented below after a brief introduction of the overall structure and con-
tents of the SEEA. The final section describes some of the experiences gained
in formulating and organizing country programmes of integrated accounting.

The system of integrated environmental and economic accounting

The SEEA addresses the above-mentioned flaws of conventional national
accounts by means of alternative versions or modules. This building-block
approach allows SEEA users to choose among different approaches according
to their priorities and statistical capabilities. The main objectives of the differ-
ent SEEA versions are:

(a) Segregation and claboration of all environment-related flows and stocks of
traditional accounts. The purpose of this version is to present separately
environmental protection expenditures. These expenditures have been con-
sidered as part of the costs necessary to compensate for the negative
impacts of economic growth, in other words, as ‘defensive expenditures’
(Leipert, 1989).

(b) Linkage of physical asset accounts with monetary environmental accounts
and balance sheets. Physical asset accounts cover the total stock or
reserves of natural assets and changes therein, even if those assets are not
(yet) affected by the economic system. Natural asset accounts thus provide
the physical counterpart of the SEEA’s monetary asset and flow accounts.
They were pioneered by Norway (Alfsen et al., 1987), and further devel-
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oped by France as ‘natural patrimony accounts’ (Theys, 1989) and by
German scientists as ‘material/energy flow accounts’ (Radermacher and
Stahmer, 1996).

(c) Assessment of environmental costs and benefits. The SEEA expands and
complements the SNA with regard to costing (1) the use (depletion) of
natural resources in production and final demand, and (2) the changes in
environmental quality, resulting from pollution and other impacts of pro-
duction, consumption and natural events on the one hand, and environ-
mental protection and enhancement on the other.

(d) Accounting for the maintenance of tangible wealth. The SEEA extends the
concept of capital to cover not only man-made but also natural capital.
Natural capital includes scarce renewable resources such as marine
resources or tropical forests, non-renewable resources of land, soil and
subsoil assets (mineral deposits), and cyclical resources of air and water.
Capital formation is correspondingly changed into a broader concept of
capital accumulation.

(e) Elaboration and measurement of indicators of environmentally adjusted
product and income. Consideration of the costs of depletion of natural
resources and changes in environmental quality allows the calculation of
modified macroeconomic aggregates in different SEEA versions. Indicators
thus compiled include, in particular, an environmentally adjusted net
domestic product (EDP).

Integrated accounts can be used to assess two major aspects of economic
policy:

(a) the sustainability of economic growth as conventionally measured by
increases in NDP and its main determinant capital formation; and

(b) the structural distortion of the economy by environmentally unsound pro-
duction and consumption patterns.

The former calls for macroeconomic policies that reorient economic growth
toward a sustainable path. The latter aims at the internalization of environ-
mental costs into the budgets of households and enterprises.

Conventional indicators of national income or product are typically used in
the measurement and analysis of economic performance and growth. EDP or
similar aggregates could therefore be introduced into such analyses. In partic-
ular, environmentally sustainable (allowing for depletion and degradation
costs) economic growth could be defined as ‘upward trend of EDP’
(Bartelmus, 1994a, p. 70). Replacing conventional growth indicators, notably
GDP or NDP, by EDP and expanding the scope of key variables such as
capital in dynamic growth models could thus provide early warning signals
about the trends and the limits of sustainable economic growth.

Given the inefficiencies of command and control measures in environmental
protection and natural resource conservation, the application of market
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instruments of effluent charges, tradable pollution permits, etc. has generally
been advocated. These instruments aim to internalize external (dis)economies
into the budgets of households and enterprises in order to achieve an optimal
allocation of scarce resources. Integrated accounting can help define those
instruments and measure the appropriate levels of fiscal incentives (subsidies)
or disincentives (charges etc.).

Implementation: a step-by-step approach

The proposed operational manual translates the complex methods of inte-
grated environmental and economic accounting into a logical sequence of
activities within the overall SEEA framework. This is achieved by means of a
set of steps and related worksheets. The worksheets represent tabulations of
the raw data that need to be compiled from different sources and processed in
order to fit them into the ultimate accounts. Figure 1 shows the position of the
different worksheets in the overall framework of the SEEA, described in
generic terms above. Additions to and modifications of conventional economic
accounts are indicated in shaded boxes. Given the operational nature of the
manual, a detailed conceptual discussion, notably of alternative approaches, is
generally avoided.? The following 10 steps encompass the full work pro-
gramme required to establish the basic accounting framework, to modify it for
environmental purposes, to compile physical and monetary stock and flow
accounts and to present the results in final tabulations.

Step 1:  Compilation of the conventional supply and use accounts

Worksheet (WS) 1 shows how the data systems for produced and non-
produced (natural, non-financial) economic assets can be integrated into one
framework of supply and use and asset accounts. Such integration is essential
for environmental-economic analysis as it permits to extend and link conven-
tional accounts and accounting identitics, incorporating environmental assets
and changes therein.

The SEEA tabulations will differ from the conventional accounts even in
WS 1 with regard to its classifications. For environmental accounting, the
International Standard Industrial Classification of All Economic Activities
(ISIC) (United Nations, 1990) will show, at a higher level of detail, those
industries that are particularly relevant for environmental analysis.

Step 2: Identification and compilation of environmental protection expenditures

Environmental protection (EP) expenditures are actual expenses incurred by
industries, households, the government and non-governmental organizations
(NGO:s) to avoid environmental degradation or eliminate the effects after deg-
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Figure 1. Framework for integrated environmental and economic accounting.

radation has taken place. EP products and services are included in the SNA,
but are usually not identified separately in the conventional production and
final use accounts. They are, therefore, displayed separately in WS 2 as a
subset (‘of which’) of output, intermediate consumption, consumption of fixed
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Asset accounts by type of assets

Non-produced
Produced assets economic assets
Opening stocks of Opening stocks of

non-produced

produced assets N
economic assets

Supply and use accounts

Isic

Output Imports
Intermediate "
onsumption Exports Final consumption Gross capital
@ P formation
Consumption of -
fixed capital: Consumption of
produced assets fixed capital
Value added. net
NDP
Asset accounts
by industry:
Produced assets.
Non-produced Other changes in Other changes in
assets volume of volume of
produced assets non-produced
economic assets
Holding Holding
on i on
non-produced

produced assets N
economic assets

Closing stocks of
non-produced
produced assets economic assets

Closing stocks of

Worksheet 1. 1993 SNA, supply, use and asset accounts.

capital, capital formation, imports, exports and final consumption. A draft
Classification of Environmental Protection Activities (CEPA) is proposed in
the SEEA for the identification and measurement of EP expenditures. Though
sometimes suggested (Daly, 1989; Leipert, 1989; Pearce et al., 1989), these
so-called ‘defensive expenditures’ are not deducted from conventional
accounts indicators.

WS 2 is the comprehensive framework for compiling expenditures on
environmental protection services and facilities in the supply/use and asset
accounts. In practice, it is hardly possible to collect or estimate the data for all
blocks in WS 2, notably the intermediate consumption of environmental pro-
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tection goods and services for the production of external and ancillary
environmental protection outputs.

Step 3:  Compilation of produced asset accounts

Another category of the more or less natural environment which is already
part of the conventional flow and stock accounts is the produced natural asset.
In order to assess comprehensively the level, distribution and changes in
national wealth inclusion of the produced asset accounts (described in detail in
the SNA), in addition to non-produced (economic and environmental) asset
accounts (see steps 4 and 6 for the definition of these categories), is recom-
mended.

WS 3 distinguishes between ‘produced natural assets’ and ‘other produced
assets’. SNA codes are shown in parentheses for the different transactions pre-
sented in the worksheet. The following activities have to be carried out to fill
in the worksheet:

3.1 estimate asset/inventory stocks at the beginning of the accounting period
(from wealth survey or research studies);

3.2 incorporate national accounts data on capital formation, changes in
inventories and capital consumption;

3.3 introduce the economic appearance of produced assets, i.c. works of art,
historical monuments etc. which previously had not been recognized as
economic assets;

ISIC

Produced natural assets | Other produced assets

Opening stock Value of livestock for breeding,
orchards, plantations, timber
tracts

Capital formation - Acquisition less disposal of
- Grass fixed capital formation (P.51) | mature animals, trees etc.,
- Changes in inventories (P. 52,53) | including acquisition of

- Consumption of fixed capital (K.1) immature, animals, trees etc.
produced on own account

- Natural growth

Other volume changes Reduction of value of fixed
- Economic appearance of produced | assets
assets (K.4)

- Catastrophic losses (K.7)
- Other (K.8,9,12)

Revaluation (K.12) Holding gains and losses

Closing stock Value of livestock for breeding,
orchards, plantations, timber
tracts

Worksheet 3. Monetary asset accounts — tangible fixed assets, including produced natural assets.
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3.4 assess other volume changes due to natural disasters or other destruction
and uncompensated seizures by authorities (the latter are part of the
‘other’ row in WS 3);

3.5 estimate asset/inventory stocks at the end of the accounting period (in
current prices);

3.6 calculate revaluation (holding gains and losses) as the difference between
3.1, modified by 3.2, 3.3 and 3.4, and 3.5.

Step 4: Compilation of physical natural resource accounts

The term ‘natural resource’ is used in the SEEA in a somewhat broader sense
than SNA’s definition of ‘economic non-produced assets, natural assets’. In
the SNA, they are those natural assets over which ownership rights are
enforced and which provide economic benefits to their owners. The products
of economic assets are generally valued in the market, either directly or indi-
rectly (see below, step 5). In the SEEA, the ownership and control criteria are
slackened to include also those resources that are currently exploitable or
likely to be so, for economic purposes, even if no explicit ownership or control
is currently exerted over these resources (e.g. in the case of fish in the oceans or
commercially exploitable timber in tropical forests). Economic assets (in this
broader, SEEA, sense) are thus distinguished from environmental assets; not
so much because of any scarcity criteria, which apply to environmental assets
as well, but because market values for economic assets are readily available
and most of these assets are alrecady defined and classified in the conventional
accounts.

WS 4 records the stocks and changes therein in physical measures (km?,
tons) during the accounting period. Opening and closing stocks are measured
as the quantity available (reserves, inventory) at the beginning and end of the
accounting period. Changes in quantity are brought about by the direct use/
exploitation of the asset, including extraction of minerals, logging, fish catch,
water abstraction etc. Quantity change is a gross concept, distinguished from
‘depletion’ which represents exploitation of renewable resources beyond sus-
tainable levels or yield. Natural resource depletion is the notion underlying
environmental costing described below under step 5.

Changes in the quality of natural resources affect their productivity and
value. Quality changes are thus necessary (physical) inputs in measuring
environmental costs but are difficult to incorporate into physical asset
accounts. They are therefore shown in shaded arcas below the closing stocks
of the worksheet.

Other accumulation and other volume changes in the SEEA are those quan-
titative changes in the asset accounts which continue to be accounted for
outside the production and income accounts. They do not affect, therefore,
value added and income generation (as ‘cost’), but are important elements in
the assessment of the availability of natural resources. Other accumulation is
distinguished from other volume changes, with the former referring to changes
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due to economic decisions or interest, and the latter referring to non-economic
causes (political or natural events/disasters).

Step 5:  Valuation of ‘economic’ natural resources

The SEEA applies different methods of monetary valuation to different cate-
gories of natural assets.* The manual proposes to use the so-called net-price
and user-cost methods to determine the value of economic (in the accounting
sense discussed above) assets and their use. WS 5 is thus the result of applying
monetary unit values to the physical stocks and stock changes of a somewhat
modified WS 4. The worksheet maintains the same column headings for the
different categories of natural resources but modifies the row headings. Two
further items ‘depletion’ and ‘degradation’ are introduced in particular. They
are based on the (physical) items ‘changes in quantity’ and ‘quality’ of WS 4,
but differ due to the introduction of sustainability criteria into the monetary
accounts. It can be shown that these criteria are an extension of a sustainabil-
ity (capital maintenance criterion) already inherent in conventional production
and income accounting.® Thus, not all direct use of natural assets of resource
extraction and waste/pollution disposal is to be valued here, but only that part
that is not renewed or safely absorbed.
The following activities need to be carried out for the compilation of WS 5:

Application of the net price method

5.1 determine the market prices of different natural resource outputs:
domestic or export price as applicable,
price at the beginning and end of the accounting period and average
during the period;
5.2 assess the total factor cost per unit of resource output:
including normal return to capital,
unit cost at the beginning and end, and average cost during the
accounting period;
5.3 calculate the net price as the difference between 5.1 and 5.2;
5.4 apply market value or net price at the beginning of the accounting period
to the opening stocks of non-produced economic assets;
5.5 apply average net price to volume changes of non-produced economic
assets:
exploitation/extraction (beyond sustainable use/yield), other accumula-
tion, other volume changes;
5.6 apply market value or net price at the end of the accounting period to
the closing stocks of non-produced economic assets;
5.7 calculate revaluation item as balance between opening and closing stocks
and all other changes listed in WS 5;
5.8 enter environmental (depletion) costs into the SEEA (Figure 1).
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Calculation of the user cost allowance

5.9 estimate the lifetime of the resource at current exploitation rates;
5.10 establish the discount rate as the opportunity cost of next-best invest-
ment;
5.11 compile the net return from the sales of the resource during the account-
ing period:
either directly,
or by multiplying the quantity sold with the net price of the resource;
5.12 calculate user cost allowance, applying the discount rate (5.10) and life-
span (5.9) established above to the current net return (5.11).

Step 6:  Compilation of physical environmental asset accounts

Non-produced environmental assets are those for which neither ownership
rights are enforced nor direct economic benefits are derived from their use.
They include air, water, land in the wilderness, forests which are not com-
mercially exploitable as well as those economic forests that exhibit significant
environmental amenities, and wild fauna and flora; they might or might not be
protected (from economic uses). There is obvious overlap, notably in the case
of land and forest ecosystems, where a natural asset may exhibit both eco-
nomic and environmental functions. As shown below, such overlap is sorted
out, avoiding duplication of measurement, by appropriate valuation
(maintenance costing) and combination of valuations.

WS 6 reflects the above-described expansion of economic assets to include
environmental assets (and important environmental functions of economic
assets) in the column headings. The row headings of WS 5 are maintained,
though (environmental) quality changes become more important than quantity
changes. Most of the physical data presented in WS 6 are part of environ-
ment statistics. systems., <waebu 285 *bhire Hrramewotk “tor the "Development of
Environment Statistics (FDES) (United Nations, 1984) which includes asset
inventories as well as quantitative and qualitative changes and their effects on
human welfare. Those statistical systems need to be consulted for further infor-
mation on definitions, classifications and statistical data collection methods.

Step 7: Compilation of emissions by economic sector

The compilation of emissions, including discharge of wastes, from polluting
sectors is required for applying the ‘cost-caused’ concept of maintenance
costing of the SEEA (see step 8, below). WS 7 shows the tabulation of emis-
sions, typically found in environment statistics. As in the case of renewable
resources, only emissions that cannot be safely absorbed by environmental
sinks should be recorded and costed in principle. One simplifying assumption
(see below) for maintenance costing would be to consider all current emissions
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ISIC Government Households Rest of the

world

Air (tons) (tons) (tons) (tons)

co o

co, '

SO,

NO,

TSP

etc.

Water (tons, m%) (tons, m®) (tons, m®) (tons, m®)

BOD :{'o‘""

coD '

selected

pollutants

Land (tons, m°) (tons, m?) (tons, m*) (tons, m%)

wastes ::;om

thereof:

hazardous

wastes

Worksheet 7. Emission by sectors.

since the absorptive capacity of environmental media is already overloaded in
most cases.

Step 8: Maintenance costing of environmental depletion and degradation

The SEEA proposes in principle three types of monetary valuation. Step 5
imputed market values to resources and their depletion. The present step
applies a maintenance valuation to environmental costs caused by economic
agents (government, households, enterprises). For measuring the monetary
value of damages resulting from environmental degradation, ie. the costs
borne by economic agents, contingent and related (demand-side) valuations
should be used. However, as shown in Chapter 16, cost-borne valuations are
highly controversial and hardly applicable in national accounting.
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WS 8 presents the monetary asset accounts for the environmental asset cate-
gories specified in WS 6. It estimates the costs of the most efficient (least-cost)
practices and technologies applicable in maintaining the natural assets. The
worksheet does not present the stocks of environmental assets (as in WS 6) in
monetary terms. The reason is, of course, that maintenance valuation applies
only to flow variables of stock changes that should have been avoided or
mitigated. If a monetary valuation of environmental assets is desired other
valuations such as existence or option values would have to be applied which
usually resort to more controversial valuation techniques such as contingent
valuation.

The following activities describe the estimation of the environmental
(maintenance) costs and their introduction into the SEEA:

8.1 assess the minimum cost activities for avoidance/restoration of environ-
mental degradation and depletion (WS 8, first two rows):
avoid double counting in the case of conservation of resources with
economic and environmental functions (forests),
use cost/benefit analyses, environmental impact assessments, industrial
surveys of environmental protection expenditure, and research on best
available environmental technologies;
8.2 apply minimum unit costs to degradation and depletion impacts presented
in WS 6 and 7;
8.3 enter environmental degradation costs into the SEEA (Figure 1).

Step 9:  Aggregation and tabulation

Aggregation of the physical accounts is limited to particular natural resources
and assets. Aggregation across assets for presentation in summary accounts
requires a common numerator such as the market value or maintenance cost.
The application of monetary valuation to physical stocks and stock changes
permits such aggregation and the calculation of environmentally modified
indicators such as environmentally adjusted value added or EDP. The results
of the above-described compilations of monetary values of natural asset stocks
and their depletion and degradation, i.e. the environmental cost of production,
would be shown in a tabulation of Figure 1, filled in with data, notably from
WS 5 and 8.

Step 10: Comparison of conventional and environmentally adjusted indicators

Further summary analysis could present the key aggregates compiled in step 9.
For example, EDP I (in market values), EDP II (in maintenance cost or com-
bined market values and maintenance cost) could be compared with NDP.
Similarly, the components of NDP, capital formation and consumption can be
compared with their environmentally adjusted counterparts.’
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Programme formulation and institutionalization

At the outset of a national programme of integrated environmental and
economic accounting there should be a clear perception of the overall objec-
tives, the accounting framework, data availability and the mode of implemen-
tation. Such an approach would facilitate the effective coordination of data
gathering by different agencies. Ideally, a national programme of environ-
mental accounting should be long-term (10 or more years), since the statistics
required take a long time to develop and the analysis of some environmental
effects requires long time series. Elements of an implementing strategy could
include pilot, benchmark and annual compilations, as well as special studies.

A pilot compilation of environmental accounts would start with the devel-
opment of the accounting framework and supporting worksheets tailored to
the particular concerns and objectives of the project. The initial pilot com-
pilation would be based on existing statistics. Considerable data gaps can be
expected at the start of the programme, requiring estimates that should be
replaced by more reliable data in later compilations. However weak in terms
of data, a pilot compilation serves important purposes. It familiarizes national
staff with the concepts and methods of integrated accounting, assists in setting
up coordination mechanisms of data collection and guides future data devel-
opment. At the end of the pilot phase, data reliability, compilation method-
ology and coordination mechanisms should be assessed, and a course of action
set for future work. Based on past experience, it is suggested that the pilot
compilation be carried out as an interdisciplinary research programme in
which the statistical office, and/or a particular research institute play key roles.

To date, practical experience has been limited to the first phase of environ-
mental accounting, the pilot project. Given the costs of comprehensive bench-
mark compilations which can be assumed to be at least as much as a pilot
project, annual compilations could be carried out in a reduced format.
Reduced-format compilations would introduce aggregated environmental
costs and capital indicators into summary economic accounts. Benchmark
compilations would be similar in scope to pilot compilations, but would be
conducted, not at the beginning, but in the course of the long-term pro-
gramme, possibly every 5 or 10 years. Their purpose would be to update the
economic-environmental database for time series and structural analyses.

The framework for environmental accounting can also serve in implement-
ing special studies of particular sectors of the framework. One type of study
could present an in-depth analysis of a particular natural asset (account) such
as mineral resources, forests or water. A second type of special study could
focus on the industries causing depletion and degradation of the environment.
Those studies could deal either with one specific aspect of depletion or degra-
dation across all industries, or with specific industries, assessing their contribu-
tion to different kinds of environmental impacts. The use of the SEEA
framework would avoid the risk of non-compatibility with national accounts
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concepts and procedures which is a major drawback of ad hoc studies carried
out outside the national statistical services.

Regional (sub-national) accounts could focus on an ecological zone of par-
ticular interest or value, or an administrative entity (province, state) in which
the sustainability of development is at a particularly high risk. There is an
advantage in compiling environmental data at the local/regional levels.
However, this advantage might be offset by lack of information on consump-
tion, production and capital formation in the region and on detailed trans-
boundary flows, usually unavailable at subnational levels. The feasibility of
such accounting at the regional (province) level is currently being explored by
the UNSD in two countries (the Philippines and Indonesia).

Typically,® a first (pilot) project is set up in a national seminar. Given the
broad, multidisciplinary nature of integrated accounting, the seminar should
bring together data users and producers from a wide range of line ministries,
research institutes and the statistical office. The seminar would serve several
purposes:

(a) Identification of environmental and economic concerns and priorities to
determine the scope and coverage of the project.

(b) Presentation of the SEEA, describing concepts and methods, data needs,
resource requirements and the use of its results.

(c) Agreement on a collaborative work programme, including mechanisms of
supervision and coordination.

As a follow-up, training seminars and workshops may familiarize staff, not
only within the lead agency but also in the cooperating data producing institu-
tions, with the technical concepts and data processing required for the SEEA
implementation.

After the accounts have been compiled, a draft report is prepared. This
report presents the accounts and describes the data gaps, problems encoun-
tered, solved or deferred. The report can be the basis for a second national
seminar to discuss the results, present further analysis and interpretation of the
results, and to make recommendations for follow-up programmes. Recommen-
dations may include the allocation of a more permanent responsibility for
recurrent environmental accounting to a particular agency. Considering that
the SEEA has been designed as a satellite system of the SNA and that the
SNA provides an integrative framework for the measurement of a large
number of economic activities and transactions, the agency dealing with the
compilation of the national accounts (such as the National Statistical Office or
the Central Bank) is probably the best place for harbouring a regular pro-
gramme of integrated environmental and economic accounting.

Notes

1. Case studies included Ghana (Powell, 1996), Mexico (van Tongeren et al., 1991), Papua New
Guinea (Bartelmus et al., 1992), Thailand (Bartelmus and Tardos, 1992), the Republic of Korea
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(see Chapter 4) and Japan (see Chapter 3). Other country projects are being carried out with
UNSD assistance in Colombia, Indonesia and the Philippines (see Chapter 5).

2. The original methodological publications of the SNA (Commission of the European Com-
munities et al., 1993) and of the SEEA (United Nations, 1993a) should be consulted for details
on the accounting concepts, definitions and classifications.

3. Such a deduction is questionable. The exclusion of defensive or any other undesirable activity
from the economy would change the production boundary quite arbitrarily, since it is hardly
possible to obtain consensus on what is desirable or regrettable in society.

4. Theoretical questions of valuation in environmental accounting are discussed in some detail in
Part IV, notably Chapter 16.

5. In the SNA, capital maintenance is costed as the consequence of shifting previously produced
capital into production where it is gradually ‘consumed’. For non-produced (natural) capital
such costing does not apply, and a more normative criterion of the long-term sustainability of
production and income generation has to be introduced (see Chapter 16).

6. Figure 1 simplifies, therefore, the description of environmental cost by referring only to (natural
resource) depletion, including productivity effects of degradation of natural resources, and to
‘degradation’ of environmental assets, including the quantitative depletion or destruction of
these assets.

7. The country studies presented in Part II of the book provide examples of such summary assess-
ments of the results of integrated accounting.

8. Based on the, admittedly limited, experience with about 10, mostly developing, countries.
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Japan: the System of Integrated Environmental and
Economic Accounting (SEEA) — trial estimates and
remaining issues

KATSUKI ODA, KIYOSHI ARAHARA, NOBUYOSHI HIRAI AND
HIDEKI KUBO

Introduction

The report of the World Commission on Environment and Development
(1987) and Agenda 21 of the 1992 Earth Summit have heightened global inter-
est in the concept of sustainable development and the development of inte-
grated environmental and economic accounting.

In Japan, there is awareness of the need to develop integrated environ-
mental and economic accounting that is both consistent with the System of
National Accounts (SNA) (Commission of European Communities, 1993) and
capable of assessing the burden of economic activities on the environment
according to uniform criteria. For these reasons, the 1992 Economic Plan and
the 1993 Country Action Plan of Agenda 21 state explicitly that the develop-
ment of such an accounting system should be promoted. Related provisions
and references are also found in the Basic Environment Plan of 1994.

The Economic Planning Agency (EPA),' which compiles the national eco-
nomic accounts, considers the development of integrated environmental and
economic accounting an important task and has been conducting research and
development in this area since 1991. The EPA determined the basic structure
of the integrated accounting system and published the first trial estimates for
some items in 1995.%2 In this chapter, we will outline the trial estimates and
summarize the remaining unresolved issues.

Outline of integrated environmental and economic accounting

The system of integrated environmental and economic accounting for Japan
aims to describe interactions between the economy and the environment and

Economic Planning Agency (EPA), Government of Japan. The views expressed in this paper are

those of the authors and do not necessarily reflect the views of the EPA. The authors thank

Masakatsu Tamaru and Fumio Momose for their contribution to the trial estimation and Nobu-

hiko Kosuge for comments on an earlier draft, as well as Eva Hellsten, Statistics Sweden, Kimio

Uno, Keio University,and. Petrc.Rastabnne., bitadu™edaons; 1or' nbipril comments on an earlier
version.

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 35-61.
© 1998 Kluwer Academic Publishers.
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to provide an analytical data system for policy use. In implementing the
system, the EPA considered the special circumstances of Japan, data avail-
ability, and the feasibility of estimation, while basing the framework on the
United Nations (1993a) handbook which is the international standard. As a
result, out of the several versions suggested in the UN handbook, the system
of integrated accounting was based on the following: (1) disaggregation of the
SNA into environment-related items and others (version II); (2) the monetary
valuation of the burden of economic activities on the environment (imputed
environmental costs) according to the maintenance cost valuation method
(version IV.2); and (3) the externalization of the internal environmental protec-
tion activities of industries (version V.6).

Integrated environmental and economic accounting for Japan was devel-
oped as a satellite account linked to the 1968 SNA (United Nations, 1968) and
is presented in matrix form, composed of 43 rows and 40 columns® (see Table
1). The integrated environmental and economic accounts consist of flow and
asset accounts. Flow data are recorded in rows 2-36 and asset data in columns
20-39. Flow and asset accounts are linked to each other by the changes of
assets described in rows 2-24 and columns 20-39.

Environment-related disaggregation of the SN A

In order to protect the environment from the deleterious effects of economic
activities (production and consumption) or to reduce their burden on the
environment, goods and services related to environmental protection are pro-
duced by industries and the government and provided to other establishments,
the government and households. Moreover, fixed capital is used for environ-
mental protection purposes. The scale of environmental protection activities
may depend on the overall scale of economic activities, available technologies,
social concern with environmental issues and social regulations. The aim is to
reduce the burden of economic activities on the environment as a contribution
of the economy to an environmentally sound society.

Environment-related items are separated from the SNA in the following
manner:

(a) Supply and use of goods and services related to environmental protection
(output, imports, intermediate consumption, final consumption expendi-
tures, capital formation, exports). Use of products (row 02) is divided into
(03) goods and services related to environmental protection and (09) other
goods and services. Goods and services related to environmental protec-
tion are further divided into (05) industries (external) and (07) the govern-
ment. It is thus possible to record how much of the environment-related
goods and services provided by industries (external) and the government is
used in the production activities and capital formation of industries and
the government; as well as in the final consumption expenditures of the
government and households.
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Consumption of fixed assets related to environmental protection. The use
of produced assets (row 15) is divided into (16) consumption of fixed assets
related to environmental protection and (17) consumption of other fixed
assets. The cost structure of the environment-related production activities
of industries and the government and the net formation of environment-
related fixed capital owned by industries and the government are thus
recorded.

Subsidies. Subsidies are divided into (row 31) subsidies related to environ-
mental protection and (row 32) other subsidies. The purpose is to show the
environmental protection measures of the government by means of sub-
sidies.

Cost structure of production activities related to environmental protection
(intermediate inputs, consumption of fixed capital, indirect taxes and sub-
sidies, compensation of employees, operating surplus). The production
activities of industries (column 06) are divided into (07) the production
activities related to environmental protection and (10) other production
activities. The production activities related to environmental protection
are further divided into (08) external activities and (09) internal activities.
The government’s production activities (column 11) are divided into (12)
production activities related to environmental protection and (13) other
production activities. The internal environmental protection activities of
industries (column 09) are those environmental protection activities which
are executed within establishments in conjunction with the production of
goods and services. While the intermediate inputs for these purposes are
included as part of the intermediate inputs for the production of goods and
services in the SNA, the outputs of these activities are not recorded
because they are not traded in the market. In order to record environ-
mental protection activities on a wider basis, the cost structure associated
with internal activities is estimated by treating them separately from other
production activities.

Stocks and accumulation of man-made assets related to environmental
protection. Of produced assets (column 22), man-made assets are divided
into (23) man-made assets related to environmental protection and (27)
other man-made assets. Man-made assets related to environmental protec-
tion are further divided into (24) industries and (25) the government. The
stocks and accumulation of environment-related man-made assets owned
by industries and the government are thus recorded separately.

Externalization of internal environmental protection activities

In order to present the full amount of environmental protection, the services
generated and consumed internally by industries need to be ‘externalized’. To
this end, a row (06) of services associated with externalized internal environ-
mental protection activities is added to row (03) the use of goods and services



38 K Oda, K Arahara, N Hirai and H Kubo

A0 BURL|(LF)

(Ua) volig)

‘SUnUNOSOE STWIOUO? PUL [BIUSWIUOIIAUS PAYeISAIUI JO SOJBIISS [eIL],

TIRR 200 T 01 A6 GOMRRIASY | (Zv)
HIOUOAA-AEOU 01 20D $aFRD awnfoA (1)
aunsnfpr 20| {01)
D TOGAR 01 30 S3F0R AOWA [(6E)
SIS00 [RUMUUONAU pardw o) SMUISBIpY - ((8¢)
SIOSNE RINIRG 10O WOIEAINAIR 0) uglegds Soanseipy|(2¢)
KAl TS L6099 GEILL OSFL18 SF61LLE OOV LLY 0 ST [Tg]
TTSFR 00 [ (X3 TISER LRFFY (X7 STHFCFRIR0S I D [EeT
Uiz L§LL L8LL 61122 HOITTT FLOL'GE sapins Suerdy | (v)
LLEGL §981 HoTLT PERET £196'61 LELEEET LELERET soofopdun g upimsuadwe ) - |(£)
(+929't) (XY (+9zo't) (F9zy't) ozy't) soipisqns OGS ((zg)
(L) (o0 (520 (sLy &y (L) SIS PALIAUONATSSTI) (1)
aYEVPE fTul 7 RROSHE TLOLPE [A % saxeranpup  |(0€)
Y0¥ 6L (L) Sy} €l 6TL6°6Z £ean‘or 6LYS U saxel paapdy PN ((6T)
YRTTTHE £6F1 1'RUYE LR r9L0°RYE RYLSGRE GRELCYE onposd SIS0 1IN |(82)
LILSTE ] (17850°¢ FLORY SRS LY URITLZE TORE oL TR0 AFEAU0D 10 sty T 3
X [Xi] [ Taapsur pagu-jeiutucratc | (v
00 LLSU 9L 150D eatEonaa pasnduat o 11 (<7)
B [ EES T e g 7
(AU SISAST im0 jO asn gio (€37
00 [ o wamosgau gy ag wo sl [(2g)
oo L661 L661 saamnasa jo vopiadagl (1<)
o oLs 06LETL “wasisand jo wmdrasaC ((07)
00 Ty ot SENPISII £ PASTRD S199T [RIOED Ju WorwpesIac [(61)
X0 1] [ TEOTY TET 0D (S TR paony TOS[RET
FOLLBE [ FOLLES CRECTY STRR oI 190770 16 U0] Y[
8L 06rt o'LTE 6Les Fl90' SIASST PAXY paE|L-uoNomId 1A Jo oy . |on)
FLLRS GRLT R G'LTS TRC65 G6IRTY SN paanposd 6 A1 [(S 1)
T [y T B GRLOET GLOTET RSO FUTATSY STOTAV T THOHI-U08 VR [CFTT
66TY o 6629 £0v9 TLISEr LRORCT waruwsaseny  |(g1)
81L6' (saamosar posyns Jouo ® weajonad 1o susdwg)  [(z21)
£'€9¢T {5920m0504 15001 S0 7 Jxpang fo stodury (1)
6BLITOP [ PRLYT §LE0 SOy SToeTr STALLTS £811°06 0'80SPY IRTROLL sousapul - {(01)
Y 1IRT0F [ YRLET TO69'S0F os0LTE GEFLRNY (1K 0'805'PY RU66°ULL samans 39 spoos a0 |(6)
o o0 [ o IO FUTATAS SUCN TSI Moid-000 SIeatid (%)
oo rsor 1928 roLeT wowuasAay (1)
on THLS TeLs ThLE fousoy pas oGy (9)
LT o0 £TEY SR 95869 6562 685y il |(€)
LTy (i) i HELE FO0EL 665 GEITL sopur ((¢)
SIErY il 00 0o SIEEE scur's @RI 6'S6T 06L' F Spaod parai-topoatoid iustusiaty (¢)
TEFT LOF 0T |EREH YRIET LTTIoy TRISHCE ROTH FOR TPIF06 0GOS Y ROBLUSL SR 0 951 (7]
SYools Seruad[(1)
(] G, *@ (3] oy (] [@ _.@ @)
AR LT |
POIRIAI- BNV ONAU: suritaupy (sapmprduig
SOLISApY ) (A1ddng paog) 1odsuery, Rugpupu])
R uonanpol uonsodsi) puw opRy], Suoduf mdino ssoacy
I—

I219vL




the SEEA 39

Japan

TIZLIEYE ‘_Nmae.q 5015 SISO (67

VL85 8PT §ECH 6 ST 501 735760 0F 30D UONGAToAST

(Y} S0SUED JNOUGDS-UGY 0] INP SHBULYR Awager |(1p)

PLRE'SPT Symamgsnfpe yL0|(0r)

¥55L SOSTIED S{UEDLDSD 0F INP SATTHED JIN[OA [(GE)

L75v'8 1St papndwr 0y oy |(8e)

LL0T6 %0 SJ9s8H [BANYBE O UGy ) Buges £)

6eoTel TRA8EY T9LST GHLEOY Vo3RO 55015 (9F)

¥1 Fo 2] Iz (STHTHETINGG 1 T |G€Y

sndmsgugeaado | (be)

09LTL TE6Y'6T £856 POEY0E saakojdid jo voesuadwo)  |(€€)

00 SIpBANS IIOEST) (28

o0 SIS PARIN-LWRDUONATTESI)  |{TE)

g9 708 rer ogr saxe} panpnr  ({0€)

P9 To¢ vl oty ST} RATPL N (60

SOPEL £822'6C L'IS6 0:087'0€ npoad ousawop 1N |(82)

T P6TEL ELTT6L 556 LERT0C oupoad ISP 138 Parsulp TR [er)

[ 5 §9s1 ®os) [ ERJSUE] Pajel )00

L4807 (1'0) 9507 'y (v} 1503 (RIUAMUON;ATS pataciuuy 10 MG HET)

[ - T'p) ) 1355 G 7 padnp Jouoy Iz
TAIINOTIE) SH5S5E [GTAINH 30 350 J0GIC)

00 00 00 DO [BGIE 2 WO $1394yT
8200 e e 00 o0 $30IM0523 §0 UOBIIdaCT
{06261 o0 00 00 o0 SwsAs033 JO MOTINISI
(50es9r 9P0°T 9SO 1 0 SIUIPISAT g PISTIED SIISSE LINTEY J0 NONUPEIIQ
RE [XJ TIET 00 00 TLS67 A (X2 [&] 57509 i TEIWBU Paonp 35 50[®1
PRI oY SEI0T SPLET SI35SE Paxy Xofi0 J0 U0H 3 [ED
[{ese0 ) SEES Sges spsse paxy p al 1412 J0 0 (9D
661879 00 e SYLET 5ES THET 13555 paoapoad 3o 3571 [(6T)

[} 0956 TSETE TIZOEY FUFATOS SO0 3 050-00 AR [(5T)

0 §EE8'S OLLE 5988 €9 ™ v WAy |(€1)

(sPaanosaa osqus Jarya 3 wmajoxjad jo spoduy)  HZT)
(S02uM053) 152,00} RIPO 3 Jaquuaf Jo sprodun)  [(1T)

FIIIET STHEPY TPE1ZE YYS0'TeT 798 TS 99LL SBTIEY sansnpur 10N

8'P1r981 RzrePI 0°0¢8'9€2 rsere [ 1L 788 [35%4) 99LL GZENET $33(Aa38 P §p00Y YO |(6)

[ (1] 0 PIOY3SIOY SUIAIDS SWOPHIISAl JYOXA-100 OALY |(8)

00 oLse 96541 99117 89 Ui (A w205 ()

00 [ 00 (3] o 00 00 A paaNg (@)

L6897 0887 °881 434 0762 [yat £909 o ((9)

L089T 0881 0981 ot 6T £p1e £909 wesupu] (B

L6897 o o'shs 00 965L'T IHOET oLz L6ee [3ald 0b59 5901435 2 SP008 paErar-uondsioad IUaWNCLALY |{€)

SS0'SET STVEET GSLOLEL TSETE 9088 TIEGLE TEUY §969°TL 50601 G93LEL STONpOIN 30 351] (2
ITrecoons G069°59 oS Jara o)
[ §1) G0 an G0 Sl G T N G0 -

EEEE Spoos
terouruTs apquenp Bugazes Sutaxss pater oN
-vou JPUmSI0) suousuL suonmsm EETIN IO NANY QTTES
70 suo0as ¥ yoad-op woad-voy Juaumxar0)|
VOTIBTIWMNOOY 11 ety SINANIB UOTOAPOL|
(WG Toie) (S30RT U5 18] 0661

ponunuoy 7 29v.L




40 K Oda, K Arahara, N Hirai and H Kubo

0T9LL VELE0T YPETee 6060°€20°1 §551 GILLTT SIS VSICEL TI0Y IR0 T LO0PS 6901 9015 IO (€
00 =3 3 PE5 [ Ve 998 H0E 91 A3 3313 19936 O] aND W0y @
00 66 00 00 $961E3 uIoH0oa-uow 0f anp safunyd s |(1p)
(3 (15 0'pE6 L'896'¥1L 00 8'6F€ 8hE 9'¥8¢ £p0E9T siwawisafpe 1o (o)
FOEL Lb6T [543 0526 S35TIE) 10039 0 INP SIFUBYY IWNOA | (6)
00 (Y] 0o $1503 [BJuRWI0LLAUA pandun O) spuaunsnipy |(ge)
£08L L6l 0'§Z6 0o 00 00 0o 00 0526 SI0558 [RATITH 40 WOUETIWINIDT 0} BunB (o SOuNSHIPY | (LE)
JAIN0 55037 | {9¢)
ETHZ AR € D |66
ndans Supesado |(ve)
saakojdus jo vorusuadwo)  |(€)
SAUPISGUS JPO(SS¥ ) [(TE)
SHPISQNS PATPI-TIAMUONAU(SSFT) | (T€)
SINW] JANPUL we)
saxu] paspu PN [(67)
1anpoxd onsawop 1y [(82)
PP dUSIWIOP 19U PASHIP I 77
53 53 00 00 00 (RTOJSUET} POIF (A [ O7)
$)502 [BIUNUUOIAWD ppndun JO S |(S7)
00 00 00 BEE AT TN 1e=|=u= 30 o] vy
TRVUIIE) ST35SH [NV J0 356 T0)0 | (€2)
00 IawU0atau3 [EqO[S 3 uo ST |(Z7)
0o sa0100501 §o wopaIdIY [(1Z)
00 00 0o swasdseds jo uopamasIq |07)
SERpISaX £q PasnED SI9SSE [EINEY JO UONEPBINIQ |(61)
0 0 o0 () 00 0 00 o0 0 1500 [RiGaINI0LiALD [FIRIFY paapoIa-uou Jo 3571 @T)
(6°£57) (645D ©°005°19) [X] (9°00519) (S'88L'T9) $13558 paxI) 12110 JO 0N =23
(§"FES) (6°LTS) (' 190') (P 190'1) (+'190°T) SIASSE paxy PAIERI-uonI0d B0 AU o uoydumsuoe?) ((9T)
6°LST [X1] G50 9005 19) S°Ees) (6°L75) (CREDN] (0°795°79)] 66189 ) S135SE pamp0d 30 350 (57)
70 0 0 BUTA T35 SUOTITSUT T040-00U aTAT  [(PT)
() 00 o0 juawmsosy (€1
(520m082. [rosqus Jaj0 7 urnofoxjad jo saodwyy | (Z1)
{saxmosar 152105 Jay1e X Joquinpyo spaodwpy  [(11)
LIET Lige 8669°1€T 0o 8'669°1€) S'IE6'1EN saumsapup  [(01)
LI5T 00 LTET 8669°T€T 0o 8669'1€1 S1E6°1€1 SA0UA135 39 SPO0T 1O |(6)
[X) 00 LX) [XJ BUATS nsupgoad-uon peapy | (8}
o0 [X] 00 o0 JuouawiaAesy (L)
00 00 00 0o 00 [X1) [euId)uy PIzy|PudINy (9}
(%48 0 26112 $028 L'6£%'T L'6£9'T L'689'T sy ©)
6°The I g0z L6E9'T L6897 L'689'T SRNSUPUL | (P}
() 00 00 0o [ 43154 €028 L6£9'T LG9 L6897 $304438 3y 00T PRJEII-U0rIN0ad ERAMUOIIANT | (£)
LT 00 LTET §669TEL THITL S0Z8 L6859 SGEEPET TTLSHEL snpoad 36 950 (Z)
6950°C L6l 9ISTIT 0°926°L£6 '9€8°00 1915 STSENT SBLT6S6 1°095°086 2035 AUAQ[ (T}
[weT (620 €2 [ [ @D [ [ 2
5310} | 5 S|
S19Y30 pareAnu) sjasse SIYIO [eat201SE _ PaRJRI -jUAWIIOILALY oN
pajuAnny $asst opom-nnyy - g
sjasse panpoag]
7558 [FOUGU-UOU JO SI0FS 3§ UOF
(53000 10307 18} 0661

ponupuo) I 219v.L



the SEEA 41

Japan

T58L 7656 £°L1S 08¢ £980TE0T 1'0bp 1TV | TIEETIPT
[ SF L6LL'SS TYerILT T'E85°cec TT89cec SIRUTH 93110 OYITIL OF 0P UONLNEASY |(ZF)
00 Sasumd dpbuEII-U0N oy Jup SHTuEYr AwNgo, | (TP}
00 18y L76LL'SS LTIp9LT TE89'7ET (1 00 [} 18976 f
(00LT) T (0°SROF) TEEOPT (g 0L T S3SIES JUIOU0S3 01 AP SIGHW JUM[OA [(60 |
207 09 £EE osis VHLET n_ e L1067 T089°9 L8 s1500 [ejuatauo.aw payudiuy o} syuamsnipy | (RE)
8 6L0T (£°2re'p) PeIgsz 0'6LET (3] £06T 20899 L7878 SISSE [CAMIEU JO UONBMWNIIE 07 Sup (a1 spuamsnlpy|(25)
08 015 [ (9F)
- ETHEHDNR0D 1 T S8
sudios Supesndo  |(pe)
soakordwia Jo wopesuadmw))  |(£€Y
sapsqRs 1AWOGT) (@€}
sapysqus popeoIuamIo AT (sSSP} |(T€)
SaEY JOANPUL | {0F)
SNV IRIPU PN |(60)
1onpod opsawop PN |{RT)
Tonpoad JSIWAP 10 POrHIp! VA7)
(s3a55uen poERI-[EIUD AN i)
1500 [EIEAUIIOIAUS PaYnduy Jo IWMSHST)
[X] [0 00 i (%] 00 T 5155 [EITTED B d-uou 30 uoy 7
- TXTIoUiE) STasse JEIRIEE J0 250 JIO [(62)
IO ABS [RqOfd 9Y) wo 5108 ((72)
(§702) (8700 30100823 J6 BoRAda (17}
(L°09) (€€pe) (0°SL6) (06L8D (0627 S1$45003 §0 nonaNNSI |(02)
L) {LosT) (T089'9) (60L8'9) sjenprsa £q pasned sjsSE rngeu Jo uonepesdaq |(s1)
0 [®z0zy 097 Eere) 0516 (O6LET) 0 06T 089°9) [ w03 V0.3 (NI JSIASSE [EXNTOR Paoupatd-unu 0 5571 (§T)
S95SE PoXy ToY10 40 UoY D |y
SJASSE PAXY PIIRf-u0p d 1AL 0 UOF D [en)
s paonpoId 30 9571 (1)
I Farn o5 UL 15010008 STPALY (7T
WAIIAGD (1)
(s21u052. |108qUS 2040 P wuago.uad Jo sp0dwyp) |1}
(Sxm0s01 192X05 JFG 1 IR Jo sIodmE) (T
YIIT'LY o6 psst T'H96'C PELT'T ST6EY s 44 sapnsapu] {01}
PTITLY ¥i6 st 1#96'T PELTT 5THED 0 00 00 €680y 59314335 3 SP003 MO _|(6)
T Fe{A 308 SUOTNTE}o0] 1503000 AR |(8)
e ((2)
00 00 w3 PRI ((9)
160 00 Ty (9
T'67 (] sansopu] (B}
152 oo 00 0o oo 0 00 00 (X} 53044355 33 5003 paje[I-UONR0d [BjUI IOt |(£)
SOPTLY ¥'06 Vst 1596 C GL6E T 07 00 () Rl Syoupe-d §0 3501 [(2)
7798 73068 T 6L VT TOLEP8TT ERATIN 307 FWIAQ (1)
ory (60 G (5] e 53] v €6 @ (15
SHoEaT VU] PIpooR [
saamosar wonzsIasU0Yy ¥ fesayeopsy pedopaag on
Hosqug 80 pueg ios. asvem v * orsg
— Kjosse pampoxd-toy
sazodxg 3588 [PEONENG GO JO 10073 3 VOF
(o voniig) (s3ord 31312 16} 066 1

panunuo))

‘21901



42 K Oda, K Arahara, N Hirai and H Kubo

related to environmental protection as a separate subcategory. The supply and
use of these services are thus explicitly recorded.

Imputed environmental costs

Natural assets are used as a place of disposal for the residuals of economic
activities (production and consumption) and as a source of resources and
space necessary for economic activities. With the economic use of natural
assets, however, natural assets change quantitatively (depletion) as well as
qualitatively (degradation). The depletion of assets imposes a limit on the sus-
tainability of economic activities that use those assets. The degradation of the
natural environment also restricts the sustainability of economic activities by
adversely affecting human health and other amenities through environmental
pollution and the destruction of ecosystems.

In some cases, no payment is made for the economic use of these natural
assets because they are not traded in the market. In other cases, even though
the assets are traded in the market, valuation is made only from the point of
view of economic use and differs from social valuation, which also incorpor-
ates the consideration of sustainability (external diseconomies).

In order to make a monetary valuation of these externalities of depletion
and degradation of non-produced natural assets and to record them along
with economic performance, the following items are separated from, added to,
or integrated into the economic accounts:

(a) Use of non-produced natural assets. Along with (row 15) the use of pro-
duced assets, which is part of the gross value-added associated with pro-
duction activities, the use of non-produced natural assets (row 18) is
created for the monetary valuation of the burden of economic activities on
the environment. This is further divided into the following five items
within the system of integrated environmental and economic accounting:
(row 19) degradation of natural assets caused by residuals: environmental
pollution and other deterioration of the quality of the environment caused
by the discharge of waste materials; (row 20) destruction of ecosystems:
the deterioration of the quality of natural assets caused by land develop-
ment and the felling of trees in excess of natural growth; (row 21) depletion
of non-produced resources by extraction; (row 22) global environmental
issues, such as global warming and the destruction of the ozone layer; (row
23) other uses of natural assets, such as the degradation of landscapes and
other amenities.

(b) Disaggregation of cultivated assets and land use. In order to capture the
destruction of ecosystems caused by the felling of trees in excess of natural
growth, timber assets included in the SNA balance sheet are disaggregated
so as to make explicit (column 29) cultivated forests. For the assessment of
impacts on ecosystems, caused by land development, land is divided into
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(column 36) developed land, (column 37) agricultural and wooded land
and (column 38) conservation regions, according to the type of land use.

{c) Expanded coverage of non-produced natural assets. In order to measure
the burden of economic activities on the environment, particularly the deg-
radation of natural assets caused by residuals, the concept of non-
produced natural assets is expanded to include (column 32) air, (column
33) water and (column 34) soil.*

Environmentally adjusted net domestic product

Environmentally adjusted net domestic product (EDP, row 27) is the value
added obtained by subtracting (row 35) the imputed environmental costs from
(row 28) net domestic product (NDP). NDP is the value added obtained by
subtracting consumption of fixed capital from gross domestic product (GDP).
Consumption of fixed capital is the cost required for restoring the stock of fixed
capital used in production activities to its opening level and is hence excluded
in obtaining the net value added generated by economic activities. The
imputed environmental costs are the costs of depletion and degradation of
natural assets associated with economic activities and should thus be excluded
from the net value added generated by economic activities, in full consider-
ation of their impact on the environment.

Estimation procedures

Environment-related disaggregation of the SN A and the externalization of
internal environmental protection activities

Supply and use of goods and services related to environmental protection

OUTPUT OF INDUSTRIES

Goods and services produced by external environmental protection activities
(row 3, column 1) are estimated on the basis of the Survey Concerning the
Quantitative Analysis of Eco-businesses (Environmental Agency, Japan, 1994).
For 1985, the figures are estimated by the ratio of 1990 production to 1985
production in the principal industries that correspond to the below-mentioned
four categories of eco-businesses. Then, the amount of fixed capital formation
in construction and civil engineering related to the installation of environ-
mental protection facilities is estimated.
The Environmental Agency covers the following goods and services:

(a) equipment that reduces the burden on the environment (e.g. pollution pre-
vention equipment and energy-saving equipment);
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(b) products that place little burden on the environment (e.g. recycled pro-
ducts made of used paper and heat insulating materials);

(c) services that contribute to environmental protection (e.g. processing of
waste materials and environmental assessment);

(d) establishment of social infrastructure that places little burden on the
environment (e.g. energy-saving buildings and regional air conditioning).

For services generated by internal environmental protection activities (row
6, column 1), the output of internal environmental protection activities (row
36, column 9) (to be explained later) is computed.

OUTPUT OF GOVERNMENT (ROW 7, COLUMN 1)

For the central government, output is obtained by excluding the capital for-
mation budget from the environmental protection budget. For local govern-
ments, the output of sewage and waste disposal (under public management) is
obtained from input-output tables and by the environmental protection
budgets of single local government entities.

IMPORTS (ROWS 10-12, COLUMN 2)

A special entry is made for the value of imports of lumber and other forest
resources, and petroleum and other subsoil resources that are closely related to
the environmental problems in foreign countries.’

INTERMEDIATE CONSUMPTION

It is assumed that the environment-related production activities of industries
(both external and internal) do not involve the intermediate consumption of
environment-related goods and services (rows 3-8, columns 7-9: 0.0). As to
the intermediate consumption by other production activities of industries
(rows 3-8, column 10), the value of environment-related goods and services
produced by external environmental protection activities is estimated by
excluding total demand by all other activities from total supply. It should be
noted that the output of internal environmental protection activities is
assumed to be used up by the other production activities of industries as inter-
mediate consumption. The value of environment-related goods and services
produced by the government is computed by excluding the value of interme-
diate demand by public administration, schools and hospitals from the total
value of intermediate demand for sewage and waste disposal (under public
management), on the basis of the input—output tables.

The intermediate consumption of the government’s production activities
related to environmental protection (rows 3-8, column 12) is estimated by the
cost of delegating sewage and waste disposal services to industries. The inter-



Japan: the SEEA 45

mediate consumption of the government’s other production activities (rows
3-8, column 13) is estimated by the provision of sewage, waste disposal (under
public management), and waste disposal (industries) to the government on the
basis of input-output tables.

FINAL CONSUMPTION EXPENDITURES (ROWS 3-8, COLUMNS 15-18)

For the central government, final consumption expenditures are estimated by
excluding the capital formation budget and intermediate consumption from
the environmental protection budget. For local governments, they are com-
puted as the final consumption expenditures on sewage, waste disposal (under
public management), and waste disposal (industries) from the input—output
tables. For households, they are computed as the final consumption expendi-
tures on sewage, waste disposal (under public management), and waste dis-
posal (industries) from the input-output tables.

CAPITAL FORMATION

Of the goods and services related to environmental protection, fixed capital
formation (rows 3-8, columns 22-25) is estimated from the survey of the
Environmental Agency, Japan (1994). In order to distinguish between
industries and the government, the ratio of private to public demand obtained
from the research of Japan Association of Industrial Machinery Manufac-
turers (various years) is used.

Consumption of fixed capital related to environmental protection

The consumption of environment-related man-made assets is estimated by
using the ratio of consumption of fixed capital to output in principal
industries, obtained from the input—output tables, in the case of the external
activities of industries (row 16, column 8). For the internal activities of
industries (row 16, column 9), it is estimated by using the ratio of depreciation
to the cumulative value of investment in environmental protection equipment
during the previous 7 years in the electric power, water supply, and gas
sector (8%). For the government (row 16, column 12), it is computed as the
reserves for capital depreciation for sewage and waste disposal (under public
management) from the input—output tables.

The cost structure of production activities related to environmental protection

EXTERNAL ENVIRONMENT-RELATED PRODUCTION ACTIVITIES OF INDUSTRIES

External environmental protection activities are assumed not to use goods and
services produced by either the environment-related production activities of
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industries (both external and internal) or the production activities (related to
environmental protection or otherwise) of the government as intermediate
inputs (rows 3-8, 13 and 14, column 8: 0.0). The intermediate inputs from the
other production activities of industries (row 10, column 8) are estimated from
the input—output tables by using the ratio of intermediate inputs to output in
the principal industries. The consumption of environment-related man-made
assets (row 16, column 8) is estimated as explained above. Indirect taxes and
subsidies, compensation of employees, and operating surplus (rows 29-34,
column 8) are estimated from the input—output tables by using the ratios of
the respective figures to output in the principal industries.

INTERNAL ENVIRONMENT-RELATED PRODUCTION ACTIVITIES OF INDUSTRIES

In this trial estimation, we estimated only the activities of industries that are
implemented within establishments to prevent environmental pollution. Spe-
cifically, we used the value of investment in environmental protection
equipment estimated in the Survey of Investment in Environmental Pollution
Prevention Equipment (Ministry of International Trade and Industry, Japan,
1993). Estimates are made from the input-output tables using the figures for
the electric power, water supply and gas sector.

Internal environmental protection is assumed not to use goods and services
produced by either the external environment-related production activities of
industries or the production activities of the government related to environ-
mental protection or otherwise as intermediate inputs (rows 3-8, 13-14,
column 9: 0.0).

The intermediate inputs from the other production activities of industries
(row 10, column 9) are estimated by using the ratio of intermediate inputs to the
cumulative value of investment in environmental protection equipment during
the previous 7 years (11%). As stated earlier, we used the ratio of depreciation
(8%) to estimate the consumption of man-made assets related to environ-
mental protection, and the ratio of compensation of employees (7%) to esti-
mate the compensation of employees. It should be noted that operating
surplus is not computed (row 34, column 9: 0.0) and that the value of outputs
is calculated as the sum of costs (rows 29-34, column 9).

The output of production activities as a whole (row 36, column 5), as well as
the output of industries (row 36, column 6), are enlarged because of the exter-
nalization of the internal environmental protection activities of industries.
However, the value added (both gross and net) is unchanged. The intermediate
input of the other production activities of industries increases by the amount
of the output of internal environmental protection activities (row 6, column
10) and decreases by the amount disaggregated as the intermediate input of
the internal environmental protection activities (row 9, columns 9 and 10). The
value added (gross and net) of the other production activities of industries
declines by the amount disaggregated as the value added of the internal
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environmental protection activities (rows 15-17 and 29-33, columns 9 and 10),
although the operating surplus remains unchanged (row 34, column 10).

PRODUCTION ACTIVITIES OF THE GOVERNMENT RELATED TO ENVIRONMENTAL
PROTECTION (COLUMN 12)

For the central government, estimates are made on the basis of the environ-
mental protection budget. For local governments, expenditures are estimated
on the basis of the input—output tables for sewage and waste disposal (under
public management) services.

Stocks and accumulation of environment-related man-made assets and other
assets

MAN-MADE ASSETS (COLUMNS 23-25)

As stated earlier, fixed capital formation is estimated on the basis of the survey
of the Environmental Agency (1994). At the same time, the opening and
closing stocks of fixed capital are estimated by adjusting the figure for con-
sumption of fixed capital associated with environment-related production
activities of industries (both external and internal) and other elements.

CULTIVATED ASSETS (CULTIVATED FORESTS) (COLUMNS 28-30)

Cultivated assets (biological assets that can be artificially produced) are
divided into cultivated forests and other assets in order to make explicit the
burden on the environment from the felling of trees in excess of natural
growth. Cultivated forests are estimated by multiplying the standing timber
assets (the opening and closing stocks) in the SNA (asset accounts) by the ratio
of the volume of cultivated forests to that of natural forests.

NON-PRODUCED NATURAL ASSETS (LAND) (COLUMNS 35-38)

In order to record the changes in use, land is divided into three categories:
developed land, agricultural and wooded land, and conservation regions.
Developed land refers to land underlying buildings in the SNA (asset
accounts), such as residential land, commercial land, industrial land and so on.
Agricultural and wooded land is estimated by adding the cultivated land to
the timber tracts in the SNA and by excluding the cultivated forests and con-
servation regions. Conservation regions refer to natural parks and are esti-
mated by using the ratio of their area to forests and wilderness.
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Imputed environmental costs

The monetary valuation of the quantitative change (depletion) and qualitative
change (degradation) associated with the economic use of non-produced
natural assets permits the estimation of the environmental costs of economic
activities. In the integrated environmental and economic accounts, environ-
mental costs caused in economic activities are taken into account, but environ-
mental costs borne by producers and consumers are not.®

Scope and coverage

DEGRADATION OF NATURAL ASSETS CAUSED BY RESIDUALS

Degradation includes the effects of environmental pollution on the quality of
natural assets caused by economic activities (production and consumption).
Data availability determined the coverage of environmental media and pol-
lutants. National environmental standards specify SO,, NO,, CO, floating
particles and photochemical oxidants as atmospheric pollutants. However, we
estimated only SO, and NO,, which are relatively easy to monitor (row 19,
column 32). In addition to BOD and COD as overall measures of pollution,
environmental standards specify hydrogen ion concentration, oxygen volume,
intestinal bacilli, nitrogen and phosphorus as water pollutants. Only BOD and
COD were estimated as readily available indicators (row 19, column 33).

DESTRUCTION OF ECOSYSTEMS

Depletion of cultivated forests by excess felling and the reduction of wooded
land and conservation regions by land development cause a deterioration of
the quality of natural assets. The imputed environmental costs of depleting
timber resources, caused by the felling of trees in excess of natural growth (row
20, column 29) and land development (row 20, columns 35 to 38) were calcu-
lated as the costs for the destruction of ecosystems, instead of estimating
directly the monetary value of the deterioration of the quality of natural assets.

DEPLETION OF NATURAL RESOURCES

The imputed environmental costs associated with the depletion of coal and
other subsoil resources by extraction were estimated (row 21, column 39).

GLOBAL AND OTHER ENVIRONMENTAL EFFECTS

The system of integrated environmental and economic accounting includes
rows for the effects on the global environment (e.g. global warming caused by
the discharge of CO, and the destruction of the ozone layer by the discharge
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of freon gas). It also covers in principle other uses of natural assets such as the
degradation of landscapes and other amenities. However, we did not estimate
these effects and uses in this trial estimation.

Estimation methods

The maintenance cost valuation method, which is one of the methods used to
estimate the imputed environmental costs, measures indirectly quantitative
and qualitative changes in the environment associated with economic activities
by estimating the required cost of maintaining the quantity and quality of the
environment at a certain level. It is an estimation method consistent with the
concept of sustainability. In view of data availability and the feasibility of
estimation, the maintenance cost valuation method is used to estimate the
imputed environmental costs by assuming certain activities that are necessary
to maintain the sustainable quantitative and qualitative levels of the environ-
ment for the respective environmental media under investigation.

DEGRADATION OF NATURAL ASSETS CAUSED BY RESIDUALS

We estimated the required cost of removing the discharged residuals at the
end-of-pipe in order to prevent the deterioration of the natural environment,
while maintaining the current level of economic activities (production and
consumption).

For air pollution, the sources of pollution are divided into stationary
sources (e.g. factories) and mobile sources (e.g. automobiles). In the case of
stationary sources, the cost of removal is set equal to the cost of operating air
pollution prevention devices (the cost of depreciation, maintenance and
operation). For SO, , we estimated the volume of removal by desulphurization
of crude petroleum as well as by exhaust desulphurization devices. For NO,,
we estimated the volume of removal by exhaust denitration devices. For each,
the unit cost of removal is obtained by dividing the cost of removal by the
volume of removal. The volume of discharge is estimated on the basis of exist-
ing reports (Yoshioka et al, 1992; OECD, various years-1993). The imputed
environmental cost is estimated by multiplying this by the unit cost of
removal. For mobile sources, we assumed that the additional cost of placing
exhaust devices in gasoline-operated vehicles was $US350 per vehicle g/km in
1981 (OECD, 1988). We used the same unit cost of removal for diesel and
LPG-operated vehicles as for petrol-operated vehicles. The volume of dis-
charge was estimated following Hayami (1992) and statistics of the Institute of
Energy Economics, Japan (1993). The imputed environmental cost was esti-
mated by multiplying total discharge by the unit cost of removal. It should be
noted that the mobile sources are allocated to the final consumption expendi-
tures of households in the case of family-owned vehicles and to the other pro-
duction activities of industries in the case of other vehicles.
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For water pollution, we estimated BOD and COD and used the larger of
the two as a measure of the burden on the environment. Sources of pollution
included household drainage, industrial drainage and livestock drainage. The
method of estimating the imputed environmental cost is the same as that used
for air pollution. Thus, we first estimated for each source the volume of pol-
luting materials, the volume of removal and the volume of discharge. We then
estimated the cost of removal as the cost of operating environmental protec-
tion devices. The unit cost of removal is obtained by dividing the cost of
removal by the volume of removal. The imputed environmental cost is
obtained by multiplying the unit cost with the volume of discharge (row 19,
column 33).

For household drainage, we used the research results of Kunimatsu and
Muraoka (1990) and of the Japan Association of Industrial Machinery Manu-
facturers (1993). We thus obtained for the entire population the
volume of polluting materials and the ratio of removal by environmental pro-
tection devices. For industrial drainage, the estimates are made on the basis of
the volume of polluting materials per shipment of products by type of industry
(Ministry of Construction, Japan, 1994) and the rate of removal (Kunimatsu
and Muraoka, 1990). For livestock drainage, we also used the volume of pol-
luting materials and the rate of removal by natural purification found in
existing research results (Kunimatsu and Muraoka, 1990). The cost of oper-
ating environmental protection devices is the combined cost of depreciation,
maintenance and operation.

Destruction of ecosystems

The destruction of ecosystems refers to the depletion of timber resources
associated with the felling of trees in excess of natural growth and with the
reduction of wooded land caused by land development. Here, the imputed
environmental cost (row 20, column 29) is set equal to the cost associated with
the maintenance activities in the form of the reduction of, or abstention from,
production activities.

In the case of the felling of cultivated forests, the output obtained from the
felling of trees in excess of natural growth (excess felling) is considered as the
value added forgone of the overall economy. This value is thus retained as the
imputed environmental cost. It is therefore assumed that the volume of forests
is to be maintained as found at the opening level by reducing the number of
cultivated trees being felled to sustainable levels. We used research results of
the Ministry of Agriculture, Forestry and Fisheries (1994, 1978 and 1993) to
obtain the growth of cultivated forests and the amount of felling. The output
of timber products is obtained from the input—output tables.

For land development, the estimation of environmental cost (row 20,
columns 35 and 38) covered the conversion of agricultural and wooded land to
developed land (residential, commercial and industrial land and so on), the
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change in the type of use within agricultural and wooded land, and the
reduction of conservation regions. The output obtained from the associated
development of land is considered as the value added forgone of the overall
economy, hence as the imputed environmental cost. This assumes that the
original use of land is to be maintained by abandoning the conversion of
developed land, agricultural and wooded land, and conservation regions to
other uses. We used the research results of the National Land Agency (1990
and 1993) to obtain the conversion of land use, and the input-output tables to
estimate the output of land use.

DEPLETION OF NATURAL RESOURCES

We estimated the imputed environmental cost associated with the depletion of
subsoil resources by extraction (row 21, column 39). The estimation covered
coal, zinc and lime stone, applying the user cost method. The results of this
method indicate that the cost estimates vary considerably from year to year
because they depend on the annual change in volume of production (see
below).

Main results

The system of integrated environmental and economic accounting was imple-
mented on a trial basis for 1985 and 1990. The following shows the estimates
for 1990 and compares the main results with 1985.

Environment-related disaggregation of the SN A and the externalization of
internal environmental protection activities (results for 1990)

Supply and use of environment-related goods and services (Table 2)

Total output in 1990 was 877.7 trillion yen, including that of internal environ-
mental protection activities of industries. The output of environment-related
goods and services was 7.2 trillion yen for industries and 2.6 trillion yen for the
government, for a total of 9.8 trillion yen, or 1.1% of total output. A total of
4.4 trillion yen of the produced environment-related goods and services was
used in intermediate consumption of industries, and 0.7 trillion yen in the
intermediate consumption of government. The total of 5.1 trillion yen of
environment-related goods and services, used in intermediate consumption,
amounted to 1.2% of total intermediate consumption (428.8 trillion yen). Final
consumption expenditures for environment-related goods and services were
1.8 trillion yen for the government and 0.5 trillion yen for households, i.e. 0.8%
of total final consumption expenditures (279.3 trillion yen).
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Table 2. Economic activities and environmental protection (1990; trillion yen) (%).

Qutput 871.7 Intermediate consumption 428.8
environment-related 9.8 environment-related 5.1
(share) (1.1) 7> (share) (1.2)
Industries 12 Industries 4.4
External 6.6 Government 0.7
Externalized internal 0.6

Government 2.6 Final consumption expenditures 279.3 Gross Domestic Product(GDP) 4245

environment-related 2.3 environment-related 58

¥ (share) {0.8) (share) (1.4)

Government 18 Industries 43

Households 0.5 Government 15

Consumption of fixed capital 62.8

Fixed capital formation 139.1 environment-related 1.1

Man-made assets 134.3 (share) 1.7

environment-related 2.6 Industries 05

-—»{ (share) (2.0 Government 0.5

Industries 0.5 Net Domestic Product(NDP) 363.7

Government 2.1 environment-related 438

Cultivated assets 0.2 (share) (1.3)

Non-produced natural assets 4.5 Industries 38

Government 1.0

Imports 445 I——ﬂ Exports 47.2 |

Capital formation related to environmental protection was 0.5 trillion yen
for industries and 2.1 trillion yen for the government, ie. 2.0% of the total
capital formation of man-made assets (134.3 trillion yen).

The cost structure of environment-related production activities (Table 2)

The total output of production activities of industries related to environmental
protection was 6.6 trillion yen for external activities and 0.6 trillion yen for
internal activities (total of 7.2 trillion yen). Intermediate inputs were 2.9 trillion
yen, while gross product (gross value added) was 4.3 trillion yen. By subtrac-
ting consumption of fixed capital (0.5 trillion yen), net product (net value
added) comes to 3.8 trillion yen. Compared with the aggregate figures for
industries, environment-related goods and services accounted for 0.9% of total
output (817.5 trillion yen), 0.7% of intermediate inputs (410.1 trillion yen),
1.1% of gross product (407.3 trillion yen), and 1.1% of net product (348.0
trillion yen).

The output of environment-related production activities of the government
was 2.6 trillion yen, intermediate inputs were 1.1 trillion yen, gross product
was 1.5 trillion yen, and net product was 1.0 trillion yen. Compared with the
aggregate figures for government, environment-related goods and services
accounted for 5.5% of total output (46.5 trillion yen), 7.9% of intermediate
inputs (13.8 trillion yen), 4.5% of gross product (32.7 trillion yen) and 3.2% of
net product (30.2 trillion yen). The gross product of environment-related pro-
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duction activities of industries and the government was 5.8 trillion yen, corre-
sponding to 1.4% of GDP (424.5 trillion yen). Net product was 4.8 trillion yen,
equal to 1.3% of NDP (363.7 trillion yen).

The stocks and accumulation of environment-related man-made assets
(Table 3)

The opening stock of environment-related assets was 21.4 trillion yen, equal to
2.2% of all man-made assets (959.3 trillion yen). Although 2.6 trillion yen of
capital formation was made in 1990, the closing stock was 23.3 trillion yen
because of the consumption of fixed capital of 1.1 trillion yen, as well as the
adjustment for revaluation due to market price changes during the year. This
was 2.2% of all man-made assets (1046.4 trillion yen).

Table 3. Assets and asset accumulation (1990; trillion yen) (%).

Opening Gross (less) (less) Adjustments Other Closing
stocks capital Consumption Imputed relating adjustments stocks
formation of environmental lo
fixed capital costs accomulation
Man-made assets 959.3 1343 62.6 - - 15.4 1,046.4
environment-related 214 2.6 1.1 - - 0.4 233
(share) 22) (2.0) (1.7 2.2)
Industries 05 0.5 0.5 - - 0.0 0.5
Government 20.8 2.1 0.5 - - 03 228
Cultivated assets 213 0.2 0.3 - 0.9 1.0 231
Cultivated forests 19.2 - - - 02 Lo 204
\
Non-produced natural asscts 2,185.2 4.5 - 8.5 83 1 232.7 2,422.2
Air - - - 6.7 6.7
Water - - - 0.2 0.2
Soil - 0.0 0.0 - -
Land use 2,184.4 4.4 - 1.4 14 2327 24214
Developed land 1,828.7 1.3 - 1.0 25.6 176.4 2,031.0
Agricultural & wooded land 346.8 3.0 - 0.3 -24.3 558 380.8
Conservation regions 8.9 0.2 - 0.1 0.1 0.5 9.6
Subsoil resources 0.9 0.1 - 0.2 0.0 0.0 0.8

Imputed environmental costs and EDP (results for 1990)

Tables 4 and 5 present the estimates of imputed environmental cost and EDP.
The total imputed environmental cost in 1990 was 8.4 trillion yen, and the
ratio to GDP was 2.0% (or 2.3% in terms of NDP). Of this, 6.4 trillion yen
(75.7%) was attributed to the production activities of industries and 2.1 trillion
yen (24.4%) to the consumption activities of households.

By type of natural assets affected, 6.7 trillion yen (79.0%) relates to air pol-
lution, 0.2 trillion yen (2.3%) to water pollution, 1.4 trillion yen (16.3%) to the
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Table 4. Environment-related external diseconomies (1990; trillion yen) (%).

[External discconomics duc [External discconomies due |External discconomics]
to production activities] to consumption activities]
Imputed environmental costs 6.4 Impuicd environmental costs 2.1 Imputed environmental costs 84
(ratio to GDP) @0
(ratio to NDP) 23)
Degradation of natural assets Degradation of natural asscts Degradation of natural asscts
caused by residuals 4.8 caused by residuals 21 caused by residuals 69
Air pollution 47 Air pollution 20 Air pollution 6.7
‘Water pollution 0.2 Water pollution 00 ‘Water pollution 0.2
Destruction of ecosystems 14 Destruction of ccosystems - Destruction of ccosystems 14
Depletion of resources 0.2 Depletion of resources 0.0 Depletion of resources 0.2

Table 5. GDP, NDP and EDP (1990) (trillion yen).

Consumption of Man-made and Natural asscts

Net Domestic Product(NDP) 363.7 ld——-——— Consumption of fixed capital 028 Giross Domestic Product(GDP) 4245

«— p i costs 85

A

Eco Domestic Product (EDF) 3553 l

Note:Gross Domestic Product (GGDP) and Net Domestic Product (NIP) do nof exactly correspond (o cach other because of statistical discsepancics.

destruction of ecosystems and 0.2 trillion yen (2.4%) to the depletion of
resources. Automobiles were the major source of air pollution (4.6 trillion yen
was allocated to the production activities of industries, and 2.0 trillion yen to
the consumption activities of households). Subtracting the imputed environ-
mental cost (8.4 trillion yen) from NDP (363.7 trillion yen), gives an EDP of
355.3 trillion yen.

Comparison of results for 1985 and 1990

Environment-related disaggregation and externalization of environmental
protection activities (Table 6)

The output of environment-related goods and services increased at an annual
rate of 1.9% (annual average, unless otherwise indicated) during the 5-year
period from 1985 to 1990, slower than the rate of growth of total output of
5.4%. As a result, the share of environment-related goods and services in total
output declined from 1.3 to 1.1%. It should be noted that output increased by
1.4% for the external environment-related production activities of industries,
decreased by 2.9% for the internal environment-related production activities
of industries, and increased by 4.5% for the environment-related production
activities of the government. As mentioned above, the output of internal
environment-related production activities of industries was estimated by the
sum of costs based on the cumulative value of investments in environmental
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Table 6. Environmental protection (1985 and 1990; trillion yen) (%).

1985 1990 Rate of growth per year

Qutput 675.0 877.7 5.4
environment-related 8.9 9.8 1.9
(share) 1.3) 1.1

Industries 6.8 72 1.0

External 6.2 6.6 1.4

Externalized internal 0.7 0.6 -2.9

Government 2.1 2.6 4.5
Gross Domestic Product (GDP) 3204 4245 58
environment-related 5.1 5.8 2.6
(share) (1.6) (1.4)

Industries 4.0 43 1.8
Government 1.1 1.5 54
Man-made assets (closing stocks) 752.8 | 1,046.4 6.8
environment-related (closing stocks) 14.4 233 10.1
(share) (1.9) (2.2)

protection equipment during the previous 7 years. Thus, the fall in estimated
output reflects the decline in the value of investment in environmental protec-
tion equipment.

While GDP rose by 5.8%, the gross product of goods and services related to
environmental protection increased by only 2.6%. As a result, their share in
GDP declined from 1.6% to 1.4%. The share of environment-related assets in
the value of all produced assets rose from 1.9% to 2.2%.

Imputed environmental costs and growth of EDP (Table 7)

The imputed environmental cost increased by only 1.2%, from 8.0 trillion yen
in 1985 to 8.4 trillion yen in 1990. Because the rate of increase was consider-
ably slower than the rate of growth of GDP and NDP, the ratio to GDP
declined from 2.5% to 2.0% (from 2.9% to 2.3% in terms of NDP). The cost
attributable to the production activities of industries increased by 0.3%, while
the cost attributable to the consumption activities of households increased by
4.3%. The imputed environmental costs, particularly those attributable to the
production activities of industries, increased slowly because the costs associ-
ated with the depletion of resources declined considerably, from 1.3 trillion yen
in 1985 to 0.2 trillion yen in 1990. If the cost associated with the depletion of
resources is excluded, the total imputed environmental cost increased by 4.4%,
with the cost attributable to the production activities of industries rising at
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Table 7. Imputed environmental cost and EDP growth (1985 and 1990; trillion yen) (%).

1985 1990 Rate of growth per year

Imputed environmental costs 8.0 8.4 1.2

(ratio to GDP) 2.5) (2.0)

(ratio to NDP) 2.9 (2.3)

By source Industries 6.3 6.4 0.3
Households 1.7 2.1 4.3

Imputed environmental costs ( excluding cost of 6.6 8.2 44

depletion of resources)

By source Industries 5.0 6.2 43
Households 1.6 2.1 49

By type Air pollution 5.0 6.7 5.8
Water pollution 0.3 0.2 -39
Destruction of ecosystems 13 1.4 04
Depletion of resources 1.3 0.2 -31.2
Environmentally adjusted domestic product (EDP) 268.7 | 3553 57
(reference) Net Domestic Product (NDP) 276.6 | 363.7 5.6

4.3% and that attributable to the consumption activities of households at
4.9%.

The cost resulting from air pollution increased by 5.8%, water pollution cost
declined by 5.9%, the cost associated with the destruction of ecosystems
increased by 0.4% and the depletion cost of resources declined by 31.2%. The
imputed environmental cost associated with the depletion of resources
declined thus substantially (from 1.3 trillion yen in 1985 to 0.2 trillion yen in
1990). This reflects the fact that the extraction of coal declined by about one
half over the same period, so that the expected exploitable period nearly
doubled. This increase in the expected exploitable period caused the user cost
to decline substantially. The cost of zinc in 1990 declined to about 60% of its
1985 level, while that of limestone increased by about seven times.

EDP increased at a rate of 5.7%, 0.1% more than the rate of growth of
NDP.

Outlook

For Japan, this trial estimation was the first comprehensive attempt at imple-
menting integrated environmental and economic accounts. It succeeded in
establishing the basic accounts. However, improvements need to be made in
the future regarding coverage, estimation methodologies and the structure of
the accounts. The main remaining issues in this regard are discussed below.
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Environment-related disaggregation of the SNA and the externalization of
internal environmental protection activities

The following categories and issues are suggested for future discussion and
development:

External environmental protection activities

In this trial estimation, output was estimated on the basis of the data provided
by the Environmental Agency, Japan’s Survey Concerning the Quantitative
Analysis of Eco-businesses (1994). Sewage and waste disposal services and the
production of pollution prevention devices have a relatively long history as an
industry. Therefore, it is possible to obtain additional statistical information
from input—output tables, budget documents and statistical reports of industry
associations. However, it is difficult to define or specify such emerging
industries as energy-saving systems and environmental purification services,
rendering it impossible to obtain additional information. A clear definition of
environment-related goods and services needs to be developed, and a more
comprehensive survey conducted in order to implement classification by com-
modities and industries as suggested in the SNA/SEEA.

Internal environmental protection activities

Output and costs of internal activities were estimated by applying ratios of
intermediate inputs and other costs to the cumulative value of investment in
environmental protection equipment. Because it is difficult to obtain adequate
information on recycling and internal activities other than pollution preven-
tion activities, the long-term task for the future will be to conduct a survey on
these items, based on a clearer definition of environmental protection activ-
ities.

Environmental protection activities of government

The survey of the environmental protection budgets of local governments
covers only the prefectures and designated cities. For other municipalities, this
trial estimation includes only the sewage and waste disposal services. There is
a need to expand the coverage of statistical data.

Coverage of financial activities

The present accounts are designed to record only the production of goods and
services and other non-financial activities. They do not record the
environment-related loans of government financial institutions. In order to
understand the environmental protection measures taken by the government
on a wider basis, it is necessary to have a structure of accounts that covers not
only the policy measures implemented through the production of
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environment-related goods and services and subsidies, but also their financial
implications.

Valuation at constant prices

The output of internal environmental protection activities of industries was
estimated on the basis of the cumulative value of investment in environmental
protection equipment. For this reason, the estimated value of output declined
from 1985 to 1990 because the amount of investment fell from the period 7
years prior to 1985 to the period 7 years prior to 1990. There is thus a
problem with the estimation methodology. Moreover, because of the wider
availability of environmental protection equipment, prices might have been
falling. Expressing the environment-related disaggregation of the SNA, includ-
ing internal environmental protection activities, at constant prices, is therefore
an issue worth further exploration.

Imputed environmental costs

Expanding coverage

In the case of Japan, the share of mining in economic activity is so small that
the estimation of the depletion cost of domestic subsoil resources has little
significance. More significant are environmental issues of pollution and the
destruction of ecosystems associated with land development. It is necessary,
therefore, to expand the coverage of imputed environmental costs to include:

(a) air pollutants other than NO, and SO (e.g. CO, floating particles);

(b) water pollutants other than BOD and COD;

(c) pollution issues other than air and water pollution (e.g. soil pollution, noise
pollution, vibration, foul odour and land subsidence).

Global warming and the destruction of the ozone layer, which were not
included in this trial estimation, are environmental problems of global propor-
tion beyond the control of individual countries. Responding to them effectively
is an extremely important contemporary challenge. The types of maintenance
activities to be assumed in the estimation of the imputed environmental cost of
global phenomena and the possibility of gathering data corresponding to
assumed maintenance activities are issues for further investigation.

Landscapes and other amenities may be interpreted as pleasant environ-
ments that bring peace and comfort. However, their definition (in accounting
terms) and coverage need to be further examined. It will also be necessary in
the future to define and measure in physical and monetary terms, the environ-
mental protection functions of forests, farms and other natural assets.
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Improvement of estimation methodologies

We estimated the imputed environmental costs by the following methods,
according to the type of natural assets:

(a) degradation of natural assets caused by residuals: residuals valued at cost
of removal at the end-of-pipe while maintaining the level of economic
activities;

(b) destruction of ecosystems: reduction of, or abstention from, production
activities;

(c) depletion of resources: the user cost method.

In addition to these measures, the United Nations handbook shows the
following measures for maintenance costing: the substitution of inputs with
the same level of outputs from economic activities; the substitution of pro-
ducts from economic activities; and the restoration of deteriorated natural
assets to their original state. The handbook suggests that the least-cost
measure (best available technology) should be chosen from the different feas-
ible measures. In the future, it will be necessary to consider other estimation
methodologies based on other measures.

It should be noted that the imputed environmental cost associated with the
discharge of residuals was estimated first, by obtaining the unit cost of
removal by dividing the cost of removal by the amount of removal and then,
by multiplying the unit cost by the volume of discharge. However, when addi-
tional residuals are actually removed, the marginal cost of removal is expected
to increase. Thus, instead of using the valuation methodology based on
average cost, as we did in this trial estimation, it will be necessary to examine
possibilities of marginal costing.

Overseas environmental problems associated with Japan’s imports

In this trial estimation, the imputed environmental cost associated with the
depletion of resources declined substantially from 1985 to 1990 because of the
greatly decreased extraction of coal. Because of the reduced amount of extrac-
tion, the expected exploitable period of domestic coal resources increased,
hence lengthening the period of ‘sustainability’. As a result, there was a
reduction in the imputed environmental cost. However, the decreased extrac-
tion was not brought about only by the substitution of inputs or products
associated with technical innovation or the improvement in energy efficiency.
It was mainly a result of the weak international competitiveness of the domes-
tic coal industry. As a consequence, the source of energy shifted from domestic
production to coal and petroleum imports. From an environmental point of
view, the imputed environmental cost was transferred from the domestic
economy to foreign economies.

The imputed environmental cost is supposed to be connected with the eco-
nomic activities that are the direct cause of the depletion of resources (in this
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case, production activities in the form of extraction of resources) and is not
supposed to be connected with the economic activities that are the ultimate
cause (in this case, consumption activities of goods and services that are pro-
duced with imported petroleum and coal). The imputed environmental cost of
the depletion of resources associated with the extraction of imported pet-
roleum and coal was therefore not imputed to the Japanese economy.
However, one should be aware of the fact that the imputed environmental cost
of the Japanese economy declined considerably because of the shift of supplies
from domestic to foreign sources, when there was little change in the depen-
dence of the Japanese economy on petroleum and coal. Environmental
accounts should, therefore, be supplemented with further analyses of environ-
mental problems in foreign countries, caused by Japan’s imports.

Valuation at constant prices

The imputed environmental costs of water pollution declined from 258.1
billion yen in 1985 to 190.7 billion yen in 1990, a decline of 5.9%. These costs
can be divided into the unit cost of removal and the volume of discharge as
shown in Table 8. The imputed cost declined despite an increase in the volume
of discharge, because the unit cost of removal declined considerably. The fall
in the price of environmental protection equipment, owing to its wider avail-
ability, improvement in its capacity, and the economy of scale associated with
the large fixed cost inherent in the sewage industry, is thus a major factor in
the fall of the unit removal cost. In order to prevent these changes in the unit
cost of removal from affecting the imputed environmental cost, we should con-
sider expressing the imputed cost at constant prices.

Table 8. Environmental cost of water pollution (1985 and 1990)

Average annual

1985 1990 rate of growth (%)
Unit cost of removal 47.49 3140 -19
(million yen per 1000 tons)
Volume of discharge 5435 6074 23
(in thousands of tons)
Imputed environmental cost 258.1 190.7 -59
(in billions of yen)

Preparation of long-term time series

Because the main purpose of this trial estimation was to prepare the basic
structure of integrated environmental and economic accounting for Japan, the
estimates were made only for 1985 and 1990. It has turned out that there was
little noticeable change in actual environmental protection expenditures or in
the imputed environmental cost over the S-year period. If it is possible to
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extend the estimates back into the 1960s, we might obtain results that show a
considerable increase in environmental protection measures, along with a pro-
gressive worsening of environmental pollution. In order to evaluate the effects
of environmental protection measures, it is therefore necessary to prepare
long-term time series, along with the expansion of the scope of estimation and
the improvement of the estimation methodologies.

Notes

1.

The Department of National Accounts (DNA) of the Economic Research Institute of the Eco-
nomic Planning Agency is in charge of compiling national economic accounts. The DNA is
also given responsibility for the development of integrated environmental and economic
accounting,

. The DNA has been conducting research and development while consulting with a special

group of scholars and experts on environmental accounting since 1991. In 1995, the DNA
established the Council for Research on SNA (CRSNA), composed of scholars and experts, in
order to examine the 1993 SNA. The CRSNA has seven committees, one of which is in charge
of examining integrated environmental accounting. The DNA plans to assess the trial estimates
in consultation with the committee for the recurrent compilation of environmental accounts.

. The integrated environmental and economic accounts are compiled for the economy as a whole

and do not at present include accounts broken down by industry or region. It is desirable to
develop environmental accounts by region, since some environmental problems, such as water
pollution and the excess felling of trees, have regional characteristics. We see the development
of environmental accounts by region as a long-term task for the future, to be examined after the
improvement of environmental accounts for the economy as a whole.

. For air, water and soil, the accounts are restricted to data on degradation (i.e. flows) only.
. 'With regard to cross-border issues, exports of environment-related goods are separately identi-

fied, but imports are not, due to lack of data. Cross-border environmental impacts, such as the
import and export of residuals, are not taken into account when estimating imputed environ-
mental costs due to the lack of data. The issues involved in the estimation of imputed environ-
mental costs associated with Japan’s import of resources are discussed in the ‘Outlook’ section.

. See for a discussion of the different valuations proposed in the SEEA and the related concepts

of cost caused and borne, Chapter 16.
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Orientation and scope of environmental accounting in Korea

Following the success of an export-led growth policy during the 1970s and
1980s, the Korean environment began to face significant deterioration in the
1990s, due to a combination of rapid industrialization, population growth and
urbanization. As in the past Korea had to pursue its economic development
without a sufficient endowment of natural resources and technological accu-
mulation, environmental concerns were not considered a priority in economic
policy.

This chapter addresses the need to provide data to support policies which
integrate governmental economic policies with environmental conservation.
Based on international experiences and recommendations, the paper presents
proposals for an environmental accounts framework which extends the present
national (economic) accounts of Korea to reflect natural resource depletion
and environmental degradation not valued in the market. The framework is
based on the System of integrated Environmental and Economic Accounts
(SEEA; United Nations, 1993a). It can be used to analyse the interactions
between the environment and the economy (van Tongeren et al., 1994). Using
the proposed framework of accounts, a pilot compilation of environmental
accounts for Korea was carried out for the period 1985-1992. The project was
funded by UNDP, implemented by the Korea Environmental Technology
Research Institute (KETRI), and technically supported by the United Nations
Statistics Division (UNSD) and the United Nations Department of Develop-
ment Support and Management Service (DDSMS).

The accounts deal with economic causes of air and water pollution and the
environmental protection activities required in response to these concerns.
Also dealt with is the depletion of the stock of natural forests, selected min-
erals and fish; the latter analysis is extended beyond the boundaries of Korea
by analysing the effects of economic activities in Korea on depletable natural
assets in other countries. Land use issues, showing how forest and other non-
economic land is absorbed by agricultural, built-up and recreational land, as a
consequence of economic development of Korea, are also discussed.

The views expressed here are those of the authors and not necessarily those of their respective
organizations.

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 63-76.
© 1998 Kluwer Academic Publishers.
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The framework includes selected national accounts data in monetary terms
compiled by the Bank of Korea (1994), data in physical terms and imputed
values of flows and stocks of natural assets, natural resource depletion and
environmental degradation by industries. Data on environmental protection
expenditures, implicitly included in the SNA aggregates, are presented separ-
ately as ‘of which’ elements.

This chapter presents a description of the accounting framework, the pilot
compilation of environmental accounts based thereon, a preliminary analysis
of the results of the compilation and suggestions for further work.

The accounting framework and its concepts

The accounting framework of the Korean environmental accounts, as for the
SEEA, is the supply and use table of the 1993 System of National Accounts
(SNA; Commission of the European Communities et al., 1993). This table
includes an integrated presentation of the supply and use and value added
elements of the SNA. Supply includes output of industries and imports, and
use covers intermediate consumption by industries, final consumption by
households and government, exports and gross capital formation. Value added
is presented in this framework as the difference between output and interme-
diate consumption of industries. To this central SNA framework, environ-
mental accounts elements are added to obtain the SEEA framework presented
in Figure 1 of Chapter 2. This chapter should be consulted for further details
on the SEEA. Environmental accounts elements include data on the following:

(a) expenditures on environmental protection are made explicit as ‘of which’
items. They are reflected in intermediate consumption, capital formation
and value added of industries, as well as in final consumption of house-
holds and the government;

(b) non-market uses of natural resources by industries and households, includ-
ing depletion of minerals, as well as emissions, discharges or disposal of air
and water pollutants and solid wastes by industries and households;

(c) output of industries and imports causing depletion of natural resources in
the country and outside its borders are identified as an ‘of which’ cate-
gory;

(d) asset accounts of non-produced natural assets including forests, minerals,
fish, land, air and water.

The asset accounts for minerals, forests and fish include information on
opening and closing stocks for each year and changes therein due to direct use,
other economic decision or natural causes and changes in prices. Data on
depletion, that is the value of the use of the resource above the sustainable
level for renewable resources (forest and fish) and of the total use/extraction
for non-renewable resources, are compiled. For water and air, only the cost of
degradation is estimated. For land, the only imputed cost is that of degrada-
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tion estimated as the cost of waste collection and treatment. All data are first
compiled in physical terms and thereafter converted to monetary values, using
unit values (see below). As there may be changes over time in the prices or
nominal values of the assets, the asset accounts also include data on revalu-
ation of the stock of natural assets.

The large data set covering the period 1985-92 consists of the central supply
and use framework extended with environmental elements. It is supplemented
with worksheets described in the next section. Two types of worksheets may
be distinguished. The first contains economic data that are relevant to
environmental analysis and are already included implicitly in the national
accounts aggregates. These data refer to environmental protection expendi-
tures, environmental charges and subsidies, and also to data on extraction
products produced in Korea or imported. The second group of worksheets
includes environmental data that are not covered by the national accounts,
such as data on depletion, degradation and most data on the stocks and flows
of asset accounts of non-produced assets. These data are generally specified in
physical units and valued by applying unit net prices for depletion and unit
‘best available technology’ cost (current and levelized capital cost) for degra-
dation. The latter method consists in estimating the imputed cost of treating
the emissions, using the best available technology (e.g. construction and
current expenses of waste and wastewater treatment plants, cost of scrubbers,
filters, catalytic converters etc.).

Data, estimates and valunation

The 1985-1992 period allows the description of trends in economic develop-
ment, environmental degradation and resource depletion. The Republic of
Korea has well developed national accounts and economic statistics. However,
data on environment and natural resources need to be further developed in
order to improve the accounts and their analysis. The following describes the
data used for the compilation of different elements of the SEEA framework.

Environmental protection expenses and environmental charges

As national accounts data, compiled annually by the Bank of Korea, do not
provide enough information to identify environmental protection products
and services in the economy, other data sources were used. The Report on
Mining and Manufacturing Survey (National Statistical Office, Korea, 1987-
1994) and The Report on the Construction Work Survey (National Statistical
Office, Korea, 1986-1993b) were used to identify the supply and expenditure
for environmental protection products and services for industries. For govern-
ment and household expenditures, the Government Revenue and Expenditures
(National Statistical Office, Korea, 1986-1993a) and The National Survey of
Family Income and Expenditures (Ministry of Finance, Korea, 1985-1992)
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reports were the main data sources. Environmental protection expenditures
are identified by industry (Korean Standard Industrial Classification, KSIC),
degradation/depletion categories and environmental media affected.

Different data sources, in particular The Report on the Construction Work
Survey, Korea Environmental Yearbook (Ministry of the Environment, Korea,
1989-1994) and Survey on Environmental Protection Expenditure by Manufac-
turers (only for 1991 and 1992) (Ministry of the Environment, Korea, 1992)
were used to identify capital formation for environmental protection by
industries. Data on government investments in environmental protection

equipment were estimated, based on the amount of grants and revenue shares
allocated by the central government to local governments (six major cities and
nine provinces).

Environmental charges include mainly plastic waste disposal charges.
Environmental subsidies cover tax reduction and exemptions for industries
installing pollution abatement and control facilities. Data are obtained from
the Korea Environmental Yearbook.

Data on environmental protection are included in the following worksheets:

(a) supply and use table with economic data, based on Bank of Korea (1994)
national accounts;

(b) output and intermediate consumption of environmental protection activ-
ities for manufacturing, construction, and community, social and personal
services are obtained from several sources, notably The Report on Mining
and Manufacturing Survey, The Report on the Construction Work Survey
and Korea Environmental Yearbook;

(c) capital formation on environmental protection equipment by industry
(user) and environmental subject area (air, water, wastes, land, noise);

(d) government gross fixed capital formation and current expenditures on
environmental protection by environmental subject area;

(e) internal environmental protection expenditures by industry and environ-
mental subject area (installation and clean-up of scrubbers, maintenance of
waste and wastewater treatment plants etc.);

(f) environmental protection expenditures of households by type (water puri-
fier, waste treatment fee, sewage fee, mineral water, septic tank, air cleaner,
three-way converter etc.);

(g) emission charges by industry;

(h) export and import of environmental protection products;

(i) tax reduction for installing pollution abatement and control facilities;

(j) exports and imports of extraction products by type (minerals, forestry and
fishery products).

Asset accounts for produced assets

Produced asset accounts are compiled using the National Wealth Survey of
Korea which is carried out every 10 years by the National Statistical Office
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(1989). The last survey took place in 1987. For the other years, Phyo et al.
(1993) estimated fixed capital stock using the Perpetual [nventory Method and
the Polynomial Benchmark Year Method. However, their estimates did not
include fixed assets for large animals and plants which were added, using data
published in the Statistical Yearbook of Agriculture, Forestry and Fisheries
{Ministry of Agriculture, Forestry, and Fisheries, Korea, various years).

Asset accounts for non-produced assets

The non-produced asset accounts include land, mineral resources, fish, forest,
water and air. Due to lack of data on aquifers and other groundwater, deple-
tion of water resources is not included. However, degradation of water in
terms of emissions of wastewater is estimated. Asset accounts for forest and
fish are compiled in physical and in monetary terms. No cost for the depletion
of the assets is included. The extensive programme of reforestation and protec-
tion of forest by the government and efficient forest management are the
reasons why sustainable yield has not been exceeded and therefore no deple-
tion has taken place. For fish, data on biomass, essential for the calculation of
maximum sustainable yield (MSY), are available only for one species, yellow
corvina. Marine fish stocks are known to be decreasing as the catches per unit
efforts (CPUE) have generally decreased since the 1970s. Due to data limi-
tation, no cost of depletion is allocated to the fishing industry.

