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ENVIRONMENTAL CONSIDERATION IN THE LOCATION OF INDUSTRYa

A. E. Andersonb

1. INTRODUCTION

Over the past decade there has been an increasing awareness
that there is a vital need for preservation and improvement of
the environment in the world in which we live; that with ever in-
creasing population and the corresponding requirements for
energy, air, water and living space, planninj is essential.

This realization culminated in the Stockholm Conference of
1972 which within the omnibus aim of preservation and improvement
of the human environment made 106 recommendations for action. As
a result the United Nations formed a body now known as the United
Nations Environment Programme (UNEP) to take action on these
recommendations. UNEP in conjunction with the other many United
Nations Agencies and several interested Governmental and Non-
Governmental bodies developed a plan of action in which the
recommendations were grouped into eight broad programme areas.
(Ref. 1)

Of these eight programme areas three are particularly apt to
the context of the location of industry:

Programme Area:

(a) Human Settlements, Human Health, Habitat and well-
being

(b) Land, Water, and Desertification;

(c) Trade Economics and Transfer of Technology.

It is of significance that these three programme arear have all
been designated as having high priority by the Governing Council
of UNEP. The importance of the environmental aspects in location
of industry are thus well recognized.

aunited National Industrial Development Organization, Vienna,
Austria. Distribution RESTRICTED, U.N.I.D.O./ITD.297. 16
October 1974, English Version. id.74-6569

bChief, General Industrial Techniques Section



The reason underlying the assignation of high ?riority is
expressed in the Declaration of Principles of the United Nations
Conference on the Human Environment in June 1972. Quoting from
Principle No. 1: "Man has the fundamental right to freedom,
equality and adequate condition of life in an environment of
quality that permits a life of dignity and well-being and he
bears a solemn responsibility to protect and improve the environ-
ment for future generations."

Proper consideration given to location of industry can help
to achieve both of the goals stated, ensure a life of dignity and
well-being, and protection and improvement of the environment.

However, while the former, expressed as the economic re-
quirements of location, have been well recognized, the importance
of the latter has not in the past been given the attention it
deserves.

During man's evolution to the technological society in in-
dustrialized countries of today, the social pressure arising due
to population growth was not fully realized and little care was
taken to consider the effects on the ecology of the environment
of either the technology or location of the industries which are
evidence of the development process. Social aspects such as
health and overall community well-being were in fact subjugated,
or neglected and in some cases deliberately exploited in man's
haste to "improve" his living standard. Despite the social pres-
sures and environmental awareness of today, this state of affairs
continues to some extent due mainly to lack of criteria to enable
a complete overview of the technological process. Such an over-
view must include not only the narrow aspect of the economics of
the industry concerned but also the effect on the overall economy
of the region. This is an area in which considerable work needs
to be done and in fact UNIDO in conjunction with UNEP have in
process projects intended to provide suitable data for decision-
making purposes.

2. OVERVIEW OF THE LOCATION PROBLEM

It is important to realize that the broad generalizations
which are discussed here must be considered carefully in light of
the ecological and economic structure of the ecosystem in which
the industry is to be located since the decision on actual loca-
tion may have far reaching consequences. Nevertheless, these
generalities serve to pinpoint guidelines for the more detailed
studies necessary to provide decisive criteria.

The environmental consideration of location of industry in-
volve more than just the physical aspects of the matter, just as
important and in many ways more so, is the desirability of the
industry itself. The question which must always be answered is,
what are the aims of setting up the industry? To exploit a
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natural resource? To expand a known market? To create employ-
ment? For politico-social reasons? For national prestige? To
exploit particular technical or manual skills? To take commer-
cial advantage of proximity to an existing market? To take ad-
vantage of geographical location? To attract overseas invest-
ment? To absorb excess local capital? All of these are plaus-
ible reasons for setting up an industry and each will face its
own particular problem, but in every case the common factor is
the improvement of living standards in both economic and environ-
mental aspects.

In this connexion it is important to note the interrelation-
ship between relative income and acceptance of poor environmental
conditions.

It is reasonable to expect that at the near subsistence
level, as occurs in some developing countries, that more impor-
tance should be placed by the populace upon the essentials of
life, shelter, food and water, than upon atmospheric pollution,
destruction of the flora and fauna, etc. However, experience has
shown that as economic conditions improve there becomes an in-
creasing awareness of the desirability of a good habitat and
social pressure arises for a decrease in environmental pollution.
It seems likely that there is a correlation between living stan-
dards and social pressures and studies are in progress to try to
express this correlation in quantitative terms. Such information
could, if used in the decision-making process, lead to large eco-
nomic advantages since the cost of adding pollution mitigation
equipment to an existing, producing factory or plant is almost
certainly higher than if this equipment in included in the ini-
tial investment.

In both developed and developing countries there is a ten-
dency towards agglomeration of both urban and industrial areas.
This is natural since an industry needs an infrastructure with
such facilities as transport, labour market, t.ommercial structure
for banking and investment, proximity to raw materials, proximity
to markets, etc. Production costs can be saved by adding to a
congolomeration in which this infrastructure exists but this nar-
row view may be wrong when consideration is given to the regional
and national economic aspects. The aim in location studies must
be to achieve a balance between social and economic profitability
which, without consideration of all parameters, may appear as
conflicting natural goals. If development were the only criter-
ion of environmental improvement their future agglomeration would
be sensible.

It would appear, therefore that dispersion, while possibly
desirable from the ecological aspect, may be difficult due to
lack of infrastructure. Thus dispersal must be the result of a
planning operation which ensures provision of appropriate facili-
ties and takes account of naLural or regional development re-
quirements. The question of the optimum size of an agglomoration
has not been fully investigated but is worthy of further study
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taking into account ecological aspects on an equal footing with
the economic consideration. The experience of several of the
larger cities of the world whose location has been based purely
on trade convenience are examples of unplanned siting which it
would be preferable not to repeat.

The aim of location studies today must be to allow full in-
dustrial development without detrimental socio-ecological
effects.

The problem which forms the basic of the paper is therefore
to bring into perspective the socio-ecological factors and their
relationship to the already well-known economic aspects.

3. FACTORS IN THE LOCATION OF INDUSTRY

(i) Economic Factors

Although not the subject of this paper it is considered
worthwhile to list here some of the major economic considerations
normally considered as factors and used in mathematical modelling
for location studies. Discussion of these factors has been well
documented elsewhere and will not be repeated here, but since it
is essential to consider all factors in the decision-making pro-
cess they may serve as a useful reference.

Proximity to Natural Resource
Proximity to Market - local or export
Availability of Transport System
Cost of Transport
Availability of Commercial Infrastructure
Availability of Labour Market
Available Labour Skills
Retraining of Labour
Sectoral Planning Requirements
Availability of Technology
Cost of Land
Viability of Change of Use of Land

The above factors are related to the strik.ly commercial
aspects of the problem only, if the industry is required to also
be designed to have a minimum effect on the habitat. The econo-
ecological effects of the measures taken also need to be taken
into account.

This is of great importance since the added investment and
running cost of pollution mitigation equipment can only be nega-
tive factors in the viability calculation if the industry is con-
sidered in isolation. The benefits of the community must also be
accounted in economi terms.

Typical of these benefits are:-
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A. Health
Just the creation of an industry in an undeveloped

region may mean the instigation of a hitherto non-
existent or improvement of a rudimentary health ser-
vice. The creation of a non-polluting industry will
ensure that this service will be provided at the
optimum costs.

B. Workers Compensation
Pollution control in the factory should ensure

less compen3ation payments for industrial diseases and
injuries.

C. working LifeThe provision of a pollution free habitat should

have a beneficial effect on both working and total life
span of the populace, thus reducing training costs and
potentially more efficient production.

D. Habitat
The provision of a clean atmosphere, correct water

treatment and controlled treatment and disposal of
solid wastes will all have the effect of increasing the
useful life of buildings, roads, and community ameni-
ties.

E. Preservation of Site Aesthetics
All cultuires ave an aesthetic sense through the

dynamics of development becomes of increasing impor-
tance as the standard of living rises.

F. Regional Economic Effects
What price can be paid locally to preserve the

amenities and perhaps livelihood of the populace down-
stream of the industry. One portion of the community
cannot be allowed to develop to the detriment of
another.

4. ENVIRONMENTAL FACTORS

In the quotation from Principle 1, stated above it is evi-
dent that there are two components for environmental considera-
tion; improvement and protection.

"Improvement" occurs more frequently in developed countries
as is evidenced by the decentralization policies'at present being
carried out, notably in the U.K. and in Western Germany and by
the careful planning which was used in developing the Port of
Rotterdam. The advantages of this policy have been among other,
prevention of increasing agglomeration and consequent addition of
further pollution to already polluted areas, to allow by planning
the utilization of fully integrated systems for energy supply,
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waste removal sewage, water supply, and the more efficient utili-
zation of existing transport systems by reduction of local traf-
fic volume and planned integration of new systems into the exist-
ing network. Not only has this resulted in an improvement of the
environment in the subsystem but it seems likely that there has
been overall economic advantage.

