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INTRODUCTION

1. To meet the request of the seventeenth session of the Statistical Commission,
this paper sets forth a draft programme ,of internatiopal work in the short and medium
term on statistics of the environment.l/ It does not discuss the resources reguired
te carry out The proposed programme, a major portion of which are not now availlable.
Before giving the draft programme of work, the paper discusses the fellowing topics

in order to help assess the proposals: (a) the long-term objectives of international
work on statistics of the environment, (b) the character and scope of these statistics,
(o) their uses and structure, (a) special indicators of the guality of the environ-
ment and (e) the objectives of an international work programme oh environmental sta-
tistics in the short and medium term, which the proposed programme of work is designed
to meet.

2, In preparing this paper, use was made of the documents, discussions and conclu-
sions of the Meeting on Statistical Requirements for Environmental Studies and Poli-
cies that was held in Geneva 19-23 March 1975 and of the ?eminar oh Environmental
Statistics that tock place in Warsaw 15-19 October 1973.2 The former meelting was
convened under the auspices of the Conference of FEurcpean Statisticians; the latter
geminar was Jjointly sponscred by the Conferepnce and the Senlor Advisers to ECE Gov-
ernments on Environmental Problems. Discussions were alsc held with the secretariats
of the United Nations Environmant Programme and of interested specialized agencies

of the United Nations and with cther specialists in the environmental Tield.

I. ACTION BY THE COMMISSION

3. Major elemerts of a system of envircmmental statistics are necessarily drawn
from other spheres, designed for other purposes, and it 1s very difficult to set un-
ambiguoug boundaries on what i1s cr is not properly classified as environmental sta-
tigtics, as such. In line with its exploratory character, and to provide persgpective,
thisg paper contains s wery comprehensive treatment of the subject. The Statistical
Commission may wish tc comment on (a) the directions in which the treatment of the
subject cculd be improved, and (v) the proposed work programme and priorities des-
cribed in sections VI and VII of the paper.

IT, LONG-TERM OBJECTIVES OF INTERNATIONAL WORK ON ENVIRONMENTAL STATISTICS

A. General considerations

L. As in the case of other areas of statistics, a major purpose of international
woerk on environmental statistics is to draw up international guidelines on the data
to be gathered, and the concepts, definitions, classifications and tabulations of the
data. In carrying out this work, account must of course be taken of the purposes for
which the statistics are to be collected and used nationally and internationally.

}/ The paper was prepared almost entirely by a consultant, Mr. R.U. Ayres.

2/ In particular, "Statistics for environmental studies and policies”,
CES/AC.40/2, 1% February 1973 and "Report of meeting held in Geneva 19-23 March 1973",
CES/AC/MO/53 26 March 1973, First session, Meeting on statistics for environmental
studies and policies, Conference of European Statisticians; "Steps toward a system of
envirommental statistics™, CES/SEM.6/2-Env./Sem.1/2, 4 September 1973 and "Conelu-
sions of the Seminar on Fnvironmental Statistics, Warsaw, 15-19 October 1973",
CES/Sem.6/11-Env./Sem,1/11, 27 November 1973, Seminar on Environmental Statistics,
Conference of Burcpean Statisticians and Senior Advisors to ECE Goverrnments on
Environmental Prcblems.
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5. The statistics are required for environmental studies for purposes of formula-
ting government policies natiocnally and internaticnally. The studies may be required
to elucidate the current and likely Ffuture condition of various elements of the nat-
ural environment (atmosphere, oceans, underground minerals, soils, biological organ-
isms) or the man-made environment (housing, industry, urban and rural infrastructures),
to delineate the cause-effect relaticnships between the environment and human activity
or to determine the costs and effectiveness of preventive or remedial acticns. It

may be said that the general purpcse of a system of environmental statistics is to
facilitate the forecasting of the future environmental and human consequences of cur-
rent trends and of alternative policies.

6. Regrettably, in the analysis of the human impact on the envircnment, we are ncw
limited to plecemeal consideration of the discharge and dispersion of pollutants and
the exposure of biological organisms to the pollutants. EKnowledge of physiclogical,
blochemical, genetic, ecological or climatological consedquences is still very limited.
In the case of the analysis of the impact of environmental policies con socic-economic
conditions, however, we are somewhat better off; as will be discussed later, policy
models based on elaborated statistical inputs are now being widely used.

B. The interrelationship between environmental statistics and
other statistics

7. As they are wanted for studies of complex interrelationships among environmental
and other factors, the statistics to be covered in the guidelines should form a
gystem of data rather than discrete sets of statistics on the various aspects of the
environment. So that the system of environmental statistics may be used in conjunc-
tion with other systems of economic and social statistics, it should be co~ordinated
with the latter systems with respect to concepts, definitions, classifications, etc.
The implicatiocns of this will be considered later but two aspects are mentioned here:

(a) A system of environmental statistics of the wide scope contemplated in this
paper will to some extent be closely related to both the systems of national accounts
and balances and the system of social and demographic statistics. While the data of
the two systems in question in the overlapping areas may not necessarily be the same,
appropriate links shoulé be forged between them.

(b) The systems of natichal accounts and balances and the system of social and
demographic statistics are designed to serve as framewcrks for the evolution of co-
ordinated and linked, if not integrated, economic statistics and sccial and demo-
graphic statigtics., The system of environmental gtatistics could provide a similar
basis in the case of environmental and environmentalily-criented stabistics on agri-
culture, industrial activity, etec., and on social conditionsg. In drawing up the
guidelines on the system of environmental statistics, the need to co-ordinate with
exigting internaticnal guidance on the latter fields should alsc be taken into account.

C. MNational and international requirements

8. Ag in many other areas, there is interest in statistics which may be used o
compare and correlate trends in the broader aspects of environmental conditicns and
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problemg in different countries,on which international discussions and action will
probably focus. These studies call for data which are comparably defined and com-
piled by cointries. There appears to be general agreement that the requirements for
such data should be covered in the international guidelines.

Q. Some environmental conditions and problems are themselves international in
nature, for exemple the pollution of international rivers; they may only be resolved
by co-operation among the countries concerned. The solution of such problems also
cdlls for internationally comparable data, perhaps much more detalled than the sta-
tistics needed to compare trends in the case of various countries. As far as is
posgible, these more detailed statistics should also be covered in the international
guidelines; it may be difficult to draw up guidelines on the statistics required to
deal with the more detailed,diverse and particular guesticns involved 1n various
gituations.

10. In the case of statisgtice primarily required for national purposes only, there
appears to be less need to gtandardize concepts, definitions and clasgifications in-
ternationally. Indeed, while many envircmmental guestions are common to a consider-
able number of countries, the nature of the problems, their causes and effects, and
the action needed to deal with them reflect, to a significant extent, the diverse
national circumstances of =ach country. On the other hand, most countries are at an
early stage of developing their environmental statistics and should find internation-
al guidance beneficial. Moreover, the interrelaticnships among various elements of
the physical/biological environment are not well delineated in all cases and inter-
nal problems may develop into unexpected international ramifications. It is therefore
proposed that the internaticnal guidelines should alsc deal with environmental sta-
tistics required nationally., The differences in national requirements should be
recognized by allowing for flexibility in the definitions and clagsifications of
data.

D. Costs and methods of collection

11. The cost of producing statistics may also vary significantly, depending on how
they are generated. Ag a rough generalization, it mey be said that there are two
different cost categories:

(a) Mass-produced statistics. They are easily and routinely compiled from
readily available basic data (especially administrative information), using prepack-
aged available data-processing techniques. These statistics are often generated in
bulk, primarily because they are cheaply cbtained. They are typically published in
compendia on individual subject areas and deposited in secondary data banks.

(b) Tailor-made statistics. They must satisfy certain definite standards and
criteria or furnish answers to pre-specified questicns. The develcpment of the
meagurement or survey technigues, of the guestionnaires, of the sampling, if appro-
priate, and of the procesgsing of the gathered data to be used,often involves consid-
erable costs and efforts initially. Obviously statistics that are tailor-made in the
beginning may beccme cheaply and widely disseminated as the collection and compila-
tion of the data becomes routine.

12. The methodologies of gathering and complling mass-produced statistics vary con-
siderably among countries, depending on national circumstances; this topic is there-
fore not to be covered definitively in the international guldelines.
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13. A number of environmental studies however call for tallor-made statistics.