Stock data for the compilation of physical and monetary asset accounts for
non-produced natural assets are obtained from various statistical yearbooks
and national publications. However, few data are available on flows beyond
direct use (harvest/extraction), i.e. natural growth of biota, catastrophic losses
due to natural and economic causes, discoveries etc.

Data on asset accounts for non-produced assets, included in separate work-
sheets, refer to the following:

(a) asset accounts for land, by type of land area (agricultural land, forest land,
built-up land, other), in physical and monetary terms and also including
land prices by type of land area (paddy field, dry field, housing site, com-
mercial site, forest land, manufacturing site, other);

(b) monetary asset accounts for forest resources by species (conifer forest,
deciduous forest, mixed forest), in physical and monetary terms and
including net price data;

(c) asset accounts for fish resources, in physical and monetary terms, and
including net price data;

(d) asset account for mineral resources by type of mineral (coal, iron ore, lime-
stone, tungsten ore, copper ore, kaolin, gold, silver), in physical and mone-
tary terms, and including net price and user cost data with different
discount rates.
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Emissions

The accounts for environmental degradation cover emissions in physical and
monetary terms into air, water and land by industry. Emissions into air
include CO, NO,, SO, and TSP, into water the amount of BOD discharged,
and into land the amount of wastes discharged. The cost of emissions is calcu-
lated using the maintenance cost in the form of ‘best available technology’ for
treating the emissions. Emissions into air are distinguished by emissions from
stationary sources (e.g. heating, electricity generation etc.) and mobile sources
(vehicles) to take into account different treatment costs. In the first case, the
costs of flue gas desulphurization (FGD) and of the use of selective catalytic
systems (SCR) are estimated. For mobile sources, the cost of the three-way
catalytic converters for gasoline vehicles and the electric heaters for diesel
vehicles is compiled. BOD emissions are valued, using the levelized annual
cost of construction of an activated sludge treatment plant of 20,000-100,000
tons/day capacity with 15 years of life expectancy and a discount rate of 10%,
and adding the current costs. The cost of discharging waste is estimated on the
basis of landfill costs.

Data on emissions are obtained from The Annual Survey Report on the
Industrial Waste Water Discharge (Ministry of the Environment, Korea, 1986—
1992, 1994) for water, The Report on Energy Census (Korea Energy Economics
Institute, 1987, 1990, 1992) for air and Korea Environmental Yearbook for
waste discharge.

Data on emissions are recorded in the following worksheets:

(a) amounts of general wastes emitted by type (briquette waste, other) and
treatment (untreated, landfill), treatment cost per unit (alternatively based
on landfill and incineration cost) and total social cost;

(b) air pollutants emitted by type (CO,, NO,, SO,, TCP, HC), by industry
and (in the transport sector) by type of emitting unit (passenger cars, jeeps,
bus, truck, special equipment vehicles), in physical and monetary terms,
also including the avoidance cost per unit of pollutant;

(c) environmental ‘social’ cost of emitting domestic and industrial waste
water, in physical terms and monetary terms.

Analysis

A structural analysis of the data is presented in four tables. The tables empha-
size differences between traditional analyses, based on economic data, and
similar analyses carried out on environmentally adjusted aggregates. As the
data base covers a 7-year period, it is possible to show how these structural
analyses evolve over time. For the purpose of this paper only two years are
compared (1986 and 1992) although a much larger data base is available. No
effort is made to carry out growth analyses, as past experience has shown little
difference between the growth rates of economic aggregates and environ-
mentally adjusted aggregates.
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Table 1. Economic vs. economic—environmental analysis of main aggregates, 1992.
Econamic analysis Economic iransactlons refated to natural assets Economic-environmental analysis
ag % of NDP
Cepstion O

. . Cunzepis messured in “nlogtated

Concepis measured in ceonomic analysis| (s % of NDP) [ Forests Mincrals Fish and Air Water (5 % oI HDP) UNCPLE MGISUTEd In "Dlcgrale:
e zomom'exenvirenmental analysiy

NDP 100.006: 07:38%| EDP (a5 % of NDP}

of winch;

Knviranmental charges-subsidics 005 0024 o o0se

[Velug added of cirvizonmenta protection . . »

findusiries 0.26%: [Xele 0277 0.56%]

latcumediate consomptionsuse of ) ) "

luav irenontal pootection products 1./4% 0384 0ot 0.4

[Use: of napared assets (depletion & . . )

[dcpmdaring ) by ind weiries 201% 4% D005 1.96% 0.01%)

Final censumplion of
[Final consnumption of households| 30.66% 61.88% households, adjusted for

degradation impacts

of which:
Final consmptiom by honscholds i’
lenwirciental protection praducts 020 g 0.05% 011% |
[Uses of natum resourees idogradalior) 060% oL 037 033%

i i ki nsnption of
Final consnmption of e 12237 ‘mal constnuption of
government goverament

of shich:
|iigal ¢enstaption by government of
fenv ironawatal protection procusts *) 365 029% 0 015%
Net fixed cupital formation 29.44%] 77.54%| Net capilal accumulation
of which: (Net capial forling adjus.sd
[Tixcl capital fomasion oo g v tol St satural spited v Auptiv, Lo,
[protection squ-prment (") 091% 023% 0.1%% 0.49% deslotion and degradation)
Exports AL.93% 32.79% EXpOrs
fless: mports A3k 3342% lmports
of which:
imporied produets casing depletion in a0 s s19 e
Jether cevntrios
#) it includes cost of goverimant expenditures on research and eand costs.

=) Itingludes consumption of fixed capltal on enviroimental protecticn quipTent.

Economic vs. economic—environmental analysis of main aggregates

Tables 1 and 2 compare the conventional components of the net domestic
product (NDP) (by expenditures) with those of environmentally adjusted net
domestic products (EDP) taking into account costs of use of environmental
assets. The percentages presented on the left-hand side refer to the breakdown
of NDP, while those on the right-hand side reflect the breakdown of EDP.
The differences between NDP and EDP analyses are explained by the eco-
nomic transactions related to natural assets presented in the middle of the
tables. These columns refer to the natural assets and environmental media that
are the object of the study of this paper.

The following explains how the elements in the middle of the tables relate to
the difference between the economic and environmental aggregates presented
on both sides:

(a) NDP. Environmental charges less subsidies, value added of environmental
protection industries, intermediate consumption/use of environmental pro-
tection products and uses of natural resources are identified as ‘of which’
elements of NDP. Environmental charges, value added of environmental
protection activities and intermediate consumption/use of environmental
protection products are identified, in the middle of the tables, according to
the media they affect (land, air and water). The cost of uses of natural
resources by industries refers to depletion of forests, minerals and fish, and
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Table 2. Economic vs. economic—environmental analysis of main aggregates, 1986.

Economic analysis Economic transactions related to natural assets Economic-environmental analysis
85 % of NDP
Depletion Degradaton
Coneepis l“;t:?:sm veonomie (“:"; ,)"[ Foresis Mincrals Vish tand Air Waier (5% of 13P) &:;:’:;:“;‘;‘ﬁ;:l‘:'ﬁ;i
NDP 100.00%| 95.87%| EDP (as % of NDP)
of which: :
[[Fovirommensal eharges-subidies 0.20% ey G0 110
alue added of environmental
Iorotection industrics 0.53 018% G05% 0.30%
(niermediate consumptionise of
leuvironmental protecion products 0.945% 0.30% 8% 0.40%
Jsc of natural cesonrees (depletion &
udution) by indueiri
(fgaduton) by indusiics 3.08% 0.02% Q00% 304% 0.01%|

Final consumption of
(households

inal consumption by households of
leavironmental protcetion products 0.114%) 0.00% [ 0.11%

[Use of natural assets {degradation)

Final consnmption of
61.37%| 65.12% | households, adjusted for
degradation impacts

of whicl:

1.06% woi% 147% 0.58%
Vinal consumption of 1119 1160 |1 inal consumption of
|government : [government
of which:
insl consumption y government of
i proecion products (%) 0.20% 0.15% 00% 0.02%|
INet fixed capital formation 20.92% 17.51% | Net eapital accumulation
of which: |(Net capital formation adfusted
lésed capital formation on ior naturad capital consumplion,
e?::mnmenml protection equipment 000% 0.10% 8% 0.48% .. cepletion and degradiuiion)
Exports 41.86%| 43,674 | Exports
lless: Imports 35.287%| 36.80% | Imporis
of which:
mponod products causing deplotion in| .
lother countries 6.06% 0.64% 5326 0.11%
¥ tincludes cost of on research and and costs.

(%) lincludes consumption of fixed capital an environmental protection equipment.

(b)

©

(d)

degradation of land, air and water; it is deducted from NDP in the deriva-
tion of EDP.

Final consumption of households. Two ‘of which’ elements are identified
for final consumption by households of environmental protection services
(e.g. fees for the collection of household waste) and use of natural resources
by final consumers (generation of wastes and emissions into air and water).
The latter is added to final consumption of households in order to arrive
at an environmentally adjusted equivalent. This addition deviates from the
practice of the SEEA, which suggests shifting this use as an additional
deduction from NDP. It has been assumed here, however, that households
effectively consume more than they pay for and therefore the shift is not
applied, but instead final consumption is increased (see also below).

Final consumption of government. Government expenditures on environ-
mental protection services are identified separately as ‘of which’ elements.
They do not affect any of the environmentally adjusted aggregates.

Net fixed capital formation. Only fixed capital formation on environmental
protection equipment is identified as an ‘of which’ element. It refers to the
gross concept as no data are available on consumption of fixed capital on
environmental protection equipment. It includes equipment for the treat-
ment or prevention of emissions into the different media. Net capital accu-
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mulation is the environmentally adjusted equivalent of net capital
formation. It is obtained by deducting the cost of uses of natural assets by
industries and by final consumers from net fixed capital formation.

Exports and imports. Imports of products causing depletion in other coun-
tries e.g. timber, minerals and fish products, are identified separately and
allocated, in the middle of the tables, to depletion of forests, minerals and
fish. The purpose is to show the dependency of the Korean economy on
natural resources of other countries.

The middle parts of the tables contain information on economic trans-

actions related to natural assets. However, as explained above, not all trans-
actions constitute adjustments in the conversion from NDP to EDP.

The following conclusions can be drawn from the data presented in Tables 1

and 2:

{a) The overall structural relations between economic and environmental

analysis between 1986 and 1992 reveal an increase in the share of EDP to
NDP from 1986 (95.87%) to 1992 (97.99%) (see (c)). The two expenditure
components that change between NDP and EDP analysis are final con-
sumption of households with and without environmental adjustments, and
net capital formation as distinct from net capital accumulation; all other
concepts remain unchanged in the tables between economic and environ-
mental analysis. In 1986, consumption of households (environmentally
adjusted) increased by approximately 2% (61.88-59.66%) when comparing
its shares in NDP and EDP, while the share of net capital accumulation as
compared with net capital formation decreased by approximately 2%
(29.74-27.54%). In 1992 these percentages were respectively +4% (65.12-
61.37%) and +3.4% (20.92-17.51%).

{b) The main environmental impacts (use of natural assets), identified in the

©

middle of the tables, are those on air by industries and, to a lesser extent,
by households as consumers, and on water (discharge of wastewater) and
land (disposal of solid wastes) by households. The total impact of house-
holds is approximately one-third that of industries. These impacts,
however, decreased as a percentage of NDP between 1986 and 1992. Thus,
the value of emissions into air (at maintenance cost) decreased from 3.04%
of NDP in 1986 to 1.96% in 1992 by industries and from 0.47% in 1986 to
0.27% in 1992 by households. The value of wastewater discharge by house-
holds decreased from 0.58% in 1986 to 0.33% in 1992.

Environmental protection efforts increased between 1986 and 1992. Thus,
intermediate consumption/use of environmental protection products as a
percentage of NDP increased from 1986 to 1992 (0.94% in 1986 and 1.74%
in 1992), closing the gap with the environmental impacts as percentage of
NDP (3.08% in 1986 and 2.01% in 1992). Fixed capital formation on
environmental protection equipment also increased from 0.66% in 1986
and 0.91% in 1992; and value added of environmental protection activities
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increased from 0.53% in 1986 to 0.94% in 1992. However, data deficiencies
limit the analysis. Intermediate consumption/use of environmental protec-
tion by industries includes imputed ‘output’ of environmental protection
generated by ancillary activities of industries. Intermediate consumption of
‘external’ environmental protection products is not available and was esti-
mated as the difference between the supply of environmental protection
products (output and imports) and the exports and final consumption of
government and houscholds. It was impossible to allocate it to the
industries and it is presented in Tables 3 and 4 in the row of ‘Non-
allocated’ together with ‘internal’ environmental protection expenditures
which could not be allocated to any particular industry.

(d) Depletion of mineral resources is very low in both years. This is not sur-
prising, because Korea is not a natural-resources rich country. Rather, it
uses natural resources of other countries, which is reflected in import
figures. In order to determine the influence on the resource depletion of
other countries, imports as a percentage of NDP are presented at the
bottom left-hand side of the tables. In 1986, the import percentages for
these products were 0.64% for forest, 5.32% for minerals, and 0.11% for
fish in other countries, and were somewhat lower in 1992, except for fish
(i.e. 0.44%, 5.19% and 0.17%, respectively). In evaluating these percentages
one should take into account that these figure are not based on net rent or
user cost valuations, but are the total value of the prodilcts at which they
are purchased abroad; they do not reflect, therefore, the cost of depletion.
Furthermore, these values do not change the main aggregate of EDP,
because imports were already deducted in the derivation of NDP.

Contribution of industries to net product in economic and
economic—environmental analysis

Tables 3 and 4 present an analysis of data by industries. These tables compare
economic analysis, based on SNA concepts, with environmental analysis based
on environmentally adjusted data as defined in the SEEA. The left-hand side
of the tables shows the percentage distribution of NDP by industries and in
the right-hand side a similar distribution of EDP. The middle parts show the
impacts of economic activities on natural resources and the economic
responses thereto. Three main ISIC categories of economic activities are
included: (1) agriculture, forestry and fishing; (2) manufacturing, electricity, gas
and water, and construction and (3) services. Of the latter, only two categories
of selected activities are included (i.e. manufacture of chemical products; elec-
tricity, gas and water; construction; transport and communication; public
administration and defence). The data in the middle of the tables are expressed
as percentages of value added of each of the corresponding industries.

To illustrate the analysis of the tables, the ‘slice’ corresponding to elec-
tricity, gas and water, may be taken as an example. The contribution of this
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of industries to net product in economic and economic—environmental

Economic -
Eeonomic Economic transactions related to natural assets environmental
analysis analysis
% of net vahie added
% Disiribution off % Dislribution of
NDP by industrics 0P by industrics
Current
environmental  Eavironmental Uses of narural
profeclion charges - GICr agsels LCYA
expenditures  subsidies (¥#)
)
“l'otat 7.69% 0.00% 0.01% 0.00% 0.35% 99.65% 7.86%]
Agriculture Depletion
foresiry Land 0.00% 0.00% 0.00% 0.00%
and Air 0.00% 0.00% 0.00% 0.35%
fishing Waer 0.00% 0.01% 0.00% 0.00%
Totdd 0.37% 0.00% 0.01% 0.07% 11.78% 88.22% 0.33%]
Depletion 11.43%
Mining Land 0.00% 0.00% 0.03% 0.00%
Air 01.00% 0.00% 0.00% 1.35%
Water 0.00% 0.01% 0.04% 0.00%
‘T'otal 42.55% 0.00% 0.03% 0.29% 1.95% 98.05% 42.84%]
Manufacturing, Nepletion 0.00%
Ficetricity, gas and water, fand 0.00% 0.00% 0.07% 0.00%
Construction Air 0.00% 0.00% 0.00% 1.95%
of which: Waler 0.00% 0.01% 0.22% 0.00%
“T'otal 4.65% 0.00% 0.11% 0.35% 2.27% 97.73% 4.66%
Depletion 0.00%
Manufacture of chemical Land , .
nroducts 0.00% 0.11% 0.03% 0.00%
Air 0.00% 0.00% 0.00% 2.27%
Waier 0.00% (L01% 0.32% 0.00% o
Total 1.83% 0.00% 0.00% 0.32% 16.79% 83.21% 1.56%]
Depletion 0.00%
Electricity, gas and waier {.and 0.00% 0.00% 0.02% 0.00%
Air 0.00% 0.00% 0.00% 16.79%
Water 0.00% 0.00% 0.30% 0.00%
Total 14.05% 0.00% 0.00% 0.32% 0.03% 99.97% 14.43%
Depletion 0.00%
Construetion Land 0.00% 0.00% 0.16% 0.00%
Air 0.00% 0.00% 0.00% 0.03%
Water (L00% 0.00% 0.16% 0.00%
‘otal 50.18% 0.00% 0.00% 1.09% 0.23% 99.77% 51.40%|
Services, total Nepletion 0.00%
tand 0.00% 0.00% 0.28% 0.00%
Air 0.00% 0.00% 0.00% 0.23%
of witich: Water 0.00% 0.00% 0.79% 0.00%
Total 6.13% 0.02% 0.00% 0.12% 1.60% 98.40%| 6.19%
Deplelion 0.00%
“lransport and
communication 0.00% 0.00% 0.04% 0.00%
Air 0.02% 0.00% 0.02% 1.60%
‘Watcr 0.00% 0.00% 0.07% 0.00%
Total 8.24% 0.02% 0.00% 571% 0.11% 99.89%
Public administration  Depletion 0.00%
and defense Land 0.00% 0.00% 1.32% 0.00%
Alr 0.02% (1.00% 0.01% 0.11%
W 4.29% 0.00%
2 ol % 2685% 49:45%
Nonatiacated Depletion
Chotterenil) - Tand 100:00% 70.19% 25.58% 0.00%
Ei o 99,85% 5.00% W07% 50.13%
Wiler: 160.00% 92 90% 0.03% 140.80%
Totul 100.00% 1.74% 0.06% 0.91% 2.01% 97.38% 100.00%.
Depletion 0.04%
Total indusiries Land 0.38% 0.02% 0.23% 0.00%
Air 0.66% 0.00% 0.19% 1.96%
Water 0.70% 0.05% 0.49% 0.01%
(*) Includes only inlernal protection di exlernal envi 1 di are in Non allocaled

(*®) Environmental subsidics appear anly in Not-allocated.
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Table 4. Contribution of industries to net product in economic and economic-environmental
analysis, 1986.

Economic Economic transactions related to natural assets Economic -
analysis environmental
analysis
% Distribution of % of net valuc added % Distribution of EDP
NDP by industrics by industries
Current
environmental Environmental Uses of natural
protection charges - GFCF esets EVA
expenditures  subsidies (**)
]
Total 11.76%] 0.01% 0.00% 0.01% 0.22% 99.78% 12.249%
Agriculture Depletion
forestry Land 0.00% 0.00% 0.00% 0.00%
and Air 0.00% 0.00% 0.00% 0.22%
fishing Water 0.01% 0.00% 0.01% 0.00%
Total 1.00%] 0.02% 0.00% 0.02% 2.63% 97.37%] 1.01%
Depletion 247%
Mining Land 0.00% 0.00% 0.00% 0.00%
Alr 0.00% 0.00% 0.00% 0.15%
‘Water 0.02% 0.00% 0.02% 0.01%
Total 40.25% 0.12% 0.01% 0.17% 2.77% 97.23% 40.82%
Manufacturing, Depletion 0.00%
Electricity, gas and water, Land 0.00% 0.00% 0.05% 0.00%
Construction Alr 0.00% 0.00% 0.00% 2.73%
of which: Water 0.12% 0.01% 0.12% 0.03%
Total 5.12%] 0.03% 0.0% 0.07% 1.92% 98.08%) 5.23%]
Depletion 0.00%
Manufacture of chemical
Land
products 0.00% 0.08% 0.01% 0.00%
Air 0.00% 001% 0.00% 1.89%
Water 0.03% 0.00% 0.07% 0.03%
Total 2.78%] 0.01% 0.00% 0.01% 17.82% 82.18% 2.38%)
Depletion 0.00%
Electricity, gas and water Land 0.00% 0.00% 0.00% 0.00%
Air 0.00% 0.00% 0.00% 17.82%
Water 0.01% 0.00% 0.01% 0.00%
Total 7.24%) 0.10% 0.00% 0.33% 0.12% 99 88%! 7.54%|
Depletion 0.00%
Counstruction Land 0.00% 0.00% 0.22% 0.00%
Air 0.00% 0.00% 0.00% 0.12%
Water 0.10% 0.00% 0.11% 0.00%
Total 45.83%) 0.04% 0.00% 1.01% 0.65% 99.31% 47.48%
Services, total Depletion 0.00%
Land 0.00% 0.00% 0.07% 0.00%
Air 0.00% 0.00% 0.01% 0.69%
of which: Water 0.04% 0.00% 0.93% 0.00%
Total 6.01% 0.02% 0.00% 0.05% 3.88% 96.12%| 6.03%
Depletion 0.00%
Transport and Land
communication 0.00% 0.00% 0.01% 0.00%
Air 0.00% 0.00% 0.02% 3.88%
Water 0.02% 0.00% 0.02% 0.00%
Total 7.20%| 0.02% 0.00% 6.16% 0.38% 99.62%| 7.48%
Public administration ~ Depletion 0.00%
and defense Land 0.00% 0.00% 035% 0.00%
Air 0.00% 0.00% 0.06% 0.38%
‘Water 0.02% 0.00% 5.72% 0.00%
ot 92.719% 96.75% 19.60% 51.86%
Nop-allocated Depletion
{56 of the total) Land 100.00% 0.00% 5096% 0.00%
. Al 100.00% 0.00% 93.2% 52.51%
- Water 85.30% 0.00% 1.22% 0.03%
Total 100.00%| 0.94% 0.01% 0.66% 3.08% 95.87 % 100.00%
Depletion 0.02%
Total industries Land 0.30% 0.00% 0.10% 0.00%
Air 0.18% 0.00% 0.08% 3.04%
Water 0.46% 0.00% 048% 0.01%
(*) Tncludes only internal protecti itures, external ) P ate in Non allocated.

(**) Environmental subsidies appear only in Not-allocated.
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industry to the NDP in 1992 was 1.83% while its contribution to EDP was
1.56%. The reduced contribution to EDP may be due to degradation impacts
(emissions into air) caused by this industry, which amount in total to 16.79%
of value added. On the basis of the available data and not taking into account
the problem of non-allocation of cost to industries (see below), the economic
responses by this industry to mitigate its environmental impacts are minor:
environmental protection expenditures are negligible and environmental
charges are not levied on this industry. Fixed capital formation on environ-
mental protection equipment amounts to 0.32% of value added, of which
0.02% refers to environmental protection of land, and 0.30% to environmental
protection of water. EVA (environmentally adjusted value added) as a percent-
age of net value added, presented in the middle of the tables, for this industry
(83.21%) is below the average (97.33%) for all industries.

One of the difficulties in the analysis is the non-allocation to industries of all
or large parts of some of the economic transactions and environmental
impacts categories in the middle of the tables. Non-allocation, presented in the
shaded row of the tables, is very serious for both 1986 and 1992. It is most
serious in the case of environmental protection expenditures (1986, 92.79%;
1992, 99.94%) and environmental charges and subsidies (1986, 95.04%; 1992,
96.75%). It is somewhat lower, but still significant, for the use of natural
resources (1986, 51.86%; 1992, 49.45%).

The conclusions drawn from the data presented in Tables 3 and 4, keeping
in mind the large non-allocation of cost to industries, can be summarized as
follows:

(a) As was already shown in Tables 1 and 2, there is an increase in the overall
EVA/VA percentages for all industries between 1986 (95.87%) and 1992
(97.38%). The industries below these averages, in 1986, are electricity, gas
and water and, in 1992, electricity, gas and water and mining. This might
indicate that these industries have larger environmental impacts than the
others.

(b) The average cost of natural asset use for all industries decreased between
1986 (3.08%) and 1992 (2.01%). This reflects similar decreases in the use of
natural resources in manufacturing, electricity, gas and water, construction
(1986, 2.77%; 1992, 1.95%) and in services (1986, 0.69%; 1992, 0.23%).
However, at least for two industries the percentages were higher, i.e.
mining (1986, 2.63%; 1992, 11.78%) and manufacture of chemical products
(1986, 1.92%; 1992, 2.27%). This finding should be treated with some
caution, as approximately half of the uses of natural resources was not
allocated to industries.

(c) Total economic responses for all industries (current environmental protec-
tion expenditures, environmental charges, fixed capital formation on
environmental protection equipment) increased between 1986 (1.61%) and
1992 (2.71%). This might explain the corresponding decrease in the cost of
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the use of natural assets (3.08% in 1986 and 2.01% in 1992). In 1992, the
cost of the use of natural resources (2.01%) was even lower than the total
of economic responses (2.71%).

(d) Economic responses do not seem to be in proportion to their environ-
mental impacts. Thus, for manufacturing, electricity, gas and water, and
construction, environmental impacts in 1986 and 1992 were 0.3% and
0.32% and the economic responses were 2.77% and 1.95% respectively. In
the case of electricity, gas and water the cost of natural asset use in 1986
and 1992 was 17.82% and 16.79%, and the economic response was 0.02%
and 0.32% respectively. With regard to services, the cost of natural asset
use in 1986 and 1992 was 0.69% and 0.23%, while the totals of economic
responses in this industry were 1.05% and 1.09% respectively. The same
‘unrelatedness’ between economic responses and the use of natural assets
can be observed in the case of construction, public administration and
transport and communication. In most instances, however, the economic
responses have increased between 1986 and 1992.

Future work

The pilot compilation of the SEEA was carried out using existing statistics. It
identified data deficiencies, especially for environmental protection expendi-
tures, water resources and fish. Moreover, the coverage of industries was
limited to those for which data were available. Environmental protection
expenditures were estimated from different data sources for the output and
intermediate consumption. This led to a discrepancy between supply and use
of environmental protection goods and services. Moreover, the data collected
by the Ministry of the Environment and the Korean Development Bank were
not consistent with the classification used in the national accounts (KSIC).

With regard to fish, the study shows that, on one hand, imports of fish have
increased over the years, while on the other hand, catches per unit effort
(CPUE) have generally decreased since the 1970s. Fish stocks appear to
decrease rapidly. A more in-depth study for estimating fish biomass for differ-
ent species, and hence sustainable yield and depletion, is needed to assess the
significance of fish stock depletion.

The natural extension of the pilot compilation, in addition to improvement
in data collection, would be the institutionalization of the compilation. The
study was carried out with the assistance of United Nations Statistics Divi-
sion (UNSD), by KETRI, a research institute within the Ministry of Environ-
ment. Support from other institutions such as the National Statistical Office
(NSO) and the Bank of Korea (BOK), responsible for the compilation of
national accounts, was limited. In order to ensure a continuation in the com-
pilation of integrated environmental and economic accounts a coordinating
institution, possibly the BOK or NSO, should build up on the experience
gained from the pilot compilation of the SEEA.
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Philippines: Adaptation of the United Nations system
of environmental accounting

ESTRELLA V DOMINGO

Introduction

Environmental accounting in the Philippines started in 1990 under the
Environmental and Natural Resources Accounting Project (ENRAP). The
USAID-funded project adopted the Peskin’s framework (see Chapters 6 and
21). In 1995, the National Statistical Coordination Board (NSCB), the agency
mandated to compile the national accounts, started a pilot project on the
United Nations System of integrated Environmental and Economic Account-
ing (SEEA; United Nations, 1993a). The Philippine SEEA (PSEEA) project is
a major component of the UNDP programme, Integrated Environmental
Management for Sustainable Development (IEMSD),! which is implemented
by the Department of Environment and Natural Resources (DENR). The
NSCB is also currently undertaking a parallel study on the United Nations
SEEA for ESCAP; the study is limited to the compilation of asset accounts for
fishery, forest and mineral resources. The pilot study on the national PSEEA
was programmed to be completed in 1996, after which a regional (sub-nation-
al) PSEEA will be piloted. The major activities for the development of the
PSEEA are (1) the development of the PSEEA framework; (2) the compilation
of the asset accounts for non-produced economic and non-economic (natural)
assets in physical terms and with monetary valuation; (3) the estimation of
emissions/discharges and other causes of degradation of environmental assets
due to economic activities; (4) the identification and separation of environ-
mental protection expenditures; and (5) the generation of environmentally
adjusted net domestic product (EDP) and other aggregates.

At the time of the preparation of this report, the NSCB had compiled the
asset accounts for three resources: fishery, forest and minerals. This chapter is
therefore limited to the presentation of the Philippine experience in the com-
pilation of these accounts. Guided by the SEEA framework, the asset accounts
for fishery, forest and mineral resources have been compiled in physical and
monetary terms in the following general format:

OPENING STOCK

e Changes due to economic activity
(depletion/extraction)

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 77-94.
© 1998 Kluwer Academic Publishers.
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e Other accumulation

e Other volume changes

e Revaluation (This term is included only in the monetary asset
accounts)

CLOSING STOCK

The changes between opening and closing stocks may arise from economic
decisions, i.c. changes due to economic activities, and other accumulation, or
changes due to non-economic factors reflected in other volume changes. In the
monetary accounts, revaluation is due to changes in prices of the asset
between the beginning and the ending of the accounting period. More details
of the accounting framework and intermediary tabulations applied are given
in Chapter 2.

The Philippine experience demonstrates the feasibility of compiling natural
resource accounts within the frameworks of the System of National Accounts
(SNA ; Commission of the European Communities et al., 1993) and the SEEA.
The Philippine study made use of existing data, which are mostly adminis-
trative, and results of special studies. No primary data were collected to meet
the requirements of the initial compilation of the environmental accounts.
Since considerable processed and unprocessed administrative data can be
transformed into useful data for environmental accounting, lack of data
should not prevent a country from pursuing environmental accounting.
Rather, compiling the accounts will exert pressure on the statistical system to
respond to needs of this new framework.

Fishery resource accounts, 1988-1992
Accounting framework

Fishery resources cover the cultivated fish stock and stock of other aquatic
animals in fish ponds and farms and the non-cultivated fish stocks and other
aquatic animals in the ocean and in inland and coastal waters. Fishery
resources are cultivated in aquaculture and mariculture; the non-cultivated
fishery resources are the object of marine and freshwater fisheries. Due to data
limitations, this initial study was confined to marine fisheries only. For culti-
vated fishery resources, changes between opening and closing stock are the
result of economic transactions, including additions to breeding stocks and
inventories for consumption, and decrease in stocks due to harvesting the
resource. Fish mortality because of natural death, disasters and ecological
destruction of habitat constitute other volume changes in the aquaculture
accounts. At present, estimates on cultivated fishery are still under study for
later inclusion in the PSEEA.

For non-cultivated fishery resources, changes in stocks are due to depletion,
other accumulation and other volume changes. Depletion is accounted for
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when fish caught exceeds the sustainable catch, that is when harvest exceeds
long-term natural growth. Since fish is a renewable resource, the stock of fish
can be increased if allowed to regenerate, but fish can only regenerate to a
level limited by the carrying capacity of the ecosystem. Given the capacity of
fish to regenerate and its natural life span, the use of this resource when reple-
nished by natural growth is not considered depletion. Other accumulation is
the conversion of fish stocks to economic control, i.e. their ‘economic
appearance’ (in SNA terms).

Natural growth, natural mortality, net migration and mortality due to
fishing and destruction of habitat within sustainability limits make up other
volume changes in the stock level of the non-cultivated fishery resource.

Fish stock

The study recognizes the complexity of fishery resource accounting, taking
into consideration the highly mobile nature of this resource. Fish stock data
are not available at present. The Resource Ecological Assessment study con-
ducted by the Bureau of Fisheries and Aquatic Resources (BFAR) in 1993,
covering 12 major fishing grounds, provides results for only five area sites.
This study estimates biomass and other parameters relevant in the construc-
tion of the asset account for selected areas only. However, stock assessment
can only be meaningful if estimated by fishing ground. Given the incomplete
results, to date, this study cannot be scientifically or statistically generalized
for all fishing grounds. Fish stock will, therefore, be estimated only when the
complete results of the fish stock assessment study become available.

Fish catch

Fish catch data are used to estimate depletion (see below). Data on fish catch
(fish production) are currently provided by the Bureau of Agricultural Sta-
tistics (BAS)? from the Surveys of Commercial and Municipal Fish Landing
Centers. Prior to 1980, these data were available from the BFAR, based on
regional monitoring reports of licensed fishing vessels. For both series, catch
data are classified into commercial and municipal fish production, and munici-
pal fish production is further broken down into marine and inland fishery. For
purposes of bio-economic modelling, longer time-series on fish catch are
needed. These time-series are obtained by extrapolating the BAS data on fish
catch, using trends of the BFAR data from 1980 backwards. Fish catch data
are also used to estimate fishing effort. A correction factor of 20% is applied to
reported fish production to account for undercoverage. Total (actual) catch for
1976-1993 is shown in Table 1.

Fishing effort

Data on fishing effort are required for computing sustainable catch. Current
production surveys do not collect data on fishing effort® which is, therefore,
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Table 1. Estimation of fishery resource depletion, 1976-1993.

Actual Sustainable
Effort Catch Catch Depletion
(hp) (m.t) (m.t.) (m.t.)

Year )] @ (©) @
1976 297,125 1,250,021 1,441,311 (191,290)
1977 315,059 1,358,525 1,477,571 (119,047)
1978 385,199 1,409,308 1,583,061 (173,753)
1979 525,161 1,363,548 1,658,353 (294,806)
1980 453,190 1,362,915 1,638,723 (275,809)
1981 551,659 1,445,709 1,657,263 (211,554)
1982 787,838 1,481,267 1,517,283 (36,016)
1983 718,181 1,548,365 1,576,930 (28,566)
1984 655,126 1,563,972 1,619,775 (55,803)
1985 649,477 1,556,542 1,622,976 (66,434)
1986 650,655 1,624,206 1,622,318 1,888
1987 653,145 1,688,926 1,620,911 68,015
1988 611,119 1,726,033 1,641,475 84,558
1989 561,349 1,823,409 1,655,890 167,518
1990 548,115 1,914,725 1,657,639 257,086
1991 455,734 2,008,007 1,640,049 367,957
1992 380,379 1,991,463 1,577,501 413,963
1993 405,231 1,978,350 1,603,754 374,596

Negative values (in parentheses) refer to years with zero depletion.

estimated indirectly using available parameters for commercial and municipal
fishing.

For commercial fishing effort, corrected commercial fish catch in metric
tons, by major fishing gear, is multiplied by the estimated parameters of horse-
power per gross tonnage (hp/gt)* to arrive at horsepower equivalents (hp) for
major fishing gear (purse seine, bagnet, ringnet, trawl, carrier vessels and
muro-ami). To standardize the catch efficiency of the various fishing gear used,
horsepower of other fishing gear is converted to purse seine equivalent (PS),
using the ratio of catch per unit effort (CPUE) by type of fishing gear to
CPUE of purse seine.

For municipal fishing effort, the benchmark estimates of horsepower of
municipal fishing vessels and total municipal fishermen by type are obtained
from the 1980 Census of Fisheries. Both data categories are extrapolated,
using ENRAP estimates on horsepower of municipal fishing vessels and
number of fishermen, respectively. To translate the number of fishermen into
fishing effort (hp equivalent), the following conversion factors are applied:

(@) hp of full-time fishermen = number of full-time fishermen x 0.18
hp x 6/24 h;

(b) hp of part-time fisherman = hp of full-time x 40%;

(¢) hp of occasional fishermen = hp of full-time x 11%.°

The above constant factors were applied throughout the data series. The total
horsepower equivalent for municipal fishermen equals (a) + (b) + (¢).
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To arrive at the total fishing effort in hp equivalent for municipal fishing,
fishing efforts for municipal fishing vessels are added to the fishing efforts of
fishermen. This is then translated into PS equivalent following the same meth-
odology used to convert commercial fishing (hp) to PS equivalent. Total
fishing effort in PS equivalent for marine fishery is the sum of estimated com-
mercial fishing effort and municipal fishing effort, both in PS equivalent (see
Table 1).

Sustainable yield (catch) and depletion

The level of sustainable catch is estimated using the following Fox model
(FAO, 1989):

Y =E x exp(a + bE)
where: Y = catch or yield from the resource, E = fishing effort per unit time.

The sustainable catch level estimated by using the above equation is shown in
Table 1 for 1976-1993. The regression coefficient for this equation was derived
by establishing the relationship between the time series data on fish catch and
fishing efforts, with an r? of 0.7960. The sustainable yield curve is presented in
Figure 1.

Fish is a renewable biological resource. As an input to production it is only
accorded a production cost when the harvest of fish exceeds the long-term
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Figure 1. Sustainable yield—effort curve for marine fishery resources.
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natural growth, that is when depletion occurs. In Table 1, depletion in physical
terms (metric tons) is computed as the difference between actual catch and
sustainable catch.

Depletion cost

In monetary terms, the value of depletion is estimated using the net price (net
rent) method, defined as:

net rent = net price x physical volume of depletion
net price = per unit market price — marginal unit cost of fishing

The Annual Survey of Establishments (ASE) of the National Statistics Office
(NSO) provides the basis for arriving at the net price. From the gross output/
total revenues (at producer’s price) are subtracted the costs (at purchaser’s
price) consisting of intermediate inputs (mainly fuel), compensation of
employees, indirect taxes, depreciation and 15% opportunity cost (as a normal
return to fixed assets employed). Thus, in the absence of information on mar-
ginal costs, average costs have to be used.

The net price is derived by first estimating the net price at producer’s price.
Since ASE data do not provide information on the corresponding catch, the
proportion of net price to gross output, which is 12.25%, is applied to the
producer’s price’ of fish. The difference between purchaser’s price (wholesale
price) and producer’s price, i.c. the trade and transport mark-up, is then added
to the derived estimate of the net price at producer’s price. For other years, the
same procedure is followed, applying the same structure of net price to total
output. Table 2 shows the total amount of depletion in physical and monetary
terms.

Forest resource accounts, 1988-1994

Scope and coverage

Philippine forests are classified into different types: dipterocarp, pine, submar-
ginal, mossy and mangrove. The dipterocarps make up roughly two-thirds of
the total forest cover. In the present accounting study, the asset accounts for
forest resources cover only the forest trees in forest land. Moreover, among the
forest types, only dipterocarps and pine are included, primarily because of
their economic and ecological significance, and partly because of data avail-
ability. Rattan, a non-timber forest product, is also included because of its
significant economic contribution.

Physical accounts

The compilation of asset accounts for forest sets out from physical accounts to
which monetary unit values are applied in a second stage.
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Table 2. Fishery resource depletion, 1985-1993.

Depletion  Net price™® Net rent®

Year (m.t.) (pesos/m.t.) (000 pesos)
1985 (66,434) - -

1986 1,888 4,801.44 9,065
1987 68,015 4,322.17 293,973
1988 84,558 2,244.73 189,810
1989 167,518 5,695.32 954,071
1990 257,086 6,742.99 1,733,529
1991 367,957 9,794.77 3,604,058
1992 413,963 8,397.71 3,476,340
1993 374,596 9,389.31 3,517,199

2 Net price was derived by using the 1989 ASE. The
series was generated by applying the change in pro-
ducer’s price to the derived net price of 1989.

b To translate the net price at purchaser’s price, the
trade and transport margin was added to the net
price at producer’s price.

° Net rent is the value of resource depletion.

Forest resource stock

The opening stock represents the stock of resources at the beginning of the
accounting period. The base information on opening area and volume is avail-
able for 1988 from the Republic of the Philippines (RP) German Forest Inven-
tory.® From the 1988 base information, the Forest Management Bureau
(FMB) of the DENR extrapolates the forest resource stock for the succeeding
years. These data are published annually in the Philippine Forestry Statistics
(PFS). The PFS figures are adopted as the official opening stock (in hectares)
for the accounting period. The closing stock for the accounting period is equal
to the opening stock of the succeeding year.

Depletion

The cutting of forest trees in the Philippines has been extensive. Hence, it is
assumed that current logging already exceeds the level of sustainable cut.
Therefore, all logging, together with damages from logging, is considered
depletion. Data on areas logged are taken from the 1990 Master Plan for
Forestry Development (MPFD)® published by the DENR. For old-growth
dipterocarp forest, logging was allowed only up to 1991. Beginning 1992, there
was thus no reduction in the area due to logging, and depletion due to logging
of old-growth dipterocarp is assumed to be zero. For second-growth forest,
damage due to logging is 15% of the logged area in old-growth forest in the
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previous year. These area data are then multiplied by an assumed harvestable
volume of 248.22 m? per hectare for old growth and 67.0 m® per hectare for
secondary growth to arrive at the data on volume harvested.

Forest conversion

Forest conversion refers to clearing of forest to convert forest land to other
uses, such as residential or industrial development. Data on forest conversion
are taken from projections of the MPFD. The area converted from old growth
to second growth is equal to the area logged in old-growth forest in the pre-
vious year less 15% for log landings, roads and skidding/yarding trails.
Volume is derived by multiplying the area converted by the corresponding
average harvestable volume per hectare.

Other volume changes

The data for other volume changes are taken from special studies. For old-
growth forest, it is assumed that net stand growth is equal to zero, that is tree
growth is equal to tree mortality. For a second-growth forest, the net stand
growth is equal to opening volume multiplied by the annual growth rate taken
from a study by Revilla (1976).

The ‘other changes’ under the volume changes denote the statistical discrep-
ancy which is equal to the difference between the computed closing stock
(taking into account the identified factors) and the opening stock in the suc-
ceeding year taken from official sources. The physical asset accounts for old-
and second-growth dipterocarp are shown in Tables 3 and 4.

Monetary accounts

The net price method is adopted in valuing the stock of forest resources. Eco-
nomic or monetary accounts are derived by multiplying the volume items of
the physical accounts by the stumpage value of the forest. The stumpage value
is the value of the standing timber and is equal to the market price of the
product less the cost of harvesting and a margin for normal return to capital
(assumed to be 30% of the logging cost).'® The market price of timber is taken
as a weighted price of the various species. The cost items include logging cost,
pre-logging cost, post-logging cost, road construction cost, transportation cost
and overhead costs.

The stumpage value represents the potential economic rent accruing to
operators. The base information for stumpage value is taken from a local
study covering only the year 1990. For years other than 1990, the correspond-
ing stumpage value is derived by adjusting the 1990 value by the correspond-
ing changes in weighted prices of logs, by species and also by changes in the
corresponding costs of harvesting. Updated cost structures are taken from
financial statements of logging companies, submitted to the Securities and



Adaptation of UN System of Environmental Accounting 85

ippines

Phil

“njeyzow 9am s[enbo YmoId 991 1159107 YIMOIS-P[O UT OIIZ ST YIMOIT pUBIS-19N
B/ W 77'8YT AQ PSANNUI €3I€ ISI0J PIJISATOD S[ENDS POJISATIOO I59I0] JO SWIN[OA ,
*(15930§ Y3M0IZ-PIO JO SWNJOA S[BISIATRY UBSTH) BY/ W 77'8%¢ Aq parjdnnuw eaxe pad3o| sjenbs pag3o] swnjo

(S d) 1ea£ Surpaoazd sy ux 18910] Y1m0I5-Plo JO STWNJOA SY) UO Paseq s1 1Lk USAIS © 10§ swunjoa JuraedQ .

T6L°861 761861 T6L'36T 761361 9THTIT £CT'LTT SOT'EVT smmjoa Suisor)
0 0 0 (Fzo'en) (LoLy1) (¢86°sT) (re9'sL) awmnjoA ur e3ueyd 19N
0 0 0 (6257 (L85°¢) (680°T) (L008Y) (ps) seSueyo 10O
pANTEIOW TRINIEN
pUIMOIS TRINIEN
0 0 0 (625°7) (L8s°€) (680°T) (oo'sy) soSueyd SWN(oA I9YI0
0 0 0 (80%°7) (3344 (T8¥'D) (SL¥'€) +95T }SAI0J-UOU O} PIJISATIOD S0I0,]
(F) vonemumsoe YO
0 0 0 889°8 889'8 18441 438 74 P93830]
wonedaq
' ‘B eu ‘e'u ‘eu ‘eu ‘eu U011 B)SAIOPY
eu ‘B ‘eu e u ‘2u e UOo11e)SAT0PRY
0 0 0 (889°8) (889°9) (11521 (Ts1%0) Ay1AnoE OTIOU000 0) NP SAFUBYD
T6L°361 T6L861 T6L861 9THTIT €CT°LTT SOT'EHT 6£L°81€ Lumos surmedQ
Y661 £661 7661 1661 0661 6861 8361

(c™ 000.) 6618861 ‘s15910§ d1e00191dIp YIMOIF-PIO JO SIUNOIDE SWNOA '€ JIqD,[



86 Estrella V' Domingo

(9L6T) BIIAY WOIJ USYE) 910l YlM0I3 [enuue oY) £q peydnnu ‘ownjoa Suruedo spenbs gimoIs puels-1oN »
“BY/ UL (1’9 JO AYISUSP [ENPISOX 1) Aq pordiy[nul ‘sosn I9YI0 0] PILIGAUOD BAIY

“ey/ m (L9 Jo Ansusp £q pandninw 1e0£ snorasid oY) ur 15910] Yumo13-pjo ur pagdo] BaIy ,

2/ W (L9 JO SWINJOA J[QBISIATEY 9T} £q paydnnw ‘Suwisfo] woiy paSewep LIy o

‘780 Surpooad oY) UT 18910J Y3M0I8-PIO JO SWN[OA SY} UO PIseq St 1e0£ UoAIS © ur swnjoa Suruado Y], .

LYTTIY 08+€Ty $69°SEY 1916V LET'8SY STI'LOY 166SLY swnjoa SuIso[)
(€s0°TT) (s17°2n) (99¥°¢T) (9L69) (8868) (998°8) (zoLTin) swnjoA Ul 93ueyd 1N
(£78°€0) (s6£°50) (6£L°8D) (TesyD) (vTs's) (£v9°87) (6SE°LET) ('p's) saBueyd 10WO
91591 76691 LTSLT LISLT 81C81 ¥95°31 196°TC 01013 puels PN
(80¢°L) (cov's) (czetn (5999) (90€°L) (6L0°0T) (L6EPIT) soSue(d oWN[oA RYIO
(svLe) (T18c) (988°¢) (€s6°€) (Lzo'p) (0s€°€) (0s¢€'e) pISTL 1S0I0J-UOU 01
Uoﬁo\wﬁOo 18310, ,m
0 0 €661 €661 8¥8T 1s's 500 4Imo13 puodss
0] voauo\rﬁOu ﬂtso.um U_O
(SvLe) (T18°¢) (€68°T) (096°T) (6L1°T) 161°C YOLT (F) uvonemuinode BYO
0 0 (43 T8¢ €08 8L6 8901 4Sur880] woiy oBeweq
uonerdeq
‘e e'u ‘e'u “2'u ‘e'u e'u U Qoﬁdumuuoblx
‘2 ‘e'u ‘e ‘eu 2u ‘e ’'u Qoﬁwamouo,woﬁ
0 0 (zse) (zse) (€05) (8L6) (890°T) £11AnoE STOU002 0 anp SFUEYD
08tsTh $69°5EY 1916 LET'SSY STI‘LOY 166SLY €6L°885 Loumjoa SumedQ
Y661 €661 7661 1661 0661 6861 8861

(¢ 000.) 6618861 ‘$15310§ d1eooro1dip y1moIS-puodas Jo SJUNOSOE SWN[OA  # I[GD.L



Philippines: Adaptation of UN System of Environmental Accounting 87

Exchange Commission of the Philippines. Values at constant prices are
derived by dividing the stumpage value at current prices by the consumer
price index (base year 1985).

The revaluation is equivalent to the differences in stock values due to
changes in prices between the opening and closing periods. The monetary
asset accounts for the total forest resource in current prices are presented in
Table 5.

Mineral resource accounts, 1988-1992
Accounting framework

Mineral resources include metallic and non-metallic minerals. Metallic min-
erals found in the Philippines consist of copper, gold, chromite, nickel and
other metals such as silver, lead, zinc, manganese, cobalt, iron and molyb-
denum. Non-metallic minerals found in the country are quarry resources and
energy resources such as crude oil and natural gas.

The initial estimate of mineral resources for the asset accounts was limited
to metallic minerals (gold, copper, chromite, iron, nickel and manganese). The
account is compiled both in physical and monetary terms. However, valuation
of assets in monetary terms is limited to gold, copper and chromite only. In
physical terms, the account is presented in ore form and metal content.

The mineral resources asset accounts show the level of the stock of a partic-
ular mineral resource at a given point in time and record the transactions that
cause the changes in its level. In principle, only proven reserves are considered
in the construction of the asset accounts. Proven reserves are defined as ‘the
estimated quantities at a specific date, which analysis of geological engineering
data demonstrate, with reasonable certainty, to be recoverable in the future
from known reservoirs under the economic and operational conditions at the
same date’ (Commission of the European Communities et al., 1993, p. 513). To
operationalize this definition, positive and probable reserves are included, fol-
lowing the advice of mining engineers. Positive and probable reserves are
those which have 81-90% and 71-80% confidence level of accuracy, respec-
tively.

The end-of-year annual report of the Mines and Geo-Sciences Bureau
(MGB) on the level of reserves is taken as the source for the closing stock for
the year and the opening stock for the succeeding year. Since minerals are a
non-renewable resource, the level of extraction during the period is treated as
depletion. For other accumulation, relevant entries which are due to economic
decisions are new discoveries and reclassification of reserves. Other trans-
actions that are not due to economic decisions, but nevertheless affect the level
of reserves, should be recorded under other volume changes; they include the
closure of mines and abandonment of mine sites due to force-majeur condi-
tions (i.e. natural calamities, war and strife, and situations created by other
than economic considerations).
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The asset accounts in physical terms are translated into monetary values
using both the net price and the user cost methods. Revaluation is imputed as
a residual.

The physical accounts

The estimation of the physical asset accounts in ore form is straightforward.
The volumes of reserves and extraction (depletion) for each mineral are taken
from reports of mining firms, collected by the MGB as part of its regulatory
function. Data on reserves are crucial in establishing the physical asset
accounts and are readily available from the MGB. To estimate the reserves in
metal content, a weighted average grade for proven reserves is applied to gold,
copper and chromite. While it is recognized that ore bodies may contain more
than one metal, only the primary metal is considered. Since only data on
opening and closing stocks and extractions are available, other accumulation
and other volume changes are derived as residuals.

The preliminary physical asset account for total mineral resources in ore
form is presented in Table 6. Clearly, such information is of limited use, since
metals of different value are simply added together in weight units. On the
other hand, detailed accounts by type of resource are normally treated as con-
fidential.

Table 6. Physical asset accounts of total minerals in ore form, 1988-1992* (000 m.t.)

1988 1989 1990 1991 1992
Opening stock 5,762,484 6,005,212 6,048,383 5,220,408 6,286,169
Extraction 71,903 72,127 61,574 51,268 46,390
Other accumulation 314,630 115,299 — 766,402 1,117,030 —~481,400
Other volume changes - - - - -
Closing stock 6,005,212 3,024,192 5,220,408 6,286,169 5,758,379

* Includes only gold, copper, chromite, nickel and manganese.

Sources: Philippine Metallic Mineral Reserves, Mining Technology Division, MGB; Integrated
Annual Report, Mineral Economic and Policy Division, MGB; NSCB Working Group esti-
mates.

Asset accounts in monetary terms

To value the asset accounts in monetary terms, two methods of valuation are
employed: the net price method (NPM) and the user cost allowance suggested
by El Serafy (1989).

Following the NPM, the relevant unit resource net price is applied to the
physical asset account measured in terms of metal content to arrive at their
monetary values. Table 7 shows the results of this approach, including the
environmental depletion cost in the ‘extraction’ row. As an alternative, the
user costs were also calculated, applying discount rates of 5% and 10%.
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Table 7. Monetary asset accounts of total minerals,* 1988-1992 (net prices; million pesos)

1988 1989 1990 1991 1992
Opening stock 38,792 45411 48,161 54,266 38,518
Extraction 2,247 2,133 1,426 862 477
Other accumulation 4,305 2,404 3,355 7,361 (8,031)
Other volume changes® - - - - -
Closing stock 45411 48,161 54,266 38,518 29,405

# Includes only gold, copper and chromite.

® There are no established data for other volume changes of minerals, so in the meantime these
are left blank ; consequently, revaluation cannot be estimated.

Sources: Philippine Metallic Mineral Reserves, Mining Technology Division, MGB; Integrated
Annual Report, Mineral Economic and Policy Division, MGB; NSCB working group estimates.

Results

Given the preliminary estimates of depletion from the resource accounts, net
domestic product (NDP) was partially adjusted to derive an environmentally
adjusted net domestic product (EDP). The results presented in Table 8 indi-
cate that EDP was at the least 97% in 1988 and gradually increased to 99% of
NDP in 1992. This implies that depletion represented around 4% in 1988 and
continuously declined to less than 1% in 1992. The annual growth rates of
EDP were about 1% greater than NDP, except in 1991 when they were almost
equal. Figure 2 shows GDP, NDP and EDP growth from 1988 to 1992.

The concept of extended net accumulation was also operationalized, using
the basic structure of the SEEA as presented in the SNA (Commission of the
European Communities et al., 1993, p. 511). From this structure, the following
accounting definitions can be derived:

A,..=1=1,—~CFC for produced assets, and
A

ap.cc = Inp.cc — US€yp . fOT non-produced assets
thus total net accumulation of economic assets = A, .. + A,

where: A, .. =net accumulation of produced assets, I, = gross domestic
capital formation, CFC = consumption of fixed capital or depreciation,
A,p..c = net accumulation of non-produced assets, I, .. = other accumulation
of non-produced assets, use,, .. = depletion and degradation of non-produced
assets.

Table 9 displays the definitory aggregates of the accounting identities. Data
for produced assets were taken from the conventional national accounts while
those for non-produced assets were taken from the preliminary estimates of
the asset accounts for fishery, forest and mineral resources and are, therefore,
limited in coverage. I, .. in column 4 includes only data for forest and mineral
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Figure 2. GDP, NDP and EDP (1988-1992).

resources and does not yet cover fishery, land and other resources. The nega-
tive entries in I, .. are mostly due to conversion of forest to non-forest use,
but do not reflect the value increase of assets into which they have been con-
verted. For example, when a forest had been converted to agricultural land,
the improvement in the land has been incorporated as I, but the value of the
land per se has not yet been accounted for in I, .., since there are no esti-
mates yet for land as a resource. In spite of these data limitations and cover-
age, Table 9 demonstrates how the concept of extended net accumulation can
be operationalized. Total net accumulation of produced and non-produced
economic assets has been positive in the Philippines, indicating at least weak
sustainability (of overall capital maintenance) of economic activity in the
country.

Conclusions
The following are the main findings of the PSEEA project:

(a) it is feasible to compile the asset accounts using the SEEA framework;

(b) «data for environmental accounting are inadequate;

(c) administrative data and special studies can be transformed into useful data
for environmental accounting;

(d) involvement of planning, environmental and statistical agencies and
resource institutions is critical in environmental accounting;

(e) training on the SNA, SEEA, environmental economics, resources and valu-
ation methodologies is required;
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accounting work should be institutionalized within the agency that com-
g gency
piles the national accounts.

The operationalization of the PSEEA is being undertaken as an inter-
agency effort with the NSCB assuming the lead role. The participants include
senior and junior level government officials from agencies collecting and using
environmental and natural resource data. Assisting the Inter-Agency Working
Group are part-time foreign consultants from the United Nations Statistics
Division (UNSD) and local consultants from the Philippine Institute for
Development Studies (PIDS).!! The UNSD provided assistance in the devel-
opment and compilation of the PSEEA, while the PIDS provided assistance in
valuing the three resources.

The environmental and data producing agencies provide the data and tech-
nical expertise. The inter-agency approach enables the NSCB to draw on the
expertise of marine biologists and other natural resource specialists, econo-
mists, and statisticians. Training to build up knowledge and interest among
the participants is an essential part of the programme. This approach is to
ensure institutionalization of the environmental accounting process in the gov-
ernment bureaucracy.

Notes

1. The overall objective of the UNDP-IEMSD is to assist the government in systematically
integrating environment and development concerns in policy making and in sectoral regional
planning processes and to help formulate and test the means to make such integration pos-
sible. One of the major targets of the programme is to develop environment and natural
resource accounts that can be institutionalized in the government bureaucracy.

2. The BAS is the agency that produces official data on fish production which is used by the
NSCB to estimate the gross value added for fishery. The NSCB adopted the BAS production
data while the ENRAP study (see Chapter 6) made use of the BFAR production data.

3. Fishing effort and fish catch were compiled by BFAR prior to 1980. This exercise was discon-
tinued, however, by the BAS which took over data collection from BFAR.

4. Horsepower per tonnage by fishing gear was estimated by ENRAP based on incomplete data
from BFAR.

5. Purse seine equivalent is used to standardize fishing efficiency for the different gears because
purse seine accounts for a large proportion of marine fish landed.

6. The horsepower equivalent of a full-time fisherman is set at 0.18 per day (Southeast Asia
average), based on a study by Karim (1985) on energy expenditure. The 6 hours is assumed to
be the number of hours worked by a fisherman per day (full-time fishing). The 40% is the
mean percentage of days of actual part-time fishing compared to full time fishing; 11% is the
mean percentage of actual occasional fishing compared to full time fishing.

7. The producer’s price for fish is obtained from the BAS Survey of Fish Landing Centers.

8. The RP-German Forest Inventory is a joint project of the two governments. The project
paved the way for the preparation of new forest maps for the whole country, based on aerial
photographs and satellite imagery, the inventory of standing volume, regeneration and minor
forest products, and the compilation of forest statistics by region and province.

9. The MPFD is a nationwide aggregate blueprint for the development of the forestry sector
across a 25-year horizon.

10. The margin for normal return to capital represents an allowance for normal profit and risk
associated with the production activity and is approximated by the opportunity cost of capital
or what the operator would earn from an alternative (next-best) investment.

11. The consultants from PIDS are part of the ENRAP.
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Philippines: Environmental accounting as instrument of
policy

MARIAN S DELOS ANGELES AND HENRY M PESKIN

In the Philippines, three phases of the Environmental and Natural Resources’
Accounting Project (ENRAP) have been implemented. The current Phase 4
includes more policy exercises, regional analysis and initial institutionalization.
This chapter presents the findings of ENRAP in the following key areas: waste
disposal services, pollution loads and control costs; pollution damage; natural
resource depreciation; and non-market household production. Various appli-
cations to national policy and site-specific concerns have arisen from the
ENRAP-generated database. Improvements in pollution management and
shifts to better production technologies are called for with the anticipated high
growth rates and trade liberalization. Assisted by local government units and
non-government organizations, the government should widen its monitoring
coverage to include houscholds, agriculture and small- and medium-scale
industries in pollution management strategies. Flexibility in policy making
should allow the decentralized bureaucracies to respond to local environ-
mental problems.

To address institutionalization requirements, the following data manage-
ment activities implemented during ENRA and the corresponding problems
encountered are discussed: estimation of natural resource depreciation, waste
disposal services and their value; measurement of environmental damages;
and direct nature services. Support is needed for improving data generation,
storage and maintenance, adding more analytical capacity to various agencies
and conducting more regional, site-specific accounting to support current
decentralization efforts. Upgrading the Philippine statistical system will
require following these key recommendations. The data requirements of
ENRA are quite challenging, but only comprehensive data frameworks and
models can track intersectoral linkages crucial to national planning.

The views, expressions and opinions contained in this report are the authors’ and are not intended
as statements of policy of either USAID or DENR.

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 95-111.
© 1998 Kluwer Academic Publishers.
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Introduction

Three phases of the Philippine Environmental and Natural Resources
Accounting Project (ENRAP) have been implemented, starting with forest
resources and eventually covering most natural and environmental resources.
The current Phase 4 includes policy exercises, regional analysis and initial
institutionalization. Efforts are also underway to institutionalize the pro-
gramme within the Philippine statistical system.

Since interactions between the economy and the environment are complex,
understanding the system requires comprehensive models which need com-
prehensive data frameworks. Moreover, rational management of the environ-
ment requires information on both the benefits of protecting (or enhancing)
the services of the natural environment and the opportunity costs of these
protection policies. The Philippine Environmental and Natural Resource
Accounts (ENRA) provide a comprehensive data framework that addresses
these data needs by rectifying the following deficiencies in standard national
accounting: lack of coverage of non-market household production, especially
that which draws on natural resource inputs; non-measurement of the unpaid
use of waste disposal services provided by air and water resources; lack of
measurement of the benefits from direct use of environmental assets such as
for recreation; failure to account for natural resource depreciation; and the
neglect of damages arising from pollution. Two years, 1988 and 1992, were
selected for the implementation of ENRA because of the availability of both
economic and environmental information.

The ENRA cover two forms of non-market, household production:
own-use agricultural production in mountain areas with 18-30% slope, and
fuelwood gathering from forest lands. In 1988, the conventional accounts
excluded farmers producing in these forest lands because of their small farm
sizes, high mobility, and often illegal status. Unmonitored fuelwood pro-
duction, through gathering of wood products from the forest, was estimated
based on special surveys conducted by the Department of Energy. The mone-
tary values of both forms of unmeasured household production are based on
the value of labour expended in these forest-based activities.

The ENRA cover a majority of Philippine natural resources: (1) dipterocarp
forests which compose 90% of Philippine forests; (2) small surface-dwelling
fisheries which comprise 50% of fish production; (3) copper and gold which
contribute 80% of mineral production value; and (4) upland soils that are
located in areas of at least 8% slope, covering 70% of the total land area.

The value of waste disposal services provided by air and water resources
was estimated by the cost of reducing uncontrolled residuals to harmless levels
through least-cost, available technology. This cost, expressed in annualized
terms, includes both capital cost, and maintenance and operating expenses.
Damage to health and productivity are estimated through dose-response
relationships adapted from the general literature and information generated by
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Philippine studies on specific environmental problems.

Findings
The consolidated accounts

The consolidated ENRA supplement the traditional income accounts in a way
that leaves the original tables intact. Modifications are made below the solid
line in Table 1, where the 1988 and 1992 results are shown. The aggregate
effects of all ENRA adjustments are very small. The net effect is an increase in
net domestic product (NDP) for 1988, and a slight decrease for 1992. In fact,
the difference between the original and the ENRA-modified NDPs is less than
the ‘statistical discrepancy’. The growth rate during the period 1988-1992,
measured by the ENRA-adjusted NDP, is 6.7%, one point lower than the
growth rate measured by the conventionally estimated NDP.

Net environmental benefit (disbenefit)

‘Net environmental benefit’ (NEB) is defined as the difference between the
absolute value of the services generated by environmental assets (waste dis-
posal and other positive services such as recreation) and any environmental
damage due to the consumption of these services. It serves both as a balancing

Table 1. Modified Philippine national income and product accounts, 1988 and 1992 (in million
pesos, 1988 prices).

EARNINGS APPROACH PRODUCT APPROACH
1938 1992 1988 1992
Conpensation of employees 187,806 224,037 | Personal consamption 558,765 653,271
Trdirect taxes 59454 0912 | Govermnent consumption 72,183 79,904
Depreciation (produced assets) 67,162 69.361 | Capital formation 149,193 183,384
Net operatins sasplus 487,478 523,132 | Exports 226,910 277,685
Impors () 215,292 308,616
Statistical discrepancy 10,141 -28,186
CHARGES AGAINST
GROSS DOMESTIC PRODUCT (GDP) 501,900 §57443 | GDP 01,900 357,443
Capital depreciation () 67,162 65900 | Capital depreciation (- 67,102 65,900
CHARGES AGAINST EXPENDITURE ON
NET DOM)

LIC PROBUCT (NDP) 734,738 791,543 | NDP 734,738 791.543

6.867 4665 | Unmnarketod Hovschold Produetion-(+) 6,867 4,665
1950 4. Upland agsiculore 1,950

4917 4,665 b. Fushwood 4917 4,665
Bovironmentat Dot Serviies G 26,584 ~25381 | Knvirosmentsl Dainages 61 2,709 3,374

a. Air -4301 ~5,102 a Air -1,256 -1,943

b, Water 227 20279 b, Water -1413 1431
Kot Envisohmental Bt (upenetiey 25455 24566 | Direct Natuwe Services () 1580 2859

a. Diving (coral reefs) 1 3

b. Visits to national forest parks. 13 18

¢. Beach use 1,566 2,838
s TN 2,508 7,680 | Naturtl Resmirce Deprociation Y 2,508 7680

936 -504 a. Forests 936, -504

838 6,561 b. Fisheries -838 6,560

-354 -26 ¢ Minerals -354 <26

~380 5490 4. Soils 380 500
CHARGES AGAINST S{ODIFIED NDP 737,908 788,013 | MODIFIED NDP 737,968 788,013
Capital depreciation (+) 67,162 63900 | Capital depreciation (+) 67,102 65,900
Natsral resouce deprecintion () 2,508 7,680 | Naturat sesource depreciation (+) 2,508 7,680

CHARGES AGAINST MODIFIED GDP 807,638 861593 | MODIFIED GDP 807638 861,593
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entry as well as a measure of the net services of nature. These net services,
summed over time and discounted, provide an indicator of the asset value of
the environment. Changes in this asset value over the accounting period
measure the economic depreciation of the environment.

Data limitations in the current measurement of NEB precluded its use in
computing the depreciation of environmental assets. Instead, it is used to indi-
cate areas for targeting pollution control. A positive value means that we are
benefiting from the waste disposal services provided freely by air and water
resources more than we are suffering from the damage that results from gener-
ating residuals. In the Philippines, the total value of waste disposal services
exceeds the damage caused by waste disposal. Complete pollution control is
not warranted, therefore: the opportunity costs of total control exceed the
expected benefits. Less ambitious and carefully targeted control policies are
called for.

Waste disposal services, pollution loads and control costs

As the Philippines is an archipelago, households, government and industries
use the waste disposal services provided by water resources more than waste
disposal services provided by air (Figure 1). As noted above, these services are
estimated by the costs which would face users of these services if they were
denied access to air or water. More specifically, pollution loads from all
sectors are estimated, then estimates are made of the costs of reducing these
loads to harmless levels (often about 90% of uncontrolled levels) associated
with a locally available technology. Air pollutants have the following origins:

Figure 1. Waste disposal services from air and water, 1988 and 1992 (million pesos, 1988 prices).
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fine particles or particulate matter 10 (PM,,) are generated mostly by
industry, public transport and households; sulphur oxides (SO,) by the power
sector and industry; nitrogen oxides (NO,) by households (private car use) and
industry; and volatile organic compounds (VOC) and carbon monoxide (CO)
by household activities (fuclwood burning and private car use). Houscholds
are the leading sources of organic water pollution, in terms of biochemical
oxygen demand 5 (BODs). Surface runoff from agricultural and forest lands
generates most of the suspended solids and nitrogen discharges.

The findings indicate that exclusive focus on industries as the target for
pollution control would not improve air and water quality. Major reduction in
water pollution requires targeting houscholds and agriculture, perhaps
through public investments for improving sewerage facilities and sanitary ser-
vices and by encouraging agricultural management practices to limit soil
erosion. In the long term, a broad-based growth would allow for good housing
facilities and waste disposal as well as a reversal of lowland to upland migra-
tion rates. In the case of air pollution, changes in practices of both households
and industries need to be encouraged.

These findings also reveal the need for a concerted effort at pollution man-
agement involving various sectors of society and several government agencies,
which include not only the Department of Environment and Natural
Resources (DENR) but also those in charge of sewerage services, agriculture
and traffic control. Collaborative efforts between the Department of Agricul-
ture and DENR would have to improve, considering that 33% of erosion
results from agricultural land, and 67% from forest lands that have been
degraded by upland agriculture, destructive logging and poorly constructed
(logging) roads.

Pollution damage

Erosion from degraded uplands and pollution from mine tailings cause pro-
ductivity losses to fisheries dependent on coral reefs, lower the lifespan of
Magat, Pantabangan, Ambuklao and Binga dams, and reduce irrigated land
area (Table 2a). Laguna Lake fishery decline results from pollution generated
by households and industry. Damage in 1992 was lower than in 1988 because
of less rainfall and lower pig, poultry and duck production. Health damage
from air pollution consists of forgone earnings and medication expenses from
worsened respiratory illnesses from PM,, and lead exposure; increased hyper-
tension from lead; and premature deaths caused by both pollutants (Table 2b).
Air pollution control is a priority for Metro Manila. In this metropolis, health
damages from air pollution total P2557 million, exceeding the approximate
cost of air pollution reduction by at least P1530 million. In contrast, the costs
of complete water pollution control exceed the benefits. For example, reducing
surface runoff costs P7.8 million and yields only P0.8 million of benefits.
Control of household wastes costs P6.9 million and yields only P0.6 million of
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Table 2a. Environmental damage from water pollution, 1988 and 1992.

Value of Damages
(million pesos,1988 prices)

1988 1992

Total 1,413 1,436

Health (increased incidence of water-borne diseases) 596 615

Foregone earnings from morbidity 43 131

Medication cost 91 138

Foregone earnings due to premature death 462 346

Offsite damages 817 815

Coral reefs (foregone fish production) 694 726

Reservoirs (reduced lifespan of dams) 58 58
Agricultural production (foregone rice production

in reduced irrigated land area) 12 12

Inland fisheries (foregone fish production in Laguna de Bay) 53 19

Sources : Buenaventura et ¢l .1996; Cortez ef al . 1996

Table 2b. Health damage from air and water pollution, 1988 and 1992.

Value of Damages
(million pesos, 1988 prices)
1988 1992
Total Health Damages 1,893 2,557
From air pollution 1,297 1,942
Effect of PM and lead
emissions, Metro Manila
Foregone earnings from morbidity 48 38
Medication cost 658 1,194
Foregone earnings due to premature death 591 710
From water pollution 596 615
Increased incidence of water-borne diseases
Foregone earnings from morbidity 43 131
Medication cost 91 138
Foregone earnings due to premature death 462 346

Source: Cortez et al . 1996

benefits. These results suggest that complete control is unwise. Rather, con-
trols should be carefully targeted towards areas where the benefits attained are
more commensurate with the costs.

Natural resource depreciation

The ENRAP III results indicate that renewable resource (forest and fishery)
depreciation is higher than that of non-renewable resources (mineral and
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Table 3. Depreciation of natural resources, 1988 and 1992 (in million pesos, 1988 prices).

1988 1992
Fisheries 838 6,560
Forests 936 504
Minerals 354 26
Soils 380 590
Total 2,508 7,680

Sources: Francisco 1994 ; delos Angeles 1996; Logarta 1996; Padilla and Cortez 1996.

upland soils; Table 3). These depreciation estimates were generated as follows.
Dipterocarp forest depreciation was estimated by changes in the asset values
of old-growth and residual forests, assuming optimum cutting harvest cycles
and associated growth and yield estimates. Mineral resource depreciation was
calculated by application of user cost methods adapted from El Serafy (1989),
using discount rates approximating the opportunity cost of private capital.
The depreciation of small surface-dwelling fisheries was based on estimation of
economic optimum catch levels and the value of rents generated. Lastly, the
depreciation of the stock of upland soils was based on estimated lifespan and
changes in agricultural land rent. Overall, the numbers generated through
these methods are much lower than what would be derived through the appli-
cation of replacement cost concepts, such as the net price method and the
nutrient replacement values generated earlier by the World Resources Institute
(WRI).

To attain sustainable levels of catch, fishing of small, surface-dwelling fish
would have to be reduced by 50% through the allocation of fishing rights
(Table 4). It is not necessarily optimal to conserve mineral resources. Mining
should continue where economically viable, provided that the earnings are
invested to enhance the economy’s productivity and environmental controls
are in place.

Overall, even with the addition of the depreciation of natural assets, capital
formation in the Philippines remains positive. The decline in certain environ-
mental assets is not, in itself, a cause of concern, considering that most of these
assets have man-made and human capital substitutes. To the extent that
certain natural assets are considered unique and non-substitutable, they
should, of course, be protected at levels to assure their adequacy for future
generations.
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Table 4a. Overfishing of small surface-dwelling fish, 1948-1988.

Maximum Actual Open-Access
Economic Percent
Yield Values Deviation
(MEY) from MEY
Fishing effort (horsepower) 261,600 537,900 106
Catch (metric tons) 569,000 457,000 (20)
Revenues (million pesos) 7414 5,958 (20)
Rents (million pesos) 7,128 0 (100)

Source: Padilla and de Guzman 1994

Table 4b. Implications of fishery decline, 1988-1998.
a. Foregone earnings 2,069 Million pesos (1988 prices)
b. Displaced workers 120,630 Fishers

Note : Values are deviations from projected 1988 levels based on current growth targets.

Source: Padilla and Cortez 1996

Non-market household production

Unmeasured household production, including the subsistence use of the
uplands for food consumption and the forests for fuelwood, is an important
addition to national production for both years. These activities are also con-
siderable sources of forest land degradation. As Figure 2 reveals, inclusion of
household activities has a considerable effect on the aggregate economic mea-
sures. Including these items in the official income accounts would have
increased outputs for the agriculture and forestry sectors by 2% and 30%,
respectively. There is also a need to improve the monitoring of informal forest-
based activities. Official statistics reflect only 14.2 million m3 of the 40.4
million m3 estimated depletion of forested land.

Policy implications from ENRAP-generated studies

Various applications to national policy and site-specific concerns have arisen
from the data base generated by ENRAP.

Policy adjustment

Exploring growth targets

Simulation of a high-growth scenario suggests greatly increased pollution,
assuming the technologies in place as of the late 1980s. Thus, high-growth
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targets may require improvements in pollution management and shifts to
better production technologies. These findings were recently used as inputs
into the current formulation of the Philippine Agenda 21 Action Plan coordi-
nated by the National Economic and Development Authority (NEDA) which
chairs the Philippine Council for Sustainable Development.

A similar simulation exercise was implemented for Region 11 (Southern
Mindanao), which the NEDA regional office used in its recent planning exer-
cises. An ENRA-modified input-output model was used for exploring the
growth targets for Region 11, where considerable investments, both public and
private, are taking place. The results show that there is a need to improve
environmental management practices specially at these early stages of develop-
ment, to minimize problems in the near future.

Anticipating trade liberalization

Improvements in pollution management would occur with moves towards
trade liberalization. The likely effects of trade reforms were measured in terms
of changes in pollution intensities, defined by the share of additional pollution
control cost of sectoral output. Two effects were indicated. On the one hand,
higher pollution intensity is expected to be generated from increased resource
extraction, specially under de facto open access to land-based resources. On
the other hand, shifts within the manufacturing sector to cleaner technologies
are expected under stricter implementation of pollution laws, thus reducing
this sector’s pollution discharges. The overall effect on pollution intensity is
less with a more open economy, where the exchange rate is flexible and tariff
reform is more uniform.

Concerns about any adverse economic effects due to the internalization of
environmental cost, whether through stricter enforcement of laws or through
economic instruments, are not justified. For most sectors, competitiveness
would be lost only at pollution charge rates that would be much higher than
the cost of environmental controls (Table 5). Most of the forest-based sectors
which are no longer competitive would have to be reduced from their currently
inefficient levels through liberalization of imported logs and finished wood
products in the short-term. This would further reduce pressure on Philippine
forests.

Earlier versions of these results were generated by the Trade and Environ-
ment Study Team of the Philippine Institute for Development Studies, a policy
research entity attached to NEDA, using findings of ENRAP Phase II. The
team contributed the country paper to the United Nations Conference on
Trade and Development (UNCTAD)-assisted studies worldwide (Intal et al.,
1995) and contributed also to the legislative discussion on the Philippine ratifi-
cation of the General Agreement on Tariffs and Trade (GATT). The current
results are being used in the ongoing ASEAN-wide Trade and Environment
Study.
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Table 5. Likely effects on competitive advantage under full cost internalization.

PSIC f/ Sectors with Share of Pollution Hypothetical Envir tal Tax M ed
No. Significant Control Cost to Output as Control Cost Share to Output,
Foreign Trade (%) at Which Competitiveness is Lost (%)
11 Agricultural crops 23 coconut/copra : 10.0
14  Fishery 0.1 aquaculture : 50.0
15 Forestry 28.9 forestry : 10.0
21 Metallic ore mining E 8.0 copper : n.e. c/
32 Textile, etc. 0.4 textile : 0.5
33 Wood manufacturing 1.3 lumber : already uncompetitive
34 Paper and printing 0.7 paper and paper products : already uncompetitive

@, Philippinc Standard Industry Classilication

b_Gold and other precious metals, 9%; copper ore mining, 8%; other metallic mining, 34%.
¢/ Not estimated

Source:  Mcdalla and Intal 1996

Pollution control

The gasoline lead reduction target

An example of deriving price reform implications from the accounting results
was applied on the gasoline lead reduction targets. During the transition
between now and the full use of unleaded gasoline targeted for 1998, the use of
low-lead gasoline would still result in health damages for Metro Manilans.
Users could be charged pollution fees equivalent to the damage. These fees
could then be used to finance the subsidy granted to unleaded gasoline pro-
ducers, currently partly financed through general taxation. The resulting price
increase should cause more shifts to unleaded gasoline use, resulting in less
health damage, provided effort is also exerted to reduce the emission of aro-
matics.

Including small- and medium-scale industries in pollution management
strategies

The government needs to widen its monitoring coverage with the assistance of
other parties, such as local government units (LGUs) and non-government
organizations (NGOs). Current monitoring of water pollution discharges
focuses on those establishments that generate at least 30 m® of wastewater
daily. However, for some sectors, such as pig production, most of the polluters
are small-scale and are thus unmonitored.

Support of regional analyses

Detailed sectoral work conducted by ENRAP reveals the differences in
distribution of pollution loads at the regional level. Thus, flexibility in policy
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making should include mechanisms that would allow for the recently
decentralized bureaucracies to respond to local environmental problems
expediently.

Achieving rice self-sufficiency

The ENRAP explored the environmental implications of achieving self-
sufficiency in rice. The results show that the two objectives of self-sufficiency
and the minimization of environmental damage are not necessarily conflicting
because farmers who raise upland rice tend to construct water conservation
structures that also enhance soil conservation. In addition, proper preparation
of the planting area allows for slow leaching of nutrients into the lower soil
levels, minimizing the discharge of such nutrients through surface runoff.

Managing air pollution and groundwater depletion problems in Metro Cebu

Air pollution dispersion modelling was implemented for Metro Cebu, the
country’s second largest city. The results indicate those areas where the con-
centration of SO, and PM,, pollutants exceeds ambient standards. Damage
to health from air pollutants in Cebu was estimated to be about 7% of the
Metro Manila estimate.

The groundwater resources of Cebu island have long exhibited signs of the
effects of depletion, including saline water intrusion in specific areas and
drying up of wells. The ENRAP estimate of groundwater depreciation yields a
monetary measure of what the approximate price should be for continued
extraction. The current private cost of extracting water from the island’s aquif-
ers reflects only the obstruction costs. Implementing a charge for groundwater
use would require improvements in the monitoring of actual use rates.

Estimation and data issues

To explore institutionalization requirements, the various data management
activities implemented during the ENRAP are discussed.

Estimating natural resource depreciation

The initial step in formulating depreciation tables is building the physical
accounts. This process allows us to trace the factors that contribute to changes
in resource stocks. The information required for physical accounting includes:

(a) regular reports on the status of natural assets;

(b) the flow of goods and services from these assets per unit of time;

(c) reduction of stocks due to both legal and extralegal activities; and

(d) stock additions through natural growth and investments in renewal or
rehabilitation.
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Of the four items, only item (b) is consistently available from Philippine
official records which mostly track the legal activities. The following problems
were experienced with the other three:

(a) lack of regularity, completeness and comparability of resource inventories;

(b) insufficient monitoring of extralegal draw-down, particularly of banned use
(the government usually ceases monitoring when activities have been
banned?); and

(c) dearth of statistically derived information on stock additions — most infor-
mation is from case studies which differ markedly from each other.

Estimates of resource stocks, which rely on specialized techniques such as
ground assessment of forest stands, fishery stock assessment and remote
sensing techniques, are needed periodically, not just on an annual basis. There
is a general tendency, however, among resource specialists to aim for complete
inventories, and not to rely on sampling techniques. Lack of sampling makes
periodic data gathering unnecessarily expensive. Comparability of informa-
tion generated over time needs to be explicitly planned for. There may be a
need for different sampling frames that would allow for representativeness
at the national and sub-national levels. Here, collaborative work among the
research community, various offices of DENR, the National Statistical Coor-
dination Board (NSCB), and the National Statistics Office (NSO) should be
strengthened.

ENRAP made use of available information, usually case studies for item (c),
and special information sources for items (c) and (d). An important consider-
ation in using specialized information sets is the statistical validity of the data.
Incomplete discussion of methodology, data annotation and availability of
guidance from the original data generators pose problems. Retrieval of these
specialized studies, particularly when obtained from unpublished sources, has
been difficult. Since such literature has limited circulation, it has likely not
benefited from serious review and may, therefore, have grave limitations.

Stocks and flows were subsequently transformed into value terms through
specific methods that depend on characteristics unique to the resource. The
key variables to valuation are:

(a) output and output prices;
(b) input and input costs;
(c) profit and risk margins.

Item (a) is readily available from official statistics, except for under-
measurement of household use and non-measurement of smuggled output (e.g.
illegally cut logs, fish selling at sea, small-scale, mined gold bought by foreign
traders instead of by the Central Bank, etc.). Item (b) has similar problems. In
addition, often only the value of inputs is reported while the corresponding
physical quantities are not easily derived. Item (c), normally computed as a
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residual, may be grossly understated for monopolistic or oligopolistic oper-
ations. Important sources for these data are the records of the Securities and
Exchange Commission, to which access is limited.

Much of the above information required for measuring natural resource
depreciation is also needed for natural resource management, whether at the
micro- or at the macro-level. The challenge to generate such information is
greater now that a policy of granting more access to numerous, smaller-scale
users and to LGUs is underway.

At the same time, the existing management information sets that DENR
requires from licence holders (such as annual operations plans) and from its
monitoring and enforcement of regulations could be built upon. These systems
need to be computerized, however, so that data can be processed in a timely
manner and are stored securely. Such computerization will require strength-
ening DENR statistical offices.

Estimating waste disposal services

Monitoring pollution discharges is conducted by DENR in the process of
enforcing pollution control laws. To cope with limited resources, DENR has
adopted a deliberate bias towards monitoring the large polluters, rather than
the small polluters. This bias is probably not warranted. Even in the case of
point sources of toxic and hazardous pollutants, much is generated by
machine shops, paint shops, metal finishers, and other small enterprises.

Faced with limited monitoring information, ENRAP applied pollution coef-
ficients, drawn from various sources, to national estimates of output rates or
input use (for process pollution) and energy use (for pollution associated with
the specific fuel types). Because of the need for such engineering and economic
data, it is apparent that a large part of ENRA data requirements does not fall
within the narrow definition of ‘environmental statistics’. Unfortunately, there
is a lack of pollution coefficients that reflect local production and engineering
practices, economics (factor and output prices), and pollution control and
abatement policies.

The current effort of building the ENRAP Environmental-Economic Data-
base (EED) strives for more localized estimates of pollution loads. Thus,
ENRAP is building a geographically based database that integrates all rele-
vant data and information gathered and generated by the project thus far.
Data from two regional studies, one in Region 11 and the other in Region 7
(with a focus on Metro Cebu), designed to study the importance of different
mixes of economic activities and their locations on environmental problems,
were integrated into the main database.

In addition to secondary data sources, ENRAP gathered primary sectoral
data at the establishment level through telephone inquiries and/or surveys
(limited to less than 200 establishments). Establishment lists for key sectors
provided by industry associations (Philippine Sugar Commission, Mines and
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Geosciences Bureau, Fertilizer and Pesticides Authority, Forest Management
Bureau, Department of Energy, etc.) were also checked against those of the
census lists and government agencies with regulatory and monitoring func-
tions over sectors. After validation (for example, with regard to sector classi-
fication based on primary economic activity), more accurate and complete lists
were generated.? Basic data include production volume/capacity, employment,
fuel consumption, pollution control devices in place, abatement cost, effluent
and emission concentrations, etc. When there is sufficient confidence in the
information, pollution load coefficients and output levels were refined. An
important component of ENRA is the treatment of the household sector as a
source of pollution. Household-based consumption activities generate pol-
lution, including fuelwood burning and private car transport.

The method used by ENRAP to estimate the value of waste disposal ser-
vices follows economic principles: the costs of control are used as a proxy for
the establishment’s willingness to pay for waste disposal services. The incre-
mental costs of pollution control include both the prospective capital costs
(expressed in annualized terms) and maintenance and operating costs.

Measuring environmental damage

Environmental damage was estimated through the application of dose-
response relationships which measure the effects of pollution on health, eco-
systems and economic productivity.> In some cases, such as the health impacts
of water pollution and the effects of siltation on coral reef fisheries, expert
opinion was sought on either the extent or the attribution of damage. A major
problem is still the lack of reliable time series on even the narrow set of
environmental statistics such as ambient air or water quality. The second is
lack of information on human exposure to deteriorating environmental
quality. Proper design of the corresponding information system will require
superimposing economic with environmental statistics with such exposure
information that reflects local conditions and ecosystems.

An important start may be provided through the adoption by the official
statistical system of a coding scheme for all respondents of standard surveys or
censuses that would tag the observation units on an ecosystem address. The
same coding scheme would have to be applied to a Geographic Information
System (GIS) and other natural resource data. Given the Global Positioning
System (GPS) technology now available, the method should be feasible to
implement in the near future.

Direct nature services

Information on these services is not directly available from the formal sta-
tistical agencies. Data are generated through highly specialized surveys such as
those conducted by economists in connection with contingent valuation
studies. Few such studies have been attempted in the Philippines. In the future,



110 Miriam S Delos Angeles and Henry M Peskin

this component of ENRA is likely to be undertaken by specialized groups with
assistance from the official statistical system.

Concluding remarks: moving the Philippine statistical system towards ENRA

While the interactions between the economic and environmental systems are
complicated, they are nonetheless important to understand. Accounting for
these interactions is necessary to make decision making more environmentally
responsible and to make environmental targets more economically feasible. In
the long-term, official agencies will have to fill in the various roles initiated by
the ENRAP programme. The statistical system will likewise need to examine
seriously expanding its coverage to include the basic information needed for
the conduct of ENRA. This will necessarily mean handling larger data sets and
more resources for generating and maintaining the key statistics. On the other
hand, it could also require agencies to implement special projects. Improved
coordination (including standardized definition of terms) among the various
components of the Philippine statistical system would minimize duplication of
effort among official and unofficial groups in the gathering of data.

Regardless of the components of an ENRA statistical system, support is
needed for improving the data generation, storage and maintenance; adding
more analytical capacity to various agencies and groups; and conducting more
regional, site-specific accounting to support current decentralization efforts.
Thus, the eventual evolution of the statistical system will require following the
key recommendations previously mentioned. While these recommendations
will require higher budgetary allocations, they will allow for economies of
scale and scope in the longer term.

The major problem that should be tackled first is the lack of a GIS-based
data set which relates physical environmental loads, identifiable by location of
source, to impacts, and impacts to economic values; identifies loads and
impacts on the pertinent receivers (airsheds, water bodies, land); and regularly
reveals the state of natural resources. Pollution-related data are available, but
only for some years, in the case of the National Capital Region (NCR),
Laguna Lake and Pasig River. Forest cover statistics on the other hand are
outdated, with 1992-1993 as the latest GIS data for certain regions, and 1988—
1989 at the national level.

The data requirements of ENRA are quite challenging. However, only com-
prehensive data sets allow for tracking intersectoral linkages which is impor-
tant to national planning. Moreover, the analysis derived from such an
information system benefits from economies of scope. Future potential
analysis may also be tailored to site-specific issues that are crucial to LGUs.

Notes

1. A recent exception is the attempt by DENR to examine the effectivity of the logging ban and
the controls on the transport of logs.
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2. In general, associations have explicit and implicit membership criteria, while government lists
are also limited to those establishments actually submitting reports. Thus, both sources have
limited coverage.

3. This relationship shows how (exposure to) environmental quality and socioeconomic character-
istics affect health or the production of an ecosystem-based commodity.
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USA : Integrated economic and environmental
accounting: lessons from the IEESA

J STEVEN LANDEFELD AND STEPHANIE L HOWELL

In April 1994, the United States Bureau of Economic Analysis (BEA) intro-
duced a framework of Integrated Economic and Environmental Satellite
Accounts (IEESAs) designed to cover the interactions of the economy and the
environment. Modelled on the United Nations handbook on Integrated
Environmental and Economic Accounting, they are constructed as satellite
accounts to supplement, rather than replace, the existing accounts. This paper
considers BEA’s experiences in the development of the IEESAs, and suggests
some lessons that may be useful for countries considering similar plans.! Over
the years, the national economic accounts have benefited from discussion and
critique of concepts, source data, and estimating methods. The same is to be
expected for the IEESAs.

Background

Measures of economic activity such as gross domestic product (GDP) and
national wealth shape perceptions and policies in profound ways. Better
understanding of the critical interaction between the economy and the natural
environment requires better measures of that relationship. However, the con-
struction of accounts that illustrate these interactions involves a diversity of
problems, including the controversial nature of the issue itself, theoretical
approaches and data limitations. Countries attempting to move forward with
environmental-economic accounts should carefully consider each of these
issues in developing their research and implementation plans.

Determining the objective of the accounts is an obvious starting place, but
one deserving of special mention, as the atmosphere surrounding environ-
mental discussions lends urgency to this first step. The state of the environ-
ment has been a source of international concern for several decades, but
approaches to its evaluation and maintenance or restoration still diverge
widely, and the intensity of the emotions on all sides of the debate creates an
atmosphere where any participation may imply advocacy of some form.

Economic vs welfare accounts

Since the founding of the US national accounts there has been an ongoing
debate regarding the treatment of natural resources and the environment, as

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 113—129.
© 1998 Kluwer Academic Publishers.
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well as the treatment of a whole set of broader welfare-based measures of
economic and social progress. One school, exemplified by Kuznets (1946),
favoured development of a much broader set of welfare-orientated accounts
that would focus on sustainability and address the externalities and social
costs associated with economic development.”> Another, exemplified by Jaszi
(1971), insisted that the national accounts must be objective and descriptive
and thus based on observable market transactions. Jaszi felt that, concep-
tually, the accounts should be extended to treat the economic discovery, deple-
tion, and stocks of natural resources symmetrically with plant and equipment
and other economic resources. The absence of observable market transactions
and the wide uncertainty and subjectivity associated with such estimates led
him to conclude, however, that they should not be included in the accounts.?

In the 1960s and early 1970s another more environmentally focused move
to broaden the accounts arose out of concern about environmental degrada-
tion and fears that the world was running out of resources and approaching
the ‘limits to growth’.* Externalities associated with economic growth also
prompted renewed interest in broader social accounting. Work by Nordhaus
and Tobin (1973), among others, on adjusting traditional economic accounts
for changes in leisure time, disamenities of urbanization, exhaustion of natural
resources, population growth and other aspects of welfare produced indicators
of economic well-being. However, the seemingly limitless scope, the range of
uncertainty and the degree of subjectivity involved in such measures of non-
market activities limited the usefulness of, and interest in, these social indica-
tors. It was felt that inclusion of such measures would sharply diminish the
usefulness of traditional economic accounts for analysing market activities.
Attention subsequently focused on more readily identifiable and directly rele-
vant market issues, such as the extent to which expenditures that relate to the
protection and restoration of the environment (and other so-called defensive
expenditures) are identifiable in the economic accounts.

The United Nations system of environmental and economic accounting

The development of the United Nations system of environmental and eco-
nomic accounting (SEEA) and the use of supplemental, or satellite, accounts
went a long way towards resolving the long-standing impasse between those
who advocated broader sets of accounts and those concerned with main-
taining the usefulness of the existing economic accounts. The supplemental
accounts allowed conceptual and empirical research to move forward with
estimates that can be linked to the existing accounts, but without diminishing
their usefulness.

The SEEA, as described in the United Nations (1993a) handbook, is a flex-
ible, expandable satellite system. It draws on the materials balance approach
to present the full range of interactions between the economy and the environ-
ment. The SEEA builds on, and is designed to be used with, the System of
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National Accounts (SNA) (Commission of the European Communities et al.,
1993). Like the 1993 SNA, the SEEA is primarily concerned with the implica-
tions of the environment for production, income, consumption and wealth.

The SEEA has four stages, each successively providing a more com-
prehensive accounting for the interaction between the economy and the
environment. The four-stage presentation recognizes the need to develop con-
cepts, to inventory and augment source data, and to adapt the implementation
to differing analytical needs. The starting point is the 1993 SNA, which disag-
gregates, or provides additional detail on, environmentally related economic
activities and assets. The second stage begins with the physical counterpart of
the first stage. It maps, in physical terms, the interaction between the environ-
ment and the economy, providing the physical quantities to which prices are
applied to derive the economic values included in the economic accounts.
These physical accounts also provide a bridge to natural resource accounting
and to materials and energy balances accounting. It then links the physical
quantities to monetary values. The first two stages of the SEEA record the
effects of the economy on nonproduced or environmental assets, either as
other changes in the volume of assets or as changes in the distribution of
income among the factors of production; these changes do not explicitly affect
gross domestic product, final demand or net domestic product.

The third stage provides far more comprehensive and explicit measures of
the interaction between the economy and the environment. It does so, first, by
the use of alternative valuation techniques — that is, alternatives to the use of
values tied to the market — and second, by the more explicit introduction of
environmental effects on the measures of national production, investment,
income, and wealth.

The fourth stage consists of further extensions of the SEEA. These exten-
sions are provided for the purpose of ‘opening a window on further analytical
applications’, and they will require further research. They include household
production and the use of recreational and other unpriced environmental ser-
vices in household production.

BEA’s integrated economic and environmental satellite accounts

In constructing its IEESAs, BEA built on several key lessons from the social
accounting experience of the 1970s and on the framework of the SEEA. First,
such accounts should be focused on a specific set of issues. Second, given the
kind of uses to which the estimates would be put, the early stage of conceptual
development and the statistical uncertainties (even if the estimates are limited
to the environment’s effects on market activities), such estimates should be
developed in a supplemental, or satellite, framework. Third, such accounts
should not focus on sustainability or some normative objective, but should
cover those interactions that can be tied to market activities and valued using
market values or proxies thereof. Fourth, in keeping with the focus of the
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existing accounts, the supplemental accounts should be constructed in such a
manner as to be consistent with the existing accounts and thus allow analysis
of the effects of the interactions between the environment and the economy on
production, income, consumption and wealth.

The existing economic accounts do not provide normative data, and neither
do the integrated economic and environmental accounts of the BEA. The
IEESAsS either report market values or proxies for market values. If a problem
with property rights leads to the undervaluation and overexploitation of a
resource, a set of integrated economic accounts will not reveal the right price
or the correct level of stocks. They will, however, provide the data, for
example, about changes in the value of the stocks and the share of income to
be attributed to the resource, needed for objective analysis of the problem.

Scope

In accordance with the first criterion, BEA limited the IEESAs to those inter-
actions that directly affect the economy and are thus relevant to the objective
of economic accounts. From this standpoint, the environment can be thought
of as consisting of a range of natural resource and environmental assets that
provide an identifiable and significant flow of goods and services to the
economy. The economy’s uses of these productive natural assets and the goods
and services they provide can be grouped into two general classes. When use
of the natural asset permanently or temporarily reduces its quantity, this is
viewed as involving a flow of a good or service, and the quantitative reduction
in the asset is called depletion. When use of the natural asset reduces its
quality, the qualitative reduction in the asset is called degradation. However,
the use of natural assets describes only part of the interaction between the
economy and the environment. There are also feedback effects, such as the
reduction in the future yield of crops, timber, fisheries etc. from current pol-
lution or overharvesting. Materials balance and energy accounting highlight
both the use of the natural assets and the feedback effects from the use; thus,
they capture the full interaction between the economy and the environment. In
the case of environmental assets, the feedback is more complicated, with effects
that often fall on other industries and consumers.