While dispersion of existing industry and prevention of ex-
cessive agglomeration are primarily of importance in industrial
countries they are also of relevance in developing countries
where industrial systems have been developed during colonial
administration.

India with its large concentrations of industrial activity
such as Bombay and Calcutta are good examples of this and pose
the problem of mobility of labour, regional socio-economic
requirements, cultural characteristics and natural resource prox-
imity. There is of course the additional danger in disposal
planning, particularly in developing countries, of spreading
limited investment resources so thinly that they become ineffec-
tive.

Interlinking in a complex fashion with both economic and
improvement consideration are the protection requirements.

Given the opportunity to freely make decisions on location,
as in a decentralization policy or in the creation of new indus-
tries whether in the developed or developing countries, it is
imperative to have knowledge of the pollution potential of tech-
nology, the effectiveness and investment requirements for pollu-
tion mitigation equipment, of tolerable pollution levels and of
energy requirements.

While considerable information is available for the techno-
economic aspects related to most industries data on the wider
external factors is not yet sufficiently well formulated to be of
quantitative use.

Thus location studies today are restricted by a knowledge
gap, which several organizations are trying to fill.

UNIDO in conjunction with UNEP has a series of projects fit-
ting within the framework of an integrated programme of environ-
mental work which should make a contribution to this field.
"Impact" studies of existing plants are in progress to establish
the overall effect they have had upon the total environment.
Since the UNIDO mandate is to give aid to developing countries
the industries chosen are those which are particularly important
to such countries, namely leather, rubber, textiles, iron and
steel, cement, and bL.,,ic chemicals. The methodology used in
these projects is designed to provide information for inputs to
the complex study described later in this paper and to endeavour
to discover, through pattern recognition techniques, necessary
modification to the initial thoughts upon the subject.
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5. MINIMIZING POLLUTION THROUGH LOCATION

Because of the paucity of quantitative broad based informa-
tion considerable thought has ben given to ways and means of
achieving environmental cleanliness utilizing available know-
ledge.

It is considered that there are two steps which can be taken
now.

1. Minimization of pollution from a given plant or
factory;

2. Integrated complexes of industries with minimum
pollution.

These will lead, as facts become available, to the sensible
location of industrial complexes as a third factor.

It is the second of these factors which is the subject of a
major joint UNIDO/UNEP project.

The starting poi..t in pollution mitigation is the realiza-
tion of the pollution potential of any given industry and the
measures which can be taken within the industry itself.

A typical pollution cycle is shown in the block diagram of
Figure 1, in which a typical existing system is shown in full
line. It should be particularly noted that included in the sys-
tem are not only the industry itself, but also transport and the
consumer who also contributes to the overall pollution.

In dotted line are shown modifications to the system which
are feasible and which could be added to achieve minimum pollu-
tion. All efforts, it.should be noted, are in the direction of
recycling and utilization of wastes. The removal and or disposal
of pollutants from the system without possible re-use is a cost
which can only decrease the economic viability of the industry
concerned.

Treatments of air, water and solid wastes are resonably well
established but the problem of waste energy utilization, while
the subject of a large amount of study, has not been completely
solved. Its importance is shown, however, by the realization
that the average efficiency of thermal processes is only 35% and
that at the moment the remainder serves no useful purpose. In
conventional fuels alone, there are 3,900 million tons of fuel
per annum serving only to heat the atmosphere.

The other final waste products of the cycle arc a non-reusa-
ble residue and by-products which could become raw materials for
other industries. It is of course not realistic to assume that
all potential raw materials can be extracted from the pollutant
residues since quantitites and extraction costs may make the
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operation non viable. The modified system does appear to be pos-
sible, however, for large scale industries.

The non-reusable waste products would have to be treated by
conventional methods, removal of harmful gases, neutralization of
water prior to discharge into sewers or water courses and con-
trolled dumping, incineration and composting of solids. The
technology of the latter is still in its infancy, but it is ex-
pected that in view of the awakened interests in recycling of
materials, that use of the process will increase greatly in the
near future.

These deliberations lead to the concept of the integrated
industrial complex.

6. THE INTEGRATED INDUSTRIAL COMPLEX WITH MINIMUM POLLUTION

The objective of this project is to establish criteria for

mixing in an industrial estate industries which can either:

1. utilize the product of another industry;

2. utilize raw materials extracted from the waste of
another industry;

3. provide a neutralizing medium for the non-reusable
waste from another country

The concept can be realized by consideration of the block
diagram of Figure 2. Although each of the individual industries
shown have a pollution cycle similar to that of in Figure 1., for
clarity only simplified cycles are shown here.

In order to achieve viability of the pollution treatment
process it has been assumed that the complex would be concentra-
ted around a major industry such as an iron and steel plant or
chemical works. Although experience may show that this is not
essential.

The major industry A should feed its products as raw mater-
ials for ancillary industries B.C.D. It is likely then that
pollutants from each of these four industries will have a high
degree of commonality and can be fed to a common extraction
treatment plant or plants.

The output from the treatment plant provides raw materials
for industries F. and E. and gives a pollutant residue which when
added to that of industries A. B. C. D., has been designated type
+X.

Industries H. and J. can be of any type providing a non-re-
usable residue which has been designated type -X and which will
neutralize the non-reusable pollutants from plants A. B. C. D.
and E.
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It must be realized that the concept as described is very
much over simplified, but it is expected that by using system
analysis techniques that useable results will be achieved from
full accounting.

There are bound to be many variations on the above theme and
there is no lack of appreciation of the difficulties which are
likely to arise. However, the advantages of the ideas even if
only partially realized are such as to make the attempt worth-
while.

The main advantages are:

1. Minimum waste of resources;

2. Minimum residual treatment costs.

3. Reduction of transport costs and provided the
estate area is not too arge, reucti on lv-n both trafflvolum andpout- -utlization of non-plluE-ng trans-
port.

4. Creation of a commercial infrastructure of planned
size and amenity.

5. Because of the wide variet of industries fullest
exploitation f the total-_ ur mar et.

7. CO(XCLUSION

This paper has not attempted to answer questions but rather
to state the problem and inform on steps that are being taken to
achieve solutions. The ideas suggested are almost certainly not
the only possible solution, nor are they necessarily the best
solution, but it is hoped that they will stimulate thoughts on
this most important subject.

There is a further question upon which no comment has been
made here, that is, where within a region should the industry and
complex be located? This, of course, brings in such parameters
as geography, meteorology, labour potentials, land use and the
overall characteristics of the ecosystem within which it is de-
sired to create an industry. The problem has been neither for-
gotten nor neglected, but a scheme for the necessary investiga-
tion has not yet been formulated sufficiently firmly to allow
discussion in this brief paper.

The sole purpose of UNIDO as an organization is to aid de-
veloping countries to formulate and implement programmes of in-
dustrial development. It is essential that the information being
sought cn location problems should become quickly available,
therefore, in global environmental terms it is also in the inter-
ests of industrialized countries to continue to make available
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their experience and knowhow on these matters to the developing
countries.

It is in these developing countries that the opportunity
most often arises to set up industry from grass roots and it is
of paramount importance that this process should proceed without
hindrance.

We have inherited an essentially restricted environment
which we must improve and preserve for posterity.
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ENVIRONMENTAL MANAGEMENT, ECONOMIC DEVELOPMENT
AND SOCIAL WELFARE

(The Economic Basis for Environmental Considerations in
Socio-economic Development Policies and Planning)

Remi Barre
Civil Engineer, Graduate Student
Dept. of City and Regional Planning
University of North Carolina
Chapel Hill, North Carolina

Objectives of the Paper

This paper is aimed at giving the framework of a rationale
for:

1. Including environmental considerations in planning
for development.

2. Deciding the degree of environmental protection
consistent with the overall objectives of a particular
society.

3. (-oosing the policie? and procedures best suited
for this task.

It will be rather conceptual in nature in order to be adaptable
to a wide variety of politico-economic situations, but concrete
enough in its results in order to be relevant in terms of action.

The word "environment" will have here the bzoad but precise
meaning: all the natural (within a .mtry or internationally)
resources, which is to say: air, water, and land. So, here en-
vironment is neither the totality of the biosphere nor Nature,
with a capital "N": the former is too borad, loosely defined,
and the latter too value-loaded, to be the object of a scientific
approach.

Note: The term "social optimal poiDt (or degree) of pollu-
tion"--often used. It has almost the same meaning as "complete
set of pollution standards" which would be consistent with the
overall economic, social, environmental, and redistribution ob-
jectives of a society; in fact, reflecting those societal objec---
tives what-ver their relative weight.
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When anything is free, there is a tendency to consume it without
regard for future consequences, but with water and air, as with
free love, there is a limit to the amount available to the con-
sumer, and after a time, there is a risk of exhaustion.

M. I. Goldman, "The Convergence of Environmental Dis-
ruption." in Science, Vol. 170, 1:3953, Oct. 2, 1970.

As the earth becomes more crowded, there is no longer an "away"--
one person's trash basket is another person's living place.

National Academy of Sciences, Environmental Quality and
Social Behavior, Strategies for Research, 1973, p. 17.