This will probably be the case in the practical implementation of explanatory models
of economic/environmental relationships. The sources and methodologies of gathering
tailor-made statistics may be quite different in some instances from those used in
cther areas of statistics. Tt therefore seems desirable to include a discussicn of
the advantages and disadvantages of various sources and methodologies in the inter-
national guidelines, without making specific recommendations. Standardization of
measurement techniques seems to ®e cutside the realm of the professional statisti-
cibn; they can, at best, attempt to become aware of scme of these problems.

E. Conclusions regarding long-term objectives

1k, In conclusion, it is proposed that the long-term objectives of international
worlk on envircnmental statistics should be to formulate a system of environmental
statistics, covering the data required both to monitor and assess the conditions and
quality of environment and to develop and evaluate environmental policies and reme-
dial programmes. The system should be co-ordinated and linked with the systems of
national accounts and balances and sSocial and demographic statistics, and should
provide a framework for develcoping enviromment-oriented data on eccnomic and social
activities and conditions. In drawing up the international guidelines, account
should be taken of nationzl, as well as international requirements, for envircnmental
data, but the guidelines concerning national requirements should be sufficiently
flexible tc allow for differences in the needs and possibilities of individual
countries. ‘

15. The international guidelines should concern the items of environmental data
needed and their definition, classification and tabulation. Attention might algo be
given to the sources, methods and costs of gathering and compiling the data, insofar
&8 they are particular to environmental statistics. BSpecific recommendations on
methods of measurement, especially in the case of physical data, seem inappropriate
at this Jjuncture.

IIT. CHARACTER AND SCCPE OF ENVIRONMENTAL STATISTICS

16. As noted above, envirommental statistics should, broadly speaking, furnish a
basis for the study of (a) the condition (gquality) of various elements of the en-
vironment and changes therein, (b) the effects on these conditions of various human
activities and conversely and (c) the costs, benefits and other impacts of preventive
and remedial action.

17. In the paragraphs below, the majcr gquestions of the character and scope of en-
virommental statistics are considered further. The discussion will e rather general
in character; questions of the specific items of data required in respect of each
topical heading will be taken up in the later discussion of the proposed programme of
work on environmental statistics.

A, Elements of environmental gtatistics

15. Environment in its broadest sense is a multidimensional concept, covering a
great mimber of different resource elements including the natural elements (air,
water, soil, biota, undergrcund minerals, etec.) and man-made elements (roads, dams,
urban and rural settlements, housiag,cultural structures, etc.) and certain aspects
of the natural and man-made processes of transforming materials and energy into al-
ternate forms. Th general terms, it can be stated that environmental statistics will
be concerned with stocks and flows {or changes) or these resource elements.

19. The preceding definition of envirommental statistics is broad and general in
character. A more specific deseription and classification of the elements of
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environmental statistics is peeded in order to delineate the content and structure
of the sgyetem and in order to provide background for the proposed programme of work
in the short and mediun term. The preliminary classification of the elements of en-
vironmental statistics set out in table 1 below is intended to serve these purposes.
It will be seen that the statistics of the system are inevitably a combination of
statistics from other spheres (e.g. natural resources and population) and of statis~
tics speclally required for environmental studies.

i Table 1. Preliminary classification of elements of a systen
of environmental statistics

A. Natural elements of the environment

1. The atmosphere: the state, use, pollution and treatment of the atmosphere
and of air resources.

2. The hydrosphere, marine blosphere and underground water: the availability
and state, use, pcllution and treatment of water and water resources.

3. The land surface and terrestrial bicsphere: the availability, expansion
and use, pollution of agricultural, forest, wilderness, ete. land and wild
life.

4, The lithosphere: The extraction, processing and generation of pollutants,

and recycling of mineral resources - metal ores, fosegil fuels and other
minerals.

B. Man-made elements of the environment

Human settlements and networks: The relative geocgraphic digstribution and den-
sity of the population and economic activities, land use in urban and rural
settlements, their infrastructure - water supply, housing (including transi-
tional settlements and slums}g transport, communication, sanitation, recrea-
tional, cultural and social, etc. facilities - ncise disturbances and the state,
generation and reduction of other pollution, of the setilements and networks.

C. Pollutants and wastes: The generation, recycling, use, disposal and impact on
living conditions of various kinds of pollutants and wastes.

D. DBiomes: The uses, pollution, etc. of ecological systems.
E. MNatural disasters: The monitoring, alleviation and prevention of natural dis-

asters, the destruction and other disfunctions they cause in the natural and
man=-made environment and the recovery from then.
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20, It is evident from table 1 that there 1z overlapping between the proposed
categories (modules) of environmental statistics because thege data are classifidd
from significantly different points of view. Thus, the category on pollutants and
wastes overlaps to varying degrees the varicus categories on the natural and man=
made elements of the enviromment not only because varicus pollutants and wastes may
pass from one environmental medium to ancther but also because they may be gener-
ated in using mineral resources, lend, water, etc. and i1n the sctivities carried on
in human settlements. XYor purposes of monitoring and dealing with environmental
problems, it is necessary to trace the disposition to, and flow and transformation
through, envircnmental media of various types of pollutants and wasteg as well as

to determine the state, discharge and reduction of pollution in the case of each
nzatural and man-made medium. The category on blomes overlaps those on the natural
and man-made enviromment because in studying the nature and balance of an ecclogical
area account mugt be taken of the presence, character and interrelations of all en-
vironmental elements (media) in the area. Because of the differernces in the pur-
poses which the overlapping information of the aforementioned categories of statis-
tics are to be put, the frames into which they sre incorperated will of course
differ. For the same reascn, the items of data sought in respect of the overlapping
information may also be more or less different.

B. Relationships and contrast between environmental and
economic statistics

21. It is useful %o discuss the character and scope of the aystem of envirconmental
statigtics in relation to that of the United Nations sgystem of national accounts

{(the SNA). The discussion below is centered on figure 1, which depicts schematically
flows of energy, materials and services (or disgervices) between major elements of
the physical-biological environment and socio-economic activities. The square boxes
in the chart represent highly aggregated economic aggregates and correspond to cate-
gories in the SNA; the circles represent envirommental elements, land, alr, water,
biota,sun.

22. The boxed . area in figure 1 represents the realm of ecconomic activities and of
the market place. Land, some surface waters and immobile .r decmesticated biota are
included in this realm ag they are subject to rights of ownership or exclusive use,
which may, in principle, be exchanged for money in a market. (Whether the exchange
in fact occurs or whether the market is "free' in the strict sense, does not matter).
Commodities or services which may be exchanged in the market can be, and cften are,
priced. As a consequence, it is possible to convert all stocks and flows within
thig realm to a common unit of account, namely a monetary value. As econcmic trans-
actions form a quasi-closed circuit in the case of an open economy, Ior example from
production to distributed factor incomes and finally to disposable income and back
again as oubtlays on consumption and capital goods and services, it is possible to
define receipts and outlays as equal in the case of certain economic aggregates by
creating balancing items on changes in stocks and borrowing and lending funds.

These are the well-known accounting identities which underly the accounts and
matrices of the SNA.

£3. The fundamental conditions for exchange and pricing are missing in The case of
air, many mobile forms of biota, the oceans, the sun and are difficult to apply in
the case of such resources as public streets, parks, or cultural monuments. Mate-
rials, energy and services (or disservices) provided by these resources are outside
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the realm of the markst place.é/ It is usually not feasible to esgtablish or simu-
late market mechanism to determine monetary values though these valuesmight perhaps we
set arbitrarily by naticnal or internatiocnal authorities. In general, all environ-
mental disfunctions that are listed in table 1 generate externalities (or disservices)
to humans (consumers in the broadest sense of the term) which are oubtside the realm
of the marketplace and hence cannot be valusd in conventional terms. This not only
suggests why envircnmental concerns extend, in pert, beyond the reach of standard
economics and its statistical underpinnings but alsc illuminates the interface be-
fween the two realms.