Integrated economic and environmental accounting aims to provide a
picture of these interactions, both uses and feedbacks, between the economy
and the environment. However, while this picture has numerous elements and
is complex, by definition it does not cover many of the transformations and
interactions within the environment itself, for example, the disposal of waste
products from wild fish and mammals or the conversion of natural carbon
dioxide into oxygen by plant matter on land and in the oceans.

Compliance with the first criterion resulted in accounts that were objective,
rather than normative. They describe activities which bear upon the market in
the monetary terms of the market, without implying any conclusions about
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whether the reflected situation is ‘right’. Put simply, the IEESAs attempt to
answer the analytical questions that are raised by the interactions of the
economy and the environment, such as:

(a) The nation’s wealth includes natural resources, such as oil and gas reserves
and timber, that are used in production. At what rate are these resources
being used?

(b) The income of producers in the mineral industries includes a return to the
drilling rigs, mining equipment, and other structures and equipment
engaged in them and a return to the mineral. What share is attributable to
the mineral?

(c) Economic activity adds to the proved stock of natural resources by explo-
ration and technological innovation. How much of the use of natural
resources in production has been offset by these additions?

(d) Households, governments, and business all make expenditures to maintain
or restore the environment. What share of their spending is for the
environment?

{e) The economy disposes of wastes into the air and water, and the resulting
degradation of the environment imposes costs, such as lower timber yields
and fish harvests and higher cleaning costs. What are these costs? Which
sectors bear them?

Structural features

In accord with the second criterion, the IEESAs have two main structural
features. First, natural and environmental resources are treated like productive
assets and only the economically productive aspects of the resources are con-
sidered. These resources, along with structures and equipment, are treated as
part of the nation’s wealth, and the flow of goods and services from them is
identified and their contribution to production measured. Second, the
accounts provide substantial detail on expenditures and assets that are rele-
vant to understanding and analysing the interaction. Fully implemented
IEESAs would permit identification of the economic contribution of natural
and environmental resources by industry, by type of income and by product.
Ultimately, accounts by region would add an important analytical dimension.

Productive assets

BEA’s decision to treat natural and environmental resources like productive
assets in the TEESAs is based on their similarity to man-made capital: for
labour and materials are devoted to producing fixed assets, and they then yield
a flow of services over time. For inventories, stocks are held pending further
processing, sale, delivery, or intermediate use. An example of a fixed natural
resource is trees; a natural resource inventory is livestock raised for slaughter.
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Table 1. IEESA asset account, 1987 (billions of dollars). This table can serve as an inventory of
the estimates currently available for IEESA. In decreasing order of quality, the estimates that have
been filled in are as follows: For made assets, estimates of fixed reproducible tangible stock and
inventories, from BEA’s national income and product accounts or based on them, and pollution
abatement stock, from BEA estimates (rows 1-21); for subsoil assets, the high and lows of the
range based on alternative valuation methods, from the companion article (rows 36—41); and
best-available, or rough-order-of-magnitude, estimates for some other developed natural assets
(selected rows 23—35 and 42-47) and some environmental assets (selected rows 48-55) prepared by
BEA based on a wide range of source data described in this article. The ‘n.a.’--not available--
entries represents a research agenda.

Change
Revaluaticn
Depreciation and
Row Opening Total. Depletion. Capital Other Closing
No. Stocks nat Degradation Formation Changes Stocks
(3+a+5) (1+2)
0] 2 @) _ @ _® &)
PRODUCED ASSETS
Made 8sses. . ... o 905.8 3694 122333
FOXBU BSSEIS. ... ... oo e s 8758 3402 11143.4
private 2305 197.4 4318.7
2 , private and 6453 1423 6823.7
Natural resource refated:. R 303 120 5268
Environmental management. ... . . R 106 47 2496
Conservation and development. . ... .. 53 27 156.4
Water supply facifties. . .. 53 20 933
Pollution abatement and control. 197 73 2771
Sanitary services. .. ... . 137 48 1858
Air pollution abatement and conirol... . .. 35 13 459
Water palluuan abatementarnd control.. 28 12 455
Other. . 815.0 130.9 6295.9
301 292 1080.0
29 38 191.7
327 297 859.7
55 44 386
11 14 105
1.0 09 29
02 02 26
32 6.9 208
Developed natural assets. . e e e e na| na na
Cuttivated biological resources. ... ... na na na
Culivated fixed natural growth asses. . ... na na. na
Livestock for breeding, dmvy mugm etc. na| na, na
. . 03 23 149
na na na
00 02 22
90 119 3357
WorkIn-progress on natural grovith products. na| na na
Livestock ralsed for slaughter. na na na
00 75 316
na| na na.
0.5 14 59
Crops and other produced plants, not yet harvested. 01 02 21
Proved suosoil assels//. ... .. 166-646] 58--1196| 299.4-950.3
Ol (including natural gas liquids). . 58-342| 23.1--883| 357-2412
Gas {including natural gas liquids) a1-148]  81.518 494-2022
Coal...... 44-63 32--21| 143.0-2042
Metals. 22-92| 652-225| 385-2448
Otter mineral 01-00) 46-01| 328-579
Developed tand. ... . na| na, na
Land uncerlying stuctures (private). . na na 43083
Agricuitural land (excluding vineyards, ovcha'ds) 28 5.2 4837
Soll. . . . na| na na
Rlecreational tand and water (public) 09 na na
Forests and other wooded 1ang. . . .....o..o. oo 06 294 3146
NONPRODUCED/ENVIRONMENTAL ASSETS
Uncultivated biological resources. . . - . e e e 48 na nal na| na| na| na
Wild fish, 49 na nal na na na, na.
Timber and other plants of unculivated forests. - 50 na nal na na na na
Other uncultivated bmog.caJ resources. .. 51 na na| na| nal na na
Unproved subsoil assets. . P - 52 na na nal na, na na
Undeveloped land. . . .. e 53 nal na, 199 199 na na
Water (sconomic effects of changes inthe stook. . . 54( . na, 387 387 na
Air (economic effects of changes in the stock). B 55 nal 271 271 na,

n.a not avaitable.
* The caloulated value ofthe entry was negative.

1. The estimate for nventories differs fram the NIPA estimate by the amount of govemment inventories added and catile and calves shovm separately I full implementation of the
IEESA account, farm inventories would inciude only harvested crops.

2. The estimates in all columns result from the valuation method (see text for further discussion of the alternative methods) that preduces the low and high estimates of opening

ks.
NOTE.-Leaders indicate an entry is not applicable.

The distinction between fixed assets and inventories is not always clear, and
each country will come to its own classifications. One example is the long-
standing debate regarding the classification of mineral resources. Proved
mineral reserves may seem to be similar to inventories — they are a set number
of units waiting to be used up in production. Yet they also fit the classic
characteristics of fixed capital — expenditures of materials and labour are
needed to produce them, and they yield a stream of product over long periods
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of time. Further, like a fixed asset such as a machine, the number of units
extracted from a new mine or field is uncertain and varies over time and the
service life is used up in production. Finally, the treatment of mineral reserves
as fixed assets serves equally well as a reminder of the reproducibility of
proved reserves.

For these reasons, the IEESAs include these resources, along with structures
and equipment, as part of the nation’s wealth and give them the same treat-
ment as fixed assets such as structures and equipment in the traditional
accounts. This deals with three points of asymmetry between the treatment of
mineral reserves and of structures and equipment encountered in traditional
accounts. In traditional accounts: (1) depreciation is subtracted from profits to
determine true, or sustainable, profits, but depletion is not; (2) depreciation is
subtracted from GDP to estimate NDP, but depletion is not; and (3) additions
to the stock of plant and equipment are added to GDP as capital formation,
but additions to mineral reserves are not.

Detail

In the IEESAs, the standard economic accounting categories are disaggre-
gated to show detail that highlights the interaction of the economy and the
environment. For example, the expenditures detail shows spending by house-
holds, government and business to maintain or restore the environment. The
asset detail shows environmental management (conservation and development,
and water supply) and waste management projects (sanitary services, air and
water pollution abatement and control) within the standard category of non-
residential fixed capital.

The estimating requirements underlying these two main structural features
of the IEESAs are apparent in the IEESAs tables, even when they are in skele-
ton form. Table 1, an asset account and Table 2, a production account, use
modified forms of tables presented in the SEEA.

Accounts

Asset accounts

Integrated economic and environmental accounting requires the measurement
of stocks and flows related to assets which are presented in an asset account.
The IEESAs provide a complete accounting for the relevant assets: they show
both stocks and flows associated with changes in those stocks. Table 1 pro-
vides for estimates of opening stocks, different kinds of changes in the stock
and closing stocks. It also presents the non-financial assets that BEA would
try to include in IEESAs asset accounts. These generally follow the sub-
categories of the 1993 SNA and the SEEA, but some of the subcategories are
regrouped to broaden both the production boundary and the definition of
assets. Non-financial assets are divided into made assets, developed natural
assets and environmental assets. Made assets, which largely replicate the scope
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Table 2. IEESA production account, 1987 (billions of dollars).
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of non-financial assets in traditional income and wealth accounts, are sub-
divided into fixed assets and inventories. Developed natural assets are sub-
divided into cultivated biological resources (both fixed and work in progress
inventories), proved subsoil assets and developed land. Environmental assets
are subdivided into uncultivated biological resources, unproved subsoil assets,
undeveloped land, water and air (the last two in terms of the economic effects
of changes in the stock).

Made and developed natural assets

To better highlight the interaction of the economy and the environment, Table
1 provides more detail on natural resource and environmentally related pro-
duced assets than the traditional income and wealth accounts. Within made
assets, non-residential fixed capital is disaggregated into environmental man-
agement (conservation and development, and water supply) and waste man-
agement projects (sanitary services, air and water pollution abatement and
control). Detail is also provided on farm inventories of finished goods. Within
cultivated biological resources, Table 1 provides detail beyond that contained
in the traditional accounts, such as cultivated fixed natural growth assets (for
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example, livestock), and categories not included in the traditional accounts (for
example, trees on timberland). The treatment of proved subsoil assets and cul-
tivated land in Table 1 differs from the SEEA treatment. Proved reserves are
generally defined as those reserves that are proved to a high degree of cer-
tainty, by test wells or other test data, and are recoverable under current eco-
nomic conditions and with current technology. In the SEEA, they are
classified as non-produced assets. In Table 1, these assets, along with culti-
vated natural growth assets, are included in the category ‘developed natural
assets’. As will be illustrated in the production accounts, capital formation
that adds to the stock of these assets, both by bringing undeveloped or uncul-
tivated assets into the category of developed natural assets and by adding to
their value within that category, is treated in a manner similar to capital for-
mation that adds to the stock of structures and equipment.

This treatment was adopted because it is difficult to rationalize describing
proved reserves and cultivated land as ‘non-produced’ natural assets when
expenditures are required to prove or develop them. Agricultural land, for
example, must be produced in that expenditures must be undertaken to
convert uncultivated land areas into commercially valuable farmland, which
yields a return over a number of years. Wetland areas, if they are to become
farmland, must be drained and graded and cleared of vegetation. Unproved
mineral reserves also require expenditure on test wells, engincering studies,
and other exploration and development investments before they are recorded
as proved reserves.

Similar treatment of these developed natural assets and made assets facili-
tates consistent treatment of capital formation of natural assets and more con-
ventional capital formation, such as investment in structures and equipment.
Under this treatment, as mineral reserves, for example, are proved, the total
value of the produced assets — structures and equipment as well as the proved
reserve’s value — is included as capital formation. Similarly, as oil field machin-
ery is depreciated, proved reserves associated with the machinery are depleted.

The other major difference between developed assets in Table 1 and in the
comparable SEEA presentation is in the treatment of soil. In the SEEA, soil
(that is, productive soil on agricultural land) is treated as separate from agri-
cultural land. In Table 1, soil is a subcategory of agricultural land because the
value of agricultural land is inseparable from the value of the soil. Availabie
estimates suggest that the effect of soil erosion, or depletion, on agricultural
productivity and land values in the USA is quite small. Nevertheless, though
soil is not treated separately, it is shown separately because its erosion has a
significant effect on environmental quality through its effect on water quality.

Environmental assets

Environmental assets include natural assets with significant economic value
that differ from developed natural assets in that they are generally used as raw
inputs into production in their natural state, either as intermediate products or
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as investments. For example, uncultivated biological resources, such as tuna
harvested from the ocean, are included as environmental assets, whereas culti-
vated biological resources, such as rockfish raised on a fish farm, are included
in developed assets. Other categories in environmental assets are uncultivated
land, unproved subsoil assets, water, and air. The inclusion of unproved
subsoil assets broadens the definition of subsoil assets to include reserves that,
though unproved, have an economic value over and above that of other unde-
veloped land because of their location or geological characteristics. As capital
expenditures are made to prove these properties, they move from non-
produced to produced assets. This broader definition of subsoil resources will
facilitate longer term planning and analysis of the use of mineral resources.
The stock of proved reserves, like the stock of drill presses, can be expanded
by additional investment; hence, firms will keep on hand the stock of reserves
dictated by current market prices, finding costs, and interest rates. Thus, com-
plete analysis of mineral resources requires consideration of un-proved, as well
as of proved, reserves.

In a distinction similar to that between proved and un-proved subsoil assets,
cultivated land such as agricultural land, parkland, and land underlying build-
ings is included in developed natural assets, whereas uncultivated land such as
wetlands and forestland (not included as timberland) is included in environ-
mental assets. The agricultural land must be developed before it can be used as
farmland, whereas wetlands are used, for example, for flood control, in their
natural state by the economy. Water, which is subdivided by type, and air also
provide services to the economy in the form of recreational and waste disposal
services.

Although these environmental assets differ from made and developed
natural assets, investments that add to the stock of these assets, as noted
below in the production accounts, are treated symmetrically with investments
that add to the stock of structures and equipment and of developed assets.
These investments, for example, include pollution abatement and control to
improve the quality and waste disposal capacity of the air and water, or at
least to offset the degradation/depletion (which is also recorded in the pro-
duction account) occurring in the current period. The rationale for treating
such expenditures as investment rather than costs is that they represent a deci-
sion by the economy to devote its resources to investments that improve air
and water quality, rather than investments in structures and equipment.

Production accounts

The next step in integrating economic and environmental accounting is to
combine the appropriate flows from the asset account with the flows in a
production account. With this integration, the production account of the
IEESAs explicitly includes the use of natural resources and environmental ser-
vices in production through entries for depletion and degradation, and it
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explicitly includes the additions to the stock of natural and environmental
assets through entries for investments that add to stocks of developed natural
resources or that restore stocks of environmental assets.

Table 2 combines features of both the supply and use tables in the 1993
SNA. The table has four quadrants (one empty, except for a total) which are
separated by double lines, a total column at the far right and a total row at the
bottom. The left and right upper quadrants show the use of goods and services
(commodities) named at the beginning of the rows, summing to total uses as
measured by total commodity output. The left-hand upper and lower quad-
rants show the use of intermediate inputs and factors of production by the
industries named at the top of each column, summing to total supply as mea-
sured by total output.

Valuation

The choice of a valuation approach was not a difficult one for BEA. While
alternative methods such as maintenance cost and contingent valuation have
attractive theoretical characteristics, they are not appropriate for BEA’s
purpose, and the associated practical difficulties outweigh their charms. In
keeping with the goals and criteria stated above, market pricing was the
optimal choice for the IEESAs. First, market pricing maintains objectivity by
avoiding the bias that may be inherent in ‘willingness to pay’ surveys. Second,
market pricing is consistent with conventional accounts, as well as the SEEA,
and facilitates international comparability. Finally, market pricing is consis-
tent with the limits placed on the included interactions because it values those
interactions from the perspective of the market. This approach was not
problem-free, however. The quality of the estimates released in 1994 varies
with regard to the source data available and, as natural and environmental
resources are rarely traded, market prices are often not available. Thus, the
estimates recorded for 1987 in Table 1 should be regarded as rough order of
magnitude, or best available, estimates.

When market prices or other source data were unavailable, BEA used the
best available techniques to produce proxies of market values:

(a) The estimates of the value of vineyards and orchards are based on Federal
Reserve Board estimates of the value of agricultural land and estimates of
the acres of land in vineyards and orchards from the Bureau of the Census.

(b) The values of trees on timberland were estimated based on stumpage value
estimates provided by the US Forest Service’s Pacific Northwest Research
Station. The stumpage value estimates are based on the concept of net rent
to the timber stand (as distinct from the land underlying the forest) and are
derived mainly from private market data on payments for logging rights.
As such, they should correspond to the present discounted value of the
timber sales from the tract less the costs of logging, access, transportation
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and processing. All timber on commercially viable timberland in the
United States, public and private, is included in this category.

(c) Sil estimates, obtained from the US Department of Agriculture (USDA),
reflect the annual effect of soil depletion in terms of extra fertilizer costs
and reduced productivity.

(d) The estimate of capital formation in recreational land is based on Federal
Government maintenance and repair expenditures for parks; State and
local expenditures are not available. It is assumed that these expenditures
exactly offset the degradation/depletion of recreational land; in the case of
recreational land, the only estimates available were of maintenance and
repair expenditures. This assumption is made only so that both investment
and degradation/depletion estimates are illustrated by the table and not to
imply any judgment about the true value of degradation/depletion.’

(e) For environmental assets, the estimates are more uncertain than even the
most uncertain estimates for developed land and proved reserves of subsoil
assets. Indeed, most of this section of the table, especially that for renew-
able natural resources, is shown as ‘not available’. No value is available
for the stock of undeveloped land and its associated ecosystems, for
unproved subsoil assets and for uncultivated biological resources (wild
animals and fish, plants and forests).

(f) The SEEA does not recommend that the stock of air, which is truly a
global common, or water be valued; instead, it recommends that valuation
be limited to changes in these assets — their degradation and investments in
their restoration. For these assets, Table 1 includes only aggregate values
for the degradation of air and water and for expenditures to restore them
or to prevent their degradation. The estimates in Table 1 for degradation
of air and water quality, as well as for undeveloped land, are simply place
markers which assume that maintenance exactly offsets degradation: they
are aggregate estimates of the total costs of pollution of these media. The
estimates for air, water and undeveloped land pollution are estimates
obtained from the Environmental Protection Agency of the costs of public
and private pollution control activities in the USA. Estimates of air pol-
lution include the annualized costs of air pollution and radiation. Water
pollution estimates are the annualized costs of maintaining water quality,
including drinking water. Estimates of undeveloped land pollution are the
annualized costs associated with the Superfund, toxic chemicals and
pesticides.

Estimates

When market prices were not available, BEA tried to present a range of esti-
mates reflecting various valuation techniques. In most cases, however, only
one estimate, rather than a range, was available and many cells in Table 1 do
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not contain estimates. In general, the quality and availability of the estimates
declines as one moves down the rows from produced to non-produced assets,
reflecting the increasing conceptual and empirical difficulties in producing
such estimates. The estimates may be best regarded as a measure of the work
to be undertaken; they are presented here to serve as a road map for arcas in
which source data and estimating methods must be developed or improved.

The estimates presented in Table 2 are taken from Table 1. As indicated by
‘n.a.’, many valuation and measurement issues remain before an IEESAs pro-
duction account can be completed. Further, work toward filling in the esti-
mates would proceed in tandem with work on modernizing BEA’s national
accounts in line with the SNA. For example, treating expenditures on govern-
ment structures, equipment, and inventories as capital formation implements a
feature of the SNA. In the table, ° 4’ indicates the estimates that would reflect
both work toward the IEESAs and SNA-related changes.

The prototype estimates of mineral resources — the focus of the first phase of
work released in 1994 — include stocks and flows in accounts that supplement
BEA’s national wealth accounts and National Income and Product Accounts
(NIPAs). These prototype estimates provide a comprehensive picture of the
stocks of natural assets and the changes in them. They also allow an exami-
nation of the practical consequences of several alternative methods of valuing
the stock of resources, additions and depletion. The alternative methods —
current rent (of which BEA used two variants), present discounted value,
replacement cost and transaction prices — represent the Bureau’s technical
assessment of the best estimates and framework that are feasible with existing
sources and methods. Some of the implications of thesc estimates are as
follows:

(a) The value of additions has tended to exceed depletions. Since 1958, the
value of the stocks of proved mineral reserves in the aggregate has grown
in current dollars, while showing little change in constant (1987) dollars.

(b) Changes in the stocks of these productive assets over time have largely
reflected changes in the resource rents. Increases in resource rents have
been accompanied by greater investment in exploration and enhanced
recovery technology. Decreases in rents of some resources have been
accompanied by reduced exploration activity and the closing of marginal
fields and mines.

(c) Proved mineral reserves constitute a significant share of the economy’s
stock of productive resources. Addition of the value of the stock of these
mineral resources to the value of structures, equipment, and inventories for
1991 would raise the total by $471-916 billion, or 3-7%, depending on the
valuation method used.

(d) The stocks of proved mineral resources are worth much more than the
stocks of invested structures and equipment associated with the resources.
In 1991, the value of the stock of subsoil assets was 2—4 times as large as
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the value of the associated stock of invested structures and equipment and
inventories.

(e) Valuing the effect of depletion and additions, as well as including the value
of resource stocks, provides a significantly different picture of returns.
Compared with rates of return calculated using income and capital stock
as measured in the existing accounts, the IEESAs-based average rates of
return on capital in the mining industry for 1958-91 are lower, at 4-5%
rather than 23%. Rates of return for all private capital slip from 16% using
measures in the existing accounts to 14-15% using IEESAs measures for
the mining industries.

(f) Although the trends that emerge from the alternative methods are similar,
the range of estimates is large. The highest estimates of stocks, depletion
and additions were obtained from the current rent estimates based on
capital stock values, and the lowest were from the current rent estimates
based on average rates of return to capital.

Uses of the new accounts

The IEESAs will help to identify the use of the various natural and environ-
mental resources, but because of offsetting changes it is difficult to say a priori
whether there will be a net reduction or increase in their value overall. Indeed,
it 1s not clear whether such a ‘bottom line’ estimate is even desirable. First,
such an estimate may not be very informative. For example, while it is almost
certainly true that the economic value of the stocks of some assets in the USA,
such as bluefin tuna, is declining, the stocks of other environmental assets,
such as timber stocks, have been increasing as planting and growth have more
than offset harvests, fire and land conversions. Similarly, while losses of wet-
lands from development continue to outnumber gains from wetland resto- .
rations, increasing rates of investments in cleaner air and water since the
mid-1970s appear to have resulted in net improvements in air and water
quality; many of the measures of air and water quality, such as the ambient
concentrations of air and water pollutants, have shown improvement. It is
conceivable that when all entries in Table 2 (or if not all, at least enough more
than at present to avoid risks of conclusions based on partial results) have
been filled in, the table will show that IEESAs-NDP differs little from tradi-
tional NDP.

Second, it is not clear that the information reflected in a bottom line
measure is always relevant. For example, as noted above in the case of mineral
reserves, the stock of proven reserves varies with the rate of return and
remains a fairly stable multiple of annual consumption; the mineral industries
make expenditures to prove reserves to ensure a level of supply for a given or
projected demand. Changes in proven reserves, therefore, have little to say
about long-run sustainability. Instead, as the prototype IEESAs accounts illus-
trated, the changes in stocks of proven reserves and their prices over time have
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significant effects on rates of return, in the aggregate and by industry, and the
structure of the accounts will allow the analysis of the secondary effects by
type of income, type of investment and type of spending. Other effects that
could be analysed include the impact of changes in minerals prices on the US
terms of trade, the related measure of command-basis GNP (which reflects the
resources over which a nation has command as a result of its exports and
other income from abroad) as well as a wide range of issues including federal
fees for grazing rights, water use, logging, mineral rights, fishing permits, and
the impact of environmental regulations and emission taxes.® For a developed
economy, such as that of the USA, this detailed information about the inter-
action between the economy and the environment rather than normative mea-
sures of our environmental welfare or long-run sustainability will provide the
most valuable insights about the implications of different regulations, taxes
and consumption patterns.

BEA’s plan for natural resource and environmental accounting

BEA’s plan calls for work on the IEESAs to be undertaken in conjunction with
modernizing its economic accounts. BEA’s national accounts are now under-
going the first major redesign since the 1950s. The redesign, which will be
along the lines of the 1993 SNA, will feature an integrated set of current and
capital accounts, sector by sector. Fully developed capital accounts, along with
balance sheets, are essential for a comprehensive set of economic accounts.
The conceptual work on these accounts and the more specialized work on
natural resources and the environment will be mutually supporting. Further,
to make reasoned policy choices involving trade-offs among kinds of capital,
one would want a view of the total capital stock, natural and made, consis-
tently covered and appropriately valued.

BEA has developed a three-phase plan for the IEESAs. With the April 1994
issue of the Survey of Current Business, BEA completed the first phase of work.
The overall IEESA framework is designed to build upon the existing national
accounts and is in line with the guidance embodied in the new international
SNA about a satellite system and the companion SEEA. In its initial work,
BEA focused on mineral resources, consisting of oil and gas, coal, metals and
other minerals with a scarcity value. The focus, in accordance with SNA rec-
ommendations, is on proved reserves, the basis for valuation is market values,
and the treatment given to mineral resources, which require expenditures to
prove and which provide ‘services’ over a long timespan, is similar to the
treatment of fixed capital in the existing accounts.

The second phase will incorporate renewable natural resources. Compared
with the accounting for proved reserves of non-renewable resources, where the
economic literature extends back over 50 years, valuation methods and con-
cepts for many of the renewable resources are less well developed. Renewable
natural resources are inherently more difficult to value than non-renewable
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natural resources for several reasons: renewable resources, such as stocks or
schools of wild fish, often have a commercial or production value as well as an
amenity or a recreational value; often, ownership rights cannot be established,
and they cannot be sold; and they are able to regenerate, so their use does not
necessarily result in a net reduction in either their yield or the value of their
stock.

These difficulties notwithstanding, there has been rapid progress in environ-
mental benefit valuation for renewable natural resources in recent years as
economists have tried to keep pace with regulatory, legal and policy needs for
environmental damage and impact measures. Further work by BEA to trans-
late these new concepts and measures into a consistent national framework
would need to rely heavily on the expertise of other units within the US Gov-~
ernment, for example, the National Oceanic and Atmospheric Administration,
the Environmental Protection Agency, USDA, and the Department of Inte-
rior. The plan calls for work to extend the accounts to renewable natural
resource assets, such as trees on timberland, fish stocks and water resources.
Development of these estimates will be more difficult than for mineral
resources because they must be based on less refined concepts and less data.

Building on this work, the third phase calls for moving on to issues associ-
ated with a broader range of environmental assets, including the economic
value of the degradation of clean air and water, or the value of recreational
assets such as lakes and national forests. Clearly, significant advances will be
required in the underlying environmental and economic data, as well as in
concepts and methods, and cooperative efforts with the scientific, statistical
and economic communities will be needed to produce such estimates.

Lessons

Several lessons were learned in the process of developing the IEESAs that may
be useful cautions for countries about to embark on a similar journey towards
integrated economic and environmental accounts.

(a) First, the new accounts, like the conventional accounts, will only be worth-
while if they are used. Thus, consistency with the existing accounts through
the use of market prices, and proxies thereof, and the treatment of natural
resources and environmental assets symmetrically with economic assets
remains an absolute requirement if they are to be used in conjunction with
the existing accounts. In addition, if the new accounts are focused and
based on the market-related concepts outlined in the existing accounts,
many of the concerns related to the subjectivity and conceptual basis of
earlier social accounting measures will be avoided.

(b) Throughout the development of the IEESAs, BEA looked outside its own
work and built upon the economic and social accounting lessons of the
past. BEA also relied on the expertise and data provided by natural
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resource and environmental and economic accounting experts in the USA
and abroad. In this way, it avoided unnecessary ‘reinventing’ of the wheel.

(c) At the same time, BEA adapted that knowledge to its own needs to make

the IEESAs appropriate for analysis of the specific concerns of the USA.

(d) When adequate source data were available, BEA presented a range of esti-

mates to illustrate various methods and to emphasize the uncertainty
associated with such accounts.

(e) In order to make its source data, methods and assumptions open and

®)

accessible, BEA published detailed information on source data and estima-
tion methods.

The limitation of the accounts to the interaction between the economy and
the environment enabled BEA to apply a market approach consistently
(though the exact approach and data availability remain issues for future
work). If the accounts had extended to the noneconomic functions of
natural resources and environmental assets, they would have been forced
to incorporate inconsistent valuation methods that would preclude or at
least complicate useful aggregation or comparison.

(g) The limitation to interactions between the economy and the environment

also enabled BEA to construct its accounts upon a clear and consistent
conceptual base. The advantages of this approach have been repeatedly
revealed since the release of the prototype accounts. Most recently, the
National Academy of Sciences has been able to begin its review of the
accounts, as requested by Congress, with a clear understanding of the
rationale for its structure and methods.

Notes

1.

2.

Copies of the two Survey of Current Business articles detailing the accounts are available on the
Internet or by calling (202)606-9900.

In the last chapter, Kuznets (1996) notes that the result of the restriction of national income
estimates to economic activities is that they ‘neglect completely any consideration of such costs
of economic activity as impinge directly upon consumers’ satisfaction or the welfare of the
community’ and that errors of both omission and commission ‘renders national income merely
one element in the evaluation of the net welfare assignable to the nation’s economic activity’.

. Jaszi (1971) makes clear his belief that ‘the tools we have available to construct a measure of

output . . . cannot be used to construct a measure of welfare’.

. This environmentalist school of thought has a long tradition both within and outside of eco-

nomic circles. For example, US Vice President Gore (1992) goes beyond economic analysis in
his comprehensive evaluation of the environment and society. Daly and Cobb (1989) use a
more traditional economic approach in their development of the Index of Sustainable Eco-
nomic Welfare. Cobb et al. (1995) use a similar approach in their calculation of a ‘Genuine
Progress Indicator’ that adjusts GDP for household production, crime, and other welfare
effects.

. Phases II and IIT of BEA’s work plan, described in the next section, include work, building on

the damage assessment and recreational valuation literature, to construct estimates of the
market value of recreational and environmental amenities.

. For further discussion of the concept and measurement of command-basis GNP, see Denison

(1981) or the SNA 1993 (Commission of the European Communities et al., 1993 404—405).
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This study defines the goods and services that constitute environmental pro-
tection activities in the United States. The US input—output (I-O) table serves
as the basis for the definition of environmental protection activities developed
in this study. The US environmental protection I-O tables identify the sectors
that receive the revenues associated with purchases of goods and services to
comply with environmental regulation as well as the sectors that demand
environmental protection goods and services. The I-O framework also allows
for the development of a measure of the importance of environmental protec-
tion activities relative to the US economy. Employment associated with
environmental protection activities is also estimated.

The results show that environmental protection activities constituted
between 0.64 and 0.80% of gross national product (GNP) between 1977 and
1991. Value-added for environmental protection was $46,646.6 million in 1991.
Employment directly attributable to environmental protection activities
increased from 678,000 in 1977 to 741,000 in 1991. Using the I-O framework,
it is also possible to estimate employment indirectly attributable to environ-
mental protection activities. If individuals indirectly employed are also
counted, employment increased from 1.3 million in 1977 to 2.0 million in 1991.
Finally, this study discusses current research to link air emissions with input—
output sectors for the USA.

Overview

This chapter has two goals.! First, it identifies the production and service
activities that constitute environmental protection (EP) activities in the US
economy. The identification of these activities is accomplished through the use
of an I-O accounting framework. The US I-O table, published by the Bureau
of Economic Analysis (BEA) (US Department of Commerce, BEA, 1984;
1991), is adjusted to isolate EP activities from other economic activities. The

All views expressed in this paper are the authors’ and do not reflect the official position of the US
Environmental Protection Agency. We thank Anton Steurer for helpful comments on earlier
drafts of this paper. Any remaining errors are strictly our own.
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© 1998 Kluwer Academic Publishers.
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resulting EP 1-O tables characterize the sectors whose output is used to
comply with environmental regulations as well as the sectors that demand EP
goods and services. Second, there is a discussion of efforts to measure the
‘output’ of EP activities, which is the reduction in the level of pollutants (i.e.
undesirable outputs). This study does not attempt to measure or draw conclu-
sions about the net economic impacts of environmental regulation. Rather, it
focuses on defining and measuring the amount of resources devoted to EP
activities. The composition of EP activities in the USA is assessed, and the size
of EP activities relative to the US economy is estimated for 5 years: 1977,
1982, 1985, 1988, and 1991.

The methodological contribution of this study is discussed, followed by an
outline of the framework used for defining EP activities. A description of the
goods and services that comprise EP activities in the USA is followed by esti-
mates of the size and composition of US EP activities for 1977, 1982, 1985,
1988, and 1991. These estimates are presented both in total and by environ-
mental medium (i.e. air, water and solid waste). Estimates of direct and indirect
employment associated with EP activities and an inventory of air emissions
data and the potential use of these data are also presented.

Contribution of the study

The EP ‘industry’

Policy makers have recently shown interest in quantifying the impacts of
environmental regulation on sectors providing EP goods and services, and
more generally, in defining an environmental protection ‘industry’ (Brown et
al., 1993). The I-O approach applied in this study is a consistent framework
for defining an environmental protection industry as well as for estimating its
size and the number of individuals employed in environmental protection
activities.

Several approaches to estimating the size of and employment in the EP
industry have been taken, and each approach results in a different estimate.
For example, the Environmental Business Journal (EBJ) measures the size of
the EP industry by estimating the revenue received by each of 13 industry
segments (Environmental Business Publishing, 1994). In 1990, EBJ estimated
that the EP industry was a $122 billion industry. Another measure is given by
total annualized costs of EP, as reported by EPA in Environmental Invest-
ments: The Cost of a Clean Environment (US Environmental Protection
Agency, 1990). This cost-based approach yields an estimate of $115 billion in
1990. Finally, the Organization for Economic Co-operation and Development
(OECD) estimates total US production of EP goods and services at $80 billion
for 1990 (OECD, 1992).2 This study estimates direct value added of $47 billion
in 1991, and direct plus indirect value added of $122 billion.
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Discrepancies in estimates of the size of the EP industry stem from at least
two factors. First is the general lack of agreement regarding which activities to
‘count’ as EP. As an example, BEA (sece Farber and Rutledge, 1989) counts
none of the expenditures for water supply used for water treatment as EP. The
EBJ, on the other hand, includes all revenues associated with water supply in
its definition. For 1991, EBJ (Environmental Business Publishing, 1994)
reports revenues of $21.1 billion for the water utilities segment of the EP
industry.? The second factor contributing to discrepancies in estimates of the
size of the EP industry is more relevant to this study. This factor relates to the
method used to calculate the size of the EP industry. As mentioned above, the
EBJ estimates revenue received by sectors providing EP goods and services,
while the EPA reports total costs of EP. In practice, the revenue-based and the
cost-based approaches to defining the EP industry will generate different esti-
mates. First, not all environmental costs involve company to company trans-
actions. Some pollution abatement activities are performed within the
polluting industry and costs associated with these activities do not become
revenues for companies providing EP goods and services. Also, some environ-
mental control costs do not involve out-of-pocket expenditures (e.g.
depreciation).* Second, the costs of pollution abatement include expenditures
for items that are not part of the EP market (e.g. electricity required for the
operation of pollution control equipment). Again, expenditures on these items
do not become revenues for companies providing EP goods and services.’
Finally, companies like engineering firms provide services besides EP. Thus,
the total revenues of these companies overstate the amount received for EP
goods and services.

Besides leading to different estimates of size of the EP industry, it is ques-
tionable whether the size of the EP industry should be measured at all in
terms of total EP costs or total EP revenues. Typically, the size of an industry
is measured in terms of its contribution to Gross National Product (GNP),
which is given by its total value added. Using the I-O framework, it is possible
to derive a measyre of the EP industry’s contribution to national product or
its total value added. Computing value-added associated with EP yields a
measure of EP activities that is comparable to measures of the size of the
national economy and other industries.

Integrated environmental and economic accounting

The EP I-O tables also serve as a foundation for developing integrated
environmental and economic accounts. The United Nations has proposed the
System for integrated Environmental and Economic Accounting (SEEA) as a
special satellite system that is closely related to the core System of National
Accounts (SNA).° This study represents an application of the SEEA, that is the
disaggregation of the US I-O table into environmental and non-
environmental components. It is possible to build upon the framework set
forth in this study and develop the other parts of the SEEA.
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Improved modelling of the economic impacts of environmental regulation

Application of computable general equilibrium (CGE) models to environ-
mental policy has become quite popular. However, when using the models to
estimate the impacts of specific environmental regulations, researchers have
had to make simplifying assumptions. Without information on the inputs to
pollution abatement processes, CGE modellers have made simplifying assump-
tions about which goods and services are purchased to comply with environ-
mental regulation. These assumptions could influence the accuracy of CGE
model results. For example, even though an industry may bear a relatively
large regulatory burden, the burden may be offset if its output is used in pol-
lution abatement activities (see Nestor and Pasurka, 1995a). The framework set
forth in this study, if institutionalized, can provide information necessary for
explicit modelling of pollution abatement processes and lead to improved
CGE modelling of environmental policy.

Framework for defining environmental protection activities

EP activities in an I-0 framework

This study makes use of an I-O accounting framework for identifying the
production and service activities that comprise EP activities in the US
economy. EP activities are defined by disaggregating the US I-O tables into
EP and non-EP components. This requires a scheme for classifying the various
types of EP activities. The United Nations (1993a) provides some guidance,
proposing that environmental protection activities be classified into the fol-
lowing five categories: external EP activities, internal EP activities, fixed
capital formation for EP, household EP activities and government EP
activities.

External EP activities refer to establishments in which EP constitutes the
main or secondary production activity. The key identifying characteristic of
external EP activities is that they are delivered to other establishments, or a
third party. External EP activities are represented as separate rows and
columns in an I-O matrix. In Table 1, the entries depicted by the shaded
column (n + 1) represent the dollar value of the products purchased as inter-
mediate inputs from other sectors in the economy by the external EP activities
sector. The corresponding shaded row in Table 1 represents the dollar value of
the external EP activities that other industries purchase for use as an interme-
diate input. :

Internal EP activities are for the establishment in which they are produced.
Internal EP activities are ancillary activities analogous to administration or
research and development activities. Internal EP activities are measured by
inputs purchased for and combined as pollution abatement activity by a pol-
luting industry; they include intermediate inputs and value added. Internal EP
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activities are not separated from the main activities of an establishment and, in
this I-O framework, are accounted for by separating out that portion of total
inputs used by polluting industries for pollution abatement. In Table 1 this
adjustment is reflected by Xi’ which represents intermediate inputs used for
EP activities. The residual, X?;E, represents intermediate inputs used for
non-EP activities. Total value added consists of value added associated with
EP activities, VE', and with non-EP activities, V.

The category fixed capital formation for EP represents the accumulation of
fixed assets for EP and corresponds to gross private domestic investment in
the [-O format. As an example, the purchase of a scrubber represents the
accumulation of capital for air pollution abatement.

In addition, two other types of EP activities are performed in the USA.
These are EP activities performed by households and government. Household
and government EP activities are like EP investment activities in that they are
represented by an adjustment to final demand in the I-O framework. House-
hold, investment and government EP activities are embodied in final demand,
depicted by the adjustment Y}* in Table 1. Final demand expenditures for
non-EP activities are represented by Y.

Specific activities included and data sources

The BEA I-O table, The Use of Commodities by Industries forms the basis of
this report. It is assumed that EP activities are embedded in the tables as
currently published. Other sources of information (survey data, engineering
data and information published by other US federal agencies) are used to
disaggregate EP activities from other economic sectors in the I-O tables. To
simplify calculations, it is assumed that all inputs purchased for EP purposes
are produced domestically.”

Limitations

The decomposition of the US I-O tables into EP and non-EP components
depends upon a number of simplifying assumptions. For external EP activities,
the assumptions required to isolate ‘environmental’ water supply, sewerage
and solid waste management from the I-O tables are crucial to the estimates
of EP activities derived in this report. The estimates for both internal EP
activities and EP investment are driven by the expenditure patterns used to
allocate capital, and operating and maintenance expenditures for air, water
and solid waste abatement to specific I-O categories. These expenditure pat-
terns were derived from dated and often incomplete engineering studies.
Further, due to data unavailability, results from manufacturing sectors were
used to estimate pollution abatement operation and maintenance expenditures
for non-manufacturing sectors.
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The procedure for decomposing the US I-O tables into EP and non-EP
components was applied to the 1977 and 1982 benchmark I-O tables (US
Department of Commerce, BEA, 1984; 1991), since at the time this report was
prepared these were the most recent economic census years for which bench-
mark I-O tables had been compiled. Updating the 1982 EP I-O tables to
estimate the composition and levels of employment for 1985, 1988 and 1991
required assuming that the expenditure patterns for the various pollution
abatement processes remained constant over time.

Finally, the measurement of foreign trade in EP equipment presents an
additional set of difficulties. These difficulties and the actual measurement of
EP trade are the subject of a separate report International Trade in Environ-
mental Protection Equipment: An Assessment of Existing Data (US Environ-
mental Protection Agency, 1993). In this study, the focus is on the domestic
portion of the US I-O tables.

Composition of EP activities

It is possible to use the EP I-O tables to identify the sectors that demand EP
goods and services.® Table 2 shows the distribution of demand for all EP
activities as well as by environmental medium for 1991. It is generated by
summing down the column of the EP I-O table for each industry.” The EP
I-O tables also identify which goods and services are purchased to perform
EP activities (i.e. the goods and services that serve as inputs to EP activitics).

Table 2. Demand for EP activities by sector for 1991 (miilion of dollars)

Sector Total Air Water Solid waste
Agriculture, forestry, fisheries 884.5 8.2 103.7 772.7
Utilities and mining 7309.7  2763.8 1993.7 2552.2
Construction 554.8 52.0 128.7 374.1
Food, beverages and tobacco 1235.9 167.0 822.2 246.7
Textiles, leather, wood, paper, and products 2518.5 668.0 1092.2 758.2
Chemicals and allied products 3543.9 698.6 1544.8 13004
Petroleum refining 3696.1  1479.7 815.6 1400.8
Rubber, plastic, stone, clay and glass products 1719.2 526.2 499.5 693.4
Primary metals 2083.3 919.6 643.9 519.8
Manufacturing products 1799.6 260.6 692.1 846.9
Machinery and transport equipment 1839.6 342.0 533.0 964.6
Non-EP services 6813.6 358.1 2630.1 38254
External EP sector 1931.2 0.0 317 1899.5
Other industry 0.0 0.0 0.0 0.0
Households 13,4529 0.0 9622.0 3830.8
Investment 0.0 0.0 0.0 0.0
Government 284.7 0.0 284.7 0.0
Exports 4.6 0.0 4.6 0.0
Total demand 49,672.1 82440 21,4428 19,985.4

Household, investment and government demand include only purchases from the external EP
sector.
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Table 3. Inputs purchased for EP activities by sector for 1991 (millions of dollars).

Sector Total Air Water Solid waste
Agriculture, forestry, fisheries 25.3 0.0 20.1 53
Utilities and mining 63643 22103 2549.4 1604.6
Construction 10,254.5 466.4 9073.4 714.7
Food, beverages and tobacco 34 0.0 0.9 2.5
Textiles, leather, wood, paper, and products 429.9 104.3 48.6 277.0
Chemicals and allied products 21384 76.7 1014.7 1047.0
Petroleum refining 1570.8 94.4 123.0 1353.5
Rubber, plastic, stone, clay and glass products 1117.7 448.0 621.1 48.7
Primary metals 0.2 0.0 0.0 0.2
Manufacturing products 9335 0.0 84.7 848.8
Machinery and transport equipment 11213 89.0 187.5 844.8
Non-EP services 62572  1801.8 2651.1 1804.3
External EP services 1931.2 0.0 214 1909.8
Other industry 522 0.0 0.2 520
Total intermediate inputs 32,2002 52908 16,396.3 10,513.1
Labour 11,077.2 13040 3036.3 67369
Indirect business taxes 1609.8 0.0 499 1559.9
Other value added 47850 16492 1960.3 1175.5
Total value added 17,4720  2953.2 5046.5 9472.3
Total cost 49,672.1 82440 214428 19,9854

Excludes inputs to EP activities purchased as final demand, with the exception of external EP
activities.

Table 3 shows the inputs to EP activities for 1991, and is generated by
summing across the row of the EP I-O table for each industry. Table 3 illus-
trates that EP activities are intermediate-input intensive. Construction, utilities
and services comprise the bulk of total EP costs.

Using the I-O framework, it is possible to derive a measure of the size of the
EP industry relative to the national economy. This measure consists of com-
puting value added associated with EP activities and is analogous to using
value added for a specific industry to compute its contribution to national
product. The value added for EP activities is simply the sum of value added
for internal, external, household, investment and government EP activities. As
an alternative measure, one might want to compute the total share of GNP
required to support EP activities. This is given by the sum of direct and indi-
rect EP value added. Indirect EP value added is derived using I-O techniques.
The derivation of the formula for computing direct and indirect EP value
added is taken from Nestor and Pasurka (1995b).

Table 4 lists both direct, and direct plus indirect, EP value added in current
dollars, and EP value added as percentage of GNP for 1977, 1982, 1985, 1988
and 1991. Both direct value added and total value added have increased in
absolute terms as well as a percentage of GNP.
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Table 4. Measures of the size of the EP industry

Direct value Direct + indirect

added Direct value value added Direct + indirect

(millions of current added as a (millions of current value added as a

Year dollars) percent of GNP dollars) percent of GNP
1977 14,124.9 0.71 30,436.4 1.53
1982 20,593.1 0.64 50,802.5 1.58
1985 28,692.2 0.68 72,404.1 1.74
1988 37,754.5 0.74 96,766.0 1.93
1991 46,646.6 0.80 121,625.2 212

Employment associated with EP activities

Computation of employment

The calculation of direct employment is straightforward. Using I-O tech-
niques, it is also possible to estimate employment indirectly attributable to EP
activities or, equivalently, the employment that arises as a consequence of
‘multiplier effects’. Multiplier effects occur because EP activities require inputs
and employment associated with the production of these inputs. The pro-
duction of the inputs to EP activities also requires inputs and this generates
employment and so forth. As an example, consider an industrial plant that has
installed a scrubber to abate its emissions of air pollution. The plant will
directly employ individuals to operate the scrubber. In addition, the plant will
purchase electricity to run the scrubber, and individuals will be employed in
the production of electricity. Likewise, the electric power plant will purchase
coal to produce electricity, and individuals will be employed to mine coal. The
individuals employed in producing the electricity to run the scrubber and the
individuals employed in mining the coal used to generate the electricity needed
to operate the scrubber constitute indirect EP employment. The multiplier
used in this study does not capture employment associated with household
income generation and the resulting expenditures (i.e. ‘induced’ effects).
Formal derivation of the multiplier used in this study is provided in Nestor
and Pasurka (1995b).

Total employment in EP activities

Estimates for direct, and direct plus indirect employment associated with EP
activities in 1982, 1985, 1988 and 1991 are reported in Table 5. The table
shows that direct employment increased in absolute terms between 1977 and
1991, fluctuating between 0.64 and 0.79% of total US employment. Total
EP employment has increased both absolutely and as a percentage of US
employment.*®
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Table 5. Employment in EP activities

direct Direct + indirect Direct + indirect
Direct employment  employment as a employment employment as a
(number of percent of total (number of percent of total US
Year individuals) US employment individuals) employment
1977 678,359 0.79 1,267,082 1.48
1982 640,181 0.69 1,433,502 1.54
1985 659,067 0.65 1,591,940 1.58
1988 698,348 0.64 1,796,027 1.65
1991 741,186 0.66 1,965,818 1.76

Physical emissions

Generating estimates of physical emissions

Currently, estimates of criteria air pollutants are being generated for the
USA.'! Emissions from both production processes and fuel consumption are
included in this inventory. Following the National Energy Accounts (NEA) for
the USA, estimates are being generated for the period 1970-1985 at approx-
imately the three-digit SIC level of disaggregation. For the period 1986—1990
period, emission estimates are generated for the 20 two-digit SIC manufac-
turing sectors in the USA. Several considerations have dictated the scope of
the effort to generate this inventory of emissions.

First, the NEA ceased to be assembled after 1985. In 1985, 1988 and 1991,
the US Department of Energy (DOE, various issues) published the Manufac-
turing Energy Consumption Survey (MECS). The 1985 and 1988 publications
report fuel use at approximately a two-digit SIC level of industry disaggre-
gation. The 1991 MECS report presents more disaggregated data, although
these are not as disaggregated as the NEA. Since the MECS data exclude
non-manufacturing fuel use, these reports do not allow the generation of emis-
sion estimates for non-manufacturing sectors from 1986 to 1990. It was neces-
sary to stop the inventory for US criteria emissions in 1990 since EPA
changed its methodology for generating emission estimates. Up to 1990, it is
possible to use the ‘trends’ methodology. This is essentially the use of engin-
eering estimates of emissions from production processes and estimated effi-
ciencies of pollution control devices. Since 1991, the US EPA has used the
Aerometric Information Retrieval System (AIRS) database to generate its esti-
mates of emissions of criteria air pollutants. The AIRS database can only be
used to generate estimates of emissions from 1985 to the present. It will even-
tually be necessary to reconcile these two approaches in order to maintain a
consistent database of emissions, starting in 1970.

A new step will be to generate estimates of greenhouse gas emissions. It will
be possible to generate estimates for 1970-1985 for the NEA sectors and
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1986-1991 for two-digit SIC manufacturing sectors. Since most greenhouse
gas emissions are the result of fuel use, the same data shortcomings of the
energy use data that affect the criteria emissions also adversely affect green-
house gas emissions.

Finally, the US EPA (1987 onward) initiated the Toxic Release Inventory
(TRI) in 1987. In order to facilitate reporting of the data in a meaningful
manner by industry, it will be necessary to develop a methodology to ag-
gregate the 300 + pollutants into a manageable number of undesirable
pollutants.

Potential uses of emissions data

The simple collection of data on the emission of pollutants, while a necessary
first step, leads to the next question. How are these data to be used? We
envision the data being collected being used on several types of projects. First,
following Mayer and Stahmer (1989) and Wier (1993) we plan to undertake a
decomposition of the factors influencing changes in criteria emissions in the
USA between 1972 and 1982. Second, an increase in the level of environmental
protection activities has the effect of reducing undesirable outputs (i.e.
emissions). There will thus be a decrease in the level of production of desirable
output and a decrease in the level of production of undesirable outputs (see
Fire et al, 1989). As the relative amount of resources devoted to environ-
mental protection activities increases there is a movement along an existing
production possibilities curve.

Traditional measures of productivity focus on the impact of environmental
regulations on the level of desirable output while ignoring the productivity of
the environmental regulations (i.e. the reduced level of the undesirable
outputs). The reduction in the output of the desirable output as a consequence
of the reduction in undesirable outputs constitutes the opportunity costs (i.e.
shadow price) of the undesirable output (see Fére et al., 1993). This marginal
abatement cost of reducing the level of pollution is one manner in which a
price can be assigned to the undesirable outputs. Nestor and Pasurka (1994)
have made preliminary calculations of adjusted total factor productivity mea-
sures for US manufacturing. This report is currently being revised, given new
data on desirable and undesirable outputs and inputs.

Finally, it will be possible to specify a production technology with both
desirable and undesirable outputs and incorporate it into a CGE model for
the USA. This would allow a model to calculate the level of emissions endoge-
nously. Nestor and Pasurka plan to start work on this in 1996.

Notes

1. This study draws heavily on US Environmental Protection Agency (1995a).
2. For a detailed review of estimates of the size of the EP industry, see Parker et al. (1993).
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3.

N

10.
11

The EBJ estimate includes revenue of private and publicly owned water utilities for water
supply (conversation with Dan Noble on May 18, 1995). The EBJ value excludes revenue of
POTWs (publicly owned treatment works).

. When discussing current account EP activities, the distinction between ‘cost’ and

‘expenditures’ warrants clarification. The term expenditure usually refers to tangible out-of-
pocket expenses while cost is a broader economic concept. For example, depreciation typically
is not referred to as an expenditure because no transaction is associated with this expense.
Depreciation is, however, a cost.

. In addition, environmental fees, taxes, and penalties do not count as EP industry revenues.
. For an in-depth description of the SEEA, see United Nations (1993a). Eurostat (1994) also

contains information on incorporating environmental protection expenditures and physical
emissions into a system of national accounts.

. Additional details are provided in the report, The US Environmental Protection Industry: The

Technical Document (US Environmental Protection Agency, 1995b).

. US Environmental Protection Agency (19952, Appendix A) contains a concordance between

the sectors shown in Table 1 and the BEA input-output tables.

. This table can be generated for 1977, 1982, 1985 and 1988. Due to the simplifying assumptions

used in constructing the updated EP I-O tables (e.g. fixed expenditure patterns) it is danger-
ous to use the tables to make comparisons over time.

For caveats, see US Environmental Protection Agency (1995a, p. 18).

Criteria air pollutants consist of TSP, SO, , NO,, CO, VOCs and lead.
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STEVEN J KEUNING AND MARK DE HAAN

The National Accounting Matrix including Environmental Accounts
(NAMEA) shows environmental pressures in physical units that are consistent
with the monetary figures in the national accounts. Based on the expected
contribution of each polluting substance to five major environmental prob-
lems, emissions are converted into theme equivalents per problem. This results
in five summary environmental indicators that are directly comparable with
the conventional economic aggregates. In addition, this meso-level informa-
tion system is increasingly used for integrated analyses and forecasts of eco-
nomic and environmental changes. This chapter introduces the NAMEA
concept, provides some illustrative analyses of the recently completed
NAMEA time series and demonstrates that social accounts and social indica-
tors can easily be integrated. This results in a fairly broad, multipurpose sta-
tistical information system.

Introduction

At present, integrated environmental and economic accounts are available for
the years 1986-1992 in the Netherlands. These accounts are cast into a
National Accounting Matrix including Environmental Accounts (NAMEA). In
view of the favourable reaction by our users, it is the intention of Statistics
Netherlands to continue the annual compilation of these NAMEAs, as well as
their presentation as an integral part of the national accounts.! This chapter
provides a description of the NAMEA framework as it is applied in practice,
analyses some results from a recently completed time series of NAMEAs and
demonstrates that social accounts and social indicators can easily be inte-
grated into this framework.

The NAMEA approach

In a paper for the 1991 Special IARIW Conference on environmental account-
ing, an illustrative NAMEA was presented for the first time (de Boo et al.,
1993), following the conceptual design by Keuning (1993). The original design

The results shown in this paper are based on NAMEA time series compiled jointly by staff of the
Environment Statistics and the National Accounts Department of Statistics Netherlands. The
views expressed in this paper are those of the authors and do not necessarily reflect the views of
Statistics Netherlands.

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 143-156.
© 1998 Kluwer Academic Publishers.
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contains a complete system of national flow accounts, including a full set of
income distribution and use accounts, accumulation accounts and changes in
balance sheet accounts. Not only emissions of pollutants and extraction of
natural resources are represented, but also their effects. A distinction is made
between effects of current emissions that are absorbed in the current period
(noise, stench etc.), current effects of emissions in the past (c.g. leakage from a
waste dump), net capital losses due to natural causes (e.g. a severe drought),
referrable damage to economic assets and to other (natural) assets due to
environmental effects and non-referrable degradation to non-economic,
natural assets. All these transactions are summarized in additional balancing
items, culminating in a new total for the changes in net worth. It soon became
clear that insufficient data were available for an immediate operationalization
of this conceptual framework. It was therefore decided to compile a more
modest pilot NAMEA, making use of the work undertaken at the Netherlands
Ministry of Housing, Spatial Planning and the Environment (1989). This Min-
istry had developed a so-called national environment policy plan in which a
number of environmental themes were distinguished. For each of these themes,
a single indicator had been designed by weighing together the emissions that
contributed to each theme (Adriaanse, 1993). The conversion of emissions into
theme equivalents was based on the expected contribution of each polluting
substance to a particular environmental problem. Target values for each
theme in the year 2000 were also formulated. By the time the first NAMEA
was compiled this environment policy plan had been approved by the Dutch
Parliament. The first NAMEA became available in 1993 (de Haan et al,
1994), and the present NAMEAs largely maintained this format (de Haan and
Keuning, 1996). The 1994 NAMEA paper also contains an appendix on com-
pilation issues, while this year a more extended methodological publication
was published (CBS, 1996).

Table 1 presents an aggregate NAMEA for 1991.% It consists of a conven-
tional national accounting matrix extended by three accounts on the environ-
ment: a substances account (account 11), an account for global environmental
themes (account 12) and an account for national environmental themes
(account 13). These accounts do not express transactions in money terms but
include information on the environment as it is observed in reality, that is, in
physical units. In order to emphasize that currency units and physical units
cannot be added up, the physical units are positioned higher in the rows, and
more to the left in the columns of accounts 2, 3, 6 and 9.

The rest of the NAMEA presents the regular national accounts flows in a
matrix format (cf. Keuning and de Gijt, 1992). Some transactions that are
relevant to an environmental concern are singled out (cf. account 1a). As usual
in a matrix presentation, receipts are shown in the rows and outlays in the
columns. Most of the accounts contain a balancing item in the column (the
doubly framed cells in Table 1), defined as the difference between total receipts,
in the row, and the (other) outlays, in the column. In this way, row and
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column totals are equal for each account, which guarantees the consistency of
the complete system.

The first account presents intermediate and final uses of goods and services
in the row, and domestic and foreign supply in the column. Supply at market
prices consists of output at basic prices plus trade and transport margins plus
taxes on products. Supply and use of environmental cleansing services are
shown separately. In order to provide a complete picture of the industries’
expenses on behalf of the environment in the NAMEA, these services are
inclusive of the so-called internal environmental cleansing. Internal environ-
mental cleansing services are produced by the same establishment that uses
them within its own production process (cf. de Boo, 1995). As intra-
establishment deliveries are not considered output in the standard statistics,
both production and intermediate consumption are higher in the NAMEA
than in the conventional national accounts. Evidently, this affects neither net
domestic product (NDP) nor any other balancing item.

The second account is a specific consumption account, which re-allocates
consumption expenditures (matrix 1,2) to consumption purposes (vector 2,5).
The latter are connected to specific pollution patterns (2,11). Consumer goods
that are purchased in order to protect the environment are presented separa-
tely (cell 2a,5). This concerns, for example, the extra costs of cars fitted with
catalytic converters. Pollution generated by the government is connected to
government production and not to government consumption in the NAMEA.

The third account shows in the row the production of goods and services,
and in the column intermediate use and value added. ‘Other taxes on
production’ are recorded on a separate tax account (cell 8,3), and consumption
of fixed capital is directly put on the capital account (cell 6,3), so that the
balancing item in cell (4,3) equals NDP at factor cost. In row 3, the production
of goods and services is expanded with the concomitant emissions of pol-
lutants (row-vector 3,11). Vector (11,3) shows the amounts for several inputs
which have not been explicitly paid for. In fact, their depletion may not even
be incorporated in the output price, and thus also not be contained in regular
NDP. This concerns, for instance, natural resources and the waste that is re-
processed in incineration plants. Note that the emissions of waste incineration
plants are in fact taken into account, namely in row-vector (3,11). In principle,
re-cycling of materials should also be shown here, but at present insufficient
data are available.

The fourth row shows the components of NDP (wages and salaries,
employers’ social contributions and operating surplus), as well as wages and
salaries from abroad. Cell (4,3) reflects value added tax invoiced by sellers,
but not handed over to the government for various reasons. In the column
of account 4, primary income is allocated to the institutional sectors
(corporations, households, government, etc.) and to the rest of the world. In
the fifth account, income is (re-)distributed and used for consumption and
saving.
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Table I A national accounting matrix including environmental accounts (NAMEA) for the
Netherlands, 1991 (million guilders).

ACCOUNT Goodsand  [Consumption of | Production Tncome gene-|Income distri- Capital Taxes Rest of the world
(classification) services of |mtion buton and (Tax categories)  |Current
(Product- (Purposes) industry) {primary use
aroups) input (Sectors)
categories) Environ-
Environ- Other mental Other
ment__purposes taxes  taxes
1a__ib 2a b 3 4 5 6 8a__ 8b 9
Goods and services Trade and Government Gross capifal Exports (fob)
(Product groups) transport consumption formation
margins
Environmental cleansing services 1a 24 6305 1410
Other goods and services 1 |- 710321727, 501763 76837] 114818] 293086
Consumption of households, Consumption of
(Purposes) households
Environment 2a 734
Other purposes 2 321727]
Production Output,
(Branches of industry) 3 |basic prices
|| 7627 994861
|income generation Net Domestic VAT not handed | Wages fromthe |
(Primary input categories) 4 : Product, over to the rest of the world
factor cost | government
429118 1880] zguj
Incorne distribution and use . NetNational | Property Taxes Property income
(Sectors) 5 Generated | Income and and current trans-
Income, current fers from the rest
factorcost | transfers of the world
430650 573920 3982 137518 60190
Capital Consumption of Net saving
6 fixed capital
61560) 72960/
Financial Netlenaing (o
balance 7 the rest of
the world
17340
Taxes Taxes less Other taxes less [Texes on VAT on fand Taxes from the
(Tax categories) subsidies subsidies on income and and taxes on rest of the world
on products production iwealth finvestment
Environmental taxes 8a 907, 855 2220
Other taxes 8b | 112 45787 2887 88730] 992| 1050)
Rest of the world Tmports (cif) Wages tothe |Property income Taxes to the rest
Current 9 rest of the, land current trans- of the world
world fers 1o the rest
lof the world
| 267388, B ] 1170 67720 160
Rest of the world ] ] Capital trans- [Current external
Capital 10 fers o the rest baiance
of the world
2350 -18710
Substancés (CFCs and halons in | | Absorption of Trans-border
1000 kg, gas and oil in pj and substances in poliution to the
other substances in million kg) rest of the world
coz 11a
N20 11b
|CH4 11¢
[CFCs and halons. 11d
NOX e 488
502 1f 159
INH3 11g 113
P 11h 24
N i 581
\Waste 1 2845
Gas 11k 2595
ol Eil} 138
Global Theme: Environmental
indicators
Greenhouse effects (GWP) 12a 188890
Ozone fayer depletion (ODP) 12b 3815
National environmental themes
|Acidification {AEQ) 13a 156
Eutrophication (EEQ} 130 287
Waste (KG) 13¢ 23761
Loss of Natural resources (PJ) 13d 758
TOTAL Supply, Consumption of |Costs. Allocation of _|Cumrent oullays _Capital [Tax recepts Current receipts
market prices | nouseholds basic prices generated outlays from the rest
income of the world
7739 1308941] 734 321727 1002488 431820 1206258 135500 3982 139558 336436

Due 10 rounding totals do ot aiways &dd up.

In account 6, gross saving is allocated to gross capital formation and to net
lending and capital transfers to the rest of the world. In the present NAMEAs,
accounts 6 and 7 are not subdivided by institutional sector, so that inter-
institutional capital transfers and financial flows cancel out. Account 7 pre-
sents the financial balances (net lending) of the total economy and the rest of
the world, respectively. These balances add up to zero by definition. Therefore,
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Rest o the worid Subsfances (CFCs and halons in 1000 kg, gas and ol n pj and other | Giobal Y " [Naional environ: themes [TOTAL T
Capital in million kg) themes

Ozone Loss of
layer Natural
CFCs & Greenhouse deple- | Acidi- Eutro- Resour-
CO2 N20 GH4 halons NOxSO2NH3P N Waste Gas Oil_|effect I"“’ fication _ phication Waste ces
10 1 11b {ic 11d_ t1e 191 tig 11h 111 11 11k 1l |i2a ___ i2b __|13a 13 _ 13c__13d

Commodily use

7739
e ____1308941]
Emission of pofiutants from households Consumption of

36372 2 4 656 156 5- 15 115 6683
734
321727

Emission of pollutants from industries " Production,
basic prices
128040 59 724 4375 397 191 220 155 1257 19742

. 1002488|
Generated
income

431820

Current
receipts

1206258

Capital transfers from Other changes in natural resources Capital
the rest ofthe world 1836 138 receipts
980 135500

Net lending from
the rest of the
world

47.@ 0

Tax payments

3982
139558

Trans-border paliution from the rest of the world Curzent pay-
93 99 27 20 4i5. ments to the rest
of the world i

336436
Capital pay-
ments to the rest
of the world
-16360
Aliocation to global Aliocation to national Destination of
themes i themes substances
(accumulation of substances)
164412 164412
61 81
728 728
5031 5031
168 646
136 296
134 247
166 190
1206 1787
23760 26405
-759) 1836
138
Theme-equiva-
lent global

188890
3816
Theme-equiva-
lent nationat

186,
287
23780
-759

Capital receipts Origin of substances Th , Th
from the rest Global National
of the world

-16360|_164412 61 728 5031 646 295 247 190 1787 26405 1836 138 188890 3816 56 287 23760 -759

the (empty) column of this account has been deleted.

Account 8 of the NAMEA is a separate tax account, in which a variety of
taxes are presented: taxes (less subsidies) on products in sub-matrix (8,1), other
taxes on production in sub-matrix (8,3), taxes on income and wealth in sub-
matrix (8,5), and so forth. In the detailed NAMEA, all kinds of environmental
taxes such as energy levies, levies on pollution of surface waters and levies on
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waste water drain-offs are presented separately. The column of this account
shows the collection of these taxes by the government (row-vector 5,8) and the
rest of the world (cell 9,8b).

Accounts 9 and 10 represent all transactions with the rest of the world. The
row of the current account (9) presents imports, not only of goods and ser-
vices, but also of less wanted substances. For the time being, data are only
available for the entry of pollutants via the rivers or through the air. The
column contains exports, including the outflow of pollutants to other coun-
tries. Cell (10,9) reflects the current external balance of the rest of the world
with the Netherlands. The figures show that the Netherlands managed to
create a surplus for goods and services as well as for pollutants. Of course, this
‘pollution trade balance’ only refers to ‘direct’ flows of pollutants. However,
estimates on pollutants embodied in imported products, or invoked by foreign
demand, can easily be made with the help of a NAMEA-based analysis
(discussed below).

Account 11 registers in the column the origin of 10 types of pollutants. This
pollution is caused by producers (vector 3,11), consumers (vector 2,11) and the
rest of the world (vector 9,11). This column also registers additions to proven
reserves and other changes in natural resources (vector 6,11). The row of this
account shows in vector (11,3) the extraction of natural resources (crude oil,
natural gas and wood) as well as the re-absorption of pollutants into the eco-
nomic process. This concerns, for instance, part of solid waste that is inciner-
ated. The rest of the pollutants is exported to other countries (vector 11,9), or
is re-allocated to five environmental themes (sub-matrices 11,12 and 11,13).
The use of natural resources is allocated to a sixth theme: loss of natural
resources. Account 11 is expressed in kilograms or in petajoules. Of course, the
row and column totals of account 11 are equal.

The so-called ‘environmental themes’ presented in accounts 12 and 13 are
adopted from the second Netherlands’ National Environmental Policy Plan
(Netherlands Ministry of Housing, Spatial Planning and the Environment,
1993). Environmental themes are used as an inventory framework of current
environmental problems in the Netherlands. The column totals of account 12
and 13 reflect a weighted aggregation procedure. The weights reflect for each
theme the potential relative stress on the environment of each substance.
These aggregation methods have been accepted by the Dutch Parliament and
are for the major part based on international research on the effects of differ-
ent substances on environmental quality (Adriaanse, 1993). The conversion
from the substance units, as given in the heading of account 11, into the corre-
sponding theme-related stress equivalents is shown in Table 2.3

This method yields a limited number of physical environmental indicators,
shown in vector (12-13,6). Account 12 monitors two global environmental
problems: the greenhouse effect and the depletion of the ozone layer. The
corresponding indicators reflect the Netherlands’ contribution to these global
problems. If, however, the environmental damage within the country is at
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Table 2. Environmental themes and their corresponding substances (in parentheses, the weights
used to convert substance units into theme-equivalents)

Environmental themes Substances Theme-equivalents
Greenhouse effect CO2 (1), N20O (270) and CH4 (11)  Global warming potentials
Depletion of the ozone layer CFCs 11, 12, 13, 112 (1), Ozone depletion potentials

CFC 113 (0.8), CFCs 114, 115
(0.6), trichloroethane (0.1)
tetrachloride (1) and halon

1301 (10)
Acidification NOx (0.22), SO2 (0.31) and Acid-equivalents
NH3 (0.59)
Eutrophication P (1) and N (0.1) Eutrophication-equivalents
Accumulation of waste Waste Million kilograms
Waste water Waste water Million kilograms
Natural resources Gas (1) and oil (1) Petajoules

stake (cf. the themes in account 13), summary indicators on the national accu-
mulation of pollutants are directly comparable with the economic indicators
from the national accounts. For these themes, domestic pollution is aug-
mented with the import, and reduced by the export, of pollutants.

The aggregate NAMEA in Table 1 presents the interrelation between
macro-indicators for the economy (NDP, net saving, external balance) and the
environment (environmental theme indicators). However, a much more
detailed information system is underlying this table. This is illustrated below.

A preliminary analysis of the 1986-1992 NAMEAs

Thus far, NAMEAs have been compiled for 1986 through 1992 (CBS, 1996) for
a detailed review of results and compilation methods. This section presents a
selection of these results, using the kind of tables that are typically also shown
in the press releases by Statistics Netherlands on this subject.

Table 3 shows the 1992 contribution of each industry to GDP and to five
major environmental problems in the Netherlands. As expected, the share of
services in GDP largely surpasses its share in each of the environmental prob-
lems. Note that the contribution of manufacturing (excluding food processing,
chemicals and related industries) to GDP exceeds its contribution to all
environmental problems except one (ozone layer depletion). The environment
intensity of construction is also relatively low, apart from waste generation.
On the other hand, the contribution of agriculture to most of the problems
concerned is significantly higher than its share in GDP. The same applies to
electricity generation, the chemical industry and, somewhat surprisingly, to the
food, beverages and tobacco industry. In all cases, more than half the pol-
lution is generated by two or at most three of the 20 industries. More than half
the greenhouse effect, the acidification and the eutrophication is caused by
industries that generate less than 10% of GDP.

Table 4 presents an overview of the annual changes in economic and
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environmental indicators for the period 1986-1992. It is quite remarkable that
all environmental indicators decrease, or increase considerably less than the
GDP and consumption volume. So, at least for the problems covered here, the
pollution per unit of production and consumption has fallen. The same applies
to virtually every consumption category and major industry distinguished in
this table. Not surprisingly, the results are most impressive for the ozone layer
depletion problem. In manufacturing, for instance, the emissions that cause
this problem have been reduced by almost 10% per year, on average, despite
an annual value added volume growth of almost 2%. In addition, acidifying
emissions from agriculture have been reduced by 4% per year, despite an
annual value added increase of 4%. In general, the relatively less harmful ser-
vices industry has been somewhat less successful in the reduction of its pol-
lution. Finally, the waste problem appears to have been most difficult to tackle
in this period: all categories, except the waste caused by own transport of
households (car wrecks and such), still showed an absolute increase in environ-
mental pressure. In general, the most polluting industries have been most suc-
cessful in abating emissions, perhaps under the influence of (anticipated)
government measures. For instance, the chemical industry has realized a sub-
stantial annual reduction in the emission of substances that cause the ozone
layer depletion, acidification, eutrophication and generate waste, while the
volume growth of value added in this industry amounted to 2.1% over the
same period. Only the emission of gases that caused the greenhouse effect
continued to increase. A similar picture emerges in electricity generation. On
the other hand, the score was somewhat less positive in, for instance, the
paper, paperware, printing and related industries. Such results may be of use
in the continuing dialogue between the government and representatives of the
industries concerned.

So far, the discussion has been limited to the direct contributions of pro-
duction activities to environmental indicators. This, though, does not provide
a complete picture, as some production processes generate a relatively modest
pollution but use more harmful intermediate inputs. These backward linkages
can be taken into account when computing the pollution intensities of final
products. For instance, the demand for food products generates pollution not
only in food processing but also in agriculture.

This ‘total” environmental pressure caused by the final demand for all kinds
of products can also be analysed with the help of the NAMEA framework.
Considering the ‘total’ pollution caused by one unit of final demand for a
major product category, relative to the average ‘total” pollution caused by one
unit of final demand shows that one guilder of final demand for services gener-
ates less than half the pollution of an average guilder of final demand for
Dutch products. The opposite applies to a guilder of final demand for agricul-
tural and manufacturing products. An impression of the ‘direct’ relative pol-
lution per guilder is obtained by dividing the last five columns in Table 3 by
the first column. For instance, the direct contribution of agriculture to the
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eutrophication problem is more than 20 times its GDP contribution. If all
backward linkages are taken into account, this ratio drops to almost 14. In
general, the relatively large direct contribution of agriculture to the environ-
mental problems concerned is somewhat mitigated if indirect effects are
incorporated. All in all, a guilder of demand for food contributes most to the
greenhouse effect, acidification and eutrophication, while a guilder of demand
for manufactured products generates most waste and ozone layer depletion.
However, when drawing policy conclusions from these figures, it should also
be kept in mind that foreign substitutes for domestic products are not neces-
sarily less harmful to the environment. In this regard, the theory of compara-
tive advantage may also be of use in assessing the policy implications of the
negative side-effects of production and international trade.

If the ‘total’ pollution per unit of final demand in 1992 is compared with
that in 1987, all products generated less pollution per guilder in the later year.
The total reduction varied from 7% for waste to not less than 48% for the
ozone-depleting gases. Pollution has been reduced most in the production of
the most harmful products (agricultural products in the case of eutrophication,
acidification and the greenhouse effect, and manufactured products in the case
of ozone layer depletion and waste generation). Analogously, the smallest
decrease in pollution has been achieved in services, with the exception of the
ozone-depleting emissions. Finally, even the spread of the pollution reduction
is positively correlated with the original spread of pollution intensities. For
example, the biggest difference in pollution reduction between agricultural
products, on the one hand, and services, on the other hand, occurs with
respect to the themes of acidification and eutrophication.

The above analyses have also been made at a more detailed level. It
appears, for instance, that not only the ‘direct’ pollution by the chemical
industry, but also the ‘total’ environment intensity of the final demand for
chemical products were still substantially above average, with the exception of
their contribution to the eutrophication problem. However, the ‘distance’ to
the average was reduced by about half when pollution embodied in interme-
diate inputs was also taken into account. A similar result was found for elec-
tricity. On the contrary, the position of the food, beverage and tobacco
industry worsened considerably when backward linkages were incorporated,
because of their reliance on environment-intensive agricultural inputs. The
very favourable score of services was also diminished when indirect effects
were included.

For the different final demand categories, most waste is generated by
exports, although per guilder of final demand capital formation is the greater
culprit. The increase in waste emission between 1987 and 1992 was entirely
due to the growth of final demand; per guilder of final demand, the ‘total’
waste production declined substantially. All in all, the purpose of such figures
is to demonstrate that the same problem can be viewed from different per-
spectives.
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In summary, the NAMEA can be used for several Leontief-type analyses.
Clearly, the usefulness of such analyses would be enhanced if the social dimen-
sion was also incorporated.

Integrating social accounts and indicators into the NAMEA*

The 1993 System of National Accounts (SNA) contains a chapter on Social
Accounting Matrices (SAM) (Commission of the European Communities et al.,
1993). This chapter indicates that a further extension, in the direction of a
so-called System of Economic and Social Accounting Matrices and Extensions
(SESAME), is both useful and feasible. In this context, it states: ‘This
approach could equally well be followed when dealing with environmental
issues’ (para. 20.33).

At present, both a 1990 SAM and a 1990 NAMEA are available for the
Netherlands (Timmerman and van de Ven, 1994; de Haan and Keuning,
1995). These two frameworks have been integrated into a so-called Social
Accounting Matrix including Environmental Accounts (SAMEA). At the
aggregate level, the only difference of a SAMEA from the NAMEA, shown in
Table 1, is a breakdown of the distribution-and-use-of-income account into
three subaccounts. This serves to provide a better insight into the income dis-
tribution and use by household subsector. Such subsectors are not distin-
guished in the NAMEA.

The additional information contained in the SAMEA, in comparison with
the NAMEA, is only revealed in the detailed tables. For instance, wages and
salaries by branch of industry, as shown in the generation of income account,
are broken down by sex and by seven educational levels. Concomitantly, full-
time equivalent employment by branch of industry has also been subdivided
by these labour categories. This enables an analysis of the relationship
between the remuneration of each labour category and the pollution that is
caused by the economic activities in which they are employed. The contribu-
tion of each labour category to major environmental problems can be com-
puted by allocating, first, the pollution equivalents per environmental problem
to the substances that cause these problems, secondly, the pollution equiva-
lents by substance to the economic activities that emit these substances and,
finally, the pollution equivalents by economic activity to the primary input
categories that generate the value added in these activities. This then provides
an indication of the type of labour that might benefit or suffer from a shift in
economic structure towards less polluting activities. For instance, women typi-
cally work in industries that burden the environment less. They make up 24%
of the wage bill and 31% of employment, but account for only 11-14% of the
environmental stress equivalents. To some extent, the same applies to men
with lower secondary, vocational or general education (accounting for 7% of
wages and employment, and 5-7% of the pollution) and men with a university
degree (accounting for 8% of the wage bill, 5% of total employment and 4-7%
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of the problems). On the other hand, a relatively large share of the environ-
mental problems is caused by activities that employ relatively many men with
middle-level education (higher general secondary, and middle vocational
education). Their share in the wage bill equals 40%, in employment 41%, and
in the stress equivalents by theme 50-59%. Evidently, these differences are
closely related to the representation of each labour category in services, which
contribute relatively much to GDP and relatively little to the environmental
themes incorporated in the SAMEA.

For operating surplus and mixed income, it is found that their contribution
to GDP is lower than their contribution to most of the environmental prob-
lems. In particular, this applies to eutrophication, which is predominantly
caused by an activity with many self-employed, namely agriculture. An excep-
tion to this rule is ozone layer depletion, which is associated with two manu-
facturing industries with a comparatively high share of compensation of
employees in value added.

The SAMEA also contains the allocation of these value added categories to
institutional subsectors, including 10 household groups. This means that the
above allocation of pollution units to primary input categories can be taken
one step further, so that the contribution of each subsector is revealed, at least
as far as their supply of production factors is concerned. On the other hand,
households also directly generate pollution through their consumption. The
contribution of the elderly to all environmental problems surpasses their
population share. The opposite applies to households that mainly depend on
other transfer income (unemployment benefits and such). In both subgroups,
the pollution caused per guilder of consumption is below average, except for
the ozone layer depletion and the waste problem. SAMEA can also be used for
an analysis of the ‘total’, cumulative pollution generated by the consumption
pattern of each household group (cf. the previous section of this paper). Analo-
gously, the ‘total” employment, of each skill level and sex, involved in one unit
of pollution might be computed for all environmental problems concerned.

Summary and conclusions

The conceptual and statistical development of the NAMEA is continuing and
the number of environmental themes will be expanded when new information
becomes available. This relates, for instance, to other themes from the Nether-
lands’ Environmental Policy Plan (the dispersion of toxic substances, stench
and noise nuisance, and excessive use of ground water). Another expansion of
the system refers to a decomposition of supply and use data in the NAMEA
into physical units and average prices. A direct connection can then be made
between the use of natural resources and the emissions of pollutants (Konijn et
al., 1995). In turn, the research on material flows, for instance on energy bal-
ances, may lead to more detailed emission estimates in the future.

In order to identify the incidence of environmental pressure, the present
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NAMEAs already distinguish between global and national environmental
themes. For the global themes, it may be assumed that each citizen is equally
affected, so that the benefits of any reduction in environmental pressure would
be distributed in the same way. For the other themes, it is necessary, and
perhaps also sufficient, to subdivide the environmental theme equivalents and
the labour and household groups by region. The classification of regions
should be such that they are fairly homogeneous regarding environmental
burden. Any subsequent analysis will then show both the immediate costs, in
terms of less income or higher unemployment, and the benefits, in terms of less
environmental pressure, of all kinds of environmental policies. For an analysis
of the likely longer-term economic benefits of more stringent environmental
policies, the NAMEA should provide more details on the origin and destina-
tion of capital formation. This can be achieved by merging it with the Nation-
al Accounting Matrix that is already available for the Netherlands (CBS, 1995;
Keuning and de Gijt, 1992).

Finally, research is carried out on the integration of national accounts,
environmental accounts and sociodemographic accounts in a single informa-
tion system that also yields the core economic, social and environmental indi-
cators for monitoring human development (Keuning, 1996b). This SESAME
system allows for an extension of regular macro-analyses that are now based
on purely monetary national accounts. In turn, that would mean that the
social and environmental consequences of all intended (monetary and fiscal)
policies are automatically taken into account. This can only be achieved if the
summary indicators that result from economic analysis are: (1) derived from
an underlying analytical framework (SESAME) and (2) not themselves based
on a large number of modelling assumptions (‘greened economic aggregates’).
In fact, a sustainable national income could very well be the result of a very
important policy scenario that can be calculated with a SESAME-based
model, namely the scenario in which all emissions and depletion have been
reduced to acceptable norms.

Notes

1. For a review of the present status of the NAMEA approach and of its actual and potential
uses, and for comparison with the System of integrated Environmental and Economic Account-
ing (SEEA), see Keuning (1996a).

2. Readers who are already familiar with the NAMEA framework may want to skip the rest of
this section, as it resembles earlier explanations (e.g. in de Haan et al., 1994).

3. Refer to de Haan et al. (1994) for a more detailed exposition of each theme.

4. Refer to Keuning and Timmerman (1995) for a more extensive presentation of these results.
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Measuring Canada’s natural wealth: why we need both
physical and monetary accounts

ALICE BORN

If sustainable development is going to be more than a slogan, it requires defi-
nition, quantitative objectives and indicators for measuring any progress in
preserving the environment for future generations. Expanded national wealth
accounts are seen as one of the tools in measuring sustainability whether it is a
measure of wealth per capita or a measure of a nation’s total capital over time.
Fundamental to the concept of sustainable development is capital main-
tenance (produced, natural, human and social capital). However, does the
concept of capital maintenance refer to the value of natural resources or to the
physical volume of natural resource stocks? As shown in the paper there is a
need for both physical and monetary accounts in order to show whether or
not Canada is maintaining its mineral stocks in both monetary and physical
terms.

Introduction

There is growing interest in sustainable development. Expanded wealth
accounts are seen as one of the tools in its measurement (World Bank, 1995;
Hamilton, 1994). Whether it is a measure of wealth per capita or a measure of
a nation’s total capital over time, wealth accounts and national balance sheets
will include the value of natural capital as well as the value of produced
capital in the future. Estimation of the value of human capital is still in the
early stages of development but the World Bank has recently provided some
estimates (World Bank, 1995). The development of natural resource accounts
has focused on placing a monetary value on known physical quantities of the
resource in order to obtain a wealth value for natural capital.

At Statistics Canada, natural resource stock accounts, which are aimed at
measuring Canada’s natural wealth, are one of four environmental accounts
being currently developed. The other three accounts are natural resource use
accounts, waste output accounts and environmental protection expendi-
ture accounts." The natural resource use and waste output accounts are
recorded in physical terms, and the environmental protection expenditure
accounts in monetary terms. Only the natural resource stock accounts are
recorded in both physical and monetary terms.

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 159-170.
© 1998 Kluwer Academic Publishers.
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This paper reviews some of the preliminary results of the natural resource
stock accounts in the context of Canada’s wealth accounts, which currently
only include the values of produced capital and land. In accordance with the
1993 international System of National Accounts (Commission of the Euro-
pean Communities et al., 1993),> Canada plans to add the value of natural
wealth (e.g. subsoil and timber assets) to the national balance sheet accounts
beginning in 1997. The results presented here are limited to subsoil assets.

The first part of this chapter discusses the uncertainty of measuring
Canada’s resource base and its effects on physical accounting. The second part
focuses on the linkages between the physical and monetary accounts, and the
1993 SNA and the System of Economic and Environmental Accounts (United
Nations, 1993a). The final section examines the usefulness of the expanded
wealth accounts with respect to the concept of sustainable development.?
Partial results of Canada’s wealth accounts are also presented.

Physical accounts: resource base and uncertainty

Physical accounting of subsoil assets shows that the assumption of a ‘fixed
and non-renewable’ mineral stock can be limiting in determining the size of a
nation’s resource base. What we observe are ‘inventories’ of proven reserves
which are being constantly renewed by investment in exploration and develop-
ment. Furthermore, in the case of metals, the rate of depletion is affected by
the rate of recycling. The size of the resource that is considered ‘economic’
and, therefore, currently recoverable depends on costs and prices, including
the prices of substitutes (Adelman et al., 1991). This suggests that we cannot
know how much of our mineral resources should be shared with future gener-
ations or what is the optimal depletion rate by simply estimating when
supplies will be exhausted at current rates of depletion (Mikesell, 1994). Since
resource base and reserve estimates are revised from year to year as extraction
continues, new discoveries are made and the overall understanding of the
resource base improves, physical accounts of fuel and non-fuel minerals should
reflect these changes.

Physical accounts should present a range of available resources and should
not be restricted to ‘proven reserves’, as suggested by the 1993 SNA. For
example, mineral resources can be divided into two components: discovered
or known recoverable resources and undiscovered recoverable resources. Dis-
covered recoverable (or known) resources are those resources that are esti-
mated to be recoverable from known deposits using current technology and
under current economic conditions. Included in this category are cumulative
production,* remaining established (or developed) reserves and yet-to-be
established (or undeveloped)® reserves. Undiscovered recoverable resources are
those that are estimated to be recoverable from resources that are believed to
exist on the basis of available geological and geophysical evidence but not yet
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shown to exist by drilling, testing or production. The sum of discovered and
undiscovered mineral resources is referred to as ultimately recoverable
resources (Table 1).

For the purpose of monetary valuation, we focus on that part of the
resource base which is estimated to be recoverable using existing machinery
and equipment and structures in place, and under current economic condi-
tions. These are defined as remaining established (or recoverable) reserves in
Table 1. Established reserves represent a conservative estimate of the available
stocks, given changing technology and markets. Nevertheless, based on this
definition, it is apparent that rapid depletion has occurred over a short time
period (Figures 1-4), particularly for oil and nickel reserves. However, these
represent only a small portion of Canada’s known reserves and ultimately
recoverable resources of fossil fuels and metals. In the case of crude oil,
remaining established reserves represent 38% of the known reserves and 11%
of the total ultimately recoverable resources. For crude bitumen, we are
placing a monetary value on only 1% of known reserves and for natural gas,

on 62% of known reserves and 13% of the total ultimately recoverable
resources.

Table 1. Energy resource estimates, 1992.

Discovered recoverable resources Undiscovered Ultimately
Cumulative Remaining Yet-to-be recoverable recoverable
production  established reserves established reserves  Total' resources resources”
Crude oil (millions of m*) 2394 680 1113 4207° 4361 8568 °
Crude bitumen* (millions of m”)
Surface mineable 210 434 9356 10000 - 10 000
In situ 59 48 38893 39000 - 39 000
Total crude bitumen 269 482 48249 49 000 - 49 000
Natural gas (billions of m’)
Western Canada 2163 1909 - 4072 3144 7216
Frontier areas 32 9 1187 1228 8055 9283
Total 2195 1918 1187 5300 11199 16 499
Coal*® (megatonnes)
Lignite . 2236
443607
Subbitumincus coal . 871
Bituminous coal . 3471 . . 34245
Total . 6578 . . . 78 875
Uranium (kilotonnes) 1558 309 163 627
Notes:

1. Sum of cumulative production, remaining established reserves and yet-to-be established reserves.
2. Sum of total discovered reserves and undiscovered recoverable resources.

3. Totals in source data.

4. Occuis in oil sands.

5. Reserve definition used is recoverable rather than established, however the definitions are similar.
6. As of 1985.

7. Lignite plus subbituminous coal.

8. Approximated.

Sources:

Natural Resources Canada (1993a and 1993b).

National Energy Board (1994).
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Figure 1. Quantity and present value of established oil reserves of Canada.

The importance of physical accounts is demonstrated here. While we are
placing a monetary value on only a small part of Canada’s known reserves, a
large part of the resource remains unvalued. ‘Option values’ based on trans-
action values might be used to value undeveloped reserves to reflect more
closely the total wealth of a nation.® A broader definition of resources in the
physical accounts shows the resources that are available in the long term.

Physical and monetary accounting

A comprehensive description of the inter-relationship between the environ-
ment and the economy is not possible without using physical data: in many
cases, these are more suitable than monetary data. This is especially true for
the flow of materials within the natural environment, and from the natural
environment to the economy and back into the environment as wastes (United
Nations, 1993a). Thus, Statistics Canada’s Natural Resource Use and Waste
Output Accounts, which are based on input-output models, are expressed in
physical terms. Linking those data to the monetary data of the national
accounts, however, is necessary for the development of other environmental-
economic accounting systems. At Statistics Canada, both developed and unde-
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Figure 2. Quantity and present value of established natural gas reserves of Canada.

veloped reserves appear in the physical accounts while only developed reserves
are valued in the corresponding monetary accounts.

Physical data are difficult or impossible to aggregate across the range of
natural resources because of the different statistical units used. Trying to assess
the sustainability of an economy or a set of human activities based on inven-
tories of a stock of natural capital also raises the problem of incomparability
of physical units. For example, if a stock of timber increases and a stock of
natural gas decreases at the same time, how can it be determined whether the
total stock of natural capital has fallen or risen, or remained the same (Victor,
1990)?

In many cases, the only way to obtain comparable results is to make a
monetary valuation. Such a valuation is the norm for produced assets and is
necessary for including natural (as well as human) capital in the balance sheet.
Using current prices simplifies the valuation of natural capital but can give a
distorted view of equilibrium prices in the longer term. In the case of subsoil
assets, negative externalities generated by the production of marketed goods,
valued in terms of hypothetical environmental protection and restoration
costs, may not be adequately reflected in market prices.” Furthermore, if the
price or the net price rises as the resource stock declines, the value of the
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Figure 3. Quantity and present value of recoverable coal reserves of Canada.

resource stock as an indicator of sustainability may give the wrong policy
signal to the government.

Figures 1-4 show the physical quantity of remaining reserves of oil, natural
gas, coal and uranium® and the present value of the stocks from 1975 to 1992.
‘While monetary values provide a common numéraire with which to compare
these commodities, the physical quantities sometimes reflect a different picture
of the remaining reserves. Physical quantities of oil reserves have declined
almost by half since 1975 while values of the stock increased until 1986 and
declined thereafter, reflecting the major drop in world oil prices in that year.
Natural gas shows a similar trend to oil; however, physical depletion of the
stock is less dramatic. Since 1982, coal reserves have been maintained between
6.0 and 6.5 billion tonnes with their present value peaking at $19 billion in
1984 and declining to $13 billion in 1992.° Physical reserves of uranium have
declined by 200 kilotonnes since 1979 reflecting a price drop from $135/kg'® in
1980 to $71/kg by 1990. Recent increases in reserves are due to the opening of
high quality mines in Saskatchewan. The changes in present value over time
reflect both the price changes discussed above and long-term contracts above
world prices for Ontario uranium in the 1980s. Quantities of nickel have been
declining since 1979. The value shows declines from 1979 to 1986, increases in
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Figure 4. Quantity and present value of recoverable uranium reserves of Canada.

the late 1980s, followed by a strong decline in 1989 due to large deliveries of
nickel from the former USSR into the market and the effects of the recession.

While monetary valuation of developed mineral reserves is necessary in
order to calculate wealth, these values alone do not clearly indicate trends in
the remaining reserves from which income is to be derived, nor do they show
whether ‘resource rents’ are being consumed or reinvested elsewhere in the
economy. Physical accounting provides a measure of resource availability in
the medium or long term, depending on the reserve definition used. Monetary
valuation is only one aspect of natural resource accounting, and it is just as
useful to measure a resource in physical terms as in monetary ones. From a
national accounts’ perspective, a natural resource is as much an economic as a
physical concept.

Sustainable development and mineral resources

The most familiar definition of sustainable development is that of the Brundt-
land Commission: ‘development that meets the needs of the present without
compromising the ability of future generations to meet their own needs’. It
follows that the national accounts should provide an indication of the extent
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to which a country meets the basic material needs of its inhabitants and will
be able to do so in the future (Schrecker, 1995).

The economic approach to sustainable development is based on the prin-
ciple of generating a maximum income flow while maintaining the stock of
capital (see Box 1). The controversy over the degree of substitution of pro-
duced capital for natural capital translates into a continuum of conditions for
sustainable development, between what is known as weak and strong sustain-

Box 1 Sustainability and capital maintenance

In order to make the concept of sustainability operational, it is usually
reduced to that of capital maintenance as “a reasonable indicator of base-
line sustainability” (see Chapter 16). Several definitions of sustainability
reflecting different approaches to capital maintenance have been proposed
(Bartelmus in Chapter 16; Daly, 1995; Serageldin and Steer, 1994):

o Weak sustainability seeks to maintain income flows without regard to
composition of capital (e.g. produced, natural, human and social). It
assumes that produced and natural capital are substitutable and thus
that only their sum needs to remain intact.

e Sensible sustainability requires that, in addition to maintaining the
total level of capital, its composition should be taken into account (i.c.
ensuring that the levels of the different types of capital are maintained).
Oil may be depleted if the receipts it yields are invested in other forms
of capital. According to this definition, produced and natural capital
are substitutable but also complementary.

o Strong sustainability requires the full preservation of the natural
resource, or at least that the different types of capital remain intact,
that is, receipts from oil extraction should be invested in renewable
types of energy. It assumes that produced and natural capital are com-
plementary, which requires each to be maintained intact separately.

The focus of weak sustainability is income maintenance, by reinvesting
returns in other production processes rather than looking for substitutes
of the resource being depleted. The question is how much income derived
from resource extraction should go to consumption, saving or investment
in other forms of capital (weak sustainability), or in substitutes for the
resource (sensible sustainability). For natural assets that are non-
renewable, such as subsoil assets, the criterion of strong sustainability
must be relaxed. In its most extreme form, strong sustainability is not a
viable approach, since the non-use of a nation’s natural resource can be
considered squandering part of a country’s economic potential. In this
chapter, indicators reflecting both sensible and weak sustainability are
examined.




Measuring Canada’s natural wealth 167

ability. However, it is this maintenance of capital or a nation’s wealth, both
produced and natural, that is at the heart of sustainable development, no
matter how it is defined (Hamilton, 1994).

If it is accepted that rents from natural capital depletion (both renewable
and non-renewable) should be shared with future generations, then sufficient
assets should be maintained to ensure a non-decreasing flow of income or
welfare (per capita). Total capital stock, in monetary terms, may be preserved
if revenues from the resources being depleted are invested in other forms of
productive capital. However, it is difficult to identify the types of capital to be
maintained (e.g. produced, natural, intangible or human capital) and to value
some of these assets (Munashinghe, 1993; Born, 1992).

Sustainable development requires that consumption by present generations
should not be at the expense of future generations. For subsoil assets, this
imposes two conditions. First, investments should be made in alternative
wealth-generating assets as a substitute for the depleting mineral asset. Second,
the environmental damage caused by refining and smelting and by consump-
tion should be minimized (Auty and Warhurst, 1993). For subsoil assets, espe-
cially fossil fuels, the limited carrying capacity of the environment implies that
the second constraint is more important than the first (the depletion of the
resources).

