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AN ENVIRONMENTAL MODULE AND THE COMPLETE SYSTEM OF NATIONAL ACCOUNTS

Sumary

A linkage between economic environmental data and the National Accounts is
often limited to the production accounts. This paper argues that the
consequences of economic actions on ecosystems and vice versa do not only
relate to production processes, but also to other parts of the System of
National Accoun:i;(SNA).

The module in this paper distinguishes both environmental matter accounts
(including ‘free’ gifts of nature as chl as various types of 'free’
disposals) and environmental assets accounts (i{.e. ecosystems). One should
begin with relating volume flows of environmental matter to the standard
economic accounts, This is done in a so-called National Accounting Matrix
including Envirormental Accounts (NAMEA), a format which incorporates all
(simplified) accounts of the next SNA in a flexible way. This is illustrated

with an example.



1. Introduction

The standard System of National Accounts (SNA) {s an integrating framework for
the description of monetary activities and the balance sheets in an economy.
This does not imply that it gives an account of all economic events in
society. On the other hand, broadening the scope of the SNA by introducing
large scale 1m§utat£ons in order to account for non-monetairy phenomena like
unpaid household services, the use of natural resources and so on would affect
the relevancy for many ptlcti;al purposes of largely financial parameters like
GDP. A solution to this dilemma has been found {n the development of so-called
satellite accounts. Satellite accounts can be defined as data sets on
particular subjects which supplement the central economic data as described by
the SNA. Their purpose is to enable more detailed analyses than is possible
with the information contained in the SNA or snalysis using different
definitions, while maintaining an explicit link with the traditional overall
system. A major advantage of this approach i{s that the results of detailed
studies can be put in the perspective of the full (financial) economy.

Satellite accounts were first developed at the INSEE (see Vanoli, 1986).
Originally, they served to describe, in monetary and non-monetary terms a
particular group of goods and services from three different angles: produc-
tion, beneficiaries and financing. Following this approach, satellite accounts
were constructed on research, education, health, transport etc. Later on
supplementary accounts were constructed which did not fully comply to this
approach. Indeed, a whole range of different types of supplementary data sets
round a core set of economic data can be distinguished (Gorter and Van der
Laan, 1989). That is why we prefer to use the more general word of ‘modules’
to the SNA instead of satellites, the satellites being a particular kind of

module.

In recent years a lot of work on supplemenclng the SNA with environmental
indicatots has been done, in particular in France, Norway, Japan and Germany
(refer to Peskin and Lutz, 1990). Also, staff members of the UNSO proposed the
introduction of new aggregates as Environmentally adjusted GDP and Sustainable
Domestic Product in the revised SNA (UN, 1990). Often however, the efforts

were limited to particular aspects of the environment (e.g. Schidfer and
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Stahmer, 1989). In this paper, we shall advocate a comprehensive approach by
linking systematically all kinds of environmental {nformation to the complete
(revised) SNA. We hope that in this way a clearer view of the entire impact of
environmental phenomena on the economic system and vice versa can be obtained.
At the same time, great stress is laid on applicability. By systematically
distinguishing between physical dats and their valuation we hope to have
adopted a practical and flexible approach to one of the most intricate

-problems connected with the construction of an environmental module.

The general features of the environmental module will be discussed more ex-
tensively in Section 2. Section 3 introduces environmental accounts in the
framework of a National Accounting Matrix. These accounts are subsequently
illustrated with physical data in Section 4. In Section 5 an elaboration of
the National Accounting Matrix with respect to environmental expenditures is
presented. Finally, Section 6 discusses the use of the matrix in relation to
the debate on supplementing the national accounts with an additional, adjusted
national income figure. However, methods for the valuation of noﬁ-monetized

environmental transactions fall outside the scope of this paper.



2. General featurss

2.1. Alas of an Eovironmental Module to the SNA

In general terms, the aim of the environmental module i{s to provide a complete
account of sll links between the environment and the transactions, ‘other
changes {n assets’ and balance sheets recorded in the main National accounts.
The module should show these links where they occur in reality. Within this
general framework our first aim i{s to provide a systematic and complete
account of the effects of economic activities on the environment. In the
environmental module a clear connection between data on production,
consumption etc. and data on all kinds of changes in the environment will be
made. Changes in the environment can take many different forms, such as the
depletion of a resource, changes in the use of space or the pollution of the

environmental media water, soil and air.

In this respect, the environment can be defined as the physical
surroundings of man on which he completely depends for all his activities
(production, consumption, leisure activities, breathing, dwelling, etc.). Thus
defined, it does not encompass social environment. It also excludes the

environment within houses and workshops.

The module should provide information, step by step, on the human-induced
flows of matter, species and energy (commodity flows), as well as on the
resulting effects on the environment (changes in ecosystems), and on the

nuisance experienced by the population, thus linking economy, environment and

society.

In several countries, data on changes in the environment are collected
within the framework of environment statistics. The special advantage of the
environmental module approach is that it gives a complete and systematic
account of all changes caused by production and consumption processes in a way
which is explicitly linked to the overall SNA framework. In the first instance
the basic tables of an environmental module contain all changes in the
environment in physical units. These are supplemented with a systematic survey

of all current expenditures to prevent, reduce or repair damage to the
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environment i{n relation with the entries of these data in the SNA. Also all
damage to the assets as they are defined in the standard accounts is included.

Summarizing, the following essential aspects should be considered for
inclusion in a full-fledged envirommental meodule:
A. The change of the environment stemming from economic activities in the
registration period. This encompasses the elements:
A.1 Net pollution;.
A.2 Net depletion.
B. Current costs and incomes with respect to the environment.
This category can be subdivided into:
B.1 Actual outlays and benefits: prevention, cleaning and
compensation;
B.2 Non-restored damage.
C. The stock of environmental assets and liabilities.

This paper focusses on A and B.

Because of its completeness and because of the linkage between production/
consumption activities and environmental data, the environmental module may
provide information in a format which {s suitable to further analysis and
modelling exercises. In particular, it is our objective to provide analysts
and policy makers with a data framework which can be used to sketch the trade-
offs between the objective of environmental sustainability and other macro-
economic policy objectives. This has led us to pay much attention to the
linkage of indicators of environmental change not only to GDP-growth, but also
to other important policy objectives like income distribution, balance of
payments equilibrium etc. The environmental module proposed by us contains
cross-classifications which are relevant for specific purposes, like analysis
of the impact of taxation alternatives or e quantification of the income

generated in the ‘environmental industry’.