2. In general, economlic statistics mainly measure the quantitative allocation of
stocks and flows of scarce resources, goods and services and incomes among economic
agents, including environmental protection and improvement. One of the areas of
overlap between environmental statistics and economic data is the measurement of
these resource flows and the resulting changes in the costs .and benefits of environ-
mental resources. Clearly, a major concern of environmentsl statistics should be
the guantitative allocation of stocks and flows of various forms of energy and phys-
lcal materials among and befween eccnomic and environmental elements. It is inter-
esting to note that as these quantities are subject to the basic laws of physical
congervation, accounting identities and input-output matrices may be used to des-
cribe stocks and flows of energy and materials. However,, only one unit of account
and one classification acheme may be used in the case of each matrix. In addition
to congerved units of account, the system of €nvironmental statistics may also in-
corporate non-conserved units such as entropy, chemical form or physical form.
There the use of matrices offers no particular accounting advantages.

25. TIn sum, environmental statistics consist, to a considerable extent, of non-
monetary measures of the maghitude of the gservices or disservices. In other words,
the system of envirommental statisfics must incorporate a variety of measures of
effects on physical systems, for example on lakes, rivers, the.atmosphere, struc-
tures and "built elements", urban areas, ecosystems and individual biological
organisms. This:greatly complicates the statistics required for environmental
analysis as compared to those needed for economic analysis, where-a common denomiha-
tion preovided by monetary values is given in the market.

C. Technical aspects of environmental statistics

26. A further dimensicn of complexity is alsc suggested by reference to figure 1.

" Bach flow of materials or energy is labelled by one or more of the letters A through
D. The purpose of this designation is to identify the major technological deter-
minants of that flow. Thus the flow of raw materials to first stage processing de-
pends on available technological capabilities, in relation to the existing geo-
chemical distribution of elements in the earth's crust and in relaticn to the exist-
ing biological and biochemical capabilities of plants and animals, as well as on the
final demand for the goods and services produced from the semi-finished products.

If all of these factors were constant in time they might be disregarded, but in

fact they are capable of rapid change as a result of human interference, both inten-
tional and unintentiornal.

é/ However, it is not inconceivable that the innovation of certain concepts
might make it feasible to extend the realm of the marketplace.
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27. The rapid changes in man's techneological capabilities are legendary and need
not be documented here. It is perhaps less obvious, hence worthwhile to emphasize,
that the geochemical distribution of elemente on the earth's surface, and the bilo-
chemical capabilities of plants and animals may also change significantly during
periods of the order of decades.

28. 1In the case of geochemistry, the progressive exhaustion of high quality ores
of certain types is an cbvious case in point. The so-called chalcophile elements
(copper, zinc, lead, tin, silver, cadmium, mercury, arsenic, etc.) aE? all used much
=/ This 1s
because the elements were easy to identify and to separate from ores through simple
roasting or gmelting. One conseguence is that high grade ores, especially of copper,
gilver and tin, have been largely used up and much more claborate and costly refin-
ing processeg are nowy required. Another consequence is that large gquantities of
sulfur oxides and trace quantities of toxic metals, such as cadmium, mercury and arse-
nicy are released to the environment during the processing of lead, zinc, copper and
silver ores.

29. The trend toward using lower and lower quality copper, silver and other cres
may well exacerbate this environmental problem. But it may alsc accelerate a shift
to other metalg, especially aluminium, which has very different environmental
implications.

%0. The wvariability of bioclogical and biochemical capabilities is most evident pos-
itively in the case of the so-called Green Revolution. Research resulted in devel-
oping important new strains of wheat, corn and rice in the past few decades. How-
ever, there are also progressive changes of potential negative significance, for
example the evolution of highly resistant strains of pests in many parts of the
world, perhaps due to excessive dependence on chemical pesticides. Another area of
changing conditions is in the diversity of species in natural communities. Many
formerly rare species have now become extinct and a much larger number of species

is now endangered.

31, Changes in geomorphology, hydrology and climate are also taking place. The
pressure of human gettlement has apparently been instrumental in cohverting much of
the land around the Mediterranean basin from forest to near-degert. A similar pro-
cess of deterioration is presently occcurring along the southern tTier of the Sahara.
Erosion and silting as a result of cultivation and overgrazing, irrigation, forest
fires or prevention, and large-scale construction of roads, dams, etc., may lead to
changing vegetation, surface temperatures, wind velccities, surface runoff-rates
and even rainfall.

32. IEven final demand is clearly not ah endogenous variable determined entirely by
economic conditions. While perscnal income, unemployment, taxes, government spending
and income distribution are clearly relevant, it 18 equzlly clear that other factors
such as population size and composition, education, leisure time, human tastes and
preferences also affect the demands for, and hence the supply cf, goods and services.

E/ Sulfur-loving metals which tend to be found as sulfide ores often linked
together in by-product and co-product groups.
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D. Conclusions concerning the character and scope of
enhvironmental statistics

33, Envirommental statistics, in general, concern the measurement of the stocks and
Tiows of, and the values cr effects attributable to, snvironmental resources and dis-
functions. A number of aspects of these topics lie outside the realm of economic ‘
statistics because certain kinds of environmental resources are not the subject of
ownership and exchange;they and environmental disfunctionsg are not valused in the
market. Envirommental statistics will necessarily need to deal with the technical
factors which generste changes in, or which differentiate, the stocks and flows of
resources. Thus, statistical categories will be needed in respect of geochemistry,
climatology, hydrology, biclogy, ecology and technology.

IV. STRUCTIURE OF ENVIRCNMENTAL STATISTICS

3L, This section of the paper deals with the micro structure and macro structure of
a system of environmental statistics,

A, The micro structure
1. The statistics

55. One may place most of the existing statistics on sguch subjects as health and
accidents, demography, housing, transportation and the weather in the category of the
mags-produced statistics discussed earlier, Many of these available mass-produced
statistics have certain values as indicators of enviropmmental conditicons and trends.
For example: the incidence of various types of cardiovascular or bronchial dis-
eases has been linked with certain kinds of air polluticn; chromosomal aberrations
and embryonic malformations in the case of various species, both in vivo end in
vitro, correlate with the presence of radio-nuclides and/or teratogenic chemicals;
the presence of harmless Escherichia Coli or Streptococcus Fascalis in water suggests
the likelihcod of other more dangerous bacteria such as some strains of Salmonellas;
and five-day biolegical oxygen demand (BOD—5) is an approximate indicator of the
guantity and blodegradability of organic matter in water. Such data are routinely
used as proxies for measures of envircnmental circumstances. Mass-produced data on
population distribution and density, housing, transportation and cother aspects of
human settlements furnish direct measures of the quality of the man-made environ-
ment. Data of this type may also be gathered and compiled cn the gquality of the
natural environment, for example on atmospheric particulate concentrations, on
the extent of suspended biodegradable and persistent pollutants in water or the de-
gree of galinity of agricultural land. Individual series of stacistics can be, and
are, compiled from these measurements., These statistics furnish indicators of the
quality; as well as some of the disturbing effects, of the environment, which are of
interest to policy-makers and the public, at least to monitor the need for action.
However, the value of the statistics for purposes of analysis and long-term assess-
ment of problems is limited because of the lack of information on relationships and
causal factors.
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2. The multiple factorg in environmental conditions

36, In most convenbional statistical work it is convenient and reascnable to assume
that all relevani exogenous factors may be adequately taken into account by combin-
ing a determinative relationship and random variable. Thus, the reletionship be-
tween perscnal income and educational attainment might be approximated by a simple
linear relationship between medlan income and median educational attainment, treat-
ing all deviations as though they were accounted for by a random (hidden) variable
idistributed according to a normal distribution function.

37+ TIn the case of environmental analysis, this question is constantly recurring.
For instance individual air pollution dose-exposure cbservations at a given location
vary widely from day to day and from hour to hour. At leagt one major secular trend
is generally present: the slowly increasing total quantity of emissions over the
area. There are alsc diurnal (day—night) and seasonal (summer—wintET) fluctuvations
to be considered along with the geographical distribution of sources. Meteorologi-
cal factors, such as the wind direction, wind velocity at variocus levels, tempera-
ture gradient and atmospheric stability, alsc contribute to the "real” dose-
expesure distribution function.

38. An obvious question arises: which and how many of the factors mentioned asbove
should be explicitly incorporated in a system of envirommental statistics and which
should be lumped tcgether and treated as a random variable with an underiying fre-
guency distribution function? Tortunately, a final answer to this guestion nsed not
be given at the present time. In fact, for many years to come it may be assumed
that the available data on all of the factors which determine the relationship be-
tween the distribution of residual emisgions in space and in time and the distribu-
tion of their physical, biclogical and sensory effects, will be significantly in-
complete. It is also likely that the completeness, and thus the reliability of the
available data,will, in the case of many countries, increase as the years pass.