The sustainable development of subsoil assets raises a number of guestions
such as the valuation of annual depletion, the substitutability of produced
capital for depleted mineral resources and the mechanism for transferring the
‘capital value’ of the depletion to future gencrations. Some environmentalists
suggest that sustainable development requires limiting the rate of mineral
extraction to the rate at which their renewable substitutes are developed. Since
the exact physical volume of mineral stocks can vary from year to year with
discoveries, technological change, depletion and resource evaluation, we do
not know the optimal depletion path for these resources (Mikesell, 1994). The
problem of sharing mineral resources with future generations lies in estimating
when supplies will be exhausted at current rates of depletion. Physical stocks
of minerals are depleted by each gencration even though additional reserves
are added to the ‘recoverable’ stock. However, extraction does not represent a
loss of ‘capital value’ if an equivalent value of additional reserves is dis-
covered. It would suffice to maintain the capital value of mineral reserves for
future generations to be assured an income equal to that ecarned from the
reserves by the present generation. However, this assumes that produced
capital financed by the rent from mineral depletion is a substitute for the
depleted mineral. Tt also raises the issue of whether sustainable development
requires a constant stock of both produced capital and natural capital or just
total capital stock. If there is a high degree of substitutability between pro-
duced capital and natural capital such as minerals, the reinvestment of the rent
from the extraction of subsoil assets should prevent future economic output
from being constrained by depletion of minerals (Mikesell, 1994). The assump-
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tion of strong sustainability, on the other hand, implies the need to maintain
both produced and natural capital.

Wealth accounts are one measure of weak sustainable development; they
could be complemented by other accounts. Such accounts would help to
answer the question of how human activities impact on the potential of
natural resources to generate income in the future (Schrecker, 1995). Table 2
presents wealth accounts and wealth per capita for Canada, including prelimi-
nary estimates of subsoil assets. Increases in the value of wealth per capita are
mainly attributable to increases in value of produced assets and land. The
value of subsoil assets declined slightly, reflecting the value of depletion being
greater than reserve additions. The physical accounts show a more obvious
rate of resource depletion. All recoverable reserves apart from uranium are
being depleted and not being replaced (Table 3). At this time, we cannot deter-
mine whether the owners of subsoil assets, mainly provincial and federal gov-
ernments, employ the rent derived from their extraction to produce other
assets. However, Canada’s overall wealth and wealth per capita are being
maintained and are increasing over time.

Government revenues from the extraction of natural resources represented
approximately 3.5-4.0% of total provincial and territorial government
revenues between 1990 and 1995. For a province such as Alberta, which pro-
duces about 80% of Canada’s oil and natural gas, the percentage increases to
about 20%. Since most natural resources in Canada are owned by provincial
and federal governments, it is likely that most of the returns from the
extraction/harvesting of these resources are invested in health care or educa-
tion and therefore human capital. In Alberta, 30% of oil and natural gas

Table 2. Expanded wealth accounts, 19921,

Non-produced assets Wealth per capita
Produced assets ~ Land® Subsoil assets Excluding subsoil  Including subsoil assets
assets
billion dollars dollars per capita
Opening stock (December, 1991) 1897.7 559.9 118.7 86 788 90 979
Depletion of non-produced assets - 6.4
Use of produced assets
Other volume changes? - - 5.6
Revaluation due to market price
changes
Closing stock (December, 1992) 1940.1 587.5 117.9 87942 92044

Notes:

1. Includes the value of Canada’s oil, natural gas, crude bitumen, coal, uranium, and nickel reserves. Excluded are the value of
iron, potash, gold, silver, copper, zinc, lead, and molybdenum.The results presented here are preliminary.

2. Includes changes in technological progress, prices, costs and estimation methods.

3. The value of land includes residential, non-residential and agricultural land.

Source:

Statistics Canada, National Accounts and Environment Division.



Measuring Canada’s natural wealth 169

Table 3. Physical accounts of subsoil assets, 1992.

Crudeoil  Natural gas  Crude bitumen Coal Uranium Nickel

million m? billion m? millionm? megatonnes  kilotonnes kilotonnes

Opening stock (December, 1991} 614.1 1965.3 501.7 6434.2 305.0 5691
Depletion of sub-scil assets 69.8 125.7 238 79.0 9.1 231
Other volume changes! 444 89.7 4.3 23.0 13.1 145
Closing stock (December, 1992) 589.8 1929.5 482.2 63783 309.0 5 605

Notes:

Figures may not add due to rounding.

1. Includes changes in technological progress, prices, costs and estimation methods.
Source: Statistics Canada, National Accounts and Environment Division.

revenues were put into its Heritage Savings Trust Fund for a number of years
and reinvested in other forms of capital. In Alberta’s case, some of the resource
rents were converted to other forms of assets through investments in public
infrastructure, public enterprises and human capital (health and education
expenditures). However, in recent times, no revenues have been placed in the
fund. Calculations by Smith (1992) suggest that from 1963 to 1988, the Alberta
government was consuming revenues from oil and gas extraction at a rate that
may have resulted in a decrease in wealth over time.

Conclusion

If sustainability is going to be more than a slogan it requires a definition, some
quantitative objectives, and some indicators for measuring progress or regres-
sion. Sustainable development is a macroeconomic issue since it concerns all
resources: produced, natural and human capital. The aim is to sustain welfare,
1.e. the consumption of economic and environmental goods and services, for
present and future generations. A more accurate picture of the capital base on
which future income and consumption depend requires the inclusion of
natural capital in wealth accounts.

The availability of natural capital and the absorptive capacity of the
environment will pose limits to sustainable economic growth. Developing
alternative growth indicators and including measures of natural capital and its
depletion in economic growth models could provide tools to determine the
nature of sustainable economic growth (Bartelmus, 1994a). The definition of
sustainability in terms of capital maintenance requires that the owners of
natural capital invest the rent in the production of other assets. Does the
concept of capital maintenance refer to the ‘capital value’ of mineral resources
or to the physical volume of natural resource stocks? As suggested by Peskin
(see Chapter 21), the distinction is important in the case of natural capital,
since there may be little association between an asset’s physical condition and
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its value. As shown in this paper, there is a need for both physical and mone-
tary accounts, but if one talks about economic sustainability, it is economic
value that is used to measure total national wealth (produced, human and
natural capital).

If the measure of national wealth is expanded to include the value of subsoil
assets and timber resources, then total wealth per capita may become a useful
indicator of sustainability. If wealth per capita does not decline, then
(economic) development is considered to be sustainable. Whether or not GDP
or an adjusted ‘green’ GDP per capita adequately measures short-run eco-
nomic performance, wealth per capita does give a picture of how wealth cre-
ation and population growth influences future income per capita.!! This is, for
Statistics Canada, an area of future work in natural resource and environ-
mental accounting.

Notes

1. For a view of natural resource and environmental accounting at Statistics Canada, see Smith
(1994).

2. Major modifications were made to the System of National Accounts in 1993 (Commission of
the European Communities et al., 1993). The balance sheet accounts now include the value of
subsoil and other natural assets. The change in the value of these assets is recorded as a
reconciliation item and therefore does not affect net product aggregates.

3. Many concepts and definitions of sustainable development are currently being explored and
discussed. The concept of sustainability used in this paper suggests that ‘each generation
should maintain the capital value of the natural resources it inherits’. In the case of non-
renewable resources, this condition can be approximated by saving and reinvesting resource
rents from mineral extraction into other forms of capital (Mikesell, 1994).

4. The total amount of hydrocarbon or metal extracted up to a given date.

5. Developed reserves are defined as recoverable through produced capital already in place (e.g.
machinery and equipment and structures). In case of undeveloped reserves, additional explor-
atory and development work would be required in order to classify them as developed
reserves.

6. This was suggested by the US Department of Commerce, Bureau of Economic Analysis
(1994).

7. For a more complete discussion of mineral prices and their impact on the value of subsoil
assets, see Born (1995).

8. In Canada, the term established reserves is used for oil, crude bitumen and natural gas
reserves, recoverable reserves for coal and uranium reserves, and proven and probable
reserves for nickel. While these definitions reflect reporting conventions in Canada, they are
considered to be similar.

9. For a more complete discussion of the quantity and value of Canada’s coal reserves, see Born
et al. (1995).

10. The price quoted here is per kilogramme U (uranium).

11. Hamilton (1994) describes the policy implications of the ‘greening’ of national accounts and of
the inclusion of natural capital among the assets. He shows how the growth in wealth can be
separated from the growth in population.
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Building physical resource accounts for Namibia:
depletion of water, minerals and fish stocks, and loss of
biodiversity

GLENN-MARIE LANGE

Natural Resource Accounts (NRA) need to be viewed as problem-defined and,
from their inception, designed to address the pressing environmental-
economic issues for a given country, the region to which it belongs, and the
world. The key elements of a framework for NRA include classification, units
of measurement and methods of estimating data. To provide a framework that
is appropriate to a specific country’s needs, the classification for NRA must be
jointly determined by the most important resource variables as well as the
critical economic and institutional characteristics associated with the manage-
ment and use of resources in that country. A useful framework for NRA will
also be forward-looking, not just reflecting conditions in the past but antici-
pating conditions likely to arise in the future that result from a country’s
development strategy. Naturally, these NRA may differ significantly from one
country to the next.

Namibia, like many developing countries, is highly dependent on its
resource base. It faces competing demands for the use of resources from a
growing population and economy, as well as the threat of resource degrada-
tion. In Namibia, the critical natural resources include water, land and live-
stock, wildlife, minerals and fisheries. This chapter describes the construction
of NRA for Namibia in terms of the choice of classification and units of mea-
surement for these resources and the basis for this choice in the environmental,
economic, and institutional conditions unique to that country, and the devel-
opment strategies of Namibia.

Introduction: environment, economy and institutions in Namibia

With a current population of nearly 1.6 million, Namibia is one of the world’s
most sparsely populated countries. It is sub-Saharan Africa’s driest country;
roughly 80% of its 842,000 km? consists of desert, arid and semi-arid land.
Only 8% of the country receives more than 500 mm of rain a year, which is
considered the minimum for dryland cropping (Brown, 1994). Rainfall is not
only low but extremely variable over much of the country; periodic droughts

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 171-186.
© 1998 Kluwer Academic Publishers.
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are common. Much of the land is suited only to grazing livestock and the
carrying capacity varies a great deal with annual rainfall, requiring consider-
able flexibility in stock management to prevent land degradation. However,
Namibia is richly endowed with other resources, notably minerals such as
diamonds and uranium, as well as one of the world’s most productive fisheries.
In the past, many of these resources have been exploited with little thought for
the provision of future income. The construction of NRA represents a step
away from past practices toward sustainable resource management.

Namibia’s resource-based economy is highly capital-intensive with a
modern extractive sector that accounts for much of GDP, government
revenues and foreign exchange earnings. The four mainstays of Namibia’s
economy all depend on the resource base — mining, agriculture (livestock),
fisheries, and tourism (Table 1). Backward and forward linkages to other
sectors of the economy are poorly developed. Much of Namibia’s require-
ments for food and manufactured goods are met through imports mainly from
South Africa. The small size of the internal market, dispersed over large dis-
tances, has proven an obstacle to the development of industry in Namibia,
especially in the face of competition from neighbouring South Africa.

Namibia’s uneven economic development has been exacerbated by its pre-
independence legacy. Under South African rule until 1990, two very different

Table 1. The Namibian economy in 1994.

Population 1.5 million
Urban 29%
Rural 1%

GDP N$ 10,243 million

US§ 2885 million
GDP by sector or origin (% of total)

Agriculture & fishing 14
Mining 16
Manufacturing 9
Trade 8
FIRE 12
Government 26
Other 15
Total 100
Principal exports (% of total)
Diamonds 31
Processed fish 22
Other minerals 19
Live cattle, sheep and goats 8
Meat and meat products 8
Fish, semi-processed and unprocessed 6
Other 5
Total value of exports US$ 1321 million

Source: Central Statistical Office (1995a, 1995b); Economist
Intelligence Unit (1996).
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and separate economies developed: the so-called communal areas where the
majority of the people were restricted to a disproportionately small land area
and practised mostly subsistence agriculture, and a commercial economy
based on export-oriented mining and agriculture controlled by a minority. The
highly skewed distribution of income and access to resources has resulted in
uneven population pressure on land and water; the pressure is most severe in
communal areas where population is growing very rapidly and there are rela-
tively few alternative sources of employment (Brown, 1994; National Planning
Commission, Namibia, 1995).

Namibia now faces the enormous task of integrating the two economies.
Rapid economic growth is a primary objective of virtually all countries, but
this goal has added significance in Namibia because of the urgency of reducing
the great social and economic inequalities. Namibia faces competing demands
for the use of resources from a growing population and economy, as well as
the threat of resource degradation. Opportunities for industrialization are
limited and economic development will continue to remain highly dependent
on the natural resource-based sectors.

This chapter describes the construction and use of natural resource accounts
(NRA) for Namibia, focusing on the physical accounts (the accounts will also
be partially monetized, where appropriate). It begins with a description of the
objectives of natural resource accounting in Namibia and how the NRA will
be used by policy makers. The paper then describes the choice of classification
and units of measurement for natural resources (in physical terms) and the
basis for this choice in the environmental, economic and institutional condi-
tions unique to Namibia. This is followed by a discussion of the accounts
themselves. I conclude with an assessment of the progress to date and the
research agenda for the future.

Objectives for natural resource accounting in Namibia

Natural resource accounting is an activity of the Government of Namibia’s
Directorate of Environmental Affairs, Ministry of Environment and Tourism.
It is part of a seven-point programme to develop environmental and resource
economics within the ministry and is intended both to draw on and to contrib-
ute to other aspects of the programme. The first phase of this project, from
September 1995 to September 1996, is a pilot project to construct preliminary
accounts and demonstrate how they can be of use to policy-makers. In addi-
tion, the project is establishing a regional network of environmental and
resource economists in Southern Africa who are pursuing similar activities, or
are interested in doing so in the future. Since many countries in Southern
Africa share similar resource constraints and management issues, we expect
this to be a very productive collaboration.

The NRA proposed in the United Nations (1993a) SEEA can be used for
three purposes:
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(a) to provide an improved indicator of macroeconomic performance, the
environmentally adjusted domestic product (EDP), which more accurately
indicates whether we are living off our (produced plus natural) capital;

(b) to monitor the state of the environment and economy, linking specific
resource variables to economic activities which affect or are affected by
them;

(c) to provide the environmental and natural resource input to economic tools
and models for policy analysis at the sectoral, regional and national levels.

In Namibia, NRA will be constructed and used for all of three of these
purposes. For policy analysis, NRA will be linked to a simple economic model
based on the 1993 Social Accounting Matrix (SAM). This simple model will be
used to explore the resource implications of the development strategies out-
lined in the First National Development Plan (National Planning Commis-
sion, Namibia, 1995). Several resource management issues have been identified
for in-depth treatment: these include livestock and factors affecting annual
variation in rangeland carrying capacity, alternative strategies for water
supply, demand management, cost-benefit analysis of alternative uses of water,
and an evaluation of alternative uses for land, including tourism.

The Namibian NRA will be based generally on the guidelines presented in
the SEEA (United Nations, 1993a). Both stock and use accounts are con-
structed where appropriate. The benchmark is 1993, the year for which the
Social Accounting Matrix (SAM) for Namibia has been constructed. Accounts
for earlier years will be constructed when the data are readily available and
when historical data have a significant bearing on scenario analysis about the
future. While NRA are generally considered a macroeconomic policy tool, the
NRA for Namibia maintain a great deal of regional (sub-national) information
in order to reflect the local variation in environmental conditions necessary for
meaningful policy analysis.

A framework for natural resource accounting in Namibia

NRA need to be viewed as problem-defined and, from their inception,
designed to address the pressing environmental-economic issues for a given
country, the region to which it belongs, and the world. The key elements of a
framework for NRA include classification, units of measurement and methods
of estimating data. The publication by the UN Statistics Division of a hand-
book on integrated environmental and economic accounting has made con-
siderable progress toward standardizing the construction of the accounts.
However, the classification system for natural resources is defined at a level of
generality that is often too broad for in-depth policy analysis. Relatively little
guidance is given regarding measurement issues or the construction of more
detailed accounts tailored to a particular country’s needs. Consequently, coun-
tries have had to define their own classification systems within the overall
framework established by the UN.
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To provide a framework that is appropriate to a specific country’s needs, the
classification for NRA must be determined jointly by the most important
resource variables as well as the critical economic and institutional character-
istics associated with the management and use of resources in that country. A
useful framework for NRA will also be forward-looking, not just reflecting
conditions in the past, but anticipating conditions likely to arise in the future.
Naturally, these NRA may differ significantly from one country to the next.

The accounts presented here include water, fisheries, land, livestock, wildlife
and minerals. Both stock and use accounts are constructed where appropriate.
The proposed framework for NRA in Namibia also includes accounts for
forests and energy; these accounts will not be discussed here since work on
them will only commence in the next phase of the project. Accounts for air
pollution and solid waste are not included in the NRA because of the relative
insignificance of these problems in Namibia.

Land tenure is the most important institutional characteristic affecting
resource management and is a defining attribute for both land and livestock
accounts. Agricultural land is divided into commercial areas where title to
land is assigned to individuals and communal areas where ownership resides
in the state, or local community, and use is determined under traditional prac-
tices. Roughly half the land is under commercial farm management, owned by
less than 5000 farmers; the remaining 50% of the land lies in communal areas
where it supports over 900,000 people. Other institutional factors are
explained in the discussion of specific accounts.

The physical accounts and analysis reported here parallel (future) monetary
accounts and analysis at all points, in part because the physical accounts
underlie the monetary accounts. More importantly, physical accounts provide
a basis for collaboration between economists and natural scientists by present-
ing information in units which can be utilized by natural scientists. This col-
laboration is necessary to develop a better understanding of the interaction
between economic systems and natural systems in Namibia, which will provide
a more sound basis for policy making.

Accounts for water and water-based resources

Water

Water is the single most important constraint to development in Namibia.
Water is obtained from three natural sources: groundwater, perennial surface
water supplied by the rivers that form the northern and southern boundaries
of Namibia, and ephemeral surface water resulting from rainfall which, if
heavy enough, produces temporary rivers. These sources of water vary in
terms of’location, renewability and reliability. More than half of Namibia’s
water is supplied from groundwater with the remainder equally split between
perennial and ephemeral surface water.
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The heavy reliance on groundwater in Namibia results from a combination
of several factors:

(a) a sparse population spread over large distances;

(b) predominance of extensive livestock ranching (drinking water must be
within daily travelling distance for cattle);

(c) high costs for transportation of water (the economically productive, non-
coastal areas rise more than 1500 m above sea level);

(d) high annual variability of ephemeral water supply;

(e) distance of perennial water sources from much of Namibia’s economic
activity.

Two different institutions were established to deliver water to end users. The
bulk water supply, managed by the Directorate of Water Affairs (DWA), relies
on relatively large-scale dams, transport, and storage technology, to supply
urban areas and commercial agriculture (about 40% of supply). The rural
water supply (until recently managed by the Ministry of Rural Development)
utilizes relatively small-scale, localized means for collection (mostly boreholes
in rural areas) and does not generally transport water over large distances
(roughly 60% of supply). Established prior to Independence to serve well-off
urban areas, mining, and commercial farming arcas, bulk water supply has
always been more closely monitored than rural water supply. Consequently,
more information is available about bulk water resources than rural water
supply, and the accounts based on bulk water supply are probably more reli-
able at this point in time.

Stock accounts for water are constructed for each of the three natural
sources. Full stock accounts would require information about annual extrac-
tions as well as natural gains and losses. While the former is available, the
latter is not. Consequently, only closing stocks in each year are reported. In
order to represent both natural and socioeconomic characteristics associated
with delivery and use of water, the use accounts are disaggregated by both
natural source (three types) and institutional source (two types). Accounts rep-
resenting the annual use of the six categories of water are constructed for 19
economic sectors, two categories of households, and a government sector.

Stock accounts for water: groundwater

Groundwater is the cheapest and most reliable source of water for much of
Namibia’s dispersed population since it can be tapped at the point of use and
is not directly dependent on annual rainfall. Determination of sustainable
rates of extraction is based largely on monitoring of water tables of boreholes.
No comprehensive information about the total volume of groundwater is
available. Estimates have been undertaken in the central area of Namibia for
selected aquifers under the administration of the bulk water supply in 1992.
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Since groundwater supplies cover half of all Namibia’s water, the possibility
of depletion is a serious concern. There is, however, a great deal of uncertainty
concerning the severity of depletion of groundwater stocks. Namibia’s highly
variable rainfall can result in long periods of a continuously falling water table,
followed by a single rainfall which recharges an aquifer. Under such circum-
stances, it may be more appropriate to assess depletion not on an annual
basis, but on the basis of the rainfall cycle normal for the area, which could be
5 years, 20 years, or even longer. Continuous extraction of groundwater over
this time may be justified, subject to an evaluation of other factors, notably the
environmental impact on ecosystems of a falling water table and the potential
collapse of certain aquifers from excessive extractions. There is not enough
information at this time to determine the appropriate cycle for most aquifers.

Of the 88 million cubic metres of bulk water supplied in 1993, 14% came
from groundwater stocks considered to be experiencing long-term depletion
(as evidenced by continuously falling water levels in boreholes without
recovery for 5 years or more). Much of the coastal region is affected, which
includes important urban and tourist centres (Swakopmund and Walvis Bay),
mining (uranium) and industry (fish processing). Groundwater provided by
rural water supply is also experiencing depletion in some areas. However, it is
not yet possible to quantify this phenomenon since systematic monitoring of
boreholes under the management of rural water supply was not undertaken in
the past and is just now beginning.

Stock accounts for water: ephemeral surface water

The amount of ephemeral water in a given year depends on annual rainfall; in
some instances there may be carry-over from a previous year. For the NRA,
the stock is measured in two ways: annual runoff from the major ephemeral
rivers (a measure of gross potential stock), and annual volume of water stored
in a dam each year at the beginning of April (a measure of available stock).
April marks the end of rainy season. The stock will vary greatly from one area
to the next based on the annual distribution of rainfall (Figure 1). Since the
local availability of water is a critical factor for water supply and there is little
infrastructure for moving water from surplus to deficit areas, the stock
accounts are compiled separately for each of the major dams. Only the aggre-
gate figure is reported here.

Stock accounts for water: perennial surface water

Perennial rivers are those which never dry out. Nevertheless, the volume of all
perennial rivers is subject to considerable variation over time. The stock is
measured as annual runoff for each of the perennial rivers. All perennial rivers
originate outside of Namibia and form international boundaries between
Namibia and its neighbours; consequently, the amount of water actually avail-
able to Namibia each year is subject to international agreements among the
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Annual Water Storage of Major Dams

Figure 1. Stock of ephemeral water, 1980-1993. Source: Lange (1996).

countries sharing the perennial rivers. Such agreements have been concluded
with South Africa and are under negotiation with other neighbouring
countries.

Use accounts for water: annual use in 1993

Of the 212 million m? of water used in 1993, agriculture accounted for 70%,
households for another 21%, and the remaining 9% was divided among all
other sectors (Figure 2). Though urban households account for only 29% of
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Figure 2. Distribution of water use by sector, 1993. Source: Lange (1996).

the population, they consume more than three times as much water as rural
households.

Crop irrigation alone accounts for 50% of all water used in Namibia. Water
supplied for livestock accounts for only 27% of all water used for agriculture,
but accounted for 76% of the value of agricultural output in 1993. Commercial
agriculture uses a great deal more water than communal agriculture (77% of
all water used for agriculture). Much of the water used by commercial farmers
is for irrigated crop production. Spray irrigation is the predominant tech-
nology, even though it is the least water-efficient method for Namibia’s
climate. Furthermore, the major crops grown under irrigation are low-value
crops such as maize. It is unlikely that these crops would continue to be raised
without the substantial price protection from international competition given
by the government.

The use of ephemeral water for commercial crops is possible because of past
government investment in dam and water transportation infrastructure to
support these minority farmers. In communal areas irrigated crop farming is
only possible in regions close to the perennial rivers since comparable invest-
ments were not made in the past to supply water to these farmers.

Marine Fisheries

The coastal waters of Namibia provide a rich habitat for many fish. The
fishing industry constitutes a significant share of GDP and exports, and pro-
vides a large number of jobs in fish processing. It is currently the only manu-
facturing industry in which Namibia has a clear comparative advantage.
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Future growth of this industry may also provide an opportunity for develop-
ment of related industries in the future. However, fisheries will require careful
management to prevent the recurrence of over-fishing experienced in the past.
Prior to Namibia’s independence in 1990, the fishing industry was subject to
little monitoring or regulation. Many foreign operators fished the area during
that time and reliable data about fish landings are not available. The Ministry
of Fisheries is currently trying to obtain these results, which will provide
expanded and more reliable data for the construction of fisheries accounts.
Despite the paucity of data, stock accounts for the major commercial fish
species have been estimated for the past three decades. Namibia’s fisheries
have been subject to significant over-fishing resulting in the collapse of some
species, especially pilchard (Figures 3 and 4). While the less valuable horse
mackerel seemed to expand to fill the niche left by the collapse of pilchards,
total fish biomass has declined significantly since the 1960s, and even horse

Figure 3. Biomass of pilchard, hake and horse mackerel, 1963—-1994.

Source: unpublished data from Ministry of Fisheries and Marine Resources

Figure 4. Landings of major fish species.
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mackerel has declined over the last decade. The collapse of the fish stock has
resulted in reduced landings of fish and a long-term loss in income to
Namibia. After 1990, the government of Namibia established a 200-mile exclu-
sive economic zone and instituted strict restrictions on the allowable catch to
prevent further over-fishing. It is uncertain whether the fish stock will recover.
Even at reduced stock levels, fisheries continue to contribute significantly to
national income.

Accounts for land and land-based resources

Land

Land accounts are being constructed in order to assist in land use planning
and to provide input to the public discussion about land reform. Most of the
land in Namibia with agricultural potential is best suited for grazing livestock
and is currently used for this purpose. Relatively little land is suitable for crop
agriculture. Some land has been set aside for national parks or protected
areas; in some cases, this land has considerable potential for livestock. A
careful assessment of the relative economic value of the land in use for differ-
ent purposes is essential, especially as the population grows and pressure for
land increases. In addition, there is some evidence that mixed livestock and
game ranching may be more valuable than just livestock from both an ecologi-
cal and economic point of view.

Several sets of land accounts will be constructed for Namibia based on
carrying capacity for livestock, suitability for tourism and susceptibility to
degradation. Only the first set of accounts has been completed and is discussed
here. Because of the critical role of land tenure in land management and the
socio-economic issues raised by past inequality of access to resources, the
stock accounts for land are compiled by combinations of tenure attributes
(commercial and communal areas) as well as geographic attributes.

Land is disaggregated into 39 veterinary districts, each of which can be
assigned to communal or commercial areas, within 14 veterinary regions.
Since the economic importance of land is primarily its ability to support live-
stock (carrying capacity), the stock of land for each district is classified accord-
ing to eight ranges of long-term carrying capacity (in ha per Large Stock Unit,
LSU; see Figure 5). Carrying capacity is not always a well-defined concept,
particularly in regions like Namibia with extremely low and erratic rainfall.
For lack of a better means to classify land in relation to livestock manage-
ment, the carrying capacity concept is used. Since carrying capacity in a given
year is determined primarily by rainfall, significant changes in carrying capac-
ity and in the stock accounts for land will occur from year to year as a result
of these natural conditions. This variability is especially important for land use
planning because some uses of land (e.g. livestock ranching) are more sensitive
to annual variation in rainfall than others (c.g. tourism). In determining the
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Figure 5. Stock of land by long-term carrying capacity and system of tenure.

most economically valuable use of land, this variability needs to be taken into
account.

Based on analyses which will be conducted in the coming year, the accounts
will be constructed to represent annual changes in carrying capacity. These
annual land accounts will be based primarily on annual rainfall and other
environmental factors such as the quality of groundwater and the access to
boreholes. Carrying capacity is also affected by human actions. There is anec-
dotal evidence of rangeland degradation attributed to human actions associ-
ated with overgrazing and poor management of livestock, but few actual
measurements of degradation exist. Whether annual variation in vegetation
cover actually represents degradation and what the source of this degradation
might be are controversial questions and not well understood.

Bush encroachment in the commercial areas is a relatively well-defined phe-
nomenon and has been subject to some measurement. Consequently, the NRA
will include estimates of bush encroachment, but will probably not include
other environmental impacts until the issues are more fully understood.

Livestock

Agriculture, primarily livestock, provides the primary source of livelihood for
most Namibians even though output may be close to subsistence levels in the
communal areas. Livestock constitutes the major capital asset for many people
in Namibia. Accounts for livestock include cattle, goats, sheep, horses and
donkeys. Accounts have been compiled for both commercial and communal
areas according to the 39 veterinary districts classification used for the land
accounts (shown at the national level in Figure 6). To construct full stock
accounts, information about annual off-take as well as natural gains and losses
is needed. Information about annual off-take of livestock is available only for
the formal market, and only at the national level, not by veterinary district. It
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Source: Directorate of Veterinary Services, annual.

Figure 6. (A) Numbers of livestock in commercial areas, 1980~1994. (B) Numbers of livestock in
communal areas, 1980-1994.

is estimated that in the communal areas, informal market off-take is at least as
great, if not greater than formal market slaughter. However, no reliable data
about informal market off-take are currently available. In the future, the
accounts will attempt to estimate these data.

Biodiversity : accounts for wildlife

Maintaining biodiversity is important both for its intrinsic value and because
of the economic importance of wildlife-based tourism. Tourism is one of the
few industries with major growth potential in Namibia. It can also provide
employment in rural areas, stemming migration to urban areas and relieving
pressure on the land. However, setting aside a vast land area to preserve wild-
life habitat for tourism can conflict with the use of land for agriculture by the
largely poor rural population.
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Game ranching has been proposed as an alternative use of the land; it is
often more environmentally suitable for the fragile rangeland than livestock
and can be more profitable for farmers while also providing a means of preser-
ving wildlife. Wildlife tourism through game ranching is already being
exploited on some commercial farms. There are a number of proposals to
expand this practice on both commercial and communal areas.

For tourism and the preservation of biodiversity, both the mix of wildlife
and its density are important factors. Accounts for wildlife (key animal species
in a region) are being constructed which distinguish commercial areas, com-
munal areas, and protected areas (government land set aside for wildlife). Cur-
rently, only a few areas have been surveyed, for intermittent years. In virtually
all regions there has been a decline in numbers of wildlife over the past two
decades. Closer monitoring is clearly warranted of this valuable resource.

Minerals

Mining has accounted for roughly 75% of export earnings over the past 20
years. However, the easily accessible reserves of Namibia’s most important
mineral, diamonds, will be depleted in the near future. New diamond reserves,
located off-shore, are being developed, but these require large capital invest-
ments for exploitation. Uranium, the next most important mineral, is suffering
from a decline in world demand. Figure 7 shows trends of extraction of dia-
monds and uranium. Newly discovered off-shore natural gas reserves may
provide the country with significant revenues if they can be developed. Other
important minerals include metals (mainly gold, copper, lead, zinc), industrial
minerals and semi-precious stones.

Stock accounts for the major minerals have been constructed. Use accounts
are not constructed since there is virtually no domestic processing or use of
minerals. Data about annual reserves have been provided by the Ministry of

Source:Word Bank (1992) and Economist Intelligence Unit (1996).

Figure 7. Production of diamonds and uranium, 1980-1994.
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Mines and Energy, but are considered confidential and cannot be publicly
reported. The accounts will be used to calculate resource rents in order to
demonstrate the importance of a policy in which a portion of the revenues
from mining could be invested in activities that will generate income after
depletion of current mineral reserves.

Conclusions

To date, a fairly extensive set of accounts has been constructed in Namibia. In
the remaining stage of this pilot project, we will focus on improving selected
accounts, developing indicators (physical and monetary) to cvaluate the
accounts, and linking the accounts with an economic model to assess the
demands on the resource base of Namibia’s development strategy. The major
policy questions to be addressed using the NRA include:

(a) Minerals and Fisheries. How successful has the government of Namibia
been in recovering resource rents from these sectors?

(b) Water. How is water currently used in the economy?

What is the economic contribution of water use in each sector?

To what extent is water use subsidized in each sector?

What are future water demands likely to be and what will this cost?

Does the current pattern of water use and infrastructure development rep-
resent the best use of scarce water and financial resources?

(c) Land and livestock. What is the cost of rangeland degradation measured in
terms of lost productivity?

How has land degradation been counteracted by changes in herd manage-
ment practices?

What are the implications of land degradation for long term carrying
capacity, especially in the context of global warming, which is expected to
increase the variability of already erratic rainfall ?

What is the value of land used for extensive livestock ranching compared
to mixed livestock and game ranching, or ecotourism, taking into account
the different degrees of variability of economic returns to each activity due
to drought?

(d) First National Development Plan. What is the impact of the development
strategies described in Namibia’s First National Development Plan on the
natural resource base (assessed through an integration of the NRA with an
input-output model of Namibia)?

Several areas of the NRA which have been targeted for data improvement
and research are expected to prove useful for policy-making in other govern-
ment ministries and for researchers as well. For example, better estimates of
informal-market livestock off-take would provide a more accurate picture of
livestock management and real incomes in communal areas. More reliable
data about fish landing in the past would provide an improved basis for
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assessing the status of the fish stock and understanding its response to over-
exploitation. Very little is known about wildlife populations, making manage-
ment of wildlife difficult and fragmented. Research will be undertaken to
determine the annual change in carrying capacity and the resultant annual
change in economic value of the land for the NRA. A complete set of land
accounts, perhaps linked with GIS capability, which assesses the value of land
in alternative uses, will provide an important input to land use planning and
the debate about land reform.

The groundwork for expanding this work to other countries in southern
Africa is also being prepared. Several countries, notably South Africa, Bots-
wana, Swaziland, and Zimbabwe, have expressed interest in constructing NRA
to assist in macroeconomic environmental policy analysis. Future work will
include construction of detailed water accounts by several countries which
then can be used to address a regional management of this resource.
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Material and energy flow analysis in Germany —
accounting framework, information system,
applications

WALTER RADERMACHER AND CARSTEN STAHMER

Material and energy flows — part of environmental-economic accounting

Introduction

It is no longer a matter of dispute that material and energy flows are impor-
tant factors in environmental policy, both for the diagnosis of environmental
problems and for the development of corresponding corrective measures. We
are therefore required to observe these flows and to quantify their scope, their
trends, etc. in order to manage them better.! There is thus agreement on the
principle. However, the proposals differ vastly in detail. The broad spectrum of
material balance sheets, product line analyses, eco-balance sheets, etc. indicates
that various analyses have very different subjects and purposes. It is not the
purpose of this chapter to give a complete overview of the different
approaches. Most of the activities in this field are geared to individual cases,
be they products, activities or regions. We are, however, faced with the ques-
tion which material and energy flows are important when taking, as in
German Environmental-Economic Accounting (GEEA), a macroscopic view
of the inter-relationship between the environment and the economy. A brief
review reveals the great variety of distinguishing criteria:

(a) The fundamental assessment of what is a problem and what is not has a
great deal of influence over the method. In this field opinions differ sub-
stantially. The potential damage done by material flows is traditionally
assessed according to criteria of (eco-)toxicity, ie. qualitatively. More
recently, however, there has been growing demand for greater account to
be taken of quantitative aspects, even putting them to the fore. Both
approaches have their strong points, but also their limits. With the qualit-
ative approach, it is doubtful whether detailed information required can be
available, or become available soon enough. On the other hand, using the
quantity approach it is difficult to draw the line between trouble-free and
critical quantity movements. The different approaches are based on spe-
cific appraisal or reference systems (e.g. the ‘geogenic material flow’ in the

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 187-211.
© 1998 Kluwer Academic Publishers.
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(b)

©

@

approach of Baccini and Brunner, 1991) which serve to put the general

objective (e.g. sustainability) into concrete terms, but which are also crucial

for the choice and delimitation of the units observed and the collection of

related data.

Material flows are observed at very different hierarchical levels between

‘macro’ and ‘micro’. These tags can be applied in a number of ways:

e materially, ie. whether the balance is taken of individual elements,
materials or goods or of a totality of them;

e regionally, i.e. according to the size of the observation area (regional
system limits);

e economically, i.e. whether concerned with individual processes or under-
takings or with the economy as a whole.

The GEEA field of observation must be classified as macro. It is a counter-

part of the corresponding activities at the level of local units and products.

Flow accounts may be incoming (what material flows or material accumu-

lations etc. affect the region?) or outgoing (what material flows go out

from the activities of a region or period?).

A distinction can also be made between actual physical material flows and

imputed material flows (‘ecological rucksacks’, e.g. raw material consump-

tion and emissions contained in inputs, unused part of extracted raw

materials, etc.).

(¢) The following breakdown is now used internationally:

e driving forces = human/economic activities that cause environmental
burdens;

e pressures = output side of environmental burdens;

e state = impact side of environmental burdens, environmental condition;

e response = environmental protection activities.

Most treatments of material flows to date have concentrated on the

relationship between pressures and state. In the material flow analysis of

the GEEA, however, it is the relationship between driving forces and pres-

sures that is to the fore.

These five distinguishing criteria can be used to produce a requirement profile
for flow accounts in the GEEA. Both quantitative and qualitative assessments
should be possible; the macro viewpoint is taken (from production branches
to the whole economy, from larger regions to the area of the Federal Republic,
from materials/goods to total material/energy); an ‘outgoing” account is to the
fore; indirect effects must therefore be imputed; the relationship between
driving forces and pressures takes priority.

Scarcity of raw materials

It is still customary to cite the scarcity of raw materials as a problem in its
own right alongside those discussed above. In this connection, it is recom-
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mended to begin by recording in physical units, to construct a ‘natural
resource account’ on the Norwegian model, and finally to follow one of the
suggested valuation methods. This division into input side (scarcity of raw
materials) and output side (environmental pollution) of the material flows
through the economy may in some respects be helpful and provide a structure.
A complete methodological and organizational separation of the two issues
would, however, be pointless, and fails to address the problem. To begin with,
it would make it impossible to record the relationship between the consump-
tion of raw materials and the production of residues, but it is precisely this
relationship that is increasingly becoming the centre of attention. In addition
there would (as experience shows) be the risk that, since the scarcity of
resources is more accessible to the economic and statistical method, it would
unjustifiably dominate the preparation of GEEA in practice.

This brings us to a point that has not yet been addressed in the discussions.
Apart from the mere observation of flow variables, there are two kinds of
stock variables that have a part to play: those which are drawn on (scarcity of
raw materials) and those which are added to (accumulation of goods and
residues).

In a physical balance sheet, the law of the conservation of matter and
energy applies, i.e. material flows are basically only displacements between the
various (e.g. regional) stocks. Both withdrawals and additions are however
associated with specific environmental problems or risks.

An integrative concept
Aims

It is clear from what has been said above that only an integrative approach is
capable of doing justice to the various requirements. ‘Integrative’ should be
understood as meaning the aim of taking a broad look at various problems
and how they are interrelated. It implies a method that differs from a selective
and additive approach in many respects:

(a) Valuations/objectives etc. should be independent of the data as far as pos-
sible. In particular and specifically, this means that material flows are
recorded in such a way that they can be valued by both quantitative and
qualitative criteria.

(b) Material inputs and outputs of the national economy must be examined
jointly and combined.

(¢) The main focus is the recording of flow variables. However, stock variables
must also be included in the account if necessary.

(d) Data on quantity structures and technical coefficients must be combined.

The economic metabolism

The plan is based on a simple view of the material flow from the sources of
raw materials at home and abroad by way of the production processes and
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consumption to reductions for emissions, waste, overburden, etc. at home and
abroad. Figure 1 distinguishes three levels for data collection and analysis:

(a) Territorial flow account (for a region, e.g. Germany)

(b)

©

e Imports of raw materials (3), goods and residues (2), inflow of material
by water and air (1);

e Exports of raw materials, goods and residues (7 and 8), outflow of
material by water and air (6);

e Accumulation of materials on the territory (balance + ), outflow of
surplus from the territory (balance — );

o Scarcity of international primary stocks;

e Imports/exports of indirect effects (imputed international material flows).

Economic flow account

e Imports and exports (2 + 3 and 7 + 8);

e Withdrawal of raw materials (used/unused) from domestic nature (4);

e Discharge of residues and pollutants into domestic nature (5);

e Accumulation of materials in the economy;

e Scarcity of national primary stocks.

Activity flow account (activities of the domestic economy)

e Output: withdrawals from domestic nature, imports, domestic economic
output;

e Input: exports, domestic economic use, discharges into domestic nature;

e Accumulation of materials in production activities.

Figure 1. Economic metabolism.
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Macro—meso

The plan’s second important structural characteristic is its breakdown into the
following levels:

(a) inclusive view of all quantitatively relevant flows;
(b) problem-related view of selected flows, production branches or product
classes.

Level (a) is therefore primarily geared to quantitative analysis and evaluation,
while at level (b) the advantage of focusing more on particular problems with
greater attention to quality comes at the price of having to be selective. At
level (b) a selection of materials, goods, etc. must be made for which a flow
account is drawn up. The recommendations to this effect by commissions of
enquiry of the German Bundestag are a first pointer, but at this level, too, the
priority objective in every case is to produce as complete a flow account as
possible.

Flow accounts presuppose that there are adequate statistical records of the
individual stations in the total flow. This requirement is only partly satisfied.
There is a major weakness at the cross-over between economy and environ-
ment. In particular, we have only an incomplete picture of the sectoral break-
down of the amounts of residues produced. If we are to be sure that the
sectoral breakdown is consistent with the total burden of emissions, etc., a
separate methodical working model needs to be introduced. In the GEEA this
model is called the ‘emitter structure’. It is designed as a sectoral structuring
of material flows and therefore concentrates on the output of residues in the
production branches of the economy.

Finally, attention should be drawn at this point to the limits of the field.
These are set more or less of necessity by the data available in the official
statistics. This means that it will normally be impossible to distinguish
between individual chemical elements. The flow account in the GEEA will as a
rule concentrate on materials/goods.

‘Incorporation of technical coefficients, consistency test’

Experience shows that the lack of complete, high-quality direct data on
the volume of individual flows is a major obstacle to the production of
such material and energy flow accounts. This obstacle is overcome by taking
data from a variety of sources and linking them appropriately. For example,
technical coefficients, which give the average emissions of production pro-
cesses, are multiplied by the quantitative data about those processes (e.g. use
of energy sources) in order to estimate the sectoral output of emissions
(=emitter structure). This method naturally presupposes that the coefficients
and quantity structures match and that the linkage model used is stable and
significant.
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Valuations

The question of the valuation of material and energy flows must be under-
stood in a broad sense. When taking an overview of this complex subject
matter, it is helpful to keep weightings and appraisals separately. Weightings
give different things a common denominator so that quantitative comparisons
can be made. Appraisals themselves also contain a comparison, normally with
a defined objective, a ‘standard’. Some of the current suggestions for appraisal
are set out below.

(a) WEIGHT OF QUANTITY FLOW AS A YARDSTICK

An approach that has become known as material intensity per service unit
(MIPS; Schmidt-Bleek, 1994) does without an (unequal) valuation and adds
and interprets quantity flows as they are ‘weighed’. Among other things, this
conceals a conflict with the limits of knowledge, which basically militates
against a more accurate valuation, e.g. according to the requirements of eco-
toxicology.

(b) WEIGHTING WITH SCIENTIFIC COEFFICIENTS

As with the flow accounts, so with valuations, too, a distinction can be made
between integral and selective, problem-related approaches. The former
include, for example, conversions into exergy? or emergy (see Ulgiati et al.,
1994) flows, where the sum of potential physical work or the sum of energy
expended are used as a common unit of account. The second category includes
the problem-related weighting of emissions of individual materials and their
addition into total burden potentials, as have been estimated in detail for some
problem fields by the Netherlands Central Statistical Office (De Haan et al.,
1994).

(c) MONETARY WEIGHTING

Characteristics with different units/scales are reduced to a common denomina-
tor by direct or derived valuation (market prices, calculated scarcity premiums
etc.). We are thinking here primarily of the proposals from resource economics
for the valuation of quantitative raw materials shortages (ratio of stocks to
withdrawals); these approaches are doubtless less suitable for valuing material
flows.

(d) WEIGHTING WITH SOCIOLOGICAL COEFFICIENTS

A topical example of such an approach, where different physical series are
given weightings based on a poll of experts, is Eurostat’s ‘pressure index’.
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(¢) APPRAISAL BY PERFORMANCE INDICATORS

This measures the extent to which predetermined targets have been met.® The
specific scaling of the indicator is retained.

(f) MONETARY APPRAISAL

On the one hand, an estimate can be made of the costs involved in reaching
the targets (standards) (avoidance costs).* On the other hand, macroeconomic
models can be used to simulate a modified economy in which the desired set of
objectives was achieved, in other words where material and energy flows did
not exceed their thresholds (model of an ‘environmentally sustainable
economy’ and its results; sec Radermacher, 1995).

(2) SCIENTIFIC APPRAISAL

Baccini and Brunner (1991) looked for regional sustainability, which they
defined on the basis of the ‘geogenic material flows’, that is the volume of
flows that would be normal without human intervention. By their method,
comparing anthropogenic with geogenic flows provides an indicator of
whether the target has been achieved or not.

It is often said that material flows must be valued before they can be com-
bined so as to even out the different impacts of the various materials. Without
such adjustment, it would be like adding chalk and cheese. Taken precisely,
this position would of course mean that chemical elements and compounds
would have to be looked at separately and that we would in fact have to know
enough about the effect they have on ecological acceptors in various quan-
tities. Since neither condition is adequately fulfilled, however, we are obliged to
analyse aggregates (e.g. in the form of goods) that may already in themselves
be quite heterogeneous. There is also the problem that the specific effect of
substances is highly dependent on quantity and can therefore change from
completely unproblematic in small quantities to destructive in extremely high
quantity flows (c.g. soil excavation/spoil).

All this speaks in favour of regarding the quantity matrix of flows and
weighting/valuation schemes as independent methodical elements. This gives
the necessary flexibility for demonstrating the effects of different weightings on
one and the same quantity structure rather than tying oneself exclusively to
the same system of objectives in advance.

From the valuation list referred to, a selection can be made of the processes
that come into play in the GEEA. As already explained, the method of quan-
tity recording mentioned under (a) is at any rate a statistically feasible starting
point. The balanced aggregation of quantities into total flows also provides
indicators on the basis of which an initial approximation can be obtained of
the structure of material flows and how they change over time (Kuhn et al.,
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1994). Weightings with scientific coefficients and monetary appraisals are
likely to be the most suitable methods of valuation. In addition, monetary
weightings may be used for quantitative scarcity of raw materials. On the
other hand, the GEEA plan makes no provision for weightings with sociologi-
cal coefficients and scientific appraisals in the material and energy flow
accounts.

Concept of a Material and Energy Flow Information System (MEFIS)

The methodology of material flow analysis can be applied to extremely differ-
ent observation levels: Figure 2 demonstrates this by breaking down the units
into smaller sub-units, a process that can be started at the national level and
continued to the micro-level of chemical processes. Consequently, an informa-
tion system has to be located on a specific scale within this hierarchy. General
accounting units are economic sectors (production and consumption
activities). It is the ultimate objective of the concept to achieve as far as pos-
sible a comprehensive and detailed balance of the flows into, through and out
of the sectors. However, the level of detail might be not sufficient in the start-
ing situation, since economic goods, which are already accounted in tradi-
tional statistics, do not represent the entire set of material flows which are
relevant from an environmental perspective. Hence, missing flows have to be
estimated by linking known flows with corresponding coefficients.

The first experiences from single case studies indicate an urgent need for a
more systematic organization of data processing. Three targets can be set that
should be reached in this context:

(a) The performance of data processing has to be improved (standardized pro-
cesses, use of information technology etc.).

(b) The data quality has to be documented in a transparent way (metadata-
like reliability, ‘pedigree’).

(c) The access of (external) users has to be defined (user support, con-
fidentiality etc.).

The variety of data, data sources and data processing leads to a complexity
which calls for the aid of information technology. Consequently, the intro-
duction of an information system that can bridge the gap between the ‘chaos’
of basic data and the ‘order’ of an accounting framework is essential.

After having explained the metabolism concept the fundamental lines and
structures of a material and energy flow information system (MEFIS) are
almost obvious: the core of the system is a virtual ‘cube’ which contains the
space for each kind of material flow on a sectoral scale. In comparison to the
well known structure of make and use or input—output tables two kinds of
enlargements are necessary: first, two new accounts/sectors are introduced,
one for the economic cleansing industries (environmental protection, recycling
etc.) and a second for nature as a stock account. Second, the vector of com-
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Figure 3. The MEFIS cube.

modities has to be enlarged for non-economic raw materials on the input side
and for residuals (waste, pollutants) on the output side. For each substance,
whether it is an economic good or not, this leads to one level of the MEFIS
cube shown in Figure 3. Normally only the edges of this cube are filled with
data — this corresponds to separate make and use tables for material flows. In
some cases, however, the input and the output side of flows can be linked, e.g.
the ‘supply’ of waste in economic sectors and their ‘use’ by cleansing
industries. Furthermore the cube provides the virtual space for the integration
and storage of flow analysis for specific substances. While physical input-
output tables are organized from a sectoral perspective (separated tables for
inputs and outputs of the sectors) the flow analysis for specific substances (e.g.
nutrients, heavy metals) have to follow their specific path from one to another
stage of production and consumption. This leads to the need of linking
outputs and inputs of the substance which can be organized within one single
sheet of the material flow cube.
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In addition to this ‘cube’, matrices which contain the standardized basic
data and the procedures of estimation of flows have to be stored within the
information system. Finally (and this will be the most relevant part for the
application of an information system) standardized evaluations have to be
provided. Those applications require standardized evaluation software (e.g.
input-output analysis) and the availability of ‘metadata’ describing the data
quality with respect to the genesis of data and their suitability for specific
applications. A small selection of applications from the current work pro-
gramme should demonstrate the scope and ultimate objective of the informa-
tion system.

Applications

Material flow accounts: the macroeconomic perspective

This describes the relationships between the national economy on the one
hand and nature and the rest of the world on the other. Withdrawals from
nature for economic utilization and imports of goods are shown as material
withdrawals. The term ‘material discharges’ is used for materials that leave the
national economy or are discharged into nature as overburden, waste, air pol-
lution, waste water or exports of goods. However, this material flow account
does not include every process within the national economy (national
economy is taken in the national accounts sense, including general govern-
ment institutions and private households as final consumers).

What is new, and at first unaccustomed and therefore perhaps hard to
understand, about this method of analysis is the straightforward addition of
quantities. It is important to remember what was said above about the origin
of environmental pressures and the essential components ‘quantity’ and
‘toxicity’. As a first approximation it is worthwhile and permissible to prepare
a pure quantity balance sheet in which all materials moved are counted in
tonnes and combined into totals. This approach does not (yet) make a differ-
entiation or weighting according to specific ecological risks of individual
materials. Gravel goes into the total with its own weight just as do uranium,
gold or water. The background to this is, admittedly, also that complete infor-
mation about all or at least the major ecological risks of the various materials
is not available.

What distinguishes the table shown here from conventional raw materials
balances, however, is that this approach requires the quantities of unused raw
material withdrawals (overburden, slag, etc.) to be counted as well. The quan-
tity ratio between used and unused withdrawals is sometimes extraordinarily
high, e.g. 1:100,000 in the case of gold. Once they have been mined, these
quantities tend to be immediately dumped or deposited back into nature in
some other way (sometimes recultivated), thereby counting as both with-
drawals and discharges of material as a self-balancing item. A similar situation



198 Walter Radermacher and Carsten Stahmer

Table 1. Material flows, 1960/1990 (former territory of the Federal Republic of Germany)'.

Materials 1960 [ 1990 Materials 1960 | 1990
mn i 1960 = mn L 1960 =
100 100
Withdrawal Discharge
Solids, fuels 2)

Raw material withdrawal 1253 2072 165 Material application 227 252 111
Raw materials, extraction used 780 995 128 Fertilizer 226 251 111
Biotic raw material 133 188 142 Farm manure 224 246 110
Abiotic raw material 647 807 125 Commercial fertilizer 3 5 161

(nutrient)
Fuel 248 193 78 Pesticides (active substances) 0.01 0.03 300
Other 399 o614 154 Sewage sludge 0.7 08 129
Not used raw materials, extrac- Not used raw materials,
tion(incl. soil excavation, extraction
excavated materials a. rubble) 474 1077 227 (incl. flate) 415 982 237

Imported goods 136 387 285 | Exported goods 75 207 274
Biotic goods 25 65 254 Biotic goods 6 46 825
Abiotic goods 110 323 292 Abiotic goods 70 160 230

Fuel 45 169 373 Fuel 35 24 70
Other 65 153 235 Other 35 136 388
Waste (incl. soil excavation, rubble) 113 164 145

Recycling 16 58 363 Recycling 16 58 363

Total 1405 2517 179 Total 846 1662 196
Oxygen consumption and air pollutants

Oxygen input Emission to air 568 738 130

processes (CO2; CO) 409 533 130 Carbon dioxide 555 727 131
Carbon monoxide 9.8 73 74
Nitrogen dioxide 1.6 2.6 163
Sulphur dioxide 33 1.0 30
Total 1814 3050 168 Total 1414 2400 170
Balance (material retained) 400 650 162

Water in million m3
‘Water withdrawal 18 880 42 970 228 Waste water discharges 16510 43.570 264
Precipitation and impurity 1270 3470 273 Discharged untreated 11480 34130 297

water 3)

Discharged after treatment 4) 5030 9440 188
Water discharged unused 1290 815 63
Water consumption 5) 2350 2055 87
Total 20 150 46 440 230 Total 20 150 46 440 230

1) Discrepancies in totals by rounding of figures. - 2} Including useful gases and certain liquid materials. -

3) Precipitation and impurity water accruing in waste water treatment plants. - 4) Including precipitation and impurity water
accruing in waste water treatment plants. - 5) Mainly water lost by evaporation or seepage during use.
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exists with soil excavation: soil excavated when houses are built is withdrawn
from nature and deposited elsewhere unchanged. It starts as a withdrawal
from nature and is then a discharge into it.

Table 1 contains the material flow account for the former territory of the
Federal Republic of Germany in the years 1960 and 1990. The left-hand side
describes the material withdrawn by the economy from nature and the rest of
the world, and the right-hand side describes the material discharged by the
economy into nature and the rest of the world. The balancing item comprises
materials remaining in the economy (and statistical differences).

Withdrawals of material in the form of solids and fuels (and to a lesser
extent other gases and certain liquid materials), namely extraction of (used and
unused) raw materials, soil excavation and imports have already been men-
tioned briefly above, as have some headings of materials discharged into
nature. Apart from unused withdrawals, soil excavation and exports, the dis-
charge side shows fertilizers, pesticides and waste. A significant quantity of
fertilizer takes the form of farm manure (dung and slurry), which could also be
interpreted as an input for agricultural products. In the case of agricultural
products it is especially difficult to draw the line between nature and the
economy. Nature (soil, rain, sun) is used on the one hand, with labour, capital
and intermediate consumption (seed, fertilizers, pesticides) on the other. In
principle, the withdrawal of nutrients from the soil, of rain and of solar energy
ought also to be quantified. As this is virtnally impossible, the (statistically
well recorded) plant products of agriculture, as the raw material withdrawal of
biotic goods, are taken as an indicator of the utilization of nature. Fertilization
must, therefore, be regarded as an application of material into nature, which is
then in part contained in the withdrawal of biotic raw materials from the
environment. The fact that a large proportion of farm manure is not processed
in plants but enters the ground water as nitrate pollution supports this
approach.

The waste shown in the material flow account includes waste discharged
into nature which (after refuse incineration) has to be dumped or disposed of
in some other way. The question of where nature begins and the economy
ends arises with waste treatment, too. Table 1 shows the waste output (without
weight loss in refuse incineration) as a material discharge. It would also be
possible to regard waste dumps as stores within the economy. The
reutilization of residues has no place in the scheme described above, since
recycling takes place within the economy. Figures on residues have, neverthe-
less, been included in the table in order to give an impression of the magnitude
of these environment-preserving activities. This is only an extension of the
balance sheet that has no effect on the balancing item and which even in 1990
constitutes only a small proportion of the total material flows.

Apart from the discharges into nature previously described, selected air pol-
lutants are also covered: these are largely attributable to the combustion of
fuels (including refuse incineration) and the oxygen consumed in the process.
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1960 1990
Input Economy Output Input Economy Output
Material accu-
mulation,
statistical differ- Material accu-
) ences mulation,
2‘3?;22?,‘:{}:& (400) statistical differ-
I N
Raw materials, ences
(780) extraction used (650)
(995)
Raw materials,
not used (incl.
mining waste) Exports (207)
(415)
Raw materials,
not used (incl.
overbur(gen, E{Va?ze (113
inci.
"i“?? g) overburden,
rubble & iy
Fertilizers, aw materials,
Imports (136) pesticides, etc. Raw materials rr‘r?i;i‘:\seevgsnt‘s&
? (227) not used (incl.' (9982)
overburden,
. rubble)
Oxygen input En:gs:xisns (1077)
(409) (568)
Recycling (16) Waste (164)
(incl. overbur-
den,
rubble
Fertilizers,
Imports (387) pesticides, etc.
(252)
Emissions
Oxygen input 10 air
(533) (738)
Recycling (58)

(Million tonnes).

Statistisches Bundesamt 96-17-0229
Figure 4. Material flows, 1960/1990, former territory of the Federal Republic of Germany
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The oxygen consumed in combustion processes is shown as a withdrawal of
material; the fuels used already appear in usable raw material withdrawals and
imports of goods.

The final sub-item of the material flow account is the use of water, both
withdrawal from and discharge into nature. It should be pointed out that it
was not possible to take account of possible pollutant loads in water when
converting cubic metres into tonnes; water and waste water were therefore
each entered in the account at 1 tonne/m>.

The main findings of Table 1 are shown in graphic form in Figure 4. In the
period from 1960 to 1990 there were considerable increases in quantity
throughputs through the economy. However, for most withdrawals and dis-
charges of materials the increase is less than that of the gross domestic product
in real terms, which in 1990 was two and a half times the 1960 figure. Under
withdrawals from nature, the increase in withdrawals of water was particularly
great (see Table 1). There were appreciable rates of increase for other
materials, too. Utilization via imports of goods (fuels in particular) and over-
burden as an unused joint product of domestic raw material extraction
increased above average. A basically similar trend can be seen on the dis-
charge side, where the quantitative focus was on waste water and exports of
goods. However, the discharge side also has a few developments that are insig-
nificant in quantity terms but which are nevertheless of interest for the
environment: the pattern of fertilizer/pesticide use shows a rapid increase in
pesticides and an average increase in commercial fertilizers (those that are sold
commercially). This is where a quantity balance like the material flow account
reaches the limits of what it is able to express; qualitative indicators are also
needed that will allow us to say something about the ecological risks of these
substances. Over the three decades the percentage increase in the quantity of
farm manure (dung and slurry) applied was small, although in 1960 the
amount of dung and slurry was already very large. What is also lacking here is
a further breakdown according to load areas that will show the geographical
concentration processes with the corresponding overloads in particular
regions. This, too, would go beyond the limits of accounts based on the
national economy as a whole.

The balancing item of this material flow account shows how much material
is additionally bound in the national economy in a year. This may be in the
form of such economically used installations as houses, roads, plant and
machinery, or of e.g. increasing stocks of consumption goods and private
durables. The balance is calculated for solid, liquid and gaseous materials, not
including water. There is no aggregation of all material withdrawals and dis-
charges because the water flow is many times greater than that of other
materials and would, therefore, have too great an effect on the overall result. A
balance for water is, therefore, not shown: it is assumed that water withdrawn
from nature will over a period return to the natural cycle by discharge, evapo-
ration or seepage.
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Let us now make a brief critical examination of the balance for materials. In
both 1960 and 1990 the balance amounted to around one-fifth of the material
withdrawal. This means that between 1960 and 1990 the stock of products and
raw materials in the national economy grew from 400 to 650 million tonnes.
The quantities that are withdrawn from nature but do not enter the economy,
more or less passing it by and being deposited again elsewhere (mining waste,
overburden), are even greater. The quantity of waste (113 and 164 million
tonnes) seems small by comparison. These calculated balances should not
however be overinterpreted. Phase transitions between the various states of
aggregation and a large number of margins of error and statistical consoli-
dations oblige us to be very cautious about what the balances seem to say. It
should therefore be assumed that the respective orders of magnitude at the
most provide a basis for broad interpretations.

All in all, as already mentioned, the material flow account presented here is
the first visible result of a new kind of resource accounting which in some
respects has not yet been fully worked out. What is missing is primarily some
light on the indirect material flows abroad occasioned by the import and
export of goods. Until it is clear how big the invisible ‘rucksack’ is that an
imported finished product, for example, carries with it (how much overburden
accrued during its manufacture and how many emissions and how much waste
were produced), it will be impossible to say for certain whether the use of
natural resources becomes more intensive, i.e. economically and ecologically
better, in the course of time. Initial estimates have been prepared by the Wup-
pertal Institute (see Bringezu et al., Chapter 13); these will have to be exam-
ined in the future and improved by more refined methods.

Physical input—output tables (PIOT)

Concepts of PIOT

An important part of the work on material and energy flow accounting in
Germany is the calculation of PIOT for the year 1990 (see Table 2). This work
is based on the methods and concepts explained in Chapter III of the SEEA
Handbook (System for Integrated Environmental and Economic Accounting;
United Nations, 1993a). The physical stock and flow accounting constitutes a
very important part of the SEEA. Production and consumption activities with
their different kinds of stress on the natural environment are in the centre of
attention. PIOT are the next logical step after establishing macroeconomic
material accounts: they are conceptionally and empirically very similar. As
mentioned, material and energy accounts include all incoming materials from
the domestic nature or from the rest of the world (‘withdrawals’ and ‘inflows’)
on the input side and all outgoing materials to the domestic nature or to the
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rest of the world (‘discharges’ and ‘outflows’) on the output side. As a conse-
quence, all materials are included which flow into or out of the German
economy as a whole. These material flows are presented in more detail in
PIOT and material flows between the different economic activities are also
described. Therefore, PIOT show, by analogy with the monetary input—output
tables, the domestic production, the whole supply of products (which sum-
marizes the domestically produced and the imported products) and the use of
these products in physical units (e.g. in tonnes). PIOT also incorporate raw
material extraction (including water and oxygen) from nature by producers or
households and show the origin, the treatment and final destination of
residuals (recycling, treatment of waste and waste water, storage, discharge of
residuals to nature). The most important addition to traditional monetary
input-output tables is the introduction of an additional ‘production factor
nature’.

The integration of data about raw material extraction, discharge of residuals
and flows of commodities leads to complete material balances for each pro-
duction and consumption activity. For each activity account the law of conser-
vation of matter and energy is valid, i.e. the total material inputs are balanced
with material output. For each domestic activity (that is, for production
branches and households) the following equation holds:

extraction of raw materials (including water and oxygen) + use of domestic
and imported products + use of residuals in order to protect the environment
(treatment or storage of residuals) = products of domestic pro-
duction + supply of residuals by domestic activities

If these material balances, or the PIOT as a whole, are supplemented with
physical stock accounts, which incorporate at least produced assets (including
natural assets in agriculture, forestry and fishing and consumer durables), the
concepts for material flow accounts are largely implemented as described in
the SEEA. As far as possible, such PIOT should be supplemented with qualit-
ative data for both physical stocks and flows. For example, that could be
pressure indices which are necessary for data systems such as NAMEA and
ECSTASY.

A linkage of physical and monetary input-output tables would be very
useful. As a first step it is more important to set up a comprehensive, consis-
tent and complete physical data system which might have a higher degree of
independence of traditional (monetary) input-output tables. In the MEFIS-
cube, the PIOT could be interpreted as two outside edges of the cube.
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Table 2. Physical input-output table, 1990 (1000 t).

Input of materials Output of materials
Ser Branches from nature man made man used
No. Final uses Re- Total -
Oxygen Water Raw cycling Co'n?mo input Commo Recyclin
material ; dities dities
material :
material
—— -
1 | Agricutture 8481 203 133 137707 [ 98092 447 413 132 396 [
2 | Forestry and fishing etc 2631 [ 50104 0 5383 58 118 50 149 0
3 | Electicily. steam, hot water supply 233791 28695417 [ 0 207366 29136 574 0 6606
4 Gas supply 809 0 0 0 46834 47 443 46569 8
5 | Water supply 125 4534 300 0 [ 89049 4723474 4642028 o7
6 | Coal mining 5538 1895 549 177758 0 42222 2121067 208422 19
7 | Other mining (excl. coal mining, crude petroleum, natural gas) 1149 138 681 24841 0 7604 172276 27603 174
8 | Extraction of crude petroleum. natural gas 1596 18 889 15337 0 1306 37129 14109 4
9 | Man of chemical products (incl. nuclear fue) 26037 3911504 [ 0 203 155 4140 697 100526 5453
10 | Man. of refined petroleum products 16 255 267 600 0 [ 103 396 387 250 93094 67
11| Men. of plastic products 1949 53106 0 0 30648 85703 6630 259
12 | Man. of rubber products 1272 31731 0 0 6516 39519 1276 142
13 | Quarrying of stones and clays, man. of buiding material, etc. 17 555 312504 589380 0 301084 1 220532 794 558 1200
14 | Man. of ceramic products 1685 3645 0 0 4197 9527 1008 86
15 | Man. of glass and glass products 5380 16 901 0 0 26777 48 058 6640 172
16 | Man. of iron and steel 41386 1079808 0 [ 264836 1386088 129992 16672
17 | Man. of nan-ferrous metals, semifirished products thereot 3858 208 635 0 0 52583 265135 6246 342
18 | Man. of foundry products 2713 23198 0 [ 21015 46925 4005 359
12 | Man. of drawing plarts products, cold rolling mils etc 2302 50985 0 0 29551 62839 10390 4180
20 | Man. of siructural metal products, roling stock 1091 6 659 0 0 5534 13095 3312 1349
21 | Man. of machinery and equipment (excl. electrical) 4868 20264 0 0 41681 86813 8211 2120
22 | Man. of office machinery, autom. data processing equipment 242 4474 0 [ 6642 11357 90 a8
23 | Man. of road vehicles 5137 134 131 0 0 74274 213542 11625 2960
24 | Building of ships, boats and floating sructures 188 4805 0 [ 4484 9477 541 163
25 | Man. of aircraft and spacecraft 252 2651 0 0 3717 6520 15 2
26 | Man. of electrical machinery, equipment and appliances 3947 84622 0 0 36390 104 956 4935 289
27 | Man. of precision and optical mnstrumets, clocks and watches 494 3085 0 0 5 601 9 160 163 69
28 | Man. of tools and finished metal products 2376 14498 0 0 25050 41924 8129 1509
29 | Man of musical instruments, games and toys. sports goods, etc 199 663 0 0 4484 5346 293 33
30 | Man. of wood 12% 12427 [ 0 43224 56888 18072 4852
31 | Man of wood products 1589 3577 o 0 22188 27754 5468 969
32 | Man. of pulp, paper and -board 7225 590 336 0 0 70612 668173 13619 764
33 | Man. of paper and -boasd products 1525 59154 0 0 13330 74 009 9265 777
34 | Printing and duplicating 982 6296 0 0 14284 21562 4147 1055
35 | Man. of leather and leather products, footwear 247 6048 0 0 7228 133 105
36 | Man of texties 3542 185 498 0 0 72 566 261606 2375 141
37 | Man of wearing apparel 555 2651 0 0 3694 6901 264 &0
38 | Man. of food products {exc. beverages) 12 680 227833 0 0 199113 439625 70079 7396
39 | Man. of beverages 3352 79 451 0 [ 65617 148 421 25963 2173
40 | Man. of tobacco products 153 1243 [ 0 1531 292 242 18
41 | Construction (excl. installation and buiiding completion) 5755 0 [ 0 548 058 553612 1869 22746
42 | Installation and building compietion 2256 0 [ 0 26952 29208 266
43 | Wholesale trade, stc., recovery 11953 o 0 101888 10 604 124 445 57 441 810
44 | Retail rade 11689 0 0 [ 14673 26362 [ 867
45 | Railway ransport 2148 0 0 [ 10888 13036 0 37
46 | water transgort, ports 2894 [ [ 0 3486 6380 0 10
47 | Post and telecommunication 1286 0 [ 0 2709 3995 0 7
48 | Transport activities n.e.c. 27 447 0 0 0 13 939 41386 [ 29
49 | Banking 1250 0 0 0 3108 4358 0 50
50 | Insurance (exol. social security funds) 648 0 0 0 1127 1776 0 55
51 | Renting of real estate 233 0 [ 0 8017 8 250 0 1
52 | Hotels and restaurants. homes and hostels 3238 [ 0 0 40548 43786 0 158
53 | Education, research, cultural services and publishing 1178 0 0 0 4211 5389 0 297
54 | Health and veterinary market service activities 1614 0 0 0 45590 47204 0 76
55 | Other market service activites. etc. 8062 0 [ 0 41223 49284 0 386
86 | Central and local government 22031 0 0 0 392246 414277 0 741
57 | Sociel securty funds 512 0 0 0 1436 1948 0 7
58 | Private non-profit institutions, private households 2591 0 0 0 34 450 37051 0 54
59 | Branches, total 532976 42976400 995136 101888 3458607 48065088 6521081 %0 088
60 | Private consumption 204 983 na. [ 0 3227455 3432417 [ 11133
61 | Investments 14474 14 474 [ 746
62 | Exports 207 904 207 904
63 | Changes of stocks in commodities. statistical discrepancies 4460 4460
64 | Final uses, total 204 963 0 3 0 3456293 3659255 0 11879
85 | Total 737938 42376400 995136 101888 6912990 51724353 6521981 101 888

Calculation of PIOT
The calculation of PIOT comprises three different steps:

(a) Calculation of physical commodity flows without the ‘production factor
nature’, in line with the compilation of traditional monetary input-output
tables;

(b) Incorporation of the ‘production factor nature’, therefore extension on the
input side with raw materials spent by nature and on the output side with
residuals absorbed by nature;

(c) Introduction of the analyses of treatment or storage of residuals within the
economy and of stock accounts.
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Table 2. (Continued)

Qutput of materials Balance of materials
Ser. Branches 0 nature Re-
Mo Final uses Alr Total maining Total
emis- Waste Waste | Qutput Water Energy balance | balance
y water
sions

1 Agriculture 8176 208 750 na. 348 322 na. 103 97988 98081
2 Forestry and fishing etc. 2337 3 4 na 85 936 na 19 2163 2182
3 Electricity, sleam, hot water supply 264 883 28 356 873 9737 28 628 099 388544 75563 44367 508475
4 | Gassupply 456 o 295 47 326 [} -8 125 117
5 | Water supply 118 0 874 4842617 80899 3 44 80858
& Coal mining 6272 1134 950 518 1350 181 760589 11679 1382 770886
7 | Other mining (exci. coal mining, crude petroleum, natural gas) 825 124 585 172 153 359 14095 31 4789 18918
8 | Exractionof crude petroleum, ratural gas 1085 3020 25 18 243 17047 -1101 2940 18866
9 Man. of chemical products (incl. nuclsar fuel) 21873 3881 143 5453 4014 448 110861 14869 1019 126249
10 Man. of refined petroteum products 13362 211 862 1 318 296 84351 3600 8203 £8954
11 Man. ot plastic products 1543 68 974 659 78 065 7583 89 -14 7638
12 Man. of rubber products 968 32038 318 34738 3808 & 790 4781
13 | Quarrying of stones and clays, man. ¢f bullding material, etc. 17 396 309 463 5709 1128 326 85965 799 5441 92206
14 Man. of ceramic products 1232 4759 197 7352 1086 35 1054 2174
15 | Man. of glass and glass products 4258 22752 710 34 532 4231 26 9268 13526
16 Man. of iron and steel 48083 1020778 2519 1218023 139028 444 28593 168064
17 Man. of nen-ferrous metals, semifinished praducts thereof 3266 208 472 800 218926 39417 13 6780 46210
18 Man. of foundry products 2805 25254 1920 34 343 6323 49 8610 12583
19 Man. of drawing plants products, cold rolling mills etc. 1688 40 954 1181 58 373 3837 88 440 4465
20 Man. of structural metal products, rolling stock 928 B313 231 12 184 356 23 532 a1
21 | Man. of machinery and equipment (excl. electrical) 4088 66242 1190 81851 3916 149 898 4962
22 Man. of coffice machinery, autom data processing equipment 192 8849 37 10316 633 6 401 1041
23 Man of road vehicles 4003 179 648 1529 199 765 12533 337 K07 13777
24 Building of ships, boats and floating structures 146 7084 82 8016 781 5 B75 1461
25 Man. of aircraft and spacecraft 189 5588 58 5873 315 8 424 747
26 Man. of electrical machinery, equipment and appliances 3337 86 141 845 96 147 5485 181 3145 8811
27 Man. of pracision and optical instruments, docks and watches 412 8957 ny 7718 540 22 880 1442
28 Man. of too!s and finished metal products 1928 28 287 452 40 305 2695 77 -1152 1620
29 Man. of musical instrumerts, games and toys, Sports goods, stc 166 3408 64 3970 166 5 1204 1376
30 | Man. of wood 103 18441 809 ar217 2614 -6 13003 15611
3 Man. of wood praducts 1475 6510 1219 15841 1421 -24 10716 12113
32 Man. of pulp, paper and -board 6197 610872 2085 833 537 28123 383 6130 34836
33 | Man of paper and -board products 1174 33184 438 44838 - 31566 31 -2496 20171
34 Printing and duplicating 752 13 850 266 19770 1911 19 -137 1793
35 Man. of leather and leather products, footwear 218 5858 100 6415 560 5 248 813
36 Man. of textiles 2835 237894 357 243 602 16161 89 754 18004
37 | Man. of wearing apparel 490 4867 121 5802 384 10 704 1099
38 Man. of food products (excl. beverages) 10834 302 200 2961 393 270 25572 266 20517 46355
39 | Man. of beverages 2896 95648 224 126 834 18905 a1 2641 21587
40 Man. of lobaceo products 131 1690 31 2112 583 6 226 814
41 Construction (excl. nstallation and building completion) 5448 18 841 104 941 153 845 -416 2404 397679 399967
42 Installation and building completion 2131 2531 2050 6978 -56 -10 22296 22230
43 Wholesale trade, etc., recovery 10930 6 445 200 74826 -120 -14 49783 49619
44 Retail trade 10088 9280 267 20502 -208 32 8033 5880
48 Railway transport 2003 8462 215 10717 -187 ki) 2491 2318
46 Water transport, ports 2754 102 14 2881 -2 2166 1335 3499
47 Post and telecommurication 173 2020 a4 331 -45 0 729 €84
48 | Transport activities n.e.c. 25629 3119 87 28864 69 1825 10765 12522
49 Barking 1058 2808 26 3741 -58 7 668 617
50 Insurance {excl. sotial security funds) 562 818 16 1451 -18 2 s 324
51 Renting of real estate 219 0 879 1089 0 4 7148 7151
52 Hatels and restaurants, homes and hostels 2809 29425 549 32841 -680 22 11473 10845
53 Education, ressarch, cultural services and publishing 1074 2020 261 3652 -45 2 1780 1737
54 Health and veterinary market service activities 1489 46 480 140 47 185 ~1005 -5 1028 19
55 | Other market service activities, etc. 7362 38296 7 46 208 -846 56 3979 3076
56 | Ceniral and iocal government 17998 360 236 4337 383312 7961 -82 39008 30985
57 Social security funds 475 9 62 1611 -22 -3 362 837
58 Private non-profit institutions, private houssholds 2374 33976 323 36726 -751 2 1074 326
59 | Branches, total 520398 37949660 158398 45249507 1870740 107110 837651 2815501
80 Private consumption 181 000 3162 898 15322 3370353 -69898 ~993 132855 82065
61 | investments 0 0 0 748 0 0 13728 13728
62 | Exports a o
63 | Changes of stocks in comrmofiiies, statistical discrapancies 0 o
84 | Final uses, total 181000 3162898 15322 3371099 -69898 993 145683 75792
65 Total 710398 41112758 173 670 48 620 695 1800842 106117 984334 2891293

Physical data available in the basic statistics, such as production and foreign
trade statistics, are the starting point. These statistics are used to compile the
vectors of domestic production, imports and exports. The above mentioned
production statistics report on about 60% of all domestically produced goods
in weight units (tons); other domestic products have to be converted from
specific physical units (such as piece, litre, square metre and so on) into tons.
This has to be done at a very detailed level in order to keep the margin of
faults as small as possible — at the six-digit level of the classification for input-
output tables about 1500 different goods are specified. Further estimates are
necessary for the production of small and medium-sized enterprises, because
the statistics of producing industries record only the establishments of corpo-
rations with more than 19 employees (as a rule). Foreign trade statistics report
on all imports and exports in a very detailed classification in tons. Thus, it is
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possible to set up the following equation for nearly 1500 different kinds of
goods:

domestic production + imports = domestic use + exports = total resources

Applying partly special information in physical units and partly information
from the monetary input-output table, the sum of domestically produced and
imported goods (at the six-digit level) in tons has been distributed among 58
branches and categories of final uses (private consumption, investments or
exports). The result of this first step of work is the base structure of commod-
ity flows between different branches and from branches to categories of final
uses in tons.

The second step involved in compiling PIOT is to add the ‘production
factor nature’. That means adding the withdrawal of raw materials, water and
oxygen (for burning purposes) from domestic nature on the input side. On the
output side, we have to add the discharges of residuals (air emissions, waste
and waste water) to domestic nature. Results for raw materials and air emis-
sions from emitter structure analysis can be integrated, to the extent that they
fit into the classification of the PIOT. For waste and waste water special inves-
tigations were necessary to achieve results which fit into the PIOT classi-
fication. In the future, this part of the work will become easier as soon as the
material and energy flow information system has been established.

Our current activities focus on this part of the PIOT: we incorporate in
particular the data of energy input-output tables (Statistiches Bundesamt,
1994) and results of research projects carried out by the Wuppertal Institute
for Climate, Environment, Energy and the Eco-Institute (Darmstadt). A very
important tool for incorporating these results and checking the PIOT is the
material and energy balances by branch and household sector. These balances
are accounted as the difference between inputs and outputs. To obtain a useful
tool we distinguish three partial balances:

(a) water balances (water input, waste water, water incorporated in products),
including still water evaporated or oozed away etc., and statistical discrep-
ancies;

(b) energy balances (energy inputs + oxygen — energy outputs — related
emissions), which should be approximately zero but which still contain
statistical discrepancies; ,

(c) remaining balances (inputs of products, without water, energy and oxygen,
output of products, waste) including apart from statistical discrepancies
especially material accumulation.

If all information about inputs and outputs were available, the balances would
only show the material accumulation or changes in material stocks. Balances
normally have to be positive because of the law of conservation of matter and
energy. Nevertheless flows from stocks can influence the balance.

Another important problem which has not yet been solved is the treatment
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of services. From a conceptual point of view, we want to represent all material
flows which are actually connected with providing a service by one production
activity to another or to a category of final uses. Restaurants are a good
example: they provide services to households which are connected for example
with consuming a meal. Thus, the weight of the meal consumed by households
has to be shown in the PIOT as a material flow from restaurants to private
consumption.

In a third step, the economic treatment of residuals has to be analysed. This
work comprises the calculation of recycling loops and detailed accounts for
the treatment of waste and waste water. The recycling loop shows, for
example, the supply of waste paper, the use of this paper in the recycling
industry and the supply and use of recycled paper as a secondary raw material.
For waste and waste water we intend to show supply, treatment and discharge
of these residuals. In a last phase of future work, stock accounts might com-
plete the description of material flows.

Analysis of the outputs: emitter structure

Within the emitter structure, matrices of residue outputs are linked with
input—output tables. By combination of these two matrices it is possible to
calculate ‘indirect’ emissions in addition to the ‘direct’ emissions of the eco-
nomic activities. The direct emissions are those which are a direct result of the
production processes in a specific branch (in cement production, for example,
the air emissions by a cement burning facility). In contrast to direct emissions,
indirect emissions are estimated by adding up the emissions resulting from the
production of the intermediate consumption. This calculation is made (up to
this moment) by using the inverted (monetary) input—output table. Two crucial
assumptions must be used to allow this calculation:

(a) sectoral homogeneity: the production of each sector is homogeneous with
regard to the emissions (constant emission factor for all goods, for
example: 20 tonnes of CO, per million of turnover);

(b) price homogeneity: each product is sold at the same price to any con-
sumer.

As these assumptions are very restrictive, the calculation of the indirect emis-
sions on this basis must be understood as an approximation. This approx-
imation has already been improved by the integration of the price structure of
the electricity producing branch. The following examples demonstrate the
potential evaluations which can be deduced from the emission structure.’

Combined presentation of economic and environmental figures

Table 3 shows economic and environmental characteristics concerning 11 eco-
nomic branches, and for each characteristic (gross value, employment, primary
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energy use, expenditures for air pollution control facilities and the main air
pollution emission types) the absolute values and the percentages. This allows
comparison of the importance of each sector with regard to different dimen-
sions. For example, branches 6 (manufacturing of steel) and 7 (electrical
machinery) have nearly the same high percentages concerning gross value and
employment (18/17% for branch 6 and 12% for branch 7) but only modest
percentages concerning air emissions (maximum 3%).

Development of cumulative emissions between 1980 and 1990 in Germany

Figure 5 shows the direct and indirect CO, emissions of the 15 most impor-
tant economic branches (those with the highest cumulative emissions in 1980)
out of 58 branches (former territory of the Federal Republic of Germany).
These 15 branches produce more than 80% of the whole CO, emissions of the
economic branches. The graph illustrates particularly the importance of the
sector ‘electricity, vapour and steam’, which is responsible for more than half
of the total emissions. The graph also shows the relatively large amount of
indirect emissions (compared with the direct emissions) produced by most
branches, particularly ‘manufacture of road vehicles’ and ‘mechanical
construction’. This large quantity of indirect emissions is, to a considerable
extent, the result of electricity utilization. It is also interesting that with the
exception of four branches (transport, market services, manufacture of road
vehicles and trade) the cumulative emissions have decreased in this decade.

Outlook

The measurement of the emitter structure for air emissions has already come
to a steady state of empirical routine and maturity: complementary modules
will also be implemented for water pollution and waste within the near future.
More preparation will be necessary for the incorporation of other environ-
mental themes (and the corresponding pressures), including biodiversity, pol-
lution with toxic substances, etc. The physical input-output tables will be
finalized in 1996 within a Eurostat research project. This research project aims
to discuss advantages and disadvantages of PIOT for describing material
flows and investigate possibilities for analysis in physical units using PIOT.
Finally, it will be the most challenging task to integrate the different concep-
tual and empirical modules in a comprehensive information system. Limited
human resources and financial capacities available for environmental account-
ing in the statistical office call for good coordination and high performance in
the empirical realization of conceptual frameworks. This requirement seems to
be obvious. Environmental accounting is, however, still a relatively new field
of statistics and it affects the working areas/interests of a relatively large
variety of data producers/users. The development of conceptual solutions
which are appropriate from the perspective of all engaged parties and which at
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the same time respect the financial constraints is far from simple. It can,
however, be expected that an iterative approach and the efficient use of infor-
mation technology can help to soften the dilemma between (too) high expecta-
tions and (too) low budgets.

Notes

1.

W

See e.g. German Bundestag commission of enquiry into the protection of mankind and the
environment (ed.): Die Industriegesellschaft gestalten — Perspektiven fiir einen nachhaltigen
Umgang mit Stoff- und Materialstromen. Bonn 1994. — German Bundestag commission of
enquiry into the protection of the earth’s atmosphere (ed.): Schutz der griinen Erde — Klimas-
chutz durch umweltgerechte Landwirtschaft und Erhalt der Wilder. Bonn, 1994. — Loo8, A./
Katz, C. (Office for the Assessment of the Consequences of Technology at the German
Bundestag, TAB): Abfallvermeidung: Strategien, Instrumente und Bewertungskriterien. TAB-
Arbeitsbericht Nr. 16. Bonn, 1993. — Publication of the findings of the ‘Materials Management
for Regional Sustainability’ workshop held by P H Brunner and P Baccini in Vienna, April
1994 (in preparation). — Proposals in the United Nations ‘System for Integrated Environmental
and Economic Accounting’ (SEEA), Chapter IT1.

. See e.g. the work of Faucheux et al., Centre d’Economie et d’Ethique pour I'Environnement et

le Developpement, Université de Versailles Saint-Quentin-en-Yvelines, France.

. An example at national economy level is Adriaanse’s comparison with the Netherlands’

National Environmental Policy Plan; a similar thing occurs in local units with eco-audits.

. The SEEA Handbook gives an overview of both types of approach.
. For more details see Thomas, J: Luftemissionsentwicklung der Produktionsbereiche. In: Wirts-

chaft und Statistik No. 1, 1996.
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Material flow accounts indicating environmental
pressure from economic sectors

STEFAN BRINGEZU, RALF BEHRENSMEIER AND HELMUT
SCHUTZ

The environmental performance of human activities is largely determined by
the quantity and quality of the associated material flows. The extraction of
raw materials, on the one hand, and the emissions of waste materials on the
other, exert pressures on the environment. The material input to the economy
(from nature) and the material output to the environment (from the economy)
can be accounted for in a balanced manner. Based on recent data on the
overall material flow account of Germany, the policy relevant information that
can be derived from such kinds of physical satellite accounts is described. In
order to avoid a shifting of environmental problems to other regions, the
linkage of material flows with the production of imports and exports (their
‘ecological rucksacks’) have to be considered.

Based on data on the domestic and transnational material input of the
German economy an input—output methodology can be used to allocate the
different material flows to intermediate and final demand. In this manner, key
sectors for dematerialization can be addressed. For instance, the direct and
indirect material inputs of the industrial sectors that deliver goods to final
demand can be quantified. The dependence of the industrial sectors on
material-intensive supply can also be determined and material inputs can be
related to the main categories of private and public final consumption (e.g.
housing, nutrition, health, education). Preliminary results are presented, based
on monetary tables for Western Germany and on physical data of domestic
and transnational material flows.

Introduction

The environmental performance of human activities is largely determined by
the quantity and quality of the associated material flows. Huge amounts of
primary materials are taken from nature year by year, only a part of which is
used for economic purposes. Large quantities, such as the non-saleable pro-
duction of mining spoils, are released to the environment as waste. In addition,
many of those materials that have an economic use are short-lived within the

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 213-227.
© 1998 Kluwer Academic Publishers.
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technosphere. Their turnover between raw material extraction and final waste
management represents the current status of industrialized countries: the
‘throughput economy’ (Daly, 1992; Ayres and Simonis, 1994).

In order to proceed towards a sustainable development, the industrialized
world must progressively reduce its material and energy throughput (Schmidt-
Bleek, 1994; see also Meadows et al., 1992; Weterings and Opschoor, 1992).
The Factor-10-Club (1994) states that there is no fixed relationship or magic
between the total value of our economic activity and material throughput. We
should work towards halving our present global non-renewable material flows,
including minerals, freshwater and non-renewable energy carriers. To achieve
this, a political commitment to a ten-fold increase in the average resource
productivity of the presently industrialized countries would be a prerequisite
for meeting the goal of long-term global sustainability. As this strategy is
based on present conditions, increases in world population and further eco-
nomic expansion in the industrialized world would obviously require a factor
higher than 10.

Irrespective of the specific degree of dematerialization that will have to be
agreed upon by political institutions, there is a need for accounting instru-
ments to monitor the actual throughput of materials and energy on a national
level and to relate the major flows to the different actors on the market. This
applies especially to the sectors of industry, in order to indicate priorities for
measures towards dematerialization.

Statistical reporting increasingly accounts for material flows on a national
scale. The Wuppertal Institute has contributed to the development of an
overall material flow account of Germany, recently published by the Federal
Statistical Office as part of an integrated environmental and economic
accounting project (Bringezu, 1993; Schiitz and Bringezu, 1993; Federal Sta-
tistics Office, 1995).! One major objective of material flow accounting is the
indication of progress or regress with respect to environmental sustainability
(Bringezu et al., 1995). Interlinking economic activities with their environ-
mental pressures, material flow accounts are expected to contribute signifi-
cantly to international programmes of integrated environmental and economic
accounting (United Nations, 1993a).

The latest approach to physical accounting by the German Federal Sta-
tistical Office is described by Radermacher and Stahmer in Chapter 12. Com-
plementary to their presentation, this contribution focuses on the further
analysis and interpretation of material (including energy) flow accounts. The
presented results have also been part of a study on ‘Sustainable Germany’
which was recently issued in German (BuND, 1996).

Overall material flow account

Focusing on those material flows that are linked to economic activities, a
domestic overall material flow account of Germany has been established. It
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comprises the physical mass balance of the domestic extraction from the
environment, domestic deposition and release of residuals to the environment
imports and exports. The aims are to provide an overview of the physical basis
of the economy, combine information from different statistics (e.g. production
statistics and environmental statistics) into a coherent framework, establish a
structured information base that can be used to derive indicators for progress
towards sustainability and develop a physical satellite account that can be
used for integrated economic and environment reporting.

Table 1 shows that first, the throughput of water dominates the account.
This category should be treated separately, because the sum of all inputs and
outputs would only be meaningful in terms of water use. A distinction is made
between used and unused water input: the latter comprises drainable water,
e.g. groundwater from mining, or rainwater drainage, and amounts to nearly
one-third of the total input. Second, the domestic input of abiotic (non-renew-
able) raw materials exceeds the input of biotic (renewable) inputs by a factor of
about 50 (based on dry weight of the plant biomass from cultivation). Third,
most of the abiotic raw material input remains unused. This is mainly due to
the non-saleable products of coal mining which are dumped as they have no
economic value. Landfill and mine dumping (on the output side) exceed the
mass of all other wastes that are disposed of at controlled sites by over 10
times.”> The relation of the non-used input to the input of used raw material
indicates the ‘eco-efficiency’ of the corresponding extraction process (Bringezu
and Schiitz, 1995). This relationship can be monitored over time. For example,
from 1960 to 1990 the eco-efficiency of the domestic extraction of lignite
decreased. Finally, the input of biotic raw materials from cultivation is associ-
ated with an amount of erosion that exceeds even the dry weight of the raw
materials. The relationship between the biotic input from cultivation and the
associated erosion may also be monitored over time. Bringezu and Schiitz
(1995) showed that this relation decreased from 1980 to 1989 in Western
Germany. Obviously, renewable inputs cannot be regarded as ‘free’ with
respect to environmental pressure.

On the output side, it is interesting to see that the CO, emissions into air
amount to 1 billion tonnes. This is more than one-third of all waste disposal
(excluding incineration) and corresponds to about 13 tonnes per capita. Pesti-
cides have been included because of their special importance with respect to
their biocidal and metabolic disruption potential. Pesticides, nitrogen and
phosphorus emissions to surface waters are not weighted by quality aspects.
The amounts of release or dissipative use are accounted in order to lay the
basis for a comparison of orders of magnitude over time.

The balance of inputs and outputs (without water) is 0.8 billion tonnes. This
amount results mainly from the material that is added to the stock of infra-
structures, buildings etc., but also from material losses not yet considered (e.g.
other releases to surface waters); it also includes statistical errors. The order of
magnitude is in accordance with the approximation of Schiitz and Bringezu
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Table 1. Domestic overall material flow account for Germany, 1991.

Input (million t) Output (million t)
Abiotic raw materials 3993 Waste disposal (excluding incineration) 2891
used:  Materials* 829 Controlled waste deposition™® 222
Ores* 04 Landfill and mine dumping* 2669
Energy carriers* 366
unused: Non-saleable production* 2532 Soil 166
Excavation* 266 Erosion 129
Dissipative use of products*
Biotic raw materials 82 Fertilizers* 35
Plant biomass from cultivation 82 Mineral fertilizers* )
(dry weight)*
Fishing/hunting* 04 Organic fertilizers (dry weight)* 27
Sewage sludge (dry weight)* 0.8
Soil Compost (fresh weight)* 0.8
Erosion (anthropogenic) 129 Pesticides* 0.03
Air 1070 Emissions into air 1599
O, for combustion* 1014 CO% 1032
Production of O, and N, 38 NO%, S0%, CO* 20
O, for steel production 18 Others* 17
Water 530
Emissions into water 34
Dredge excavation into North Sea 34
N and P from sewage released to
surface waters 0.4
Total 5274 Total 4690
Imports* 433 Exports* 211
Total 5707 Total 4901
Balance: material added to 806
technosphere
Waste for utilization (stored) 64 Waste for utilization (stored) 64
Water 69,290 Waste water 69,290
used* 46,874 treated* 13,857
unused* 22,416 untreated*® 32,573
Water imports 02 Water losses and evaporation 5395
Water diversion 17,459
Water exports 8

* Categories documented by the Federal Statistical Office (German) (1995). Whereas official sta-
‘tistics record waste generation, in this table the actual deposition is documented. Official statistics
report fresh weight of plant biomass. These differences are marked by an asterisk.

(1993) of the additional stock of Western Germany in 1989 of 0.7 billion
tonnes which was derived from the production of durable materials.

Input and output (without water) are of the same order of magnitude. The
statistical difference (additional stock) represents only about 20% of the inputs
(from the environment and by imports). Input and output are mainly deter-
mined by throughput flows, which are released to the environment after a
short-term use. This applies for energy carriers, non-saleable production, exca-
vation, most of the biotic raw materials, erosion, air, and water. Storage flows,
which are used for long-term products and will be released on the output
side with a certain time lag, represent a minor quantity. Building minerals, a
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certain amount of the ores, and a part of the biotic input (e.g. wood) are
examples for such long-term products.

The major general information that can be derived from the overall material
flow account is the interlinkage of material inputs and material outputs of the
economy. Every material extracted from the environment will sooner or later
burden the environment also on the output side. Any pressure related to the
outputs (releases to the environment, wastes etc.) can only be diminished suc-
cessfully if the input of primary materials to the economy is reduced.

The national overall material flow account may be established at different
degrees of aggregation. A detailed picture is necessary to set priorities for
improvement measures. A medium aggregation (like that shown in Table 1)
may be used to provide an overview, monitor the major material flows with
respect to their interlinkages, and to derive the sub-indicators mentioned
above. An aggregation to less than five categories (abiotic raw materials, biotic
raw materials, soil, air, water) does not seem to provide meaningful informa-
tion in general. However, if the detailed picture is provided, it may also be
meaningful to provide higher aggregates, e.g. for the purpose of international
comparison. For instance, in Germany the domestic extraction of materials
from the environment amounts to 53 tonnes per capita (without water and air).

The value of information will rise tremendously if the overall account is
reported regularly for trend comparisons. Even more important than the
absolute amount (and the relation to other categories) is information on the
change over time. Such information is necessary for the planning and control
of effective measures to improve the environmental performance of the
economy. For instance, it is important to know the trend of the inputs of
non-renewables and rencwables, the pressures on cultivated soil (e.g. by
erosion), the consumption of air and water, as well as the trend of waste dis-
posal, dissipation of products, mineral extraction and emissions to air and
water.

Transnational material input

Figure 1 shows the domestic overall balance as a flow diagram (right side of
the broken line). In addition, those material flows are shown that are inter-
linked with the production of the imports on a cradle-to-border basis, i.c.
including their ecological rucksack (left side).® These data have been accounted
by conservative calculations based on available statistics. They represent
minimum values mainly including the non-saleable production and extraction
wastes of mining and the soil erosion by agriculture that burden the environ-
ment in the countries of origin (Bringezu and Schiitz, 1995).

The transnational extension of the domestic flow account is a necessary
prerequisite for the evaluation of progress towards sustainability. If the pos-
sible impacts by material flows, induced by the German economy, are to be
evaluated in a global context (and this seems indispensable with respect to
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sustainability), then the global material flows interlinked with German pro-
duction and consumption must also be accounted for. One result of the pre-
liminary account is that the transnational material flow has nearly the same
order of magnitude as the domestic extraction from the environment (without
water and air). Thus, the transnational material flows, interlinked with the
German economy and burdening the global environment, cannot be neglected
when monitoring the global impact of the national economy. This may pose
problems to national statistics which are usually confined to the national terri-
tory. However, in a world with global problems, national statistics need to
monitor the global pressure on the environment in terms of the global
material consumption of the domestic economy (as in the case of energy
consumption). Total material input as shown here may be included in a step-
wise extension of integrated economic and environmental accounting. The
additional effort for a sufficient approximation of these material flows is esti-
mated to amount to one person-year per country.