Building upon the full integration of different kinds of data, the environ-
mental module should also provide basic material for designing indicators on
the relation production - environment. Examples may be sectoral indicators or
performance indicators, like energy or environment efficiency of production
processes (OECD,1991).
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Finally, an environmental module should be presented in a clear and easily
accessible format. This implies that there is a need for one or two schemes
which provide an overview of the whole module. These can then be complemented
with a set of tables which follov the same pattern for each environmental

problem. This 1s elaborated in the next section.

2.2. A matrix approach to the SNA {ncluding environmental accounts

The environmental module centres around a set of tables which give an overview
of all relevant relations between the SNA and an environmental data system. As
the burden on the environment originates from the emission of a multitude of
agents into a whole range of ecosystems on the one hand, and from the
extraction of many different resources on the other, a detailed picture cannot
be given in one table. Therefore, a coherent, generally applicable system
should be designed where specific tables for each relevant substance can be

easily related to the overall picture.

For this purpose, {t {s most suitable to put the national accounts in a
matrix format (see Table 1). This means that the whole system at the macro-
level can be shown on one sheet of paper. This in turn facilitates
substantially the understanding of the interrelations between various types of
(monetary and physical) flows and their impact on each of the balancing items
(NDP, NNI, Savings, Changes in Net Worth etc.) distinguished within the

system.

Subsequent, more detailed tables then serve to elaborate a single vector or
cell in the macro-matrix. These tables are labelled according to their
position (row and column account number) in the reference matrix. In this way,
the link between detailed figures and the overall system remains transparent
throughout the whole set of tables. The subtables use the type of
classifications given in parentheses in the row and column headings of the

main matrix.?!’

Another advantage of the matrix format is that it always reveals which

entities and which accounts are involved at both ends of all monetary and
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physical flows (origin and destination), and this has clear advantages {f the
data in the environmental module are to be used in subsequent (general
equilibrium) modelling exercises (cf. Pyatt, 1988). Finally, a matrix delivers
data in the required format for ’'tracing back’ the origins of certain
transactions and for some ‘quick and dirty’ simuletion experiments with the
help of (fixed) multiplier analysis (cf. Keuning and Thorbecke, 1989). In this
vay, it is poisible to simulate the effects of alternative valuation

procedures on the conventional macro-economic aggregates.

Therefore, the module has been based on the Social Accounting Matrix (SAM)
approach. Originally, SAMs were designed to incorporate concerns of inequality
and poverty within the production-oriented national accounts and input-output
tables.2) Later, it was shown that in fact a complete system of national
accounts can be transformed into a SAM-format. This allows for considerably
more flexibility than in the traditional format, especially regarding the
classifications applied (Keuning, 1991). This flexibility {s particularly
important in an environmental accounting system with its emphasis on the links
between environmental effects and various types of transactions. Moreover, an
important consequence of introducing disaggregated links between production,
incomes and expenditures within our accounting system is that the effect of
environmental degradation 4nd of the costs involved in preventing this on the
income distribution can be traced. In addition, the analysis of employment

issues in conjunction with the environmental accounts comes within reach.

This is worked out in Table 1 which shows a so-called National Accounting
Matrix including Environmental Accounts (NAMEA). This matrix {s based on a
design for the standard accounts as proposed by Keuning (1991) in his paper on
a Social Accounting Matrix which fits into the next SNA. In Table 1, this SaM
has been expanded and slightly re-arranged.3) As a consequence, Table 1
integrates a) the (next) SNA sequence of accounts as well as a set of supply
and use tables, and b) separate accounts for the relations between the
economic flows and changes in the environment. A crucial aspect of these
interactions {s that the eventual effect on ecosystems is transmitted through
all kinds of environmental ‘agents’: emission of pollutants on the one hand
and depletion of resources on the other. This is recognized in our framework

by inserting a special account for all kinds of environmental ‘agents’ in
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between the conventional accounts and the account for environmental assets
(i1.e. ecosystems). Agents {s to be read here as substances as well as noise,

radiation and species.®’

The distinction between an environmental agents account (#16 in Table 1)
and an environmental assets account (#17) is expedient to both the supply and
the use of the data. Often, emission and waste statistics can be detailed by
discharging industry or final demand category, but it is almost always
impossible to attribute the degradation of ecosystems directly to certain
economic activities (United Nations, 1930: 22). In addition, environmental
policy instruments will generally also focus on certain environmental agents

instead of directly on ecosystems.

Therefore, account #16 in our framework serves to register the emissions
and extraction of all kinds of environmental agents, while account #17 serves
to sketch the effects on ecosystems and to provide a general description of
changes in the state of the environment. Eventually, this may yield a rough
indication of the total effects of economic activities on environmental assets
which are not absorbed during the current period: changes in net worth of
ecosystems. This balancing item is combined with the changes in conventional
balance sheets to arrive at a final evaluation of our economically relevant

position at the end of the current period.

Separating these accounts i{s also advantageous because part of the
environmental effects has a current character, while another part precipitates
on (the value of) assets already distinguished in the standard national
accounts. In our system, this is catered for by recording first e.g. the
(total negative value of) all kinds of emissions by a certain activity, air
transport say, and then their impact on a) current accounts - in this example,
the ‘consumption’ of noise by household groups neighbouring the airport, b)
conventional assets - such as & decrease in the value of houses as a
consequence of the enlargement of a nearby airport, and c¢) environmental

assets - like air quality.

Generally, Table 1 reflects our thinking that the interrelations between

national accounts and the environment are not limited to the production



accounts, and that these effects should be shown where they actually occur.
This means that, i{f shadow prices for these effects were available, all major

national accounts balances would be affected. These effects cascade down the

balancing items until finally, in the total changes in net worth, all
(lasting) effects have been incorporated. In Table 1, all important balancing
items have been framed.

- Incorporating income distribution {ssues into an environmental accounting
framework i{s all the more important when it comes to a valuation of
environmental effects. The strength of the conventional aggregates is that
they agree with the sum of incomes which are allocatable to i{ndividual units
and that these incomes also underly their expenditure decisions. For example,
most producing units make some allowance for the consumption of fixed capital,
so that this is actually taken into account when decisions are taken about the
incomes payable against value added. Analogously, if the objective is to
construct environmentally adjusted national accounts aggregates, like NDP, one
cannot do without a hypothesis on the incidence of these effects. For
instance, if it is concluded that part of the generated net product caused
future costs which are big enough to be anticipated upon right now,
pinpointing the direct incidence of these costs must be the point of departure
for any policy or analysis aimed at reducing them. It goes without saying that
the actual, final incidence and amount of these costs depends on all kinds of
economic and social mechanisms which can at best be simulated with the help of
a formal model. However, the introduction of separate income distribution and
use accounts as well as various capital accounts opens up the opportunity of
at least presenting various environmentally adjusted National accounts

aggregates in vhich these first-order effects are taken into account.