For most people, life is pretty drab already, so why not add
a little frisson to it by imagining that we are really on the
brink of disaster; we can then either go down bravely in an orgy
of last minute revelry or rush about busily from conference to
conference urging everybody to stop the music and get down to the
serious business of saving the "spaceship earth" from imminent
catastrophe.

Wilfred Beckerman, Environment and Development (the
Founex Report), International Conciliation, Janaury
1972, no. 586, p. 58.
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Introduction*

For the last few years there has been a growing concern
about the environment and, since 1973 and the "energy crisis,"
ideas like zero-growth and ecologicai balance have been widely
discussed in the U.S. and then in Europe. Those ideas gained
substantial political support and partial legislative recogni-
tion, especially in the U.S., where the Natural Environmental
Policy Act of 1969 requires to take ac:ount of the environmeatal
quality in any public action. Those issues became the center of
discussion and controversies in the European Economic Community
too, in 1972, when its then-Secretary General, Mr. Sicco Mansholt
made public his ideas about zero-growth. Then, too, the legisla-
tions have begun to evolve with, among other things, the creation
of a Ministry of the Environment in France, at that time.

The conference of Stockholm held by the U.N. in 1972 about
the Environment officially gave, international recognition to the
problems raised--and showed, too, how widely different and even
contradictory the positions of the different countries wers.

Along with that, the increasing prices of crude oil and
various raw materials raised intense concern to the question of
natural resources and energy, which have been dealt with in a
growing number of international conferences--in international
trade legislation, the use of international natural xesources
(the Caracas conference in 1974), the food production (Rome,
1974), the population increase (Budapest, 1974), plus many oil
related meetings (Copenhagen, 1974).

The least one can say is that there is widespread disagree-
ment and even distrust in the international community about all
these questions. In fact, the questions themselves are often
ambiguously termed and the motivations behind many spectacular
position statements are not quite clear.

To put it simply, the concerns have been put forward by the
developed nations at a moment when, as a matter of coincidence,
the third world is becoming more conscious of its resources po-
tential, of its perfect right to use them in the best of its int-
erests, and when the greater assimulative capacity of pollution
of its environment is on the verge of giving it a substantial
"comparative advantage" in the international trade of some pol-
luting industrial products. It is quite normal, therefore, that
the developed nrtions have been suspected of taking pretext of
particular problems they have to impose worldwide dramatization
over the danger of development and industrialization and legisla-
tive action for environmental protection in order to keep this
supremacy. Their ambiguous position on the relation between
natural resources, pollution, gross national product growth, pop-
ulation control, energy, etc. greatly helped the initial split to

see bibliography, Parts IX, X, XI, XII
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sharpen, the issues to be mixed, the misunderstanding to develop.
The suspicion of the developing countries is indeed legitimate--
when one sees for example the enormously increased profit of the
oil companies and the extremist position of certain conserva-
tionist groups--but, in our opinion, it is not less true that
some of the questions initially brought to the attention of the
international community are legitimate ones--indeed vitally rele-
vant issues.

Among those issues, the one we are going to discuss here is
namely the increasing pollution of air, land, -id water all
around the world.

The present paper is aimed at providing a rationale--a con-
sistent framework to deal with this issue. It will therefore
especially address the question of (i) what is value-judgement,
(ii) what depends on the specific conditions--natural and socio-
politico-economic--of each country, and (iii) what is technical
matter in the whole problem of pollution, including that, though
there may be differences of interest between poor and rich coun-
tries with respect to what is the optimal environmental policy
within each country, it is not necessarily true that this creates
any genuine conflict of interest. It is our hope that, by bring-
ing some material of that kind into this paper, some of the fur-
ther discussions on environmental pollution can be a little
better focused--precisely on those issues which indeed are matter
of political judgement, putting aside what is irrelevant.

In a first chapter we quickly establish the framework and
main results of the classical economic theory with specilic men-
tion of the place of the environment in it. In a second one, we
discuss in some detail the question of externalities (the eco-
nomic significance of pollution) and how they relate to a
socially determined "optimal degree of pollution." Chapter three
goes at the heart of the question of measurement of costs of pol-
lution--that is the question of how a particular society defines
social welfare--which leads us to specify the relation between
this "social optimum" and the economic efficiency objective.
Chapter four deals primarily with the kind of policy instruments
one can think of in this area. In the conclusion we put some of
the results and consequences of what have been discussed which
seem particularly relevant in terms of the objectives of that
paper as stated earlier. Finally, in the appendix, we gathered
some of the main issues concerning the relationship between en-
vironmental protection and international trade. A substantial
bibliography will be found at the end. This paper has been based
on two main sources: Environmental Economics, by Seneca and
Taussig (Prentice-Hall, 1974) and the work of A. Kneese at re-
sources for the future, mainly in his following article: "En-
vironmental Quality and International Trade," International Orga-
nization, Vol. 26:2, Spring 1972, found also in Resources for the
Future, Reprint 102. Another source is the article "Pervasive
external costs and response of society": Resources for the
Future, Reprint 80, and Management Science, Vol. 19, No. 10, June
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1973, "Management Science, Economics and Environmental Science".
We would like to express our thanks, too, to Professor F. Eugene
McJunkin who reviewed the manuscript and suggested useful correc-
tions.

1. Social Welfare in a Private Market Economy and Its Relation
to the Envlronment

1.1 Some Definitions

An economic good or service is'anything that is scarce--i.e.
the demand for it exceeds its supply at zero price. Almost all
resources--which are defined as anything that contributes to
making desired goods and services available for consumption--are
limited relative to the desires of man to consume. Economic wel-
fare is measured by the value of the consumption of economic
goods and services over some period of time. Certainly such
aggregate figures to measure welfare have been argued to be mis-
leading. In fact welfare depends, too, on the composition and
distribution of economic goods and services. A procedure, the
allocation of resources in the production process, for example,
will be said economically efficient if it allows the maximum
production or consumption of goods and services for any given
available amount of resources.

The benefit of goods and services are their value to the
consumer--and can be measured by market prices.* For the public
g , and services, that is, the goods and services for which
there is no determined price (national defense, public education,
recreation areas), the benefits must be inferred by some less
direct method. Costs are foregone benefits from the consumption
of some good or service--that is, are essentially opportunity
costs. Households attempt to maximize their welfare, given their
income, by buying a combination of goods and services from the
firms which major goal is the maximization of profits, that is,
tHeifference between the costs of productive services they had
to hire in order to produce the desired goods and services
(expenditures) and the benefits from their sale to the customers
(revenue of firm). Firms and households interact through the
market,** institution through which potential buyers and sellers
exchange the input and output of the production process: firms
are suppliers of consumer goods and services (output), and house-
holds are demanders--conversely, households supply the services
of their labour and capital to firms (input), and firms are
demanders.

*Or by administrative price, in a centrally-planned economy

**for non-market-economies, see discussion on page 18
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1.2 General Equilibrium in a System of Private Markets

Here, we will only give briefly the results of the general
equilibrium (neo-classical) economic theory--with emphasis on
those which will be relevant for our discussion of the inter-
ference between the economic system and the environment.

It can be shown that, at the equilibrium, in an hypothetical
system of perfectly competitive markets, given the level of
technology, the tastes of the households, and the distribution of
all resources among individuals, the price of all goods and ser-
vices in input and output markets are determined simultaneously
so that, through a complex system of iterative interactions which
we won't get into here, individual households maximize their wel-
fare and the firms, their profits. This is the state of general
equilibrium. In this hypothetical system, the individual welfare
depends on individual household evaluations of the consumption
goods and services each is able to consume, exactly as the bene-
fits and costs are evaluateL in relation to the individuals'
preferences which have been aggregated. We can therefore talk of
social welfare as well as social benefits and social costs, when
referring to the welfare, benefits and costs deined in this
hypothetical system.

It can be shown that the General Equilibrium defines a state
of economic efficiency in the whole society--that is, a state of
maximum social welfare. In this state of equilibrium, it is
impossible to make any readjustment of production or consumption
arrangement that would make even one household better off without
making some other household worse off. This state is often
called a Pareto Optimum.

In the state of general equilibrium:

i. The various inputs contribute at the margin to the pro-
duction of output in the proportion of their prices.

ii. Consumers are willing at the margin to give up product
X for product Y in a proportion which is equal to the ration of
Their prices.

iii. The prices of all goods and services on the market are
equal to their marginal cost of production, that is the cost of
the last unit produced, and the price system provides a set of
perfectly adequate signals so that all the resources of society
will be allocated in the production process in an optimal way (to
provide maximum welfare or utility to the consumer and maximum
profits for the firms). This is why the costs and benefits
computed with this perfect set of prices are called social costs
and benefits. This is another way of approaching the concept of
social costs and benefits: they embody somehow the notion of
optimal allocation of resources. In this chapter, we consider
that utility--welfare--is only constituted of the consumption of
marketable goods and services sold for money in the market by
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firms of consumption goods--then we can legitimately use the term
"social"; when, in Chapter 2, we broaden the scope of the meaning
of welfare, we will have to broaden the definitions of costs and
benefits, if we still want to refer to social costs and benefits.
We use the term "social" when costs and benefits relate to the
general (social) welfare in a society, however this society
chooses to define its social welfare.