Total material input (TMI) comprises the national and transnational (i.e.
global) material extraction from the environment. It may be regarded as a
highly aggregated indicator that relates to the global environmental pressure
associated with the physical basis of an economy (Bringezu et al., 1995) and
may be related to other indicators, providing for example an indicator of the
material productivity of GDP (Bringezu et al., 1994). TMI does not reflect the
fact that the economy also exports products which are again connected with
certain material flows. Thus, one may be interested in the global total material
consumption (TMC) by considering also those cradle-to-border flows that are
associated with exports (Bringezu, 1993). Figure 2 shows the calculation of the
material input of the exports based on the assumption that there is no basic
difference in the ecological burden of products consumed within Germany and
exported products (latest results of Behrensmeier and Bringezu indicate that
the material productivity of the production of exports is 1.2 times less than the
material productivity for the domestic consumption based on relations to
GDP or labour).

Material input of industrial sectors

In order to support improvement measures, the overall picture of material
flows has to be related to the various actors. The most important actors are
those on the market. This section describes possibilities of relating the direct
and indirect material inputs of the German economy to the different sectors of
industry.

In order to determine priorities for dematerialization measures, the material
intensity of the German industry was analysed on the basis of preliminary
data (Behrensmeier and Bringezu, 1995a). Four questions were answered:

(a) Which branches extract material from the domestic environment directly?
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Figure 2. Domestic material input (MI) and imported and exported MI (Germany, 1991). Absol-
ute amounts of products plus estimation of interlinked upstream flows.

Total material consumption results from MI-intraregional plus MI import minus MI export.
Preliminary data representing all materials other than water and air.

(b) Which branches import material-intensive products (including the ecologi-
cal rucksacks)?

(c) What is the TMI associated with the goods that are delivered to the final
demand?

(d) Which branches are most dependent on a material-intensive supply (based
on current technology)?

Each of these questions leads to a different answer, providing a multi-faceted
picture of the material intensity of industries. The following refers only to
material inputs without water and air. In order to answer questions (c) and (d),
58 branches were analysed by input-output analyses. The results are docu-
mented on the basis of 23 aggregated sectors of the West German industries in
1900.

Domestic extraction of primary materials

Only five sectors are involved in direct extraction or harvest of domestic
primary materials (Figure 3, right side). The mining of fossil energy carriers is
associated with the highest volume of material movement, most of which is
represented by the non-saleable run of lignite mining. The input of the mineral
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mining sector is dominated by sand and gravel and other minerals for building
purposes. The input of biotic materials is far less than the input of abiotic
(non-renewable) resources. However, there is also a considerable amount of
erosion which is taken as a stand-in for the ecological rucksack of agricultural
biomass input. The mining of ores within Germany is rather negligible. Most
of the ores are imported (see below).

These sectors may be addressed as primary targets of dematerialization. The
measures and instruments to foster an eco-restructuring of these sectors are
discussed elsewhere (see e.g. Schmidt-Bleek, 1994).

Import of material-intensive products

The imports of products were related to data that allow a minimum estima-
tion of the material input from cradle to border. For instance, the import of
abiotic raw materials was related to the amount of non-saleable production in
the country of origin. The imports of semi-finished and final products were
related to the TMI of their main base material used for the production in
Germany (e.g. cars were related to the life-cycle-wide material input per tonne
of steel). Thus, the results have to be taken as preliminary.

The non-ferrous metal industry imports raw materials and semi-
manufactured products with the relative highest indirect material input
(Figure 3, left side). This is due to a high input of raw materials and its associ-
ated rucksack of non-saleable production. The latter is extremely high in some
cases, e.g. copper, platinum and gold. Iron and steel production and pro-
cessing also imports raw materials (mainly iron ore) with a large rucksack. The
sectors importing products with a large ecological rucksack play an important
role with respect to the needs for dematerialization. First, from an ecological
perspective it does not matter in which country the same material is taken
from nature. Second, as shown above, the TMI of the German economy via
imports is of the same order of magnitude as the domestic extraction of
primary materials. Thus, any statistical indication of progress towards dema-
terialization will only be sufficient, if the import of indirect material inputs is
considered. Otherwise, a shift of environmental burden may remain undis-
covered. This may be of importance if, for example, the domestic extraction of
primary materials were impeded by lowering existing subsidies. If the result
were a shift towards the import of raw materials or semi-products that are
associated with the same or even a bigger rucksack, then such a measure
would have a detrimental effect on the global environment.

Total material input of goods for final demand

In order to reflect inter-industry deliveries, an input-output calculation was
performed, using output coefficients based on monetary tables and data on the
physical inputs via domestic production and imports. In this first approach,
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the monetary relations of deliveries are assumed to reflect physical relations.
The method itself is designed to work on physical input-output tables which
have just been prepared by the German Federal Statistical Office together
with the Wuppertal Institute (see Radermacher and Stahmer, Ch. 12). Thus,
the data presented here are preliminary.

The estimation of the TMI of the German economy was related to the
goods that are delivered to final demand (Figure 4). Final demand, as defined
by input-output statistics, comprises private consumption, public consump-
tion, investment, exports and changes in inventories. The result of the calcu-
lation is dependent on whether the final demand is supplied directly. For
instance, ore mining does not deliver goods to the final demand; therefore, its
material inputs are related to other intermediate sectors that are supplied by
ore mining.

The construction industry delivers most material-intensive goods to final
demand. This is due to material-intensive modes of construction and the use of
base materials such as concrete with a big rucksack. The manufacturing of
metals, and the construction of vehicles, vessels and aeroplanes are also associ-
ated with a high material input of global origin. The energy sector is impor-
tant, although it serves primarily intermediate demand.

Looking for strategies towards dematerialization at the interface between
production and consumption, these sectors may be expected to be of special
importance. On the one hand, these industries are challenged to meet the final
demand in a dematerialized manner. On the other hand, the consumers of
those goods have a special opportunity to contribute to sustainability by
demanding dematerialized products and services.

Dependence on material-intensive supply

Intermediate sectors, which depend on the supply of semi-products and do not
directly deliver goods to final demand, may be affected by a dematerialization
of the economy. In order to identify the relative dependence of material-
intensive supplies, the above mentioned input-output calculation was
extended. The iterative procedure by which the domestic and the imported
material input was projected to the final demand was used to integrate the
calculated input of each sector on each step. High values are the combined
result of a high direct or indirect material input and a high consumption
within the sector (‘ Eigenverbrauch’).

Based on current technology, the relative dependence on a material-
intensive supply is greatest in the energy supply sector, the iron and steel
industry, and the construction sector. The energy sector has already been men-
tioned to be mainly responsible for high direct extraction of domestic primary
materials. The construction sector was found to be important, delivering the
most material-intensive goods to the final demand. The third grid of analyses
indicates the iron and steel industries to be important actors, too. These
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sectors are especially challenged to decrease the material intensity of their
supply.

The possibilities for eco-restructuring of those industries are currently being
studied at the Wuppertal Institute (see e.g. Liedtke et al., 1994; Hinterberger et
al., 1994). Guidelines and examples to improve eco-efficiency in business are
given by the Business Council for Sustainable Development (1995) and Weiz-
sacker et al. 1995). Thus, corresponding to the flow of materials, and with
respect to the options of the actors to influence them, key sectors of the
industries can be indicated where materials are extracted from the domestic
environment, products are imported, products are delivered to final demand,
and industries using current technology are dependent on a material-intensive
supply.

Material input of private and public demand

In order to support decision-making towards sustainability on the consumer
side, overall information on the environmental burden associated with the
main activities of private and public demand can be provided. The above-
mentioned input—output methodology was further developed by projecting the
TMI of the West German economy, used for domestic consumption, to the
final private and public demand. Because investments and the material flows
necessary to realize them may be regarded as a technical necessity to deliver
goods to the private or public sector, investments were treated like interme-
diate demand using monetary investment tables for Western Germany 1990.
The goods delivered to the private and public demand were related to main
fields of demand (housing, nutrition, clothing etc.), using the statistical classi-
fication of private use, as well as own classifications (Behrensmeier and
Bringezu, 1995b).

Housing is the most material-intensive demand (Figure 5). The building of
new houses and the repair and maintenance of old ones (including heating)
were all considered. The huge material input is mainly due to construction
materials (concrete, bricks, steel etc.) and the energy carriers consumed
together with flows of non-saleable production.

Nutrition is second in material intensity. This is mainly a consequence of
the material- and energy-intensive processing of feed and food. The material
and energy consumption of agriculture, the food industry and households,
used for processing and tramsport, is considerable. About one-third of the
material input for nutrition is associated with the consumption of meat and
milk and their products which are characterized by high specific material
inputs per unit of product. Some plant products like sugar also exhibit high
values of specific material inputs.

Leisure time is increasingly spent on material intensive activities. Most
important is the high mobility for travelling, especially during vacations.
Sporting and audio-video equipment is not only a high-expenditure item, but
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Material Input per capita (t], Western Germany 1990

Figure 5. Material input for main demands (without water and air).
Source: Behrensmeier and Bringezu, 1995b.

is also associated with high volumes of material flows. The same applies for
cars.

The results should not be interpreted as a call for less housing, nutrition,
education etc. Rather, consumers are given the information, enabling them to
look for other possibilities to meet their needs. Indeed, there are ways to
satisfy different demands by less material and energy input. However, current-
ly there is still a lack of information on the life-cycle-wide material and energy
input of products and services. It is a challenging task for statistical services to
provide consumers and producers with this kind of information (e.g. by an
information exchange on Low-MIPS service delivery).#

Conclusions

Environmental pressure associated with economic activities can be indicated
by a comprehensive overall material flow account of a national economy; such
an account is already part of the integrated environmental and economic
accounting programme of the official statistics in Germany. This account sup-
ports decision-making towards eco-restructuring and can be used to monitor
regularly the environmental performance of the economy. However, the eco-
logical rucksack of the international trade flows, interlinked with national pro-
duction and consumption, should not be neglected when indicating the
environmental pressure of national activities with respect to global sustainabil-
ity. Accounting for the physical basis of the economy is possible by consider-
ing the domestic extraction of primary materials, as well as a conservative
minimum calculation of transnational extraction, leading to an approximation
of the TMI of the economy.
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In order to reflect the interlinkages of environmental pressure and pro-
duction activities, the different material flows (domestic and foreign) can be
related to the various sectors of industry in order to indicate priorities for the
implementation of measures to improve sustainability (in terms of
dematerialization). Using input-output analysis, different questions may be
answered to provide a multidimensional picture. In order to provide analo-
gous information for consumers (and their associations), the different material
inputs of the economy can be related to private and public demand. Thus,
priority areas can be addressed where consumers can foster sustainable devel-
opment by satisfying their needs in a dematerialized manner.

Future work is intended to progressively use and analyse physical input-
output tables, thus substituting economic valuation of physical data in order
to better reflect interactions with the environment.

Notes

1. A first overview of the physical inputs and outputs of an economy was presented by Steuer
(1992) for Austria on the basis of available data.

2. There is not sufficient knowledge to assess the environmental harm potential as generally less
than that of all other wastes. For instance, the leaching of SO, due to the oxidization of
sulphides extracted from the underground by worldwide mining is estimated to equal the same
order of magnitude as the world-wide emission of SO, to the air due to the burning of fossil
fuels.

3. The ‘ecological rucksack’ of an imported product is defined as the ‘cradle-to-border’ material
input that is not incorporated in this or other products, thus representing wastes or emissions
to water and air.

4. MIPS is the Material Input Per Service Unit indicator developed by the Wuppertal Institute.
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Land use accounting — pressure indicators for economic
activities

WALTER RADERMACHER

Introduction

Environmental accounting in physical terms has been proposed as a means of
adequately treating interlinkages between the economy and nature. The con-
crete meaning of this approach is, however, not very precise and the applica-
tions are widespread. In particular it has to be decided which part of a driving
forces—pressures—state-response chain, can and should be represented by an
accounting framework. Based on that decision the accounting methodology
has to be specified. Last, but not least, the necessary basic data have to be
compiled.

A Task Force of the Conference of European Statisticians tested the feasi-
bility of physical environmental accounting in relation to a small number of
environmental phenomena, one of which was the change of land use and land
cover and the corresponding impacts on environmental quality. The Federal
Statistical Office of Germany participated in the land use accounting group.
Within the German Environmental-Economic Accounting programme,
methods of remote sensing, GIS and geo-statistics play a fundamental role.
This has to be seen in close relation to the work in the Task Force: the devel-
opment of an accounting framework for land use changes has to be directly
linked to the improvement of basic data. Starting from the CORINE Land
Cover database and a cluster analysis of abiotic parameters for the classi-
fication of land types, an ecological area sample is drawn that detects the
distribution of biotope types and allows a description of quality aspects of
landscapes and biotopes. The results of the sample survey are aggregated to
indicators that represent the structural changes in the state of environment.
These data are put into an accounting framework that deals with the inter-
linkages of economic activities, environmental pressures and changes in the
ecosystems. The highest priority in the near future will be given to the
accounting of driving forces and the related pressures.

What is the problem of land use ?
Historical trend in western Germany

A regression analysis of the growth of the economy and of settlement and

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 229-243.
© 1998 Kluwer Academic Publishers.
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traffic areas within a period of 33 years (1960-1993) shows a stable linear
correlation of those two developments (Figure 1). This does not mean that the
relative growth rates were identical (average growth rate of GDP in constant
prices: 3.0% per annum; average growth rate of settlement areas: 1.6% per
annum), but it indicates that in years of high economic growth settlement
growth rates were also high, and vice versa. This is not surprising, since it
corresponds to what we are used to hearing about the importance of construc-
tion industries and mobility (traffic) for the economy. The question is whether
this development is a threat to the environment. To obtain a first idea about
the time horizon in which such a kind of trend could produce substantially
higher scarcities of the available land area, one can extrapolate the regression
function:

S, = S1993 + b X GDP,g05(i'"**** — 1)

where S, = settlement area in year t, b = regression coefficient (0.823 ha/
million DM between 1960 and 1993), GDP, = gross domestic product of year
t in constant prices and i = annual economic growth rate (1.030 between 1960
and 1993). By setting S, equal to the total arca the residual time can be calcu-
lated which hypothetically remains until the entire country is covered by set-
tlement and traffic areas.

Table 1 shows the result of this extrapolation. The scenarios are evidently
dominated by the dynamics of the exponentiality of economic growth rates. A
‘business as usual’ scenario (i = 1.03; b = 0.82) shows that the limit of avail-
able space in the former territory of the Federal Republic of Germany would
be reached in 81 years. To tackle this scarcity problem two strategies can be

Figure 1. Regression analysis of economic and land use development 19601993, former territory
of the Federal Republic of Germany.
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Table 1. Scenarios for settlement growth potentials in the former territory of the Federal Repub-
lic of Germany

Assumed Residual time for growth of settlement / traffic areas (years)
economic Assumed regression coefficient (ha/ DM mn of economic growth)
growth rate p.a. 0.82 0.406 0.20 0.08
3% 81 104 127 157
2% 121 155 189 234
1% 241 308 376 466

followed: the ‘more efficiency’ strategy, which would loosen the link between
economic and settlement growth rates (b) and the ‘sufficiency’ strategy, which
would reduce economic growth rates (i). The calculations show that a strategy
which increases only the efficiency but keeps the level of economic dynamics
cannot improve the situation considerably. Even a reduction of area
‘consumption’ by factor 10 would only double the remaining time period. One
can argue, however, that this is the normal situation for any exhaustible
resource: the market price will dramatically increase and regulate the efficient
allocation of the scarce areas. Consequently, the fictive total loss of open space
(and the corresponding ecological problems) will never occur. Following this
argument, however, leads to the drawbacks for further economic development
and the social conflicts concerning the distribution of space. With reference to
Ehrlich’s, driving forces environmental pressures can be subdivided into popu-
lation dynamics, activities per capita (production, consumption) and environ-
mental pressures per activity unit. The first pressure factor can be excluded in
Germany because the level of domestic inhabitants was stable over the rele-
vant time interval. The economic activities, however, grew considerably (see
examples in Table 2).

These relatively clear trends illustrate the driving forces that stand behind
the dynamics of settlement growth: a fundamental change in social structures
(small households, higher requirements on dwelling conditions) and a rapid
increase of mobility. If these factors are directly linked to economic growth
(and particularly if they are preconditions for further growth) a spatial growth
limit imposes a significant burden on future development in industrialized
countries: distributional problems of the available dwellings can no longer be
solved by construction of additional houses, which, in addition to the social

Table 2. Selected trends for settlement and traffic, former territory of the Federal Republic of
Germany.

Unit 1960 1990
1960 = 100
Settlement / traffic areas m2 / inhabitant 335 481 144
Dwelling area m2 / inhabitant 23 36 157
Inland goods transport tkm / inhabitant 2562 4744 i85
Passenger traffic km / inhabitant 4576 11 445 250
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problems, implies automatically a deficiency in driving factors for economic
growth. Increasing mobility, at least in the space-consuming form of traffic,
will produce its own limits. Consequently, there is a need for change of the
way and the amount of further economic development.

Statistical reflection on the situation

An integration of these aspects into the frameworks of statistics and economic
accounting is necessary. The objective of statistical work in this field is three-
fold:

(a) changes of land use and cover have to be detected in a suitable way con-
cerning data quality (spatial distribution, periodicity, degree of detail, reli-
ability etc.);

(b) interlinkages with economic activities have to be quantified (sectoral
breakdown of trends);

(c) indicators of the environmental burden have to be constructed, which rep-
resent quantitative and qualitative changes of the state of environment.

These three aspects are elements of a general scheme of physical environ-
mental accounting. An application of this scheme to the special case of land
use accounting will be demonstrated below. It is a part of the final report
which was elaborated by a task force of the UN Economic Commission for
Europe (ECE) and submitted to the Conference of European Statisticians at
the plenary conference in June 1995 (Conference of European Statisticians,
1995).

The characteristic situation for land use is, however, that the data require-
ments of the accounting framework cannot be fulfilled with the available basic
statistics. In particular data which represent widespread geographical differ-
ences and their changes over time do not exist, at least for the time being.
Consequently, the design of a land use accounting framework must go hand in
hand with a statistical programme which tackles the problem of data gaps.
With regard to the very limited and decreasing financial capacities of sta-
tistical offices this seems to be the bottleneck for further improvements,
because the collection of high-quality land use data is extremely expensive.
Two questions arise immediately in this context: is it possible to use modern
techniques (remote sensing, GIS)?, and can statistics cooperate with external
institutions to lower the additional costs?

One specific subject field of the German Environmental-Economic
Accounting programme is exclusively oriented towards the solution of these
problems (Radermacher and Stahmer, 1994). Recent activities are the con-
struction of the geo-information system known as STABIS (Statistical Infor-
mation System on Land Use) and the national realization of CORINE Land
Cover (CLC). The European project CORINE Land Cover is a part of the
information programme and network of the European Environmental Agency
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in Copenhagen. CLC is defined on the European scale of spatial and substan-
tial resolution of data. Consequently, it does not provide sufficient information
on the national or regional scale. It can, nevertheless, be used as an area
census and as a basis for the design and implementation of complementary
sample surveys which are able to fill the data gaps in a cost-efficient manner.
The conceptual elaboration and test of an ecological sample frame for the
collection of indicators of the quality of the environment is on the way
(Schifer, 1995a).

In summary, although industrial societies in western Europe are faced with
a serious problem of spatial scarcities, the statistical frameworks do not reflect
the problem and cannot provide sufficient information for decision processes.
A first concept for a physical accounting framework has been developed and
tested in a pilot study. The next step will be the realization of the required
basic statistics. This, again, will create a need for a revision of the accounting
concept. The methodological questions of the accounting framework are con-
sidered below. The corresponding elaboration of a statistical land reporting
system is discussed by Radermacher (in press).

The UNECE project

The concept and preliminary remarks concerning the quality of data

The general methodology of the UNECE project consists of core accounts and
supplementary accounts. Each account is composed of three levels: the stocks,
the total flow or change in stocks during one period, and the disaggregation of
flows. Core accounts concentrate on the changes in land cover/land use, sup-
plementary accounts are issue-oriented. Because the discussion of issues
(representative examples) showed a wide range of potential applications, the
accounting framework has to assure a minimum of flexibility. The German
contribution to the UNECE group focused on the link between the develop-
ment of driving forces, the corresponding pressures and the calculation of indi-
cators for groups of environmental impacts by selection of the following subset
of issues (Figure 2):

e land use structure of economic sectors,

e partitioning of land (by transport networks),

e sealing of soils (by settlement areas),

e impacts on the artificiality/naturalness of landscape.

The pilot study conducted in the administrative district of Main-Taunus-
Kreis (close to Frankfurt) provided the opportunity to test the accounting
framework and to obtain a realistic impression of the availability of basic
statistical data. In general, the data situation is poor, and additional remote
sensing interpretations were required in order to fill the core accounts. Within
the group of supplementary accounts it was expected that a lot of information
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Partitioning of land:
Disparity index
Land cover:
Stocks and flows Sealing of soils:
————— Stocks and flows
Economic activities: Land use:
Flows Stocks and flows
Artificiality of land:
Stocks and flows
Supplementary account Core accounts Supplementary accounts

Figure 2. The general model of land cover/land use accounting.

would be available from the local level: this was not the case, mainly due to
administrative obstacles. For example, although the artificiality accounts
needed information on biotopes which was supposed to be available at the
communal administration of that region, it was not possible to obtain the data
during the working time of the pilot study. Even if it had worked it would not
have been a valid test for a national application, because of the lack of stan-
dardization of data at the local/regional level. As already mentioned, an
accounting framework for land use depends on the creation of new primary
data to a greater extent than other accounting systems. On the other hand the
systematic structure of an accounting framework can be used for the develop-
ment of cost-effective reporting systems.

The following examples are a small sample from the results of the pilot
study. They give only a weak impression of the entire information package
which is available for the study area. Primary output from GIS calculations
are maps. They are basic for statistical evaluations and the filling in of all
matrices and accounts which represent an important tool for the presentation
of complex information that is complementary to tables/accounts which can
sometimes be better understood by decision makers and the public.

Core accounts: land use/land cover

Available data

The accounts for land use and land cover describe the stock and the flow in a
selected district (Main-Taunus-Kreis) for the period 1952-1992. Two different
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Table 3. Main characteristics of the methods used for data collection

STABIS 25 STABIS 100
(CORINE Land Cover)
Source of information Aerial photographs satellite images
topographic maps topographic maps
Method visual interpretation Computer-aided visual interpretation
Mapping scale 1:25 000 1:100 000
Size of smallest unit 1 hectare 25 hectares
Number of land use / 70 44
land cover categories
Feature type areas areas
linear features (linear features wider than 100 m as
point features areas)

methods of data collection were used. Table 3 shows the characteristics of
both methods. STABIS 25 data relating to land use were collected for the
years 1952, 1972 and 1992. Using the STABIS 100 method data were collected
for 1984 and 1991. Since STABIS 25 contains more categories of land use, has
a larger mapping scale and a smaller minimum size per unit, the quality of
information of the STABIS 25 data is better than that of STABIS 100 data.
The CORINE Land Cover data set is more aggregated then the STABIS data
set. The mapping scale is smaller, the minimum size per unit is larger, and the
number of different categories of land use/land cover is smaller in the
CORINE Land Cover data set.

The linkage of STABIS 25 data with economic data is easier because of the
greater number of items in the nomenclature compared with CORINE Land
Cover. The presence of items of mixed use in the nomenclature of CORINE
Land Cover is also a disadvantage for linking the accounts. The data model of
CORINE Land Cover does not include linear features such as traffic networks
or small rivers. Therefore it is not possible to create accounts on partitioning
using CORINE Land Cover data. For these reasons it would be desirable to
use STABIS 25 data for land cover/land use accounting. For the time being,
however, only CORINE Land Cover data are available for the total area of
Germany due to budgetary restraints. A substantial improvement would be to
include linear features into a GIS system and to reduce the size of the
minimum mapping unit in CORINE Land Cover to 15 ha to cover smaller
features. Using the same source of information (satellite images) in CORINE
Land Cover would even permit enlarging the mapping scale to 1:50,000.

In the German statistical office the CORINE Land Cover data are used as a
sampling framework for collecting geo-referenced data on biotopes. With ref-
erence to the work in the UK (Barr et al, 1993) these data can be integ-
rated into an environmental accounting system to represent the state of
environment.

The separation of land use and land cover

Both STABIS 25 and STABIS 100 are mixtures of land use and land cover,
i.e. artificial areas defined by their use, whereas natural and semi-natural areas
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are primarily defined by their type of land cover. Since the distinction between
use and cover is one of the general questions that should be clarified by the
Task Force, a test was made within the pilot area: the STABIS 25 and
STABIS 100 data were separated into land use (for linkage with socio-
economic data) and land cover (for linkage with data on the state of
environment). Classifications for land cover and land use were, therefore,
developed in a way that both classifications can be used for the separation of
both STABIS 25 and STABIS 100 data (Table 4). In practice, however, such
separation did not appear to be useful because this involved a loss of informa-
tion. It was, therefore, decided to use the original STABIS 25 and STABIS 100
nomenclature to establish a link between land use/land cover and the supple-
mentary accounts. As a consequence, the distinction between land use and
land cover is dropped unless the corresponding data were collected indepen-
dently of each other. For international comparisons the ECE standard classi-
fication for land use (which is also a mixed concept) should be applied.

Results for stocks and flows; causes of land use change

Two different flow matrices showing the changes in land cover and land use
were derived from the data based on STABIS 25 (1953-1972 and 1972-1992)
and one flow matrix for the data collected with STABIS 100 (1984-1991).
Using these matrices it is possible to describe the flows of land use/land cover
and analyse the type and the dynamics of the changes. Results for land use
change derived from STABIS 100 were not sufficient. It was not possible to
judge whether the period 1984-1991 is generally too short or whether the test
area was too small to detect minor changes in settlement areas.

Based on the flow matrices for land use/land cover an attempt was made to
disaggregate the changes according to their potential cause — human impact or
natural development. Since there is no specific knowledge about the reason for
the change of individual surface units, standardized rules for the determination
of the causes have to be established (e.g. if a unit appears to be artificial at the
end of the period the change will be classified as human impact). The results
are integrated in the flow matrix for land use/land cover (Tables 5 and 6). The
majority of changes in land cover/land use in the test area is caused by human
impact. Changes in land use/land cover due to accidents were not integrated
because this requires additional knowledge about the individual surface units
which is not available in most cases. The disaggregation of causes based on
STABIS 100 data seemed to be more difficult than of those based on STABIS
25 data because the level of aggregation concerning the nomenclature is
greater.

Supplementary accounts

In order to analyse the structure and the extent of human impact on nature in
more detail supplementary accounts were combined with the core accounts on
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Table 6. Core account —land use stocks 1972/92 - flows (Main-Taunus-Kreis) (hectares).

Net flow
Stock due to due to Stock
Land Use (STABIS classification) initial state human natural final state
1972 activity processes 1992
(ha) (ha) (ha) (ha)
1 Built-up land 3893.8 1128.7 -4.7 5017.8
2 Quarries, pits, mines and land under
disposal facilities incl. dumps 305.9 -81.1 -107.3 116.7
3 Land used for traffic purposes 456.7 -80.2 0.0 376.7
4 Recreational land 289.6 204.5 -2.8 491.2
S Agricultural land 12 363.0 -1025.0 -80.4 11 257.7
6 Forests and other land under
frees and shrubs 7041.8 31.2 332 7106.3
7 Waters 171.3 32.9 0.0 203.9
8 Wetlands and arid land. Land
with sparse vegetation 0.0 0.0 89.0 89.0
9 Fallow land 2283 -210.2 73.1 91.2
Total Area (abs.) 24 750.5 4136.1 221.1 24 750.5
Total (%) 100.0 16.7 0.9 100.0
Area (ha) Area (%)
Total change 1972 - 1992 43572 100.0
Change due to human activity 4136.1 94.9
Change due to natural process 221.1 5.1

land use/land cover. The supplementary accounts can be divided into two
groups, one describing the demand for natural resources (land) by different
economic activities and the second describing the environmental impact of this
demand.

Economic activities

A matrix that crosses economic activities with land use was created which
shows the spatial demands of the different economic sectors (including private
households). It was created using a coefficient matrix that estimates the share
of each economic sector in land use. The coefficients are still rough and rather
subjective estimates to show the feasibility of the linkage between land use and
economic activities; but they have to be verified with statistical data at a
national level in a next step. This leads to the problem of multipurpose use of
land, e.g. a forest is used both for wood production and recreation. Methods
have to be developed to calculate the shares of the forestry industry and
private households in the land cover of ‘forest’. An additional class (not
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classified) was created to contain land use items that even by subjective esti-
mations could not be assigned to specific economic sectors during the pilot
study because of a lack of additional information, e.g. transportation by eco-
nomic branch.

Because of the problems of linking economic production and consumption
activities directly to land use, socio-economic indicators were selected to
describe the background of changes in land use/land cover. An attempt was
made to find statistical data for selected indicators such as population, human
settlements, economic development, employment, housing, transportation,
leisure and recreation. Linkage between socio-economic data and data on land
use is achieved by spatial aggregation of the data on land use/land cover.
However, the availability of statistical data is usually better at higher spatial
aggregation levels (national, Linder levels), whereas data on land use/land
cover are referenced to a geodetic system and have to be aggregated. Therefore
methods have to be developed that, on the one hand, aggregate geo-referenced
data in order to combine them with statistical data and, on the other hand,
disaggregate the combined data in order to show spatial distributions.

Flow matrices for land use of economic activities for the periods 1953/72
and 1972/92 were calculated (on the assumption of constant land use coeffi-
cients per economic branch). The matrices show the changes in land use of
economic activities derived from the core accounts on land use. As different
economic activities can take place on one surface unit the flow matrices could
only be calculated making assumptions on the surface distribution of the refer-
enced units.

Partitioning of land

The traffic network in Germany is very dense and the impact of traffic on the
environment is manifold. One effect is to divide habitats, creating small islands
in which species are isolated. This effect was described by calculating a dis-
parity index for the potential effects of partitioning by the traffic network. This
was done by comparing two size distributions: the first shows the distribution
of sizes of the surface units before a specific traffic network was built, while the
second shows the distribution with the traffic lines existing. The index mea-
sures the disparity between the two distributions (Table 7). The methodologi-
cal backgrounds of the approach are the Lorenz curve and the Gini Index,
both of which are well-known in economic statistics as measures of relative
concentration (disparitics). Only the surface units divided by roads and rail-
ways were considered. The surface units were derived from the STABIS 25
data on land use by combining all non-built-up areas (open land) with the
exception of water surfaces and classifying the units according to their size. By
comparing the distribution of the areas with the traffic networks for different
times it was possible to calculate a flow coefficient for this index (Table 7). The
work on this theme showed that the index is highly dependent on the sizes
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Table 7. Supplementary matrix — size distribution of open areas with traffic networks for differ-
ent years (1953/1972; Main-Taunus-Kreis).

With traffic network 1953 With traffic network 1972
class [ha] | Freq. area [ha] area [%] area class [ha] Freq. | area[ha] | area [%] area
cumn.[%] cum.[%]
0 0 0.00 0.00 0.00 0 0 0.00 0,00 0,00
<10 24 s281] 037 037 <10 ;1] 289,10 143 143
10-<20 8 114.94 0.51 0.88 10-<20 13 198.50 0.98 241
20-<50 16 531.38 2.36 3.23 20-<50 24 816.40 4.03 6.44
50-<100 19 1439.58 6.39 9.62 50-<100 18] 1319.90 6.52 12,96
100-<200 13 2015.22 8.94 18.56 100-<200 16| 2236.70 11.04 24.00
200-<500 22| 7508.29 33.31 51.87|] 200-<500 23] 7534.60 37.20 61.20
500-<1000 8 5498.89 24.39 76.26{ | 500-<1000 6 4063.20 20.06 81.26
1000-<2000 4 5351.76 23.74 100.00{ ] 1000-<2000 31 3794.60 18.74 100.00
2000-<5000 0 0.00 0.00 100.00{ | 2000-<5000 [\l 0.00 0.00 100.00
5000-10000 0 0.00 0.00 100.00} | 5000-10000 0 0.00 0.00 100.00
>10000 0 0.00 0.00 100.00 >10000 0 0.00 0.00 100.00
114 [22542.87 234 [20253.00

Index:
10.9 %

used for the classification. Since only relative distributions are compared the
absolute sizes of the surface units have also to be considered for interpretation
of the changes.

Soil sealing, vegetation index

With the growth of built-up and traffic areas in recent decades the size of
sealed surfaces (isolation of the soil from the atmosphere, hydrosphere and
biosphere by human impact) has also increased. The isolation of the soil inac-
tivates its natural functions as a filter and buffer and has negative effects on
the water balance, local climate and flora and fauna. The climatic effects of soil
sealing are higher average temperatures, a decrease of air humidity and a
decreased exchange of air in the cities.

To describe the issue of soil sealing a vegetation index was derived from the
satellite images that were used for the STABIS 100 interpretation. Analysis of
the data showed that the index was useful for describing characteristics of the
typical patterns of urban land use. The index was, however, too variable to
describe temporal changes. This was mainly due to seasonal changes between
the times the satellite images were taken. Another reason could be that the
changes in land cover are too small to derive significant figures.

Artificiality of land cover

Artificiality of land cover is a measure for the extent of human impact on land
cover and for changes in the composition of the vegetation caused by human
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impact. Human impact means all direct activities and indirect effects that can
be referred to as ‘civilization’ or ‘civilization effects’; artificiality of land cover,
therefore, includes all direct and indirect human effects on ecosystems. Civi-
lization has effects on the habitat, the species and the biotopes, the intensity of
which can be classified into seven categories. The methods to assess the inten-
sity by human impact can be divided into three groups:

(a) the individual assessment of biotopes or species;

(b) the description of groups of species according to their special history of
immigration or their way of living; this procedure however is controver-
sial;

(c) the typical combination of species in a specific habitat which can be related
to categories of artificiality of land cover.

The last method appears to be suitable as a basis for a statistical approach,
although the results are restricted by several objections: first, the method does
not consider the historical development of landscape; second, it is difficult to
date the beginning of human impact; third, diffuse inputs are not recorded;
and, finally, the categories of artificiality do not allow any statements on the
occurrence of local species. Nevertheless, artificiality of land cover is a practi-
cal method to assess the extent of environmental pressures caused by changes
in land use and land cover. During the pilot study the application of this
method was prevented due to administrative problems. For this reason the
concrete realization of the accounting framework for this issue has to wait
until the ecological data from the area sample surveys become available.

Conclusions

The aim of the pilot study was to assess the feasibility of an accounting scheme
on environmental statistics with physical units. This was achieved by estab-
lishing an accounting system on land use and land cover. Introducing a Geo-
graphic Information System (GIS), a new method for calculating the balances
of land use and the analysis of the changes was used. With a GIS it was
possible to fill in the core accounts.

Looking at the results of the pilot study it seems to be possible to establish
an accounting system with physical parameters using georeferenced data on
land use/land cover. There are several advantages of an accounting system.
The accounting scheme allows highly aggregated information to be produced
on different environmental issues. Moreover it allows quantitative analysis and
determination of relationships and dependencies between different environ-
mental issues. In the pilot study a framework of core and supplementary
accounts and matrices was set up from which it was possible to derive aggre-
gated indicators for the related core and supplementary accounts.

What lessons could been learned in the UNECE group for the setting of
priorities and the planning of subsequent steps? In general, the advantages and
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shortcomings of an accounting approach are clearer after the pilot study:
accounting is not a magic wand that brings light into the darkness of cause-
effect chains. Its system and elements can, however, help to aggregate and
structure data. Furthermore, it can be used to link accounts following business
accounting principles (which is quite different from cause—effect relations in the
sense of natural sciences). Finally, one of the advantages of an accounting
approach is the opportunity to check data consistency. An essential result of
the German experience is that following the same approach for land use/cover
as for material/energy flows seems to be suitable in the sense that a sectoral
breakdown of land use changes can be linked to economic activities and can
give a first approximation for specific pressure indicators.

After carrying out the project it is obvious, however, that the statistical
linkage of the economic activities with accounts on the state of environment
through the core accounts of land use/land cover is still unsatisfactory at the
conceptual and at the data level and requires further investigation. Hence, this
is the next step to be taken in the German work plan. Also on the list for
future work is the linkage of issue indicators with economic activities (for
example, the contribution of economic sectors to soil sealing). Finally, it will
be determined whether indicators of landscape changes caused by agriculture
changes (like in the UK contribution to the group) can be integrated. In con-
nection with these tasks the main objective for the next years will be the
improvement of the underlying database.
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Linking land cover, intensity of use and botanical
diversity in an accounting framework in the UK

ANDREW STOTT AND ROY HAINES-YOUNG

Environmental accounts have been constructed for rural land cover change in
Great Britain. The accounting framework was developed with the UN Eco-
nomic Commission for Europe (ECE) Task Force on Physical Environmental
Accounting. The accounts show the opening and closing stocks of rural land
cover and the flows between land cover types in units of area (hectares) over a
six year period, 1984-1990. A typology of the flows of land cover is developed
which relates to the intensity of agricultural land use, forestry and built devel-
opment. In addition to these major changes from one cover type to another,
the more gradual changes in botanical diversity within a cover type over a
longer time period, 1978-1990, are presented. Uses of the accounting frame-
work within the context of policies for sustainable development and conserva-
tion of biodiversity are discussed.

Policy context and background

The UK Department of the Environment (DOE) sponsors research to inform
current and future Government decisions, to guide the execution of policy, to
monitor the achievement of policy goals, and to stimulate and promote inno-
vation and spread best practice. The 1990 Environment White Paper
(Department of the Environment, UK, 1990) and the 1995 Rural White Paper
(Department of the Environment, UK, 1995) both underlined the UK Govern-
ment’s commitment to basing policies on the best available information, to
environmental monitoring and to making presentations of environmental data
more coherent and comprehensive. At the Earth Summit in Rio de Janeiro in
July 1992 the UK Government became a party to the Convention on Bio-
logical Diversity. The Convention has important implications for national
research because it requires contracting parties, among other things: to iden-
tify, and monitor through sampling and other techniques, the components of
biological diversity; to identify activities which have a significant adverse
impact on biodiversity and monitor their effects; and to maintain and organize
data about these activities. In January 1994, the Government published spe-
cific commitments to draw up a set of costed targets for biodiversity, to

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 245-260.
© 1998 Kluwer Academic Publishers.
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improve the accessibility and co-ordination of existing biological data sets and
to develop a set of key indicators of sustainable development (Department of
the Environment, UK, 1994a; 1994b).

The DOE aims to improve the information available to policy makers.
Better integrated and more efficient frameworks for data collection and pres-
entation are required, including the use of environmental indicators, per-
formance measures, targets and environmental accounts. The longer term aim
is to develop fully integrated national systems of economic and environmental
accounting which clearly express the environmental impacts of economic
activity (Department of the Environment, UK, 1994b). A first step in this
direction is to explore existing data sources and work with international
bodies to resolve outstanding methodological issues.

Rural land cover change is a key environmental parameter in the context of
policies relating to agriculture, forestry, control of development, biodiversity
and quality of life. Changes in land cover reflect the shifting balance of com-
peting demands on the finite land resources of the nation. Whilst these
resources (measured by area) are not generally ‘used up’ by human activities,
they may be changed irreversibly, changed in such a way as to limit the
choices of future generations, or changed in value. The degree of reversibility
of a land cover change can be related to the type and intensity of use. The
more intensive the use the less easy it is to reverse. The stock and change of
land cover is thus a fundamental indicator of sustainable development and
biodiversity.

In 1993 the UK joined the UNECE Task Force on Environmental
Accounting and commissioned the University of Nottingham to develop and
demonstrate the applications of physical accounts for land cover and bio-
diversity. The accounts were based on the data obtained from the series of
national ‘countryside surveys’. The results of this work have been published in
the report to the Conference of European Statisticians (1995) and in the final
contract report to DOE (Haines-Young et al., 1996).

Data resources

The accounts are based on the results of Countryside Survey 1990 (CS1990)
(Barr et al., 1993). CS1990 includes a complete census of land cover in Great
Britain, derived from the analysis of remotely sensed satellite data, and
detailed land cover and associated ecological information collected by a
sample-based field survey. The sample data can be related to two earlier
surveys in 1978 and 1984. These data allow the extent of change in land cover
and botanical diversity to be described. The survey data also permit the
changes in plant species to be examined and related to changing management
intensity.

The methods of data collection and analysis are significant for the account-
ing framework. Four aspects are of particular importance:
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(a) The field survey component of CS1990 uses a sample of the 1 x 1 km
square cells of the Ordnance Survey National Grid. The squares were
selected using a stratified random sampling design derived from the ITE
Land Classification. Each 1 km square cell of the national grid is assigned
to one of a set of 32 ‘land classes’ determined by a multivariate classi-
fication (TWINSPAN) of environmental parameters. Altogether 508
squares were sampled in the field in 1990. Of these squares, 381 had been
surveyed previously in 1984 and 256 in 1978. Detailed ecological informa-
tion was obtained from five permanent vegetation plots (200 m* quadrats)
located randomly in each square. A total of 2500 such plots were surveyed
in 1990, of which 1200 had been recorded previously in 1978. Mean area
estimates for land cover are calculated for each land class strata and the
totals for Great Britain are weighted by the extent of each land class. The
data presented are estimates and have associated sampling errors.

{(b) A further limitation of the CS1990 field survey data is that they only relate
to rural areas of Great Britain (GB). Squares with more than 75% devel-
oped land (urban areas) were excluded from the sample. Although North-
ern Ireland has been covered by a similar survey (Cooper and Murray,
1992), the results have not been integrated to produce a complete UK data
set.

{(c) The random sampling approach adopted provides a good representation
of land cover types and habitats which occur commonly in rural areas.
Other rare or locally concentrated features (such as coastal sand dunes) are
not well represented. Thus, the data for botanical diversity reflect the
wider, predominantly agricuitural countryside rather than sites of particu-
lar importance for nature conservation.

(d) Although the analysis of the remotely sensed data provides a complete
census type survey without sampling error other errors are associated with
image classification. The degree of correspondence between the satellite
and field survey data varies from 80%, for the more distinctive cover types,
to 30% for those which are less easy to characterize (Wyatt et al., 1994).
The remotely sensed data are only classified into 17 broad land cover cate-
gories and are currently only available for 1990; they have not been used
in the accounts.

Land cover and land use comparisons

For the purpose of international comparisons it is important that the UK data
can be presented in standard classifications of land cover and land use such as
CORINE and UNECE. Some preliminary work on the comparison of defini-
tions used in the UK has been completed (Wyatt et al., 1994) and, using this
approach, the UK data on land cover stock have been converted to the inter-
national frameworks of CORINE and UNECE (see Table 1 for the latter).
However, a comparison of definitions is only a starting point, and quantitative
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inter-calibrations between survey data are required to convert data between
systems with some degree of confidence. For example, a pilot study to convert
the remotely sensed data for Great Britain to the standard CORINE land
cover map has shown that the different spatial resolution of the classifications
resulted in a loss of information, as land cover parcels below the minimum
mappable unit were aggregated in mosaics with other cover types (Fuller and
Groom, 1994).

Major practical problems include the different survey approaches required
for collecting data on land cover and land use, the common occurrence of
multiple land uses, and the widespread use of hybrid classifications (Dunn and
Harrison, 1995). In this study changes in the type and intensity of use were not
directly measured but were inferred from the characteristics of the land cover
transformations and botanical changes.

Land cover accounts and intensity of use

The basic land cover account for GB has limited applications. It does not
show the transformation of one cover type to another, it gives no indication of
the process of change, it presents only net change within categories and pro-
vides no information on relative values. Following the approach agreed by the
UNECE Task Force (Conference of European Statisticians, 1995) aggregated
flow accounts were constructed by assigning the various types of land cover
transformation to different categories of change of use. The categories of
change of use were:

(a) intensification — a flow which represents the transition of a land cover type
associated with low intensity use to a higher intensity use (e.g. semi-natural
cover type to arable cover);

(b) extensification — a flow which represents the transition of a land cover type
associated with high intensity use to a lower intensity use (e.g. improved
grassland cover type to semi-natural cover type);

(c) afforestation — a flow which represents the planting or natural regeneration
of trees;

(d) deforestation — a flow involving the clearance of trees;

(¢) development — a flow involving the transformation of open land to urban,
industrial or transport uses; and

(f) reclamation — a flow involving the creation of open land from areas pre-
viously developed (e.g. the reclamation of mineral workings).

In addition, there are transformations between cover types which remain
within the same major categories, which do not involve a change of use. These
flows include crop rotations, grassland rotations, semi-natural changes (e.g.
succession), woodland rotation (e.g. conversion of broadleaf to conifer
plantation), and redevelopment (e.g. conversion of industrial to residential
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cover type). An example of the account is presented for woodland land cover
types in Table 2. The account shows the opening and closing balance, in terms
of the 1984 and 1990 stock, of four woodland cover types: coniferous wood-
land, mixed woodland, broadleaved woodland, and scrub. The units of
accounting are hectares. In the case of coniferous woodland (in the first row)
the estimated stock increased from 1,250,000 ha to 1,316,000 ha, a net increase
of 66,000 ha or 5.4%. The columns between the opening and closing balances
show the flows to and from other cover types. Thus, the ‘afforestation’ column
shows the estimated amount of tilled land, grassland or semi-natural land
cover which was converted to coniferous woodland in this period, in this case
107,000 ha. This gain in woodland was counter-balanced by the felling of
41,000 ha. A small amount of coniferous woodland was gained
by conversion from other woodland types, and a small amount was lost to
development.

The two right-hand columns show the gross loss of the cover type in hec-
tares and as a percentage of the 1984 stock. Thus, for broadleaved woodland,
an estimated 67,000 ha or 7.5% of the original stock was lost, despite a small
overall net increase of 27,000 ha of broadleaved woodland. The presentation of
this account has some important policy implications. Current forestry policy
in the UK aims to increase the extent of broadleaved woodland and conserve
existing arecas of ancient woodland. These results show that in the period 1984
to 1990 as much broadleaved woodland was ‘lost’ (i.e. converted to other cover
types) as was gained. It is generally argued that, in terms of biodiversity, losses
of older established broadieaved woodland, especially ancient semi-natural
woodland, will not be immediately compensated for by gains as a result of new
planting. However, we do not know from the land cover data whether this was
in fact the case.

Table 2 also presents information about the standard error of the estimate
of the net change. This can be used to give an indication of the variability of
the change in the sample. However, because the data are not normally distrib-
uted it does not provide a good measure of accuracy (Barr et al, 1993).
Changes in land cover, for example afforestation, are highly variable within
the sample; a few sample squares recorded substantial coniferous afforestation
and many squares recorded none.

The account for selected semi-natural land cover types is shown in Table 3.
For many categories there were only small net changes and, as reported in
Barr et al. (1993), this gives the impression that historical rates of loss of these
habitats had been curbed. However, the accounts show large transfers into and
out of, and between, the semi-natural categories such that generally between a
tenth and quarter of the area in each type was lost in the period 1984-90. This
may have important implications for biodiversity because habitats which are
ancient or long established often have a greater value for wildlife than recently
created habitats. Thus, whilst the overall extent of a cover type or habitat may
be stable, its quality may be diminished.
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Table 1. Rural land cover stock in Great Britain, 1984 and 1990.
Data transformed to UNECE Statistical Classification of Land Use
(Source: Haines-Young et al., in press; Wyatt et al., 1994).

CS1990 UNECE LAND USE CATEGORY 1984 STOCK 1990 STOCK
CODE CODE (‘00 sg km) (‘00 sg km)
1-17 1.1 Arable land 508 487
19 1.2 Land under permanent grass 8 6
21-26 1.3 Land under permanent meadows and 602 588
pastures
53 1.4 Other agricultural land 15 15
18 1.5 Fallow agricultural land 8 26
37,41 2.1 Land under coniferous forest 127 136
39 2.2 Land under non-coniferous forest 89 91
38 2.3 Land under mixed forest 20 22
40 2.4 Other wooded land 10 9
54 3.1 Residential land 65 71
55,57 3.2 Industrial land 31 34
58 3.3 Quarries, mines etc 1 3
51,562 3.7 Land used for fransport 49 49
56,20 3.9 Recreational land 36 36
35,36 4.1 Mires 204 202
45,47 4.3 Other wet open land 32 34
32-34 5.1 Heathlond 122 125
27,29.30 5.3 Montane grassiand 189 181
28,31,50 5.4 Other dry open land 66 68
42,49 6.1 Bare rocks 7 7
48 6.2 Sand beaches, dunes etc 2 2
46 6.3 Other unvegetated land 13 13
43,44 7.1 Inland waters 36 36
TOTAL 2240 2241

The classification of changes in use assists the interpretation of the processes
of land cover change. For example, the 7% net loss of ‘drier northern bog’ was
nearly all attributable to afforestation and the 11% net loss of ‘dense bracken’
was mostly associated with changes to other semi-natural cover types, such as
heathland. Similar accounts have been constructed for tilled land, managed
grassland and built-up land (Haines-Young, 1996) but these are not presented
here for reasons of space.

To summarize, three key points arise from this presentation of the land
cover accounts:
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(a) Changes in land cover can, at a generalized level, be used to infer changes
in land use. The identification of types of transformation is informative in a
policy context.

(b) The reporting of net change on its own will tend to underestimate the
amount of land cover change over a survey period. This highlights the
issues of compensation — how far the gain of new stock compensates for
the loss of established stock in terms of biodiversity, and reversibility —
how easy (or expensive) it is to reverse a given change.

(c) Measurement of change in extent of land cover types only gives a partial
picture of the full impact of human activity on the environment. From a
policy perspective it is not only the change in area which is important but
the change in quality or value (however measured). It will also be essential
to know whether the parcels which remained stable in terms of land cover
are as ecologically valuable at the end of the survey period as at the begin-
ning.

Biotope accounts

To address the issue of change in quality the accounts have been extended to
include botanical data from vegetation quadrats surveyed in 1978 and 1990.
The data provide a measurement of botanical diversity in a stratified random
sample of rural land in Great Britain. These are called the ‘biotope accounts’.
The term ‘biotope’ is used to describe the smallest land unit which is ‘still a
holistic unit’ defined in terms of a characteristic assemblage of species (Haines-
Young, 1996). In CS1990 biotopes were formed by grouping vegetation plot
data using a multivariate classification technique, TWINSPAN. Originally, 29
vegetation classes were derived (Barr et al., 1993) but for ease of presentation
these have been aggregated into six major biotope groups: arable fields;
lowland improved grassland; lowland semi-improved grassland; woodland;
upland grass mosaic; and moorland. The approximate area of these biotopes
in Great Britain is shown in Figure 1. The statistical algorithm used to classify
the biotope units ordered them on an approximate gradient which can be
interpreted as a gradient of management intensity or nutrient status (see
below). At one end of the gradient the vegetation is associated with intensively
managed, high nutrient status arable land, and at the other end the vegetation
is typical of extensively managed, low nutrient status moorland and bog.

The biotope groups recorded in 1990 are distributed amongst the 58 land
cover types also recorded in 1990. The units in these tabulations are numbers
of plots which, because they are obtained from a random sample, are approx-
imately proportional to the area of rural land. There is a strong relationship
between the biotope groups and the cover types in which they occur, and these
data show the botanical composition of the different cover types. For example,
about half the plots in the coniferous woodland cover type have botanical
characteristics of woodland biotopes, a quarter have affinities with the upland
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Figure 1. Estimated areca of Great Britian with vegetation in each of the main biotope groups in
1978 and 1990 (million hectares).

grass mosaic biotopes and another quarter have affinities with moorland bio-
topes. These tabulations can be used to assist in the interpretation of the eco-
logical impacts of land use change. Thus, intensification of agricultural use,
characterized by the replacement of ‘non-agriculturally improved grass’ cover
with ‘pure rye-grass’, would be associated with a change in the biotope com-
position from lowland semi-improved grassland to lowland improved grass-
land, with a loss of species diversity and a shift up the intensity gradient. These
data also show that, because of the random sampling procedures used, some of
the less common cover types (e.g. sand dunes) are not adequately represented
in the vegetation data set.

The next step in the development of the biotope accounts was to construct a
change account using the data from 1978 and 1990. Table 4 has a similar
structure to the land cover accounts (Table 2) and shows the net change in the
numbers of plots in each biotope group and the flows between the groups. For
example, the number of woodland biotope plots increased by one-third. Most
of these plots were gained from the upland grass and lowland semi-improved
grass biotope groups. Despite this substantial net increase in woodland plots,
10% of the original woodland plots in 1978 had changed to grassland bio-
topes. Overall 72% of all plots did not change between the major biotope



Table 4. Biotope change account 1978-90: net change in the number of plots in each biotope group and flows between groups (number of plots)
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groups between 1978 and 1990 and could be considered relatively stable in
botanical characteristics at this crude level of analysis.

Another, more sensitive, way of measuring the change in botanical quality
involves the calculation of an index of intensity of management. This index is
produced by the technique of detrended correspondence analysis (Barr et al.,
1993). The analysis produces an ordination (ordering) of the vegetation plots
according to their ‘decorana’ scores. This ordination, or gradient, is associated
with management intensity and nutrient status. Thus, a vegetation plot rep-
resenting an intensively farmed arable field has a high decorana score and a
plot from a moorland bog has a low decorana score. Plots within each of the
biotope groups can also be ordered on this gradient. The decorana score for
each plot has been calculated for 1978 and 1990.

Changes in the average decorana scores for each of the biotope groups are
shown in Table 5. For all plots in Great Britain, the average decorana score
increased from 430 to 442 between 1978 and 1990; this represents a slight
movement up the intensity gradient. The largest increase in decorana score
occurred in the arable biotope.

There are two components to the changes in decorana score recorded:
changes which occurred in plots which remained within the same biotope
group (‘core plots’), probably as a result of changes in intensity of manage-
ment, and those which occurred in plots which moved between biotope
groups, probably as a result of a major land use change.

In arable fields, for example, the decorana score in the core plots increased
from 687 to 720, suggesting increased intensification within the biotope. This
was associated with a reduction in the number and variety of arable fields.
New arable field plots which were recruited from other biotopes had by 1990 a
decorana score of 699, lower (i.e. less intensive) than the core plots. At the
opposite extreme in moorland, the decorana score in the core plots increased
slightly from 147 to 156. New moorland plots which were recruited had by
1990 a decorana score of 211, higher (i.e. more intensive) than the core plots.
The woodland biotope recorded the largest overall decrease in decorana score.
The core plots were virtually unchanged, and the overall decrease was a result
of the loss of plots with a higher score (i.e. conversion of more productive
woodland to another use) and recruitment of plots with a lower score (i.c.
afforestation of less productive upland grass or moorland).

Although the decorana score is a useful way of organizing the vegetation
data in relation to intensity of management it cannot be simply related to the
botanical diversity or conservation value of the biotope. Each biotope group
will have examples of habitats of particular importance for biodiversity. An
alternative and more ecasily understood measure of biodiversity is the mean
number of plant species per plot. For the six biotope groups, mean species
number per plot in 1990 varied from 3.8 in arable fields to 22.4 for upland
grass mosaics (Figure 2). Changes in mean species number in paired plots
between 1978 and 1990 have also been calculated (Barr et al., 1993; Haines-
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Figure 2. A simple measure of botanical diversity, the mean number of species in each of the
main biotope groups for all plots surveyed in 1990, weighted by area.

Young, 1996). These show significant losses of botanical diversity within some
biotopes. For example, mean species number in plots which remained within
the woodland biotope fell from 15.5 to 12.4 between 1978 and 1990, which
represents a 20% loss of botanical diversity in 12 years. Further work is in
progress to derive improved measures of changes in the biodiversity of vegeta-
tion.

The biotope accounts show that important ecological changes occurred in
those land parcels which had not apparently experienced a change in land
cover. There was, for example, evidence of increased intensification and
reduced diversity within the arable fields and lowland semi-improved grass-
land biotopes. The results show the importance of detailed ecological informa-
tion to support the interpretation of land cover accounts for policy
applications.

Zonal accounts

The accounts and data so far presented relate to all rural land in Great
Britain. The sampling frame used in CS1990 allows the disaggregation of the
accounts into four major environmental zones or ‘landscape types’: arable
lowlands; pastural lowlands; marginal uplands and true uplands. Each of
these zones has distinctive environmental characteristics, land cover composi-
tion and associated land use (Barr et al., 1993). Presentation of the zonal land
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cover accounts demonstrate different rates and trends in land cover change.
Nationally, for example, there was a slight net increase in broadleaved wood-
land between 1984 and 1990. The zonal accounts show that this increase
occurred mostly in the arable lowland zone, where woodland cover increased
by 10%. In contrast, there was a small net loss of woodland in the pastural
lowlands. Government policies aim to increase the area of broadleaved wood-
land nationally and to protect existing woodland of special nature conserva-
tion value. These policies appear to have been more effective in arable than in
pastural lowland areas.

In general, the zonal accounts demonstrate that at different scales of
resolution the accounts may lead to different interpretations. National
accounts may obscure important aspects of ecological and environmental
change which are occurring at a sub-national level.

Summary and discussion

Information about land cover and the way it changes over time is a vital
ingredient in environmental decision making. This presentation has examined
how environmental accounting can be used in the analysis and presentation of
such data, in order to help with the tasks of policy development and appraisal
in relation to issues of sustainable development and the conservation of bio-
diversity. It draws upon the data resources of CS1990 and refers to work
undertaken as part of the UK contribution to the UNECE Task Force on
Environmental Accounting.

This chapter has shown that a set of land cover accounts can be presented
which classify, in general terms, the types of changes in intensity of use
observed over the period 1984-90. The accounts showed that the analysis of
net changes in land cover was often misleading. While many ecologically
valued cover types, such as broadleaved woodland, showed an increase in
area, elements of the original, and perhaps more diverse, stock were lost. Thus,
it is recommended that in future reports on countryside change both net and
gross change in land cover should be presented. The classification of trans-
formations of land cover into change of use categories provides a simplified
comprehensive summary of the dynamics of land.

Quantitative analysis of land cover change only gives a partial picture of
impacts on environmental quality. It is recommended that quantitative data
are set alongside the analysis of qualitative changes in ecological character-
istics. A statistical classification technique was used to define a set of objective
‘biotope’ groups, which represent the major patterns of botanical variation
found in the wider countryside. Two indices of biodiversity, the intensity
gradient and the mean species number, were used to present qualitative
changes in vegetation. These indices have shown that at the national level
some ‘biotopes’ experienced a decline in species diversity and a trend towards
vegetation more characteristic of intensive management in the period 1978-90.
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Disaggregation of the data into zonal accounts demonstrated that different
zones or ‘landscape types’ showed quite different trends which are not evident
in the national accounts. Disaggregation into other policy relevant units, such
as designated areas, would be useful but cannot be achieved with existing data.
In particular, the CS1990 data do not provide adequate information about
changes in rare or localized habitats which are of national and international
importance for the conservation of biodiversity. The geographical context of
land cover change is an essential characteristic of change which is absent in
national accounts.

The land cover and biotope accounts can be used to define a rigorous and
defensible framework from which a range of land-based indicators of sustain-
able development may be derived. Such indicators which express the propor-
tion of the initial stock of a natural asset which is ‘carried over’ during the
study period may be used to address issues of compensatory changes in land
cover. Further work is required to improve techniques for the qualitative
assessment of land cover and biotopes using statistical procedures. Qualitative
assessment of land cover change should include measurements of biodiversity,
reversibility and compensation.
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The value of nature: valuation and evaluation in
environmental accounting

PETER BARTELMUS

Sustainable development calls for the integration of economic and environ-
mental concerns in planning and policy making. To achieve integration econo-
mists and environmental scientists apply their tools and values to the other
field. The result is a dichotomy of monetary valuation in environmental eco-
nomics and accounting and the development of non-monetary indicators and
indicator frameworks.

The System of integrated Environmental and Economic Accounting (SEEA),
developed by the United Nations Statistics Division, applies three categories
of valuation in different versions (modules) of the SEEA: market valuation of
natural resource stocks and use, maintenance costing of natural asset deple-
tion and degradation, and contingent and other valuations of welfare effects of
environmental degradation. The three valuations are examined as to their con-
sistency with economic theory and national accounts conventions. Sustainabil-
ity criteria provide the rationale for extending the (produced) capital
consumption concept of national accounting to non-produced natural assets
and their maintenance. For reasons of data availability and compatibility with
conventional accounting rules, maintenance costing and a simplified approach
to market valuation, the net price or Hotelling-rent method, are considered to
become the standard valuation in environmental accounting. In the case of
non-renewable resources this valuation could be supplemented by a user-cost
allowance, reflecting a weaker (income) sustainability concept. Damage or
welfare valuation should not be introduced in production-orientated environ-
mental (national) accounting but could be applied in more limited studies of
particular environmental concerns.

Measuring the sustainability of development (beyond economic growth)
requires supplementary indicators of non-economic amenities such as health
and recreation, biodiversity, equity, political freedom etc. The policy relevance
of indicator sets can be improved by relating indicators to social standards
and targets or by combining them into overall indices. Valuation (by the invis-
ible hand of the market) is replaced by evaluation (by the visible hands of
standard setters or index builders).

The author is a staff member of the United Nations. The views expressed here are his own and not
necessarily those of the United Nations.

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 263-307.
© 1998 Kluwer Academic Publishers.
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Consensus building and standardization of concepts and methods in
environmental accounting and indicator development are urgently needed.
The proliferation of overall indices, indicators and valuations has created con-
fusion in national projects of environmental statistics, indicators and account-
ing. Standardization in capacity building should not discourage pluralism in
research and experimentation.

Introduction: value concepts

Environment and economy interact. Policy failures in both environment and
development can be traced back to the neglect of this interaction in
‘compartmentalized’ line ministries and agencies (World Commission on
Environment and Development, 1987). Discussions and publications before
and in the wake of the Earth Summit, the United Nations Conference on
Environment and Development, provide ample evidence of environment—
economy interrelations (World Commission on Environment Development,
1987; United Nations Environment Programme, 1992; Bartelmus, 1994a;
Brown L. R. et al., various years). The obvious answer is policy integration.
Reorienting planning and policies towards integrative sustainable develop-
ment has been the generic theme of the Earth Summit and follow-up pro-
grammes and action plans.

Both economists and environmentalists' looked into their analytical tool
kits for possibilities of applying them to the other field. In doing so, they
imposed their own values with the result of distinctly different views of the
merged field of environmentally sound and sustainable development. The
question of values and valuation is at the heart of integrated environmental
and economic accounting. It has created considerable dissent about the
nature, use and usefulness of such accounting. This chapter shows that some of
this dissent might evaporate when its theoretical foundations are examined
and when it is confronted with real-world situations and data availability.
Hopefully, this will pave the way towards harmonization and standardization
of integrated accounting and related data development.

Economic values

Economists derive the value of a resource from its scarcity and usefulness in
meeting human needs and aspirations. Resources that are available in
unlimited supply, however essential they may be to survival, do not have eco-
nomic value. They are ‘free’. Valuation of scarce economic goods is to facili-
tate rational (optimal) choices about their use by economic agents, including
policy makers. Economic theory tells us that, under conditions of perfect com-
petition, there is no need to search for appropriate values. In this situation,
existing market prices reflect accurately relative scarcities and the most effi-
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cient use of goods and services. They also reflect a utility maximizing choice of
goods and services by individual (final) consumers at a particular distribution
of income.

However, those conditions hardly exist in reality due to oligopolistic and
monopolistic influences, externalities {e.g. from environmental impacts) and
ignorance about the comparative qualities of goods and services. In addition,
the existing distribution of income may be far from desirable. Observed
market values may thus reflect a situation of allocation inefficiency and in-
equity. Observed prices are no more indicators of relative scarcity (see Box 1).

Box 1: Perfect markets — myth or reality?

Perhaps the most eloquent attack on the myth of perfect competition in
atomistic markets was launched by Galbraith (1986). He argued that large
parts of the economy are governed by oligopolies of national and interna-
tional corporations and state monopolies. Thus, the applicability of
microeconomic optimization strategies and optimality criteria in general
equilibrium situations can be doubted. It is quite curious that this attack
on the fundamentals of widely taught and applied economics has brought
about so little change in economic analysis and policy. Galbraith himself
points out that this is due to a combination of denial from and alliance of
corporations and State; both, government and corporations, hide their
common goals of growth and power behind the screen of allegiance to
(powerless) perfect competition. The 1994 Nobel prize award in eco-
nomics to pioneers in game theory might reflect a need to explain eco-
nomic behaviour more and more in strategic terms rather than by the
invisible hand of atomistic markets.

There appear to be two distinct responses to this controversy. One is to
deny or neglect market imperfections and live with the ‘semi-fiction that
market prices accurately reflect relative scarcities’ (Solow, 1992, p. 10). The
widespread use of market-price based national accounts aggregates in eco-
nomic analysis and policy advice attests to this attitude. The other response is
to forgo reality in favour of idealized models of general equilibrium or
optimal development, producing convenient ‘shadow’ prices.> Shadow prices
are used in cost-benefit analysis for project and programme selection and in
more generic analyses, e.g. of computable general equilibrium (CGE) models,
for policy formulation and evaluation.3

Justifications provided for either approach are not convincing. It is argued,
for instance, that action based on an ideal situation might contribute to
achieving this situation, possibly by a ‘sequence of policy reforms’ (Dasgupta,
1994, p. 42). In a similar vein, it has been pointed out that ‘economics in a
vacuum’ might still throw light on complicated problems; in addition, hypo-
theses made in an oversimplified model of perfect competition might become
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valid in the long run: for instance, monopolistic market imperfections might
thus become ‘eroded by competing technologies’ (Samuelson and Nordhaus,
1992, p. 295). The surge in mergers of large US corporations in the 1990s does
not lend support to this argument.

Externalities of environmental destruction and degradation provide further
ammunition to those who doubt the relevance of conventional economics for
long-term policies of sustainable growth and development. Environmental
economists therefore seek to incorporate scarce environmental goods and ser-
vices into their value system. Their premise is that the environment is per-
ceived and treated as an economic commodity. Consumers can thus be
prompted to reveal their (dis)preferences for environmental services or service
losses in money terms (Jacobs, 1994). In the absence of markets for this clas-
sical public good, supply and demand curves can at least be imagined, if not
simulated.

To this end, the concept of economic value is broadened to include environ-
mental concerns. The economic values of environmental concerns can be
divided into direct (for current production and consumption) and indirect (for
ecological support) use values of environmental functions, as well as non-use
(option or existence) values derived from the knowledge about preserved eco-
systems or species (Munasinghe, 1993, p. 22). A variety of valuation techniques
to capture these values have been developed for cost-benefit analyses of the
environmental impacts of projects and programmes. Box 2 lists commonly
applied valuation methods. Objective valuations of physical impacts and
damage are distinguished from subjective valuations, revealed in surrogate or
hypothetical markets of environmental quality or health services.

Box 2: Valuation techniques in environmental cost—benefit analysis

1. Objective valuations use damage functions which assess the physical
damage caused by offending activities. They include the measurement of
effects of environmental impacts on

(a) changes in productivity;

(b) cost of illness (morbidity);

(c) change in human capital (mortality);

(d) replacement and restoration costs of produced and non-produced
natural assets.

2. Subjective valuations measure possible environmental damage as
expressed or revealed in real or hypothetical markets. They are related to
individual utility functions and include the estimation of

(a) preventive/mitigative expenditures for health effects and changes in
productivity of produced and natural assets;

(b) hedonic approaches of assessing property/land value changes due to
changes in productivity and environmental quality;
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(c) travel cost (increase) due to environmental deterioration;

(d) contingent valuation (sample surveys of preferences for environmental
goods and services).

Source: Dixon et al., 1994, p. 30,

Environmental economists have also advocated the introduction of shadow-
priced environmental welfare effects into national income or net national
product. They argue that, under the ideal conditions described above, both
indicators can then be interpreted as the result of an optimization process of
maximum welfare generation with limited resources (Miler, 1991; Pearce,
1994).

Environmental values

Environmentalists, notably those of the ‘deep’ kind,* strongly contest the
notion that the environment can be treated as a commodity. People see or
should see the environment from a cultural or ethical point of view as an
indivisible social good. Toward such a good people express attitudes or moral
convictions rather than preferences in terms of economic costs and benefits. To
an environmentalist it is quite repugnant to see the value of a public good or
national heritage subjected to the ‘willingness to pay’, which in reality would
probably reflect an ‘ability to pay’ (Jacobs, 1994). The question is not how to
generate economic value for an underpriced commodity; the question is how
to prevent being ‘colonized by the economy’ through misleading economic
valuation (van Dieren, 1995, p. 7).

Since, according to this reasoning, the real value of nature cannot be
expressed in monetary terms, new indicators or indices of the quality of life
(OECD, 1973), ‘human development” (United Nations Development Pro-
gramme, 1991) or sustainable development (Bartelmus, 1994b) need to be
developed. Aggregation of the different facets of these concepts would have to
be done by appropriate weighting of the quantifiable aspects of priority con-
cerns and related activities and results. Such indicator selection and weighting
can be seen as an attempt to incorporate social and economic values and
parameters into environmental mindsets and data frameworks — colonizing the
economy? Lacking the powerful aggregative capacity of economic valuation,
full integration appears to be an elusive goal for indicator construction. Most
integrative environmental data systems content themselves, therefore, with
loose data ‘linkage’ in frameworks that cover human activities and their
environmental impacts and repercussions. There have been attempts, though,
to use monetary valuation to incorporate a broad spectrum of social and
environmental values into overall indices of economic welfare. The use and
usefulness of indicator and index construction, outside the national accounts
system, is briefly discussed later.
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Accounting values

National accountants try to stay away from this truly value-laden discussion
by focusing on observable exchange values of market prices. From an account-
ing point of view, market prices provide a common and measurable numéraire
for aggregating the results of economic activity. ‘The power of the SNA as an
analytical tool stems largely from its ability to link numerous, very varied
economic phenomena by expressing them in a single accounting unit’
(Commission of the European Communities et al., 1993, para. 3.70). Indeed,
the purpose of national accounting is not to measure economic welfare, or the
quality of life, but economic performance as the sum of market transactions.
The question is whether performance has any meaning, beyond showing short-
term changes in the amount of economic activity.

The types and patterns of performance do provide insight in the workings
or frictions (disequilibria, e.g. in domestic markets, foreign trade, employment
or price changes) of the economy. In particular, data on the structure of the
economy permit the modelling of the effects of economic policy measures on
the different sectors and institutions, e.g. by means of input-output analyses.
However, if performance cannot be linked unequivocally to the net benefits
derived therefrom, it cannot be evaluated and used for steering the economy in
desirable directions. In the absence of any other standard welfare measures,
national accounts aggregates continue, therefore, to be used as proxies for
economic welfare, despite disclaimers by the producers of these aggregates
(van Dieren, 1995, p. 77; Commission of the European Communitics ef al.,
1993, paras 1.68-82, 2.178-80).

Environmental (national) accountants seek to modify this focus on market
transactions by incorporating alternative or adjusted valuations of non-
marketed environmental processes and impacts into the national accounts.
The purpose is to improve the assessment of truly ‘net’ benefits of economic
activities, taking their environmental effects into account. Monetary values of
environmental depletion and degradation are thus introduced by using or
adapting the valuation techniques developed by environmental economists.

The proposed System of integrated Environmental and Economic Account-
ing (SEEA) (United Nations, 1993a) proposes three main categories of adjust-
ed or imputed valuations in different versions or modules of the system. They
are

(a) market valuation of economic natural assets and their changes;

(b) maintenance costing of environmental depletion and degradation; and

(c) contingent valuation of environmental damage resulting from depletion
and degradation.

The different techniques of assessing these values and their relative merits and
drawbacks are examined in the following.
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Market valuation of natural resources

Valuation and system boundaries

Observable market prices provide the common numéraire for the universally
adopted System of National Accounts (SNA) (Commission of the European
Communities et al, 1993). The use of this numéraire in aggregation and
accounting balances also delimits the scope and coverage of the SNA. This is
evident in the system’s focus on market transactions which produce the
market price as the agreed exchange value between transactors. However, a
rigorous restriction of the SNA to market transactions would seriously limit
its analytical power. A number of exceptions are therefore made to include
goods and services, and assets and liabilities that are not exchanged in
markets, but that could or should become a market transaction.

The ‘could’ criterion refers to goods that are produced for own-account
purposes as well as for market exchange; thus, markets for these goods already
exist. When markets are absent, due to indivisibilities of public goods or poli-
tical priorities for the non-commercial supply of social services, the incorpor-
ation of these goods and services is more questionable. The argument of
market failure (Commission of the European Communities et al., 1993, paras
9.84 and 9.92), in this case, reflects the ‘should’ criterion, i.e. a normative
judgement about the coverage of public goods consumption. Such judgement
has its roots in political processes where decisions about the desirability and
amounts of public goods are made, irrespective of individual preferences,
though possibly checked by processes of democratic decision making. Nation-
al accountants thus deviate from the neutral criterion of measuring real or
simulated market activity: they include social-value based goods and services
such as security, research, public health and environmental protection in the
system’s production and consumption boundaries.

It is important to note these exceptions as they provide a justification for
incorporating further desirabilities, notably of an environmental nature, by
expanding the system boundaries. The SEEA thus expands the SNA’s asset
boundary for incorporating environmental stocks and flows. Also, as in the
case of social goods and services, environmental effects are valued at cost (see
below). Clearly, changes in the system boundaries affect valuation. In turn, the
introduction of non-market or non-economic values affects the scope and
coverage of the accounting system.

Coverage of natural assets

The scope and contents of the SNA are delimited by three main inter-related
boundaries of production, consumption and asset categories. They all focus on
market transactions and related income generation (with the above-described
exceptions). The economic asset definition of the SNA already includes certain
natural assets ‘over which ownership rights are enforced and from which eco-
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nomic benefits may be derived’ (Commission of the European Communities et
al., 1993, para. 10.2). These natural assets can be produced, such as agricultu-
ral products of fruit trees or livestock, or non-produced, such as land, mineral
deposits or forests in the wilderness.

Produced natural assets still represent a part of the (more or less) natural
environment, e.g. agricultural landscapes. They make their appearance
through economic (agricultural) production, recorded as fixed capital forma-
tion or inventory increase in the SNA. Non-produced, economic, natural
assets, on the other hand, are not generated by human beings. They are the
result of geological processes (land/soil, subsoil assets), natural growth (biota)
or cyclical replenishment (water bodies). In the SNA they are therefore con-
sidered to be outside the production boundary but inside the economic asset
boundary. They make their economic appearance in the asset accounts as
transfers (Commission of the European Communities et al., 1993, paras 12.18-
19) from the environment. Of course, no counterpart changes of environmental
assets are shown in the economic asset accounts. Those changes would have to
be captured in environmental asset accounts (see below).

Changes in the availability of economic, non-produced natural assets,
resulting from depletion, degradation or transfers from the environment, are
accounted for in the SNA as ‘other volume changes’. Contrary to capital con-
sumption and formation, other volume changes do not affect the production
and income accounts. This somewhat schizophrenic approach, recognizing the
economic relevance in one type of accounts but denying it in another, is recti-
fied by the SEEA to some extent. It is achieved by shifting the market value
losses from depletion and degradation as environmental cost into the pro-
duction accounts and as environmental asset use into net capital formation of
the asset accounts. As a result, certain ‘green’ indicators are generated such as
environmentally adjusted value added (EVA), environmentally adjusted net
domestic product (EDP) and environmentally adjusted capital formation
(ECF). To the extent that environmental (depletion) costs are already
accounted for in microeconomic budgets such adjustement of conventional
aggregates is simply a correction of inaccurate national accounts aggregates.
However, when microeconomic cost internalization has not taken place, the
deduction of imputed environmental costs from macroaggregates is more con-
troversial.®

The SEEA also applies this approach of depletion costing to non-economic
(in the SNA sense) assets over which ownership is not enforced but which may
provide economic benefits to actual or potential exploiters. These assets
include significant natural resources such as fish in the ocean, timber in tropi-
cal forests or (traded/hunted) biota in the wilderness. Since these assets yield
economic benefits they should indeed be considered as economic assets. They
are, therefore, accounted as natural economic capital in the stock and flow
accounts of the SEEA, irrespective of institutional arrangements of ownership.
In this manner, a broader concept of economic capital is introduced while
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remaining fully consistent with the principle of market valuation of conven-
tional accounting. This is one of the major advantages of the SEEA over other
natural resource accounting methodologies and index calculations that are
delinked from the framework of national accounts.

To maintain, as much as possible, consistency and comparability with the
economic concepts of the SNA, only the asset boundary is expanded in the
SEEA,® but the production boundary is maintained in its more conservative
versions. As a consequence, the economic appearance of natural assets,
through discovery of new reserves or revision of estimates about existing
reserves, is treated, as in the SNA, as a ‘transfer’ (rather than capital
formation) from the environment to the economic system. While some dis-
agree,” it can be argued that these (non-produced) assets were created by
nature without human intervention, i.e. not through an economic production
process. Both SNA and SEEA therefore record these transfers as other
changes in volume in asset accounts, similar to holding gains, outside the pro-
duction and income accounts. These transfers should not be confused with
expenditures for exploration of mineral resources or improvement of land
which are treated by both SNA and SEEA as capital formation of intangible
(discovery through exploration) and tangible (land improved) capital.

Depletion and degradation of renewable natural resources (e.g. forests or
fish in the ocean) are included in the SNA as other volume changes. However,
at least some of these assets do not seem to appear in the balance sheets as
opening or closing stocks. The reason is that they are not considered to be
economic unless large-scale exploitation takes place (Commission of the Euro-
pean Communities et al., 1993, para. 12.19). A somewhat artificial construct is
suggested in this case for environmental accounting, namely that ‘transfer to
economic uses and depletion take place at the same time’ (Commission of the
European Communities et al., 1993, para. 21.163). In principle, however, the
SEEA should fully account for the potential economic value of natural
resources, embedded in the environment. This value would thus include the
exploitable timber content of forests in the wilderness or fish stocks in the
ocean, irrespective of the scale of actual exploitation.

The nature of natural resource stocks

There has been some debate whether natural resources are more in the nature
of single-use commoditics stored in inventorices, or of fixed assets that can be
used repeatedly over more than one accounting period. This distinction has
direct consequences for the treatment of asset depletion as intermediate con-
sumption (from inventories), affecting gross value added (GVA) and its sum
total GDP, or as capital consumption (of fixed assets), generating (by deduc-
tion from GDP/GVA) the corresponding net values NVA and NDP. These
considerations would also affect the valuation of depletion, taking into
account, or not, future income streams from resource use (see below).
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From a conventional national accounting point of view, natural resources
are neither fixed assets nor inventories, since they are not ‘produced as
outputs from production’ (Commission of the European Communities et al.,
1993, para. 6.185). They did not enter the economic system by means of a
transaction, and their use can thus not be accounted for, in the SNA, as a
re-allocation (over time) of previous capital formation to intermediate or
capital consumption, i.e. as cost in current production. It is not plausible,
therefore, to argue that SNA asset accounting principles require that these
depletion values be shifted from other volume changes in asset accounts as
depletion cost to the production accounts (Hill and Harrison, 1995, p. 5; El
Serafy, 1989, p. 17). However, if SNA principles are modified to include non-
produced natural resources in expanded asset boundaries, as in the SEEA
satellite accounts, the case can be made for imputing depletion costs in addi-
tion to capital consumption in the production accounts. Deducting these costs
from gross or net value added obtains a more sustainable (Bartelmus, 1994a,
p. 70) measure of net production and income generated than the SNA mea-
sures of economic performance, GDP or NDP. In this sense, an altogether
different objective of sustainability of production and income generation is
explicitly introduced into neutral, ie. transaction-oriented, duplication-free
conventional accounting.®

When accounting for (improved) sustainability in the broader framework of
the SEEA, SNA analogies do not really have to be conjured up to justify
depletion cost deduction, either from gross or net values. Depletion and degra-
dation represent values of capital consumption, which should be deducted in
any measure of (more) sustainable economic performance or growth. On the
other hand, it is a fact that natural resource stocks such as subsoil resources,
timber in forests and fish in the ocean are not readily available for single use
like an inventory of produced goods. Rather, they form an entity (deposit of
ores or ecological system) from which the raw material has to be extracted in
costly and lengthy production processes. As a consequence, the returns from
using these entities occur with delays and over long periods of time. They need
therefore to be discounted when assessing the value and changes in value of
the entity. In this sense, natural resources exhibit characteristics of fixed assets
that are worn down by use over more than one accounting period.

Market valuation in asset and production accounts

For many natural assets, there are no markets for trading the assets due to
their common property nature. This presents, of course, the problem of finding
a market value for these assets (and their use), consistent with SNA valuation
principles.® There appears indeed to be market failure since the assets them-
selves are not traded in the market but their outputs, resulting from resource
exploitation, are. A number of methods for estimating market values have
been advanced for this case. Invariably, they are based on observed and pre-
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dicted market prices and costs of the resource outputs. The more common
methods are presented in the Appendix. The following discusses the under-
lying assumptions and practicability of these valuation methods.

Given the long-term exploitation characteristics of economic natural assets,
there seems to be no dispute about the applicability of the opportunity—cost
principle of valuing economic assets. Economic assets will be acquired and put
to a particular use in production, assuming rational economic behaviour and
perfectly competitive markets, if their discounted expected net returns exceed
the discounted returns from any other investment opportunity available. The
agreed market price for the sale/purchase of the asset will reflect these expecta-
tions of future returns. In the case of using non-marketed natural resources, no
such transaction takes place, but a market value can be simulated by applying
the same rationale for exploiting the resource. The discounted flow of expected
net returns from resource exploitation can thus be assumed to reflect the
expenditure investors would be willing to incur if the resource could be pur-
chased in the market. Obviously, this valuation can be applied to both, the
resource value at a particular point in time (in balance sheets) and the change
in value between two points in time (accounted for in asset accounts).

The present-value method (see equation 1 of the Appendix) of estimating the
natural asset value is thus the generally accepted method for (non-marketed)
asset valuation in the SNA (Commission of the European Communities et al.,
1993, para. 13.28) and the SEEA (United Nations, 1993a, paras 163-167).
However, there are several problems in applying this method. First, there is
the question of what are the components of income and value added from
asset use and what constitutes capital consumption, i.e. depletion cost. A
second question is to what extent changes in the prices of resource outputs
should be reflected in depletion cost or should be accounted as holding gains
or losses in separate revaluation accounts. A third question is how to deal with
negative returns from asset use, i.e. potentially negative asset values.

Sustainability and capital maintenance

The demarcation between income and capital (consumption) has been the pre-
occupation of economists for the last 200 years. The debate seemed to have
found a resting place in national accounts conventions, notably the recently
revised SNA and its elaborate principles of asset accounting (Commission of
the European Communities et al, 1993, Chs X-XIII). However, newly dis-
covered scarcities of non-produced natural assets have raised new questions
about the fine lines between income from (natural) capital use, discovery of
natural resources and the costs of capital consumption and maintenance.

As pointed out above, the consumption of non-produced assets cannot be
costed as a shift from a previously produced inventory of capital goods and
other commodities into production and consumption. Rather, one has to
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resort to the more normative criterion of sustainability of production and
income generation which, at least theoretically, could disrupt the consistency
with SNA measurement and valuation principles. Sustainability measurement
aims to locate that part of actual revenue generated during an accounting
period which needs to be retained (saved) to sustain long-term per-capita
(final) consumption through reinvestment in production capacity. The residual
income could then be used for current consumption — a significant aspect of
the standard of living or economic well-being.

There are major difficulties of assessing sustainability, considering in partic-
ular the role of technological progress, changes in lifestyles (consumption
patterns) and disasters in lengthening or shortening the life of production
capacities. For purposes of actual measurement, the sustainability question is
therefore usually reduced to the principle of ‘keeping capital intact’ (United
Nations, 1993a, para. 257) as ‘a reasonable indicator of baseline sustainability’
(Hartwick, 1994, p. 32). In this manner, the sustainability criterion is shifted
from (welfare-oriented) income/consumption maintenance to (more
technology/cost-oriented) production maintenance.'® This approach is indeed
quite consistent with SNA’s capital maintenance or replacement philosophy.

Further problems arise if natural assets are exhaustible, i.e. non-renewable.
In this case, the sustainability criterion, at least for capital maintenance, has to
be weakened. Several sustainability concepts have been advanced, reflecting
different degrees of capital conservation (Daly, 1991b; Serageldin and Steer,
1994). For purposes of environmental accounting, three categories can be use-
fully distinguished. Strong sustainability would require full preservation of the
natural resource. Conditionally strong sustainability would take possibilities
of substitution of natural resource inputs in the same or similar production
process(es) into account. Weak sustainability, on the other hand, would focus
on the preservation of income flows rather than production processes without
regard to capital composition. Such income maintenance could be achicved by
reinvesting revenues into capital formation in other production processes, i.e.
through diversification, or through tapping financial markets. Strong sustaina-
bility in capital maintenance seems to be reasonable in the case of renewable
resources which could either be exploited up to the point of natural regener-
ation or beyond if appropriate restoration (e.g. reforestation) is undertaken.
The depletion cost would, in the latter case, be the actual or potential
(annualized) restoration expenses.!!

The more problematic case is when natural resources cannot be replaced
because they are non-renewable or, even if renewable, because they have been
depleted close to extinction or the original quality levels can no longer be
attained. The latter may be the case when tropical forests are destroyed for
agriculture or timber production, or land is severely eroded, e.g. by agricultu-
ral malpractices. Determining substitution possibilities and costing them, i.c.
applying the conditional sustainability criterion, might introduce inconsis-
tencies in choosing more or less arbitrarily technological alternatives. On the
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other hand, the strong sustainability criterion, i.e. the full preservation of the
resource, is not a viable solution for non-renewable resources; non-use of an
exploitable natural resource can, from an economic point of view, be con-
sidered as squandering part of a country’s development potential. This leaves
us with the weak sustainability criterion of maintaining the overall capital
base for production or income generation. The question then is how much of
the income generated from resource extraction is true income, available for
consumption, saving or net investment, how much is depletion cost, required
for reinvestment and to be deducted from gross value added, and how much is
just gain or loss from holding assets when prices change.

Depletion, income and value added

Considering natural resources to be similar in nature to fixed assets permits
use to be made of SNA criteria when defining depletion or degradation as
capital consumption. These criteria describe replacement costing and measur-
ing current value change of capital assets as two sides of the same coin
(Commission of the European Communities et al, 1993, paras 1.63 and
6.179).1* Thus, when replacement costing is not possible, due to the non-
renewability of exhaustible resources, the only valuation consistent with SNA’s
capital consumption valuation is to measure depletion cost as part of the
change in the economic value of the natural assets, due to their use in the
production of resource outputs;!® this value was defined above as the present
value of future net returns to capital.

The change in value of a non-renewable natural asset, due to extraction or
harvest,!* AV, amounts, at the end of the accounting period (see Appendix), to

AV =V, — Vo= —R, +

1
47 X F (1)
AV is thus composed of the actual net return R, from sales of the extracted
resource during the accounting period, offset partially by the (discounted)
interest gained by moving up one period in time (Roy, 1977, as cited in Hart-
wick and Hageman, 1993, p. 220) on the remaining capital V;. This is the
income that would be earned if V;, were sold and its value invested elsewhere
(in the next best available investment opportunity). This opportunity cost has
been referred to as true income available for consumption; the value remain-
ing after the deduction of true income from net returns (profit), ie. AV, is
termed depreciation (Hartwick and Hageman, 1993) of the asset and could be
reinvested to maintain the capital value.

The net return R,, realized from the sales of resource outputs, is defined as
the revenue received minus all costs of exploitation, exploration and develop-
ment, including a normal return to fixed capital employed in these activities.



276 Peter Bartelmus

Box 3: Rents, rentals and royalties

Different definitions of rent are used in economic analysis and accounting,
creating a good deal of confusion. The Hotelling rent is defined as the net
return from the sale of a resource output in a situation where the so-
called Hotelling rule of net-price change applies (see below). In this case,
the Hotelling rent amounts to the product of the physical decrease of an
exhaustible resource times the net price, i.e. the market price minus all
marginal costs of exploitation. The Hotelling rent concept thus differs
from the ‘pure economic rent’ concept which refers to the return to per-
fectly inelastic (regarding its supply) production factors (Samuelson and
Nordhaus, 1992, p. 158). Such rent can be siphoned off by private and
public owners of the asset by means of royalties, fees, bonuses or taxation
without changing supply and demand patterns and thus resource alloca-
tion (efficiency) in the economy. These payments, also called rent by the
SNA, are made to the owner of the asset and are accounted for as pro-
perty income; they do not affect value added generated (Commission of
the European Communities et al., 1993, paras 7.87 and 7.91). The use of
royalty is an ambivalent term since it may refer to payments for asset
services, also called rentals in the SNA (Commission of the European
Communities et al., 1993, para. 6.181), e.g. provided by patent authors,
but also to property income when paid for the exploitation rights, notably
of subsoil assets.

This value is frequently referred to as rent, or somewhat inexactly as
‘Hotelling rent’ (see Box 3 and below). Rearranging equation (1), realized net
return can be expressed as

Vi

ie. as a reduction in the value of the asset from extraction during the account-
ing period and a positive element of potential interest gained on capital. The
interest factor can be interpreted as receivable interest on the remaining asset
and is thus more in the nature of property income. As such it should not affect
operating surplus or value added, ie. income generated in production
(Commission of the Furopean Communities et al., 1993, para. 7.91). This
makes for the total net return component R, to account for the cost of natural
resource depletion (from extraction), ie. capital consumption (rather than
depreciation as defined above), in the calculation of environmentally adjusted
value added of the depleting sector.

It has been argued, however, that only part of the net return or rent needs
to be re-invested to keep capital intact, while the remainder should be retained
as operating surplus and part of value added generated by resource use (see
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below). The determination of this amount is a matter of considerable contro-
versy in the case of non-renewable resources where replacement costs cannot
be determined. When introducing the consumption of natural capital into pro-
duction and income generation accounting, the basic principle should prob-
ably be to stay as close as possible to capital stock maintenance and actual
physical change in capital used in production, rather than to introduce, at this
stage, income maintenance and depreciation criteria.

Criteria of (weak) income sustainability would have to consider the possi-
bility of drawing interest on cash returns. As property income, interest is iden-
tified as part of the primary distribution of income, rather than the generation
of income in production. Thus preference should be given at the initial stages
of net production (net value added, NDP) accounting to the full deduction of
the net return from resource extraction. Further analysis could then be con-
ducted on the basis of income, i.e. national income or disposable income main-
tenance and distribution, for consumption and welfare generation. This would
apply in particular to the proposed user-cost allowance, discussed below.!®

Valuation and revaluation

The change in value of an asset AV, defined in equation (1), may include ele-
ments of holding gains or losses due to actual (during the past accounting
period) and anticipated price increases. It appears quite impossible to extricate
anticipated price changes in net returns in order to obtain a value of income
forgone free from potential holding gains/losses and resulting from extraction
only. However, for price changes during the accounting period some adjust-
ment could be made ‘with reference to a constant set of prices’ (Hill and
Harrison, 1994, p. 411; see below, for the special case of Hotelling rents).

Holding gains and losses of asset stocks during the accounting period have
to be determined as a residual, after deducting from the current value of
closing stocks (1) the value of opening stocks, calculated as the present value
at the beginning of the accounting period, (2) the value of resource extraction
and (3) other volume changes (from growth, discovery, natural disasters,
revisions of stock estimates, or change in use). Flows (2) and (3) would have to
be valued in principle at the unit present value when extraction or other value
change occurs. For practical reasons, the average unit value (at the beginning
and end of the accounting period) might have to be applied (Hill and Harri-
son, 1994, p. 411).

Equations (1), (2) and (3) in the Appendix show that the present value of an
asset varies with the amount of net returns obtained and anticipated, and the
discount rate applied. The latter is assumed to be constant, for simplicity
reasons. If the rate varies over time it reflects changing expectations about the
returns of alternative investments, which affects the preferences about the
speed of extraction (now or later) and thus about gains or losses from holding
the assets or running them down. In this sense, value changes due to changes
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in the discount rate can indeed be interpreted as revaluation elements (Hill
and Harrison, 1995, p. 2).

Negative net returns

The case of net returns turning negative due to real losses from non-profitable
assets or from doctored ones, ¢.g. through transfer pricing, has been raised as a
problem in asset valuation (Born, 1995, pp. 6/7). Two cases can be distin-

guished. On one hand, assets may continue to be exploited, despite actual
losses, in the hope of better times (price increases or higher quality
discoveries); on the other hand, if expectations of future revenues are pessi-
mistic, operations may be terminated, involving closing costs such as the
clean-up or rehabilitation of the site of operations. In both cases, actual losses
reflecting negative net returns are fully accounted for in production and
income as negative operating surplus. The change of the asset from one that
has generated positive net returns to one which, because of price decrease or
cost increase, produces negative net returns should be recorded as economic
disappearance of a non-produced asset, in line with SNA conventions
(Commission of the European Communities et al., 1993, para. 12.28). Contrary
to economic disappearance due to depletion, accounted for as a production
cost in the SEEA, this type of disappearance is not due to a production
process and should be retained as other change in volume in the SEEA. Price
changes or new technologies could of course bring about the (re)appearance of
the (possibly physically diminished) asset as a proven reserve which per defini-
tion entails a positive potential net return from exploitation. The economic
appearance of the asset would also be accounted for as other volume change
in both SNA and SEEA.

Simplified approaches: net rent and user-cost allowance

Present value calculations require information about future net returns, based
on estimates of the lifetime of the resource, revenues from anticipated extrac-
tion and future costs of extraction, exploration and development of the
resource. In addition, an appropriate discount rate needs to be determined.
The choice of the discount rate is highly controversial as it is used for justify-
ing social time preferences such as the preservation of natural capital for
future generations, as well as economic preferences for saving and increased
earning through investment. As a result, proposals for discount rates have
ranged between 0 and 22% (Born, 1992). Of course, the discount rate may also
change in the future, though constancy of the rate is usually assumed in
present value calculations. A number of suggestions have been advanced to
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deal with uncertainties regarding the discount rate and the prediction of future
net returns.

A priori one could attempt predicting costs, prices and discount rates by the
usual forecasting methods based on extrapolation of past trends, regression
analysis of relevant determinants of revenues and costs, and more sophisti-
cated modelling of future market conditions. However, such estimations are
fraught with questionable assumptions about future long-term trends in vola-
tile markets, possible discoveries, resource qualities that may affect relative
prices, and technological developments {Landefeld and Hines, 1985, pp. 11-12;
Born, 1992, pp. 53 et seq.). At least two proposals have been made, therefore,
for circumventing uncertain predictions by simplifying the original present-
value method. One does away with future returns by applying the net price or
net return from the sale of the resource output to stocks and output. The other
method calculates a user-cost allowance, assuming constant net returns over
the lifetime of the resource. The validity of these simplified approaches is dis-
cussed in the following.

Hotelling rent assumptions in net price valuation

The net price method reduces the present value calculation to simply taking
the net return from the last unit of resource output extracted during the
accounting period, as the value with which to multiply stocks and stock
changes. Equation (3) defines the net price N, as the difference between the
market price per unit of the resource p, and the unit marginal cost of extrac-
tion, development and exploration ¢, at the time of stock taking or trans-
action:

Nt":pt_ct (3)

If net price costing of the depletion of natural resources is already common
practice in corporate accounting (Landefeld and Hines, 1985, p. 14; Commis-
sion of the European Commounities et al., 1993, para. 21.157), these costs are
fully reflected in market prices. In this case, national, environmental account-
ing would simply retrieve depletion costs from the residual value of operating
surplus for the adjustment of environmentally inflated value added. Unless
comprehensive surveys of microeconomic practice are carried out, we cannot
be sure whether market pricing of resource outputs is gencrally reflecting
depletion cost.