As shown in Table 2, a possible adjustment of the net product measure
incorporates, as far as possible, all environmental effects of current
production. An adjusted income measure may focus on those effects which are
currently absorbed; that is, including present effects of past disposals and
excluding future effects of present disposals. Analogous to these
intertemporal flows, cross-national flows are also settled in the income
accounts. The distinction between these concepts corresponds with an interest

in the environmental effects of current domestic production and consumption on
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Table 2. Adjusted national accounts aggregates, related to ’‘free’ emissions

1. Generatlion

1. _'free’ emissions by production activities (-)1?

2. ‘free’ emissions by consumption activities (-)

3. Transformation of 'free’ emissions by collection and treatment of
vaste activicy (+,-)

4. (1..3) Total 'free’ emissions generated (-)

DOMESTIC PRODUCT (+)
(4+45) Adjusted DOMESTIC PRODUCT

oun

II. Distribution

Exports of ‘free’ emissions g+§
Inports of ’'free’ emissions

7

8

9. (4+47+8) ‘'free’' emissions on the ec.territory (-)
0

1

1 Current effects of ’'free’ emissions in previous periods (-)

1 Future effects of current 'free’ emissions (+)

12. (9..11) Effects of ‘free’ emissions which are absorbed in current
period (-)

13. DISPOSABLE NATIONAL INCOME (+%

14, (12+413) Adjusted DISPOSABLE NATIONAL INCOME

I111. Absorption

15. Natural cleansing (+)

16. Absorption by defensive outlays (+)2?

17. Absorption by consumption (+)

18. CONSUMPTION

19. (15..18) Adjusted CONSUMPTION

20. SAVING

21. (=11) Future effects of current ’'free’ emissions (-)
a. to economic assets; b. to eco-systems

22. (20+21) Adjusted SAVING

IV. Other events

23. Correction due to registration in transaction accounts of referable
damage on economic assets (+) '

24, Changes in eco-systems not referable to transactions (-)

V. Balance sheets (changes)

25 2213+23 Damage to economic assets (-)

26 21b+24; Changes in worth of eco-systems (-)

1) Between brackets: sign of valuation (in welfsre or monetary terms).

2) The value of the absorpticn of free sxissions by way of defensive outlays is to be valued for environmental
accounting purposss as the net benefit of these outlays over and above monetary costs. This is because the
latter are already included in conventional National Accounts.
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the one hand and in the current quality of the national environment on the
other hand., Obviously, adjusted savings should f{ncorporate all those effects
not absorbed in the present period. Finally, adjusted changes {n net worth
should take into account all changes in the condition of the environment. In
this wvay, each balancing item has a different purpose to serve’. The balancing
{tems and the other concepts are elucidated step by step in the next sections

- which explain the NAMEA matrix presented in Table 1.
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3. A Set of Rational Accounting Matrices including Enviromnental Accounts

3.1. Goods and services account

The first row and column of Table 1 above contain the ‘traditional’ goods and
services account. The row presents the upper part of a consolidated use matrix,
split into intermediste consumption, household consumption expenditures,
government (and private non-profit institutions) consumption expenditures,
exports and gross capital formation. All these elements are valued at
purchasers’ prices excluding net {ndirect taxes which apply to some (final)
demand categories only, like VAT. Therefore, trade and transport margins add up

to zero, row-wise.

In the first column, the third cell contains the consolidated domestic
supply matrix (in basic prices). A more detailed, subsequent table should show
the value of all commodities generated by each production activity. Imports (at
c.1.f. prices) originate from the current account for the rest of the world.
General net taxes on products (excise taxes etc.) are put on & separate account
for (various types of) indirect taxes. This method of recording obviates the
necessity to allocate e.g. import duties to domestic industries or sectors

(wvhich i{s actually not possible in any meaningful way).

However, there is yet another reason why various types of indirect taxes are
recorded in different columns. In this module, showing the incidence of
specific instruments of government regulation is of particular importance. It
ié‘likely that for instance & tax or a subsidy has a different impact (at least
temporarily) depending on the base to which it applies. The distinction between
net taxes on products (e.g. an excise tax on fuels) on the one hand and taxes

on production processes on the other (e.g. a levy on the discharge of oxygen- :

demanding materials) is well known.

In order to arrive at total domestic supply at market prices, trade and
transport margins must still be settled. This {s done in the submatrix in the
top left-hand corner of this table. In a macro-matrix, total margins are

evidently equal to zero. (cf. Keuning, 1991: Table 3, for more details).
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The total of the first column now corresponds with domestic commodity supply
at market prices excluding VAT (and other net taxes for specific purposes), and
this is equal to the concomitant row sum representing the value of total use.

This equality naturally applies to all row and column totals.

It is generally felt that if an envirommentally adjusted value added (say
GDP) {is compdted, this should take into account the pollution caused by final
consumption too. Since value added can only originate in production, this must
{imply that production processes also occur within households.®’ In the
environmental module, this amounts to a transfdrmacion of their consumption
expenditures into household output plus various types of 'free’ emissions.”?
The value added resulting from these activities is equal to the (non-positive)

value attached to the disposals.

The 'free’ emissions are delivered to the environment and the other
household ‘output’ accrues to the producing households as final consumption.
Apart from the disposals, the physical appearance of the input and output of
these production processes is the same. However, there is no need to apply the
same classification twice. It is even expedient to show household consumption
not only by commodity type but also by purpose. In that case, comparisons
(between household groups, countries or periods) can be made concerning the
consumption patterns by purpose (e.g. budget share spent on transport) and
concerning the allocation to goods and services for each purpose (e.g. riding a

bicycle or driving a car).

This is worked out in the second and fourth account of Table 1. The second
row registers the use of this household output and the second column how it is
produced. Whereas the first row registers consumption expenditures excluding
VAT ete., the second row contains the market values. The fourth account is

discussed together with the ordinary production accounts.