1.3 The Assumptions on Which General Equilibrium Theory is

As important as the results of theory itself is the explicit
establishment of the assumptions on which it is based. The
assumptions are the following:

i. Consumers and producers are perfectly rational (that is:
follow perfectly the behavioral assumption of maximization of
welfare and profit). Furthermore, the utility functions are
independent from one another, and income has a constant marginal
utility (that is, the last dollar of his income spent by the
individual brings him as much satisfaction as the first one).

ii. The market is perfect, that is, all information con-
cerning technology, the supply and demand, related to each good
and service, is fully and instantaneously transmitted to pro-
ducers and consumers. There is also the assumption of perfect
mobility of labor and capital.

iii. There are no monopolies, that is, a buyer or seller
who has the power to affect a specific market price, which means
that there is no competition. It can be shown that the monopo-
listic firm would produce less (and therefore at higher prices)
than would competing firms--which would not lead to the most
efficient equilibrium.

iv. There is a scale for the production process of each
good and service at which the marginal benefit begins to decrease
(law of decreasing returns to scale).

v. There is full employment of resources so that the costs
and benefits are not only the social costs and benefits, but,
equally, the opportunity costs and benefits.

vi. The initial distribution of wealth is considered
acceptable and satisfying.

vii. All the goods and services produced as well as
resources used are privately marketable, that is, provided to or
taken from only those who are willing to pay or get paid for. In
other words, there are no externalities involved in the produc-
tion/consumption process.

Economists have long been searching for a minimal set of
assumptions which are sufficient for markets to attain Pareto
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Optimality, and it is doubtful that the end of the search is
anywhere in sight. But we will focus here only on those which
are relevant to our purpose.

1.4 The Relevance of the General Equilibrium Theory Frame-
work*

Clearly, no economy ever approached the conditions required
to which the theory can strictly hold. Still, this theory pro-
vides a useful framework, even if it has many shortcomings.
Furthermore, even if the General Equilibrium theory is the econo-
mic rationale of the capitalist system, it is important to see
that it still provides a meaningful framework not only for the
understanding of the economy of those countries where the firms
are almost entirely in the hands of the private sector, like in
the U.S., but also to a wide variety of countries where the pub-
lic sector has a significant or even a major role in the economy
(France or Italy, for example). In these cases, one uses cor-
rected market prices, so that one gets a good approximation of
the real social costs. A classical correction consists in
assigning a cost lower than their money cost to all the goods and
services used in a project and which would have otherwise been
unemployed. But there are countries, and among them many
developing countries, where the above assumptions are violated
particularly strongly and pervasively; one can then value the
resources, goods and services by systematic shadow prices instead
of taking the market prices, which might not even exist. These
shadow prices are stated in terms of their contribution to over-
all development goals of the economy, expressed in physical
target-output levels, that is, these shadow prices are based on
the marginal physical rate of transformation (how much unit of X
should be sacrificed in order to get 1 extra unit of Y).

Finally, we can say that the chosen framework is relevant to
a wide variety of politico-economic situations. We will see
further that the question raised and the general problematic
suggested is relevant too for centrally planned economies, al-
though the solutions suggested should be adapted for those par-
ticular cases. Anyhow, it is clear that the kind of conceptual
problems raised here--how to deal rationally with externalities--
has not yet been really handled by any economic system. The
solutions might differ, but the problems are the same. This
means, too, that at conceptual and theoretical levels, a lot of
elements are relevant independently of a specific economic
system.

1.5 Introducing the Environment

We will focus on the last assumption. Basically, it says
that there are no public goods or public resources. First of
all, it means that goods and resources are provided to or brought
from only those who are willing to pay or be paid for; and

see bibliography part III
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secondly, this means that each consumption and production process
not affected by external production and consumption processes
(independence of all production functions and independence of all
utility functions). The effects which are the reason why those
assump--ions of independence do not hold are called external ef-
fects and are conceptually closely related to the environment,
which is firstly a resource for which there is no market and
which is typically a public good, and secondly the medium by
which the adverse external effects are carried and transmitted.

We will now examine in some more detail the general problem
of the externalities, and especially those associated with the
environment. Later on, we will come back to the other assump-
tions which have indirect relationship with the environment or
policies for environmental protection.

2. Externalities, Economic Efficiency and Environmental Manage-
ment*

'rom now on, the terms costs, benefits, welfare, efficiency
will relate to the overall social welfare as defined in a partic-
ular society, whatever it may be; we wil always mean social
costs, benefits, welfare and efficiency, exactly as defined in
paragraph 1.2, even if we do not specify it each time. The only
difference is now that this welfare might not only depend on the
maximization of consumption of goods and services which are the
output of firms and which you can buy with money, as it was im-
plicitly assumed so far.

2.1 The Concept of Externality

The effect of the purchase and consumption of certain pro-
ducts upon persons or decision units that were no parties to the
exchanges are called externalities. A first class of externali-
ties are the pecuniary externalities--that is the change in price
of a commodity which results from the individual's decision to
purchase it or not. Usually the change is negligible but not
always; theoretically, those e;ternalities are not a problem and
do not concern us here. A second class of externalities are the
technological externalities. Typical of such externalities are
the noxious smoke and polluted water emissions of modern indus-
trial plants. If we suppose that there is no smoke-control
legislation, a steel manufacturer, for example, will choose the
method of production which is most profitable without regard for
the associated level of smoke discharge since there is no motiva-
tion to limit the use of the r.source which might be called smoke
disposal. But, although the discharge of smoke can be viewed as
a free resource by the firm, it is certainly not so for those re-
siding in the neighboring communities which will bear the extra
costs of cleaning, maintenance and repair of buildings, and, pro-
bably too, of increased health problems, which we can call the

see bibliography, Parts, I, III, and IV
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external costs (external to the firm) because they are imposed
on society, outside the market system and are not reflected in
relative market prices. Furthermore, this smoke may kill the
birds that people of this community used to hunt, and some of
these birds might be very rare species of birds which some people
are holding as very precious. All these are real costs to this
community, even though all these costs are not directly comput-
able in dollars (we will come back later to this problem). In
other words, to the community at large, the discharge of smoke
into the atmosphere is not a free resource, and the steel manu-
facturer does not bear the full cost of his actions. The social
cost of producing steel defined previously (or: opportunity
costs), which lead to the optimal allocation of resources, is the
sum of the private cost--actually born by the steel manufac-
turer--plus certain external costs, which, in our example, he
does not bear. There is an almost infinite number of examples of
this kind one can give. in the fields of air- and water pollution,
land and landscape dc.,adation, and so forth. There are similar-
ly, external benefits, which can be denoted as desired external
effects.

Wse can define now better what are those characteristics of
the environment which put it at the heart of the external costs
question.

i. The environment has an economic value, for example by
providing waste disposal resources.

ii. It cannot be reduced to individual ownership and does
not enter the market.

iii. There are patterns of use of the environment which may
impair its value, and therefcre, cause external costs.

2.2 The Pervasiveness of Externalities

Because physical matter cannot be destroyed, the final out-
put of the economy, after they have been consumed (that is, after
their services are utilized) also reappear in various waste-form
in the environment. The laws of conservation of matter and
energy tell us that these residual wastes will be virtually
identical in amount to the physical masses of all the inputs. As
the waste is often discharged in the environment without anything
charged for the value of that resource input to the production
process, external costs are often associated with waste disposal.
A scarce good (waste disposal) is used at zero price at the ex-
pense of the rest of society.
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Some wastes may be recycled into the production process as
inputs, others may be reconverted in input through natural biolo-
gical processes; the distribution of the residual wastes among
the various forms (liquid, solid, gas) is largely defined by
society--this being the problem of efficient waste disposal.

To review the points briefly:

i. Technological external diseconomies are an inherent and
normal part of production and consumption. These diseconomies
are opportunity costs for the society--that are "real" costs of
foregone benefits.

ii. They become progressively more important as the popu-
lation rises and the level of output increases.

iii. They cannot be properly dealt with by considering en-
vironmental media such as air and water in isolation from each
other.

It is important to note that even if a particular type of
production activity does not directly utilize inputs from the en-
vironmental sector, it may do so indirectly through its demands
for intermediate products from sectors that do. In fact, it is
difficult to imagine any economic activity which does not direct-
ly or indirectly contribute to demands on the unpriced environ-
mental sector. And if this is true, a nearly universal diver-
gence between prices and social costs is implied. Let us specify
again what we really mean in this paper by costs, because it is
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at that point that lie many potential misunderstandings. A cost
is anything that has an adverse effect on social welfare as de-
fined by a particular society through its institutions. The most
simple costs to handle are of course the money costs--which are
basically opportunities of marketed production and consumption
foregone. There are also costs which cannot be directly trans-
lated to money costs, corresponding to things one cannot buy with
money in the market, and which depend very much on the value sys-
tem of an individual or a society, like the riost of the dispari-
tion of all whales from the earth. For some societies this cost
will just be zero but not for others; in other words, the
presence of whales on the earth will be included in the social
welfare function of some societies, and not in some others. And
among those which include it, the degree at which they are in-
cluded is variable. Nonetheless, in a general theoretical dis-
cussion of costs, we cannot decide "a priori" to exclude them.
We will see in part 3 that the political process determines the
value to give to these costs, but conceptually it is very impor-
tant to make the difference between a cost which a society de-
cides not to consider (or consider as inexistent, or null) and a
cost which never exists. Between these two extremes, there is a
continuous spectrum of types of costs (see paragraph 3.1).