On the other hand, the net return from an exhaustible resource has been
considered in economic theory as the amount which needs to be invested to
ensure non-declining (sustainable) consumption in the long term, and thus
intergenerational equity in economic production and growth (Solow, 1974;
Hartwick, 1977). The success of such substitution of natural resource capital
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by produced capital is based, however, on a number of quite unrealistic
assumptions. These include again the vacuum model of perfect competition
and foresight, optimal resource allocation and income maximization (see
above). A further restriction is the use of an aggregate (Cobb-Douglas) pro-
duction function, which permits perfect (full) substitution of all production
factors with further restrictions regarding their productivity (Hartwick, 1977).

Only under these conditions, can the convenient Hotelling rule be applied.
This rule states that in long-term equilibrium markets, the net price of the
marginal unit extracted from a scarce resource rises with the discount rate, i.e.
the rate of return on next-best alternative investment. As shown in the Appen-
dix, the increasing revenue from the sale of one unit of the resource neutralizes
in this case, more or less, the effect of the discount factor. ‘More or less’ refers
to the further assumption that the net price increase (at the discount rate)
during the accounting period be considered as revaluation rather than part of
the depletion cost. Another way to look at this assumption is to assume con-
stancy of prices during the accounting period with a sudden rise at the end of
the period (Landefeld and Hines, 1985, footnote 30). Using average prices as
suggested above thus approximates only the required value shift to the revalu-
ation accounts, due to the Hotelling price increase Ny(1 + 7).

The net price method has been widely applied, because of its simplicity, in
adjusting GDP (Repetto et al., 1989; Solorzano et al, 1991), NDP and net
value added (in several projects of integrated environmental and economic
accounting),'® and in valuations of stocks and stock changes of particular
resource accounts (Landefeld and Hines, 1985; Born, 1992). However, the
validity of this method can be questioned due to the above-mentioned
assumptions that do not seem to hold in reality. Apart from market imperfec-
tions (see Box 1), perfect substitutability of natural resource capital by pro-
duced or human capital is unrealistic (Daly, 1991a). Also, where a natural
resource reflects different qualities, marginal exploitation costs increase with
lower quality resources extracted, and the rents on marginal tons would
increase at a rate lower than the discount rate. As a consequence, the Hotel-
ling rent would overstate natural resource depletion. This effect is com-
pounded if average costs are used instead of marginal costs in estimating the
net price, since marginal costs generally exceed average costs. The net price
method can thus be considered as an ‘upper limit on economic depreciation’
of the resource (Hartwick and Lindsey, 1989, as cited in Born, 1992).

The question is whether it is necessary to separate out this overstatement of
the Hotelling rent for purposes of estimating true depletion costs which are
free from income elements resulting from market power (market
imperfections), differing resource qualities (Ricardian rents) or other factors
(such as locational advantages). Given the general problematique of market
price accounting in a far from perfect economy, such separation would be
inconsistent with national accounting practice and its practical value, given
obvious data gaps at the national level, remains doubtful. All in all, theoretical
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arguments (of Hotelling rent and sustainability), national accounting practice
(of distinguishing between capital consumption/maintenance and revaluation),
microeconomic accounting practices and data availability seem to argue for
using the net price in assessing the loss of natural capital from its use in pro-
duction.

Constant returns in the user-cost allowance

The net price method has been criticized as overstating the cost of resource
extraction by obliterating the income generated in this activity. This is despite
‘the fact that countries with marketable natural resources are evidently better
off than those without such resources’ (El Serafy, 1989, p. 13). However, this
argument seems to confuse microeconomic income concepts such as Hicksian
income with the broader macroeconomic objective of national income gener-
ation from a sustainable production base. From this point of view, there is of
course considerable advantage in being able to produce value added from
resource extraction in terms of returns to labour and employment and pro-
duced capital, irrespective of the particular returns to natural resource owners.
This appears also to be the view taken in national accounting when measuring
economic performance before accounting for disposable income (see above).

More importantly, the author then proceeds to suggest a user-cost approach
to depletion costing. This approach can be shown (see Appendix) to be a sim-
plification of the generic present-value method by assuming constancy of net
returns from resource extraction. The basic idea is to convert a time-bound
stream of (net) receipts R from the sales of an exhaustible resource into a
permanent income stream X by investing a part of the receipts, i.c. the user-
cost allowance R — X over the lifetime of the resource. Only the remaining
amount X of the receipts should be considered true income. Given a particular
amount of net receipts R, for an accounting period, the calculation of the
user-cost allowance R, — X is straightforward, requiring only two additional
parameters, the discount rate (r) and the lifespan (T) of the resource (El Serafy,
1989; see also Appendix):

R,
Ry X_(1+r)T+1 €]
At first sight, this method seems to address the narrow assumptions of the net
price method which tends to overstate the depletion cost allowance. Total net
returns or Hotelling rents'” are split up into a capital cost and income com-
ponent similar to the original depreciation formula (see equation 2). However,
this is achieved by introducing another assumption of constant net returns R
which implies constant extraction rates and net prices. This assumption is of
course as questionable as presuming net price increase at the discount rate.
The latter, though, is based on a standard model of economic equilibrium,
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providing at least a theoretical justification for its assumptions. The net price
method also has the advantage of doing away with the arbitrariness in selec-
ting a discount rate for assessing time preferences or opportunity costs. In
addition, it can be shown that the user-cost allowance is assuming sudden
death of the capital asset at the end of its lifetime (Hartwick and Hageman,
1993, p. 221), irrespective of the physical wear and tear of the asset. This allow-
ance is thus even further removed from the national accounting concept of
capital consumption.

A further question is whether the microeconomic focus on income main-
tenance (by reinvestment in financial markets) is appropriate for macro-
economic national accounting and policy. It can be argued that maintaining
the national productive capacity, impaired by a run-down of physical capital,
is of greater priority in policies of self-reliant domestic economic performance
and growth, than providing for a permanent provision of returns from finan-
cial investments. Indeed, the user-cost valuation cannot be applied in asset
accounting as defined in the SNA. This is because this valuation does not
distinguish between actual depletion or extraction cost, other volume changes
and revaluation, required for the compilation of these accounts.*® The user-
cost approach might thus be of some relevance in estimating a sustainable
income figure but introduces non-comparability (with produced capital) when
attempting to measure the maintenance (sustainability) of productive wealth
and production.

On the other hand, the determination of a lower, income sustaining, value of
depletion cost by the user-cost approach and of an upper, production sustain-
ing, value by the net price method provides a range of estimates of compara-
tive interest. This is the reason why in case studies of the SEEA both values
were routinely estimated. Perhaps the ultimate, though theoretically not neces-
sarily satisfying, criterion of deciding for one or the other method will come
from corporate accounting and reporting practices. Unfortunately, corporate
environmental accounting rules are only in the first stages of discussion and
development (Bartelmus, 1994a, p. 51).

The cost of environmental degradation
Beyond markets: pricing the priceless

Accounting only for the depletion of economic assets, as for instance in the
case studies of the World Resources Institute (Repetto et al., 1989; Solorzano
et al., 1991), can be criticized for neglecting or denying the real social costs of
production and consumption. Those costs are the result of external effects of
economic activities on the environment which in turn affect the quality of
human life, if not life itself. The costs of destroying life support systems
through pollution and other forms of environmental degradation, such as
destructive land use, can be far greater than the expenditure for economic
natural capital maintenance, notably in industrialized countries. Box 4 con-
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firms this argument for a few case studies, even when ‘degradation’ is mea-
sured conservatively as the maintenance cost of environmental services.

Box 4: Depletion and degradation cost in case studies of SEEA applica-
tion

A number of case studies applying the SEEA, have been or are being
conducted in developing countries (Colombia, Ghana, Indonesia, Mexico,
Papua New Guinea, Thailand), a newly industrialized country (Republic
of Korea) and an industrialized country (Japan). Preliminary and not
always fully comparable (due to coverage, data availability and experi-
mentation with SEEA methodologies) results show a widely differing sig-
nificance of depletion of natural resources vs. environmental quality
degradation in developing and industrialized countries. The following
ratios of depletion over degradation cost (valued at maintenance cost, see
text) have been compiled from the above case studies:

— Japan (1990): 2.4%

— Republic of Korea (1992): 3%

— Mexico (1985): 74%

— Papua New Guinea (1990): 300%

— Ghana (1993): 112%.

The importance of total environmental (depletion and degradation) cost,
expressed in per cent of NDP, also varies considerably:

— Japan (1985): 2.8% and (1990): 2.3%

— Republic of Korea (1985-1992): 2-5%

— Mexico (1985): 13%

— Papua New Guinea (1986-1990): 3-10%

— Ghana (1991-1993): 1.2-12%.

Sources: Ghana: Ghana Statistical Service (1996); Japan: Department of
National Accounts (1995); Mexico: van Tongeren et al. (1991); Papua
New Guinea: Bartelmus et al. (1992); Republic of Korea: Korean Environ-
mental Technology Research Institute (in prep.).

Environmental accounting: satellite system or modelling?

The term economic is used in national accounting in reference to market valu-
ation and market transaction boundaries. This narrow definition facilitates
measurability and the analysis of allocation efficiency. However, it represents a
radical reduction of the scope of economics which is generally perceived as
dealing with scarcity of goods and services, irrespective of the existence of
markets or other allocation or distribution mechanisms. This is indeed the
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major reason for environmental economists and environmental accountants to
broaden the scope of conventional economics and accounting to include
environmental assets and the costs and benefits of their change.

However, conventional economists and national accountants have resisted
the incorporation of environmental concerns (beyond natural resource
depletion) in national accounts, even in satellite accounts. They emphasize
allocation efficiency of markets and the measurability aspect of observable
market phenomena. The costing of environmental externalities is considered
as an issue of research (Commission of the European Communities et al.,
1995), modelling (van Dieren, 1995) or ancillary systems (Hill and Harrison,
1995), rather than a matter of statistical measurement in economic and natural
resource accounts. Specifically, reference is made to (1) the absence of com-
mercial (corporate) accounting practices, contrary to natural resource
(depletion) accounting (Commission of the European Communities et al., 1993,
para. 21.157), (2) the introduction of notional (shadow) prices and effects into a
system based on market prices and (3) the ‘dislocation of accounting links
between flow and stock accounts’ (Hill and Harrison, 1995, p. 5).

The first two arguments also seem to apply, though perhaps to a lesser
degree, to depletion accounting. As indicated above, there are no general
accounting rules for depletion at the corporate level, though some resource
exploiting industries might already make an allowance for running down their
resource stocks. In fact, balance sheet provisions for pollution have also been
made by some chemical concerns in anticipation of potential liability for the
clean-up of toxic wastes.'® The third argument is not convincing either. To
date, hardly any country has routinely compiled asset accounts, but all have
routinely published production and income accounts that do stand on their
own in economic analyses. As to the shadow pricing argument, the widely
propagated Hotelling rent calculation for resource depletion has been justified
by a quite unrealistic model of optimization and general equilibrium; the cor-
responding net price costing of depletion is thus indeed a shadow pricing
approach. On the other hand, widespread incorporation of depletion costs in
corporate accounts would justify a corrective cost allowance in value added
and NDP, just as for produced capital consumption.

In the case of environmental externalities, such practice of environmental
cost accounting can probably not yet be assumed. As shown below, the deduc-
tion of hypothetical degradation cost can thus be justified only at the micro-
economic level where cost internalization would hardly affect relative prices
and production and consumption patterns of the economy. At the national
level, total potential cost could only be compared, in principle, with the secto-
ral and national aggregates that would result from cost internalization and
corresponding structural adaptation of the economy. The determination of
these aggregates would indeed require the modelling of an alternative scenario,
based on assumptions about production and consumption technologies and
market behaviour.
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Given the fact that environmental impacts actually occur during the
accounting period, the case can be made, however, for applying maintenance
or prevention costs as weights for the aggregation of environmental impacts
from economic sectors and the economy as a whole. Such costing would at
least provide a snapshot of the immediate environmental impacts of economic
activity, indicating what costs should have been borne (internalized) by those
who caused them. The comparison with actual value added and NDP gener-
ated reveals the initial impact of economic production and consumption on
the environment without entering the realm of modelling alternative levels and
structures of economic performance.

On the other hand, such modelling would indeed be useful for allocating the
initial costs generated to those who ultimately have to bear them. Immediate
impact costing, at hypothetical avoidance cost, provides the link between
ex-post accounting for environmental impacts and ex-ante modelling of the
ultimate effects of full (environmental) cost pricing on the economy. The
incorporation of hypothetical costs of environmental maintenance would then
generate hypothetical (modelled) aggregates such as an ‘analytical green GDP’
(Vu and van Tongeren, 1995), an ‘optimal net domestic product with regard to
environmental targets’ (see Meyer and Ewerhart, Chapter 22) or a ‘maximum
NDP generated in an economy in which the burden on the environment is
reduced to a sustainable level’ (de Boer et al., 1994). The different assumptions
behind each particular model and corresponding ranges of results are the price
to pay for abandoning reasonably standardized measures from environmental
and national accounts for the assessment of hypothetical costs in hypothetical
situations.??

Much of the resistance of national accountants towards monetary environ-
mental accounting might thus reflect an anxiety of ‘official’ statisticians to
change well established systems on which their reputation of objectivity has
been built. They believe that much of this goodwill might be lost if controver-
sial concepts and modelling assumptions are let in through the backdoor of
supplementary systems. There is, however, a trade-off when choosing between
accurate but less relevant information and less accurate estimates that address
the priority concerns of society. This seems to be the case in the area of
environment and development where data users continue to make urgent calls
for implementing integrated environmental and economic accounting,**

The following discusses the role of environmental functions in production
theory and welfare analysis. The purpose is to examine to what extent pro-
posed valuations of environmental assets and their quality changes are consis-
tent with economic theory and conventional accounting principles.

Environmental production cost: factor inputs of environmental services

A link between the (non-economic) environmental and economic assets is pro-
vided by treating the economic appearance of natural resources as transfers
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from the environment to the economy (in the above-described SNA sense).
These transfers are made visible from both ends in the SEEA by (1) intro-
ducing explicitly a further asset, the environment, in the asset accounts, and (2)
reflecting certain changes of the assets in the production/income accounts.

The shift of natural resource assets from the environment to the economy
does not explain, however, other potentially more damaging changes in the
environment. They result from using environmental media of air, water and
land as sinks for wastes and pollutants, and from the direct destruction of
ecological systems, e.g. by improper agricultural or touristic activities. Com-
monly, the effects of these changes are referred to as environmental external-
ities. They are considered to be qualitative environmental degradation, as
distinguished from quantitative natural resource depletion. However, both
quantitative and qualitative changes may occur in all categories of assets
which, in fact, may exhibit simultaneously environmental and economic func-
tions.??

There are basically two justifications for introducing the impairment of
environmental functions into the national accounts. One considers the
environment as a further non-produced factor of production which provides
capital services of waste absorption. The other goes a step further in treating
the effects of losing environmental services as a reduction in human welfare,
closer in nature to income and consumption effects than to production costs.

Economic activity of production and consumption can both be held
responsible for discharging residuals into the natural environment. As long as
these residuals are safely absorbed by self-regenerating ecosystems, nature pro-
vides its disposal service for free. In this case, the environmental service
obtains, per definition, a zero economic value. The capacities of the environ-
ment to absorb these pollutants have, however, been frequently exhausted,
generating social costs of damage to health, recreation, loss of genetic material
and other aesthetic and ethical values (e.g. of species loss). Thus, defensive
expenditures (Leipert, 1989) against the loss of environmental services had to
be incurred. They reflect a displacement of factor services from welfare gener-
ating production and consumption into environmental maintenance.??
However, when these expenditures increase the quality and quantity of the
environment, beyond restoration or avoidance of current impacts, they could
be considered as environmental accumulation or capital formation, similar to
land improvement. If, on the other hand, social damage costs are not fully
mitigated by defensive expenditure they should be considered as unaccounted
for cost resulting from the loss of (depleted or degraded) environmental assets.
Environmental services losses are thus similar to the permanent or long-term
loss of natural resource inputs in production. The main difference is that they
are intangible service inputs which are generally not traded in markets, except
for the rare cases where tradable pollution permits are issued. As in the case of
natural resource depletion, the reduced capacity of nature to provide factor
inputs to production should thus be costed. Furthermore, the cost should be
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allocated to those who use the scarce environmental resource as a sink for
pollutants or for other economic purposes (e.g. agricultural or residential
development). Of course, and as shown below, the absence of markets, not
only for the environmental assets but also for their services, makes valuation
more difficult, but not impossible.

A further problem is that, contrary to natural resource use which can
always be interpreted as an input into a production process, pollution gener-
ated through final consumption by households is difficult to interpret as a
(production) cost. By definition, final consumption does not generate direct
cost in national accounts. Externalities of consumption may either affect the
utility functions of other households or generate diseconomies for enterprises.
Diseconomies are already accounted for as production cost in conventional
accounts. Since they reflect a picture of distorted allocation efficiency, these
costs should be allocated to those agents that cause them rather than to those
that bear them, in application of the maintenance valuation approach (see
below). Impacts on utility functions, on the other hand, affect the well-being of
individuals which is not accounted for in conventional accounts.

It has been suggested?* that final consumption should be increased by the
value of pollution, reflecting the additional consumption of newly scarce
environmental (waste disposal) services by households. In a second step the
same value should be deducted from capital formation as a loss of natural
capital. This procedure would (1) change the consumption boundary of the
SNA and (2) effectively exclude social (environmental) cost generated by
households from EDP and EVA calculations. If this consumption increase is
valued at maintenance cost (rather than through a more controversial assess-
ment of individual preferences, e.g. by means of contingent valuation, see
below), it would create an aggregate that is inconsistent with demand-side
oriented analysis of final consumption.

For the purpose of production/performance analysis, notably in terms of
EDP and EVA, an alternative treatment of household pollution is suggested in
the SEEA. Pollution costs generated from household consumption are shifted
to the production sector as environmental cost of other industries (United
Nations, 1993a, para. 275). This procedure ensures that the total social cost of
maintaining environmental quality, through a (hypothetical) production
process of conservation, is assessed, irrespective of the origins of these costs
and of their ultimate effects on consumption, income and well-being.

Environmental damage cost: welfare effects of degradation

The above refers to the need for recording more comprehensively the total
environmental cost of production in national accounts. Economic theory pro-
vides an alternative justification, from a benefit-lost rather than cost-incurred
point of view. The focus is on the further effects of the loss of factor services on
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human welfare. Valuation proposals thus address the ultimate effects of con-
tamination on human health and well-being or ‘utility’, i.e. the costs borne by
individuals rather than the costs caused by economic activity (United Nations,
1993a, p. 91).

Undeterred by problems of quantification, theoretical economists typically
present elegant explanations of welfare generation under optimal conditions.
Again, a similarity to resource depletion can be observed. As in the case of
Hotelling rent costing, it can be shown that environmental damage cost needs
to be deducted from value added generated in production in order to obtain
optimal (maximum) NNP (Dasgupta and Miler, 1991). In turn, such costing
ensures the long-term sustainability of consumption (Hamilton and Atkinson,
1995). The relevance of these models, beyond vacuum analysis (see above), is of
course subject to the findings of further empirical research.

Maintenance costing and contingent valuation

Costs caused and borne

In line with the distinction between the direct use of environmental productive
services and the consequential welfare effects from loss of consumer services,
two main valuation approaches are advanced by the SEEA. Maintenance
costing focuses on the direct impacts of production in assessing the costs of
keeping environmental assets intact. Contingent and related valuations of the
demand/benefits/damage side of environmental services, on the other hand,
attempt to measure the loss or generation of ecological and environmental
consumer services. Ecological services include repercussions (indirect effects) of
direct environmental impacts such as the effects of SO, emissions on the
quality and habitat functions of forests via acid precipitation. Environmental
services consist of aesthetic, health or recreational effects borne by human
beings.

Both approaches attempt to find, in principle, market values for measuring
environmental costs and benefits. Maintenance costing searches for market
values of factor inputs, required for the potential restoration or avoidance of
environmental impacts caused by economic agents. Contingent and related
demand-side or use valuations attempt to measure preferences for (outputs of)
environmental services or dispreferences for their impairment, as if markets
existed for these services.

Contingent valuation thus reflects the environmental cost borne by eco-
systems and individuals. However, maintenance costing appears to exhibit
characteristics of both the cost-caused and cost-borne concepts, if restoration
costs are included. The concept of restoration cost was advanced by Hueting
(1989) as a supplement to national income. It represents the expenditures that
society would have to incur to restore environmental quality lost in the past to
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desirable levels, expressed in sustainability standards. These quality losses can,
of course, not be traced back to those who caused them, e.g. through emissions
in past accounting periods or from transboundary pollution by the rest of the
world. While reflecting a maintenance cost concept of restoring environmental
assets, restoration costs thus also represent the environmental costs accumu-
lated and borne by society over time. As indicated in Box 5, the cost accumu-
lation concept does not fit into periodic income and production accounting
and is therefore not further pursued here. It may have some analytical value,
however, in assessing ‘in monetary terms how far a nation has drifted away
from a sustainable development’ (Hueting, 1989, p. 37).

Box 5: Restoration cost and environmental debt

Environmental cost accumulation, as reflected in the concept of resto-
ration cost, represents an environmental debt (National Institute of Eco-
nomic Research and Statistics Sweden, 1994, p. 40). Environmental debt,
incurred by past generations (or accounting periods), indicates the
responsibility of the current generation (for the sins of their own and past
generations) for environmental effects that will have to be borne by future
generations. In its reference to an accumulated environmental burden,
this concept is not strictly comparable with production and income aggre-
gates, as maintained by Hueting and Bosch (1994, p. 237). Even if this
burden is distributed over past and the current accounting periods, it will
hardly be possible to allocate it to causing sectors (in the domestic and
foreign economies), permitting only an overall adjustment of total nation-
al income.

Of course, just as in the case of conventional monetary debt, a compari-
son with income, saving, and financial assets and liabilities could shed
some light on the capability of a nation to reimburse the principal of the
environmental debt in future accounting periods. Such analysis seems to
be behind the notion of a genuine savings (World Bank, 1995, ch. 7) indi-
cator which could be interpreted as national saving net of an annualized
hypothetical repayment of environmental debt.

Cost-caused accounting can thus be taken as synonymous with maintenance
or avoidance cost accounting, and contingent valuation is assumed to reflect
the (environmental damage) cost-borne approach.

Taking care of nature: market simulation of environmental protection

Monetary valuation of the direct environmental impacts of production and
consumption permits expanding the scope of environmental accounting while
maintaining closeness and consistency with the production philosophy of the
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SNA. Costing the maintenance of environmental ‘capital’ is the anchor which
prevents environmental accounts from drifting away into the realm of welfare
measurement and analysis. On the other hand, it is welfare analysis which
provides a theoretical justification for incorporating environmental concerns
into the accounting framework.

Setting out from the premise that environmental services can be com-
modified, economic theory can be used to show how their value is determined
by the interaction of (simulated) market forces. New scarcities of environ-
mental services are reflected in the generation of social environmental damage
costs which in turn incite environmental protection expenditures to prevent or
mitigate the social costs. The supply of protection services can thus be com-
pared with the demand for environmental quality by final users.

Valuing public goods is common practice in the SNA where collective ser-
vices are measured at production cost (Commission of the European Com-
munities et al., 1993, para. 9.91). The same valuation principle could be applied
to the environment and its collective services of waste absorption. There is a
difference, however, since there are no direct expenditures by the supplier,
nature, for inputs into waste disposal. This drawback can be overcome, con-
sidering that economic agents would have to step in for nature, once its supply
is impaired, i.e. once its services have become scarce. Government, in particu-
lar, as caretaker of public goods, would have to ensure that an appropriate
supply of waste disposal services is maintained; governmental agencies are
usually well equipped to preserve nature’s absorptive capacities through
environmental protection.

In perfectly competitive markets, equality of the marginal benefits obtained
from environmental damage reduction with the marginal cost of environ-
mental protection permits to use either marginal protection or marginal
damage cost as the unit value of environmental services. This is of course
textbook economics of market clearance, illustrated in Figure 1. The figure
plots the supply S of environmental quality E (expressed in terms of reduced
emissions €), as a function of the marginal environmental protection (emission
avoidance or reduction) costs C, against the demand D for environmental
quality, as a function of the willingness to pay (WTP) for these costs.

Market clearance is obtained at the optimal emission reduction level e*. At
this level, the marginal costs ¢* of emission abatement (reflected by the supply
curve S) are equal to the perceived marginal benefits of abatement (reflected by
the WTP of the demand side). The marginal costs ¢* can thus be used to value
the difference between actual emission abatement ¢, carried out during the
accounting period, and optimal abatement e*. Equation (5) defines thus the
correct value (under the assumption of a perfectly competitive market for
environmental protection) of the environmental damage cost (EDC), actually
generated during the accounting period, as

EDC = (e* — ¢)c* ©)
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Figure 1. Market simulation of environmental protection.

EDC are the environmental costs caused during the accounting period that
have to be imputed (beyond actual protection costs incurred, i.e. €'c’) to those
who are responsible for their generation. This cost allocation reflects the cost
internalization criterion of the polluter pays principle (see below).

It should be noted that this value of EDC is consistent with market valu-
ation in national accounts. It includes an environmental producer surplus,
EPS (Mollgard, 1995, p. 8), shown as a white triangle in Figure 1, which would
be omitted if actual (marginal) cost incurred ¢’ is used for environmental
damage costing. A similar omission would occur (depending on the slope of
the cost curve) if estimated average cost were applied. Also, in line with market
valuation, environmental consumer surplus (beyond actual expenses), ECS
(shaded), which is part of contingent valuations of the WTP, is excluded in the
value of EDC.

Textbook economics tells us also that EPS is disappearing in the long run
through competition. In this case, actual (minimum average) costs of the best
available technologies would be a good approximation for (long-term)
environmental damage costing. In the short-term, however, marginal costs can
be expected to be greater than average costs, and using the latter would under-
state the value of damage (avoidance) cost. Still, even a horizontal supply
curve (see Figure 2) does not solve the problem of determining demand, which
would have to resort to assessing individual preferences for environmental
quality. Contingent and related valuations have been proposed to this end,
without much success at the national (accounting) level (see below).

Maintenance costing of environmental asset use

One way to circumvent the problem of estimating demand for environmental
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services is to introduce environmental standards that refer to a permissible
maximum level of pollution, set by experts or governmental fiat. As in the case
of determining environmental debt to future generations (see Box 5), standard
setting introduces eclements of (normative) evaluation into the valuation
process. In this manner, the invisible hand of more or less competitive markets
is replaced by the visible one of standard setters. Figure 1 illustrates that such
standard setting will normally not be at the optimal level ¢* but, for instance,
at level e. In this case, emissions would be reduced at a cost of ¢. However,
consumers of environmental quality are not prepared to meet these costs vol-
untarily, according to the demand curve.

Environmental standards are frequently specified as ambient concentration
or contamination limits. They need then to be translated for cost-caused mea-
surement into emission standards and corresponding emission reduction stan-
dards e. This is not an easy task, given that concentration of and
contamination with pollutants can be the result of emissions from earlier
periods and other regions or countries. One way around this problem is to
assume, not unrealistically in most situations, that optimal pollution levels
have already been exceeded and additional emissions beyond the actual
reduction level ¢’ cannot be tolerated. This represents in effect the special case
of setting the desirable emission (reduction) standard at e > ¢'.

Figure 2 illustrates how the unknown demand curve is replaced by a partic-
ular emission reduction standard &. Demand D = ¢ is then confronted with the
long-term supply curve S = c,;,. This produces an EDC estimate as the cost
of complying with emission abatement at the level of &, beyond actual
abatement ¢’ (shaded area):

EDC = (¢ — €)cpin (©)
Figure 2 also shows the case where for technical or economic reasons the cost
of further reduction of emissions becomes prohibitively high, i.e. the supply
curve becomes vertical (), with the marginal cost of abatement approaching
infinity. € is thus an upper limit of emission reduction (standards). The SEEA
proposal for maintenance costing seems to refer to both, the minimum
(average) costing for the best available technology (implied in the horizontal
supply curve and equation 6) and the special case of optimal emission
reduction levels exceeding actual reduction of emissions ( e* ~ & > ¢'). Main-
tenance costs are thus defined as the costs of using the natural environment
which would have been incurred if the environment had been used in such a
way that its future use had not been affected (United Nations, 1993a, para. 50).
These costs are of course hypothetical because in reality an actual use did take
place which affected the environment. It is therefore not surprising that most
of the controversy about environmental accounting hinges on the introduction
of such a valuation into an information system that focuses on observable
transactions (see Vanoli, Chapter 20). On the other hand, it is precisely the
omission of equally observable environmental impacts and their ensuing social
cost which prompted some of the harshest attacks on the validity of the
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Figure 2. Costing compliance with environmental standards.

national accounts.?’

The rationale for maintenance costing can thus be based on the following
two criteria (Bartelmus and van Tongeren, 1994, p. 16): first, the application of
the sustainability concept which has gained a central role in the discussion of
integrated (environmentally sound and sustainable) development; and second,
the extension of the national accounts concept of replacement cost of the con-
sumption of fixed capital to valuing the use of environmental assets. The sus-
tainability concept reflects a conservationist view of the environment.
Uncertainty about possible long-term hazards from disturbing the natural
environment and possible irreversibilities of environmental impacts from eco-
nomic activities call for a high degree of risk aversion, i.c. the maintenance of
at least the present level of environmental quality. The notions of sustainabil-
ity and conservation reflect a macroeconomic view of society’s taking care of a
public good by means of collective environmental protection services. The link
to microeconomic cost concepts and accounting can be found in the fact that
the public good is affected directly by a wide range of microeconomic
(production and consumption) activities. As a consequence, there is good
reason to allocate the macroeconomic (social) costs to those who caused them,
according to the polluter/user pays principle. Accounting for accountability is
the principle behind the allocation of environmental costs to the different
sectors of the economy in the SEEA 2°

The replacement cost approach for valuing the use of environmental func-
tions is similar to valuing the maintenance of services of man-made capital in
the national accounts. The consumption of fixed capital is estimated as the
amount necessary to keep the level of the man-made assets intact by means of
replacement investments. Such calculation of capital consumption is also
hypothetical in nature, because it is not certain whether actual investment
expenditures will be incurred at maintenance cost levels.



294  Peter Bartelmus

Another application of the cost-caused and maintenance valuation concepts
is for the recording of transboundary flows of residuals from and to the rest of
the world. The SEEA brushes over the valuation problem in this case by
simply indicating negative exports and import figures (United Nations, 1993a,
para. 316). Another approach has been suggested in several country projects of
UNSD, considering transboundary pollution flows as negative transfers in
kind to/from the rest of the world. In line with SNA accounting rules, such
transfers affect (environmentally adjusted) national income rather than domes-
tic product. They should be valued at domestic (for residuals exported) and
foreign (for residuals imported) avoidance cost according to the cost-caused
principle.?” Exports of residuals would thus increase the value of national
income, while imports would decrease it because of an additional social cost
transferred upon the country from abroad.

Maintenance costing covers both, degradation and depletion of natural
assets. By applying maintenance valuation care should be taken to avoid pos-
sible double-counting in costing the environmental impacts from natural
resource use and environmental degradation generated by the same economic
activity. This is the case, for instance, when the costs of preserving forests
cover both the maintenance of economic functions (timber stocks) and ecologi-
cal ones (habitat, flood control etc).?® In the case of renewable natural
resources, replacement costs would reflect maintenance or conservation cri-
teria, applied to exploitation of the resource beyond sustainability levels.
However for exhaustible resources a weaker sustainability criterion would
have to be applied to economic functions of the resource to avoid squandering
the resource.

Alternatively, if full conservation, even of economic functions, for future gen-
erations is desired or environmental and economic functions cannot be
separated, maintenance costing would value the non-use of the natural
resource in terms of value added forgone. Measures of maintaining environ-
mental functions may include, apart from reduction of or abstention from eco-
nomic activities, the substitution of outputs or inputs in production, preven-
tive environmental protection or the more difficult to allocate restoration of
degraded natural systems (Hueting et al., 1991; Bartelmus and van Tongeren,
1994). For all these measures, their immediate environmental impacts, includ-
ing those of substituted technologies, would have to be accounted for. Of
course, as discussed above, the assessment of indirect costs generated by cost
internalization requires behavioural assumptions which are the realm of mod-
elling rather than accounting.

Contingent valuation of environmental services

Contingent and other (damage) valuations (see Box 2) are means of assessing
the demand for environmental services. The scarcity of these services is reflec-
ted in environmental damage resulting from the loss or impairment of
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environmental functions. The SEEA addresses the measurement of environ-
mental damage in a separate version which introduces the cost-borne valu-
ation into environmental accounting. This valuation combines the market
valuation of natural resource depletion, mainly borne by enterprises, with con-
tingent or other valuations of the welfare effects from environmental deterio-
ration, borne by households.

Well-known problems of applying these valuations in cost—benefit analyses
at the project level?® accumulate at the national level. At least for the time
being, such valuations do not seem to be applicable in routine national
accounting. However, they might be usefully explored in more experimental
studies that focus on selected concerns or {(subnational) regions.

It is doubtful, however, whether contingent valuations are at all suitable for
incorporation into national accounts. National accounts are based on market
prices which value transactions and are not capable of assessing welfare due to
their exclusion of consumer surplus. As illustrated in Figure 1, contingent
valuations do include this surplus when assessing the willingness to pay for
environmental services. Mixing these valuations would create aggregates that
are neither performance nor welfare measures and thus difficult to interpret.®°

From valuation to evaluation

Measuring sustainability in growth and development

As pointed out in the Introduction, the measurement of environment-
economy interaction is to provide the necessary information for integrative
policies of sustainable growth and development. The above discussion of valu-
ation in integrated accounting showed that a high degree of environmental
and economic data integration can be achieved within the framework of inte-
grated environmental and economic accounting. However, monetary valuation
becomes arbitrary with increasing remoteness of the results of human activity
and natural processes from economic output.

Development goals of equity, health, literacy, freedom or political stability
are difficult to quantify, even in physical terms, and quite impossible to value
in money terms. A comprehensive concept of development would have to
cover all these values and amenities. Obviously, additional, non-monetary
information is needed for the assessment of the sustainability of development,
beyond economic growth. This can be illustrated by categorizing the concept
of sustainability in a generic process of providing goods, services and non-
economic amenities to society.3?

Operational concepts of sustainability

Following the supply process of economic goods and non-economic amenities
through to the final uses and users permits the distinction of the sustainability
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of supply/production from the sustainability of use and users. This cate-
gorization links the concept of sustainability to well defined economic pro-
duction and consumption processes and to less well defined qualities of life of
human users of goods, services and amenities.

A significant part of the economic sustainability of production and income
is already addressed in national accounts by making an allowance for the
consumption of capital in production processes. Scarcities of further inputs of
natural resources and environmental services make for the extension of the
sustainability criterion from produced capital maintenance to the maintenance
of natural capital, as described above. In addition, the maintenance of human
and institutional capital would also have to be considered in a comprehensive
discussion of the sustainability of economic production and growth. Because
of conceptual and statistical difficulties in defining and measuring human and
institutional capital, integrated environmental and economic accounting, as
proposed by the United Nations (1993a), has concentrated on produced and
natural capital and its consumption or use.

For the analysis of the final destination of goods, services and amenities, a
distinction can be made between final uses and the ultimate users of goods and
amenities. Such analysis is more welfare- and people-orientated than the cost/
technology-oriented description of production and supply. An attempt to push
monetary valuation further into the realm of non-economic (dis)amenities is
the application of contingent valuation to environmental effects on human
health and welfare. The above-described difficulties of applying this and
related (benefit/damage) valuations at the national level disqualify this
approach from use in routine accounting.

Despite these difficulties, a number of indices have been proposed for cor-
recting the perceived flaws of national income and GDP as measures of eco-
nomic welfare. They include in particular an Index of Sustainable Economic
Welfare (ISEW; Daly and Cobb, 1989), a measure of Net Economic Welfare
(NEW; Samuelson and Nordhaus, 1992) and the ISEW-based Genuine
Progress Indicator (Cobb et al., 1995). These indices typically make allowances
for the narrow scope of conventional economic aggregates which exclude
desirables of household production, leisure and environmental services and for
the excessive scope of conventional aggregates, including regrettables or defen-
sive expenditures, e.g. for environmental protection or defence. A number of
non-monetary indices, focusing on the ultimate users, i.e. human beings, of
goods and amenities have also been proposed. They include an overall human
development index (United Nations Development Programme, 1991) and
measures of the carrying capacity of land areas for human populations (Food
and Agriculture Organization et al., 1982; Vitousek et al., 1986).

To the extent that these indices reflect adequately final use of goods, services
and amenities and/or their welfare effects, non-decline of the indices could be
interpreted as a measure of sustainable development. However, a number of
flaws, regarding scope, coverage, aggregation and compilation, throw doubt



The value of nature 297

on the validity of these measures. This is not surprising since, invariably, they
are compiled eclectically outside any consistent framework such as the nation-
al accounts with their rigorous accounting rules, definitions, balances and
identities.

Valuation and evaluation — a dichotomy in indicator development

The above brief description of operationalizing the concept of sustainability
points already to a basic dichotomy in measuring sustainable growth and
development, either in physical (non-monetary) or in monetary terms
(Bartelmus, 1995). Monetary accounting systems, notably the SNA and its
satellite, the SEEA, provide conventional and environmentally adjusted aggre-
gates of economic performance (domestic product, national income, capital
and capital formation, consumption, saving etc.). Contrary to such valuation,
non-monetary data frameworks, such as those for social and demographic sta-
tistics (United Nations, 1975), environment statistics (United Nations, 1984) or
for indicators for sustainable development {see Box 6) generate demographic,
social and environmental data and indicators in physical terms, with widely
differing units of measurement. The SEEA also proposes to link physical and
monetary accounts by incorporating physical data on natural assets and
natural resource and residual (pollutants) flows as counterparts of the mone-
tary environmental accounts (United Nations, 1993a, ch. I1I).

Box 6: Framework for Indicators of Sustainable Development (FISD)

One way to capture most of the different approaches and listings of
environmental and sustainable development indicators is to combine the
concerns of potential data users, as reflected in UNCED’s Agenda 21,
with the framework for environmental data production, the Framework
for the Development of Environment Statistics (FDES; United Nations,
1984), endorsed by the international statistical community. This approach
is reflected in a Framework for Indicators of Sustainable Development
(FISD) proposed by the UNSD (Bartelmus, 1994b). The framework com-
bines clusters of Agenda 21 chapters with information categories of activ-
ities, impacts, responses to impacts and inventories/stocks of the FDES.
In this manner, it generates indicator topics and corresponding indicators
for and of sustainable development (see below). A similar ‘driving force—
state-response’ framework has been developed from a data use point of
view by the United Nations Department for Policy Coordination and
Sustainable Development (DPCSD) in collaboration with the UNSD.

Lacking the powerful aggregative capacity of economic valuation, full inte-
gration appears to be an elusive goal for physical data frameworks. Aggre-
gation, if at all to be attempted, has to resort to explicit (e.g. expertocratic) or
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implicit (such as the use of equal weights in simple indicator averages) weigh-
ting.3> A somewhat different attempt was made by Dutch statisticians to
bridge the dichotomy of monetary and non-monetary indicators by intro-
ducing physical environmental indicators into the national accounts system
(de Haan and Keuning, 1995). It remains to be seen if this approach, which has
to resort to controversial aggregation methods,*® will become a useful instru-
ment of decision making in the Netherlands and beyond.

In order to increase the policy relevance of more or less extensive sets of
indicators, the setting of targets or standards of basic human needs or the
quality of life is typically proposed. It can be shown (Bartelmus, 1994a) that
such standard setting turns the analysis of the sustainability of development
into one of the feasibility of development programmes; those programmes
would have to comply with an exogenously set normative framework of
minimum and maximum standards and thresholds. Monetary valuation is
replaced in this case by social evaluation of feasible development. The cover-
age of development concerns is indeed expanded, as compared to monetary
valuation in integrated accounting, but at a price. The price is the introduction
of normative criteria in lieu of directly measurable costs and prices.

Indicator use: policy analysis, management and score keeping>*

Environmental accounting and indicators for sustainable development are
both relatively new methodologies. Experience with their use and usefulness in
decision making is still lacking. This is because, on one hand, there is not yet
full consensus on concepts, classifications and methods of compilation and, on
the other hand, statisticians are typically quite reluctant to enter the less objec-
tive arena of policy analysis. Most projects of environmental statistics and
accounting lack therefore an assessment of actual policy use of the data pro-
duced. However, some theorizing on potential uses and applications might
stimulate further exploration of how integrated data systems can support
policies of sustainable development.

Accounting data and aggregates

Physical data of natural resources and residuals provide the necessary
counterpart information for monetary accounting. However, physical accounts
have limited aggregation capacity, across different natural resources and pol-
lIutants. They might be able to combine related resources and pollutants in
common equivalency units (such as oil equivalents); but beyond that, the use
and usefulness of different natural resources and the impacts of different pol-
lutants cannot be fully reflected in one indicator or compared directly to
related economic aggregates. Physical accounts can thus provide valuable
information for the management of particular resources and pollutants. They
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cannot, however, on their own, be the basis for policy decisions that take both
environmental and socioeconomic concerns and objectives into account.

Integrated monetary accounts, on the other hand, can be used to assess
several key aspects of integrative economic policy (Bartelmus, 1996). They
include: the (non)sustainability of economic growth; the structural distortion
of the economy by environmentally unsound production and consumption
patterns; and the efforts undertaken to address these issues. Conventional
indicators of national income or product are typically used in the measure-
ment and analysis of economic growth. EDP or similar aggregates could
therefore be introduced into such analyses. Replacing conventional growth
indicators, notably GDP or NDP, by an environmentally modified indicator,
such as the EDP, provides a handy overall measure of the success or failure of
integrative policy. Expanding the scope of key economic variables such as
capital, capital formation and consumption in dynamic (growth) models could
produce further (early warning) signals about the trends and limits of (more)
sustainable economic growth. In addition, these models (within their assump-
tive limitations) could provide advice about how to reorient economic devel-
opment toward a sustainable path.

Structural distortions in the economy from under-priced over-use of
environmental resources can be addressed by full-cost pricing, i.e. environ-
mental cost internalization into the budgets of households and enterprises.
Given the inefficiencies of command and control measures in environmental
protection and natural resource conservation, the application of market
instruments has been generally advocated. Economic instruments of cost inter-
nalization include effluent charges, user taxes, tradable pollution permits,
deposit-refund systems etc. They are usually applied to those who can be held
responsible for natural resource depletion and environmental degradation,
according to the user/polluter pays principle. Integrated accounting can help
to define those instruments and measure the appropriate level of fiscal incen-
tives (subsidies) or disincentives (effluent charges etc.).

The deduction of environmental costs from conventional indicators of value
added does not necessarily imply that these costs are or are about to be inter-
nalized by individual economic agents. These costs are imputations which do
not suggest any particular role of environmental costs in actual price forma-
tion. Such pricing would have to be modelled according to prevailing elastici-
ties of supply and demand. While such modelling of shadow prices is beyond
the object of accounting, imputed environmental cost information can provide
the initial input into the simulations of market behaviour of producers and
consumers. Even in the absence of such modelling, setting the level of eco-
nomic instruments at imputed environmental cost level would provide a
rational basis for iterative cost internalization policy and the monitoring of its
effectiveness.

Environmental protection and the reorientation of macro- and microeco-
nomic policies towards sustainable development are the main efforts to
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achieve progress in both environment and development. The separate identifi-
cation of the expenditures for these efforts in environmental accounts permits
measuring the relative contributions of different sectors and institutions to the
overall national effort on sustainable development. If an unequivocal connec-
tion between these expenditures and the change in environmental quality and
natural resource use could be made, the efficiency of environmental protection
and policies of sustainable development could be assessed in terms of their
costs and benefits. Major problems of relating particular measures and pro-
grammes to time-lagged and synergistic or antagonistic effects on the environ-
ment and human welfare would have to be resolved in such an exercise.

Perhaps more promising would be an effort of tracing current and capital
environmental expenditures to their sources, as measured in the financial
accounts. Financial accounts are an integral part of national accounts and can
thus be directly linked to non-financial transactions in the economy. This link
would facilitate the integrative analysis of environment-economy interaction
in areas of debt, savings, inflation, fiscal policy and income distribution.
However, little work has been done on the financial aspects of environmental
accounting which to date has focused on the physical environment and its role
in sustaining growth and development.

Indicators for sustainable development

Environmentally adjusted monetary accounting indicators address directly
questions of sustainability of economic growth, in terms of maintaining
broadly defined capital or national wealth. As discussed above, data support
for the broader concept of sustainable development would require the cover-
age of social goals such as equity, political freedoms, culture and the health of
humans and ecosystems. These concerns were therefore incorporated in lists of
indicators for sustainable development (see Box 6). The preposition ‘for’ indi-
cates that this multitude of concerns is not to be addressed by one overall
index but by a set of indicators referring to numerous causing activities, pro-
cesses, effects and policy responses.

On their own, these indicators might very well assist in the management of
particular issues but would still lack policy relevance, a recurrent lament in
indicator development. It is only when grouped together, for instance in a
consistent data framework, that large sets of indicators may gain enough
coherence to facilitate integrated policies and analysis of sustainable develop-
ment. As indicated above, one way to improve on policy relevance is to refer
them to a normative set of standards and targets that determine the feasibility
of sustainable development. The development of and agreement on such sus-
tainable development standards should be of high priority in the development,
implementation and evaluation of integrative policies. Once available, these
standards need to be introduced into indicator frameworks for the evaluative
measurement of progress towards or violations of those targets and standards.
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Another way of circumventing controversial valuation methods is to introduce
physical variables into economic models. Mixing physical and monetary vari-
ables and parameters in optimization models, with or without restrictions,
permits shadow pricing of physical phenomena for purposes of assessing
optimal and/or sustainable economic performance.

Indicators of sustainable development

Indicators of sustainable development are usuvally included (but somewhat
hidden) in indicator sets for sustainable development. They are those indica-
tors or indices that aspire to measuring directly sustainable growth, welfare or
development. Without further breakdown by sectors or institutions the value
of these indices for policy formulation and evaluation is minimal. However, if
they are to gain a similar status of acceptance as the routinely compiled aggre-
gates of GDP or national income, they might at least be useful in keeping the
score (Department of Environment and Natural Resources, Republic of the
Philippines et al., 1994, p. 2; see also Peskin, Ch. 22) of sustainable develop-
ment, over time and among nations.

This seems to be indeed the ambition of the overall indices described above,
notably the GPI. The authors of this index have thus called for the replace-
ment of GDP and even the whole national accounts system by appropriate
indicators of social progress (Cobb et al, 1995). Obviously, the socio-
environmental (non-monetary) side of the above-described dichotomy of
values and (e)valuation is at work here. Given the lack of transparency and the
arbitrariness in scope, coverage, weighting and valuation of overall welfare
indices, the risk of index manipulation cannot be denied. The capacity of these
indices might indeed be more for spreading ‘funk by numbers’®> than for
redirecting policy towards sustainability goals.

Outlook: consensus building and standardization

There is no question about the need for harmonization and standardization of
indicator and accounting methodologies. The current proliferation of different
concepts, methods and classifications, frequently developed outside any
organizing framework or system, has generated non-comparable information
and confusion in countries attempting to implement these methodologies.
Internationally adopted standards, such as those developed under the aegis
of the United Nations Statistical Commission, would facilitate international
comparison and a coordinated approach to capacity building. On the other
hand, such international adoption can only be achieved if there is consensus,
at least on key concepts and methods. Unfortunately this is not yet the case,
neither in environmental accounting nor in the development of indicators of
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sustainable development. There is thus a trade-off between the pragmatic
objective of meeting urgent needs for data development and capacity building,
and the scientific objective of encouraging pluralism in approaches and meth-
odologies through research and experimentation.

Some consensus building on indicators and integrated accounting is in the
making. For environmental accounting, this is facilitated by the existence of an
internationally adopted system of national accounts, the 1993 SNA, which is
also the basic framework for the SEEA. The Second Special Conference of the
International Association for Research in Income and Wealth (IARIW) in
Tokyo (5-8 March 1996) revealed commonalities in practical and theoretical
approaches, in particular for the measurement and valuation of natural
resource depletion. The treatment of environmental externalities remains a
controversial issue, though. The Statistical Commission, at its twenty-ninth
session (New York, 11-14 February 1997), agreed therefore to build on practi-
cal experience for the revision of the SEEA to be undertaken jointly by UNSD
and the ‘London Group’ of national accountants. In the meantime, a group of
international organizations and experts, the so-called Nairobi Group, agreed
on a joint work programme in preparing an ‘operational manual’. The
manual is intended to translate the complex methodologies of the SEEA into
pragmatic step-by-step guidelines for preparing integrated accounts and using
their results in policy analysis.>®

In the area of indicator development, the Department for Policy Coordi-
nation and Sustainable Development of the United Nations, in cooperation
with UNSD, has proposed a framework and work programme for indicators
of sustainable development, for adoption by the United Nations Commission
on Sustainable Development (United Nations, 1995). The Commission, at its
third session in April 1995, approved the work programme and encouraged
the further development of the framework and list of indicators. An Inter-
governmental Working Group on Environment Statistics, convened by
UNSD, adopted sets of environmental indicators for international compilation
and methodological development by UNSD.

All this augurs well for developing greater consensus on urgently needed
practical concepts and methods. At the same time, it should not discourage
continuing research on controversial or unresolved questions. The internation-
al community of data users and producers, as represented by the United
Nations Commission on Sustainable Development and the Statistical Com-
mission, should harness the current diversity of methodological proposals with
a view to harmonization and consensus building. UNSD as the Secretariat to
the Statistical Commission is prepared to play its part in this process.

Notes

1. To use a crude distinction between advocates of mainstream neoclassical economics and holis-
tic views of the human environment. In a similar vein, for purposes of exposition, reference is
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11.

12.

13.

14.
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made to environmental economists, national accountants and environmental accountants. Of
course, neither the existing schools of thought nor their representatives may fully fit into this
simplified categorization.

. E.g. the ‘prices along the optimal trajectory’ of maximum intertemporal welfare; those prices

are shadow or ‘accounting prices’ since hardly any economy will usually meet the model
assumptions. See for a discussion of such a model, incorporating environmental resources and
expenditures for environmental protection, Miler (1991).

. For purposes of incorporating environmental impacts in project evaluation, see e.g. Dasgupta

(1994). A good example for assessing the interrelationships between macroeconomics and the
environment in a CGE model is the Norwegian approach to environmental assessment which
appears to skip factual measurement in favour of modelling for policy advice (Alfsen, 1996).

. Deep ecologists emphasize the need for a ‘comprehensive, religious and philosophical world

view’ and the “intrinsic equality’ of all species (Naess, 1976; Devall and Sessions, 1985).

. This is because actual internalization would affect the level and structure of economic per-

formance and make the sum of imputed environmental costs non-comparable to observed
macroaggregates. See below for a discussion of this issue.

. The further expansion of the asset boundary for the incorporation of ‘non-economic’

(environmental) assets is described below.

. For instance, the Bureau of Economic Analysis (1994) of the USA treats discoveries of mineral

resources as capital formation, thus offsetting the depletion of these resources. Similarly,
Repetto et al. (1989) treated discoveries as national income raising capital investment.

. Performance measures of the SNA, such as GDP and NDP, are no more than the

duplication-free sum of economic production activities. The deduction of intermediate and
capital consumption from output avoids double-counting when outputs and capital services
enter a particular production process as inputs from other production units. As shown above,
any other interpretation of net value added or NDP runs into problems of market vatuation
which does not reflect maximum efficiency nor maximum welfare (due to market imperfections
and exclusion of consumer surplus in market prices). Of course, a certain measure of sustain-
ability, in terms of capital maintenance, is already incorporated into production when costing
capital wear and tear, ie. capital consumption. The sustainability criterion is discussed in
some detail below.

. Of course, when natural assets are marketed, observed prices of market transactions in these

assets can be applied; the value of asset services could be estimated by data on rentals or
leases paid for the permission to use the assets.

Alternative approaches that focus on welfare measurement, applying contingent and non-
monetary evaluation or weighting, are discussed in the following sections.

For exhaustible resources, such as mineral resources, the cost of discovery could be taken as
capital restoration cost. In fact, this approach would treat exhaustible resources as de-facto
renewable ones (Born, 1992, p. 27). This so-called ‘replacement cost approach’ is rather specu-
lative (about expected discoveries). It is also based on the controversial notion that discovery
represents a genuine replacement of a depleted resource (see note 7, above). The replacement
cost valuation is therefore not further pursued here.

This follows directly from the definition of the physical side of capital consumption which
refers to the normal (anticipated) obsolescence of produced capital in production and applies
current (market) prices in replacement costing and asset (change) valuation. Of course, ration-
al (optimal) re-investment behaviour is assumed, i.e. actual prices reflect accurately the current
value of the resource (in terms of discounted net returns).

To the extent that the economic value of a natural resource is affected by degradation, notably
from contamination with pollutants, such change in the quality of the resource would be
reflected in the expected net returns from lower quality resource stocks. Typically such degra-
dation is relatively small by comparison to the quantitative depletion of the resource.
‘Depletion’ is therefore considered to include such qualitative changes in economic value. The
value of impacts of pollution on non-economic assets or non-economic functions of economic
ones is the subject of alternative (non-market) valuations, discussed in the next section.
Excluding unexpected changes or impacts from activities other than production, e.g. natural
disasters or discoveries. Again, this convention is to stay as close as possible to SNA concepts
and (production) boundaries, in order to obtain maximum comparability with standard eco-
nomic aggregates. However, the introduction of the sustainability criterion might open the
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door to a different notion of capital (maintenance) and income, taking (positive and negative)
‘windfalls’ into account when compiling a ‘useful measure of real social income’ (Hicks, 1946,
p- 180).

This applies even more to other concepts such as Hicks (1946) income which defines a micro-
economic income concept as a residual based on the maintenance of the net worth of the
microeconomic agent. Net worth can be affected by holding gains and losses, capital transfers
and other events such as natural disasters, it is even more removed from the established —
national — income accounting.

Carried out with the support of UNSD in Colombia, Ghana, Indonesia, Mexico, Papua New
Guinea, Philippines, Republic of Korea and Thailand.

The identity between ‘receipts net of extraction cost’ (El Serafy, 1989, p. 13) and net returns or
Hotelling rent is not obvious. The objective of identifying an allowance which through invest-
ment would create a permanent income stream suggests that a normal return to (fixed) capital
should be included in the user-cost allowance, contrary to the Hotelling rent definition.
However, for purposes of national accounts calculation of value added and NDP or GDP,
rather than microeconomic income use strategy, a natural capital depletion allowance should
not include a normal return to capital which is part of the operating surplus component of
value added (point made to the author by J Logarta Jr. of the Environmental and Natural
Resource Accounting Project in the Philippines).

This is a typical inconsistency of environmental accounting approaches, developed outside the
national accounts framework. Other examples are referred to in note 30, below, where
environmental costs and benefits were estimated by means of a neoclassical general equi-
librium approach to welfare measurement and in Box 5 discussing the concept of environ-
mental debt.

According to the Wall Street Journal of 23 March 1992, Monsanto, Du Pont, Cyanamid Cos
made allowances between US $200 and $400 million at the end of 1991.

The author benefited on these questions from suggestions made by S Keuning of the Nether-
lands Central Bureau of Statistics and C Stahmer of the German Federal Statistical Office.

See e.g. the action plans of a recent international conference on ‘Taking Nature into Account’
(Brussels, 31 May and 1 June 1995), focusing on Europe, and of its follow-up conference (at
the global level) on ‘Accounting for the Future’ (Washington, D.C., 3 October 1995),
organized by non-governmental organizations and the World Bank.

Environmental ‘degradation’ may include quantitative losses such as the destruction of an
ecosystem or the extinction of species. Similarly, as discussed above, ‘depletion’ of natural
resources may include changes in their quality, e.g. when soil productivity is affected by con-
tamination from pollutants (see also note 13, above). Rather than following the popular dis-
tinction between depletion and degradation, the SEEA distinguishes more rigorously impacts
on economic (asset) functions from those on environmental ones to avoid double-counting
and mix-up of valuations.

It is a matter of some dispute if these defensive expenditures should be deducted or not from
economic aggregates as suggested by some authors (Daly, 1989; Pearce et al., 1990, p. 108).
Apart from problems of determining what outputs of society are defensive or ‘regrettable’ and
of accounting for the indirect costs of antecedent industries, such deduction from GDP or
NDP seems to confuse these aggregates with welfare measures (rather than net production or
capital formation) (Bartelmus, 1994a, pp. 38/39). See also below regarding the compilation of
economic welfare indices.

Oral communication by J van Tongeren of UNSD.

See e.g. Brown, L. R. (1993, p. 4) who blames the accounting system to ‘generate environ-
mentally destructive economic policies’ as it fails to reflect the reality of natural capital depre-
ciation and environmental destruction.

It should be noted that, contrary to the depletion cost of marketed natural resources, environ-
mental maintenance costs are thus not referring to changes in the availability of natural assets
but represent a measure of the total social cost of environmental protection, redistributed to
economic agents for possible internalization.

Of course, the cost-borne principle cannot be applied to transboundary flows, because it is
hardly possible to trace changes in environmental quality back to the countries responsible for
the export of environmental degradation.

In this case, any depletion cost previously deducted from value added or NDP to obtain
environmentally-adjusted value added or net domestic product of type I (EVA I or EDP 1)
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would have to be added back in to calculate EVA II and EDP II, covering both natural
resource depletion and environmental degradation.

29, Contingent valuation, for instance, faces free-rider attitudes, short-sightedness or ignorance of
consumers about long-term environmental impacts, and effects of income levels and distribu-
tion, when questioning individuals in opinion surveys about their preferences for environ-
mental quality and related social values.

30. An example of such mixture is the ‘neoclassical’ accounting approach, proposed by Peskin
(1991), which applies avoidance costing to measure the ‘outputs’ of nature’s environmental
services (and inputs into the economic system) and contingent and other valuations to esti-
mate the damage input into the nature account (i.e. negative output of the economy).

31. See for a detailed discussion of this process and its categories, Bartelmus (1994a).

32. For instance, expertocratically determined weights have been applied in EUROSTAT’s pres-
sure index (Jesinghaus, 1994), and equal weights were used in combining ‘deprivations’ in
income, life expectancy and educational attainment in UNDP’s (1991, p. 88) Human Develop-
ment Index.

33. Aggregation is achieved by means of ‘equivalent” factors, measuring the contribution of indi-
cators to ‘policy themes’. The controversiality lies in both, theme selection and the difficulty of
providing across-theme aggregation of environmental indicators.

34. The following review of potential indicator uses is based on Bartelmus (1995).

35. The Economist of 30 September 1995, p. 27, in connection with the Genuine Progress Indica-
tor (GPI).

36. See Chapter 2 for a description of this approach.

Appendix : methods of market valuation of natural resources

Present-value methodt

The present value ¥V, of a natural resource asset, i.e. the value at which the
asset would be traded under perfect (market) conditions and optimal behav-
iour, is the sum of the expected net revenue flows R, = N, Q,, discounted at
nominal or real interest rates r, assumed to be constant for the life T of the
resource:

L 1 R2 RT 1
Z(1+r)‘ T T @
N, is defined as the total unit value of the asset less the marginal costs of
extraction, development and exploration, and @, is the quantity exploited over
the period t. Equation (1) assesses the value of the resource at the end of the
accounting period, after the returns have been fully realized (R, in the first

period). If the value of the resource is assessed at the beginning of the period,
discounting has to start with the first period, changing equation (1) into:

T N R R R R
V¥ = rEr 0 1 2 .. ___L_
=L Tan Tt aem T ar T T Ay
@

The change in value of a natural asset AV during the accounting period can be
expressed as the difference in current values of the anticipated returns at the

T Part of the following is based on Bartelmus and van Tongeren (1994), pp. 11/12.
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beginning (V,) and the end (V;) of the accounting period. The emphasis is on
anticipated, effectively excluding any changes in reserves other than planned
resource extraction. Given that

R, Ry
=R ey —T 3
£ 1+1+r+ +(1+r)T_1 )

and that ¥V, can thus be expressed in terms of V; as Ry + V;/1 + r, AV can be
formulated as

Vi
AV =V, —Vy=—Ro+——xr 4
1 0 0TI, @
when assessing the value change ex post, i.e. at the end of the accounting
period. The corresponding ex-ante formula is

AV* = —Ry+ Vy x r (5)

The change in economic value of the asset (under perfect market conditions)
can be expressed as the excess of net returns from exploiting the asset over the
maximum return (income, interest) earned V; x r if the asset value were in-
vested elsewhere.

Net price method

This method determines the value V; of a resource at the beginning of period ¢
as the volume of the proven reserve Q = Y Q, (over the lifetime of the resource
T) multiplied with the difference N, between the average market value per unit
of the resource p, and the per-unit (marginal) cost of extraction, development
and exploration ¢, :

Vz=@t_ct)Q =Nt X ZOQt (6)

The net price method is based on the Hotelling rent assumption which states
that in a perfectly competitive market the net price of an exhaustible natural
resource rises, due to increasing scarcity, at the rate of the interest of alterna-
tive investment, offsetting the discount rate.

Equation (1) can therefore be reformulated as*

_ Q. X Ny(1+71) o 0r x No(1 + 1T
Vo= Qo x No + L+7 + a+nT
=(Qo+Q;+ - -+07N;=0 x Ny (7)

* The following is based on Bartelmus et al. (1992), Appendix 4, p. 50.
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Under these assumptions, the depletion cost, or change in value of the
resource stock between periods 0 and 1, is obtained as

AV =V, = Vy=(Q — Qo) X No(1 +71) —Q X Ng @®)

Considering the net price increase No(1 + #) during the accounting period as a
holding gain (to be accounted for as revaluation, assuming marginal exploit-
ation cost as constant), the true depletion cost is deflated by (1 + ) to obtain
Ry, the net return during the accounting period, i.e. the so-called Hotelling
rent:

AV =(Q — Qo)No — Q@ x No = —Q¢No = —R, )

User-cost calculation

In order to convert the finite (constant) returns R from the use of an exhaust-
ible resource into a perpetual income stream X (even after the exhaustion of
the resource), part of these returns, the user-cost allowance R — X should be
set aside for investment. It can be shown (El Serafy, 1989) that the user-cost
allowance at the interest rate r and the lifetime of the resource of T years
amounts to

R

R o

It can also be shown (Hartwick and Hageman, 1993) that the user-cost
method is a special case of defining depreciation as the change in the dis-
counted value of a resource, assuming that the periodic net returns are the
same for the remaining life of the resource. Calculating AV as the difference
between ¥V, and V,, (see equations 1, 2 and 3) yields AV as

R
AV = m (11)
or
R
and the true income element X as
R 1
=R — =R———==R|]l ———= 13
X=R-AV =R ey R( (1+r)T> (13)

The income element is the difference between the current and last (discounted)
net return.
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Environmental Protection Expenditure and its
Representation in National Accounts

A. STEURER, G. GIE, C. LEIPERT, C. PASURKA AND
D. SCHAFER

Introduction

The description of Environmental Protection Expenditure (EPE) is a building
block in any comprehensive system of integrated environmental and economic
accounting. Data on EPE have been collected since the 1970s in a number of
countries. Quality! and availability of data has improved in recent years and
the ‘value-added of accounting’ (Weber 1996) has become apparent.”
However, although discussed for a long time, opinions remain divided on the
interpretation of EPE accounts and, underlying that, how EPE are actually
represented in national accounts.

The main focus of this paper is on the actual representation of EPE in GDP
at current and at constant prices (or in value and volume, or in nominal and
real terms?). This focus, especially on volume changes (i.e. changes in quantity
or quality), is useful for various aspects of environmental-economic account-
ing. First, there is the idea of deducting EPE (at least those of households and
government) as part of ‘defensive’ expenditures from GDP or other aggregates
of national accounts.* Second, economic policy makers understand that the
introduction of environmental protection (EP) regulations (as far as market
producers are concerned) slows down macroeconomic capital and labour pro-
ductivity development, reduces growth rates and increases inflation rates as
currently measured. This understanding, which is not very comforting to the
pursuit of environmental protection objectives, is based on the fact that EPE
are recorded as costs in national accounts but often do not generate a separa-
tely measured output in the SNA sense.’ Third, the SEEA (United Nations
1993a), version IV.2, proposes an extension of the SNA by using imputed
maintenance cost as a means of valuation. Although these imputed main-
tenance costs are treated as a kind of consumption or capital, they may as well
be seen as being imputed EPE-type transactions. Consequently, the consider-
ations as presented below may be useful in this respect as well.

Views expressed are the authors’ and may not represent the position of their institutions.

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 309-319.
© 1998 Kluwer Academic Publishers.
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Summary of the main theses

When EPE are presented in a way consistent with Chapter XXI of the 1993
SNA, the resulting aggregate of National Expenditure for Environmental Pro-
tection, being basically the sum of all uses of environmental protection services
plus environmental protection investment, is contained® in GDP at current
prices. One could also say that EPE are a true share of GDP at current prices,
i.e. the ratio of EPE to GDP is an accurate measure of the resources of an
economy devoted to environmental protection activities.

As will be shown in more detail below, it is a difficult task to describe, at a
conceptual level, how EPE are (or should be, following the SNA) recorded in
national accounts. EPE are recorded in different ways and with different
effects on aggregates of national accounts, depending on the exact details of
the transactions, the actors and, finally, the information available. The ques-
tion of which influence a particular item of EPE has in terms of price and
volume changes (i.e. the deflation procedure) is non-trivial.

In addition to the conceptual complexity there are important practical con-
straints. It is time-consuming to find information on the actual treatment of
the different items of EPE during the deflation procedure (i.e. when making
constant price estimates in national accounts). This refers to the details of
compiling price indices for individual products, the calculation of value added
of non-market producers (i.e. government) in real terms and the quantitatively
important payments of households for sewage and refuse disposal as a part of
the gross rent paid to the ‘housing rental’ industry (which also includes the
imputed rents of owner-occupied dwellings).

At best, EPE corresponding to final uses (investment as well as final con-
sumption of households and government) are contained in GDP at constant
prices. Based on available information for a number of countries, these final
uses may represent half of total EPE, or less, with large variations among
countries. Since total EPE represent 1-2% of GDP at current prices, these
final uses correspond to 0.5-1% of GDP at constant prices.” The other half (or
more) of EPE translate into price increases and do not enter GDP at constant
prices.

Whether EPE actually increase or decrease GDP, and by how much, is a
question completely different from calculating the share of GDP devoted to
EP activities, which is statistically measurable. This new question on the effect
of EP activities on the level of GDP can only be answered by making (strong)
assumptions and by using modelling. Alternative assumptions concerning the
utilization of production factors and, to a lesser extent, the assumptions con-
cerning opportunity costs of government spending or the way of financing
government expenditures will reverse the direction of the change in GDP at
constant prices. The maximum value of change is determined by total EPE
(intermediate and final uses) in GDP at current prices and by final uses of
GDP at constant prices. The minimum value is determined by a zero increase
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of GDP at current prices and by a decrease of GDP at constant prices by
intermediate uses. Potential changes may therefore range from +1% to —1%
of GDP at constant prices due to the introduction of environmental policy.
Note that this is the cumulated effect of the phasing-in of environmental policy
over several years.

The above findings have the following implications:

(a) If deducting EPE (as part of defensive expenditures) from GDP is seen as a
useful operation, then looking at the results in current prices is not
enough. The results in constant prices have to be investigated as well as
they would obviously differ from the results in current prices. A deduction
of EPE from GDP at constant prices requires considerable knowledge on
how in reality various parts of EPE (and, by extension, other types of
defensive expenditures) are contained in the national accounts and how
they have been treated during the deflation procedure. The point is not
whether deducting EPE is a good idea with a view to welfare consider-
ations.® The point is that technically deducting EPE is more easily justified
when they entered GDP in the first place. It is shown in this paper that an
a priori unknown part of EPE — this part is likely to be much more than
only intermediate consumption of environmental protection services by
market producers — has already been removed ‘automatically’ from GDP
at constant prices during the deflation procedure.

(b) With a view to economic policy it is clear that EPE undertaken by market
producers constitute an anomaly in the system of national accounts insofar
as there is no recording of a corresponding output (as in the case of non-
market producers) or, alternatively, there is no quality change of the
output (apart from some consumer products).” Current accounting prac-
tice signals that an introduction of environmental protection, following the
polluter-pays-principle, brings measured inflation up and may bring mea-
sured real growth rates down. This is due to a ‘private production of a
public good’ (Flassbeck and Maier-Rigaud 1982) which should be included
in GDP at constant prices (and would be at least partly included if the
public good were produced by a non-market producer). To remedy this,
adjusted productivity measures including measures of environmental pro-
ductivity could be considered. See for example Nestor and Pasurka (1994).
Such measures require well established links to physical data.

The above considerations send inconsistent signals for policy in general and
for economic policy in particular. Fortunately, actual figures are rather small
(some 2% of cumulated growth and inflation rate over the phase-in period of
environmental policy). However, the findings may be confusing for environ-
mental and economic policy and show an inconsistent presentation of environ-
mental aspects in national accounts with a view to the expectations underlying
the call for an environmentally adjusted GDP.
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How are EPE represented in GDP?

Environmental protection (EP) is defined as all activities that are aimed at the
prevention, reduction and elimination of pollution as well as any other degra-
dation of the environment. The definition implies that, to be included under
EP, activities or parts thereof must satisfy the end purpose criterion (causa
finalis), i.e. that EP is their prime objective. Activities which are favourable for
the environment but which serve other goals are not considered as EP
(Eurostat 1994). This definition implies that EP activities are generally of a
cost increasing nature.

EPE are outlays, and therefore translate into costs, on the one hand. They
are revenues, and therefore count as income, on the other. They also bring
about a reduction of physical pressure on the environment, or to put it in
economic terms, they reduce a negative external effect. However, the system of
national accounts does not explicitly record negative external effects and
records the “production” of positive external effects only when they are pro-
vided by non-market producers. EP therefore has a somewhat peculiar charac-
teristic: whereas environmental quality is a public good, the maintenance of
this good is partly undertaken privately, following the polluter-pays-principle.

This section is restricted to the relation of EPE to GDP. There are at least
two papers that provide detail on this issue. Vanoli (1995) and Schéfer (1995).
Both papers reveal the same accounting mechanisms although their conclu-
sions sometimes differ due to differences in their core assumptions.

Main results

The aggregate of National Expenditure for Environmental Protection has
been shown as nearly fully contained in GDP at current prices.!® It is more
difficult, however, to describe the effects of EPE on GDP at constant prices.
This analysis depends on the types of actors (market producer, non-market
producer, consumer) and transactions (investment, marketed services, internal
activities), as well as on the methods of calculating price indices, the deflation
procedure used and the underlying assumptions.

Investment goods for EP are fully contained in both GDP at current and at
constant prices. For EPE related to the extra cost of integrated technologies
(i.e. additional costs due to changes in process) there is some dependence on
actual treatment during the calculation of the price indices used for deflation.
Internally produced EP services within the same unit (ancillary activities) are
included in GDP at current prices, but not in GDP at constant prices if the
internal measures are carried out by market producers. Internal measures by
non-market producers, which are much less significant in quantity terms, are
contained in GDP at constant prices to the extent that components of gross
value added (wages, consumption of fixed capital etc.) are affected. External
EP services are included in GDP at current prices. However, GDP at constant
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prices includes only services going directly to final demand or used by non-
market producers. Imported investment goods and EP services have no effect
on GDP. The introduction of environmental levies leads to an increase in
GDP at current prices. Only if non-market producers are affected by the
levies, they may also increase GDP at constant prices. Expenditure by house-
holds on goods connected with EP are included in both GDP at current and
at constant prices. The case of extra expenditures incurred by households for
environmentally friendly products depends on the actual treatment of such
expenditures as price or quality changes when making the price indices. Con-
ceptually, environmental characteristics of products should be recorded as
quality changes. In various countries the extra cost for cars equipped with
catalytic converters have been recorded both in GDP at current and at con-
stant prices.

The observations made show that different kinds of EP measures can be
expected to have different consequences for GDP at current and at constant
prices. Table 1 gives an overview of the effects of EP measures on GDP at
current and at constant prices. The rows show the various EP-related trans-
actions. The columns show the various user categories.

Main assumptions and their influence

Both Schifer (1995b) and Vanoli (1995b) assume that additional costs for EP
activities are passed on in the product prices of the units bearing the costs and
that producer and consumer prices rise accordingly. Additionally, the assump-
tion must be made that there are no major changes in relative prices of ordi-
nary products.

Whether the overall effects of EPE are a rise or fall in GDP at constant
prices depends on the assumption concerning the utilization of production
factors. Schéfer (1995b) assumes, that the factors of production are not utilized
to the full extent whereas Vanoli (1995b) assumes that EP activities substitute
(suppress) other production activities. It is difficult to judge which assumption
is more realistic. Under the assumption of full utilization of production factors
in a static economy the introduction of EP activities leads to a restructuring of
the economy with little influence on GDP at current prices (apart from the
case of financing EP via taxes) but with a fall in GDP at constant prices and
in measured productivity. For non-market producers assumptions are needed
concerning the sources of financing. If public budgets are kept constant, EPE
must be financed by reductions elsewhere and the net effects, depending on the
nature of these reductions, are likely to be small. Financing via tax increases is
treated in detail in Vanoli (1995b). The other extreme — none of the production
factors is fully utilized - is characterized by an increase in GDP at current and
at constant prices.

Nestor and Pasurka (1995c) specified a comparative static applied general
equilibrium model of the effects of environmental protection activities on the
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German economy. There were two cases specified. In the first case, it was
assumed that the total capital stock increased by the amount of capital
required for EP activities. In the second case, it was assumed that there was a
fixed amount of capital stock available and that the capital used for EP activ-
ities resulted in a reduction in capital available for non-EP production.

Specific cases

This section, which is largely based on Schéfer (1995b), illustrates how EPE
interact with standard national accounts procedures.

It may be helpful to describe the main principles of the deflation procedures
used in national accounts. For gross value added the method of double defla-
tion is recommended (cf. SNA 1993, Commission of the European Com-
munities et al., Ch. 16). Since gross value added is defined as output minus
intermediate consumption, this means that for market producers both output
and intermediate consumption are deflated independently. As the output of
non-market producers is valued at cost of production, less complex methods
must be used (e.g. based on compensation of employees at constant wage
rates). For market producers, gross value added is thus affected when sales and
intermediate consumption change, and for non-market producers, when value
added components (wages, consumption of fixed capital etc.) change. Overall,
it can be concluded that the quality of the data in constant prices depends on
the availability of data on volume changes (changes in quantity or quality) and
on the ability of price statisticians to recognize quality changes. Thus, differ-
ences among individual countries and between practice and theoretical con-
cepts may be large.

External EP services

The services of disposal enterprises and municipalities for sewage and refuse
disposal are normally provided in return for a payment (fee) related to costs.
They are included on the output side of the national accounts in the enterprise
or general government sector. On the expenditure side, these services are
lagely included in the intermediate consumption of other economic industries.
In some countries, the charges paid by households for sewage and refuse dis-
posal are initially recorded as intermediate consumption in the ‘housing
rental’ industry. Only the output of the housing rental industry is included in
private consumption expenditure as gross rent including the refuse and sewage
charges. These charges may be of the order of one third of total EPE, and the
question is then how changes in the charges paid are entering the price indices
for the gross rent of housing.

On the output side, external EP services are incorporated into nominal and
real value added because of the value added associated with the production of
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such services. This also applies when no additional external disposal services
are produced, but only a better, and more expensive, quality of disposal. If
there is a change in the quality of the disposal service (e.g. a more frequent or
less frequent refuse collection), that quality change should be eliminated in the
price statistics by making an estimate of the monetary value of the quality
change and include this in the volume component. The gross value added of
disposal enterprises is obtained as the difference between output and interme-
diate consumption. The gross value added of general government units is
obtained by adding costs (essential gross wages and salaries, employers’ social
security contributions and consumption of fixed capital). The enterprises that
produce the intermediate inputs for the disposal units experience a corre-
sponding increase in nominal and real gross value added (imports and exports
are disregarded here).

Most of the output of these producers of external services is used as inter-
mediate consumption in other industries. For these user industries, the effects
of buying external EP services depend on the extent to which those costs for
inputs are passed on in their product prices. If the environment-related
increases in expenditure on intermediate consumption are passed on in the
product prices, and if the user industries are market producers, the nominal
gross value added of the downstream industries is unchanged.!' Nominal
output increases to the same extent as intermediate consumption so that real
output remains unchanged. Due to the purchase of external EP services, inter-
mediate consumption of user industries increases in real terms whereas real
output is unchanged. As a consequence the real gross value added of these
user industries declines. These considerations are also valid for the housing
rental industry (including the imputed values for the owner-occupied dwellings
of private households), as the output of both the currently rented and the
owner-occupied dwellings is calculated based on the size of dwellings and the
average gross rents (including disposal charges).

Of course, the situation is different when non-market producers use external
EP services. In their case, real value added is unchanged, since it is determined
from the cost side by adding up the value added components which are calcu-
lated independently of intermediate consumption and its external EP elements.

For disposal enterprises and enterprises buying external disposal services,
the introduction of external EP services thus increases GDP at current prices
in every case. On the other hand, when assuming that the factors of pro-
duction are not fully utilized, GDP at constant prices increases only to the
extent that external disposal services go directly into final demand or to non-
market producers. Final demand contains the export of external disposal ser-
vices and that portion of general government disposal services that is not
financed out of fees (as government collective consumption). Both the propozr-
tion of collective consumption and the treatment of consumption of house-
holds may differ widely among countries. External services used by market
producers do not increase GDP at constant prices.



Environmental protection expenditure 317

Introduction of environmental levies and taxes

When market producers in levy-paying industries pass the charges on in their
product prices, the introduction or increase of environmental levies produces
an increase in the nominal gross value added, since environmental levies are
recorded in the national accounts not as intermediate consumption but as
‘other taxes on production’. Since in this case the increases in output and
product prices are identical, the enterprises’ real gross value added does not
change. However, in the case of non-market producers an increase in the other
taxes on production results in an increase in both GDP at current and at
constant prices. For government units paying environmental levies (e.g.
municipalities which have to pay a waste disposal tax), one has to assume an
increase in revenue to cover the payment of these levies. Environment-related
increases of taxes on vehicles of enterprises are also treated as other taxes on
production, so that the above considerations apply. However, an environment-
related increase of a value-added tax would have different effects.!? It might
also be interesting to explore how the trading of pollution permits (seen as a
government-created market for environment) is or would be recorded in
national accounts.

Connected and adapted products

In an environmental accounting satellite system, connected products are pro-
ducts, which are directly used for EP purposes; however the production of
these products is of no further interest from an environmental point of view.
This involves goods used by households in particular. The comments below
are confined to households as consumers. Expenditure on garbage bags is one
example of connected products completely attributable to EP activities. Since
this expenditure by private households is included in private consumption, it is
also included in GDP at current and at constant prices.

The case of a private car which is fitted with a catalytic converter may be
regarded as an example of a product for which a proportion can be attributed
to EP (environmentally adapted product). This expenditure is contained in
private consumption and in GDP at current prices. If the price increase due to
the catalytic converter is considered as a quality increase when calculating
price indices and the extra costs involved are not eliminated when deflating,
this expenditure is also included in GDP at constant prices. Another example
may be phosphate-free detergents. Conceptually, either separate price indices
would have to be calculated for phosphate-free and for ‘normal’ products, or
there would have to be a ‘chaining” when changing from one product to the
other in the price statistics. In both cases, the additional costs would be con-
tained in the volume component. GDP at current and at constant prices ought
therefore to contain the full amount of any additional expenditure for pur-
chases of environmentally friendly products by households.



318 A Steurer, G Gie, C Leipert, C Pasurka and D Schifer

Research needs

Identifying environmental aspects in the national accounts requires a clear
understanding of the current treatment of enviroment-related flows in the
accounts. In addition to EPE, such environment-related flows may comprise
other types of ‘defensive’ expenditures (e.g. expenditure to remedy environ-
mental damage) as well as flows related to the utilization of natural resources,
etc. An improved understanding of the current treatment of these flows based
on satellite accounts would also improve the quality of national accounts
themselves, for example via improved price indices or better information on
the stock of fixed capital (Steurer 1995).

This chapter clarifies some of the issues related to the recording of environ-
mental protection expenditures in national accounts. However, several empiri-
cal and conceptual issues still need to be explored:

(a) There is a lack of knowledge about the actual importance, in terms of
volumes, of the different cases described above. A comparative analysis
across countries of the composition of EPE by orders of magnitude of the
different transactions and actors involved would be helpful.

(b) There is also insufficient knowledge about the national practices of gener-
ating price indices and constant price estimates of environmental trans-
actions.

(c) There is an incomplete understanding of the effects of EPE on national
accounts aggregates in terms of changes induced, and greater use should
be made of the experience available from economic modelling.

(d) This chapter focuses on the role of EPE in national accounts at a technical
level. Broader considerations of how EPE relate to measuring welfare, how
defensive expenditures are treated in national accounts or what the impli-
cations for the SEEA might be have been addressed only implicitly. These
broader considerations, including the problem of constant price estimates
in environmental accounting have not yet been investigated.

Notes

1. Measurement problems of course exist, e.g. with a view to quantifying in an internationally
comparable way investment in integrated (‘cleaner’) technologies. For a critical overview see
Bjorsell (1994).

2. Especially with regard to avoiding double counting, identifying and filling data gaps and
producing meaningful aggregates. See the results from the applications of the SERIEE’s
Environmental Protection Expenditure Account (EPEA) in the Netherlands, France,
Germany, Finland, Sweden, Switzerland or the United Kingdom (CBS 1995, IFEN 1996,
Statistisces Bundesamt 1996, Statistics Finland 1996, Statistics Sweden 1996, INFRAS 1996,
ECOTEC 1996, as well as US Environmental Protection Agency 1995a, or Schifer and
Stahmer 1989).

3. The 1993 SNA recommends the use of ‘GDP at constant prices’ or ‘GDP volume’. The use of
the term ‘real GDP’ should be avoided (cf. Commission of the European Communities et al.
1993, para. 16.71).

4. The idea of deducting defensive expenditure has been most clearly formulated in relation to
aggregates of national accounts in nominal terms. Also, some authors have misunderstood the
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concept of intermediate consumption in a sense that this means an ‘automatic deduction’.
EPE are more or less fully contained in nominal GDP no matter whether they are part of
intermediate consumption or not. However, when EPE translate into intermediate consump-
tion (and internal uses, which is the same) they tend to be recorded in nominal GDP only, i.e.
they simply lead to inflation when occurring for the first time.

. Of course, EP activities result in a reduction of pollution. If e.g. a system of marketable

pollution permits existed, then prices could be assigned to the emitted pollution. As a conse-
quence, pollution abatement activities would have a separately measured output.

. Assumptions needed for this are that EPE translate into domestic final uses (either directly or

via price increases in other products) and that trade in EP services and goods needed for EP
(including for environmental investment) is balanced. The aggregate of national expenditure
contains some double counting which occurs when EPE translate into additional costs of
products which are in turn used for EP activities (e.g. a flue gas scrubber at an electric power
plant translates into price increases of the electricity sold; this electricity may then be used as
an input for other EP purposes). However, this double counting is very small.

. Figures are based on the applications of the SERIEE’s EPEA (see note 2 above) and sup-

ported by OECD (1996) and US Environmental Protection Agency (1995a). Note that due to
differences in the financing of municipal EP activities, via fees or via taxes, the importance of
collective consumption can differ substantially amoung countries.

. This is one of the areas of work in the context of the ongoing EU-project ‘Methodological

problems in the construction of environmentally adjusted national income figures’; see also
Radermacher (1995).

. The treatment of current account EPE as gross capital formation in natural assets would

solve the problem conceptually. See Leipert (1995) who reviews the positions of Harrison
(1989) and of Carson and Landefeld (1994).

See Schéifer and Stahmer (1989) and personal communications from Schéfer and Gie.

If there are quality changes upstream, e.g. through the improved sealing of waste dumps, then
a corresponding price increase (e.g. of dump charges) would be fully taken into account in the
price index for downstream disposal services (e.g. refuse collection), too. When the trend in
dump charges is measured, the (part of) the charge corresponding to the improved sealing of
the dump would in this case be calculated separately as a quality improvement. Dump charges
may not however be recorded at all in price statistics.

The effects depend on the deductibility of a value-added tax, as intermediate consumption is
shown without the deductible value-added tax in national accounts.
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Valuing environment in developing countries: a
challenge

JYOTI K PARIKH AND KIRIT S PARIKH

Introduction

Economic valuation of environmental resources (and consequently their
degradation) can help make decisions on resource utilization and allocation
more meaningful. However, degradation and depletion or restoration and
regeneration cannot be always valued through market transactions. This is so
because, unlike material artifacts, environmental amenities (clean air,
unpolluted beaches etc.) are seldom bought and sold in the market. As a
result, there is no comparable estimate of the value of environmental ame-
nities. Decisions on resource utilization, degradation of amenities and
resource allocation are often made without any estimate of the value of the
amenity in question. In such situations, it is observed that the resource goes
unpriced; environmental amenities are often either ignored or treated as
having zero value. Consider an air polluting industry, for example. If the eco-
nomic value of air quality degradation can be incorporated into the cost—
benefit analysis the resultant conclusions will be more holistic and
comprehensive than compared to one which treats clean air as a ‘free’
resource.

Yet another important application of economic valuation of environmental
degradation is relevant for decision making. Economic valuation helps pri-
oritize decisions regarding sectoral resource allocation designed to improve
environmental quality. While the pollution of beaches by sewage may be the
most obvious environmental problem in a city, the increased incidence of res-
piratory diseases consequent to air pollution may be also significant. Unless a
proper economic analysis is conducted a priori decisions would most likely be
made to invest precious resources in improving beaches and sewage treatment
rather than in improving air quality. Economic valuation helps prevent such
inefficient a priori decision making.

This chapter was originally written for ESCAP, Bangkok under the title ‘ Accounting and Valuing
Environment: A Primer for Developing Countries’. It was substantially revised at UNU/IAS.
This paper draws substantially from Parikh Kirit, Parikh Jyoti, Muraleedharan T R and Hadkar
Nandini, Economic Valuation of Air Quality Degradation in Chembur, Bombay, India, IGIDR
Project Report.

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 321-335.
© 1998 Kluwer Academic Publishers.
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In short, economic valuation of resources needs to be undertaken when the
markets fail to generate the true price of the resource in question. Market
failure leads to suboptimal tapping of the resource, and society must pay for
this tendency. An economic valuation helps compute the true price of a
resource, so that decision-makers can make informed choices, and society
need not lose out on welfare.

Market failures are common for environmental resources. Externalities and
diffused and undefined property rights lead to such failures. The same prob-
lems also pose difficulties in valuation. The impact of environmental degrada-
tion may be borne by people far away or by future generations. Such is the
case with greenhouse gas emissions. Also intergenerational issues complicate
the valuation problem further. How much weight should one give to tomor-
row compared to today is not a difficult problem. How much weight should
one give to future generations is a much more complex issue.

Once we go beyond anthropocentrism, the valuation problems become
issues of deep philosophy. How much is biodiversity worth? What is the value
of a habitat that is vital for the survival of some non-human species? What is
the value of a pond or a lake or a pasture to the community? Finally, how do
we value illness, loss of IQ and even deaths that result from pollution? What
is the value of human life?

Our purpose here is a much more modest and a limited one. Some environ-
mental resources can be valued from the limited anthropocentric perception.
Such valuation can help improve the rationality of human actions. We
examine here methods of such valuation.

Opverview of methods for environmental valuation

Having established the importance of economic valuation and its utility, let us
now turn to the tools used for valuing environmental amenities. A variety of
economic techniques and models have been developed for assigning monetary
values to gains or losses associated with changes in the availability (quantity)
or character (quality) of environmental amenities. The aim of these techniques
is to obtain an estimate of the value of an environmental amenity that would
be revealed if there were a competitive market for the amenity. Figure 1 shows
that either the changes can be reduced directly or indirectly.

Valuation methods can be classified as shown in Figure 2. For simplicity,
they are classified into three categories:

(a) Physical linkage methods (scientific): these require assessment of loss in
production, income or health and can be valued as financial transactions;

(b) Abatement cost methods (technical);

(c) Behaviour linkage methods (economic).
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Change in
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other areas

Figure 1. Steps in valuation.

Physical linkage methods

These methods are termed scientific or objective (Dixon et al., 1994) because
they depend on a causal connection between environmental change and its
effects on other objects — processes, products or persons. In the physical
linkage approach environmental values are estimated by establishing relation-
ships between the physical effects of some environmental change on some

Valuation Methods
l
[ 1
Physical Linkage Abatement Behavioural
(Scientific) Cost Linkage
(Technical) (Economic)

Revealed Stated
Preference Preference

Figure 2. Valuation methods.
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other things such as human health, productivity or earnings. One may also
need to assess the impact of pollution on ecosystems, on productivity of a
fishery, or depreciation of a physical asset. Once this is done, these impacts
are quantified and then valued to arrive at the value of environmental
changes. The physical linkage approach is also known as the damage cost or
dose-response approach. The objective is to measure the changes in net bene-
fits as revealed in physical terms or market prices, caused by environmental
damage. Alternatively, benefits can be measured as the increased productivity
due to improved environmental quality. The relationships can in principle be
objectively determined based upon scientific observations (Shin ez al., 1993).

Abatement cost methods

Abatement cost methods approach the problem of valuation from the supply
angle, as opposed to the other two methods which approach it from the point
of view of demand for environmental amenity. The former are termed techno-
logical methods because they are based on the view that the costs required to
abate the pollution estimate the value of damage. This method is also known
as the ‘maintenance cost’ method, as this cost would maintain the environ-
mental quality at a constant level. For example, one can install electrostatic
precipitators to remove solid particulate matter (SPM) in a boiler or a
furnace, or a desulphurization process to remove sulphur oxides (SO,). The
value of the damage due to a tonne of SPM can then be derived as the cost of
removing one tonne of SPM. For this purpose, capital cost of the abatement
equipment is annualized over the life time of the equipment and annual vari-
able cost is added to that. In a developed country, where pollution control is
likely to be stringent, the marginal cost of abatement is likely to be nearly
equal to the marginal social cost. One can therefore use abatement cost as a
proxy for social cost. However, in the developing countries, this does not
apply: social costs often far exceed the abatement costs, and yet nothing is
done. Thus, only if the abatement costs have been actually incurred should the
abatement cost approach be used. Otherwise the damage experienced by
society in the absence of abatement measures should be worked out.

Behaviour linkage methods

Valuation techniques in general assume that the value of environmental goods
should be based on people’s willingness to pay (WTP) to secure better



Contingent valuation for environment 325

environmental quality or to escape environmental deterioration. These tech-
nigues to estimate behavioural parameters can be further classified depending
upon whether preferences are revealed in the market place or stated in a
survey. In the revealed preference methods the value of an environmental
amenity is estimated indirectly from the purchase price of a commodity whose
market value at least partly depends upon the quality of the environmental
amenity in question. The value of an unpriced amenity is inferred by using
statistical analysis to examine how a change in the amenity affects the
observed purchase price of related private goods. For example, in the hedonic
price approach, preference shown for environmental amenities gets reflected in
the price. Thus people are willing to pay a higher price for a house located on
a beach, next to park or in a quiet area. Therefore, real estate values can be
examined to detect any premium paid for location with the desired amenity
(Streeting, 1990). The premium can be taken to reflect the value of the
amenity.

Stated preference methods and contingent valuations assume that people
respond to hypothetical market situations as if there were actual markets. The
methods rely upon what people say they would buy, if the market existed. In a
contingent valuation survey, respondents are presented with an opportunity to
express their willingness to pay (or willingness to accept compensation) for a
change in the level of environmental amenity benefits (Wilks, 1990).

The selection of a certain technique for a certain purpose is a matter of
judgment as there are no standard prescriptions. The choice of a method for a
given problem is a function of data availability, time, budgetary constraints,
and the intended end use of the results. Physical linkage methods can be used
only when scientific relationships establishing such physical linkages are avail-
able. Contingent valuation methods can be employed for valuing any sector of
the environment but the accuracy will vary greatly depending upon the admin-
istration of the survey, how representative the sample population is, the
description of the damage caused by the environmental degradation, etc.

The use of one or more of the above-described techniques of economic
valuation calls for an extensive search for data and a scrupulous scrutiny of
available data. A judicious valuation of available methods vis a vis available
data needs to be done to arrive at a reasonable conclusion regarding the
appropriate method for the project in question. Furthermore, one may have
to use a combination of techniques in different environmental sectors for the
economic evaluation. For example, physical linkage methods may be more
appropriate for damage caused to human health due to air pollution whereas
stated preference may be more appropriate for eliciting how much people
value a national park. In addition, the synergistic effects of many environ-
mental components acting in tandem also need to be understood before
attempting to determine which method is appropriate. Having overviewed the
methods briefly, we discuss each in detail.
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Physical linkage methods

The valuation method that first establishes cause—effect or dose-response
relationships and then values the impacts of environmental change to reflect
the value of environmental change is called physical linkage. As stated earlier,
the first stage is to identify the logical sequences of cause-effect relationships,
with regard to the deterioration of an environmental attribute and its impact
on human health and welfare (Hufschmidt ez al., 1983).

Estimation of the cost of the environmental degradation does not require a
complete understanding of all links in the logical chain (Shin et al., 1993).
Information on the quality of an environmental component defined as some
parameter (e.g. air quality as suspended particulate matter, SPM,
concentration) and the resulting incremental incidence of an adverse impact
(e.g., excess respiratory diseases) may be sufficient to obtain a first estimate.
Once these relationships are determined and confirmed, one could estimate
the cost of quality degradation (see Figure 3).

The practical utility of such estimates, especially for policy conclusions,
often depends upon a comprehensive understanding of the events leading to a
deterioration in the quality of the environment. The procedure for estimating
health and productivity effects involves three steps. The first step is to deter-
mine the relationship between changes in exposure to environmental pollution

Health
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Figure 3. Physical linkage methods to assess air pollution. DALY = Disability Adjusted Life
Year.
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and, for example, human health as measured by mortality and morbidity
rates. The second step is to use this relationship to predict the changes in
mortality and morbidity associated with specific changes in environmental
pollution and exposure to pollutants. The third step is to derive monetary
measures of changes in health status.

The first task in the physical linkage method is to arrive at a suitable dose—
response function. For human health this is arrived at through a combination
of biomedical studies and statistical analysis. Damage functions could be
either on mortality or on morbidity. Those specified by Lave and Seskin
(1977) focused mainly on mortality, while Ostro (1983, 1987) and Krupnick et
al. (1990) concentrated on morbidity effects. These studies seem to provide
credible and consistent results. For example, Lave and Seskin (1977) estimated
the elasticities between mortality and degrees of sulphate and particulate pol-
lution. The estimates of elasticities across different data sets, model specifi-
cations and degrees of desegregation were substantially similar within the
range of 0.09-0.12. That means that a 1% increase in pollutant concentration
will increase the mortality rate by about 0.1%. Similarly, Ostro (1983, 1987)
estimated the effect of air pollutants on morbidity using damage functions.
Restricted activity days (RAD) and work loss days (WLD) were regressed to
particulates, sulphates and several socioeconomic variables. The regression
results showed that particulates affect both RAD and WLD significantly. The
elasticity was 0.45 for WLD and 0.39 for RAD.

The estimation of mortality or morbidity effects requires separation of the
effects on many confounding factors such as genetic factors and lifestyle dif-
ferences. In developing countries there is an additional problem. The longevity
and health status of people are generally increasing as a result of a number of
factors, including better public health facilities, improvement in quality of life
and improved medical facilities. Pollution levels have also been rising. To
arrive at a figure of excess mortality within an overall trend of diminishing
mortality is an exceedingly difficult statistical exercise.