3.2, Production account

The production account (#3) registers output as receipts of production

activities, and intermedi{ate consumption, fixed capital consumption, net
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indirect taxes on production processes and net value added as their outlays. In
addition to the output for sale, most production processes also generate less
wvanted ‘by-products’ in the form of substances which are dumped into the
environment (including discarded capital goods). Usually, there is no direct
relationship between the amount of a certain pollutant emitted by a certain
firm and any m&netaty settlement. The statistical approach, i.e. a registration
of the way things actually happen, as followed in this environmental module,
requires that these flows are.recorded accordingly. This means the registration
of a monetary value in cell (3,16) equal to zero. In this way, the equality of

row and column totals is also maintained.

However, at the same time the emission in physical terms is registered too.
The essence of our accounting method lies in subsequent disaggregations, not
only by production activity and type of agent emitted, but also into volumes
and prices. Cell (3,16) is thus blown up into two separate submatrices, of
which one {s filled with volumes using units which are relevant to the type of
emittant under consideration, and another is filled with prices. The latter
matrix is actually not at all interesting in our statistical system, since it
contains only zeros. However, the system as portrayed here serves, among other
things, to provide a suitable framework for simulation experiments. A principal
feature of those experiments should be to analyze the effects of replacing the
zeros in the second submatrix above by various sets of negative (shadow)
prices. Naturally, an essential consequence of replacing the zeros in row and
column 16 by negative numbers is that all balancing items in Table 1 are
adjusted as well, in order to maintain the equality of row and column totals.

However, we view the estimation of these price sets as a distinct, second step.

The third column registers the inputs {n production. Apart from intermediate
inputs obtained from other firms, the environment delivers unpaid resources
which are used up in production processes. These amounts appear in cell (16,3)
in this matrix. It is probably most convenient to book this extraction of
depletable resources net of the natural growth which may be expected under
average circumstances. In this way the net depletion of fish etc. is recorded
here.?’) As in the case of emissions, their monetary value remains equal to zero

and the balancing items are not affected, in the first instance.
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The fourth account shows the transformation of household consumption
expenditures into household output ({.e. the same products as were bought) and
‘free’ emissions. As soon as the disposals are valued, value added generated by
these household waste production activities becomes negative. In the column of
this account, net consumption taxes (like VAT) are added. The treatment of
consumption taxes in this matrix serves to provide the data required for
simulation exéeriments with (changes in) specific consumer subsidies or taxes.
Those policy instruments may in fact aim at shifting expenditure patterns into
& more environment-friendly direction. Moreover, our registration opens up the
opportunity to re-route some compulsory fees paid by households. In the SNA,
these are all seen as direct taxes (United Nations, 1968: 6.89-6.90 and 7.65).
In this module, environmental levies can be rercuted to the consumption of a
(subsidized) service, e.g. in the case of refuse collection, or to consumption

taxes, 1f no actual service is provided.

"~ 3.3. Income distribution and use accounts

The balancing item of each production account equals net value added. Since net
indirect taxes have already been subtracted, this item is recorded here at
factor costs. Value added adds up to Net Domestic Product (NDP), and this is
booked on the primary distribution of income account.®) In that account,
institutional sectors receive several types of primary income: NDP at factor
costs, property income received from other (domestic) institutional units,
wages and property income recelved from abroad, and net indirect taxes, which

accrue to the government.

In the columns of the income account, outlays on account of having incurred
liabilities (i.e. payments of property ‘income’) are also settled for each
sector. Moreover, wages and property income may have flown abroad. The residual
equals Net National Income (NNI), at market prices. NNI reappears on the credit
side of the secondary distribution of income account. Further, flows of
transfers from and to other institutional units and the rest of the world are
shown here. Transfer ocutlays are recorded on the debit side and the balance is

known as Disposable Income (of each sector).
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Above, it is explained that in the income accounts one should focus on the
current effects. This {mplies that current effects of past disposals should be
added, as a kind of (negatively valued) transfer from the past to the present
(cell 6,17), and that future.effects of present disposals and extraction should
be singled out (in cell 7,6), because they entail a transfer from the present
to the future. In this vay, one arrives at an adjusted Disposable Income
concept. To remain consistent, this procedure should also be followed for the
'ordinary’, positive intertemporal transfers. This implies that consumption of
fixed capital (production in the past, consumption now) is added (cell 6,3) and
that the future effects of present investments (production now, but consumption
in the future) are also shown separately (in cell 7,6). Notice that this
adjusted, Gross Disposable Income concept is not necessarily equal to total
consumption (i.e. total expenditures minus net saving) in the present period.
One may still have decided to consume either more or less, or in other words,
net saving is not necessarily equal to net investment. On the other hand, the
gap between adjusted Disposable Income and adjusted consumption expenditures

will typically be lower than the one between the original variables.

" The way of recording described above presumes the possibility of monetary
valuation directly from currently experienced nuisance. This is probably less
complicated than a valuation of the total expected nuisance of current economic
activities. In this respect, it is important to record the experienced nuisance
in relation to a realistic reference period. The grief over the deteriorating
water quality should refer to this year's change in water quality only. The
implication i{s that once consumed nuisance will not re-appear again in a later

year.

However, in an environmental module in physical terms it will still be
difficult to separate changes in the environment induced by pollution in the
previous years from those in the current year. Usually one only knows the total
environmental burden which is currently ‘consumed’ ({.e. cell (16,7) + cell
(17,7). In a few situations, such as the release of pollutants in the soil, it
is possible to judge changes in the quality of groundwater as the effect of
past disposals, while the current pollution is still under way in the soil
above the aquifer. In many cases it is academic how large the future effects of

present emissions will be. These future effects are merely incorporated in cell
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(7,6) in order to show a consistent approach to an adjustment of the {ncome

measure.

Next, the use of income account records how Gross Disposable Income is
‘spent’. The government and household groups have outlays on consumption, and
the balance, (net) savings, {s put on the capital account. In the case of
corporations, all disposable income is saved. In addition, the environment
absorbs some of the pollution by means of natural cleansing. Here this i{s shown
- in the row, with a positive sign of course. Finally, this column also contains
itens called ’'current consumption of pollutants’, originating from the
environmental agents account, and naturally the absorption of the current

effects of past disposals.

These cells may need some further explanation. Most environmental effects of
economic actions have -a capital character, in the sense that the impact is not,
or not only, felt during the current period. A notable exception is noise,
where at least part of the effect disappears when the noise stops. Noise can be
seen as a particular kind of environmental ’'agent’, emitted by production and
consumption processes (and included in column 16). If sufficient information on
the identity of the victims were available, this noise could be recorded as a
"free’ delivery in kind to them in (a detailed version of) the secondary
distribution of income account -it i{s then included in ’'current transfer
flows’'-, followed by its consumption in the use of income account (cell 16,7).
Noise and other dispocsals with a non-capital character (e.g. stench) can thus
be seen as an unappreciated gift from the producers to the consumers. If a
shadow price were attached to this noise, GDP, NNI and Disposable Income and
total consumption expenditures would be negatively affected. Clearly, net

Saving and the balancing items further down the system would remain unaltered.