The existence of those pervasive externalities has led econ-
omists like A. V. Kneese and R. D. d'Arge to write:

We see an urgent need to develop more relevant and opera-
tional economic models for dealing with pervasive extern-
ality phenomena. A few economists xiave observed that ex-
ternal diseconomies increase rapidly (nonlinearly) and per-
vasively with economic and population growth, but compara-
tively little has been done to formulate analytical or nor-
mative models based on this insight . . . In our opinion,
economic theorists face no more urgent task than to devise
improved models for the analysis of environmental pollution,
urban congestion, landscape deterioration, and the host of
other externality phenomena which accompany economic growth.

But, even without these new economic models which are called for,
we still can replace the externality phenomenon in the General
Equilibrium framework, in order to analyze the precise economic
meaning of this important departure from the basic assumptions on
which the General Equilibrium model rests.

2.3 The Economics of Externalities

The economic effect of an externality can best be
illustrated by an example; let us assume that a farmer grows corn
and irrigates his land with the water of the nearby river, and
that the corn yield is sufficient to keep the land and the farmer
from turning to alternative production. Let us assmiie a paper
mill is built upstream, degrades the water quality to a point
that lessens the productivity for the farmer downstream. Let us
assume, too, that the polluted water has an effect only on the
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crop of the farmer, and on nothing else; the net social gain from
the paper production is equal to the excess of the value of the
paper over the values of the factors of production in their best
alternative uses (net benefit of the paper mill, in the general
Equilibrium framework). The external diseconomy of paper pro-
duction is measured by the farmer's net income loss. The net
social gain of the partial Or total substitution from corn to
paper production is not necessarily greater than zero. We see
here that externalities can lead to make decisions which result
in net social loss.

More specifically, a firm which operates on the basis of its
private costs and not of the social costs (like in the example of
the paper mill) will not make an optimal allocation of resources,
from the point of view of the whole economy.

price per marginal marginal
unit of social cost private cost
output K'

P

quantity of
output produced

K

B A

Figure 1: Equilibrium of the firm reconsidered

In the General Equilibrium theory, a firm produces up to the
point where its marginal cost of production is equal to the
prevailing price of the good on the market. In our example, the
firm would produce a quantity OA of paper (see figure 1). But,
if the external costs inferred per unit of output is KK', we see
that the really optimal policy would be to produce only a quan-
tity OB of paper, because the inputs used to produce the addi-
tional BA quantity of paper would have a better alternative use
elsewhere in the economy.

Let us now take all the paper mills altogether, supposing
they all cause the same degree of external diseconomies.
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Figure 2: Equilibrium of the industry reconsidered

The private (respectively: social) supply schedule here
indicates the quantity of output which would be produced by the
industry for each level of market price, if the industry takes
the private (respectively: social) costs of its production into
consideration (see Figure 2).

We see here that the paper industry would produce more paper
and at a lower price than socially desirable--the resource allo-
cation is not optimal, the costs of paper does not reflect its
true opportunity cost for society, and it would have been so
cially more efficient to use somewhere else the resources used to
produce the extra BA amount of paper.

The existence of externalities leads rational decision
makers to misallocate the resources because the costs computed
are the private costs, not the social costs or opportunity costs,
and therefore give misleading indications on what ought to be
produced, at what price, in what quantities.

2.4 The Social Optimal Degree of Pollution Concept

Let us now suppose that we can compute the cost of pollution
(cost as defined in paragraph 2.2); this is to say, the benefit
to society of each "unit of pollution" removed. We will discuss
later, in paragraph 3.2 the problems involved with the measure of
those social costs and benefits. Let us suppose, too, that we
can compute the cost of treatment for each degree of environ-
mental purity.

Following with our example of the paper mill, let us fur-
thermore suppose that the social benefit for society (or the
downstream farmer in our example) is proportional to the number
of "units of pollution" removed from the river and that the mar-
ginal cost of treatment increased linearly (see Figure 3).
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0 number of "units
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no treatment total treatment removed by the firm
(total pollution) (zero-pollution)

Figure 3: The socially optimal degree of waste-water treatment for
a firm

In figure 3, we see that if the paper mill removes OB units
of pollution, it will cost it a price represented by the surface
OBG, and the benefit for society will be represented by the sur-
face OBFN. It follows easily' that the degree o! depollution such
as the: difference between benefits and costs of depollution is
maximum, is at point A, where the marginal cost of treatment is
equal to the marginal-enefit of treatment. In other words, the
most efficient policy would be to remove OA "units of pollution"
and leave the rest of it.

We can generalize this result for the whole economic system,
and draw the benefits and cost curves of depollution (see Figure
4).

value of c its thi" curve is social cost
or benefits the sum of of pollution

the 2 ophers

= _ at point H: social cost of
depollution is minimum

social benefits
zero /of depollution

0 or: degree of

depollution A social cost depollution
of pollution

Figure 4: The socially optial degree of pollution (or depollutlon)
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The social optimal point of depollution will be such as the
total costs are minimized. It can be shown that this approach
gives exactly the same results as the previous one. If costs are
defined as in paragraph 2.2, this optimal point of pollution will
reflect all that that society values--in other words, it will be
consisten-t-with its definition of social welfare. If a society
decides to count as costs only the direct money costs, the social
optimum point of pollution corresponding to that society will,
too, correspond to its definition of social welfare, which would
be just to minimize immediate expenditure (we will see later that
this does not correspond to maximum economic efficiency). There-
fore, the goal of any consistent policy would be to induce the
firms to depollute until point A, at a supplementary cost which
would represent the external cost. Thus, this external cost
would be "internalized" by the firm, adding it to its private
cost in order to make its decisions now with the real social
costs of production, which would theoretically remove an impor-
tant cause of non-efficient allocation of resources in the econ-
omy. An optimal solution in fact means some deterioration of
environmental quality, because there is no reason why point A
should be at zero-pollution level.

2.5 The Theoretical Solution to Reach the Point of Social
OPtimal Pollution

The problem is to find some means of achieving a socially
efficient resource allocation in the presence of externalities.
We have seen in 2.4 that social efficiency, in our General Equil-
ibrium framework, requires that each firm depollutes its resid-
uals up to a point where the marginal cost of depollution (cost
of depollution of the next higher degree) is equal to the mar-
ginal social benefit of that depollution (marginal social cost of
pollution). Therefore, the solution consists in inducing firms
to internalize the external effects of their production activi-
ties so that they make decisions which include the real social
cost of their waste disposal--in other words: socially optimal
decisions. In order to reach this previously defined optimal
depollution point there are two solutions:

- The firm can be charged at the rate equal to the marginal
social cost of the pollution it causes--per unit of pollu-
tion imposed.

- The firm can be paid at a rate equal to the marginal social
benefit of the depollution made--per unit of depollution
achieved.

These two solutions are conceptually identical--the practical as-
pects will be reviewed in paragraph 4.2. Their consequences are
far reaching, potentially: as we have seen, there will be a
shift in the resource allocation in the production procsss from
non-optimal to optimal, changes in prices, consequently changes
in the total output of the economy favoring the goods and ser-
vices which involve the smaller externalities and, in the longer
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run, the development of technologies which otherwise would not
have been considered ("soft" technologies).

As in paragraph 1.4 we can say here that even though there
are some politico-economic contexts in which the basic assump-
tions of our framework do not hold at all, one can make two
remarks:

1. As argued in paragraph 1.4 it is not fundamental
for the whole externality question that the prices are de-
termined by the free market, as long as there is a relative
value of all commodities in terms of production goals and
production opportunities foregone.

2. Whatever the way prices and values are derived,
the question of this higher degree of social and economic
rationality meant by the inclusion of externalities in the
rationale of the decision making process, has similar con-
ceptual characteristics, and addresses itself to the same
kind of problems--even though the practical policies con-
sidered as solutions might of course differ.

3. The Measure of Costs and Benefits Associated with the
Envi ronment*

So far, we have taken for granted the various social bene-
fits and costs related to the environment to draw the curves of
Chapter 2, in order to concentrate on the conceptual and theoret-
ical aspects of the problem. But in fact, the measure of social
costs and benefits is much more than a technical problem, because
we defined them in relation to the overall social welfare. What
are exactly the elements to include in the computation of social
costs and benefits is to a certain extent a value judgement be-
cause the definition of social welfare varies from society to so-
ciety. In this chapter, we will differentiate the various types
of costs associated with the environment, and then classify those
costs into categories, from the least to the most subject to
value judgement when measured.

We will not refer to benefits in this chapter, because we
will consider them as negative costs.