59. The phenomenological relationships between causes and effects which a system
of environmental statistics will attempt to reflect may be expressed as a set of
symbolic functional transforms, the detailed guantitative mathematical representa-
tion of which may not be known at the outset. In any case, it may be expected that
the theoretical understanding of these relationships will gradually improve. Tt is
important, however, to ensure that the development of statistical time-geries will
Tacilitate the unravelling of these complex relationships and not gimply add to the
confusion.

5. The need for a basis in physical or socio-economic theory

LO. TIn practical terms, the above discussion merely suggests that data incorporated
in a system of envircmmental statistics should have a definite physical cor eccnomic
interprevation. In cther words, the mathematical procedures used to process raw

data into individual statistics should have a basisg in physical or eccnomic theory.
The purpose of this ‘s primarily to permit retroactive modification of the statistics,
as gaps in the underlying theory are later filled in or erroneous agsumpbions are
later corrected.

4Y1. At first sight this recommendation may seem unnecessary. However reflection on
the relatively brief history of the classifications used in national accounting
should provide an adequate justification. The difficulties and frustrations of rec-
onciling rational asccounts data for different years, or for different countries,
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because of shifts in the categories and levels of aggregation, are well known.

These difficulties are, to some extent, inevitable as it cannot reasonably be ex-
pected that all classifications and definitions adopted at the outset will prove to
be useful indefinitely., However, if the likelihood of needed future modifications
and alterations is admitted, the problems of reconciliation facing future users of
the system should be minimized as far as is possible. The suggestion that environ-
mental statistics should have a definite physical interpretaticn is based on the
rotion that the interpretation itself would remain constant though the computational
methods chosen may need to be modified from time to time.

E. The macro structure

1. Policy requirements for data

4z, As is emphasized in the summary of conclusions of the Seminer on Environmental
Statistics, in Warsaw, there are two quite different perspectives in making decisions
on environmental problems, each of which calls for essentially different types of
statistical information.z/ The first mey be called the short-range perspective,
which is oriented to a particular or local problem involving unresolved scientific
gquestions, for example, damage effects., For this type of situaticn it is useful to
have access to & large collection of mass-produced statistics gathered together in
a secondary data bank, for example a special serieg of files or a library, for deci-
sion making. The second perspective may be described as broad focus, comprehensive
problem assessment, which is criented to the long-range impact of major shifts in
economic and/or environmental policies at national or international levels.

43, To the extent that it is appropriate to utilize comprehensive, long-term input-
output medels in environmental analysis, the immediate need is to develop the neces-
sary environmental statistical inputs. These inputs will, almost by definition,
constitute a system of environmental statistics, in constrast to a colleetion of in-
dividual statistics or a secondary data bank. Such a system would presumably en-
compass measured stocks and flows of energy and physical materials, including pollu-
tants, among elements both of the economy and of the natural environment .

b, It mey be possible, to some extent, to compromise somewhat between the short-
and long~range perspectives in respect of decision making. In principle, one can
seek to develop a sel of individual statistics designed for the purpose of providing
reliable short-run ad hoc guidance on the current state cof, and major trends in, the
envirenment which., will also satisfy the more rigorous requirements of comprehensive
short-range regression, or long-range input~-output, models.

2. The character of the statistics and the accounts

L5, To this end it was concluded by the seminar in Wersew that the most profitable
approach is to consider the enviromment as consisting of resources of a general
character, subdivided into various clasgsifications of their elements which reflect
the purposes at hand. Most of these elements are at present cutside the realm of
the exchange economy and therefore are not casily assigned market value. However,
despite the lack of an objective means of determining values, both the stocks and
flows of these elements might, in practice as well as in principle, be meagured, at
least approximately. Thus accounts may be initially develcped in physical terms, as
in the case of the input-output tables derived from the material product accounts of
the centrally planned economies. The general scheme for this purpose is indicated
in table 2. Examples showing the method of constructing accounts are given in
table 3.

5/ See "Conclusions of the Seminar on Environmental Statistics” op. cit.
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- 46, The delineation and measurement of envirommental rescurces Tor accounting pur-
- poses need not be limited teo any particular level of aggregation or any particular
physical unit of measure. Examples are: land area available for yscreation and
land area available for agriculture; quantity of fresh water available for drinking
and for agriculture during a year, area of water surface suitable for sailing, fish-
. ing, etc. and length of shoreline (beach) suitable for swimming; knownh petroleum
resources recoverable at the current world market price. All of these measurements
may be made or estimated through a well-defined procedure at any given time; the in-
creases or decreages due to various natural factors or human activities may also be
’recorded annually It shoulé be emphasized that baelances between the elements are
an essentlal aspect of the gcheme. TFor example as the total amount of land avail-

- able for. gll purposes  is relatively fixed, transfers from one use of land to

f‘another Wlll appear as counterbalan01ng deblts and credits. This holds true for
'u.other fized or gquasi- -fixed resources such as air, shoreline, etc. Even if this were

' hot ‘the ¢ase, the increases or decreases in land shorelines, etc. may ‘be exogenously

' :1ntroduced that 1S from the cutside into the accountsn

L7. 1In cases where decisions must be made on the basis of cost/benefit considera-
tions, special eccnomic analysis may often provide rough guidance on the difficult
. guestion of monetary valuation, for example through the use of shadow prices. A
o onumbEr of gtudies have already undertaken ad hoc valuation in order to balance tangi-
;‘ble econonmic benefits such as agrlcultural productlon against less tangible non-

‘ marketed bernefity such.as recreation. While the validity of the answers may be
‘quesfloned until a more generally accepted theory is developed, the value of the
xphy51cal statlstlcs themselves will be unaffected by these arguments.

48, It must be empha51zed that, while the aforementioned approach is highly flexi-
ble - indeed, rather lcose - it retains the essential feature of connectedness re-
‘:qulred Tor purposes of a statistical system. In fact, it is easy to see that the
~‘genéral - stock-flow matrix introduced in the case of a gystem of social and demo-

'gf=gnaphlc statlstlcs ig appllcable to environmental resources as defined, for instance,
"lﬂ tables 2 and - 3._

5; Uses of the data in model building

f'49,y The extensive dlscusslon in that document elearly suggests, by analogy, the

mathematlcal ba81s for a variety of p0351ble environmental meodels. Without doubt,

) many o the- envlronmental studies that will be undertaken in the future will involve
eonstrudtion” of simulation, projection or optimization models of elements of the

'.L env1ronment notw1thstand1ng the fact - emphasized by Peskin -~ that polizy-makers

ma.y nof/requlre very detailed information to choose between various available op-

An important category of intermediate users of environmental statistics
will undoubtedly be modeél builders. Some general comments about the informaticn re-
"qulrements of such models will provide helpful perspectlve on the questlon of design-
~ling & system of environmental statistics.

‘50. Referring to figure 2, it is clear that three Baéic subject areas for mcdelling
may.be.distinguished.

S 6/ "Towards a system of social and demographlc StatlSthSB Preliminary version",
. Unlted Nations Secretarlat ST/STAT.68, 2L July 1973.

T/ Henry M. Peskin, ‘"National Accounting and Envirconment", Artikler Fra
Statistisk Sentralbyra, NR 50 (Oslo 1972).
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(a) Models dealing with the resource/residual implicaticns of ecconcmic activi-
ty and of the economic impact of remedial efforts.

(b) lModels concerning the invelved natural phenomena for exampie the physical/
biological transport, cycling and dispersion of pollutants and the perturbations of
natural equilibria.

(c) Models dealing with the environmental consequences of non-econcmic human
activities, including remedial efforfts and the social consequences of envirommental
disequilibria.

51. Models of some topics in {a) and (b) above are fairly advanced, but excepting
demographic projections, models in (c¢) are still quite primitive and scarce. Thus,
to the extent that social models, that is on the topics of (c),are at a low level of
development because of the absence of an adequate statistical base, it may be that
evolving a system of envirommental statistics coupled with a system of sccial and
demographic statistics, would yield its greatest long-term benefits.