The physical linkage methods can also be used in establishing the loss of
productivity of agricultural yields, fishery or livestock or even loss in visibility
and its impact on traffic accidents and delayed flights. These also pose
complex statistical problems of estimating response functions. One would
need to face them or find shortcuts.

Cost of illness

The cost of illness (COI) approach measures the cost of environmental
damage in terms of direct outlays for the treatment of illness (hospital care,
cost of medicines, cost of the services of physicians and other medical
personnel) plus indirect losses in output due to illness measured by the social
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cost of lost earnings (Rezeler, 1993). The cost of illness approach does not
account for the expenditure incurred by the individual to avert illness. The
value of personal pain, suffering and inconvenience associated with illness is
also not taken into consideration.

Application of COI in a developing country by Parikh et al. (1996) for
Bombay, India is severely limited by two factors: first, many people affected
by diseases do not approach hospitals for lack of awareness, accessibility and
affordability; second, the entire health care system is heavily subsidized.
Therefore, an estimate based on actual expenditure will be far below the true
expenditure and associated opportunity cost. Nevertheless, as a lower bound-
ary, cost of illness is quite an appropriate measure of actual illness-related
expenditures.

The application of physical linkage methods faces severe difficulties in con-
vincingly proving cause—effect relationships. For example, in the case of air
pollution, it may not be really possible to establish that an increase in inci-
dence of bronchitis is a function of increase in sulphur dioxide concentration
in the ambient air. While such a medical relationship might indeed exist, it can
always be questioned on counts of synergistic effects. In a locality where there
is both high SO, and high SPM, increase in respiratory diseases cannot be
attributed either to sulphur dioxide or to SPM exclusively. Computing the
economic cost is even more complicated when one has to establish a numerical
relationship between levels of one pollutant and incidence of a certain disease.
Different pollutants and their various combinations cause a variety of dis-
eases, and to establish a convincing numerical link between given levels of
pollutants and loss of human capital as its consequence is, to say the least,
statistically arduous.

It is, however, possible to arrive at reasonable policy conclusions using
physical linkage methods by making some simple assumptions. Consider the
example of air pollution. The first task is to identify the dominant pollutant in
a given city. A dominant pollutant can be defined as the one which has
demonstrated health effects (supported by medical literature) and which is
widely prevalent and increasing at a rate faster than other pollutants in the
city. Once we have identified dominant pollutants, we could take these pol-
lutants in isolation and estimate the health damage due to them. By a careful
selection of the dominant pollutant, we can obtain a reasonable lower bound
on the estimate of environmental degradation.

Human capital approach

It is not enough to account for expenditure on illness. Illness and disability,
whether temporary or permanent, have private and social costs that need to
be accounted. The human capital (HK) approach for valuing morbidity
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assumes that the value of an individual is the potential of his ‘production’.
Once the damage function is obtained, the essential factor is the unit eco-
nomic value of the physical damage (mortality/morbidity). A product of the
numerical values of both the number of people affected/dead and the unit cost
of treatment/death will provide the monetary value of health damages
(OECD, 1989). It is therefore important to arrive at numerical values for the
value of statistical life as well as the cost of WLD/RAD consequent to mor-
bidity and mortality. The following methodologies to arrive at such values
have been used.

According to Mishan (1982), the present value of a person’s expected future
earnings may be calculated as

[cel YPt
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where Y, = the expected gross earnings of the person in f* year; P; = the
probability in year j of the person being alive during the year ¢; and » = the
social rate of discount expected to prevail during the year ¢.

Alternatively the net income can be specified by subtracting C,, the individ-
vals’ expected expenditure during the year ¢ from Y.

Among the drawbacks of the HK approach are the following:

(a) Non-market productivity is usually excluded in the valuation. Thus
persons not being paid for their services have zero economic value. For
example, work within the household, by women and children, is not
included.

(b) Other dimensions of illness and death such as pain, suffering, aversion to
risk, loss of leisure and adverse effects to others are not included (Dalvi,
1988).

(¢) The final values thus generated are very sensitive to the selection of an
appropriate social discount rate.

The adjusted HK approach addresses some of these problems. It calculates
the value of human capital as follows.

T Yt
Fa= [Z 0+ r)']“

where T = the remaining life time; Y, = after tax labour and non-labour
income; r = individual’s opportunity cost of investing in risk reducing activ-
ities; and « = a risk aversion factor. Both r and o are assumed to remain
constant over time.

This method also fails to account for intangibles like pain and suffering. It
is suggested that the adjusted HK method is the most appropriate method for
evaluating environmental policies that involve risk to human life.

If deaths occur due to pollution, human life has to be valued beyond the
‘cost of illness’ and disability adjustments. It should be emphasized that a
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specific person’s life is not valued, which is always infinite to him/herself and
her relatives. Statistical value of life is a concept that captures the payments
made either by insurance companies or workmen’s compensation acts, com-
pensation awarded by courts, and so on.

Statistical value of life

An alternative method of approaching the delicate question of valuing human
life is to analyse the behaviour of people in paying for reduction in risk to
their life or accepting compensation for undertaking risky jobs. The will-
ingness to accept compensation for one’s life will be meaningless, because the
money is of no use without life. However, in valuing the impact of environ-
mental degradation on mortality, we are not analysing the value of a specific
person’s life but rather the value of a statistical life. A wage differential for
risky jobs can be used to estimate individuals’ willingness to accept money for
a change in risk of death. The underlying assumption is that workers will
accept risk up to the point where the marginal benefit of compensation equals
the marginal cost of taking the jobs. A risk premium is obtained by the partial
derivative of the wage function with respect to risk, where the wage function is
specified in terms of job characteristics and factors affecting workers’ pro-
ductivity.

The aversive behaviour (or defensive expenditure) approach infers the value
of risk reduction from the observation of people’s voluntary purchase of
certain risk reducing goods or avertive consumption behaviour. According to
this approach, people use life saving consumer goods such as seat belts or
smoke detectors until marginal cost is equal to the benefit of reducing the
probability of death. This avertive expenditure is an approximation of individ-
ual WTP to avoid risk (Gerking and Stanley, 1986). By dividing the annual
cost of avertive behaviour by the reduced risk of death (illness), we can esti-
mate the value of life/loss of time (Blomquist, 1979).

The approach assumes that the labour market is free and is in equilibrium,
that the workers perceive the risk correctly and, most importantly, the
workers have a range of choices from which to choose. In addition to the
obvious violations of these assumptions in most real life situations, there are
further objections to the application of this method for calculations in
environmental economics: first, the wage differential is for a voluntary risk
whereas risks associated with environmental degradation are involuntary and,
second, the wage differential relates to compensation received for an increase
in risk over the ‘normal risk’.

Behaviour linkage methods (Figure 4)

Here, we assume that the value of environmental goods and services is based
on people’s willingness to pay to obtain them or to avoid the impacts of
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Figure 4. Behaviour linkage methods.

degradation. These preferences may be merely stated or revealed directly or
indirectly. Examples of revealed preference for a resort or clean water are how
much do people pay to go to a resort or to buy water filters?

Revealed preference methods

These methods are based on actual information revealed in the market places.

Travel cost method

The travel cost method (TCM) is widely used to estimate amenity values for
outdoor recreation sites (US Water Resource Council, 1979). The basic phil-
osophy of this method is to use the cost of travel as a surrogate for the will-
ingness to pay for using the recreation site. Travel costs could include actual
transportation cost, fees paid at hotels and at times the opportunity cost of
travel time spent on the journey. People staying far from the site will be
paying higher travel cost than those who stay nearby and accordingly the
visitation rate of the former will be smaller than the latter.

The first step in applying the TCM is to collect data through a visitor ques-
tionnaire at the site. The required data include transportation expenditure,
hotel expenses and park entrance fees, amount of time spent on travelling, and
various socioeconomic characteristics of visitors. For economic approaches,
the second step is to derive an equation that relates the visitation rate and the
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independent variables which affect the visitation. Examples of these variables
include total travel cost of visitors and their income, age or other socio-
economic characteristics. The third step is to construct a system of demand
equations to obtain an aggregate demand curve for the site. The last step is to
measure the area under the aggregate demand curve to quantify the benefit
visitors enjoy from the recreation site.

Travel cost of visiting the resorts may not be easy to determine. The visit to
the resort may be combined with other visits and there may be other reasons
for travel. For example, the travel cost associated with commuting for those
who prefer to live in far away, cleaner areas may be considered an expenditure
to avoid air pollution. However, the resident may be also paying for a larger
house in the suburbs, and not only to avoid pollution. Thus, the TCM valu-
ation procedure also involves statistical complications. Moreover, TCM
requires substantial effort to obtain primary as well as secondary data, and
the method is less applicable to urban degradation than to amenities such as
national parks or resorts.

The hedonic pricing method

The hedonic pricing technique uses a related market approach to obtain the
value of an environmental amenity from indirect observations (Rosen, 1974).
The basic premise is that for many environmental goods, it is often possible
for individuals to choose their level of consumption through their choice of
related market goods. For example, in the decision to purchase a house in a
residential area, one could choose the levels of noise, air quality, water supply
and sanitation facilities etc. (Anderson and Crocker, 1971; Wieand, 1973;
Schnare, 1976). The value of an apartment facing the sea may be greater than
that of the same size apartment on the other side of the block. Such differ-
ences in prices may be attributed to the value of enjoying the sea view.

In a decision to buy a family home, there is an implicit market in environ-
mental quality, and the demand for non-market environmental goods such as
air and noise pollution contributes to the observed prices and consumption of
market goods (i.e. houses in this case). For example, the typical preference for
living in quieter residential areas might be reflected in willingness to pay more
for a house that is not adjoining a major freeway or an airport (Burns, 1989;
Nelson, 1980). This rationale led to the development of the hedonic pricing
technique as a means of describing valuations of non-market environmental
goods.

In essence, the hedonic pricing method employs statistical techniques to
isolate environmental values which contribute to an observed difference in
product prices. Typically the composition of real estate values has been
analysed to draw out these environmental values (Streeting, 1990). The key
initial task of the hedonic price technique is estimating the implicit price func-
tion (Streeting, 1990). The construction of the implicit price function is based
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on the idea that goods and services are composed of a number of attributes,
and that the relative amounts of these attributes contribute to the total value
of any particular good. For example, in the housing market, the price of a
house is related to structural aspects (reinforced cement concrete/wooden/pre-
cast, etc.) and physical attributes (living area, number of bed rooms, etc.),
locational and neighbourhood characteristics (shopping centres, school
quality, population density, etc.), together with environmental features (air
and noise pollution, etc.). In this sense, the value of each attribute is implicit,
or reflected in the total house price.

In mathematical terms, the generalized form of the implicit price function
can be expressed as follows:

P=FX,, ..., X))

where P is the price of the product under consideration and X, ... X, are the
attributes of the product.

Regression analysis is used to estimate the equation, and the coefficients of
each of the independent variables (X ... X,) represent the implicit prices for
each of the attributes. This then enables the price differential within the
product class (P) to be assigned quantitatively to each attribute.

Stated preference methods

These methods are not as direct as revealed preference methods. Among these
is the contingent valuation (CV) method.

Contingent valution methods

In many respects, CV is similar to market research surveys that estimate con-
sumer demand for a new product. The CV method uses surveys to elicit
people’s valuation of increases or decreases in the provisions of environmental
amenities by constructing a hypothetical market. This market is outlined to
the respondent in a scenario describing the amenity, the actual or likely
change in provision of the amenity, the organization providing the amenity
and the method of payment. Respondents are then asked for their valuation,
contingent on the scenario described to them.

In a CV survey, individuals may also be asked about their attitudes, expec-
tations, needs and opinion related to the amenity in question. These supple-
mentary questions provide useful insights into the attitudes and behaviour of
different people with respect to the environment. In most applications, the CV
procedure involves asking people what they are willing to pay for an environ-
mental benefit, or what they are willing to accept for an environmental loss.
The aim is to reveal the price at which the respondent is no longer willing to
purchase the environmental amenity, thereby revealing the individual’s
maximum willingness to pay. CV can also be applied to reveal a potential loss
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by asking people what they are willing to accept by way of compensation for
environmental degradation or loss of environmental amenity (Imber e al,
1991). However, questionnaires asking how much people will pay to acquire a
benefit do not necessarily yield the same as similar questionnaires asking the
amount of compensation demanded to give up the benefit (Knetsch, 1993).

CV surveys can be administered by personal interview, over the telephone,
or by post: no specific method of survey administration is preferred. The
advantage of personal interviewing is that the interviewer can carefully probe
the respondent, repeat questions, or use visual aids to clarify any ambiguous
response. The questions can be put in a sequence, which cannot be ensured in
a postal survey. However, it is expensive to use personal interviewers for large
samples. An ill-trained interviewer can do more harm than an improperly
designed questionnaire. Because of these, it is often necessary to resort to
telephone or postal surveys or else train the interviewer very carefully. A con-
tingent valuation study by Muraleedharan et al. (1995) of Borivali National
Park in Bombay highlights the needs for bias removal in the context of a
developing country.

CV surveys can replicate either a private goods market or a referendum to
obtain benefit estimates. The advantages and limitations of the two models
are briefly reviewed below.

Private goods market model

In a private goods market model, a scenario is usually described to the
respondent where the opportunity to obtain the benefits of amenities is
offered at a range of prices. This model is best suited to quasi-private goods
such as access to beaches, fishing rights or any other amenity where a permit
for access (to the exclusion of others) is feasible. Application of this model to
public environmental amenities such as clean air tends to be less successful as
the procedure usually requires the respondents to imagine that they can own
and use the amenity to the exclusion of other persons.

The elicitation method often used in private goods models is a bidding game
technique designed to resemble an auction. The interviewer raises or lowers
the bid until the respondent decides to make a purchase, thereby revealing his
maximum willingness to pay. In an open-ended question, the opening bid or
the final valuation can be stated by the respondent without any prompting. In
a close-ended format, respondents are asked to answer ‘yes’ or ‘no’ to a
proposed payment.

The referendum method

In the referendum method, respondents are asked whether they would be
willing to pay or sacrifice a specific amount of money in order to preserve the
environmental amenity in question. A referendum can also be held about a
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specific action where there is a discrete choice, and the answer can only be
‘yes’ or ‘no’. A range of amounts is put to a number of subsamples. The
referendum model can be used to elicit respondents’ votes on a tax level, or
the tax rate for the provision of a public amenity. It has been extensively used
in the developed countries in practice. For example, in Austria an already
built nuclear power plant at Zwentendorf was mothballed following a refer-
endum. The value of forgone benefits and additional expenses for alternative
electricity could be considered as the cost of avoiding the risks of nuclear
power.

Willingness to pay/accept from CV studies

Once the survey responses are available, obtaining the numerical value of will-
ingness to pay/willingness to accept (WTP/WTA) is rather easy. One could
cither take the mean or the median value of the reported WTA/WTP: there is
no norm about which should be used. While the median has been the pre-
ferred mode in the referendum model, experts have questioned the validity of
this practice. Haneman (1991) has suggested that the choice between mean
and median be derived from a prior choice of a social welfare criterion.

How acceptable are contingent valuation techniques? An influential report
of a blue-ribbon committee having among its members two Nobel prize
winning economists (Arrow et al., 1993) guardedly approved the CV
approach, if it is correctly used and if certain conditions are met. In some

cases some comparisons with conventional valuation methods are also avail-
able.

Concluding comments

A variety of valuation techniques are needed to value environmental change.
In applying many of these, some shortcuts on simplifying assumptions would
be unavoidable. In making these assumptions, however, one should keep in
mind the purpose for which valuation is done and be careful about obtaining
either a lower bound or an upper bound estimate.
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Greening the national accounts: valuation issues and
policy uses

KIRK HAMILTON AND MICHAEL WARD

The 1993 revision to the SNA and the simultaneous publication of UN guide-
lines for integrated environmental and economic accounting (the SEEA) both
raise important issues concerning the valuation of environmental stocks and
flows. The issues in the SNA include the treatment of resource assets where
property rights are not established, valuation of non-market assets, and the
scale of informal sector activities with environmental spillovers. While the
SEEA provides an accounting structure, it does not offer clear options for
valuing environmental assets. Concrete suggestions are presented for valuing
living resources, exhaustible resources and pollution emissions. For pollution,
marginal social costs, rather than maintenance costs as suggested in the SEEA,
provide the correct basis of valuation. The policy implications of green nation-
al accounts are discussed, with an emphasis on policies for sustainable devel-
opment.

Introduction

The interaction of economic strategy with the environment has become a
major policy concern, not just because of the implications of macroeconomic
decisions, but also because of the more immediate impact which official
actions and their commercial consequences have on the quality of life. For the
longer term the concerns are about whether current decisions regarding eco-
nomic development and the exploitation of the environment will reduce the
well-being of future generations — in other words, is development sustainable?
Related questions include: what policies will be required to achieve sustainable
development? and what indicators exist of the sustainability of economic
development?

The growth rate of gross domestic product (GDP) has long been a key
indicator in macroeconomic policy-making, but GDP ignores explicit environ-
mental and resource impacts. As a result, ‘greening’ the national accounts has
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been urged as a step that is necessary to guide both economic and environ-
mental decision-making into sustainable pathways. This viewpoint is perhaps
most eloquently argued in Repetto et al. (1989). An important response to this
demand to green the accounts was the publication of the guidelines for an
integrated System of Environmental and Economic Accounts (SEEA; United
Nations, 1993a). This is designed as a satellite system that augments, but does
not directly alter, the System of National Accounts (SNA). The SEEA com-
plements the newest revision to the SNA (Commission of the European Com-
munities et al., 1993), which introduces substantial conceptual changes that

facilitate the linkage of the SNA to other resource and environmental informa-
tion. Developing elaborate accounting systems such as the SEEA can be an
expensive business. An important concern, therefore, is what additional policy
insights are provided by greening the national accounts.

This chapter has three purposes: (1) to explore the valuation issues raised by
the revised SNA, with an emphasis on links to resources and the environment;
(2) to offer suggestions for many of the valuation issues that are ignored or
imprecise in the SEEA; and (3) to examine the policy implications of greening
the national accounts, with an emphasis on policies for sustainable develop-
ment.

Valuation issues from an SNA perspective

It is not possible at present, for practical and conceptual reasons, to place a
meaningful economic value on the use of all environmental assets (and to
assess the cost of the damage sustained by such use) and to do so without
affecting the level and structure of relative prices in general. However, because
many important environmental assets remain unpriced, or underpriced, these
resources tend to be used indiscriminately and, consequently, inefficiently. The
resulting misallocation of resources and market failures associated with not
attaching appropriate values to scarce goods is wasteful, and the lack of suit-
able pricing sends the wrong signals to policy makers, particularly in formulat-
ing strategies for long-term sustainable development or in choosing between
competing social needs. The absence of such valuations also leads to a distor-
tion of asset use in favour of the present rather than future generations, and to
benefit the rich rather than the poor. The failure to cost the use of the environ-
ment also tends to underestimate the growing divergence between social and
private costs. Some form of valuation is necessary, therefore, to develop
environmental policies sensitized to the overall interests of the public good. If
the market is to occupy a position of pre-eminence in determining the most
efficient allocation of all scarce resource, then valuation procedures must be
extended to non-traded assets to ensure a balanced and comprehensive treat-
ment of scarcity and social concerns.

The extension of the SNA’s conceptual framework to incorporate asset clas-
sification and asset balances supports environmental accounting initiatives
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but, simultaneously, it requires the implementation of clear rules of accounting
relating to principles of valuation, aggregation, net worth assessment and the
more precise definition of relevant time horizons.

Conceptually, the revised United Nations SNA (Commission of the Euro-
pean Communities et al., 1993) marked a significant step because it permitted
the potential integration of environmental concerns into macroeconomic
accounts and policy decisions through a satellite system. By broadening the
definition of the production boundary and putting the emphasis on the com-
prehensive principle of ‘exchange’ as opposed to the simpler but narrower
concept of a “market’ (in which there are identified transactions where a price
system prevails), the 1993 SNA opened up the possibility of a more construc-
tive valuation of the voluntary and involuntary use of natural assets by
humans. Such assets comprise land, including soil fertility and subsoil
resources; air and the atmosphere surrounding the planet; and water, includ-
ing the world’s oceans and their resources. The drawback of this theoretical
advance, however, was the need to introduce a much more extensive range of
imputations into the core national accounts, an imperative that automatically
extended to the assessment of environmental effects within (in value terms) the
same macro-economic context. It also introduced a new scale of measurement
problems. Whereas questions of current market valuation are relatively
straightforward (although no less difficult to resolve) in matters of economic
exchange where the market transaction is implicit, the utilization of natural
assets through pollution, depletion, congestion, etc. raises an entirely different
range of valuation issues. These have intergenerational consequences and dif-
ferential implications for various sections of the community, depending upon
the existing level of well-being of the community.

For these reasons, and to ensure inter-temporal and cross-country compara-
bility, it is essential to establish some well recognized and universally accepted
principles of quantitative imputation as well as appropriate ‘pricing’ conven-
tions. There is no doubt that unless some standard valuation procedures are
followed, the new SNA, despite its theoretical superiority over previous frame-
works, and the rclated system of integrated environmental and economic
accounts that can be based upon it, will pose even more difficult questions
when assessing the economic impact of economically induced environmental
deterioration.

An important further point must be made; the national accounts are
country specific and concerned with macroeconomic and government policies.
Though it is tempting to see the environment as a ‘sector’ cutting across dif-
ferent activities within this context (and the satellite approach tends to rein-
force this view), environmental concerns are not only macro and related to the
micro-incentive structure but also supra-national. Furthermore, for many
environmental concerns, it is very costly and time consuming, if not impossible
in practical terms, to quantify some critical issues such as the impact of rapid
population growth and loss of biodiversity. It is difficult to assess the impact
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of such phenomena on an economy from the environmental perspective
because the issues may not relate directly to traditional macro-analysis.

This section attempts to identify, in the absence of appropriate and recent
case study experience, those areas in the new SNA where imputations at the
macro-level are most complex, tenuous and difficult for developing countries.
The problem in practice is one of compounding estimates of non-directly mea-
surable environmental phenomena on national accounts estimates which pre-
dominantly reflect a current supply and demand perspective and its associated
price system. Because time and relative position are important, it underlines

the need for treating each concern separately. Current environmental valu-
ations have to take account of the historical legacy of past environmental
damage, current concerns, and possible future influences and strategies.

The SNA has always encompassed the twin concerns of comparability of
data and the standardization of international guidelines (frameworks) and sta-
tistics. As the definitions have become broader and the boundaries of pro-
duction extended and grown less precise, it has become increasingly difficult to
satisfy these two measurement concerns. The continuing thrust for a com-
prehensive approach reflects a desire to identify and understand the complex
processes at work rather than a wish to come up with a single national
number such as an adjusted ‘national income’ measure (however defined) or
‘green GDP’. Why (then more specifically) is it necessary to link such environ-
mental issues to national accounts? Briefly, the main reasons are:

(a) to take long-term environmental costs into consideration in formulating
overall development strategies and investment programmes;

(b) to evaluate the impact of economic measures, such as subsidies, taxes,
transport industrialization, energy production and pricing policy, on the
environment;

(c) to help manage existing natural resources such as forests, mineral deposits,
soil, and water more effectively, and to ensure coherence with economic
and social objectives;

(d) to assess in economic terms the sectoral and distributional impact of
environmental change.

From the earliest time, the main focus of the various versions of the SNA
was on the articulation of monetary flows and the interaction of production,
income, expenditure and capital formation. Such a systematic assessment of
economic activity was intended to help chart the course of economic develop-
ment and, consequently, provide recommendations concerning the adjust-
ments needed to guide current government policy and keep economies on an
equilibrium growth path. In the manner in which it is constructed, the SNA
determines the kind of analysis that can be carried out and, therefore, it also
strongly influences the way economic and social issues are perceived. Extend-
ing the SNA to incorporate environmental values enhances its capacity to
inform on matters of longer-term economic strategy but, integrating all
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environmental issues into the existing national accounts system is complicated
by the absence of markets and also by the intrinsic limitation of current GNP
measures which distinguish only roughly between productive and
unproductive activities and have no facility to incorporate previous losses and
irreversibility (exhausted resources) into current valuations.

Equally critical to these assessments is the interpretation of the boundaries
for production, consumption and assets. Production is a physical process
carried out under the responsibility, control and management of an institu-
tional unit in which labour and assets are used to transform inputs of goods
and services into outputs of other goods and services. Under SNA definitions,
for example, the natural growth of the fish stock in open seas and of wild
uncultivated forests are not production, but fishing (i.e., the depletion of fish
stocks) and felling (deforestation and the depletion of wood stocks) are. This
clearly has implications for the meaning of consumption and asset utilization.
Assets, similarly, are entities owned by units that derive economic benefit from
their use over time. Assets that occur naturally, as opposed to those that are
physically produced, include land, subsoil deposits of minerals and fuel and
uncultivated forests. These are incorporated within the SNA only where an
institution exercises effective ownership rights that enable it to benefit eco-
nomically from the sale or use of such assets. In the national balance sheet, the
use of an asset in production is assessed as depletion and the discovery of new
assets is treated as an accretion. Unfortunately, this appears to introduce an
element of asymmetry with the production accounts in the SNA and ignores
the fact that in the ultimate analysis the stock of global assets is given and
finite.

How natural assets are valued in the SNA clearly has a critical impact on
how people observe the way in which they are used. Assets (and liabilities) are
valued using a set of prices specific to the assets that are current on the date to
which the balance sheet relates. For most man-made assets, this creates few
problems; either existing prices observed in the market can be used, or written
down replacement cost values can be determined on an assumed amortization
or proper depreciation basis reflecting their reduced service value. However,
where assets are directly used as part of final production, a rate of discount
must be applied to compute the present value of the expected future returns
from those assets remaining, because each asset varies in value and lifetime.
This rate of discount relates to each particular asset, including its location and
use, and may not necessarily correspond to the general financial rate of inter-
est. The basic value of such assets, furthermore, is linked to how much of them
the economy possesses and the level of well-being in the community at large.

In trying to meet a wide range of analytical and policy needs, therefore, the
national accounts system has become stretched. It appears to have become
stuck between the competing desires to have a comprehensive framework for
all activity and one that prevents the sort of misinterpretation of economic
behaviour that arises from swamping records of well defined market trans-
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actions by a substantial array of non-monetary imputations. So much of the
impact of the economy on the environment may be potentially confused and
obfuscated therefore, by the initial imprecise valuation of the basic economic
activity being undertaken.

The most important areas and transactions where these ‘rough’ monetary
measurements are applied, and where the associated environmental implica-
tions and resource use are often far from minimal, especially in low income
countries, are as follows (though not necessarily in order of importance):

(a) illegal activities,

(b) household production for own consumption,

(c) informal production and construction,

(d) housing services from home ownership,

(e) domestic and personal services performed within the household,
(f) consumption of fixed capital,

(g) activities remunerated in kind.

Some of these transactions are highly valuable, while others are not denomi-
nated in monetary terms. In a not insignificant number of countries, the sum
total of such vaguely defined and measured activities could amount to close to
50% of GDP. Each of these activities has some specific, as well as general,
association with the environment. Thus, illegal activities may include unofficial
logging and mining or drug trafficking, while rural household production
could involve soil degradation and erosion as well as the indiscriminate gath-
ering of firewood and contamination of safe water. Informal production (and
food processing), because it is uncontrolled and unlicensed, is frequently
associated with hazardous materials, pollution and untreated waste disposal.
Other activities similarly pose serious health risks to employees, individuals
and the community. When the base data are so poorly and inconsistently
assessed, both over time and in cross-country comparisons, it is consequently
difficult to produce a robust environmental impact assessment in monetary
terms, however well defined the theoretical valuation process may be.

Valuation issues in the SEEA

The System of integrated Environmental and Economic Accounts (SEEA;
United Nations, 1993a) provides an essential framework for resource and
environmental accounts as a satellite system of the SNA, but it does not
resolve many thorny issues in valuation. Its contribution is therefore more at
the level of structure rather than of content. Some of the key issues in valuing
environmental stocks and flows will be explored below.

Valuation is clearly one of the cornerstones of green national accounting.
While many policy uses exist for physical accounts of environmental resources
linked to the SNA, when it comes to the key issues of measuring sustainable
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income and broadening the measure of wealth, valuation of environmental
stocks and flows is an essential ingredient. This section examines the issues
and some suggested solutions for valuing living resources, exhaustible
resources and pollution in an extended national accounting framework.

Living resources

The SEEA is notably silent on the issue of valuing stocks and flows of living
resources such as forests or fish. The standard models of natural resource eco-
nomics (see, for instance, Clark, 1976) may be applied to suggest some possible
approaches. In the canonical model of a living resource, growth ¢(S) is
assumed to be a function of the stock size S. Growth as a function of S is
assumed to have an inverted-U shape, with the maximum occurring at the
maximum sustainable yield. For harvest g (all variables are assumed to be
functions of time, unless explicitly stated otherwise), the equation for the evol-
ution of the living stock is therefore:

8= —q+4g0.

For a fixed discount rate r the efficient path for unit resource rent (i.e. price
minus marginal harvest costs) n is given by,

an=r-—g.

The steady state equilibrium for the resource is therefore characterized by a
constant unit resource rent n*, a constant harvest rate ¢* = g*, and the equal-
ity of the slope of the growth curve and the discount rate, » = ¢'(S*). Profits in
the steady state, revenues minus costs of harvest, are given by f(g¥). Since the
steady state harvest rate can be sustained indefinitely, the value of the stock of
living resources is therefore:

(t)—f flate ds =10 1)

As long as this equilibrium is attained, the value of depletion is zero, since
growth equals harvest. Away from equilibrium the value of depletion was
established in Hartwick (1990) to be:

V=nS=n(—q+g). @

This can be positive or negative depending on the initial conditions: if the
initial stock is less than the steady-state equilibrium stock, then it will be posi-
tive (i.e. there will be appreciation rather than depreciation, which would
increase eco-domestic product (EDP) in the SEEA); there will be depreciation
if the initial stock is greater than the equilibrium value.

An important issue for forest resources that is not considered in the SEEA is
that of deforestation. Deforestation is essentially the conversion of land from
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one use (as a forest yielding a potentially sustainable stream of products) to
another (e.g. agriculture, which may or may not be sustainable). This suggests
that deforestation could be treated as a transfer of land from one form of
economic asset to another, with the appropriate additions and subtractions
showing up in the asset accounts. In the standard SNA this would be treated
as land improvement, a type of investment. Hartwick (1992) shows that a criti-
cal issue is whether the new land use yields a stream of income whose present
value is less or greater than the present value of the stream of forest products
when the land is under forest; if the present value is less then there should be a
depreciation charge to reflect this.

One complication in considering deforestation is that standing forests
provide positive externalities in the form of water-shed protection that benefit
agricultural activities downstream. As an extension of the Hartwick (1992)
model, therefore, it would seem logical to show the reduced downstream bene-
fits as a deduction from the income stream of deforested land that is converted
to other uses.

Exhaustible resources

The SEEA considers the valuation of exhaustible resource stocks in terms of
an expanded asset account, but is less than precise in its consideration of the
valuation of depletion, which is a critical input to the calculation of eco-
domestic product. As one approach to valuing depletion it mentions the
method of El Serafy (1989). Hartwick and Hageman (1993, Appendices 3 and
4) provide a useful analysis of the issues, but this work has received little
recognition.

The theoretical approach of Hartwick and Hageman can easily be extended
and provides critical insights. Consider a stock of resource S that is extracted
in amount g up until the time of exhaustion of the deposit T, so that,

S=—q and S@)= JTq(s) ds.

For resource price p(g(t)) and extraction cost function c(q(t)), profits from
extraction are given by,

SfTa®] = pLa(®)]q(®) — c[q(®)].

If the discount rate is fixed at r, then the asset value of the resource deposit is
just

V() = J e "7 Lg(s)] ds G)

This is what the SEEA terms the ‘present value’ approach to valuing resource
assets. It requires forecasts of prices, quantities and costs in order to arrive at a
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unique value, a formidable obstacle in the minds of most national statisticians
(see, for instance, Aaheim and Nyborg, 1994).

Among many choices of the paths of p and g, there are two practical options
that should be considered. One is to assume an efficient path for resource
rents, the Hotelling rule; the other is the method of El Serafy (1989). The
Hotelling rule stipulates that unit rents should increase at a percentage rate
equal to the discount rate. Under these conditions investors will be indifferent
between holding natural resource assets and other financial or productive
assets. If this is assumed, then for s > ¢,

__dL = "™ _ﬂ_
dq(s) dq(t)’

Noting that e " can be factored out of expression (3), depreciation of the stock
is given by

~ V() =fLg®)] ~ rV(@). €

Assuming that ¢(T) = 0 and f(0) = 0, integrating by parts and applying the
Hotelling rule yields:
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For efficient resource extraction, therefore, depreciation is calculated as the
unit rent times the quantity of resource extracted,

df
dq(t)

This result is the same as that derived in the formal model of national
accounts in Hartwick (1990). Hamilton (1994) extends this model to the case of
multiple resource deposits with heterogeneous extraction costs (e.g. onshore
and offshore oil). For profit functions:

filad0)] = p[Zqd0)]g(t) — clg)], i=1ton,
the total value of resource depletion is given by
n de
i=1 dqi(?)

If efficient resource extraction is assumed and marginal costs of extraction can
be measured, then the foregoing derivation for #¥(¢) yields a simple formula

V() = q(t). &)

—V(t) = g:2).
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for the value of the stock,

01§, &
=" {1 ~ 440

The value of the resource stock is therefore the present value of an infinite
stream of the current profit times a factor equal to one minus the ratio of
current rent to current profit. This clearly requires there to be increasing mar-
ginal extraction costs, which is a reasonable assumption. Note that although
this expression seems to be independent of the terminal time T, this is cap-
tured implicitly in the ratio of scarcity rents to average profits.

The approach of El Serafy (1989) simply assumes that profits are constant at
each point in time, f[q(t)] = R, for constant R. Under this assumption it is
straightforward to derive

q(t) /f [4(®)] }

T R
V(t)=R j e~ s = — (- e TY) (6)
t

Now the value of the resource is equal to the present value of an infinite
stream of the current profit times a factor reflecting the finitude of the
resource. Other than the fact that the right-most factors in this expression and
the preceding one will converge to zero as the resource is exhausted, there is
little linkage between these expressions in general. This result suggests that the
rough equivalence of the optimal depletion and El Serafy approaches simu-
lated by Hartwick and Hageman (1993) is strictly an artifact of the assumed
functional forms.
From expression (6) it follows directly that

—V({)=Re T ()
El Serafy (1989) does not derive the formula for the asset value implicit in his

approach, expression (6), and derives expression (7) in its more familiar
discrete-time form: i.e. if

—t = .‘@ —
q(1)
then depreciation is given by
R
V) —Vie+1) = mTl ®)

If profits are assumed to be constant over the life of the resource, therefore, the
El Serafy method offers a tractable means of calculating both asset values and
the value of extraction. From the perspective of the national statistician, con-
stant profits may be viewed as the most neutral forecast of prices, quantities
and costs.

There remains the question of the choice of discount rate in the El Serafy
approach. The standard derivation of the rate of interest from growth theory
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yields, for the pure rate of time preference p, elasticity of the marginal utility of
consumption 7(C), percentage rate of growth in per capita consumption C/C,
and marginal product of capital Fp,

¢
P+’1(C)E=FK‘

This equates the rate of interest in the economy both to the marginal product
of capital and to the social rate of return on investment (SRRI, the left hand
side of this expression). In the real world (and in more complex growth
models) risk and taxes drive a wedge between the rate of return private pro-
ducers require and the social rate of return on investment.

For resources that are owned by governments the tax rate is not an issue. If
the quantity of resource at issue is proven plus probable reserves, then risks
concerning the likely quantity of resource to be exploited are minimal. There
are risks concerning future prices of resources, with both upward and down-
ward potential identifiable. On balance, there is a strong argument for using
the social rate of return on investment as the relevant interest rate. Pearce and
Ulph (1995) offer evidence that the SRRI lies in the range of 2-4% for the UK,
values that should be applicable to most developed economies.

A number of conclusions follow from this analysis. First, valuing exhaustible
resource assets requires assumptions or forecasts concerning the future level of
resource prices, quantities extracted and costs. Secondly, the value of depletion
is, in general, itself dependent on the value of the asset (equation 4). If efficient
production is assumed, then the value of depletion is equal to the current unit
rent times current extraction; resource rents are generally difficult to calculate,
however, because they involve the measurement of marginal costs of extrac-
tion. Assuming constant profits from extraction permits straightforward calcu-
lations of both asset values and the value of depletion (equations 6, 7 and 8),
but is inconsistent with any intertemporal optimization by resource producers.
Assuming constant profits requires a choice of discount rate, with the social
rate of return on investment being a defensible choice.

As long as one is willing to abandon notions of optimality, therefore, the El
Serafy approach offers a practical methodology for statisticians to use in
valuing resource stocks and depletion. The resource economics literature is
filled with examples of studies that fail to find empirical support for the Hotel-
ling rule, with that of Miller and Upton (1985) being one of the few exceptions.

Valuing environmental degradation

In dealing with environmental damage the SEEA introduces the concepts of
‘cost caused’ and ‘cost borne’, suggesting that both may be related to mea-
sures of product. Transboundary pollution makes clear the issues regarding
costs caused and borne.
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Consider two countries, A and B, that each emit pollutants as a result of
their own economic activities, and for each of which there is some export of
pollution to the other country (there could be, for instance, different prevailing
winds at different times of the year). Then the cost borne by country A is the
damage that is done to its economy and citizens both as a result of its own
economic activity, i.e. that portion of its pollution emissions that falls on itself,
and as a result of economic activity in country B, i.e. that portion of country
B’s total emissions that are exported to country A. The cost caused by country
A is, again, the damage that is done to its economy and citizens as a result of
its own economic activity, plus the damage that is done to country B as a
result of the export of pollution emissions from country A. The situation in
country B is the exact mirror of this.

It is clear that ‘cost borne’ answers the question ‘What is the total pollution
damage incidence within the country, both as a result of domestic and
imported pollution?” This is an important question, particularly when it
comes to international negotiations on transboundary pollutants, but it bears
no relationship to national accounting in the sense that charges should be
made against income or product to reflect these costs. This is because the costs
borne by country A are not linked or related to the level of national product
in country A. In contrast, ‘cost caused’ answers the question ‘What is the total
pollution damage caused by economic activity in the country, whether the
damages occur within the country or in other countries where the pollution is
incident?’ In this case there is a clear logic associated with charging these
costs against income or product, since the costs are associated with the level of
national product and are either incident domestically or are notionally owed
as compensation to other countries. This argument applies to all pollutants
crossing national boundaries, either ones that are regionally important such as
acid emissions, or pollutants with global social costs, such as greenhouse
gases. Setting aside transboundary pollutants, the same logic applies when
attempting to measure the net product of individual sectors in a national
economy. Again, there is no good argument for adjusting the income or
product of sectors affected by pollution (costs borne), but ample justification to
make a deduction from the product of emitting sectors (costs caused) because
compensation is, at least notionally, owed to the affected sectors.

The next issue is the actual valuation of environmental damage. The SEEA
suggests that ‘maintenance costs’ are the preferred approach: the total cost of
maintaining environmental quality at the same level at the beginning and end
of the accounting period. While this approach has the flavour of maintaining
capital intact, the conception of sustainable development favoured by Pearce
et al. (1989), it presents practical as well as conceptual difficulties. At the prac-
tical level, suppose it is assumed that some level of environmental protection
costs were incurred in a country and that environmental quality deteriorated
over the accounting period. Then the maintenance cost is the sum of actual
costs incurred and the costs that would have been required in order to achieve
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the target of a constant level of environmental quality. Both costs are difficult
to measure, with the obvious greater difficulty being associated with the hypo-
thetical costs. The only solution to the latter problem is some sort of model-
ling and, to be accurate, general equilibrium effects would need to be
considered: simply applying abatement cost functions to the ‘excess’ emissions
would not measure the economic cost of achieving the target.

The problems with maintenance costs at the conceptual level are, if any-
thing, even more formidable. This is best explored with a formal model, as
presented in Hamilton (1996). Here welfare, or utility, U is assumed to be a
function of both consumption C and the flow of services provided by the
environment B. We wish to model a pollutant whose effects are cumulative.
The level of the flow of environmental services is therefore related negatively
to the cumulative stock of pollution emitted, X, so that B = By — fX. We
assume no abatement expenditures, so pollution emissions resulting from pro-
duction F are given by e = e(F), while pollutants accumulate according to
X =e. For a fixed pure rate of time preference r, the objective for a social
planner in this simple economy is to maximize the present value of welfare.
For production function GNP = F(K,L) (K is produced capital, L is labour,
assumed to be fixed), the model is therefore,

max J U(C, B) e™™ dt subject to:
o

K=F-C
X=e

Here C is the only control variable. The current value Hamiltonian for this
problem is,

H=U+y,(F-C)+y,e
for shadow prices (in utils) y, and y,, and the first order condition for a
maximum (ignoring the dynamic conditions) is,

oH
'a‘E:OZUc_h:Vh:UC-

Note that y, < 0, since increases in the accumulation of the pollutant decrease
welfare. The current value Hamiltonian can therefore be written as,

H=U+Uc(K—O-'e),

where 6 = —y,/U. is the marginal damage, or marginal social cost, associated
with a unit of pollution emissions. The maximum amount of produced output
that can be consumed while leaving wealth instantaneously constant is there-
fore,

eNNP=C+K—-0-¢ )
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This is the measure of ‘green’ national income. Note that ¢ is also the level of
the Pigovian tax required to maximize utility.

Abatement expenditures, a, are introduced into this model as the use of
current production to reduce the level of emissions, so that the emission func-
tion is re-defined as follows:

e=eF,a), e>0, e, <0.

The maximization problem is now specified as:
max J U(C, B) ™™ dt subject to:
0

K=F—-C-—a
X=e

The control variables are C and a and the current value Hamiltonian is as
specified above. The first order condition for y, is again that it should equal
the marginal utility of consumption. For y, we now have,

0H U
5a—=0=—v1+hea=>vz=—e:- (10)
It will be useful in what follows to define b = —1/e, ; this is just the marginal

cost of pollution abatement. The current value Hamiltonian therefore
becomes,

H=U+UJK—=b -e),
and the expression for green national income is,
eNNP=C+K~—b-e (11)

Equation (10) implies that b = —y,/U.. The marginal cost of abatement is
identically equal to the marginal social costs of emissions and to the value of
the optimal unit emissions tax.

Equation (11) yields another interpretation. First, GNP = F = C + K + a.
This implies that

gNNP=GNP —-a—b-e.

We conclude that, in order to arrive at a greener income measure, abatement
expenditures should be subtracted from GNP — they become, in effect, inter-
mediate consumption. Of course, most abatement expenditures are already
treated as intermediate consumption in the national accounts. Therefore it is
only expenditures on pollution abatement in final demand that need to be
deducted in measuring green national income.

Measurements of the marginal social costs of pollution emissions are
increasingly available as a result of work on the social costs of fuel cycles,
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particularly in the USA and Europe (see Commission of the European Com-
munities and US Environmental Protection Agency, 1993 for recent estimates,
and Hamilton and Atkinson, 1996 for an application). While much effort has
gone into valuing the social costs of air pollution, less is known about water
pollutants.

From the standpoint of the SEEA treatment of environmental degradation,
the key point is that formal models of green national accounts lend no support
to the use of maintenance costs as the basis of valuation. This conclusion is
quite robust: Hamiiton (1996) shows that similar results hold for flow pol-
lutants, stock pollutants, acid rain and emissions of greenhouse gases.

It is important to ask whether optimizing models can yield useful results for
practical national accounting. As shown in Hamilton (1996), valuations of pol-
lutants based on marginal social costs will in general be higher than the
optimal value, but the amount of bias will approach zero as the optimal level
of pollution emissions is approached. Such a measure, with known direction of
bias and decreasing amount of bias as the optimum is approached, can there-
fore be effective for guiding policies that aim for the optimum.

Policy uses of green accounts

Satellite accounts based on the SEEA can be used effectively in policy analysis.
The range of applications includes the measurement of physical resource scar-
city, valuation of depletion, measuring the incidence and burden of existing
and proposed regulations and taxes, estimating emission tax rates, modelling
the effects of structural change, and providing environmental components for
existing macro-policy models.

The promise of measuring EDP (or a ‘green’ NNP) is that it can provide a
highly integrative measure of economic activity and its effects on the resource
base and the environment. The gap between GDP and EDP quantifies the
extent of depletion and degradation and therefore serves as a signal of the
importance of environmental effects. The composition of the gap can be used
to set priorities for dealing with environmental problems, since valuation pro-
vides the numéraire for comparison of disparate environmental phenomena.
Measuring EDP can provide an enabling environment for policy makers to
consider the linkages between the economy and the environment.

Defining a true measure of the level of income, one that does not treat the
liquidation of assets (natural resources) or the creation of liabilities (pollution)
as income, is clearly important. Development strategies that lead to excessive
resource depletion or pollution emissions will not lead to the same growth in
EDP as in GDP. But the question of the sustainability of development cannot
be answered directly by an EDP measure. For this we turn to greener mea-
sures of saving and wealth.

Given the centrality of savings and investment in the economics of develop-
ment, it is perhaps surprising that the effects of depleting the environment
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have not, until recently, been considered in the measurement of national
savings. This omission may be explained both by the models used by econo-
mists, which typically rely on gross measures of activity, and the fact that the
System of National Accounts (SNA) ignores the degradation of the natural
environment in the standard measures of income and product. To correct this,
genuine saving is defined as net saving less the value of resource depletion and
the value of environmental degradation (cf. Pearce and Atkinson, 1993; Ham-
ilton, 1994). The policy implications of measuring genuine saving are quite
direct: sustained negative genuine savings must lead, eventually, to declining
welfare. There appears to be ample evidence for negative rates of genuine
savings in a range of developing countries (World Bank, 1995). The key ques-
tion, therefore, is what policy implications follow from the measurement of
negative genuine savings.

A basic determinant of genuine savings rates for developing countries is the
value of resource depletion. However, it would be wrong to conclude that the
policy response regarding savings and natural resources is to boost genuine
savings by restricting resource exploitation. One of the key lessons from
growth theory, alluded to in Weitzman (1976), is that the discovery of a
natural resource, properly managed, leads to a permanent increase in the sus-
tainable stream of income for a country. The question with regard to natural
resources is therefore one of what constitutes ‘proper management’. Clearly,
an important policy concern is the achievement of efficient levels of resource
exploitation. The policy considerations are therefore:

(a) Do tenurial regimes encourage sustainable exploitation?
(b) Are royalties set correctly, to capture resource rents while leaving the
exploiting firms with adequate rates of return?

Another element of proper management of the resource endowment is to
ensure that royalties on natural resource exploitation are invested in other
productive assets. It is this rather simple concept of ‘preserving capital’ that is
captured by genuine savings measures. Basic questions for countries with
natural resources are, first, are the royalties from natural resources invested or
consumed? What kinds of investments are made? The export of natural
resources necessarily involves the liquidation of some amount of the natural
resource base. From the perspective of genuine savings an important question
is, therefore, do policies to promote natural resource exports also embody
plans for the investment of the resource royalties? It is clear that in many
developing countries rapid urbanization and industrialization is leading to
major problems of environmental quality; this is particularly so in the metro-
politan areas of Asia and Latin America. The policy questions this poses are
do policies with respect to pollution emissions aim for the economic optimum,
where total social benefits and total abatement costs are equated at the
margin?, and even if the optimum is achieved, are sufficient savings being
made to offset any increments to pollution stocks that this may entail ?
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Finally, it should be obvious that the gross savings rate is a basic determi-
nant of the genuine savings rate. This leads to consideration of the whole
range of micro- and macro-economic policies that affect savings behaviour by
individuals and institutions, including:

(a) Is the level of government current expenditure appropriate and sustain-
able?

(b) Does the tax system penalize or encourage saving?

(c) Does monetary policy set positive real interest rates?

(d) Do government policies support a viable financial sector?

Some important caveats need to be added to this discussion of genuine saving.
First, not all saving is the same, in the sense that savings sitting in foreign
bank accounts belonging to a small segment within a society may not lead to
development. In other words, there are distributional issues to be considered.
Second, not all investment is the same, in the sense that there are both pro-
ductive and wasteful investments. A key concern that follows from the con-
sideration of genuine savings, therefore, is the quality of investment.
Investments in human capital, especially in primary education in developing
countries, are likely to be important in this regard.

Conclusions

The 1993 revision to the SNA and the simultaneous publication of the SEEA
have given an important impetus to efforts in many countries and organiz-
ations to produce greener national accounts. The implementation of these
systems will raise many of the issues discussed above, particularly on valu-
ation.

Among the accounting issues specific to the SNA is the definition of eco-
nomic assets and the distinction between wild resources and those over which
property rights are established. For natural assets, the lack of an existing
market valuation implies that the present values of their services must act as a
proxy, with difficult decisions therefore required on discount rates and service
lives. Implementing the SNA for developing countries entails valuing many
difficult to measure activities, including household production for own con-
sumption, informal production, illegal activities and activities remunerated in
kind. For these countries the starting point in green accounting, conventional
GDP, is known only imprecisely because of the scale of these activities in the
economy.

The SEEA provides a useful framework for satellite accounts on the
environment and natural resources, but leaves many of the details on valu-
ation imprecise. For living resources, not discussed explicitly in the SEEA, the
approach suggested by theory is to measure depletion as harvest minus
growth, valued at the unit rental rate. For exhaustible resources, valuing
depletion requires making assumptions about the future path of extraction
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profits and quantities, as well as the discount rate. Two practical alternatives
exist for this: assuming efficient extraction, in which case depletion equals the
current quantity extracted times the unit rental rate; or assuming constant
profits over the life of the resource (El Serafy, 1989), in which case depletion
equals the present value of the profit taken in the final period of extraction.
Given the difficulty of measuring resource rents (marginal extraction costs
must be gauged), the second method may be more practical.

The treatment of pollution in the SEEA is particularly problematic. Only
‘costs caused’ have a place in green national accounts, because only these
costs can be unambiguously associated with production activities in the
country in question. These costs include damages imposed on other countries.
Pollution emissions should be valued at their marginal social costs, rather
than the SEEA notion of maintenance costs. And environmental protection
expenditures in final demand should be deducted from any measure of EDP.

Turning to policy implications, it is clear that measuring EDP will produce
a ‘truer’ measure of income than GDP if all the valuation issues are solved
satisfactorily. However, it is likely that it is the components of the deductions
making up EDP that will have the greatest policy resonance. When it comes
to an indicator of sustainability, genuine savings would appear to be the
superior choice. Policies to raise the level of genuine savings span the full
range of macroeconomic, resource and pollution control measures. The
analysis of genuine savings therefore provides a natural point of linkage
between the interests of ministries of finance, planning, natural resources and
environment.

More broadly, accurate national accounting for income and wealth is
important. It may indirectly encourage policies and a mindset for politicians,
statisticians, planners, and others that encourages sounder economic manage-
ment. However, environmental accounting will not, by itself, result in
improved environmental policies; the latter can be expected to be encouraged
only indirectly. Better accounting should be seen as one element along with
other tools in a multi-pronged strategy which includes environmental impact
assessments at the project level, and integrated environmental and economic
analyses for policy work at the sectoral and macroeconomic levels.
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Modelling and accounting work in national and
environmental accounts

ANDRE VANOLI

Modelling plays a limited role in the central framework accounts of the
System of National Accounts (SNA), which are based essentially on observ-
ations. By contrast, satellite environmental accounts in money terms, with the
more ambitious objectives advanced in the United Nations System of inte-
grated Environmental and Economic Accounting (SEEA), seem largely a mod-
elling construct. Modelling is used in a broad sense, covering valuation relying
on economic theory. Such an approach requires careful explanation of what
types of flows and stocks are intended to be measured, what seems to be
measurable, what is actually measured (or measurable) and what is the
meaning of the aggregates that are proposed. This chapter discusses some
issues in relation with the interim version of the SEEA. They include mainly
the difficulty raised by the advocated combination of exchange values (market
prices) and use values (based on analysis of the consumer surplus) in the
welfare approach. Ex post modelling used for the estimation of the hypotheti-
cal maintenance costs also raises some questions as to the meaning of the
results, based on partial and constrained modelling, and their inclusion in an
accounting framework.

Introduction

One of the main uses of national accounts is to serve as a basis for modelling.
Economic modelling is normally future orientated, and aims to forecast
what will probably happen, taking into account the past and present, what can
already be known about the future (the fiscal policy for instance), economic
inter-relations and various assumptions about the price of crude oil, the
exchange rate, etc., or simulating the consequences of various phenomena (a
sharp rise in the price of oil) or of economic policy measures (e.g. the intro-
duction of an eco-tax). In general, modelling tries to analyse ‘what would or
could happen if . . . 7. It is conditional and hypothetical. Modelling by nature
cannot deliver a single answer. Differences in basic structure, parameters or
exogenous assumptions lead to different answers. Different models give differ-
ent answers and a given model may produce different variants.

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 355-373.
© 1998 Kluwer Academic Publishers.
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Accounting for a past period (ex post accounting), on the other hand, aims
to deliver a single, straightforward answer to the question ‘what has actually
happened?’, for instance, ‘what has been the current value of household final
consumption expenditure in year ¢t?°, supposing the object to be measured was
defined unambiguously. Ex post accounting is based on observations, facts or
actual data. A priori, the object to be measured exists, or has existed. It is, or it
was, observable. This is certainly not the case with accounting for the future or
simulating various states of the economy. The object to be measured then is
conditional and hypothetical.

Thus there is, at first glance, a sharp distinction between ex post accounting
as an observation system and modelling. However, if it is obvious that model-
ling the future or alternative states of the economy cannot be based on future
or alternative observations,! it is worthwhile investigating whether past
accounting can be based on observations only.

Modelling in ex post central accounts

We can leave aside the fact that what is observable in principle is not necessar-
ily observed, or easy to observe in practice. Statisticians have to work in most
cases with partial and imperfect data. They apply techniques in these situ-
ations which use statistical models as estimation tools. National accountants
often work with incomplete data, different data related to the same item, or
conflicting data for inter-related items. They make estimates, choices and
adjustments, to obtain consistent figures. In practice, either a single result is
not obtained or, often, we cannot be sure whether a single result is actually the
‘true’ figure. However, we assume generally in ex post accounting that there
exists such a true figure, which we try to approximate as best as we can,
knowing that there are errors of observations (including sampling errors,
underestimation by respondents, imperfect data processing techniques, etc.).
Nevertheless there are at least three types of issues for which the pre-existence
of a true value to be approximated by observation is not evident.

Non-monetary transactions and certain aspects of monetary transactions

The first type of issues refers to the broad range of non-monetary transactions
or certain aspects of monetary transactions. Monetary transactions are the
basis of economic accounting, business and national accounting. Normally, for
monetary transactions (exchanges or transfers) there exists a true figure that is
observable regarding all aspects of these transactions. At the root of the mone-
tary value are exchanges, both of products and factors of production, and the
circulation of economic value derived from them by means of payments.
Beyond monetary transactions, the central national accounts framework
extends to non-monetary transactions which are closely connected with mone-
tary transactions and from which their value is derived. Costs of non-market
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production activities by government are monetary and observable. National
accounts equate the value of non-market government output with its costs,
assuming a zero net profit. It can be debated if all costs of government non-
market output are actually monetary. The question is whether to include the
opportunity cost of the capital used in government productive activities thus
increasing the value of output. The negative conclusion of the last revision of
the SNA illustrates the reluctance of national accountants to depart from
observations. Thus the assumption is not only zero net profit (beyond costs)
but zero net operating surplus resulting from governmental non-market
activity.

The 1993 System of National Accounts (SNA) recommends the valuation
of output by costs because there are in general no representative markets of
services similar to government services (Commission of the European Com-
munities et al., 1993, paras 6.90 and 6.91). Preference is thus given in principle
to the valuation of non-market output at market prices of similar goods and
services, provided such markets exist. This is the case, for instance, when the
non-market services of owner-occupied dwellings are valued by the market
prices of renting similar dwellings, or when ‘reliable market prices’ are applied
to output produced for own final use (Commission of the European Com-
munities et al., 1993, para. 6.85). However, the central framework does not
recommend simulating markets to derive a shadow price when no reference
markets exist. In this case, costs are preferable, because they are observable. As
to measuring costs, there is no problem, but their use for measuring output
inevitably implies certain assumptions.

Using costs or market prices for similar goods and services in order to value
non-market output implies that the values and the quantities involved would
not be significantly different if non-market activities were converted to market
activities. There is, however, no observable true value in these cases, even
though the underlying physical quantities are observable. The valuation of this
output is therefore subject to assumptions which are in the nature of model-
ling.

Sometimes there is no direct correspondence between actual economic and
national accounts transactions. Obvious cases are insurance transactions and
financial intermediation services indirectly measured (FISIM). In both cases,
the value of output is usually not strictly observable, unless a sharp distinction
would be made by the enterprises between the management of their own funds
(and the corresponding investment income) and the funds that are the pro-
perty of policy holders or victims, in the case of insurance, or intermediated
funds in the case of financial intermediaries. As far as total output is con-
cerned, the problem is the difficulty of measurement and not so much non-
observability. The problem increases when looking at the allocation of FISIM
between users. For instance, the allocation of FISIM to depositors is based on
the opportunity cost of keeping deposits instead of investing the funds in inter-
est earning assets. There is an element of ‘what if?” involved. Thus, while total
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FISIM can be deemed observable, its sharing between borrowers and depos-
itors is not directly observable and requires modelling. It is not clear at the
moment to what extent changes of bank practices in invoicing their services
could drastically modify the issue.

The above review of non-monetary transactions and certain aspects of mon-
etary transactions touches upon issues that have been extensively debated in
the history of national accounts. These debates reflect tensions between
observation and modelling on the one hand, and reality and appearance on
the other hand. National accounts constitute an information system which
ideally should be based on observations rather than on assumptions. At the
same time, national accounts try to describe and measure reality in a meaning-
ful way. As certain aspects of reality are not directly observable and their
exclusion from the central national accounts would give a distorted picture of
the economy, there is no alternative but to accept some dose of ‘soft
modelling’.

Accounting at constant prices

An issue which inevitably implies modelling is accounting at constant prices,
1.e. in volume terms. As is well known, there is no single way of assessing the
change in volume of any aggregate between two periods of time, unless there
has been a homothetic change of all prices. Accounting at constant prices is
inevitably a ‘what if?” exercise: what would have been the value of a given set
of goods and services, using a price system different from the actual one? Since
a different price system would have brought about a different set of quantities,
combining present quantities with a different price system is by definition
hypothetical. Thus there is no single actual true volume change that could be
approximated.

Price index theory analyses the differences between alternative methods.
Empirically we try to avoid applying a price system that is too different from
the original one associated with the set(s) of quantities in question. Chaining,
under certain conditions, provides a relevant solution. At the detailed level of
specific products whose qualitative characteristics have changed, modelling
can be the most efficient way. Hedonic techniques can be applied as a means
of distinguishing an actual price change from a volume change in the apparent
price change of a unit of the product.

Consumption of fixed capital and the value of assets

A third issue is the consumption of fixed capital, an item which plays such an
important role in deriving net figures for value added, product, income, saving
and capital formation. In practice, consumption of fixed capital is not
observed as business depreciation allowances are not relevant in this context.
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Capital consumption is generally calculated using the perpetual inventory
method. Even supposing that all other clements entering the calculation, such
as the service lives of fixed assets, are known, assumptions are necessary about
the efficiency profiles and the rates of depreciation of the assets.?

There are further conceptual and substantive problems. According to the
Commission of the European Communities et al. (1993), ‘the value of a fixed
asset to its owner at any point of time is determined by the present value of
the future rentals (i.e. the sum of the discounted values of the stream of future
rentals) that can be expected over its remaining service life. Consumption of
fixed capital is therefore measured by the decrease, between the beginning and
the end of the current accounting period, in the present value of the remaining
sequence of rentals’ (Commission of the European Communities et al., 1993,
para. 6.182) and ‘the calculation of consumption of fixed capital is a forward
looking measure that is determined by future, and not past events’
(Commission of the European Communities et al., 1993, para. 6.183). While
the basic principle is not debatable (the price a purchaser accepts to pay for an
asset depends on what he expects to derive from the ownership of this asset),
there are questions about the assumption of rationality, limited information,
uncertainty and imperfect expectations. Even for new assets, the assumption
that ‘as a result of market forces, the purchaser’s price of a new fixed asset
should provide a good initial estimate of the present value of the future rentals
which can be derived from it’ (Commission of the European Communities et
al., 1993, para. 6.184) is not always realistic as we can see from the appearance
and quick disappearance of many small enterprises.

Generalized markets for existing goods would provide useful information
about the adjustments of expectations. Unfortunately, such markets are
limited in scope, with few exceptions. Also, the value of individual assets
belonging to an enterprise thought of as a going concern is usually not separ-
able from the total value of the enterprise. Of course, we use prices of assets as
they are observed. In the case of existing assets we thus apply to all assets of a
particular type prices revealed in actual transactions, though they might rep-
resent a limited share of the total stock only. Those figures are not adjusted
even if the market values seem to be unrealistic, e.g. in the case of speculative
bubbles in financial or real estate markets. Furthermore, the SNA does not
record all the change in the real value of (fixed) capital under consumption of
fixed capital. Those changes include real holding gains or losses recorded in
the revaluation account and unforeseen obsolescence entered in the ‘other
changes in volume of assets’ account.

The conclusion of this brief discussion is that a certain dose of explicit or
implicit modelling is unavoidable when the national accounts come into
contact with the future through the valuation of assets and the measurement
of consumption of fixed capital. The principle of basing the accounts on
observations cannot be held up when measuring capital and addressing the
concept of ‘keeping capital intact’. As a result, net value added, product,
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income, etc. do not seem to be completely observable items and aggregates
(business accounting faces similar difficulties). A certain amount of modelling,
in the sense of measurement partly relying on assumptions, is thus required,
especially for the measurement of non-monetary transactions, accounting at
constant prices, and the measurement of assets and consumption of fixed
capital.

Environmental accounting and welfare analysis

The extension of the accounts to measure non-monetary transactions, on the
one hand, and the extension of the scope of assets, on the other hand, are two
main dimensions along which satellite accounting extends beyond the limits of
the central framework. However such extensions are not free to use any kind
of modelling, but should be based on clear answers to the following questions:
what do we intend to measure? What do we actually measure? Is the result of
the measure acceptable? Similar questions need to be asked again when com-
bining the measure of a particular phenomenon with the measure(s) of other(s).
In macroeconomic satellite accounting we often face situations where, on the
one hand, sophisticated theories and rigorous techniques are used for micro-
measurement, whereas, on the other hand, rough reasoning has to support
conclusions at the macro-level.

Ex ante environmental modelling

Ex ante modelling of the future or of alternative states of the economy tries to
answer the question ‘what could happen if... ?” In the field of the environ-
ment, various objectives or constraints have been introduced into models of
environment—-economy interaction.

Environmental objectives (constraints) include changing the rate of deple-
tion of exhaustible or renewable market natural resources, substituting
exhaustible resources with renewable ones, lowering the rate of degradation of
non-market natural assets used as sinks for waste disposal or for supplying
final services (amenities), halting additional degradation, or restoring natural
assets to a desirable level. Such objectives imply choices that can be theoreti-
cal, ethical or ideological. Sustainability in achieving these objectives can be
more or less weak or strong.

The ways and means of achieving the objectives in question are diverse
(administrative or economic). They would cause changes in the structure and
size of economic activities. Uncertainties about the nature and rate of technical
progress and about the expected prices and reserves of market natural
resources play a significant role in environmental models. So does the time
horizon specified for reaching the (model) objectives. For instance, in the
Netherlands, an attempt was made to estimate what net domestic product
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would have been in an environmentally sustainable economy (de Boer et al,
1994). In this model, the whole rebalance of the economy is to be achicved in
one period. This represents a catastrophic scenario with very strong con-
straints, aiming at illustrating the magnitude of the problem, rather than at
measuring what would actually be the sustainable income of the Netherlands.
The difference between the hypothetical and actual net domestic product can
be interpreted as an indicator of the costs of achieving sustainability
(Faucheux and Froger, 1994; Faucheux et al., 1994), in terms of the global
costs which indicate the magnitude of the re-orientation of economic activity
that would be required (Faucheux and O’Connor, 1995).

Modelling the future and alternative states of the economy does not aim at
providing a new measure of ex post net domestic product, even if this point
has been confused sometimes. The results of such a modelling are significant.
They can be presented in the national accounts framework as is with the rele-
vant items shown separately when required.

Ex post environmental accounting

The objectives of ex post environmental accounting in money terms are differ-
ent from ex ante modelling. Environmental accounting aims at answering the
question ‘what happened really during the accounting period?” It proposes
alternative measures of net domestic product, final consumption and other
aggregates. The purpose is to give a different picture of the actual economy.

What do versions IV.3 and V.5 of the SEEA intend to measure?

Version IV.3 of the SEEA (environmental costs at market and contingent
values) deals with the valuation of the repercussions of a deteriorated natural
environment on households (United Nations, 1993a, para. 320).> The version is
based on the contingent valuation method, that is the willingness to pay
(WTP) for improving the natural environment (para. 321). These imputed
repercussion costs (Table 4.87) are recorded as a reduction in individual con-
sumption (column 3, rows 6 and 7) and as additional costs of different eco-
nomic activities of households (columns 1 and 2). If we interpret the WTP as
the willingness to pay of households for avoiding the actual deterioration of
the environment during the accounting period, it is difficult to understand why
this value is deducted from actual household final consumption in the SNA
sense. The SEEA does not explain the meaning of the implicit new aggregate
of final consumption.* The explanation ‘adjusted for the environment’ is not
specific enough. Nor is the recording of the imputed repercussion costs as
additional costs of industries (to get an eco-domestic product) more easily
understandable. The allocation of these costs between industries in proportion
to the work time spent in each industry is also not illuminating. The use of the
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word ‘costs’ in the expression ‘repercussion costs’ can be misleading in this
respect. What the contingent valuation method tries to measure is the value,
based on the WTP, of the losses of environmental (consumption) services due
to the degradation of natural assets. As version IV.3 does not take explicitly
these services into consideration, it is not clear what is proposed.

Version V.5 is fortunately more explicit because it introduces environmental
consumption services (called consumer or consumptive services in the SEEA).
‘The consumer services of the natural environment are considered to be the
result of a “productive” activity of that environment’ (para. 366). When intro-
ducing such services, provided they can be valued, one expects to find a posi-
tive value that could be added to the central national accounts household final
consumption. Household final consumption with environmental consumption
services would equal conventional household final consumption plus the value
attributed to the (free) environmental (consumption) services. However, this is
not what version V.5 presents. Consumption services (in Table 5.10) have a
negative value of 88 (75.3 plus the actual repercussion costs 12.7), explained as
‘the description of consumer services is limited to recording the decrease of
these services’ (para. 366). What is supposed to be measured through the use
of contingent valuation is actually the value of the losses of environmental
(consumption) services due to the degradation of natural assets. However,
version V.5 combines these losses with the total value of conventional house-
hold final consumption (neglecting that version V.5, compared with version
IV.3, extends the boundary of production to household activities beyond what
is already covered in the central framework). Thus, implicitly, version V.5
defines household final consumption with environmental consumption services
as conventional houschold final consumption less the decrease in environ-
mental consumption services.

There seems to be confusion about the absolute level in the period under
review and the change from the level in the previous period. The absolute level
in a period of time of the household final consumption with environmental
consumption services cannot be lower than the absolute level of conventional
houschold final consumption unless the total value attributed to the (free)
environmental (consumption) services is negative, which is certainly not the
case.

Apparently, the SEEA is not interested in measuring the total amount of
environmental (consumption) services as the issue is not raised in the Hand-
book. The focus is only on the losses incurred in these services because of the
degradation of natural assets. This is an easy to understand priority. The
SEEA wants to show that the change in the level of living (or welfare) is
over-estimated when referring to conventional household final consumption
while there is a decrease in environmental (consumption) services. The conclu-
sion is obvious: if there are two subsets in a basket of goods and services, one
increasing and the other decreasing, the change in the total basket itself is
certainly lower than the change in the first subset. However, in order to show
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this, it is not justified to say that the value of the total basket is lower than the
value of the first set. What is true in this case is that the change in the value of
the total basket is lower than the change in the value of the first set. If we want
to calculate an indicator of the rate of change in household final consumption
with environmental consumption services, it seems necessary to give approx-
imately correct weights to the various components. Perhaps, this is not what
the SEEA aims at. In this case, what is it that version V.5 tries to measure?

Above, it was assumed that a value is attributed to the whole of the (free)
environmental consumption services provided during a given period by
natural assets, and not only to the decrease of these services. However, the
possibility and meaning of such a valuation is a real issue.

Measuring consumer surplus or changes in consumer surplus

The measurement in money units of the benefits provided by non-market
natural assets relies on the concept of consumer surplus. As those benefits
have no market price by definition, the idea is to estimate demand functions
either indirectly (travel cost method, hedonic prices method) or directly
(contingent valuation through direct surveys). Then, changes in consumer
surplus are analysed, following actual or hypothetical changes in the quanti-
tative or qualitative flows of services provided by natural assets. This type of
approach in valuing the non-market services of natural assets refers to basic
assumptions of welfare economics, namely that individual preferences are the
basis for valuing environmental benefits and individuals are the best judges of
their preferences.

The existence of a consumer surplus means that the value attributed by a
consumer to the units of a good or service bought, other than the last one
corresponding to the market equilibrium, is higher than the market price. The
expression ‘exchange value’ should be used when referring to the market price
and ‘use value’ for the value the consumer attributes to each unit it consumes.
Exchange value and use value coincide, under certain conditions, for the last
unit consumed, but not for others. In the case of market goods and services,
the total benefits derived by the consumer from buying a number of units of a
given product are thus equal to the expenditure on this product (quantity
times the market price) plus the consumer surplus. In the case of non-market
environmental services, as there is no market price, the total benefits derived
by the consumer are supposed to be equal to the consumer surplus. Of course,
the application of welfare economics to the environment is complex.’ In this
context, it is sufficient to remember that the purpose is to measure consumer
surplus (or changes in consumer surplus) and not to estimate the equivalent of
a market price.

When advocating the use of this approach at the macro-level, as in versions
IV.3 and V.5 of the SEEA, we are obviously in the field of modelling, even if
the methods in question use indirect observations (travel cost, hedonic prices)
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or direct observation of the WTP that are, however, generated in the context
of the experiments themselves. Modelling is unavoidable, provided we do not
forget what it means when we insert its results in an accounting framework.

There are at least two different objectives when considering these methods
at the macro-level. The first is measuring the value attributed to the whole of
environmental consumption services or the natural assets themselves. The
second is measuring only the change in the value attributed to the environ-
mental consumption services or to the natural assets.

VALUING TOTAL ENVIRONMENTAL CONSUMPTION SERVICES OR NATURAL ASSETS

Intuitively, the valuation of total environmental services seems more difficult
and problematic than measuring their change in value. The problems are both
practical (can we expect enough studies?) and theoretical (aggregation of indi-
vidual surpluses, value of pure public goods etc.); there would also be a
problem when combining aggregated consumer surplus for environmental
consumption services provided by natural assets and the benefits derived from
market goods and services. The latter cover both known expenditures, and
consumer surpluses which we do not measure and do not intend to measure.
Is it because of these difficulties that the SEEA does not propose measuring
the amount of environmental services itself, but only the changes therein? It
would be interesting to discuss the feasibility, even in the long run, of measur-
ing at the macro-level the value of natural assets and the services provided by
them. Of course, the answer can be different for various types of natural assets
or environmental services. In case the answer is largely negative, is it desirable
to develop physical measures of the services in question?

VALUING THE LOSSES IN ENVIRONMENTAL SER VICES

Measuring the losses in environmental services, that is the negative changes in
the corresponding consumer surplus, seems to be easier. Recent studies have
focused on measuring the negative or positive changes of consumer surplus,
associated with changes in the flow of non-market environmental services. At
the level of specific projects or situations, progress has been made, especially in
cost-benefit analysis of projects involving natural assets. It remains unclear if
this approach facilitates the measurement, during a given year and repeatedly
over time, of the total actual (net) losses of environmental services associated
with the deterioration or improvement of natural assets. This is a prerequisite
for dealing with annual aggregates. Obstacles to this measurement may
include:

(a) the difficulty of observing during the accounting period the losses of
environmental services even in physical terms. This is an issue which is
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connected to the difficulty of observing the physical changes in the natural
assets themselves;

(b) an insufficient number of studies and projects measuring in money units
the losses or gains of services, including the issue of applying a WTP or
WTA approach;

(c) the feasibility or non-feasibility of transferring valuations, that is, of using
values estimated in a given context, but applying them elsewhere in a
context relatively similar to the first one. Such transfer may be necessary in
order to save on estimation costs, but it is a complex and delicate pro-
cedure;

(d) the acceptability of using such values at the macro-level where the require-
ments can be, on the one hand, less demanding than for specific project
cost analysis (but are the same in nature) and, on the other hand, more
demanding because of the issue of aggregation.

If the measurement in money units of the use value, attributed by house-
holds to the actual (net) losses of environmental (consumption) services were
feasible, it would represent a very meaningful result just as it is in economic
and environmental analysis.

COMBINING EXCHANGE VALUE AND USE VALUE

The possible combination of use values of environmental services with the
monetary value of market goods and services is an unsettled issue. Applying
average WTP or WTA for the estimation of the change in the consumer
surplus does not seem to be equivalent to estimating market prices, ie.
exchange values, even if quantity and/or quality changes of environmental ser-
vices are deemed equivalent in terms of the variation of surplus to a price
change for market goods and services. As to nature, there is no supply curve
being a function of prices. On the demand side, the estimated demand func-
tions are contingent upon specific scenarios. They do not result from a general
trade off in which all resources, both monetary and in kind (the free gifts of
nature), would be taken into account. There is no enlarged budget constraint
for consumer choices, and possibilities for substitution are limited.®

The issue of accepting or not the combination under review persists even in
the case of (net) losses of environmental (consumption) services and the
changes in conventional final consumption of market goods and services. The
latter, i.e. the change in expenditure for these goods and services, does not
measure the change in consumer surplus associated with these products. We
do not know whether, from one period to another, the rate of change in expen-
diture and the rate of change in (supposedly aggregated) consumer surplus are
the same or are different, depending for instance on demand elasticities. This
justifies the claims of national accountants that the national accounts, record-
ing exchange values, do not aim at measuring welfare. As long as we accept
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the idea that the value attributed by consumers to non-marginal units of
goods and services is greater than the (equilibrium) market prices, this conclu-
sion seems unavoidable.

Other goods and services also contribute to the welfare of individuals. The
central framework does cover certain non-market goods and services, such as
those of owner-occupied dwellings produced by households and consumed by
members of the same households, and goods and services produced and sup-
plied on a non-market basis by government bodies and non-profit institutions.
As mentioned in the first part of this chapter, national accounts value these
products by the market prices of similar goods or services or, when not avail-
able, by their costs of production, most of which are monetary costs. This is an
approximation of the exchange value and not of the total value (including
expenditure plus consumer surplus).

In the context of satellite accounting, other extensions of the boundary of
production and consumption have been made, for instance, to other house-
hold services or leisure activities. Even when the primary concern was welfare,
the valuation of these services always tried to approximate exchange values. In
the case of household services, the alternative values applied are either the
prices of similar services in the market (households are deemed to value their
output at least at the prices they would have to pay for it), the wage rates of
domestic servants or the wage rates members of the households would earn in
the market. The last method is also used for valuing leisure. Leisure is an
interesting case, because its valuation through the opportunity cost of the time
spent in leisure activities has been extensively discussed in economic theory.”

The issue of the valuation of government non-market goods and services,
household services, leisure, in terms of both quantities and values, is exten-
sively debated. If one accepts this valuation as a reasonable approximation of
an exchange value, those goods and services can be combined with market
goods and services. Even if no other goods and services contribute to welfare,
the resulting aggregate is not a measure of economic welfare as it does not
cover the consumer surplus. Nor is it an indicator of the change in welfare,
since exchange-type values and consumer surplus do not necessarily change at
the same rate. It is just a measure of enlarged consumption, in terms of
exchange value. In addition, there are other aspects of welfare, beyond con-
sumption, like the possible gaps between the value attributed to goods and
services by individuals according to their preferences, the objective effects of
consuming certain goods and services, the existence of unemployment, distor-
tions in income distribution, and other characteristics of a social nature.

It appears thus that the (use) value in monetary units of the (net) losses of
environmental consumption services cannot be combined with the exchange
value of conventional household consumption. The current monetary value, in
terms of exchange value, of these services remains zero. What is measured, as
changes in consumer surplus, is probably closer to a measure of the change in
volume of environmental consumption services (and a corresponding measure
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of the change in an implicit price component), following an approach similar
to that analysed in Vanoli (1995b, pp. 124-125). However, there remains an
issue when comparing such a measure of the change in volume and other
measures of volume based on exchange values or maintenance costs.

In conclusion, the welfare approach to environmental macro-accounting
raises a number of issues which deserve further consideration.

Environmental accounting and the consumption of natural assets

When dealing with the losses of environmental services the SEEA in versions
IV.3 (implicitly) and V.5 (explicitly) does not introduce any connections with
the accounts of (non-produced) natural assets. No explanation for this discon-
nection is given. Is it that valuing the stock of non-market natural assets,
following a welfare approach, is considered unrealistic?

In other versions of the SEEA, the approach is in terms of consumption of
natural assets; it is based on a totally different methodology, namely main-
tenance costing. Maintenance costs are the costs ‘that would have been
incurred if the environment had been used in such a way as not to have
affected its future use’ (United Nations, 1993a, para. 50, seec also para. 298).
Maintenance costs are the costs imputed in addition to actual costs incurred.
They are by definition hypothetical. The SEEA stresses the analogy with the
concept of consumption of fixed capital in the case of produced assets.

Direct and indirect maintenance costs
Two main categories of costs can be distinguished:

{(a) direct costs: prevention, protection or restoration costs can be termed
‘direct” when corresponding to available techniques or products which
could have actually been applied with available technologies. These costs
would have permitted protecting the environment (totally or according to
certain socially accepted standards) without technical changes in the
nature of the output and/or the scale of economic activities;

(b) indirect costs: indirect costs are related to changes in the nature of output
and/or the scale of economic activities. This is because available techniques
or products do not permit fully protecting or restoring the environment to
required levels. Restructuring the economic activities would become neces-
sary.

Estimating maintenance costs can only be the result of modelling. It
requires answering the question ‘what would or could have happened if
certain constraints had been imposed on economic activities?’ With regard to
modelling, it is difficult to understand the views expressed in the SEEA (para.
301). Arguing against the use of input—output models to associate the environ-
mental costs with the final use of products rather than with the activities
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immediately responsible for causing the costs, the SEFA states: ‘the account-
ing framework of the SEEA, however, deals by definition with the assessment
of the economic-environmental interaction during the past accounting period.
It is an information system that should avoid the inclusion of data that are the
result of modelling. The analysis of environmental costs focuses, therefore, on
the economic units immediately responsible for environmental impacts since
those impacts can be readily identified, measured and attributed to the
accounting period’. The impacts, perhaps, but the maintenance costs as they
are described for instance in paragraph 307? Obviously maintenance costs
cannot be observed; if they were, they would not be hypothetical (paras 50
and 54). They can be estimated only on the basis of assumptions. Even if
hypothetical direct costs would have been sufficient to prevent the deterio-
ration of natural assets, their estimation is not straightforward. Probably,
there existed alternative solutions, the relations between technical solutions
and their impacts were not perfectly known and indirect consequences had to
be estimated.

When indirect maintenance costs are estimated, the use of modelling is
evident. Actually, maintenance costing is similar to ex ante or simulation mod-
elling discussed above. However, it is ex post modelling. Ex post modelling
aiming at estimating hypothetical maintenance costs is more constrained than
ex ante modelling: only available technologies can be taken into account, the
economic and social policy is given, apart from imposing the relevant stan-
dards, no new relative prices are estimated; and no adaptation of economic
behaviours both by producers and consumers is produced because it would
necessitate reconstructing a totally different economy. Thus some interactions
are taken into account, but others are not. This is partial modelling. By con-
trast, ex ante modelling with environmental constraints possesses many motre
possibilities as indicated above. On this basis, some authors (Aaheim and
Nyborg, 1995) contrast the modelling approach with the accounting approach
followed in the SEEA. The SEEA rather follows a truncated modelling
approach.

Maintenance costs and consumption of fixed capital

A parallel is often drawn in the SEEA between the method of calculating the
value of the depreciation of produced fixed assets and the concept of main-
tenance costs (see for instance para. 303). Even if the basic notion is the same,
namely calculating the value of the consumption of assets, there seem to be
significant differences between the cases of produced and non-produced assets.
The values of produced fixed assets at the beginning and the end of the
accounting period can be assessed in principle, though as discussed above
expectations about the future pose problems for the determination of asset
values. The value of non-market natural assets, however, is probably not mea-
surable and definitely unknown. Thus we try calculating the value of the con-
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sumption of assets, when the value of the stock of these assets can probably
not be calculated in monetary terms.

Morever, in the case of produced assets, there is a close relation between the
consumption of fixed capital and the corresponding change in capital services
(see above). The issue is more complex in the case of non-market natural
assets, because disposal services and consumption services are supplied jointly
by natural assets but move in different directions (Vanoli, 1995b, pp. 123-127).
The maintenance costs measure the current monetary value of the disposal
services provided by nature (when there is a degradation of natural assets).
Contingent valuation (or other similar methods) could be thought of as
another method for valuing the consumption of natural assets through the
losses of consumption services due to environmental degradation. However
contingent valuation estimates use value and not exchange value. There is no
reason why a priori the two approaches should produce similar results (of
course, a high level of individual WTP is a good indicator of the acceptability
of difficult social choices).

At the macro-level, the maintenance costs approach seems more promising
than the consumers’ valuation for measuring the consumption of non-market
natural assets, even if its basis in microeconomic theory is weak (some people
may say nonexistent). However, the feasibility of calculating these costs on an
annual basis is not obvious at the moment and must be tested. Resource limi-
tations may lend priority to ex ante modelling. Such modelling may be more
useful for calculating the costs of achieving a socially agreed pattern of sus-
tainability and for analysing the constraints, ways and means, and the time
dimension for reaching social objectives.

Inserting the consumption of non-market natural assets in an accounting
framework

Supposing the annual maintenance costs have been calculated, the question is
then how to record these costs in ex post economic and environmental
accounting. This point has already been discussed at great length (see for
instance Vanoli, 1995b, pp. 118-120). From an economic point of view, main-
tenance costs are costs which were avoided by economic production through
the free use of non-market natural assets beyond their natural regeneration.®
The SEEA (versions 1V.2, V.2 and V.6) charges maintenance costs as addi-
tional costs of production of industries and reduces correspondingly the net
domestic product (NDP) when calculating the environmentally adjusted net
domestic product (EDP); it does thus not change the valuation of output. The
problem is that the value of output has been determined through market or
market-like relations taking into consideration the actual costs of factors of
production and individual consumers preferences or social preferences based
on market or market-like prices. If disposal and other environmental services
to production had to be paid for, the system of prices and quantities would
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have been significantly different. Thus, the SEEA’s considering ‘other things
being equal’ is not acceptable. Prices (exchange values) and quantities as they
occurred during the accounting period, i.e. the disposal and other services to
production, which are costly for nature and free to the economy, are a kind of
surplus which benefited the economy as a whole.

Apart from the fact that it does not seem conceptually acceptable, the inter-
pretation of the EDP thus obtained is not easy. If the objective is to apply to
€x post accounting results similar to those calculated in the above-mentioned
Dutch study (de Boer et al., 1994), the result would be the calculation of the
difference between actual NDP and something like the potential maintenance
costs accumulated over time. Such accumulated potential costs would have to
be allocated through a series of annual accounts (of course, it is not sure that a
direct yearly calculation would give the same results). However calculated,
annual EDPs cannot be considered as sustainable, because the potential main-
tenance costs are not actual costs and the natural assets may further deterio-
rate. Neither can EDP be considered as a measure of what NDP would really
have been if tight constraints had been imposed on using the environment.
The reason is that EDP calculation cannot take into account the adaptation
of the economy to potential environmental policy and regulation (see for
instance the reactions to the first oil crisis). Various aspects of the interpreta-
tion of annual EDP are discussed in Aaheim and Nyborg (1995).

Vanoli (1995b) proposed recording of the use of disposal services as a new
item under final uses, leaving income unchanged (only as far as the consump-
tion of non-market natural assets is concerned; see note 7 for market natural
assets) and reducing saving. The capital account of the economy is rebalanced
through a capital transfer received from nature.® Saving is the key aggregate.
Such a recording would show explicitly that the economy consumes a part of
nature, without disturbing the usual meaning of market-type flows. It can be
interpreted as follows: the traditional figures in national accounts for final uses
include only ultimately the value given to labour and (mostly produced)
capital. Actually, the value of final uses should therefore also include the mon-
etary value of the non-market natural assets consumed through their degrada-
tion. This global recording in the first instance does not prevent the
breakdown of the disposal services consumed, by means of modelling, first
according to their primary users and then according to their final users. This
double analysis of the use of disposal services/maintenance costs caused is
again in conflict with the surprising position against modelling taken by the
SEEA in this respect.?

The reference to the concept of responsibility is probably the origin of this
unexpected position of the SEEA Handbook. The authors of the SEEA
perhaps see a contradiction between the polluter pays principle and the
analysis of the maintenance (degradation) costs associated with final uses. The
analysis of the direct and indirect costs, as the analysis of direct and indirect
emissions of pollutants for instance, is part of an information system on the
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impact of economic activities on natural assets. It does not prejudge at what
stages environmental policies will be implemented. Input-output analysis
deals with techno-economic relations, not with relations of responsibility.

Referring to the concept of immediate responsibility seems to provide to the
authors of the SEEA the justification of the reduction proposed in the value
added of industries in proportion to the ‘costs caused’. I do not myself advo-
cate the reduction of value added in relation with the use of free disposal
services. However, if somebody wants to do this what is the reason for
reducing the value added of agriculture for the direct costs caused and not the
value added of the food industry which uses a big part of agricultural output?
We can see easily where the shoe pinches. If we look then at final consumption
ultimately responsible for the consumption of most agricultural and food pro-
ducts, will we reduce the value of this final consumption? However, do we
consume really a lower value of agricultural and food products? In fact, I am
reluctant to use the concept of responsibility in the context of integrated eco-
nomic and environmental accounting in lieu of the technical and economic
interrelations. It has a moral connotation that is best avoided.

Perhaps the concept of responsibility is connected implicitly in the SEEA
with the idea of negative externalities. The concept of externalities has not
been much investigated in the context of macroeconomic accounting and
needs further consideration. To the extent that responsibility is socially recog-
nized and sanctioned by law or usage, it is very often insurable and dealt with
in the SNA as transfers, not via negative output or additional intermediate
consumption leading to a reduction in value added.

Conclusion

Modelling plays an important role in ex post environmental accounting. This
is necessary because the valuation in money terms of many environmental
phenomena is not done through the market mechanism. The term modelling
in this context should be taken in a broad sense. It involves basing valuation
methods on microeconomic theory. Generally environmental accounting in
money terms relies to a significant degree on ‘what if . . . ?” analyses.

The fact that modelling is used extensively does not deprive environmental
accounting of its significance. However, the fact that the central framework of
the national accounts also uses some modelling should not provide the justifi-
cation for introducing any kind of modelling into the satellite accounts.
Central national accounts are basically an observation system with some soft
modelling. Satellite environmental accounts in money terms, with the objec-
tives presented in the SEEA, seems largely a modelling construct, apart of
course from the measurement of most actual environmental protection expen-
ditures. The model perspective is a double one. On the one hand, additional
flows are estimated, like costs caused at maintenance costs or repercussion
costs (losses of environmental consumption services) at contingent values. On
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the other hand, these costs are combined with pre-existing flows in central
accounting, sometimes redefined or re-routed, in order to give alternative pic-
tures of certain economic relations and aggregates.

Such an approach requires a clear explanation of what type of flows and
stocks are intended to be measured, what is not measurable, what is actually
measured (or measurable), and what is the meaning of the aggregates that are
proposed, both in current value and in volume. In this context, the feasibility
and significance of applying, at the macro-level, methods whose justification is
essentially based on the micro-level analysis deserves special scrutiny. When
new flows are valued and introduced in an accounting framework, the model
followed must be made explicit. ‘Other things being equal’ is not an accept-
able answer without full justification, even more so when a high social signifi-
cance is attached to the result of the exercise.

This chapter tried to illustrate some basic difficulties inherent in the interim
version of the SEEA. The paper partly repeats, from a different angle, points
already made in other papers. It also introduces some new ones, mainly the
issue raised by the advocated combination of exchange values on the one hand
and changes in consumer surplus on the other hand. This bears the question
whether a measure in money units is always equivalent to a monetary value
(an exchange value). The SEEA alludes to this issue when stating rightly
(United Nations, 1993a, para. 58): ‘the maintenance cost concept implies that
uses of the environment that have no impacts on nature have a zero
(monetary) value’. When comparing the concepts of market-priced capital and
hypothetical maintenance costs, the SEEA also states (para. 55) ‘if use does
not affect capital, user cost will be zero independent of the value of such use
for society. Neither concept has a direct welfare orientation’. By contrast,
welfare measures based on the concept of consumer surplus and changes
therein probably cannot be considered as measures of monetary value, even if
they are expressed in money units.

Notes

1. We can sometimes observe expectations, which is a different issue.

2. See for instance the discussion in the 1993 SNA (Commission of the European Communities
et al., 1993 paras 6.188 to 6.200).

3. The following references in parentheses refer to paragraphs and tables of United Nations
(1993a).

4. Of course the equivalent adjustment due to market valuation in version IV.3 (Table 4.8, row
16, columns 1, 2, 3) has no special significance. Rows 16 to 18 simply represent a bridge table.

5. For instance, the value attributed by consumers to natural assets and their services covers
both use value — direct, indirect, option use value — and non-use value, the existence value;
there are different measures of the surplus, etc.

6. For instance, if there is a river close to your house, you can swim twice a day if you like.
However, you cannot choose swimming only once and have a chocolate bar in exchange for
the second swim.

7. Beyond basic human needs, individuals are supposed to allocate freely their entire time
between money earning activities and leisure (including housework). At equilibrium, the mar-
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ginal values of market work and leisure coincide. The wage rates of individuals enjoying
leisure are thus the basis for valuing leisure time. This valuation is obviously in terms of
exchange value. The non-marginal leisure time has a greater value for individuals (more than
the wage rate would be required for accepting to reduce their time of leisure) who benefit, in
addition to the estimated exchange value, from something similar to a consumer surplus.

. I leave aside the consumption of market natural assets. As the resources are marketed, they

are valued in the system of market transactions. There is wide agreement nowadays, if not on
the details at least on recording the consumption of such assets in the capital account and not
just as other changes in volume of assets (as stipulated in the 1993 SNA).

. Actually, the SEEA does not indicate how the accounts are closed. The rows reconciling EDP

and NDP are simply bridge tables. On the issue of how to close the accounts, see Vanoli
(1995a). Incidentally the authors of the SEEA probably misunderstood my proposal, stating
(para. 367) that ‘as an alternative . . . the direct deduction of the loss of those services [that is,
the consumers services] from the final consumption of households has been proposed)’. 1
never proposed such a treatment.

I already referred to the last sentences of para. 301 of the SEEA. It is worth quoting now the
first part of this paragraph: ‘the concept of immediate responsibility is introduced for theoreti-
cal and statistical reasons. It is difficult to identify the economic activity that is ultimately
responsible. Economic activities interact to a great extent and it is nearly impossible to trace
the chain of economic dependencies and corresponding synergistic or antagonistic effects on
the environment. It could be argued that the final demand for products is ultimately
responsible for all stages of intermediate consumption and their environmental impacts. Fol-
lowing this argument, the environmental costs of different production activities should be
associated, by using input—output models, with the final use of products. Such modelling is
outlined in section D of chapter V’. Then comes the end of the paragraph contrasting model-
ling and the SEEA as an information system.
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Alternative resource and environmental accounting
approaches and their contribution to policy

HENRY M PESKIN

Most governments have yet to embrace resource and environmental account-
ing in spite of a long academic interest in the subject. While all the principal
approaches have the potential of making some contribution to the policy
process, proponents have failed to convince the policymaker. One reason is
that the authors of different approaches interpret the meaning and functions of
the concept of ‘accounting’ differently, a situation that can only lead to confu-
sion. Another source of confusion is that the different approaches appear to be
directed towards different objectives.

In order to promote clarity, this chapter reviews the principal approaches to
resource and environmental accounting and assesses them especially in terms
of their relevance for policy formation. The approaches differ in their formal-
ity. Many accounting efforts are mere collections of data or indices while other
adhere more closely to formal, double-entry principles of modern accounting
practice. Furthermore, several of the approaches are directed towards
improved measures of economic and social performance (the ‘scorekeeping’
function of accounting) while others are intended primarily to generate infor-
mation needed by policymakers in their efforts to manage the economy and
the environment (the ‘management’ function of accounting).

The principal conclusions are that no single approach clearly dominates the
others in terms of policy relevance. Furthermore, promotion of a single, stan-
dardized and ‘best’ approach, as recently suggested by the United Nations
Statistics Division, may not be consistent with principles of efficient data man-
agement. A single, standard approach is only efficient if the relative costs and
benefits of increasing the amount of accounting information beyond currently
collected levels is the same for all countries. This situation is not likely since
data collection costs and information needs are expected to differ, especially
between industrialized and developing countries.

This chapter was prepared for the international conference Applications of Environmental Account-
ing sponsored by the Fondazione Eni Enrico Mattei and the State and Science Technological
Commission of the People’s Republic of China, 11-13 March, 1996, Beijing, China. Also, a con-
tributed paper for the International Symposium on Integrated Environmental and Economic
Accounting in Theory and Practice sponsored by the Economic Planning Agency of Japan, the
United Nations University, and the International Association for Research in Income and Wealth,
Tokyo, Japan, 5-8 March, 1996.

K. Uno and P. Bartelmus (eds.), Environmental Accounting in Theory and Practice, 375-394.
© 1998 Kluwer Academic Publishers.
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Introduction

It is now over 25 years since researchers and statisticians around the world
began serious efforts in resource and environmental accounting. While interest
in these efforts remains reasonably strong the interest still appears to be con-
fined to those in academics or research or to those in the environmental move-
ment who hope that such accounting will have a major role to play in
preserving and protecting the natural environment. Official efforts in resource
and environmental accounting on the part of governments remain quite
sparse, being confined to tiny staff efforts in a handful of countries around the
world. While the relative lack of support for these efforts could be explained
by the same shortage of funds that plague other governmental programmes,
there is also the possibility that proponents of resource and environmental
accounting have failed to convince politicians and governmental leaders that
these accounting efforts will yield any significant contributions to the policy
process. Is there a failure in communication or is it the fact that resource and
environmental accounting is only of academic interest and really provides
little help to the policymaker?

As will be discussed below, addressing this question is complicated by the
fact that the term resource and environmental accounting is open to several
interpretations. Each interpretation, in turn, suggests different concepts, differ-
ent data needs, and different implementation strategies. Furthermore, each
interpretation appears to address different issues. Some of these are important
for policy while others are primarily of theoretical, intellectual or historical
interest.

What is meant by accounting ?