Another example of current consumption of pollutants refers to the current
effects of past disposals. An adjusted concept of final expenditures would thus
add the current consumption of past disposals to the ordinary final consumption
as shown in the first two cells of this column. By now, it may be clear that
our registration method ensures that current effects of past disposals would be
taken into account in adjusted current income and final expenditures, but not

in adjusted net product and saving measures. Reversely, the likely future
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effects of present disposals and extraction would only appear in adjusted net
product and saving measures, but not in the adjusted income and final

expenditure aggregates.

In accordance with internationsl practice, the income distribution and use
accounts for the rest of the world (in Table 1 sometimes abbreviated as ROW)
have been combined. The traditional registration method of natfonal accounting
systems is followed here: current receipts of the rest of the world appear in
the row and current outlays in the column. The balance is transferred to the
capital account of the rest of the world. The framework in Table 1 can easily
accommodate physical flows of pollutants across the border. In row 8 various
disposals, emitted abroad, float into the national territory (cell 8,16).
Obviously, the shadow price of these imports is negative. This should then also
be reflected as a (negative) monetary transfer from the rest of the world (cell
6,8). Reversely, pollutants are exported too, as shown in cell (16,8), and this
is counterbalanced by a transfer to abroad (cell 8,6). Also the 'transit’ of
waste can be recorded in this way. The balance of these flows affects Dispo-

. sable Income as well as all other balancing items further ’‘down’ the system.

Subsequently, indirect taxes are specified in a separate account. The
classification of this account will have to pay special attention to various
types of environmental levies and subsidies. Above, it has already been
explained that this account has been introduced in view of the necessity to
distinguish between various tax bases (a product in general, a production
process, or a specific expenditure category). This is reflected in the row of

this account. In the column, all net indirect taxes are collected by the

government.

3.4, Capital accounts

Because the registration of all effects on the balance sheets is an important
objective of this matrix, the capital account is quite extensive. The first
capital account describes the generation of net worth due to net savings and
actual capital transfers received (from other institutional units and from

abroad) minus capital transfers paid. Capital transfers include a (negative)
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imputation for the flow of 'free’ emissions with a capital character, from the
dumping sector (in the column) to the stricken sector (in the row). If the
latter cannot be identified, {t may be assumed that the national or even global
common heritage is affected, and this may or may not be combined with the
government sector. Like ordinary saving, the net environmental effects of
present activities which are not completely absorbed during the present period,

are transferred to the changes in balance sheet accounts.

The second capital account (#12) records the use of funds for the
accumulation of assets as defined in the standard accounts. The row adds
depreciation, sales of land and other non-produced (non-financial, non-
environmental) assets (like antiques), borrowing (i.e. incurring various types
of liabilities), and not elsewhere classified increases in the volume and price
of assets to the balancing item (exluding the environmental effects) of the
first capital subaccount. Environmental effects are taken up again in the other
changes in assets and changes in environmental assets accounts. All elements of
this row taken together yield total funds available for gross worth
accumulation, which {s presented in the column. It consists of: gross capital
formation, purchases of non-produced assets (from other institutions and from
abroad), lending (net purchases of financial assets), not elsewhere classified
decreases in the volume and price of (non-environmental) assets, net losses of
environmental assets to natural causei, non-referable degradation of
environmental assets, and the sum of the other changes in assets (here

including ’'other’ changes in environmental] assets)l9).

Net losses in environmental assets due to natural causes refers to capital
gains and losses not resulting from human activities, or which are an
unexpected result of human activities. It also includes net growth of
uncultivated species (cf. note 8). The {tem non-referable degradation of
environmental assets has been added because demonstrable deterioration of an
ecosystem may not be attributable to specific economic activities or even to a
specific period. Therefore, it has not been included in the environmental
effects of any activity. Examples are the unexpected detection of polluted
soil, or a reduction in the number of seals in the North Sea. However, this
detoriation should be incorporated when assessing total changes in net worth.
The solution is to put this damage in cell (17,12) for the moment, with a
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counterbalancing value in the changes in net worth of ecosystems (cell

17'13)21).

Similar accounts are drawn for the rest of the world. Foreign saving, which
may bear a negative sign, agrees with the deficit on current account of the
balance of payments of the national economy. The rest of the transactions are

analogous to those for the domestic sectors.

3.5. Financial and other changes i{n assets accounts

Subsequently, the financial accounts (#14) are presented. These indicate which
sector (including the rest of the world) has acquired which types of assets

(and liabilities) during the reference period.

The next row and column of Table 1 contain the other changes in assets
accounts. The character of this account differs from the others since it does
not really relate to flows (consequences of actions), but to changes in states
(other economic events). Not elsewhere classified changes in the volume and
price of assets claimable by institutional sectors and the rest of the world
are recorded here, as well as the balance of those adjustments, called changes
in net worth due to other changes in assets. On the credit side, it concerns
economic appearance of non-produced assets (e.g. discovery of subsoil
resources), nominal holding gains of all kinds of assets etc. On the debit
side, the destruction of assets by non-insurable risks, disappearance of non-

produced assets, nominal holding losses etc. are recorded.

In the standard national accounts, changes in national worth due to
environmental effects are already partially shown here, at least in theory. For
instance, this concerns holding losses and destruction of capital goods which
are demonstrably due to pollution. This implies that the losses exceed
depreciation due to normal wear and tear. Other examples are: destruction of
assets as a consequence of a nuclear disaster, or a fall in house prices when
the enlargement of a nearby airport has been approved. In the environmental
module, those losses are singled out and shown as a separate (negative) item,

called referable damage due to environmental effects, in the column of this



-20-
account. In this way, the balance of this account does not change.

An interesting consequence of this registration method is that if a) the
size of the damage to these non-environmental assets can be estimated from
actual dats, and b) this d;mago can be clearly attributed to a certain economic
activity, this value can be re-routed within the statistical framework of the
environmental module. It {mplies putting s negative value in e.g. cell (3,16),
and concomitantly reducing NDP (cell 5,3), NNI (cell 6,5), Future Effects (cell
'7,6), Net Saving (cell 10,7), Capital Transfer Flows (cell 10,10), Net Worth
Changes due to Saving and Capital Transfers including Net Environmental Effects
(cell 18,10), and Holding Losses and Destruction (cell 15,12). The same
negative value then appears in cell (16,15), while Net Worth Changes due to
Other Changes in Assets including Net Environmental Effects (cell 18,12) is
increased with a positive amount. It can be easily checked that in this
sequence all account numbers appear just as frequently in the rows as in the
columns, except for accounts #12 and #18 where a negative adjustment is
compensated by an equally large positive adjustment. This ensures that the
equality of all row and column totals is maintained in this re-routing.
Therefore, the consistency of the system is not affected by the adjustment of

balancing items.