52. A comprehensive, interlinked family of eccnomic, social and physical/biological
models for envirommental analysis, as shown in figure 2, may be envisioned. Some
categories of models are quite well represented, whereas others are at present,
essentially empty boxes. By and large, modelling capabilities are much greater at
the aggregate naticnal level than at the local level or than at thg international
level. Mest of the occupied boxes are on the top row of figure 2._/ Generally
speaking, eccnomic models are operationally more advanced than physical mecdels, The
thysical phenomena underiying some environmental conditions only, for example, the
diffusion of pecllutants in air or water, are well understood. Much basic data re-
maing to be acquired with regard to atmospheric chemistry, biological uptake and
concentration of heavy metals or chlorinated PCB's, etc. Many economic models are
regularly used in actual policy assessments whereas few, if any, physical environ-
mental models are yet used for this purpcse. The physical transport and damage
models are, in any case, almost exclusively local in scope. Their detalled capabil~
ities are thersfore not particulasrly relevant, until an adequate system of economic
models beccmes available to drive the physical and biological models.

53. The effort at international input-output modelling sponsored by the Department
of Economie and Social Affairs of the United Naticns, for which Mr. Wagsily Leontief
is the principal consultant, is an ,early step in the development of such an econonmic
model at the interregicnal level.g/ Further model building could be mutually bene-
ficial with the development of a system of environmental statistics. The package

of interlinked macroc models exhibited in the upper half of figure 2 probably defines,
as well as can be done at this stage, the linkages between the system of environment-
al statistics, on the one hand, and a system of national accounts (SNA) and a system
of social and demographic statistics (SSDS),on the other.

8/ The terms "global" and "locel" in figure 2 are, of course, relative. In
practice, the largest scale of glcbal modelling is generally at the national level.
Truly worldwide models have yet t{o be built.

2/ The United Nations Study on the Impact of Prospective Environmental Issues
and Policies on the Internaticnal Development Strategy.
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54. The models displayed in the upper half of figure £ eagsily divide into three
groups, depending on which statistical system they primsrily drew data from:; in a
few instances they require data from two or more of the systems. For example eco-
nemic models of final and inter-industry demands draw cn the data of a system of
pational accounts, for example the SNA. Data for projecting the growth of the popu-
lation and immigration, social indicators and so forth would come from a svetem of
social and demographic statistics, for example the SSDS. Models on the availability
and requirements for national rescurces and the ocutput, dispersal and transformation
of residuals would depend on a system of environmental statistics. Political re-
sponse models would draw on the data from all three systems.

5. It is worthwhile to note that the link between inter-industry models and resid-
ualg output models has already been well developed, at least in the case of the
United States. Tebles of residual generation coefficients for kinds of industrial
activity have been compiled by several research groups; this work is now being ex-
tended to the level of individual production processes or technologies.=/ The
materials-balance concept has already proved to be a valuable tocl for estimating
regidual outputs by indirect means where direct measurements or survey results are
unavailable or untrustworthy. Peskin has recently demonstrated this use in un-
covering classification errors and other migtakes in data provided by enterprises to
the Central Bureau of Statistics, Norway.li?

56. The use of inter-industry models in projecting the output of residuals and
abatement costs has revealed certain weaknesses in their usual form for this purpose
and has stimulated their extension or mcdification, especially to take account of
alternative technologies and substitutions. In the end, it is likely that some form
of activity analysis or of materials-process-product modelling will be needed in
order to provide a more natural link between materials flows and balances, on the
one hand, and eccnomic activities, on the other. This will not eliminate the need
for input-output models; rather it will broaden their uses and statistical regquire-
ments.

C. Conclugicns concerning the structure of environmental statistics

57. It is valuable for such purpuses as monitoring envirommental conditions to have
summary measures of mass-produced statistics relevant to environmental matters.
However these statistics usually consist of measures of symptoms or effects rather
than of the underlying causes of the conditions. These data are therefore nobt ade-
quate for & system of environmental statistics. A system of envircnmental statistics
which will have consistent meaning over a period of decades must be based on general
and upambiguous categories of stocks and flews such as quantities of minerals, water,
biomass or energy. Unfortunately, such quantities are not always directly measur-
able; instead they must be computed. However, even when the method of computation
is. approximate, and changes from cne year to the next, it is always feasible to com-
pile comparable statistics for successive years or decades by recomputing earlier
Tigures as improved computaticnal methods are developed.

lO/ Notably by the Envircnmental Protection Agency, the Univergity of Maryland
(Cumberland et al.}, the Tnternational Research and Technology Corporation
(Gutmanis, Shapanka) and Harvard University (Lecntief, Ford).

11/ Peskin, op. cit.
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58. The macro structure of the system will depend on the uses to which the statis-
Tics are put. ©Short-term, localized or narrowly focussed problems require access

to individual statistics on a range of aspects of the state of the environment.
Analysing and dealing with long-term, non-local problems require the use of compre-
hensive analytical models. An attempt should be mede to satisfy both requirements.
Compiling a systematic set of envircnmental resource accounts, using available
accounting balances for materials and energy flows,will serve these needs. The data
of the system would then be useful for a range of moniteoring, analytical and rolicy
‘purposes, including model building.

V. SPECIAL TINDICATORS CF ENVIRCNMENTAL QUALITY

59. In the paragraphs above, the uses of envirommental statistics for policy analy-
gis has been emphasized. Another important use of the statistics is to inform
policy makers, the public and others about the state of the envircrment. As has
already been noted above, certain series of individual statistics which are already
being collected may be used as indicators of the guality of the environment. FEx-
amples are data on residuals discharges, ambient concentrations of pollutants id
air or water or on the incidence of health digabilities known to be due to environ-
mental conditions.

60, There is also an apparent need for aggregated indicators, for example on grosgs
national pollution or on the quality of the environment. Such indicators may con-
stitute a special class of environmental statistics. The problems involved in con-
structing composite indicators are ceonsidered below, in the context of three areas
of concern: polluticon, noise disturbances and disfunctions caused by inadequate
planning and misuse of man-made elements.

A, Pollution

61. The various forms of polluticn result in a change in the physical cdnipesition
(addition of pollutants) of envirommental elements, for example air, water and soil.
The guality of these elements may be characterized by the quantity and kinds of
pollutants which are present. The selection of the particular types of pollutants
for which indicators should be developed should be based on the extent to which the
different pollutants are of major concern because they affect human conditions and
activities., One difficulty is that the effects may be incommensurable: pollutants
may be hermful or dangerous to human 1ife, they may cause discomfort or aesthetic
disgatisfaction to perscns, without being harmful,or they may affect economic acti-
vity, for example production processes and productivity. Turthermore, in scme in-
stances two or more pollutants may be harmless separately but dangercus in combina-
tion. The critical difficulty in building composite indicators of quality is deter-
mining the weights to be attached to each of the incorporated individual statistics.

B. DNoise

62. In the case of disturbances caused by noise the environmental process is differ-
ent in character. These disturbances do not result in a change in the physical com-
position of an element of environment; noise is of course not stocked in the environ-
ment in the same way as pollutants. Environmental deterioration must therefore be
measured in terms of the nature and quantity of noise produced during a given period.
The disturbances caused by noise depend not only on the average intensity of noise
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produced but also on its frequencies and duration —and on the density of poten-
tial receptors (people) in the vicinity. In addition to separate data relating to
each of these aspects of noise, a composite indicator is therefore needed on the
combined impact of all of these aspects. The problem of constructing such indicators
consists of defining and weighting the various dimensions of noise. In other words,
there 1s embiguity concerning the critical factors in the environmental damage re-
sulting from noise.

k)

C. Man-made elements

£3. Disfunctions resulting from defective planning and misuse of built elements are
similar to pollution in that the involved environmental elements undergo changes in
physical composition. Moreover, the state of the man-made elements may be character-
ized in terms of their characteristics of quality. Many problems arise in identify-
ing the characteristics that should be messgured. The quality of a built-up area
might be represented by a set of coefficilents on the number and lccation of available
facilities, for example schools, hospitals, cultural establishments, and on the number
and charagcter of the persons these facilities are designed to, and do, serve. The
difficulty is: how should these coefficients be selected and to what extent may
they be selected on the basis of cbjective criteria? Here the ambiguity is greater
than in the case of noise; not only the underlying factors but also the effects of
environmental damage are dlfflcult to identify or quantify.