One reason for some of the major dissimilarities between different versions of
resource and environmental accounting is that not all practitioners use the
word accounting in the same way. Some are clearly using the term to mean to
take account of, or to keep track of. In this sense, an account is, loosely speak-
ing, a report or similar body of descriptive information. Thus, one may praise
Mrs. Jones for the good account she gave of her trip to Europe last summer.
Similarly, the police officer may want an account of your time during the
period when a crime was committed. However, there is another, more formal
use of accounting. In this formal sense, an accounting is also a report or
descriptive body of information but, more importantly, it is a structured body
of information that describes a system, often at a single point in time, defined
by the accounting period. A system, in turn, is a dynamic process that relates
outputs to inputs. In a business, for example, the outputs are usually sales and
the inputs are the costs of labour and materials necessary to support the sales.
The role of the business accountant is to describe this system of production
and sales. In order to ensure that the system is described consistently and
completely, that is to ensure that inputs and outputs are in balance, the
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accounting profession has adopted a number of conventions and practices.
Environmental and resource accounting in this more formal sense adopts
many of the same conventions and practices.

It should be noted that the word accounting, whether interpreted formally
or informally, can refer to particular objects (that is, a set of accounts or an
accounting of something) or a process. Thus, it is not always clear whether a
recommendation to undertake environmental accounting refers to a rec-
ommendation to produce a set of environmental accounts, to engage in the
activity of accounting, or to do both. The activity of accounting does not
always guarantee the production of a set of accounts or, at least, a set of
accounts that would be universally accepted as valid and complete. Yet, in
terms of the value of the activity for policy, the process of accounting can be
quite valuable even if a final set of accounts never emerges. Thus, the distinc-
tion between accounting as a noun and accounting as a process is important
in evaluating the benefits of the exercise. Indeed, it can be argued (see below)
that if the principal purpose of resource and environmental accounting is only
to produce a set of national economic accounts with theoretically ‘better’
numbers, the resulting ‘improved’ accounts may be far more of academic
interest than of policy interest.

Functions of accounting: scorekeeping and management

Not only has discourse among practitioners of resource and environmental
accounting been confused by a lack of unambiguous terminology, there does
not appear to be general agreement on what these practitioners expect
resource and environmental accounting to accomplish. T have distinguished
between two principal functions of accounting: scorekeeping and manage-
ment. By scorekeeping, I mean the function of maintaining a record of per-
formance. In a business, this recording may be of profits, production, or sales.
In formal national economic accounting, such as represented by the United
Nations System of National Accounts (SNA), the scorekeeping function is ful-
filled by aggregate measures such as gross domestic product (GDP) and net
domestic product (NDP). Other national scorekeeping statistics, such as price
levels, employment, and unemployment come from less formal accounting pro-
cedures — procedures that are more representative of accounting in the less
formal sense of taking account of something. In fact, while formal accounting
may assist in the generation of scorekeeping statistics (as is the case with
national economic accounting), generally formal systems accounting is not
necessary for this purpose.

Formal systems accounting, such as practised by the modern corporation,
has a more significant role to play with respect to the management function of
accounting. By the management function, I mean the production of statistics
needed to support policy actions, either by a business, household, or by the
government. The bottom line, the statement of profits and losses, provided by
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business accounting serves the scorekeeping function of letting the manager
know how well he or she is doing; but it is the detailed set of consistent
statistics on sales and expenses that guides the manager towards those policy
decisions that, hopefully, will improve the score in the future. Indeed, score-
keeping itself can be of little policy interest. One of the criticisms of the pub-
lication of improved net domestic product figures (improved because they
account for the deterioration of natural resource stocks) is that the figures
themselves give very little indication of what policy actions should have been
different in the past and what policy actions are called for in the future (see
below).

Historical impetus for resource and environmental accounting

While criticism of the national economic accounts as a measure of societal
well-being has origins well before the second world war, the main academic
and popular interest in resource and environmental accounting dates around
the late 1960s or early 1970s. Both the popular press and the academic liter-
ature made three general criticisms of the conventional national economic
accounts as a measure of social performance.

Of the three, the best-known criticism was that the common economic mea-
sures of economic performance, such as gross national product (GNP), net
national product (NNP), GDP and NDP did not adequately reflect any degra-
dation of the nation’s environment. Indeed, the movement of these indicators
is often perverse: GNP, GDP, and their net counterparts could increase in
response to environmental degradation. Efforts to clean up an oil spill or
health expenditures necessitated by poor air quality would tend to increase
national production even though these actions could be no more than an
attempt to maintain environmental quality at an acceptable, pre-pollution
level.

Many economists join environmentalists in questioning the usefulness of
these aggregate economic performance measures as indicators of social
welfare. At best, as Hicks (1940) pointed out over 50 years ago, GNP could be
an index of economic welfare. But economic welfare is not necessarily social
welfare. Furthermore, if relative prices change over time and if some of the
goods desired by society increase while other goods decrease, the GNP index
could either increase or decrease depending on whether old or new prices are
used in the calculation. Finally, at best, GNP can be interpreted as a linear
approximation to some non-linear social welfare function. But as Arrow (1963)
pointed out, there are no assurances that such a welfare function even exists, at
least a function that consistently reflects the preferences of members of the
society. It is no surprise, therefore, that economists are not especially
impressed with the criticism that GNP overstates well-being because of its
neglect of environmental degradation.
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However, there are two other criticisms of the conventional national eco-
nomic accounts and their neglect of the environment that should have more
appeal to the professional economist. A second criticism is that the conven-
tional accounts treat reproducible wealth and natural wealth inconsistently.
Specifically, the stock of reproducible wealth is depreciated in order to calcu-
late an income measure (NNP) that measures a nation’s sustainable income —
income that allows for replacement of losses in the capital stock. However,
losses in the stock of natural resources are not similarly depreciated, suggest-
ing that true net national product is overstated.

A third criticism is that the conventional national accounts are incomplete
in that they neglect important inputs and outputs in the nation’s production
function: inputs and outputs that have economic significance but are neglected
because they lack market-determined values and prices. An example of
neglected inputs, which are of special interest to environmental policy makers,
are the waste disposal services provided by the natural environment. These
services are typically scarce (and, thus, have economic value) because they
compete with other services also provided by the natural environment such as
recreational and ecological services. Because all these environmental services
are not bought and sold in conventional markets, they lack prices and there-
fore are neglected by conventional economic accounting.

For reasons that are not especially clear to me, of these two additional
criticisms, the first has received most of the attention by those promoting
resource and environmental accounting. Certainly, developing a truer measure
of net or sustainable product is of important policy interest. However, without
further information on environmental inputs and outputs in the national pro-
duction function, it is very difficult to develop policy that achieves a socially
acceptable balance between national economic objectives and environmental
objectives or politically acceptable sustainable output goals. Given the interest
in this issue, especially in developing countries, one would think that the third
criticism would have received far more attention than it has up to now.

Responses to the criticisms: Alternative approaches

Responses to these criticisms of the conventional economic accounts have
varied across countries. The differences in approach appear to reflect differ-
ences in the relative emphasis on the three criticisms and between the empha-
sis placed on the scorekeeping and management functions of accounting. For
purposes of exposition, the various approaches can be grouped under four
headings.

Pollution expenditure accounting

One of the earliest reactions to perceived weaknesses in the conventional eco-
nomic accounts was to develop data series on pollution abatement and other
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environmental expenditures. Such data series have been maintained in the
USA since 1972 (with, unfortunately, several breaks in the series) and are
available in other countries. As these data refer to measured expenditures
already incurred, either due to policy or to standard business and household
practice, they should not be considered as additions to the conventional eco-
nomic accounts but rather as a delineation or re-specification of information
already accounted for. Merely identifying such data serves neither the score-
keeping nor the management functions of accounting. Also, without a further
accounting of the sources of the expenditures, mere assembly of expenditure
data does not meet the criteria for formal, systems accounting either.

However, some would like to use such data for scorekeeping purposes. In
particular, critics of the conventional accounts have argued that such environ-
mental expenditures are inherently ‘intermediate’ and should, therefore, be
deducted from final product indicators in order to generate an appropriately
‘green’ GDP. The idea of deducting environmental protection and similarly
defensive expenditures from GDP has a long origin (e.g. Juster, 1973), but has
never been adopted by national accountants, presumably because of diffi-
culties in drawing the line between defensive and non-defensive outlays.! Such
an adjustment has never been made in the United States or in any other
country to my knowledge. The motivation, therefore, for the statistical series
on pollution abatement expenditures appears not to be for better scorekeeping
but rather for better management of the economy. Specifically, several investi-
gators believe that such information may provide for an explanation for
changes in measured productivity (e.g. Denison, 1979; Jorgenson and Wilcox-
en, 1990). The argument is that these abatement (and other regulatory) expen-
ditures divert resources from conventionally measured production.

While this hypothesis may be valid, the argument assumes that observed
abatement expenditures are a good representation of the true opportunity
costs of environmental protection. Yet, while expenditures may reflect true
economic costs, costs and expenditures are two very different concepts. In fact,
observed environmental protection expenditures probably underestimate true
opportunity costs, primarily due to a failure of expenditures to adequately
reflect process and product-mix responses to environmental protection needs
on the part of business. How large is this underestimate? Data on this point
are sparse. However, several years ago, during a detailed investigation of the
costs of meeting water pollution regulations, a research team under my direc-
tion found that many plants met the US regulations without any expenditures
on abatement equipment (Gianessi and Peskin, 1976). They simply ceased
producing certain products, such as bright, highly coated writing papers, that
were highly polluting. In these cases, abatement expenditures were zero,
although costs in terms of lost profits on the forgone products were greater
than zero. Furthermore, we found that in nearly all cases where there were
purchases of end-of-pipe control equipment, changes in process were also
necessary. Expenditures associated with these process changes often are not
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separable from ordinary production costs and are, therefore, missed in the
pollution-abatement expenditure data.

On the other hand, abatement expenditure data can tend to overestimate
true opportunity costs due to the fact that the reported expenditures include
outlays for materials, the values of which may include pollution abatement
expenditures of the sector producing the materials. Thus, there may be double
counting. For this reason, the frequent practice of comparing pollution
abatement expenditures with GDP is misleading since the latter covers only
primary costs and is free from double counting. The expenditure data can be
corrected using input—output techniques, but not easily (Nestor and Pasurka,
1995b).

Finally, it should be noted that reported environmental expenditures prob-
ably overestimate those pollution control costs that are engendered by regula-
tions. Many pollution abatement activities are voluntary and are not in
response to policy. Thus, a major component of the US pollution abatement
expenditure series is expenditures associated with sewer hookups and septic
tanks for newly constructed housing. Such sanitary practices have a history
that far pre-dates the environmental movement. If expenditures associated
with such conventional practices are not excluded from pollution abatement
expenditure series, the use of such series to explain productivity changes can
be very misleading.? How large might this overestimate be? In the investiga-
tion referred to above, we found that an average of about 20% of reported
pollution abatement expenditures did not have origins in federal regulatory
policy. In some sectors, nearly all reported expenditures pre-dated federal
regulations.

Physical accounting

A second response to criticisms of the conventional economic accounts is to
supplement these accounts with data bases containing physical information
describing the natural environment and status of natural resources. The infor-
mation can be arranged in a formal accounting system such as the material
flow accounts as suggested, for example, by Ayres and Kneese (1969). As
shown by Leontief (1970), the integration can be made quite tight by supple-
menting the conventional input-output matrix with rows and columns that
trace the flows of environmental pollutants and that account for changes in
the levels of environmental assets. This approach was implemented in the 1972
US input-output matrix as published by Scientific American magazine. Far
more sophisticated versions of these input—output matrices have been gener-
ated by Duchin and her colleagues at New York University (Duchin and
Lange, 1993). A very complete input—output matrix system, the National
Accounting Matrix including Environmental Accounts (NAMEA), which fully
integrates economic and physical environmental information, has also been
developed by Keuning and his colleagues in the Netherlands (Keuning, 1995).
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Similar physical accounting systems exist in Norway and in France although
in both these cases the coverage in terms of assets covered and pollutants is
not as complete as in the Netherlands.

To the extent that the accounting covers the processes that cause the
changes in physical stock and environmental quality, and not just records the
changes, a physical accounting meets the more formal definition of systems
accounting. Those physical systems that are closely linked with the economic
input-output matrix are clearly formal accounting systems in the sense that I
have used this term. However, other physical accounting efforts also exist that
do not meet the definition of formal systems accounting. These approaches
attempt to take account of the environment by assembling large quantities of
physical descriptive information such as indicators of air and water quality,
species accounts, area of forest cover, etc. Typically, these informal accounting
systems take the form of national state of the environment reports or of large
physical environmental data bases such as the STRESS system in Canada and
similarly large data bases maintained by several US governmental agencies
(e.g. EPA’s STORET, the USGS NASQAN system, and many others).

A physical accounting, whether formal or informal, can provide the inputs
for the construction of various environmental indicators and thus be used for
scorekeeping purposes. In addition, they are often used to support policy
analyses and assessments. In particular, the formal matrix systems lend them-
selves to input-output and linear programming modelling and simulations. In
Norway, for example, where this approach has been followed for many years,
the intent is to generate information and analyses to support the nation’s eco-
nomic planning process. Of course, the more informal physical data systems
available in many countries can be equally useful and are often essential for
the development of complex environmental regulations.

While the concept of physical accounting is straightforward, and while such
physical information has a central role to play in policy formulation, several
factors complicate their use for policy purposes. In the first place, the choice of
appropriate physical units of measure is not obvious. Typically, a decision
must be made to choose a physical measure that is relevant for some environ-
mental policy concern. A forest, for example, can be physically measured in
terms of its acreage, the volume of its timber, the variety of its biota (as evi-
denced by the number of available species), the stock of non-timber resources
such as firewood and grasses, etc. Which of these alternatives is chosen as the
physical measure of the forest will depend on what are the relevant policy
objectives: commercial timber management, assurance of firewood supply,
adequate species diversity, etc. Second, there is the matter of incomparability
of units. Unfortunately, numbers do not speak for themselves. While at times
environmental priorities seem obvious, more often the policymaker needs
some way of deciding whether limited budgets should be directed at one
environmental problem or another or at one set of pollutants or another set.
Physical information alone does not provide much help.
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Related to this second issue are questions of coverage, detail and aggre-
gation. In an effort to anticipate potential policy needs, the systems can
become quite large and detailed. Yet, large data systems are almost useless for
scorekeeping purposes and also for many modelling uses unless they can be
collapsed through aggregation. With physical systems this aggregation is
accomplished by finding some common physical unit of measure such as
weight, volume, or energy content. One interesting solution to the aggregation
problem is suggested by the Dutch NAMEA system. Dissimilar pollutants are
converted to common units based on their contribution to environmental
themes such as global warming or acid rain. Thus, individual pollutants can be
measured in terms of their CO, equivalents, with respect to the first problem,
or their contribution to acidity, with respect to the second. These aggregates
can be further measured in terms of their contribution to environmental pres-
sure by comparing the common unit aggregates with policy target levels. The
procedures lead to an index which is larger the more emissions and the more
the common unit aggregate exceed the policy target. Of course, the procedure
assumes that the policy makers know what these targets are, a priori. While
setting target levels may not be a problem in the Netherlands, it is in the USA.
Policy makers often want to know the potential severity of the environmental
problem, and often the value of this severity in dollar terms, before policy
targets are set.

In summary, physical accounting systems appear to be most valuable for
policy support when overall environmental objectives are already clear. The
more formal systems can be used to provide data for lincar programming,
input—output and other simulation models. Solutions from these models, in
turn, can yield shadow prices that can be used to provide monetary values for
environmental assets and pollutants. When policy objectives are less clear,
purely physical accounting may be less valuable. However, detailed physical
information from both formal and informal accounting systems is an essential
component of all rational environmental policy action.

‘Green’ indicators

A third approach to resource and environmental accounting, and perhaps the
one with the longest history, is to construct a ‘green’ GDP or some other
economic index to replace the conventional GDP and NDP. This work has
proceeded along two parallel paths. First, there has been the effort to con-
struct entirely new indicators of social well-being, usually by altering one or
more of the components of the conventional aggregates (subtracting out pol-
lution abatement expenditures would be an example) or by adding some new
components (such as a factor measuring the negative effects of urbanization).
The best known example of this approach is the Nordhaus-Tobin MEW
(Measure of Economic Welfare) indicator (Nordhaus and Tobin, 1973). Similar
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indicator approaches have been developed by Japan (the NNW, Net
National Welfare) (Economic Council, Japan, 1973) and, more recently, by
Daly and Cobb (1989).

If these indicator approaches are considered accounting, then they provide a
clear example of the use of the word accounting being interpreted to mean ‘to
take account of’. They also provide a clear example of accounting intended to
support scorekeeping rather than management. Indeed, one criticism of these
approaches is that while the various indexes may indicate that society is worse
off than might be suggested by the conventional GDP, they give the policy
maker little indication what to do about it. Even if it is fairly clear that the
index is falling due to, say, a combination of increased pollution, more crime,
and unemployment, there is no guidance on how scarce resources should be
directed towards remedying these evils. Of course another problem is that the
components of the index and their weights may appear politically arbitrary.
While pollution is generally accepted as a bad thing, what about increases in
urbanization or increases in defence? Increases in these social conditions can
be a source of comfort to some and an evil to others. Even if there is general
agreement that both are bad, it is not obvious how they should be weighted in
an overall social performance index.

Because of a lack of rigour in their construction, the development of social
performance indicators has not received much support in the policy com-
munity, especially from economists. However, it should be noted that one
strong feature of these performance indicators is that in their development
they draw on a wide range of social and economic information that affects
social well-being. The integration of this information could serve an extremely
valuable service to policy makers, who exist in a world of specialists who
rarely talk the same language. Therefore, in spite of the problems referred to
above, I, for one, would encourage continual efforts in the development of
these indicators. These efforts would be a good example of where the action or
process of accounting may be far more significant than the accounts (or, in this
case, the index) themselves.

Another, perhaps more conservative, example of the ‘green’ indicators
approach has been provided by Repetto and his colleagues at the World
Resources Institute (WRI; Repetto et al., 1989). The principal thrust of this
effort is not to replace the conventional gross income aggregates. Rather the
purpose is to modify the conventional measures of net product: NNP or
NDP, defined as gross product less depreciation. Essentially, the idea is to
depreciate natural assets such as forests, mineral stocks, fish stocks, and soils
in order that reproducible capital and natural capital receive equal treatment
in the computation of net income. The idea of treating natural assets the same
as plant and equipment with respect to depreciation seems, at first, quite sens-
ible and noncontroversial. But upon reflection, whether this is a good idea
and, more importantly, whether it serves interests of policy will depend on
what is meant by depreciation and net income. Not all definitions of depreci-
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ation and net income are mutually consistent or have the same implications
for policy.

The idea of calculating net income, defined as gross income less depreci-
ation, has its origins in a concern of Hicks that conventionally defined income
as a flow of payments is inherently ambiguous. For example, if one is paid
monthly, do we conclude that on dates between the monthly paychecks
income is zero? To get around this absurdity, Hicks suggested that income be
defined not in terms of payments but in terms of potential consumption: . . .
the amount [people] can consume without impoverishing themselves’ (Hicks,
1946). Prevention of such self-impoverishment is assured if the individual
maintains his or her wealth. Conversely, any loss in wealth should be deducted
from gross income. The amount of money identified with the loss of wealth is
depreciation.

While a less ambiguous concept of income than mere payments, Hicks rec-
ognized that this definition of income, which economists identify with Hick-
sian income or ‘sustainable income’, can also be criticized for a lack of
precision since it is based on ex ante assumptions of future consumption and a
related fuzziness regarding what it means to keep wealth intact. Does main-
taining capital mean maintaining its original physical properties or does it
mean maintaining its value? This issue is especially important when one is
considering natural or environmental capital since there may be very little
association between a natural asset’s physical condition and its value. For the
scorekeeping purposes of accounting, it can be shown that the choice between
a physical and a value concept of depreciation depends on how capital is
valued. Specifically, if the value of an asset is defined in terms of the gross
incomes (net of costs but not of depreciation) it can generate over its lifetime,
then the only definition of depreciation that is consistent with Hicksian
income is the change in value of the asset. This change could occur with or
without a change in the physical condition of the asset. This concept of depre-
ciation is identified as economic depreciation to distinguish it from other con-
cepts such as physical depreciation or depreciation as defined in the tax laws.?

To further clarify the difference between economic (value) depreciation and
physical depreciation, suppose, for example, that the capital stock consisted of
only machines and suppose further that the stock was depleted by one unit
because a machine wore out. To calculate the economic depreciation, one
would estimate the change in present value of the machines, defined as the
discounted value of services associated with the original stock less the dis-
counted value of the stock depleted by one machine. In contrast, physical
depreciation would be calculated as the cost of replacing the machine and,
thus, restoring the stock to its original condition. The distinction between
these two depreciation concepts is not of any practical importance as long as
the market for machines is essentially competitive. With competitive markets,
the cost of the machine and its contribution to the present value of the stock
of machines are brought into line through the competitive process. However,
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these equilibrating forces cannot function if capital markets are not very com-
petitive or, as is the case with natural resource capital, the markets do not
exist in the first place. In these non-market circumstances, there is no reason
why replacement or restoration costs should have anything to do with the loss
in value. Thus, while it may be easier (e.g. the calculation need not involve
estimates of rates of return and lifetimes) and more convenient to measure the
depreciation of the natural environment or of natural resources by the esti-
mated costs of restoring the environment or the resources to some pre-existing
condition, these costs need not in any way approximate true economic depre-
ciation.

What are the policy consequences of these differences in calculation? Just
how important is it to have a theoretically correct depreciation and a correct
NDP? As an empirical matter, the distinction can be very significant indeed.
When one calculates natural resource depreciation both ways, it turns out that
there are orders of magnitude differences in value between estimated economic
depreciation and depreciation based on replacement cost concepts. For
example, for Colombian forests, depreciation based on the Repetto net rent
approach, in essence depreciation based on restoration of lost rent due to
timber extraction, was about 1.3 x 10'° pesos in 1995 while economic depreci-
ation was estimated to be only 1.0 x 10° pesos (Peskin and Michaels, 1991).
Similar results were found in the Philippines for forests, fisheries, and a
number of minerals. These may be extreme examples. Other depreciation
approaches, such as those based on the El Serafy methods (El Serafy, 1989),
provide results that are much closer to the economic depreciation estimates.

However, while there may be significant empirical differences between using
the correct depreciation estimate and those that are based on replacement cost
concepts, the policy implications of choosing one over the other may be of less
importance. Of course, if the interest in NDP is to compare the well-being of
one country to another at one point in time, it would be important to have a
correct depreciation and, thus, a correct NDP. However, for many reasons
such cross-country comparisons are extremely difficult to interpret even
without the inclusion of non-market assets. Perhaps of more policy interest is
the movement of NDP over time. Presumably, a falling NDP could be a sign
of asset deterioration (including deterioration of the natural environment).
Although it is possible for physical depreciation and economic depreciation to
move in different directions over time, the empirical evidence seems to indicate
that physical depreciation and true economic depreciation move in the same
direction. Thus, for scorekeeping purposes, the differences between the two
concepts may not be of much importance.

The policy management role of NDP and associated depreciation estimates
seem less important than the scorekeeping role. The problem is that even if
there were general agreement that particular NDP values, suitably adjusted
for natural resource and environmental depreciation, were correct, the
numbers themselves do not point in any particular policy direction. Thus, even
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if, for example, it were true that the Indonesians are overestimating their true
income by not accounting for the depletion of their forests, petroleum and
soils assets, it does not necessarily follow that Indonesia would have been
better off by not depleting these assets in the first place. Depletion of these
natural assets may have supported more than offsetting increases in other
man-made assets and in human capital. Therefore, with respect to the manage-
ment role of environmentally adjusted NDP estimates, the story is much the
same as with the social accounting indicators such as MEW: the management
role is quite limited.

Extensions of SN A-type systems

The fourth group of approaches builds upon the existing systems of national
accounts. In this sense, they are quite conservative. However, because they do
not focus on just one element of the conventional accounts, such as depreci-
ation, but rather seek to cover all sectors that may interact with the environ-
ment, they are the most ambitious of all the four groups of approaches. In
practice, these approaches require most of the same information used by the
above approaches plus much more sector-specific information.

Examples are the United Nations SEEA (United Nations System for inte-
grated Environmental and Economic Accounting) approach and the Environ-
mental and Natural Resources Accounting Project (ENRAP) or Peskin
framework. These two approaches have much in common. As noted, they both
build on the conventional system of national economic accounts (and, thus,
they are accounting in the more formal sense), they both require sector-specific
information on the use of environmental assets, and they both are concerned
with the management as well as the scorekeeping functions of accounting. Yet
there are significant differences, especially in how they view the economic-
environmental interaction, in their ties to economic theory, and their adher-
ence to SNA concepts. With respect to these latter differences, SEEA appears
much more concerned with consistency with the SNA and less concerned with
consistency with economic theory. The ENRAP framework appears much
more concerned with consistency with economic theory and less concerned
with consistency with the SNA.

Perhaps one explanation for this difference in emphasis is a different view of
the role of the accounts per se vs. the role of accounting. SEEA appears to
emphasize the importance of attaining a defensible set of accounts. To mect
this objective, a theoretically correct approach might be abandoned in favour
of another method if the correct approach is felt to be impractical. Since those
employing the ENRAP framework are more interested in developing the infor-
mation and data systems that support the correct accounts rather than in the
accounts themselves, there is no reason not to try the theoretically correct
methods even if they prove unsuccessful in attaining a complete set of
accounts. Thus, if willingness to pay to avoid environmental insult is the
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correct way to measure the value of pollution damage while calculating the
cost of pollution controls the incorrect way, the ENRAP framework chooses
the former over the latter, even though the latter is easier to measure. The gain
in information from even an unsuccessful attempt to measure willingness to
pay is felt to be of great value for policy purposes, especially since the ENRAP
approach also measures cost of pollution controls anyway, although it uses the
cost information for different purposes.

SEEA

In one sense, SEEA is more ‘politically correct’ than the ENRAP framework
in that it attempts to encompass a wide variety of approaches, including the
ENRAP framework. It accomplishes this trick by putting forth six versions of
the system, some of which are subdivided into a number of sub-versions. This
form of exposition makes it extremely difficult to criticize or even describe the
system. If you find fault with something, the response can be: ‘You are
describing version IV.x. Don’t worry, your concerns will be met in version
V.y.” Therefore, the following attempts to cover features common to most of
the versions, with the understanding that there may be at least one for which
the criticisms are not relevant. In the spirit of the theme of this chapter, the
focus will be on policy implications of these common features.

One notable feature of SEEA is its emphasis on costs. Not only does the
system identify ex post costs (actually environmental protection expenditures)
but also the ex ante costs of maintaining the environment at an essentially
undisturbed and sustainable level. As discussed above, SEEA’s identification of
these prospective costs with environmental and natural resource depreciation
is theoretically questionable. Their use to derive an environmentally adjusted
GDP is equally objectionable, regardless of whether these costs are being
interpreted as uncounted environmental depreciation or, alternatively, as a
measure of environmental damage. In either case, the use of restoration or
maintenance costs for these purposes does not yield a measure of income that
is consistent with Hicksian or economically sustainable income.

Nevertheless, the cost and expenditure data can be extremely useful for
policy purposes, especially if they can be compared with the benefits of attain-
ing the levels of restoration underlying the cost estimates. As a practical policy
matter, there may be concern over the sustainability of specific environmental
assets such such as forests, agricultural land, water, etc. (as opposed to the
sustainability of general economic income). As long as there are such environ-
mental concerns and as long as there are policy actions to protect the environ-
ment (as opposed to the economy), maintenance and restoration cost
information will be important. In addition, ex post expenditure data, if used
with the understanding that these expenditures may not reflect true
opportunity costs, can support analyses of the effect of environmental policy
on conventional economic activity.
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Not only is there a concern for costs but SEEA also displays a concern for
the incidence of costs, a distinction between costs that are caused by economic
units as opposed to costs that are borne by economic units but are caused by
others. Unfortunately, SEEA’s exposition on this distinction is not altogether
clear since at times both costs caused and costs borne appear identified with
environmental damage and, at other times, with actual expenditures to
prevent this damage. Thus, the important distinction in the environmental
management literature between environmental policy benefits and the costs to
attain these benefits is clouded. Thercfore, while the SEEA handbook com-
pares. total cost caused with total cost borne (Table 4.2), it is hard to interpret
this comparison. However, the concern over incidence and, by extension, the
distribution of costs among establishments and households, should be encour-
aged since policy makers working in a political environment may share this
concern.

Another notable feature of SEEA is its reliance on an input-output frame-
work for arraying information, whether in physical or in monetary terms. This
use of input—output is reminiscent of the Dutch (NAMEA) system and is justi-
fied for similar reasons: an input-output framework clearly displays the inter-
actions between environmental and conventional economic activities.
However, there are problems with input-output that could have policy impli-
cations. One problem is that the input—output framework assumes that activ-
ities can be uniquely classified: for example, a sector can produce hammers or
produce nails, but not both. Usually, when there is such ‘jointness’, the
approach is to define a new sector, such as ‘hardware’, which receives the
hammers and nails as inputs. However, this solution is less than satisfactory.
One cannot tell whether the consumers of ‘hardware’ are consuming hammers
or nails.

Unfortunately, ‘jointness’ is often a characteristic of environmental protec-
tion. Yes, there may be distinct sectors that produce equipment that is exclu-
sively used for environmental protection. However, a sector often responds to
pollution regulations by altering processes and product mix as well as by
purchasing pollution abatement equipment from other sectors. Thus the
product ‘pollution abatement’ is inherently a joint product produced with the
primary output of the sector. The problem is further complicated by the fact
that product mix changes and process changes are usually not reflected in
clear expenditure numbers that can unambiguously be associated with the
activity ‘pollution abatement’. It is not clear how this problem is addressed in
the SEEA framework. It would be unfortunate if the jointness problem were
ignored since it can be the case that, with certain sectors, the majority of the
costs associated with environmental protection are due to responses that do
not require equipment purchases and are not reflected in expenditure records.

A third characteristic of SEEA is its close adherence to the SNA production
boundaries. The close adherence to SNA concepts is an obvious strength since
it will help assure consistency with the conventional accounts. Also, since the
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SNA framework is widely adopted, the close adherence of SEEA with the SNA
will help assure international comparability. However, this consistency comes
at a price. In particular, presumably because coverage of the production activ-
ities of households is limited in the current revised SNA, SEEA also has a
limited coverage of household production. Yet, some of this production, such
as the production of non-marketed firewood, can have serious environmental
consequences. My guess is that for those countries for which non-market
household production can have a major environmental role, implementations
of SEEA will go beyond the SNA production boundaries.

Of course, if countries do begin to tailor SEEA to their own needs, interna-
tional comparability may be lost. How important is it to maintain such com-
parability? I feel the answer depends first, on the perceived relative importance
of the scorekeeping and management roles of accounting, and second, on the
cost of data development relative to the benefits. If it really is important to
‘score’ one nation’s performance against another, perhaps to provide a rule-of-
thumb for the dispersal of assistance funds, then obviously standardization is
essential. However, in the absence of some international policy control mecha-
nisms, such standardization is (or, at least, should be) irrelevant for national
policy development. There is no reason why one country’s choice of policy
instruments to deal with some environmental problem should be influenced by
the country’s environmental performance relative to another country. Of
course, I realize that in the real political world, policy actions are often justi-
fied based on what a neighbouring country is doing.

However, even if there are advantages to international comparability, it
should be recognized that uniform standardization may be inconsistent with
efficient data development. Presumably, efficient data development should
strive for a balance between the marginal cost of data development and the
marginal benefits. Yet, there is no reason why these marginal values should be
the same for all countries. For some countries, the marginal cost of attaining a
piece of SEEA-relevant data may be quite high and the benefits of this data
element, quite low. The opposite may be the case in a neighbouring country.
One would think, for example, that Nepal would want a full accounting of
non-market household fuelwood production, given that non-market fuelwood
constitutes about 75% of the nation’s energy consumption. The importance of
this sector is far less in many other countries. If so, why would it be in the
interest of Nepal to adopt a system that contains the exact same pieces of
information as, say, the USA.

The ENRAP framework

Like SEEA, the ENRAP framework is a formal accounting that integrates
closely with the conventional economic accounts. Indeed, I have seen the
system arranged as a large input-output matrix. In this form, it looks quite
like SEEA. However, there are significant differences: there are additional pro-
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duction sectors not in the conventional SNA; there is a close adherence to
neo-classical economic theory; there is explicit recognition that because of
non-market assets, there may not be a balance between sector and aggregate
inputs and outputs; there is less concern about consistency with the SNA; and
there is more emphasis on the system as a guide to accounting as opposed to a
guide to a particular set of accounts.

The two most significant sectors that are added to the conventional SNA
are household production (primarily the production of non-market firewood)
and nature. In the ENRAP framework, the natural environment or nature is
viewed as a productive sector generating scarce, economic goods and services
demanded both by households and by industry. Some of these goods are mar-
keted, such as minerals, but most are non-marketed. The most significant non-
marketed service demanded by industry is waste disposal, treated in the
system as a productive input. Households also demand waste disposal services
(for example, the disposal of automobile wastes or wastes from home heating
and cooking) but they also demand more positive services of nature such as
recreation, support of wildlife, and purely aesthetic enjoyment. These services
are considered additions to the productive outputs of the economy.

Consumption of these services, even waste disposal services and the associ-
ated pollution, is not inherently bad in the ENRAP framework. What may
be bad is that consumption of one service, e.g. waste disposal, may limit the
consumption of another service, e.g. recreation, if, for example, the waste dis-
posal generates pollutants that degrade air and water that support rec-
reation activity. Thus, with the ENRAP system damaging pollutants are con-
sidered negative outputs.

Consistent with neo-classical economic theory, the services of nature are
valued in terms of what members of society are willing to pay for them while
damaging pollutants are valued in terms of what members of society are
willing to pay to avoid them. ENRAP recognizes that such economic valu-
ation, consistent with the principles of consumers’ sovereignty, may under-
value the true social value of nature. Not all values are economic values.
Furthermore, by relying on consumers’ sovereignty, the interests of future gen-
erations are lost. However, the economic valuation was chosen simply because
there appears to be no other alternative that is equally as democratic and
non-arbitrary.

The underlying economic theory is neo-classical in that environmental
service values reflect both supply (cost) and demand as opposed to classical
economic theory, which posited that value depends solely on costs. The neo-
classical economic model implicitly recognizes that in the absence of market
equilibration, such as would be brought about by competition, there is no
reason why costs should provide a unique measure of value. Thus, the theory
would not support the idea that the costs of maintaining the environment
necessarily equal true economic depreciation, an issue that was discussed
earlier. Furthermore, the neo-classical theory suggests that if certain inputs
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and outputs are non-marketed, the sum of all inputs need not equal the sum of
all outputs. Therefore, in the ENRAP system, in order to assure accounting
balance, a residual is included (termed ‘net environmental benefit’). The size of
this term provides an approximation of how much the allocation of environ-
mental services lacks an optimal economic balance. Indeed, one of the man-
agement goals of environmental policy is to allocate non-marketed
environmental services in such a way as to make net environmental benefit as
small as possible.

As with the conventional SNA and SEEA, the linkage between current and
capital account is through investment (saving) and depreciation. The only dif-
ference between ENRAP and SEEA on this point is that ENRAP tries to
estimate true economic depreciation for all natural assets including conven-
tional natural resources such as minerals. In principle, the depreciation of min-
erals and other natural assets, such as water bodies and air sheds, is treated
similarly. Depreciation is not equal to a restoration or maintenance number
but rather is defined as the change in the discounted value of generated ser-
vices over time.

It is recognized that implementation of the ENRAP concepts is extremely
difficult and that full implementation may not be possible. Thus, all the
empirical accounts that have been developed to date (in the USA and the
Philippines) have had to rely on rather crude assumptions and approaches.
Thus, for example, the willingness to pay for waste disposal services has been
approximated by the costs that would have to be incurred by the user of the
services were this use severely limited or denied. In practice, these costs are
estimated as the costs necessary to attain environmental standards* and are
thus comparable to the maintenance costs estimated in the SEEA system. The
values of environmental damage and positive environmental services have
been based on a number of environmental benefit estimates, some of which
rely on travel-demand, hedonic, and contingent valuation methods.

While these methods are controversial and crude, the resulting estimates can
still be informative for the policy process. Specifically, crude estimates of
environmental damage, which can be linked to the costs of eliminating this
damage, may be all the policymaker requires. Often it is clear that little will be
gained by obtaining more refined estimates. Thus, the crude ENRAP estimates
made in the Philippines have pointed the way towards a number of policy
responses with respect to the role of industrial vs. household and non-point
pollution and the importance of renewable vs. non-renewable assets as a
source of environmental depreciation. It is unlikely that less crude estimates
would have suggested different policy responses.

More importantly, even crude implementation requires data that are valu-
able in their own right for policy management. Specifically, ENRAP imple-
mentation has generated a coherent body of physical, cost, and benefits data
that are essential for the development of rational environmental policy. These
data have been assembled at a level of detail that will support policy both
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nationally and regionally. This aspect of ENRAP highlights the philosophy
that accounting can be as important or more important than the accounts
themselves. While it is true that the ENRAP accounts can provide score-
keeping numbers such as a GDP adjusted for non-marketed environmental
services, pollution, and natural asset depreciation, the crudeness of the
numbers may lead some to have doubts about the score’s credibility. Yet, even
if these account aggregate indices are rejected, the accounting process is never-
theless essential if there is to be rational environmental policy. The data
needed to implement ENRAP are essentially the same data needed to support
efficient environmental management.

Summary: policy contribution of environmental and resource accounting

When all the above approaches are assessed in terms of their potential contri-
bution to the policy process, it is apparent that none of the systems really
dominates the others. Even the more comprehensive ones such as SEEA or
ENRAP fail to provide the full spectrum of physical environmental informa-
tion provided by the more descriptive, informal physical accounting systems
found in state of the environment reports. Certainly, no environmental protec-
tion agency could function very well without access to such physical informa-
tion. Yet, given the intimate interconnection between the state of the
environment, the state of the economy, and the general social and political
condition of a country, it is equally clear that physical accounting systems are
not enough either.

Each of the approaches has its own comparative advantages for the policy
process. Cost and expenditure accounting is well suited for macro- and sectoral
economic impact analyses; physical input-output accounting is ideal as a pro-
vider of inputs to policy simulation and other programming models; informal
descriptive physical accounts provide the scientific support for regulatory poli-
cies; adjusted GDP and similar ‘green’ accounting indexes serve an important
scorekeeping function; SEEA provides close integration with the SNA; and
ENRAP is well suited to support benefit—cost assessments and rational policy
targeting. One might conclude that the ‘ideal’ approach would be one that
combined all of the others and, certainly, SEEA seems to be going in that
direction. However, I feel that construction of an all-purpose environmental
and resource accounting system would be a mistake since it neglects the fact
that data development is not without real costs. The fact is that many coun-
tries do not need a SEEA or an ENRAP. Even if these systems were affordable
in every country, the marginal benefits of the additional information generated
may not nearly approximate their marginal costs.

Therefore, those of us who have authored and promulgated our own
approaches should be careful with our missionary zeal. What we are doing
may be the correct course in the countries for which we have gained our expe-
rience. It may be totally inappropriate elsewhere.
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Notes

1.
2.

See Jaszi’s criticism of Juster, in Juster (1973).

It should be noted that Denison, after talking with my colleagues, was careful to make the
necessary adjustments in his study of the possible relationship between regulations and pro-
ductivity changes. See Denison (1979).

. The above definition of economic depreciation as the change in asset value is slightly different

from the definition used by Hartwick and Hageman (1993). They define depreciation as the
change in asset value under optimal use. This condition allows them to show an equivalence to
hotelling rent but it is not especially useful in a national accounting context. The accountant
must measure things as they are and not as they could be under optimal use. To follow Hart-
wick and Hageman, it would also be necessary to adjust all observed market prices since they
all reflect the lack of optimality that exists in the real world.

. This approach is reasonable as long as the regulations call for a near-zero level of residuals

discharge. In practice, the costs estimated assume at least a 90% reduction in discharges.
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Multisectoral policy modelling for environmental
analysis

BERND MEYER AND GEORG EWERHART

Introduction

How would the economy perform if the targets of sustainable development
were to be realized ? This question can only be answered by the application of
multisectoral macroeconometric models which depict the economic structures
linked with the environment (Uno, 1995). The dynamic modelling approach
described here is based on the input-output framework and describes variable
consumption and production structures. The input-output framework pro-
vides necessary simulation properties such as accounting consistency as well as
interindustry repercussions.

Modelling work based on a NAMEA data system (National Accounting
Matrix including Environmental Accounts; De Haan et al., 1994) uses a linear
programming procedure which optimizes net domestic product with respect to
environmental targets. Their results for the Netherlands show that sustainable
development is only possible with a substantial decrease of net domestic
product and final demand. They emphasize that the assumption of a constant
technology and constant prices restricts the application of their model to cases
where small changes are involved. We are, therefore, prevented from obtaining
information about avoidance costs which result from a long-term ecological
policy: this can only be reached by the application of a dynamic model
(Radermacher, in press) which takes into account a change in technology and
prices with reactions in resource allocation and the structure of final demand
(van Dieren, 1995, Ch. 13).

The present chapter tries to answer the question ‘what would be the avoid-
ance costs for the West German economy, if the government would start now
implementing ecological policy which reaches sustainability in the year 2005°?
Our analysis is restricted to the problem of CO, pollution, and our computa-
tion therefore relates to ‘partial’ eco-domestic product.

Our instrument is the fully integrated 58 sector dynamic model PANTA
RHEL It can be characterized as the combination of an econometric input—

The authors would like to thank Andreas Bockermann and Christian Lutz for valuable assistance
in running the model, and the Volkswagen-Stiftung for financial support.
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output (I-O) model with an endogenized satellite account of physical CO,
emission and energy consumption data. The name PANTA RHEI (‘all things
flow’) goes back to Heraklit (Greek philosopher, 6th century B.C.) and has
been chosen because the model generates structural change with price depen-
dent input and investment coefficients as well as variable consumption struc-
tures. The five energy inputs of the German 58 sector I-O table (electric
energy, coal, gas, crude oil and refined oil) are further subdivided into 29 dif-
ferent energy carriers. At this level of desegregation, energy consumption and
CO, emissions are measured for each of the 58 industrial branches and for the
private household sector.

In our dynamic simulations, the government sells tradable emission permits
on a market, and the model calculates the market clearing price for the
permits. The government reduces the supply of permits over time. The rising
equilibrium price for pollution rights then transforms the structure of the
economy toward a sustainable one. Our very preliminary results show that, in
a scenario with compensation on labour costs for firms to be paid out of the
revenue from the emission permits, the economy is able to absorb most of the
increasing energy price by structural changes. If CO, pollution is reduced by
22.5% from 1996 to 2005, or 30% of the historic figure in 1990, the eco-
domestic product will only be 3.1% lower than the GDP of the base forecast.

The model

PANTA RHEI is an ecologically extended version of the 58 sector economet-
ric simulation and forecasting model INFORGE (Interindustry Forecasting
Germany). Its performance is founded on the INFORUM philosophy (Almon,
1991), i.e. an econometric input—output model built bottom up and fully inte-
grated. The bottom-up principle refers to the fact that each sector of the
economy is modelled in great detail (INFORGE calculates about 150 vari-
ables for each of 58 sectors) and that the macroeconomic aggregates have to
be actually calculated by explicitly aggregating sectoral figures calculated
within the model. The fully integrated construction means that the model
takes into account the I-O structure among all sectors of the economy, the
complexity and simultaneity of income creation and distribution in the differ-
ent sectors, its redistribution among the sectors, and its use for different goods
and services. The sectors operate in the context of globalizing markets. In this
way one succeeds to describe properly the role of each sector in the inter-
industry relations, its role in the macroeconomic processes as well as its inte-
gration into international trade.

These conceptual advantages over other models allow consistent and
powerful processing of sectoral and macroeconomic information. About 30,000
equations of INFORGE (of which about 7000 are behavioural equations)
describe the inter-industry flows between the 58 branches plus their deliveries
to personal consumption, government, equipment investment, construction,
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inventory investment, exports and prices, wages, output, imports, employment,
labour compensation, profits, taxes, etc. for each sector as well as for the
macroeconomy. In addition, the model describes the income redistribution in
full detail. The model frequency is annual.

INFORGE describes the economy of West Germany, the former FRG. For
East Germany, the former GDR, we can only offer a rather simple model of
the circular income flow, which is linked to the I-O model for West Germany,
due to lack of longer time series. As soon as the data situation improves we
will apply the model structure described here to the whole of Germany.

INFORGE is a part of the INFORUM International System (Nyhus, 1991)
which links 13 national I-O models on the sectoral level via export and
import flows as well as the corresponding foreign trade prices. The consistent
information obtained from this linked system, in comparison to isolated
models, allows reliable analysis of the important contribution of exports for
the performance of the German economy. The International System forecasts
the economic development of Belgium, Germany, France, Great Britain, Italy,
the Netherlands, Austria, Spain, USA, Canada, Mexico, Japan and South
Korea in full sectoral desegregation. In the near future, models for China,
Taiwan and Poland will be integrated into the system (Ma, 1995). Besides the
goods market the INFORUM International System also represents the inter-
national financial markets, though in a less detailed way: American interest
rates as an indicator for the international capital market condition have a
weighty influence on German interest rates, with its repercussion on the
German markets for goods and services.

The degree of endogenization is rather high. About 200 exogenous variables
are primarily fiscal policy instruments, such as government purchases, tax
rates, depreciation allowance rates and subsidies for the 58 sectors. Monetary
policy exerts its influence through the discount rate, money supply, as well as
reserve requirement rates. The variable relating to ecological policy is the
supply of emission permits by the government on the market for CO, pol-
lution rights. The supply of labour is an exogenous variable. From the vari-
ables representing the rest of the world, only the exchange rates between the
14 countries of the INFORUM International System are exogenous. All other
variables indicating the development of the global markets that are necessary
for the determination of German exports are endogenous.

Let us now turn to a more detailed description of intermediate demand,
final demand, labour input and prices. The input coefficients are in general
variables whose changes depend on relative prices and time trends. Material
inputs are assumed to be technologically fixed at the deeper, non-observable
levels of single, homogeneous commodities (Georgescu-Roegen, 1990). In
input-output tables, we can only observe commodity groups. Their input coef-
ficients are price dependent due to changes in the product mix of the sector
involved. Business service inputs are actually substitutes for labour inputs in
all industrial branches. Therefore, input coefficients of business services are
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dependent on the wage rate in the branch under consideration relative to the
price of business services and on time trends. Energy inputs are modelled in
two stages. In the first stage, we analyse the inputs of electric energy, gas,
coal, crude oil and mineral oil. The input coefficient of crude oil is constant in
chemistry and refined oil production. However, the inputs of gas, coal and
refined oil are substitutes for each other in chemistry, steel production and
electric power generation. In the remaining branches, electric power and
refined oil inputs are estimated in relation to the invested capital stock: firms
choose the energy intensity of their capital stock depending on relative prices
and time trends. In the second stage, we disaggregate the inputs of electric
energy, gas and mineral oil for each of the 58 sectors into 29 different energy
carriers or fuel sources. At this stage we allow substitution in each product
group (Bockermann, 1995).

Pollution by CO,, SO, and NO, is directly linked to the consumption of
the 29 fuel sources in all 58 industrial branches and the private household
sector. The market for pollution rights is simulated here for CO,. Supply is
exogenously given by the government and the price for pollution rights is
adjusted to clear the market (Lutz, 1995). The clearing of the market for pol-
lution rights is obtained in an iterative procedure which turns additionally to
a solving routine for the whole system. The model starts in the first year of the
simulation period with a given value for the price of the certificates. The model
solution will contain an amount of pollution. If this figure is higher than
supply, the price of pollution rights will be raised (in the case of supply surplus
lowered) by an eta. A further iteration will be done with this new price. The
procedure will be continued till the demand surplus converges to a certain
accepted value. ‘

The model describes the dual role of fixed investment. On the one hand it
means a change in the capital stock of the investing industries, and on the
other it represents a component of final demand. Our determination of
durable investment is based upon the decision of the investing industry, which
depends on the real interest rate, real profits and gross production of the
industry. Using the investment bridge matrix which describes a supplying
sector for each investing industry, we derive investment demand for the differ-
ent sectors. Inventory investment is modelled by accelerator assumptions.

The capital stock of industries grows with investment in the past and is
reduced by a constant rate of depreciation. Labour demand is given by defini-
tion, once the firms have made their decision on the capital intensity of labour
input. We assume that this coefficient depends on the real wage rate of the
industry in relation to its output price, the degree of capacity utilization and a
technological time trend.

Behavioural equations for real personal consumption are estimated for 26
expenditure categories. Real disposable income of private households and the
relative prices of the category, defined as the ratio between the category’s price
index and a macro-consumer price index, are the main explanatory variables.
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For consumer durables, interest rates are included among the explanatory
variables. Some special influences like the annual average temperature for
heating expenses are also considered. Using a bridge matrix, we transform the
26 consumption categories into consumption demand for the 58 product
groups.

Sectoral exports are linked to the INFORUM International System. The
export of a sector is explained by the world import demand of the particular
product and the relative price (i.e. the ratio of the export price of that sector
and the particular world market price). Imports of a product group are
divided into intermediate imports and finished product imports. The latter are
determined by real disposable income and the relation between the domestic
price of the product and its import price. Intermediate imports are observed
for each of the 58 inputs in each sector. We define a matrix of import ratios, in
which each element is variable and depends upon the relation of the domestic
price and the particular import price. Multiplying the import shares with total
intermediate inputs in that cell yields intermediate imports. Prices are esti-
mated by the mark-up hypothesis: unit costs, competing import prices and the
degree of capacity utilization explain the price of a product. Thus, the relation
between price and unit costs is variable.

The model is far away from the neoclassical approach, which assumes opti-
mization under conditions of competition using a well behaving substitutional
technology. Such an approach to energy modelling is represented in econo-
metric I-O models by Jorgenson and Wilcoxen (1990). Other energy models,
such as the OECD GREEN model (Lee et al., 1994) or the model of Whally
and Wigle (1991) are general equilibrium models. They distinguish only a few
sectors and do not use the full I-O information. This characterization also
applies to the six energy models that were used in the simulation study of
Dean and Hoeller (1992).

The neoclassical vision of a permanently realized equilibrium is wrong, espe-
cially if we look at disaggregated data. Firms do not have the information to
determine the optimum, especially for long-term decisions. Many markets are
far removed from the condition of perfect competition and the neoclassical
production function is no appropriate instrument to describe the technology
which relates to intermediate inputs. In contrast, INFORGE can be character-
ized as an evolutionary model, with firms following routines represented
by mark-up pricing, for example. The production technology is implicitly
described by the system of factor demand functions.

The scenario

Our method of analysis is to compare model runs with an active ecological
policy with a status quo base forecast up to the year 2005. The main assump-
tions of the base forecast can be summarized as a unchanging behaviour of the
government in tax policy and public consumption. The West German
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economy will grow, but with an average GDP growth rate of about 1.5% per
year; the growth path will have a slightly weaker slope than in the past. This is
caused by rising import shares.

The instrument of ecological policy of the government is the supply of pol-
lution rights, which we assume is lowered from year to year. Beginning with
relatively large steps in the first years, it follows a linear reduction path after
1999. With this schedule we compute four runs with a 15%, 20%, 25% and
30% reduction in 2005 against the 1990 CO, emission figure. We stress the
relation to this historical figure because the German government has formu-
lated the target to reduce CO, pollution in 2005 by 25% of the 1990 figure.

Every firm which produces or imports gas, coal or oil has to pay for the
pollution costs. We go down to the level of the 29 different energy carriers.
Their CO, emissions per ton are given technically: multiplying these emission
coefficients by the amount of their energy input gives the emission of the par-
ticular energy input. If we multiply this figure by the market clearing price of
the certificate market, we obtain the amount which the producer or importer
has to pay to the government. We further assume that producers and
importers of fossil energy will, in turn, raise their prices so that the buyers of
fossil energy really have to bear the costs of pollution rights. The input share
of nuclear energy in electric power generation is held constant during the
simulations as is the amount of electric power imports.

We assume in our simulation scenario that the government uses the addi-
tional revenue obtained from selling the emission permit partly to finance
social security. All the firms in the economy then receive compensation
through making lower social security contributions. This means that firms
with high energy inputs and low labour inputs will be faced with rising unit
costs, whereas firms with low energy inputs and high labour inputs may
reduce their unit costs. Thus, there will be a strong structural change which is
driven by both rising energy costs and falling labour costs.

Simulation results for 2005

Introduction of the new policy instrument establishes the price for the emis-
sion permits. Figure 1 shows the time path of this price for the years 1996-
2005 under the different reduction targets of our simulation. The higher the
reduction target set by the government in a certain year, the higher the price.
The model calculations show that the prescribed reduction of emissions leads
to a slight reduction of consumption and production activities. The results are
displayed in Figure 2 which shows the simulated macroeconomic avoidance—
cost curve for CO, emissions. This is our very preliminary, model-based
assessment of the trade off between CO, emissions and GDP for West
Germany. The base forecast already produces a 7.5% reduction of CO, emis-
sions against the 1990 figure (Figure 2), prolonging the historically observed
declining CO,/GDP relationship. The right end of the avoidance—cost curve
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Figure 1. Development of the price for CO, emission permits under alternative reduction targets
(simulation results, DM per ton CO, 1996-2005). Note: reduction against 1990 figure.

Figure 2. Effect of CO, reduction targets on GDP in 2005 (simulation results).
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represents the result of the base forecast. The left end of the curve marks the
result of the 30% reduction (against 1990) simulation run, signifying a 22.5%
reduction in comparison to the base forecast. In this simulation, GDP is
96.9% of the base forecast figure, so in this case the avoidance costs amount to
3.1% of the 2005 GDP.

The induced reduction of the macro-economic consumption and production
level seems to be relatively low. The simulated ecological policy leads,
however, to a significant structural change towards a less energy intensive
production. We have not yet studied the effects of CO, reduction targets
above the 30% level. The results of such simulations cannot be predicted. But
there might exist a threshold value, above which further reduction can no
longer be realized by mainly changing consumption and input structures. A
distinct reduction in macroeconomic activity will be necessary.

Despite the reported reduction in GDP, positive employment effects can be
observed in our simulations, arising from the assumed relief concerning the
labour costs of the producing sectors. This arrangement induces a higher
labour intensity of production due to lower real wage rate.

Looking at the dynamics

Let us now take a closer look at the temporal and structural dimensions of the
simulation results. For this purpose we choose the 25% reduction (compared
with 1990) simulation as the object of further elaboration. The most remark-
able point regarding the dynamic adaptation path to the ecological policy is
that the evolution of the economy is not as steady and uniform as one would
suspect. Figure 3 presents the time paths of the GDP components for the years
1996-2005. The strongest negative effect on GDP comes in the longer term
from private consumption expenditures (PCE), which go down by 3.6% com-
pared with the base forecast in 2005. Despite the relief of labour cost, the
introduction of the emission permits raises the unit costs of nearly all sectors
and with that the general price level. The assumed additional reduction for
subsequent years makes this price effect permanent so that real personal dis-
posable income and real PCE are restrained in comparison with the base fore-
cast. Divergent from this long-term model property, we observe an increase in
PCE for the first period of the simulation. This effect is attributable to a
reduction of the real interest rate caused by the steadily rising price level. This
interest rate effect is also the reason for the strong increase in construction
investment, which moves up to a 5% increase in 2005. The same argument
applies for the initial increase in equipment investment, but eventually the
declining macroeconomic activity makes this component decrease in compari-
son with the base forecast.

Exports of goods and services follow the expected pattern. They are
reduced due to the increase in domestic prices, while imports show a slightly
positive effect despite the GDP reduction. The price elasticity of imports over-
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Year
—0— Gross domestic product — -} - Construction investment
=+ ¢+ = Personal consumption —X—Exports
expenditures
— ~X- —Equipment investment ---¢ -~ Imports

Figure 3. Effect of CO, reduction on the components of real GDP (17.5% simulation relative to
the base forecast, 25% relative to 1990; percentage differences, 1996-2005).

compensates for the effect of lower GDP, and the impact of the simulated
emission permits on import prices is not so strong as on domestic prices, so
that imports become relatively cheaper.

In addition to the dynamic aspects of this ecological policy, significant
structural change is observed. The price effect of the emission permits is
accompanied by a distinct effect on relative prices. The structure of prices is
changing according to the emission intensities of respective sectors: the higher
the energy consumption and with that the emission of CO, per unit of output,
the higher the increase in the unit costs of that sector caused by its emissions.
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Table 1.

Effect of a CO, reduction target

on selected prices (17.5% simulation relative
to the base forecast, 25% relative to 1990;

percentage differences in 2005).

Crude petroleum, natural gas
Coal

Mineral oil

Electric power

Gas

Iron and steel

Non-ferrous metals

All product groups

+248.4%
+203.8%
+146.3%
+92.9%
+30.2%
+9.8%
+4.8%
+4.4%

Table 2. Effect of a CO,
reduction target on selected
categories of private con-
sumption (17.5% simulation
relative to the base forecast,
25% relative to 1990; per-
centage differences in 2005).

Gasoline —18.7%
Coal —13.1%
Automobiles —123%
Gas —11.3%
Fuel oil —3.5%
Electric power —-0.2%
All categories —3.6%

Table 3. Effect of a CO, reduction target on real
gross production of selected sectors (17.5% simula-
tion relative to base forecast, 25% relative to 1990;

percentage differences in 2005).

Mineral oil

Electric power

Coal

Gas

Crude petroleum, natural gas
Iron and steel

Non-ferrous metals
Chemicals

Pulp, paper and paperboard
Building

Installation and building completion
All sectors

—46.7%
—32.6%
—25.8%
—20.0%
—8.0%
—6.5%
—6.4%
—34%
—-1.9%
+3.0%
+3.8%
—2.4%
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On the other hand, the cost reducing effect of the compensation for labour
inputs is distributed relatively uniformly amongst the sectors.

On balance, the prices for primary energy are driven up drastically in com-
parison to the 4.4% macro-price increase in 2005 in the 25% CO, reduction
case. Table 1 shows, for example, that the price of coal is about three times the
price of the base forecast. Relative prices play a key role in determining the
structure of final demand and production. The effect of a CO, reduction target
on the structure of private consumption expenditures can thus be character-
ized as a substitution away from energy and related uses such as automobiles.
Table 2 shows these results for selected categories of PCE. Comparing with
the price changes reported in Table 1, one can conclude that the energy
demand of private households is rather inclastic. The greater potential for an
energy consumption reduction can be found in the business sectors.

If we finally take a look at the change of the output structure, we observe a
shift into the same direction as the structure of private consumption. Table 3
reveals that all energy sectors face a severe reduction in the level of real gross
output originating from lower intermediate and final demand. Sectors related
to construction are the significant winners of this structural change induced by
environmental policy.

Conclusions

Our preliminary results show that sustainable development may be possible
without substantial losses in GDP, because of structural change induced by an
ecological policy which raises the price of energy and, by assumption, reduces
social security costs for firms. Of course such a process needs time. Our experi-
ence today with the simulation system is that a reduction of CO, emissions by
more than 30% could overcharge the elasticity of the economic system. Fur-
thermore it seems important to choose a time path with a continuous increase
of the price for the emission permits.

Our analysis is only a first step on the way to analyse the path of sustain-
able development. Many variations of the scenario may be useful: for example
an eco-tax approach is an alternative to our scenario with emission permits.
This would influence the time path of the solutions. Another important point
is the kind and the degree of compensation to be financed by the proceeds
from ecological policy.

This chapter only discusses CO, emissions and, therefore, only relates to a
‘partially adjusted’ GDP. Further work has to be done for other greenhouse
gases as well as for emissions which pollute water and soil. Emission reduction
for other greenhouse gases may not restrict GDP more than CO,, because
their avoidance will be successfully achieved by the same mechanism as for
CO,. In addition, the implementation of end-of-pipe technologies can be
analysed in the cases of NO,, SO, and other greenhouse gases.
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Air pollution and its economic implications are a global problem and there-
fore should be analysed by a global model. The INFORUM International
System could be used for such a task. The paper at hand and a study with the
Italian model of the INFORUM family called INTIMO (Bardazzi and Pia-
centino, 1993) on energy policy in Italy can be interpreted as pilot studies
which demonstrate the analytical power of dynamic econometric input-output
models in this field.
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KIMIO UNO

Historical perspective

The first international exposure of the SEEA (System of integrated Environ-
mental and Economic Accounting) occurred in 1991 when the IARIW
(International Association for Research in Income and Wealth) Special Con-
ference convened in Baden, Austria in order to discuss the manuscript of the
framework being prepared by the United Nations. At the conference, the
accounting framework was discussed by experts drawn from around the globe.
Some of the papers from the conference were published in a proceedings
volume (Franz and Stahmer, 1993). This publication was dubbed an Interim
Version, making clear its tentative nature in the continued development of
the framework. The manual became the basis of case studies in a host of coun-
tries, some assisted by the United Nations and the World Bank, some others
in their own framework, results of which are reported in this volume.

The meeting in Tokyo in 1996 was intended as a follow up of the Baden
meeting after 5 years of theoretical discussion, exchanging experience gained in
implementing the United Nations SEEA. Other accounting frameworks with
similar intentions exist, with some differences in their perspectives, including
NAMEA which is being developed in the Netherlands (De Haan and Keuning,
1996), the ENRAP framework which was implemented in the Philippines
(Peskin, 1991) and SEEDS (social, economic and environmental data set)
which is an extended input-output framework designed to be the basis of
environmental indicators, while at the same time incorporating the measures
of quality of life (Uno, 1995). At this juncture, it would be useful to reflect
upon what has been achieved and what is still to be expected. Whereas other
chapters in this volume deal with individual issues relating to the SEEA, the
focus here is on identifying a future research agenda.

The point of reference has to be the concept of sustainability which was the
consensus reached at the United Nations Conference on Environment and
Development, held in Rio de Janeiro, Brazil, in 1992. There, Agenda 21, an
action plan for global sustainable development into the 21st century, was
adopted. Being a document which was produced after world-wide consultation
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and approved by more than 178 governments, Agenda 21 represents the
recognition that humanity has reached a turning point in accommodating its
aspirations within the confine of environmental capacity, and spells out the
intention of the global community to search for a sustainable socioeconomic
system.

The scope of the document is summarized in Table 1. ‘While considerable
data already exist, as the various sectoral chapters of Agenda 21 indicate,
more and different types of data need to be collected, at the local, provincial,
national and international levels, indicating the status and trends of the
planet’s ecosystem, natural resource, pollution and socio-economic vari-
ables. ... Commonly used indicators such as the gross national product
(GNP) and measurements of individual resource or pollution flows do not
provide adequate indications of sustainability. Methods for assessing inter-

Table 1. AGENDA 21: Programme of Action

Social and economic dimensions:
International cooperation to accelerate sustainable development in developing countries and
related domestic policies
Combating poverty
Changing consumption patterns
Domestic dynamics and sustainability
Protecting and promoting human health
Promoting sustainable human settlement development
Integrating environment and development in decision-making
Conservation and management of resources for development
Protection of the atmosphere
Integrated approach to the planning and management of land resources
Combating deforestation
Managing fragile ecosystems: combating desertification and drought
Managing fragile ecosystems: sustainable mountain development
Promoting sustainable agriculture and rural development
Conservation of biological diversity
Environmentally sound management of biotechnology
Protection of the oceans, seas, rational use and development of their living resources
Protection of the quality and supply of freshwater resources
Environmentally sound management of toxic chemicals
Environmentally sound management of hazardous wastes
Environmentally sound management of solid wastes and sewage-related issues
Safe and environmentally sound management of radioactive wastes
Strengthening the role of major groups
Means of implementation
Financial resources and mechanisms
Transfers of environmentally sound technology, cooperation and capacity-building
Science for sustainable development
Promoting education, public awareness and training
National mechanisms and international cooperation for capacity-building in
developing countries
International institutional arrangements
International legal instruments and mechanisms
Information for decision-making
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actions between different sectoral environmental, demographic, social and
developmental parameters are not sufficiently developed or applied. Indicators
of sustainable development need to be developed to provide solid bases for
decision-making at all levels and to contribute to a self-regulating sustainabil-
ity of integrated environment and development systems’ (United Nations,
1993b, p. 284).

One direction of follow up is represented by the attempts at compiling indi-
cators of sustainability. In 1995 the United Nations Commission on Sustain-
able Development (CSD) started a work programme aiming at collecting
approximately 130 indicators of sustainable development (United Nations,
1996). The indicators are divided into four categories: social, economic,
environmental and institutional. The environmental sphere covers water, land,
other natural resources, atmosphere and waste. Subitems in each sphere are
arranged so that they correspond to the chapters in Agenda 21. Within each
sphere, indicators are divided into the ones representing driving force, state,
and response. The framework will undergo empirical testing at national level
at the next stage. ‘Driving force’ indicators relate to human activities, pro-
cesses and patterns that affect sustainable development; state indicators refer
to the current situation or level of environment and development; and
response indicators represent policy measures and other social and/or techno-
logical decisions and reactions by economic agents to changes in the environ-
mental quality.

Another important instance of indicator development is the compilation of
empirical environmental data which has been undertaken by the OECD for its
member countries since 1985 (Organisation for Economic Co-operation and
Development, various years). The publication typically includes time-series
data starting in 1980 or 1985 and cross-section international comparisons for
the most recent year. The structure of the presentation is as follows, with
a breakdown of individual spheres into a dozen or so indicators: the state of
the environment (air, inland waters, land, forest, wildlife, waste); pressures on
the environment (energy, transport, industry, agriculture); and managing the
environment. These two frameworks include both physical and monetary vari-
ables. A similar survey of developing countries is currently being undertaken
by the UNSD (United Nations Statistics Division), based on its own Frame-
work for Indicators of Sustainable Development (FISD) (Bartelmus, 1994b).

Another direction of attempts to systematize environment-related data is the
satellite analysis and accounts accompanying the SNA (System of National
Accounts). ‘The central framework of the SNA presents a number of charac-
teristics which give it the advantage of an integrated accounting structure. It is
exhaustive and consistent within the boundary of the economic activities it
covers. . .. The counterpart of these benefits is that there are certain limi-
tations as to what may be accommodated directly in the central framework.’
‘Satellite accounts or systems generally stress the need to expand the analyti-
cal capacity of national accounting for selected areas of social concern in a
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flexible manner, without overburdening or disrupting the central system. . . .
Typically satellite accounts or systems allow for:

(a) The provision of additional information on particular social concerns of a
functional or cross-sector nature;

(b) The use of complementary or alternative concepts;

(c) Extended coverage of costs and benefits of human activities;

(d) Further analysis of data by means of relevant indicators and aggregates;

(e) Linkage of physical data sources and analysis to the monetary accounting
system.’

‘On the one hand, satellite accounts are linked with the central framework of
national accounts . . . and through them to the main body of integrated eco-
nomic statistics. On the other hand, as they are more specific to a given field
or topic, they are also linked to the information system specific to this field or
topic. They also call for better integration of monetary and physical data’
(Commission of the European Communities, et al., 1993, p. 489).

It is in this context that a satellite system covering the interaction between
environmental and economic spheres was proposed. Regarding the production
boundary, the SNA treatment is that ‘Economic production may be defined as
an activity carried out under the control and responsibility of an institutional
unit that uses inputs of labour, capital, and goods and services to produce
outputs of goods and services. There must be an institutional unit that
assumes responsibility for the process and owns any goods produced as
outputs or entitled to be paid, or otherwise compensated, for the services
provided’ (Commission of the European Communities et al., 1993, p. 123). ‘In
the SNA, only produced assets, including inventories, are explicitly taken into
account in the calculation of net value added. The cost of their use is reflected
in intermediate consumption and consumption of fixed capital. Non-produced
natural assets — such as land, mineral resources and forests — are included in
the SNA asset boundary insofar as they are under the effective control of
institutional units. However, the cost of their use is not explicitly accounted for
in production cost’ (Commission of the European Communities, et al., 1993, p.
508). ‘The most important amendment introduced into environmental
accounting as compared with the SNA is the extension of the asset boundary.
In the SNA, natural assets are included only if they provide economic benefits
to the owner, a characteristic that manifests itself through being controlled by
an institutional unit. This often means explicit ownership, subject to govern-
ment legislation in the case of natural forests, and/or availability of a market
price. In the SEEA, the asset boundary is defined to be much wider. It includes
in principle all assets; some may directly participate in production activities
while others may be affected by environmental impacts of economic activities’
(Commiission of the European Communities, et al., 1993, p. 513).

The publication of the SEEA framework corresponds to the inclusion of
integrated environmental-economic satellite accounts in the 1993 SNA. There



Identifying research priority 413

are different approaches of environmental and natural resource accounting,
including physical accounting, monetary accounting, and net income
approach. Reflecting this, the SEEA actually contains several different versions
depending on the scope and valuation methods.

Version 1 is the starting point where the core of the SNA production
account describing the supply and disposition of goods and services is pre-
served. Production accounts constitute the input-output framework. This is
then extended to include flows of non-produced natural resources from the
natural environment and flows of residuals back to the natural environment.

Version II is the disaggregation of environment-related activities in the
SNA. The cases in question are environmental protection, environmental
repercussions of production and consumption, as well as uses and stocks of
non-produced natural assets.

Version IITI establishes linkage between monetary data and physical data on
environment-related activities. Examples are incorporation of materials/energy
balances and natural resource accounting in physical terms into the national
accounting framework in value terms.

Version IV deals with imputed valuation of the economic use of the
environment in order to reflect actual or potential deterioration of the natural
assets. The imputation is done by either one of three valuation methods,
including market valuation, maintenance cost valuation, and contingent valu-
ation in order to deal with different aspects of environmental impact.

Version V introduces possible extensions of the SEEA such as the extension
of the production boundary with regard to household activities, introduction
of environmental services as an output of productive activities of the natural
environment, and externalization of internal environmental protection activ-
ities.

Version VI is concerned with externalization of internal environmental pro-
tection activities. ‘. . . An additional gross output of those services, equal to the
inputs, would have to be shown, since market prices of internal services do not
exist. The externalized services would then be recorded as intermediate inputs
of those industries . . .” (United Nations, 1993a, p. 137).

The UN manual then goes on to describe environment-related input-output
analysis very briefly, including analysis of physical flows of raw materials, pro-
duced goods, and residuals. This is in contrast to a draft of the 1993 pub-
lication, circulated among limited number of experts to collect their reactions,
with a detailed discussion on the extension of input-output framework in
order to accommodate environmental issues (United Nations, 1992).

Last but not least, a group of experts formed a forum under the initiative of
the EUROSTAT in order to exchange views on the implementation and
further development of environmental accounting. The group, called the
London group after the first meeting in that city in 1994, produced a series of
monographs through their annual meetings (London Group 1994, 1995, 1996).
The 4th annual meeting took place in Ottawa in 1997.
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Future research and development

Even when we assume that everything contained in the SEEA manual is rea-
lized, which is not the case to date, there remains a long list of items on the
research agenda. The main issues in the further development of the SEEA
might be summarized as follows.

Physical-monetary linkages and indicators

Physical measures should be pursued further, going beyond what is typically
associated with the SEEA. One view holds that the accounting framework
should focus on monetary estimates because of its ability to provide a system-
wide overview (additivity, etc.) in terms of a common numeraire. An opposing
view holds that physical estimates are essential in describing the characteristics
of environmental quality and to shed light on sustainability. A more balanced
view would be that both are essential in an environmental information system
for the decision making. What is important then is the proper linkages
between the physical and monetary spheres. One such case is land use
accounting. Reports have been made on the linkages between land use
accounting and environmental economic accounting. In addition to the useful-
ness of GIS (geographic information system) in itself, aggregated land use
accounting in physical terms and its linkages to capital formation data in
value terms will provide useful information. Transition matrices from various
land uses to other, such as forests, agricultural, residential, and road and other
social infrastructure, will provide clues to environmental impact of capital for-
mation on land use (Uno, 1995, pp. 253-281). The SNA already includes land
improvement in its asset accounts, which can be the linkage point between
land use statistics and the national accounting. Automobile ownership sta-
tistics, distance travelled, and petroleum consumption are relevant information
in establishing linkages between mode of transportation and environmental
implications while being part of household consumption. The SNA data on
the stock of consumer durables and consumption of fuels, both in value terms,
and transportation statistics in physical terms can be linked in a satellite
account. Among produced capital stock is included environment-related ones
such as waste treatment facilities, water purification plants, and pollution pre-
vention equipment, capacities of which are better described in physical terms.
There have been attempts to provide functional classification to socio-
economic activities including CEPA (classification of environmental protection
activities) (UNECE 1992), COFOG (classification of the functions of
government) (United Nations 1980), and COICOP (classification of individual
consumption by purpose) (United Nations 1993). They can be useful in provid-
ing linkages between economy and environment if they are given empirical
contents even on a limited scale which relates to environment.
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Environmental indicators and accounting framework

Indeed, environmental indicators, developed by international organizations
and individual countries, are mostly expressed in physical terms. Life cycle
assessment also entails use of physical units. Material flow accounts enables us
to trace the extraction, transformation, and disposal of industrial raw
materials and the impact on the nature. We may say that physical measures
are an indispensable part of environmental information. If efficiency of
resource use is to be sought, it has to be measured in physical terms represent-
ing technological characteristics. One recent attempt to compile materials
flows generated at home and (more importantly) abroad is available in (World
Resource Institute, 1997) which compares the United States, Germany, and
Japan in terms of Total Material Requirement (TMR), an indicator represent-
ing the material efficiency in each society.

We have seen the environmental concerns as described in Agenda 21. A set
of environmental indicators have been selected by the UNCSD and the
OECD, independent of each other, but employing a common scheme consist-
ing of driving force (or pressure), state, and response (D-S-R or P-S-R). Indica-
tors shed light on particular focal points and are effective in transmitting
summary information to the general public and decision makers who are
interested in knowing what the environment is going to be at the local and
global levels. Expressed in measurement units in daily use, they are often effec-
tive in conveying a vivid message, albeit simple, compared to a complete
accounting framework designed to capture the man-nature relationship in a
consistent system, often expressed in terms of a common denominator, mone-
tary valuation.

However, it is also true that indicator systems do not stand alone no matter
how elaborate they are. For one thing, physical measures concerning various
aspects of the environment are rclated to each other. Such interaction is diffi-
cult to establish unless one resorts to a more systematic description of the
environment—economic activities. Indicators in this case represent a summary
expression of the total information system aimed at easing communication.
Second, different measurement units inherent in individual fields are not amen-
able for aggregation. This gap has to be filled by environmental and economic
accounting in value terms. Third, policy measures are usually achieved
through allocation of financial resources, which also has to be expressed in
value terms.

International linkages

Sustainability is a global issue. Contrary to the rather elaborate formulation of
the domestic part of the environmental accounts, less attention has been paid
to describe international linkages of the accounts. There are pressing needs for
an international or global framework encompassing environmental and eco-
nomic spheres. The SEEA framework is a general scheme proposed by the
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United Nations. Individual countries are implementing the parts of the frame-
work to fit their own policy focus. The SEEA manual will facilitate develop-
ment of a comparable framework in various countries in the near future, and
may eventually facilitate international linkages of country frameworks.

Such development may take time. There are also problems inherent in inter-
national linkages such as the need to trace international trade and foreign
direct investment. In the case of transborder flows of pollutants and wastes,
the concept of environmental cost caused and cost borne may become relevant
on an international scale. This points to the need to develop an international
framework, without necessarily waiting for the completion of a country frame-
work. The top-down and bottom-up approaches seem to be complementary in
this case. The question is the feasibility of a global framework. Judged from
the publication of time series input-output tables in standard industrial classi-
fication by OECD (Organisation for Economic Co-operation and Develop-
ment, 1995), covering industrialized countries, and IDE (Institute of
Developing Economies, 1992), covering Asian developing economies in more
or less comparable format, it now seems possible to implement such a frame-
work. International trade matrices, which can be compiled annually based on
trade statistics, can be employed in order to establish linkages among coun-
tries through trade flows.

Inter-temporal comparisons

The trade-offs between the natural environment and the economy are a long-
term phenomena. Many countries have tried to compile the SEEA, covering a
lengthy period of time in order to capture the dynamism. Final demand
has shifted from food to manufactured goods and then to services as the
income level rose within a country. In the course of economic development,
the industrial structure has shifted from agriculture to resource consuming
heavy industries. Advanced economies are moving away from manufacturing
and into private and business services, finance, retail trade, and information.
Such structural change has its impact on resource requirements and the global
environment.

The trial estimates of the SEEA currently made available quite often relates
to one particular year. Even the core accounts of the SNA date back only 50
years. To ask for a time series of the SEEA to accommodate historical analysis
in the environmental sphere is undoubtedly very demanding.

It is highly desirable to develop a scheme where long-term comparisons can
be made in order to grasp dynamism running through economic development,
technological change, resource requirements, environmental quality, and aspi-
rations of the people. Economic development takes place in a country context.
But it has happened sequentially in different parts of the world: first in
Europe, then in the USA, followed by Japan. Other countries have come into
the picture very quickly, including China. It may not be true that economic
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development will follow an identical path in different countries. Still, focusing
on a single country experience would provide only a limited lesson if the struc-
ture of the economy undergoes change as a result of rising income and chang-
ing consumption patterns. Transplanting earlier experience into emerging
participants in industrialization would be a valuable policy experiment on the
future of the global community.

Technological change

The driving force of industrialization was energy. In this process, sources of
primary energy has shifted from coal to crude oil and gas. Nuclear energy has
been with us for nearly half a century, with increasing scepticism as to its
future potentials. Solar and other new sources of energy are being tested. If
technology remains constant, and if we aspire for higher levels of production,
then environment and economy may be incompatible. This is precisely why
the sustainability of our way of life has to be questioned. One possible route
out of this dilemma is technological change. For a particular industrial sector,
it may be possible to shift to resource-efficient technology. For the entire
economy, it may be possible to move out of smoke stack industries and into
high technology and services.

Compilation of a time-series SEEA is an interesting topic in order to
capture the socio-economic performance over time in environmental spheres.
This, however, is not an easy task due to rapid technological progress and
quality change, a shift from retro-fitting of end-of-the-pipe technology to a
new production process, and long lags from the time of environmental impact
to the time when its harmful effect are felt. Thus, incorporation of technologi-
cal factors in the accounting framework is a challenge to the statisticians.

In operational terms, production technology can be aptly described by
input coefficients in the input—output framework which represent the propor-
tion of different inputs into one particular activity. Energy is one particular
input into various sectors of the economy. It is possible to look into the input
structure and examine technological change. Research and development aimed
at energy efficiency, alternative energy, recycling and pollution prevention also
should be emphasized because they represent important policy variables in
order to improve sustainability. Research and development should be a part of
the environmental and economic accounting. The research and development
expenditures and the expected flow of benefits to various industrial sectors and
final demand can be formulated based on the input-output structure of the
economy (Uno, 1991, 1995).

Quality of life and social dimensions

In the same vein, if we want to preserve our life style, and if the economy tries
to accommodate ever-increasing demand by the expansion of supply capacity
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(particularly under unchanging technology), our way of life is on a collision
course with environmental quality. In the economic sphere, we have not ques-
tioned the implications of huge income differentials in the global community.
In some societies per capita income exceeds $30,000, while other societies
struggle at $500 or less. If we rely on the market mechanism for the allocation
of resources, including environmentally sensitive goods and services, and
neglect the fact that the world is plagued by huge income disparities, advanced
economies will dominate the global economy and, hence, the global environ-
ment.

The truth of the fact is that if low income economies succeed in catching up,
the global environment cannot accommodate the enormous resource require-
ment. However, people in North America, Europe and Japan will not endorse
policy measures directed at sustainability if this means forgoing the current
level of the quality of life. Obtaining consensus is important, and it is espe-
cially true when we consider the amount of investment funds generated in
industrially advanced economies. Thus, we are obliged to seck a way of life
which is environmentally amenable and still preserves the current level of the
quality of life.

The environmental burden can be broken down into four factors: popu-
lation size, income per capita, resource requirement per unit of income, and
environmental impact per unit of resource use. Maintaining and improving
the quality of life while constraining resource use relates to the third item in
this equation, while the technology factor mentioned above relates to the
fourth item (Uno, 1995, pp. 9-15).

One important consequence of environmental degradation is its effect on
human health, an aspect which is not covered by the current SEEA. Indeed,
although there are empirical studies into dose-effect of particular factors on
human health, they are sparse and disorganized to be incorporated in an
accounting framework. This is a field where more intense communication is
needed between natural sciences and social sciences.

From accounting to modelling

In order to develop a policy scenario for the betterment of people’s well-being
while safeguarding environmental quality, we need a scheme where various
factors at play can be connected to each other in a systematic way. It is essen-
tial to be able to trace this interaction across national boundaries. For this, we
need a simulation model. Sustainability of the global community can then be
tested under various scenarios concerning economic performance, internation-
al division of labor, policy measures, technological development, and lifestyle.
The model should contain all the factors mentioned above, including physical-
monetary linkages, international linkages, intertemporal comparisons, techno-
logical change, and social dimensions. The model should also incorporate
policy tools available to us. In the energy arena, the introduction of a carbon
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tax, measures aimed at modal shifts in transportation and energy efficiency in
homes and offices, and incentives for new technology are the cases in question.

Toward Environmental Information System

The development of the SEEA, or indeed environmental-economic accounting
in general, seems to be taking two directions. One is a theoretical refinement of
the accounting framework toward more consistency which we have seen in the
preceding chapters of this volume. This typically takes the form of a large
matrix, with increasingly complex description of the man-nature relationship,
measured in a common yardstick such as money terms or physical weights for
aggregation and comparisons. We may call this intensive development, aiming
at deepening the accounting practice for the sake of completeness of the
system. Rigorous search for a more complete accounting practice, however, is
sometimes accused of being monolithic. Another is an extensive development,
often focusing on a particular segment of a complete system in a modular form
and providing more detailed information in appropriate units of measurement.
Freed from the need to reduce the information into a single measurement unit,
the scope of the accounting can be expanded to a much larger sphere. The
modules can be compared or linked according to the users’ needs. Thus, we
are seeking an integrated accounting framework where all relevant modules
can be put in place in logical order on the one hand and, on the other, an
environmental information system where all relevant information can be
stored and accessed in a systematic way, allowing linkages, spatial disaggre-
gation, intertemporal comparisons, and policy modelling.
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energy, 399
policy, 419
Model, 13, 156, 174, 185, 191, 288, 299, 349-50,
352, 395-9, 418
canonical, 343
data, 235
dynamic, 395
econometric input-output model, 395, 396,
399
economic growth, 169
ex ante, 360-61
Fox model, 81
general equlibrium (GE), 12, 134, 313, 399
GREEN model, 399
green national accounts, 351
INFORGE (Interindustry Forecasting
Germany), 396-10
INFORUM, 396, 397, 399
input-output, 162, 367, 382
linear programming, 382, 395
macroeconomic, 193
natural resource economics, 343
neo-classical, 391
optimizing models, 351
PANTA RHEI, 395-6
Walley/Wigle, 399
Mollgard, 291
CGE models, 265
perfect competition, 265
Monetary accounting/accounts, 159-70, 297,
299, 300, 413
Multiplier effects, 139
Munasinghe, 167, 266
Muraoka, 50
Murray, 247

Namibia, 8, 171-86
Nairobi Group, 14
NAMEA (National Accounting Matrix
including Environmental Accounts), 7,
143-56, 203, 381, 383, 389, 395, 409
National accounting, 348, 351
exclusions in, 96
National accounts, 143, 309-18, 337-54, 355,
359
criticism of, 378-9
green, 337
as a measure of well-being, 378



National Academy of Sciences, 129
National Accounting Matrix, 144
National Energy Accounts (NEA), 14041
National Land Agency, Japan, 51
National Planning Commission, Namibia, 173,
174
National Statistical Coordination Board
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Natural assets/capital, 15, 48, 49, 159, 169-70,
271-3, 279, 280, 339, 341, 364, 384
Natural gas, 161, 164, 398
Natural growth, 341
Natural patrimony accounts, 15
Natural resources, 3, 8, 13, 23-5, 113-14, 117,
128, 263, 270, 340, 379
as fixed assets, 271, 272
as inventories, 271
as productive assets, 117-18
depletion and degradation of, 271
importation of, 5
market valuation of, 305-7
use of, 122
valuation of, 23-5
Natural resources accounts, 159-60, 189, 343
stock accounts, 15960
use accounts, 159
Nature, as a sector, 6, 194, 197-9, 202, 203, 204,
213, 365, 370, 391
NDP (net domestic products), 15, 534, 55, 56,
69-70, 71-2, 90, 97, 145, 271, 272, 280,
299, 369-70, 377, 378, 383, 3867
NEDA (National Economic and Development
Authority, Philippine), 104
Negative net returns, 278
Nelson, 332
Neo-classical economic theory, 391-2, 399
Nepal, 390
Nestor, 7, 134, 139, 141, 311, 313, 381
the Netherlands, 7, 143-56, 192, 298, 36061,
381, 395, 397, 409
Netherlands Ministry of Housing, Spatial
Planning and the Environment, 144
Net income, 384, 385, 413
Net price, 3, 67, 82, 84, 276, 279-81
method (NPM), 11, 23, 82, 84, 89, 101,
278-81, 284
Net rent approach, 82, 386
Net worth, 144
Nickel, 161, 164-5
Nitrogen oxides, see NOX
NNP, 288, 378
green, 351
NNW (Net National Welfare), 384
NO2 (nitrogen dioxide), 48
Non-renewable
natural asset, 275
sustainability concept of, 274
Non-produced
assets, 47-51
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economic assets, 121
natural assets/resources, 64, 272, 273, 412,
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Nordhaus, 114, 266, 276, 296, 383
Norway, 14, 189, 382
NOX (nitrogen oxides), 49, 99, 398
NRA (natural resource accounting), 171-2,
173-5,177
Numeraire, 164, 268, 269, 414
NVA (net value added), 271
Nyborg, 345, 368, 370
Nyhus, 397

O’Connor, 361
Oda, 5
OECD, 49, 132, 329, 399, 411, 416
Oil, see also crude oil, 164
reserves, 164
Opening
stock, 47, 53, 78, 83
Opportunity cost, 25, 141, 273, 282, 388
of environmental protection, 380-81
of private capital, 101
Opschoor, 214
Optimal
depletion, 160, 346
emission reduction, 290-91
pollution emissions, 351
Optimization, 284, 347, 399
Optimum, 351
cutting harvest cycles, 101
Option values, 29, 162
Organisation for Economic Co-operation and
Development, see OECD
Ostro, 327
Other changes in natural resources, 148
Other volume changes, 20-23, 78, 84, 87, 270,
271, 277, 278, 282, 359
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Ownership, 21, 25, 128, 269, 270, 341, 412
Ozone layer depletion, 48-9, 58, 148, 151, 153,
155

Parikh, 10

Particulate matter, 99

Pasurka, 7, 10, 134, 139, 141, 311, 313, 381
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Pesticides, 199, 200-201, 215
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214, 246, 297, 298, 342, 381-3, 393, 413
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changes, 365
linkage methods, 322-4, 325-8
units, 144, 189, 203
Pigovian tax, 349
PIOT, see input—output tables, physical
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246, 249, 253, 258, 298-9, 300, 311, 326,
337, 338, 339, 351-3, 371, 375, 376, 381,
382-3, 384, 390, 395, 399, 400, 411, 415,
418
contribution of environmental and resource
accounting, 393
ecological, 397, 399-400, 402, 405
pricing policy, 340
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Polluter-pays-principle, 291, 299, 311, 312, 370
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Pollution, 58, 189, 349
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Pollution abatement, 133, 389
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index, 192, 203, 217
indicators, 243
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net price, 67, 82, 84, 276, 279-80
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relative energy prices, 398
resource price, 89, 344, 347
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underpriced, 338
unpriced, 338
Price indices, 310, 318
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Produced capital, 6, 159, 160, 349
Producers, 148, 202
Producer surplus, 291
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Production function, 349, 379
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Quality change, 311, 315, 316, 417
Quantitative, 189

Quantity, 197

Radermacher, 8, 9, 15, 214, 223, 395
Rates of return, 126, 386
Raw materials, 190, 195, 198, 203
abiotic, 215, 217
biotic, 215, 216, 217, 222
Recreation services, 97, 391
Recreational value, 128
Recycled/Recycling, 44, 160, 194, 199, 202, 206
Reclamation, 248
Regional, 108, 174
Remote sensing, 107, 232, 233, 247-8
Repetto, 280, 282, 337, 384, 386
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economic rent, 84, 276
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Ricardian rent, 280
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Rentals, 276
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proven/proved, 87, 121, 124, 127, 160, 347
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discovered recoverable, 160
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fishery resource account, 78-82
forest resource account, 82-7
living, 343-4, 353



mineral resources, 87-90
nonrenewable, 101, 127, 217
renewable, 100-101, 124, 127-8, 217, 271
stock of, 344
ultimate recoverable, 161
undiscovered recoverable, 16061
Response, 188, 411, 415
Rest of the world, 9, 145-8, 197-8, 202, 289,
294, 397
Restoration, 59
cost, 289, 388
Retro-fitting, 417
Revaluation, 78, 87, 89, 278, 282, 359
Revealed preference methods, 325, 332-3
Reversibility, 260
Rezeler, 328
Rosen, 332
Royalty, 276, 352
Rutledge, 133

SAM (Social Accounting Matrix), 154-5, 174
Sampling, 107
Samuelson, 266, 276, 296
Satellite, 36, 114, 115-20, 133, 215, 283-5, 297,
339,342, 411-12
Saving, 392, 370
genuine, 352, 354
Schifer, 10, 233, 312, 313, 315
Schmidt-Bleek, 214, 222
Schnare, 332
Schrecker, 166, 168
Schiitz, 9, 214, 215, 217
SEEA (System of Environmental and
Economic Accounting), 4, 13-31, 35-61,
63-76, 77-8, 90, 114-15, 133, 160, 174,
202, 214, 226, 263-307, 309, 337, 338,
342-4, 347, 348, 351, 3534, 355, 361-3,
367-8, 369, 370-72, 387-90, 392, 393,
409, 412-13
SEEDS (Social, Economic, and Environmental
Data Set), 409
Selective catalytic system (SCR), 68
Serageldin, 274
Services, 206
industry, 151, 153
SESAME (System of Economic and Social
Accounting Matrices and Extensions), 7,
154, 156
Seskin, 327
Sewage, 44-5, 47, 57, 60
Shadow price, 141, 265, 284, 383, 349
Shin, 324, 326
SIC, 140, 141
Simonis, 214
Simulations, 382
Sink, 286
Smith, 169
SNA (the system of national accounts), 4,
13-31, 35, 40, 43-7, 57-8, 64, 78, 133,
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154, 160, 310, 315, 337, 338, 342, 344,
352, 353, 355, 357, 358-9, 361, 371, 377,
411-13
extension of, 387-93
SO2, (sulphur dioxide), 48, 398
Social Accounting Matrix, see SAM
Social Accounting Matrix including
Environmental Accounts (SAMEA),
154, 155
Social
accounts, 143
concerns, 412
costs, 114, 338, 350, 351
indicators, 114, 143
preferences, 369
Soil, 96, 101, 121, 217-18
conservation, 106
erosion, 99, 121, 215, 217, 222
excavation, 193, 197, 198
sealing of, 233, 241
Solow, 265, 279
Solo’rzano, 280, 282
SOX, 49
Spatial, 233
aggregation/disaggregation, 240
SRRI (social rate of return on investment), 347
STABIS (Statistical Information system on
Land Use, Germany), 232, 235-6, 240,
241
Stahmer, 8, 15, 141, 214, 223, 409
Standards, 193
State, 188, 411, 415
Stated preference methods, 325, 333-5
Stationary sources, 49, 68
Statistics Canada, 159, 162-3
Statistics Netherlands, 7, 143, 149
Steady state equilibrium, 343
Steer, 274
Steurer, 10, 318
Stock, 189, 215
accounts, 16, 177-8, 184-5, 194, 203, 206,
270-71
opening/closing, 21, 23—4, 47, 53, 55, 78, 83,
89
Stott, 9
Streeting, 325, 332
Structural change, 12, 396, 400, 402, 403, 405,
416
Stumpage value, 84, 123
Subsidies, 46, 65, 66, 340
Subsoil assets, 124, 160, 168-9, 170
Subsoil resources, 44, 48, 272
Substitutability
of natural resource capital by produced
capital, 101, 167, 279-80
Substitution, 59
energy products, 398, 405
Sulphur oxides, 99
Supply and use, 16, 155
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tables (SUT), see also Extended Supply and
Use Table (ESUT), 64, 66, 123
Supply curve, 292, 365
Sustainability, 23, 49, 59, 114, 126-7, 159,
169, 193, 217, 219, 225, 272, 273-5, 282,
293, 295, 361, 369, 388, 409-10, 414, 417
conditionally strong sustainability, 274
of consumption, 288
income, 277, 388
indicator of, 170
operational concepts of, 295-7
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strong sustainability, 166-7, 274
weak sustainability, 166, 168, 263, 274
Sustainable catch, 79, 81
Sustainable cut, 83
Sustainable development, 10, 35, 159, 165-8,
214, 227, 337, 338, 348, 395, 405
economic approach to, 166
indicators for, 300
indicators of, 301
Sustainable exploitation, 352
Sustainable income, 342-3, 379, 385
System, 376
System boundaries, 269
System of Integrated Environmental and
Economic Accounting, see SEEA
System of National Accounts, see SNA

Tax, 46, 66, 147-8, 313, 317, 335, 340, 350, 353,
399
eco tax, 405
Technological
change, 12, 167, 417
progress, 274, 279
Technology, 96, 102-4, 141, 160-61, 223, 225,
278, 312, 399, 418
best available, 29, 65, 68, 291, 292
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Theme equivalents, 7, 143
conversion of emissions into, 144
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Throughput, 214
Timber, 47, 48, 50, 270, 272
Time preference, 278, 282, 347, 349
Time series, 30, 60-61, 417
Timmerman, 154
Tobin, 114, 383
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Total Material Input (TMI), 219, 220, 222-3,
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Total Material Requirement (TMR), 415
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pollutants, 348
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from the environment, 270, 271, 285
from the rest of the world, 294
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cost method (TCM), 363
demand, 392
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Ulph, 347
UNCED (United Nations Conference on
Environment and Development), 13,
264,297, 409
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Trade and Development), 104
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Program), 63, 77, 296
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UNEP (United Nations Environment
Program), 264
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United Nations, 13-14, 16, 25, 63, 133, 134,
174, 214, 296, 297, 309, 338, 409, 411,
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(CSD), 302, 411
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351, 380, 381, 382, 392, 397, 415
Uno, 4, 12, 395, 409, 414, 417, 418
UNSD (United Nations Statistical Division), 4,
13-15, 31, 63, 76, 263, 297, 302, 375, 411
Upton, 347
Uranium, 164, 168, 197
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U.S. Department of Commerce, 131, 137
U.S. Department of Energy (DOE), 140
U.S. EPA, 137, 140, 141
U.S. Water Resource Council, 331
User cost, 23-5, 51, 59, 67, 89, 101, 277,
278-82, 307
Utility, 349-50
maximizing, 265

Valuation, 3, 10, 27, 48, 60, 65-8, 87, 115,
123-4, 127, 189, 1924, 263-307,
321-35, 337-54, 413

of air, 124

contingent valuation, 27-9, 123, 267, 268,
287, 361, 413

current rent, 125, 126

cost of illness, 266

from demand for amenity, 324
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of environmental damage, 348
hedonic approaches, 266
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maintenance cost, 123, 268, 413
market pricing, 123

market valuation, 268, 271, 272-8, 291, 413
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of natural resources, 305-7
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present discounted value, 125
present-value method, 305-6
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replacement cost, 125, 266
restoration cost, 266
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SNA perspective, 338-42
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travel cost, 267
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willingness to pay, 123
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indirect, 138-9
tax, 145
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economic, 264—7
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option values, 266
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use values, 266, 369
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