3.1 Des-aggregation of Social Costs in Components Charac
terized by a Type of Measurement and Type 27 Cost

We will define a first way of breaking down into elements
the social costs associated with the environment (paragraph
3.1.1) which we will call the "measurement type" axis, or the
"monetary vs. non-monetary" axis. Then we will define another
way of breaking down the social costs associated with the envir-
onment into elements (paragraph 3.1.2), which we will call the

*see bibliography Part II and VII
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"pollution vs. de-pollution costs" axis. Finally, we will deseg-
regate the social costs according to both axes at the same time
(paragraph 3.1.3).

3.1.1 The "measurement-type" or monetary vs. non-
monetary" Axis

i. Certain goods and services are marketable. Follow-
ing our initial assumptions, their value will be their
market value, in dollars. (They are sometimes called con-
sumption goods.)

ii. Others are non-marketed or non-marketable but di-
visible and measurable, like the provision of recreation
facilities. Various methods, like the willingness to pay
method, permits the estimation of money valued benefits for
that type of goods and services.

iii. Others are measurable public goods and services--
that is, if provision of the goods and services is given to
an individual it is then necessarily given to a group of
individuals, possibly the whole nation. Clear air is an
example. The measure which characterizes the goods or ser-
vices exists but it is not in dollar terms. We include here
the costs of disparition of rare species, increased ecologi-
cal instability, aesthetic losses, etc.

We will call those measurement types of goods and services
measurement type 1, 2, and 3. Their value is increasingly diffi-
cult to assess, from type 1 to 3, with less and less firm cri-
teria for objective decision on an evaluation, as measurement of
the cost. In other words, from measurement type 1 to 3, the
differences in the definitions of social-welfare from one society
to another has more and more impact on the measure of the cost of
the related element, or component i.e. the social cost associated
to the pollution of the environment.

3.1.2 The pollution vs. depollution costs axis

We can break down the social costs associated with the en-
vironment in the following way:

Pollution prevention costs (represented by the curve called
"costs of depollution," in Figure 4), which are the costs in-
curred to prevent partially or entirely the pollution that would
otherwise result from some consumption of production activity.
These costs are usually easily computable in dollar terms since
the goods and services involved are exchanged in the market.
These costs have many secondary effects, like pecuniary external-
ities (changes in prices, etc.), and input on the distribution of
income, which is to be taken into account later. In the line
with changes in prices, due to the costs of depollution one must
make a distinction: if we analyze the Rresent state of a coun-
try, those changes in prices have already occurred and are irre-

II1-33



levant now. But, if we imagine a dynamic situation--for example,
if we try to evaluate the cost of new standards of pollution in a
country, we would have here not only to count the costs of the
technological devices used, but the non-monetary costs induced by
the fact that maybe some firms would go out of business (unem-
ployment, etc.). As we saw in paragraph 2.4, prices of some pro-
ducts would rise, which would affect segments of the population.
This, too, would have to be included.

Pollution costs which can be broken down in (i) the expend-
iture undertaken to avoid pollution damage once pollution has
already occurred: those costs are municipal building cleaning,
individual protection from noise, additional water treatment.
Those costs are linked to goods and services from valuation type
1 to 3, and involve, too, significant distributional effects.
The other aspect of pollution costs are (ii) the welfare damages
of pollution, from direct costs to other users or producers, to
recreational and aesthetic losses. They are derived from goods
and services of valuation type 1 to 3, that is, include costs
that are uncertain, long term, subtle and complex to establish.

The sum of those costs is the "costs of pollution" curve on
Figure 4.

3.1.3 Desegregation per type of measurement and per type
of cost-

type of mea- marketable non-marketable non-marketable
urement (consumption divisible prices measurable

xis goods) meas. type #2 public good
meas. type #i meas. type #3

pollution treatment costs unemployment
prevention anti-pollution change
costs devices [in dynamic sit-

uation only]

costs of individ-'al pro- migration of
avoidance of tection devices people to the
pollution suburb
damage

cost damages to crops recreation aesthetics
of pollution health hazards opportunity psychologic

economic cost losses ecologic

direct $ measure indirect $ mea- measure through
by economic surement; economic political process
process and political

process
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3.2 Introducing the Multiple Objective Weliare Function

We see that for all those costs of measurement type 1 there
should not be too many measurement problems. For costs like loss
of recreational opportunities, there will be large differences
among societies, but they can still be measured in dollars. For
type 3, the measure in dollar terms is almost impossible. In
that case, it is better not to try to segregate those costs by a
priori dollar value, because that leads to submerge the real
issues behind a facade of faulty measurements. We keep these
costs separated, to confront the choice of measures open and
explicit. In other words, we recognize our impossibility to
translate those elements of the total costs of environmental pol-
lution into dollars. They are part of the total cost, relative
to a society's definition of social welfare, but they cannot be
accounted for in dollars. We will count them separately, with
other units of measurements. These costs, of measurement type 3,
are grouped in a few broad categories. Each category corresponds
to one type of unit of measurement, for example, some kind of
ecological scale, some kind of social well-being scale. Each
scale refers to an objective, which was previously hidden in the
overall social welfare function. Let us stress here that a co,.1.
in the ecological sector, but which could have been measured
dollars would not appear under the ecological scale, but the
dollar scale. The entire set of these objectives and their rela-
tive importance is the way this particular society defines its
social welfare. (see Figure 5) The multiple objective problem
exists because of limitation in our techniques for assigning
values. The multiple objective problem is a valuation problem.

division by division by type corresponding
measurement of scale to objective*
type measure costs

total 1 plus part of 2__dollars economic
social (money measures) -efficiency I I

costs of social
environ- 3 plus part of 2. ecological environmental fr

pollu- (other types of units quality -0 far
tion measure) social social well-4

well-being being
equity units equity

Figure 5: Social costs as they relate to social welfare through a
multiple objective function which solves the measurement
problem
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We gave to the objectives their traditional names, but this
might be misleading. For example, environmental quality here,
refers only to those ecological elements which are not measured
in $.

The social costs of environmental pollution is therefore the
sum of all these elementary costs, each one measured along its
specific scale. How this sum is made, is what we examine next.

3.3 The Process of Determination of the Social Optimal
Degree of Pollution*

The final cost assessment, which requires a relative weigh-
ing of the objectives, appraisal of the trade-offs, can only be
done through the political process. We will not address our-
selves here to the question of the ability of the political pro-
cess to articulate unambiguously and coherently the conflicting
patterns of individuals' preferences and wishes. But this pro-
blem has given rise to a whole body of knowledge, and the English
economist K. Arrow won the Nobel Prize for his work in this area.

We do not say here that actually the political process, when
debating for example about an anti-pollution legislation, for-
mally discusses the weights of objectives and importance of the
trade-offs. But indirectly, these are the issues, even if not
explicitly mentioned.

At this point, therefore, an hypothetical rational society
has determined its socially optimal pollution point after having
computed the various costs functions through the channels of
economic analysis and political negotiations--optimal point whaich
can be seen as a complete set of pollution standards. The ulti-
mate task is to design the policies and procedures best adapted
to bring the society to those standards. This is the object of
Chapter 4. But before, let us investigate closer one key aspect
of our socially optimum (efficient) pollution point: what is the
relation between the social efficiency point and the economic
efficient pollution point?

3.4 In Search of the Economically Efficient Degree of Pol-
lution - _

We are interested now in maximizing economic welfare, that
is, the welfare derived from the consumption of the goods and
services which have an economic value--a direct money value, or
we are interested in maximizing the production of consumption
goods. Therefore, we will look for the pollution point deter-
mined by our two cost curves, but they will be computed only with

*see bibliography Part III

*see Appendix B
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the costs of measurement type 1--the dollar costs. Now, are con-
sidered as costs only the costs which are actually, in reality,
paid in dollars, by someone in society. A society which would be
at the pollution degree found this way would maximize its revenue
in dollars. But this point is not as simple to find as it may
seem for two reasons:

i. Those dollar costs are all the dollar costs attributable
to pollution, not only those sent directly for pollution: if
fishermen take less fish because a river is polluted, this is a
dollar cost. If somebody gets sick because of air pollution and
goes to the hospital, this is a dollar cost. Of course, if the
person did not go to the hospital, and was previously unemployed,
this sickness would be of zero dollar cost. But still, we have
to take account of all dollar costs to be consistent. Further-
more, if a firm is obliged to pay an effluent tax to meet the
economically efficient degree of pollution and gets out of busi-
ness, this will not be considered as a loss: it would show that
the resources formerly used by this firm would be more efficient-
ly used elsewhere in the economy. This would be a zero dollar
cost operation.

In short, the task of measuring the dollar costs, only them,
but all of them, is complex enough to give room, in fact to some
value judgement (where do you stop in measuring secondary, ter-
tiary costs?). But, it is important to note that the cost curve
found would be higher in scale than the one our present state of
pollution assumes, in many countries, because really only a very
small part of the dollar costs are at the moment considered. The
other costs exist, are paid by society, but are forgotten when
one calculates the cost of pollution. Therefore, the economic-
ally efficient point of pollution is a less polluted point than
the actual one, even in many developing countries.

ii. The other problem rises with long term considerations.
For sure, for example, the pollution of the oceans has not re-
sulted in dollar costs, except in very special cases. But in the
long run? Are we not short-sighted, so that one day, we will
discover that we are faced with catastrophic ecological problems,
not thought of before, not valued in economic terms, but which
result in catastrophic economic losses suddenly? Are we sure we
value economically all that we should in a process like the one
described in i? --(which would already take into account much
more than is actually taken). In the short run, the answer is
"yes"--But in the longer run?