D. Conclusions concerning the special indicators

6. There is considerable international interest in developing special indicators
of environmental quality, at least in the case of specific elements of the environ-
ment. Thesge indicators are important for monitoring the state of the environment.
However, their development may be slowed by the difficultles of identirfication,
guantification and weighting. FPEnvironmental effects are diverse, incommensurable,
often non-linear, for example antageonism or synergism between combinations of en-
vironmental agents. Moreover, there are unresolved ambiguities and uncertainties
concerning the underlying factors and consequences of given disturbances. Some of
these ambiguities may be eliminated as scientific knowledge advances, but others,
especially in the reglm of sensory and psychic effects, may be unresolvable,

VI. MEDIUM-TERM OBJECTIVES OF A PROGRAMME OF WORK ON ENVIRONMENTAL STATISTICS

A, Need for priorities of work

65. The design of a system of environmental statistics calls for detailed study and
definition: (a) of the data, classifications and tabulations required for environ-
mental monitoring, studies and policies, that is the contents of the system, and (b)
of the ways in which and means with which these data should be organized into a
coherent and linked framework, that is the structure of the system, its internal and
external links, etc. This is clearly a long~term programme which must be carried
out in stages. It is therefore essential to consider the priorities toc be attached
to the items of work to te undertaken, and in particular, the aims of the work in
the initial stages of the programme.

66. While the main emphasis at the outset of the programme of work should be on the
general content rather than on the structure of a system of envircnmental statistics,
the latter point should not be ignored. This approach is= appropriate for the follow-
ing reascns:
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(2) The need for statistics to deal with pressing environmental problems is
urgent. The development of these data should not be delayed by devoting consider-
able resources to elaborating the structure of a comprehensive system. TIndeed, it
may be that these immediate needs are better served by a relatively simple set of
statistics which may be devised and gathered and compiled rather soon, than by a
more complete system which will teke much longer to formulate and implement.

(b} The available methodologies and models, which should be the main deter-

s minants of the detailed structure of a system, are not yet sufficiently well defined

tc enable the working out of a comprehensive and definitive system. Indeed, it is
doubtful that a statistical system can ever be complete and definitive. Research
into users'needs is essential; the availability of a relatively simple set of en-
vironmental statistics at an early stage will promote this research.

(c) However, thcough users' needs may best be determined through experience in
using the statistics, the purposes to which the statistics may be put obviously de-
pend on the scope and internal and external co~ordination, linkages and other con-
nexions of the data. Thus potential uses must be anticipated even at an early stage
of the work,in order to maximize the utility of the system at later atages of
evolution,

67. Tor the first two reasons set out above, the development of data should con-
centrate initially on the requirements for statistics in the case of selected, urgent
probiem areas of the environment. These statistics should be formulated in consider-
able depth and detail; efforts should not be made to deal with the entire area of
environmental statistics in the same thoroughness.

63. It is clear that the formulation of, and international agreement on, guidelines
on a system of environmental statistics will be a lengthy process. ot only will
the final system call for a considerable range and volume of statistical series, of
data processing and of analysis, but the contents, and perhaps even the scope, of
the future system may only te defined over a period of time as environmental analysis
progresses and the tradeoffs between the benefits and costs of various tailor-made
stazistics are explored.

69. The above 1s not intended to suggest that implementation of certain portions of
the system should await final specification of the whole of it. On the contrary it
1s essential,and should be feasible, to define and develop given parts of the system
in the near future. At the same time the groundwork mey profitably be laid fer
future extension of the work to other parts of the system. '

B, Priorities of work

T0. An appropriate way of delineating a medium-term programme of work on statistics
of the environment is to base it on the data called for by the urgent environmensal
concerns. These concerns relate: (a) to the envircnmental aspects of human gettle-
ments, (b) to pollutants in relation to man's activities and welfare, (c) to pollu-
tion in the case of energy and non-energy minerals and (d) to the quality of environ-
mental reservoirs (elements). .
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1. Human settlements

Tl. Ag better living conditions are the ultimate cbjective of the International
Development Strategy, the state of, and underlying factors in, the quality of human
settlements and policies and programmes for their improvement are subjects of major
concern. The pollution of urban areas generated by industrial activity i& also an
important consideration in the case of the Strategy. Similarly, the first session .
of the Governing Council of UNEP gave high priority to work on the envircnmental
agpects of human settlements for two major reasons: ‘the pressing problems generated
by large-scale migrations of people within countriesg and the deterioraticn of both
urban and rural settlements; and the great role of these settlements in the quality
of life of the inhabitants. : '

72. 'The major topics on which data are required in order to deal with theé concerns
outlined above are enumerated below.

(a) The distribution, dengity, migration and growth of the population in the
case of urbapn and rural settlements, in relation to that of economic resocurces,
activities and opportunities and other underlying circumstances and factors.

(b) The supply as compared to demand and the quality of the facilities and
services in urban and rural settlements, such as housing, sanitation, water and .
energy, transport and communications, educaticn, recreation, culture‘and otherACOm-'
munity and social amenities.

(c) The state of pollution, the generation, disposals and abatement of pollu~
tants and wastes and the transformation of pollutants, in the case of the enViron—
mental reservoirs of urban and rural setilements.

2. The emission and flow of pollutants

5. The internaticnal input-cutput study referred to in paragraph 53 above bh the
implications of environmental concerns Ffor the International Development Strategy
illustrates, at the world and major regicnal levels, the statistics reguired on the
emission and flow of pollutants. The approach being followed in that study illus-.
trates the way in which the various modules (components) of Tigure 2 may fit to-
gether into a large~scale model.

™. Three classes of stabistics are called for by the study.

(a) Statistics from the systems of national asccounts and balances (SNA or-MPS),'
incluading input-output coefficients.

(b) Statistics for long-range forecasts for purposes of projecting the input-
output model into the future. Demographic and gocial variables are mainly involved.
The study will also incorporate certain long-range technolegical projections. The
former statistics are included in a system of sccial and demographic. StatlSthS.

(c) Statistics on the flows of materials through the economy and env1ronment .
regervoirs, especlally pollutants into various environmental media as a consequence
of economic activity. Data will also be wanted about actual and proposed pollution
standards. These data shouid constitute a module of a system cof env1ronmental -
statistics. '
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3« FHEnergy and non-energy minsrals

T5. Apnother azrea of United Nations activity that has high short~term priority 1= the
environmental aspects of production and consumption of energy and non-ensrgy minerals.
The Stockholm Plan of Action, approved by tThe General Assembly, calls for a report on
gquestions of supplies and demands and uses and pollution in the case of fossil fuels and
other sources of energy; the Governing Council of UNEP asgigned high priority to these
guestions. The recent special session of the General Assembly of the United Nations
emphasized the importance of exploiting, and receiving a just return for, fossil
fuels, metal ores and other minerals and of adequate and reasconably priced sources

of energy to the economic development of lesg industrieslized countries. These prob-
lems are central to the International Development Strategy. GQuestions of the ade-
quate and economic supply of energy and of metal ores and of the environmental

effects of producing, processing and using these commodities are also major concerns
of developed eccnomies.

T6. Unfortunately, the existing statistics, particularly on metal ores and other
minerals are very inadequate for purposes of dealing with the urgent problems cut-
lined sbove., It is eassential tc remedy these daficiencies by formulating and devel-
oping a more comprehensive body of stdtistics on energy and non-energy commodities in
the immediate future. These statistics, which are needed for a variety of purposes,
would algso be used in constructing a module of the system of envircnmental statistics
which would cover .the following topics:

(a) The supply - domestic extraction and conversion and import - and :
demands - domestic intermediate and final and exports: values, gquantities and
prices in the case of fossil fuels, in the case of other sources of energy and in
the case of non-energy commodities.

(v) The generation, abatement and recycling and other means of elimination of
pollutants in the extraction, preocessing and transformation of fogsil fuels, of
other sources of energy and of non-energy commcdities.

L., Quality of environmental reservoirs

T77. The Governing Council of UNEP assigned high pricrity to the EHarthwatch programme,
in particular to monitoring the state of, and trends in, polluiion of water, air,

soil and land, food and ecological systems. This information is an essential initial
step in assessing and proclaiming the deteriorative effects of man's activities on
the environment and the potential harm to the health and other aspects of man's wel-
fare of the polluted environment. Thus the quality of air, water and other environ-
mental reservoirs ig receiving substantial and rapidly increasing local and national
attention in the case of both developed and developing countries.