A similar procedure can be followed for the appraised value of the depletion
of natural resources which are subject to ownership (e.g. standing wood, some
mineral resources). Only in this case the capital loss is usually not thrust
upon another party (cell 10,10 remains empty). Here, cell (16,3) contains a
positive value followed by a subsequent reduction of all the balancing items
through Net Worth Changes due to Saving and Capital Transfers including Net
Environmental Effects (cell 18,10) and of Holding Losses in cell (15,12).
Again, a negative value appears in cell (16,15) while Net Worth Changes due to
Other Changes in Assets including Net Environmental Effects (cell 18,12) is
increased, so that consistency is restored. Note that in this way a written off
depletion of natural resources subject to ownership is recorded as other
changes in (non-produced) assets and not as changes in environmental assets
(ecosystems). This is in accordance with the treatment in the standard national

accounts.
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Environmental damage to the standard assets which i{s not referable to
specific economic activities in the present period remains included in cell
(15,12) (holding losses and destruction).

3.6. Environmental changes and changes in balance sheet accounts

Above, all interrelationships between the economy and the environment have been
discussed where they actuallyioccut. This means that now it suffices to sum up
the balances which are implicit i{n the accounts 16 and 17. The sign of the
variables in simulation experiments with non-zero prices is given in
parentheses in front of each term. The balancing {tems, which are computed

residually, have been printed in bold letters. We start with account #16:

1) for natural resources (e.g. fish, trees of various kinds, mineral deposits):
(+)net 'free’ extraction (cell 16,3) + (+)net‘losses due to
naturai causes (cell 16,12) + (-)referable damage of owned assets
due to environmental effects (cell 16,15) =

(+)net depletion of (not owned) environmental assets (cell 17,16)

2) for environmental ageﬁCs without a capital character (e.g. noise):
(-)'free’' emissions by production (cell 3,16) + (-)’'free’ emissions
by consumption (cell 4,16) =
(-)current consumption of pollutants (cell 16,7)

3) for environmental agents with a capital character (e.g. acid rain, carbon
"dioxide, waste):

(-)'free’ emissions by production (cell 3,16) + (-)'free’ emissions
by consumption (cell 4,16) + (-)’'free’ emissions from abroad (cell
8,16) =
(-)'free’ emissions to abroad (cell 16,8) + (-)referable damage of
owned assets due to environmental effects (cell 16,15) +
(-)imnission into ecosysteas (cell 16,17)

It is clear that in simulation experiments all (shadow) values in the first

equation are positive, with the exception of the referable damage, while those
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in the last two are negative. Finally, the equalities underlying account 17 are

given here:

4) for national ecosystems (e.g. air, seas etc.):
(-)current effects of past disposals (cell 6,17) + (+)natural
clean;ing (cell 7,17) + (-)icmission (cell 16,17) =
(-)current effects of past disposals (cell 17,7) + (4)non-
referable degradation (cell 17,12) + (+)net depletion (cell 17,16) +
(-)changes in worth of .co.&.tlll (cell 17,18)

Current effects of past disposals appear both on the left-hand side and on the
right-hand side of this equation. For the rest, it can be seen that total worth
of national ecosystems decreases in proportion to an absolute increase of all
other elements in this equation, except natural cleansing. It goes without
saying that filling in this equation i{s a lot easier said than done, if only
because the total effect on an ecosystem may deviate from the sum of the
individual effects.

At the bottom and at the right-hand side, changes in the balance sheets close
the full sequence of accounts and balancing items. The totals of this account
reflect in principle all changes in net worth, including changes in worth of
ecosystems. Total changes in net worth should be added to the opening balance

sheets to arrive at the closing balance sheets!?),

It is obvious that at present insufficient data are available to fill this
matrix completely, even in physical terms. For that purpose, an abbreviated
table focussing on a few environmental agents with a known origin and
destination may be more practical at present. In such a matrix, some of the

accounts could be deleted. This is illustrated in section 4.

3.7. Matrices behind the cells (16,17) and (17,16)

In the module, agents and the natural resources are described in column and row
16 as physical quantities. The agents and natural resources are included

because the immission (cell 16,17) and net depletion (cell 17,16) cause changes
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in the ecosytem. These effects are described in column and row 17 as changes in

the quality of the ecosystem.

At the intersection of colums and rows 16 and 17 we find two very important
cells in our module, because there the relation can be found between the
iomission c.q.wnet depletion on the one hand and the consequenses of this for
the quality of the ecosystem on the other hand. The problem with these cells is
however that depending on the side from which one looks at them, they have ®
different dimension: along column and row 16 physical changes and along column
and row 17 ecological changes. In our module this has been solved by imputing
two figures in the same cell: one gives the immission or net depletion (cause)
and the other the effect on the ecosystem that {s caused by this {mmission or
net depletion (effects). So immediately the relation between these two is

shown!3)

The two figures in the cells 16,17 and 17,16 are the summations of
respectively all immissions c.q net depletions and all effects on the
ecosystem. The detailed i{nformation behind these totals is given in matrices.
The two matrices behind cell 16,17 (immission) have as column head
environmental assets change with a subdivision into ecotopes!*’ and natural
resources (see figure 1). As row head these matrices have environmental matter
which is subdivided into agents and natural resources. The two matrices behind
cell 17,16 (net depletion) have as column head environmental matter and as row
head environmental environmental assets change. Both column and row head of the
matrices behind cel 17,16 are subdivided as those behind cell 16,17.
Confrontation of both pairs of matrices gives a detailed picture of the
relation between causes and effects of the use of the environment.