In conclusion, we see here a sort of continuum between the
dollar measures and some of the others: some of the non-dollar
measures have an economic value, if one looks a little farther
ahead in time. But, the distance you look ahead is, too, very
much a value-choice, which every society makes for itself.
Therefore, even the concept of economic efficiency is not so
clear-cut as it may seem, and its definition may vary from one
society to another, according to accuracy of the dollar-costs one
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can get, and to the time-horizon one chooses. We will see in the
conclusion other reasons why the optimal point of pollution
varies from society to society.

4. Policies Instruments of Allocations of Environmental Costs*

4.1 Aiming at the "Second Best" Instead of the Optimum

It is not presumed that any policy instrument would achieve
complete correction for all deviations from the socially optimum
point. What we look for, in reality, is a partial removal of de-
viations between social and private costs for environmental ser-
vices--in other words--we look for a "second best" point. For
simplicity of exposition, we will continue to talk of the "social
optimum." The goal is now clear: to reach the point of socially
optimum degree of pollution, socially meaning that this point is
coherent with the overall objectives of that society, whatever
these objectives may be. It can very well be only the economic
efficiency objective. In that case, the social optimum is the
same as the economic optimum. But, to reach that point, there
are several types of policies instrument possible, which are the-
oretically equivalent. The uestion is to choose among them the
one which, in practice, is the best suited. The fundamental idea
is that a policy instrument will bring us towards the optimnal
point by allocating "well" the social costs of pollution. To
evaluate the accuracy of an evironmental management and control
policy instrument, one has always to refer to the concrete cases
at which it is directed. It depends whether the policy is aimed
at internalizing externalities between two producers, or pro-
ducers and consumers, or between consumers themselves. In the
first two cases, it will depend, too, op the number of producers
involved. The policy instrument, too, will depend on the degreeof centralization of the economy, and the administration, depend
on the fact whether the external effects considered are rever-
sible or irreversible; therefore, here again, there is not just
one solution. In the next paragraph, we will review some possi-
ble policy instruments and shortly comment on each of them.

4.2 The Allocation of Environmental Costs

4.2.1 The market solution

There is a motivation for a private party to act to bribe
the creator of an externality to decrease or discontinue its
harmful activity. If the bargaining is perfect, the briber will
propose to bid up his bribe as long as the bribe needed to induce
the. externality creator to reduce its discharge is less than the
damage inflicted. This leads theoretically to the point of opti-
mum pollution. But, this solution is possible only if:

*see bibliography, Parts II and IV
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i. The two parties can effectively meet.

ii. The two parties have roughly the same power.

iii. The two parties are of sufficient rationality
and good faith.

iv. The damages can be evaluated easily.

4.2.2 The regulation solution. The problems of environ-
mental quality standards

This solution supposes the existence of a governmental en-
vironmental protection commission whose first task would be to
determine, through economic analysis and the political process
(cf. paragraph 3.3), the optimal pollution point of that particu-
lar society. This point determines the relevant environmental
standards for air, water and lan@ quality. Thus the Agency
should determine the relationship between current emission flows
of any pollutant and the equilibrium level of that pollutant in
the environment, and then determine how to allocate the necessary
total pollution reduction among the different demanders for waste
disposal in the various media in the target area, which is indeed
a difficult task, involving a lot of arbitrary. There is the
possibility to force each polluter to reduce its pollution by a
certain percentage. But this is an inequitable solution because
the marginal cost of reducing the pollution is certainly widely
different from one polluter to the other. But to force differen-
tial pollution reduction will raise endless problems, under
alleged inequity of differential standards. This type of solu-
tion is not flexible enough to bring optimality (cars' emission
control devices are not needed in rural areas, for example) and
would require regular inspection of all pollution prevention
devices to make sure of the working order because the polluters
have no incentive to do it themselves.

4.2.3 Solution by prohibition

This is a solution only for those pollutants having quasi
infinite damage potential or which threaten the entire ecological
balance supporting human life, like nuclear wastes, DDT or Mer-
cury, that is, the pollutants for which the optimal point is zero
level of presence in the environment.

4.2.4 Solution by taxation and effluent changes

A policy of effluent charges is the establishment of pro-
perty rights as air and water resources, and determines the price
that must be paid for their use,. It creates an incentive to the
firm to evaluate the alteniative costs associated with avoiding
the tax, to adopt the minimum cost solution which may involve a
combination of waste treatment, output, reduction, and payment of
the effluent charge as we haye seeZ. the effluent charges per
unit should be equal to the marginal cost of pollution for so-
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ciety at the optimal point. As at that point, it is equal to the
marginal cost of pollution reduction, the firm will be induced to
reduce its pollution until that point, and pay the effluent
charge for its remaining pollution.

This solution is the one most often endorsed by economists
but bears the danger of hitting strongly the functioning of the
economy because, here again, if an across-the-board policy is
adopted, some firms will have very high costs of effluent charg-
es, even if they behave rationally.

Strictly speaking, there should be a differential effluent
charge embodying the geographic differences in the social costs
of effluents. Rural areas discharge fees should be lower than
already relatively polluted regions. But this policy is politi-
cally and administratively difficult to implement.

4.2.5 Solution by Subsidies

This solution is similar to the previous one except that in-
stead of being taxes per unit of pollution discharge, the firm is
paid by unit of pollution removed. But such a policy can be dis-
torted by firms going into the waste-making business, and being
subsidized to close down. The other main difference is the dis-
tributional effect: here the cost of pollution reduction is
borne by all taxpayers whereas previously it was directly borne
by the firm and therefore by their customers.

4.3 Criteria for Evaluation of These Policies

Even though, theoretically, these proposed solutions have
the same effect--to bri.ng society to its optimal pollution
point--they in fact are not equivalent and ought to be evaluated
upon the various criteria on which they differ.

- Distributional impact. Who bears the costs of the interna-
lized externalities? The objective of equity is here in
consideration,'

- Administration feasibility. Some solutions are more easily
enforceable than others. The overall problem is in fact to
minimize the toLal costs of pollution, pollution prevention
and enforcement.

- Incentive they provide for technological improvement. This
is important because for a given society, all things being
equal, the more efficient in antipollution technology, the
cleaner will be its optimal pollution point.

see bibliography Part VI
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Comprehensiveness of the policy. Society is not any better
off if all waste water residuals are discharged in the air
instead.

Flexibility of application. The more adaptable the policy
can be to the geographical difference in social costs of
pollution, and the polluters' marginal cost of pollution
reduction, the closer it can bring society to its optimal
pollution point.

Amount of information it needs to be determined.
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Conclusions

1. There exists in all societies an overalA social optimum
point of pollution which has no reason to be reached by chance--
"Optimum" point in terms of the overall obiectives of that
society.

2. This point is determined partially by pure value judg-
ment (detcnmining the acceptable trade-offs between objectives
not measurable in dollars and dollar costs) and therefore can
neither be imposed by some countries upon others on the ground of
economic rationality nor of any rationality.*

3. Given the lack of knowledge about the long-term effects
of the socio-economi. systems on the environment, it may well be
that this optimal point determined by the political and economic
system is still, in the long run, threatening the ecosystem's
equilibrium.**

There are no more reasons why any society should be at the
pollution point which would be optimal in terms of only the first
objective, that is, only the dollar measurable pollution costs
and benefits (economically optimum point). Actually, the present
degree of pollution in all societies corresponds to a point which
embodies a part of the dollar measurable costs and benefits, and
unclearly determined parts of the other objectives.

5. The economically optimum point of pollution is, too,
value loaded: it simply gives a zero weight to all non-dollar-
measurable elements. Therefore, there is no rationale why in-
ternational legislation should be based on that either. There is
no "value-free" determination of the optimum.

6. This optimal pollution point is also dependent on the
available antipollution technology, the relative costs of factors
of production, the value of outputs, and the assimilative capa-
city of the environment of the country (that is, the amount of
pollution the environment can absorb at zero social cost).

7. Even the economically optimum point of pollution would
therefore be different from a country to another. This is even
more so since the economic optimum depends on the chosen time
horizon.

8. It is almost certain that all countries are at a point
of pollution which is higher than the economically optimum, and
that the departure from that point increases with time.

*see bibliography Part III

**see bibliography Part XI and XII
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9. Countries impose external costs on each other and
therefore misallocate their resources at the earth's level. The
reasons this paper has exposed which urge for national legisla-
tion for internalizing the external costs are valid exact simi-
larly at International level.

10. So, exactly as for a country, the International commun-
ity will have to go through its own "international political pro-
cess" to determine the relevant international standards and find,
for that matter, an agreement on some overall weighing of the ob-
jectives. Even if only the economic optimum would be taken in
consideration, there would still be a need for international
legislation and negotiation in order to be efficient in those
terms.*

11. The kind of policies designed to implement move towards
the optimal point imply value-judgments too. It means that this
step, too, will have to be decided through some international
political process.