TH8. The formulation and development of data to monitor the guality of various en-
vironmental reservoirs {media) should be carried out in stages ordered according to
degree of complexity and difficulty. The work should first ccncern measures of the
ambience (degree of pollution)gfenvironmental media at local levels. The gecond
subject of attention should be appropriate measures of the average degree of pollu-
tion of environmental media in the case of regions, especially those commen to the
various parts of a region, for example a river basin. Finally, work should be under-
taken on ways of correlating, that is building models azbout, the trends in the am-
bience of environmental media and the disposal and flow of pollutants into them. The
geographic area covered in these studies would vary, depending on the scope of, and
copnexions between, the given reservoirs. Exploring the counexions between the gual-
ity of environmental reservoirs and the health, or other living conditions, of the
exposed (at rigk) population involves linking data from a system of social and demo-
graphic statistics with these envirommental statistics.
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79. The third task mentioned in the preceding paragraph involves the building of
dispersion models. Evidently there is a tradeoff, still to be explored, between the
size of the region and the validity of dispersion models. For a very large and di-
verse region the dispersgion model would have to be exceptionally accurate to avoid
suppressing significant details. It would be easier tec develop meaningful results
for a smaller region, for example a single city or river, but data of broader scope
are also wanted. However, global atmospheric circulation models exist, at least

gor some air pollutants, for example particulates and oxidants. Thus, it is probably
meaningful teo consider the air pollution potential of a continental region such as
Europe. Similarly, large-scale ocean circulation models either exist now or will be
developed shortly. Théy would permit estimation of ocean pollution potentials in
the cage of pollutants such as petroleum residues, heavy metals, DDT and PCB.

VII. A PHASED PRCGRAMME OF WCORK: THE TASK LIST

80. This section of the paper deals with the tasks involved in carrying oul the pro-
posed medium-term programme of work outlined in the preceding section. It should be
emphasized that these tasks can be undertaken only 1f adeduate resources are mede
available for this purpose. As the tasks are developed the conceptual and classifi-
cation framework will evolve and undergo modification.

A,  An overview

81. Before describing each of the tasks (see paras. 88-109), it is useful to indi-
cate how they fit together.

82. Tasks a through d are intended to furnish information for laying the groundwork
of work for the other tasks to be undertaken in the short and medium term. These
tasks sre to be carried out in order to determine the specific requirements of gov-
ernments Tor environmental statistics and models (tasks a and b), the data which are
now available to meet these requirements {task c) and the additional statistics
which it is necessary to develop (task dy.

8%, Tasks e through g concern the collection and compilation of the statistics of
environment dealt with in the list of tasks, that is on the environmental aspects of
humen settlements, on materials balances, on energy balances and the quality of the
environment, respectively. The result of carrying cut task c and the early phases
of the tasks on the aforementioned four areas of data would be to publish the first
compendium of environmental statistics.

84. Tasks h and i concern the development of a module of the System of environmental
gtatistics covering human settlements (HSSM - human gettlements statistics module).

85. Two obther modules are proposed: a "material balance statistics module" (MBSM)
and an "energy walance statistics module" (EBSM). It is desirable and convenient to
combine the tasks involved in gathering and compiling, formulating and developing
the data of the modules on non-energy and energy commcdities (MBSM and EBSM) into
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tasks f and j through m because of the overlapping and similarities in the approach,
framework, concepts and classifications of the two modules. Tasks j through m are
closely related to, and furnish the basis for futiire extensicns of, the United Nations
Study on the Impact of Prospective Epvironmental Issues and Policiles on the Inter-
ngtional Development Strategy, which is currently under way. The study currently in
progress is a paradigm of the use of mocdels for purposes of long-term problem assess- -
ment at the international level. Of course, many additional analytical elements will
be added to the existing core system as model development and data resources permit.
The work on tasks j through m should be closely co-ordinated with the statistical

and appropriate substantive divisiong of the United Nations,headquarters and regional
commissions and of the specialized agencies.

86. Tasks n and o retate to the Tormulation and development of statistics of the
quality (ambience) of the variocus environmental reservoirs, in relation to the dig-
posal of pollutants and wastes into them. The data are to be designed sc as to fur-
nish a basis for monitoring and assessing the impact of polluticn on human health
end welfare. :

87. Tasks p and g are concerned with exbtending the date base for envircnmental
studies and policy meking and with plans for further work.

B. Tagks a - q
88. Task a. Statistical user requirements survey. A survey should be made of
governmental and non-governmental users of environmental statistics to elucidate
what policy-related guestions have been, and are being, asked, their relative order
of urgency, and what kinds of data are needed for these purposes. This task should
be co-ordinated with the statistical and appropriate substantive divisions of United
Nations headquarters and regional commissions and with the specilalized agencies.

89, Task b. Environmental poiicy model inventory. In co-ordination with the sur-
vey above, an inventory should be conducted tc determine the kinds of analytic models
that are available or that are being designed and developed. Examples of the kinds
of models to be distinguished are short- and long-range models of input~output pro-
jections, of regicnal population and economic allocation, of regional water quality
and management and of urban transport forecast. In the case cf each type of model,
informaticn should be gathered on the requirements for statistical and other inputs,
the kinds of outputs, and their use and relative order of urgency in dealing with
envirommental problems and policy formulation.

90. Task ¢c. Inventory of available scurces of environmental statistics. Based on
the results of tasks a and b, as well as the work on tasks h, J and n, a further
survey and analysis should be undertaken to determine:

{a) The required statistics that are now availlable in, or that may be derived
from, data already being gathered and compiled by members of the United Nations
family, other internat ional bodies and by governmenta.

(b) The probable costs of gathering and compiling existing statistics angd of
generating new statistics from existing data.

Relevant sbatistics may be gathered and compiled by TIAEA, ¥AG, UNESCO, WHO and WMO
and some of the United Nations regicnal commigsions. "Earthwatch" is also of impor-
tance for this purpose.
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91. Tagk d. Invirommental statistical needs study. On completlion of tasks a
through ¢, a report should be prepared on the statistics of the environment required
to monitor and assess conditions and problems, to bulld models, to make pelicy, etc.
and on the availability of, and gaps, in these statistics. This report should be the
gubject of a round of consultations.

92, Task 2. Collect and issue HS5M data. The re-orientation and extension of the
pEpulation and housing statistics now gathered and issued internationaliy, to pro-
duce the data of the HESM, , should be started at a moderately advanced stage in the
design cf the module. This work might be phased over a number of years. The
first stage would consist of collecting, re-compiling and analysing the data already
gathered by the United Nations family and other international organizaticns on the
population, econcmic activities, housing and sanitary services and other environmen~
tal facilities and services 1in the case of urban and rural settlements. Much more
information is available internationally on cities and towns than on rural settle-
mente. The next phase cf the work would be mainly devoted toc polluticn and its
effects on human settlements. The third stage would concern the improvement and
extension of pericdic collection and complilation of statistics on the environmental
aspects of human settlements.

93. Task f., Collect and issue MBSM and EBEM da%a.. This work should be undertaken in
stages. The re-crganizaticn and extensicn of the statistics on energy commodities

now gathered and compiled by the Btatistical Office of the United Nations to yield

the data of the EBSM on production and domestic use, and. international

trade, should be undertaken first. DIuring the same time, work should be pursued cn
the re-crientation and extension of the statistics now gathered and compiled cn non-
energy minerals. As this project progresses, data would be sought and integrated

into the module cn the emission, abatement and recycling of pollutanis from the
production and use of both energy and non-energy commodities and the flow of selec~
ted pollutants through reservoirs.

Gh. Task g. Collect and issue data on ambience of environmental reservoirs. This
work should be carried on in stages. The first step would be to gather and lssue
statistics of the quality of local, regicnal, ete. envirommental reservoirs which
are zlready available from governments. The second step is to develop and seek new
data on the ambience of environmental media based on the work carried out on task n
below. The final steps are to prepare and publish statistical studies of the dis-
persion potential of pollutants in systems of given media spread over wide areas and
of the correlation between the disposal of pollutants and wastes in, and the ambience
pT, environmental reserveoirs.

g5. Task h. Develcp framework and data base for the subsystem on the Environment
of Human Settlements (HSSM). This task consists of the design and development of
the framework, the.concepts and definitions, classifications and tabulations, and
the methodologies for ccllection and analysis of statistics on the environmental as-
pects of human settlements. The statistics in cuestion will deal with: +the size,
growth and density of pcpulation, in relation to the maghitude and expansion of eco-
nomic activities and of environmental and social facilities in urban and rural set-
tlements:; the supplies of, the demands for, and the adeguacy and duality of, housing
and sanitary services, water and energy, transport and recreaticnal, cultural and
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gocial services in these sgettlements; the pollution encountered and ameliorated.