The construction of the detailed cause and effect matrices for {mmissions
(16,17), which concerns mainly the top left side of the matrices
(agent/ecotopes), will be a difficult task: all the agents must be spread over
the ecotopes on which they cause effects and all the ecotopes that are
influenced by agents, must be analysed to see which agents are causing these
effects. These difficulties could be reduced by accepting some aggregation
(e.g. to ecozones) or the introduction of dummy columns. Such additional
columns can ’‘absorb’ various agents which have a collective effect on one or

more ecotopes.
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Figure 1 : Matrices behind cell 16,17
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The construction of the cause and effect matrices for net depletion (17,16)
will be relatively easy because the relation between net depletion and changes
in the stock of resources (bottom right side of the matrices) is a direct one.
Only when the depletion effects also ecotopes (top right side of the matrices),
e.g. damage to the vegetation by the production of groundwater, the same
problems arise as with the construction of the cause and effect matrices for

immisions.
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4. An {llustration of the Envirornmental Module in physical terms

By way of example, in Table 3 a condensed complete matrix is presented. With
data on vaste many entries in the matrix can be highlighted, so waste has been
chosen as an illustrative example. The data are derived from official
statistics for the Netherlands. Of course, tables can be presented covering
various other agents (substances, species or physical changes) in water, soil
and sir in a similar way. Waste amounts are shown in brackets, and for the
corresponding money amounts 020 has been added. In this way, it is still
possible to add the data in the matrix to row and column totals.

Waste emission from production is shown in cell (3,16) of Table 3. Through a
magnifying glass the physical content of this cell looks like Table 4. The

Table 4. ’'Free’ emission by production: Wastel, 1988, part estimates (#3,616)

ISIC category Total by method of disposal:
(mln kg) dumped incinerated other

Agriculture and fisheries?’ 17,500 17,500 - -
Mining and quarrying x3) x(98%) x x
INDUSTRY (incl. mining and publ.ut.) 7,240 6,240 530 470
among which

Food, beverage and tobacco industry 2,200 2,070 70 70
Wood and furniture industry 130 70 60 0

Paper and paper products industry 370 280 b3 X

Chemical industry, manufacture of
artificial filaments

and staple fibres 3,000 2,610 X X
Manufacture of building material,
earthenware,glass and glass products 510 480 10 20
Basic metal industry 410 270 10 120
Manufacture of metal products,
machinery and transport equipment 160 110 20 20
Public utilities X x(948%) x X
Trade, hotels, restaurants, repair :
of consumer goods* 490 130 280 80
Transport, storage and communication* 2,140 50 90 2,000
Other services and n.e.c.*-3 75,660 74,070 920 670
Total 104,370 99,230 1,840 3,290

1) Excluding rediocactive waste, but including earthy wastes such as polluted scil and sludges.

2) 1986 dats.

3) ‘x’ means: confidential figure.

4) Bospital, office and shop waste: 1586 data; waste from shipping: 1885 data.

5) Also consists of the bulky wastes: dredging sludge (855,000), sewage sludge (2,8580) and polluted soil (220).
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figure of 104,370 mln kg in cell (3,16) is the total of Table 4. The second
figure (1,200 mln kg) will be explained below. As mentioned before, also at a
detailed level the environmental module uses standard matrices to allow for
comparison with other cells. The "’'free’ emission from production® cell there-
fore is subdlyided according to substances on the one hand and production
activities on the other hand. For the time being, we have considered all waste
to be of the same kind. Solid waste also encompasses more or less fluid

wastes like sludges from sewage treatment plants which are dumped in the same

way as solid waste (ECE, 1989).

Waste {s probably the only substance on which statistics are available
concerning the ’‘free’ emission of capital goods. In theory it would be possible
to account for all demolition waste in a separate cell in row 12, but as the
data quality is rather poor we have included this amount (5,000 mln kg) in
waste emission from production. The amount is attributed to the construction

industry, as this is the activity which actually disposes of the waste.

In the same way also the ’'free’ emission from consumption (Table 5) is
presented: this encompasses all waste delivered by households including small

portions of chemical waste collected separately. The total of Table 5 re-

appears in cell (4,16) of Table 3.

Table 5. 'Free’' emission by consumption: Waste, 1989 (=4,16)

Total by method of disposal:
dumped incinerated other

nln kg

Households 5,310 2,180 2,290 890

The transport of waste across national boundaries is not yet incorporated
in the Dutch statistics on waste. Some data are available on the import and
export of hazardous waste, which have been entered in #8,16 and #16,8 (cf.
Table 6). Transboundary flows in general constitute an area in which

additional work has to be done in environment statistics. Because of this



“eveeeaerenNtotasettrrntactvitetarannoan

(oron
‘ sope 18009
usy)aide

0 (0021 °0s1601)
ML ALY ]
[LRIY

”e
)Y ¥ IRDPeoss Doy
sasiuy| yeapae)

T,

0°0 (09490))

“repmibag 9
uny 10 1dag

[
)

"ji1eydeg
n

ecvensocasarnannn

.:4» NI 1) 8512082102 pUswID (J8u))) 3))123d9 oS 03 Ao AYdde YIIYS BaNEL IINSIPUY BUIPNYINE I

QIO 28029

RTDRAPER
0021 °Q44601)
LI IRRTL, |
- [" 3¢ TI1T]

]
toozs)

‘tovssor)

LI

L
LI VIRE 'T)
*”e
Oy o) wleg
193 1dw)
7%
(CIRLIL 5% 5
200" 4 4

A R R D T T PP VP

12y
Lol N IR

ue
e IARgs i)

| M 344
Sy jerey

R L T L L LT T PP Py Ty P P P PR

eamcPseccannans

P P Y PP TN

D L LT P LY T YT DY T

(0s)
[ FILIT S o Y7H

cmusvvenan-

oe
(095901)
"0 ) 10D

TeMesameesisecbarah et atat et tancsavananana

L 4

LAY
Suypuey
e
ROa ©%
‘4)dw)

st

nDu4s" 4 1dw)

(.7t
ROR w0y 20y
[TV 5Y

(44
savey

[ TR

00
(081}
A8 01
‘S1w),3a14,

L34
dany ipusde |
1930}

11
1992 YR IN
Siusmtegjo|eg

4" 069
1939 amo2ug
A 21opns0 30y

0} 411w

sowny - an

e Jrove) sadg

D A

2°t0¢
Buiang
33049

R R R L T QR

6°98%
814001208

”01
RONI} 158 00)

[ 2 1)
L AR RE k]

9 09¢
1030 w0
Asowy2g

[
g-!-l-s‘

969y
g Lde g9

[ R ad
WY 4029
oy ndug

6'st
e 03180

2t
W0 gag sy

PR R it D A

09 _
B4 201wy 24

......‘.........oc..-.:-.-o.........-.'....-ca.o-'.......‘...,.<.....

— ’..3;5-'-

0°0 (015¢)
nInge),884g

-2y 026

WO AP ) AONINONLE w24

R R e R TR Y

0w _

¢ !
Lt LY

B N L

4 0f0L
(A ) 28rpane)

i)

Lesissccssccvessersansre

1ty 9}
.tlll:l;

(X
o021 ‘ascyee)
PoLgsIn], 8044,

te(803 080y

Sty joy
~ADEAID 3§ A §

18 1ualy)

I % | giens

L R T D R LT L R LT L L AP

1°08
0 JOe 384049

I e

Y2
93 s00uy

e | v

6 992
SO Yoty §

U
B0 YU 1 BADY

| It

| ’

§ 06f
{dw) 100

' 108
(e23928 39
-eq) g

[N ]
(o22y)
[ TININ

oy

PRI 1410100

duypauy gmmy

T R T Y

‘8031 J0YIE 10 PONIBA @ jyA‘ {2 'dw (@

4™
Ayoong
oo t

£°0101
[etdu)A yadng
A} poussn)

aerccsancsnonsvananan

2
-.‘:«:.9:;

! 1

€848

€25) aam

[X 11 _
“duy g

*

[ et
‘oun) Wiy

Ve
PR IIMN
Va2
) s0cke)

&'

ndinowes)

T e
(803454 348

eneesacvevvesacnannas

-eq) wehng

i emecsiessuiivianeteuncssmocaonastoteattanaNtanasssarennnansn

0’0
ouybiow. 4yt
1

[ 4 ‘

) ana 3381 gjuos NGy 238401 (AL Iy paIg|

nos ‘9

e

(r101208)
1Ry en‘e

syde)

(addy Ap
19qng/uwy)
sane}
¥ nput

(noy}
Prion a

10 1829°q
%L PUE UL INGIIISIQ IO

o0 2
10 asn

Mg Asepuoires

1) Asemyag

($203398) 190wy @

(21300)
Proyasnon}

(L ZRTETE ]
w3 3p0Ig)

w3 INPo Iy

(ooved iy
Lad] ]

~dneuny)

83344238 P 2pov)

(829340
-omn03)

1vi103

{"eag/eadoyery)
)08y W IR S
Sl vy satuey)
{82 2008ag/
SHaly) 1y
[LETC T NYV VY

Fi

(01088y 10y st )
194 2amniy §
(no%)
Plion o)
10 100y

o)
-yd
-.)

o] t8s01308)
0t] 18uoy ey

Ay Apyeprg/uey)
n SBER) 1304t

‘q
7]
113
(LAY
-84 |

1gs
oy ge] .en|o)
11 0w) 24 (1]
posgtarsen)
Pioyssnoy

wy )
-np|
YV
Ritasidy
us {1 reeg
sstodng
0 ) 10 )

s ip
[ - ONEND )

{uni103451088)))
N0 )Y

Sy vim vy -.-9 sisem PIS PIW U} M10p By MN0IIe (o) reN ‘e iew; e V6L UG PILEG SPURLIANIIN PN S0) CI9P SNOLEEIZNS FISER JO) WNOIDY (RIS IAUY VB BUIPNIIUE N1 200N BuIEIDY JRUSIASE ¥ Sy iuve Cf 2199)



lack of data the closing balances of the matrix will present a preliminary

figure for the moment,

Table 6. 'Free’ emission from and to ROW: Wastel), 1986 (#8,16 and #16,8)

Total by method of disposal:
dumped incinerated other

mln kg
Emission from ROW 90 - 90 -
Emission to ROW 190 . .

1) only hazardous waste, cther wasts unknown.

We have used the ’'free’ extraction entry in the matrix also to account for
the part of the waste stream that re-enters the economic process. In column
16 of the matrix, total production of waste (excluding the amount recycled)
is recorded. Part of this amount is used as input in processes aiming mainly
to reduce the volume of waste (cf. Table 7). This waste can be considered to
re-enter the economic system as (free) inputs for waste incineration plants
and the like., And consequently it does not enter into the environment

(account #17) in the form it was delivered to the waste collecting service.

Table 7 'Free’ use of waste materfals, 1988 (#16,3)

ISIC category Waste
Environmental matter incineration -
mln kg
Combustible waste 4,220

After being processed (burned) the remains of the waste (1,200 mln kg)
show up in our matrix in cell 3,16 as the ‘free’ emission of waste processing
services (cf. Table 8). Of course, the same rerouting should be carried out
for waste which i{s not dumped or incinerated, but treated otherwise. To keep
Table 3 easy to understand this has not been done. Moreover, much of the

waste removed for composting in the Netherlands is usually dumped near the



-28-

composting site. One could also think of re-routing the huge volumes of
:polluted soil and dredging sludge which are not cleaned up or incinerated,
but deposited at another site where they do not constitute an immediate
danger to public health or ecosystems. At their new d?stinations (mostly
special depots) they form the basis of new ecosystems, although of less
quality. Because the only ﬁhing that happens is thelr transfer froa one
ecosysten to another and because this kind of vaste is very voluminous, a
separation ffbm other kinds of waste seems desirable. One of the advantages
~of the matrix approach {s that all these special situations can be recorded

in the system by the addition of a few extra lines.

Table 8. Results of waste incineration, 1988; tentative data based on figures
of public incineration plants (#3,16)

nln kg

Resulting slags and fly ash (-waste) 1,200 #3,16
Air emissions: sulphur dioxide
nitrogen oxides
carbon monoxide
aerosols
volatile organic compounds
hydrogen flucride

appears in matrix
for AIR

Ore WWwoN
OWWOUN M-

The most important balancing item in the waste example is the immission,
the total load on the environment within the country’s borders (#16,17); for
a calculation see Table 9. This item finally influences the state of the
environment, which {s registered in cell (17,12).

Table 9. Immission into the Netherlands, 1988 (#16,17)

nln kg

‘Free’ emission by production +105,570
{(of which wvaste incineration residues + 1,200)
‘Free’ emission by consuxption + 5,310
‘Free’ emission from abroad + 90
'Free' emission to abroad - 190
'Free’ extraction - incinerated 4,220

Immission ’ 106,560
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Waste disposal, or the emission of pollutants in general, is only one
aspect of the burden on the environment by human activities. Another
important aspect is the extraction of resources. These processes are of
course related: for instance, production of packaging materials made of paper
and cardboard requires wood, inor;y and wvater, and {t results in packaging
waste. Ideally, data on the input from the environment as well as on the
output into the environment of production processes should be shown
simultaneously. In practice one may chooss to combine all ’'free’ extraction
tables in ® 