The task would ee divided intc subtasks concerning each of these sefs of statistics.
The work will result in international guidelines and technical manuals on the sta-
tistics to monitor and assecss the environmental aspects of human settlements and o
formulate policies and plans concerning the location, development and improvement of
urban and rural settlements.

96. Task 1. Pilot case studies on environmental statistics on human settlements.
Pilot case studies should be undertaken, perhaps in three countries, in order tec
test and improve the framework and data base developed under task h above and in
crder to furnish data on the conditions, problems and solutions thereto, in the case
of different types of human settlements. The pilot case studies would also serve as
demonstration and training projects and yield useful data on the envircomental as-
pects of human settlements.

O7. Task J. Design of MBEBSM and EBESM. In connexion with this task the International

Standard Industrial Classification (ISIC) should be examined in respect of the level
of aggregation of ISIC categories; scme categories may need to be disaggregated

while other categories may need to be ccmbined.

98. On the one hand, categories which cover significant transformations of materials
and/or energy, may need to be subdivided according to a classification of technclogy
processes which should be develcped. For instance, truck transportation should be
gsubdivided into categories based on type of engine, for example, diesel, gaso-
line. The generation of electric power in nuclear plants should be distinguished /)
from that in fossil-fuel steam plants. Industries processing primary materials
should be substantially disaggregated. TFor example, paper and pulp manufacturing
should be subdivided to distinguish at least the so-callied kraft, sulfite and magnhe-
fite processes of producing pulp and the wet and dry processes of producing paper.
The by-products of intermediate chemicals such as sodium sulfite of magnesium sulfite
might be classified separately or included in pulp producticn, if this is in fact

the situation; in any case, it is necegsary to have a consistent mcde of classgifica-
tion. Similariy, iron and steel manufacturing should be subdivided to distinguish
the steps of coking coal, of gintering iron ore, if performed in the mill, of blast
furnace smelting, of steelmasking inopen-hearth, basic oxygen or electric furnaces, of
casting ingots in bulk or in continuous processes and of rolling-mill processes.

For these purposes a standard classification of major industrial processes and tech-
nologies should be devised as an adjunct to the ISIC. This task should be co-
crdinated with UNIDO.

99. On the other hand, the requirements of environmental analysis would be served
if all economic activities which do not involve significant physical or chemical
transformations of materials and/or energy, were aggregated. In other words, 1t 1is
not necessary to disaggregate services which neither add nor subtract materials,

viz. finahce, resl-estate, rental of goods, law, insurance, advertising, education,
telephone, broadcasting, ete. Physical inputs and wastes of these activities, such
as paper, typewriter ribbons and worn-out equipment, may be aggregated; this is alsc
the case for electric power and fuels. TFreight forwarding and warehcousing and the
distributive trades may, from the point of view of the environment, alsc be consider-
ed to be activities which consume and discard packaging materials.
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100. Tn addition to the gquestions of aggregation and classification this task calls
for defining the frameworks and substantially disaggregated, series of statistics of
the MBSM and EBSM.

101. Task k. Develop standard classification of materials for the MBSM and EBSM.
A classification is needed of materials, for example pollutants, which may flow be-
tween envircrmental reservoirs. Here the problem is the selection of permanentliy
significant categories from a vast number of possibilities. The preparation of the
iist should be co-ordinated with the "Barthwatch” programme of monitoring; this might
be delegated tc an external group such as SCOPE.E@/ A preliminary list might dis-
tinguish the following:

carbon in rapidly degradable form (related to BOD and CoD)

iiziizizze nitrogen {N-content)
phosphorous {(P-content)
co (C-content)

NO + NOs  (N-content)
S0p + 803 (S-content)
Hydrocarbons

toxie gasecus
pollutants

AN TN T

waterborne particulates (Silt)

airborne (. <1 W in diameter
particuletes ( > 1y in diameter

( pesticides

{ petroleum residues (in water)
other toxic or ( toxic chemicals (including carcinogens, teratogens, ete. )
bioclogically ( DDT, PCB, Freon II
active substances( heavy metals {(Cu, Pb, Zn, Hg, Cd, Ni, Cr, ete. )

( ions

( radionuclides

( Cop

(

Oxygen
( Hz0

miscellaneous

102. Tagk 1. Develop standard classification of environmental reservoirs. A clas-
sification ig also needed of environmental reservoirs for which statistics on stocks
and flows of materials and energy are to be formulated and developed. An interna-
ticnal classification would probably distinguish at lesst the following:

( upper atmosphere (stratosphere)

deep ocean
glaciers and 1ce—caps

atmosphere ( lower atmosphere (troposphere), including clouds
( land surface waters, for example lokes, rivers
: ( ground water
hydrosphere ( upper ocean
- (
(

12/ Scientific Committee on Prcoblems of the Environment. SCOPE is an entity
of the Internatiopal Council of Scientific Union (ICSU).
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terrestrial dead organic matter {humus)
incrganic soil

Lithosphere marine dead organic matter (muck)
inorganic ocean bottom silt
terrestrial plants, except agricultural crops and commercial
forests
terrestrial wildlife, excluding livestock and humans
o livestock, including commerical fresh-water fish grown In ponds
biosphere

) If ocean marine-culture becomes important,
) the various marine crops and animals should
) form separate categories

marine plants
marine animals

humans

D i i e N e T T

103. A regional subclassification, will prcbably be needed in the future. These
should be bagsed on geographic and climatological features in order to coincide with
characteristic land biomes, for example: taiga, tundra, conifercus forest, decidu-
ous forest, tropical forest, humid grassland {prairie), arid grassland (savannah),
thorn scrub, desert.

10li. A marine subclassification if needed, should also be based on geographic fac-
tors which coincide with biomes, for example: arctic and subarctic continental
sheif, temperate estuarine zone, temperate continental shelf, tropical estuarine zone
such as cypress swamp, coral reef/tropical continental shelf, upwelling zone, deep
ocean. The delineation should be co-ordinated with UNEP activities such as Earth-
watch.

105. Task m. Implementation of MBSM and EBSM on a pilot basis. A pilot project
should be carried out as part of the develcpment of the MBSM and EBSM, preferably in
a small country with a highly developed statistical data base. The success of this
pilot project would provide a strong incentive for imitation in other countries.

The pilot project itself should be carried out in phases. A desirable first phase
would be to devise,and to begin compilation of, a complete set of energy stock-flow
gtatistice for the country. Later phases might extend the statistics to food and
forest products, metals, chemicals, etc.

106. Task n. Define and develop statistical series on ambience of environmental
reserveirs. The task should be carried out in stages. The first stage should con-
cern the formulation and development of the simpler data on the guality of environ-
mental reservoirs, for example individual series on concentrations of given pollu-
tants in reservoirs at local or regional levels. The second stage of the workmight deal
with the definition and implementaticn of series summarizing the fotal state of am-
bience of reservoirs at local or regional levels. The simpler and more complex sta-
tistical series should be defined so as to take into account the size of the popula~
tion exposed to the pellution.

107. Task o., BExplore means of assessing the dispersion potential of pollutants.
The task consists of devising ways of measuring and assessing, for example models of
two types of phencmena. One is the dispersion of pollutants through systems of
gselected environmental reservoirs of wide geographic coverage, for example the at-
mosphere, river basins, oceans. The other is the correlation between the disposal
of pollutants into envirommental reservoirs and the ambience of these regervoirs.
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108, Task p. TFeasibility of extending the envirommental data base., The purpose
of this analysis will be to determine the feasibility of gathering additional data
to fill the gaps in the available statistics 1nternatlona11y The approaches to Dbe
considered in detail are as follows:

(a) Adding questions to existing questionnaires sent to governments.
(b) Devising supplementary questions.
P

(¢) Generating new statistics from data-banks now, or potentially, available,
for example from the global monitoring of "Barthwatch'..

Work on this task is likely to be spread over several years.

109, Task g, Plan for subsequent activities. Concurrently with the other tasks
listed above, plans should be drawn up for further work.