12. Finally, it is hoped that, if anything, this paper has
shown that the first--and possibly only--thing on which there is
no possible discussion, is precisely that, in any case, there is
a need for national and international policy and legislation mak-
ing because presently, man's use and management of his environ-
ment is totally inconsistent with its objectives, whatever these
objectives are, for a simple reason: there is no linkage between
the two.

*see bibliography Part X, XI, and XII
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International Trade, Developing Countries and Pollution

1. Introduction

During the past few years, there has been a growing concern,
in the developed countries, and especially in the United States,
about the environment, and more specifically about pollution.
The classical answer to that problem is the "internalization of
the externalities" by the principle of "the polluter pays."
Given the partially subjective appreciation of what is an accep-
table level of pollution (or: what is the cost of pollution),
there are, therefore, theoretically, different "efficient" levels
of pollution for different countries (and different income groups
in each country, but we will not discuss that aspect here).
Those "efficient" levels of pollution, which we will call "opti-
mal pollution point" are different for another reason, an ob-
jective one, which is the differential assimilative capacities of
the environment of different countries, for example Holland vs.
the Amazon region.

The recognition of the necessity of the factor of production
which we could call "waste disposal," in some developed coun-
tries, has potentially very important international trade impli-
cations, and therefore implications for the development of third
world nations, because the recognition of different "optimal
point of pollution" for different countries, developing countries
having generally a higher optimal level of pollution, is the
recognition of a new "comparative advantage" for those developing
nations. This recognition has been called the theory of "pollu-
tion havens"--This position is, of course, strongly opposed by
developed countries, on the grounds of ecology and equity (why
should the Indians of the Amazon breathe more SO than we do?).
Actually, the draft text of the U.S. Advisory Coummittee for the
final resolution of the U.N. conference on the human environment
held in Stockholm in June 1972 developeP "the principle opposing
the exploitation of pollution havens" , point which has been
challenged by a panel of experts advising the Secretary General
of that same conference, which concluded that "environmental
standards and costs are likely to be quite different in the de-
veloped and developing world, so that developing countries may
still possess a comparative advantage in some of these (pollut-
ing) industries."" As a matter of fact, the new Brdzilian plan
for the development of the Amazon region is described as stating
that "the objective is (. . .) to attract large firms in order to

1Report of the Secretary of State's advi-ory committee on the
1972 U.N. conference on the human environment, Stockholm and
Beyond, U.S. Government Printing Oftice, Washington, D.C., p.
118.
2Environment and Development (the Founex report), published by

the Carnegie Edowment for International Peace, Jan. 1972, No.
586, p. 32.
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get thS best of the 'comparative advantages' of the forest

Various international conferences have studied the implica-
tions of the recognition of the finiteness of natural resources
in terms of international legislation for the exploitation of the
oceans (Caracas, 1974), energy (Copenhagen, 1973), population
(Budapest, 1974), trade agreements (GATT), or food supply (Rome,
1974), and, in each case, irreconcilable positions between devel-
oped countries and developing countries have appeared (so far,
the input of socialist countries has been relatively minor, ex-
cept in Budapest). Undoubtedly different theories of develop-
ment, of relationships between developed and developing nations,
of the appraisal of ecological disequilibrium, are in confronta-
tion.

As the Founex report puts it "inevitably the environmental
concern will cast its shadow on all international economic rela-
tions, and one can ferceive these implications only a little
dimly at this stage." Let us still try to look at some of these
implications, the trade implications.

2. Trade Implications

2.1 The Two Positions in Presence

As we have seen, very broadly speaking, the position of the
developed countries is to call for some kind of international
pollution and environmental standards, considering it is the int-
erest of all nations to protect the environment, and that it is
just fair no one can profit by having less stringent environmen-
tal standards to become more competitive on the world market5
There is a correlation between pollution and the rate of growth.
On the other hand, developing countries do support the notion of
"pollution havens" and the notion of the fairness of the compara-
tive advantage they would enjoy, given their less high environ-
mental standards resulting in a different trade-off between eco-
nomic growth and environmental quality and a better assimilative
capacity of their still relatively unpolluted environment--argu-
ing that their only real environmental problem is the one of pool
water supply, deficient nutrition, bad housing conditions, sick-
ness and disease. They argue their comparative advantage is "ex-
actly as fair as the one France5has to produce wine and the U.S.
to produce wheat and computers."

3Charles Vanhecke, "Le gouvernement lance un nouveau plin de mise
en valeur de l'Amazonie, Le Monde, 10-11, Nov. 74.
4Nake M. Kamrang, "Economic Growth and Environmental Impact,"
Socio-Economic Planification Science, Vol. 7, pp. 37-53, Pergamon
Press.
5The Founex Reports, op. cit., p. 27.
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2.2 General Effects of the Settling of Environmental Stand-
ards in Developed Countries

In general terms, the problem is to "internalize the exter-
nalities" created by pollution; it is possible to achieve that,
either to subsidize the firms for each unit of pollution removed,
or to tax them for each unit of pollution left. In fact, the re-
percussions are very different if one chooses one of the other
policies, as showx in the next paragraph, which was inspired by
Kneese and d'Arge.

The discussion taxes vs. subsidies shows that the subsidy
policy to meet environmental standards would result in the long
run in accumulative misallocation of resources, thus threatening
global efficiency, exactly as tariffs barriers opposing inter-
national trade would do, because the private costs would system-
atically differ from the social costs, becoming distorted prices
and cost signals. Anyway, whatever the policy, it will deeply
affect international trade which will be partly determined by
each country's preference for environmental quality and Environ-
mental Assimilative Capacity. Efficient world-wide allocation of
resources requires that the social cost of an export product,
including environmental taxes, should be reflected by export
prices, even if the taxes are widely different from country to
country due to different optimal pollution point.

The effects of a specific policy will depend, too, whether
the good produces externalities when being produced or being con-
sumed, if the export industry prodices under conditions of
increasing, decreasing or constant costs per unit of product, if
the elasticity of demand for the product is greater or not than
one: in short, there is not a simple one-to-one correspondence
between pollution control costs and changes in export prices and
evolution of the export with time.

2.3 Effects of Environmental Standards on Developing
Countries--

An important aspect of the question discussed here is that,
even if only developed countries set environmental or pollution
standards, this might do much harm to developing countries, along
the following lines, which can partly be deduced from the
previous paragraph:

i. Those goods which produce pollution while they are
fabricated (as opposition to those who pcllute during or after
consumption) will be sold at higher prices.

6A. V. Kneese and R. C. d'Arge, "Environmental Quality and
International Trade," International Organization, Vol. 26:2,
Spring 72.
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ii. Some goods exported by developing countries might be
prohibited on the ground of environmental standards (for example,
traces of DDT in agricultural products). And these standards can
be sometimes seen as non-tariff barriers, like in the following
example: Germany has restricted the lead content of gasoline to
0.15 grams per liter. German vehicles can easily be adjusted to
low-lead gasoline, but several major Italian and French auto-
mobile makers' high compression engines cannot be so easily
adjusted. Is this a non-tariff barrier?

iii. Some fear that aid might be reduced, as the high
environmental standards in developed countries might induce
governments to subsidize some of their national industries, or
that design and approval of projects financed by international or
bilateral aid would be much longer and difficult.

iv. The technologies which would appear in developed
countries would not be really suited for developing nations:
machines would generate less pollution but would cost more, which
is not what developing nations look for. Furthermore, all the
technology of depollution will have to be imported, without a
possibility of a "multiplier effect," thus increasing the depend-
ency.

3. Conclusions

R. C. d'Arge and A. V. Knesse argue that, for the U.S., the
effects of reflecting true social costs in export prices would
not globally affect the international trade of that country, but
would affect certain~y heavily some specific industries (paper
mills, for example). Such studies have not been systematically
done for all countries, so that it is still difficult to assess
what are the trade-offs involved between the balance of payments'
situation and environmental quality--which indeed would be a
major indication for a country to decide its optimal social
pollution point. On the side of developing nations, the effects
are still much more uncertain; this, of course, exacerbates the
debate over international trade and specifically environmental
legislation at international level, since "just as with disarma-
ment, perhaps even to a greater extent, the dynamic of co~peti-
tion leads to an endless search for relative advantage" --and
precisely, it is a new distribution of the comparative
advantages among countries which is at stake here.

One of the most puzzling points, for the economist, however,
is the obvious lack of a useful international trade theory, since

7A. V. Kneese and R. C. d'Arge, 2R. cit.
8Richard A. Falk, "Environmental Pollution as a World Order
Problem," in Environmental Policy, Albert A. Utton and Daniel H.
Henning, eds., Praeger Publishers, 1973, p. 146.
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the classical theory predicting progressive equalization of
prices of factors of production (the Heckscher-Ohlin theory) is
inadequate and makes unrealistic assumptions and the neo-Marxist
theories still lack empirical verification.

In the words of Myrdal:

(. .) there will have been salvaged many familiar
arguments and theorems now harbored in the broad framework
of our general theories, including the theory of inter-
national trade, adjusted and fitted into the new structure.

The changed political situation in the world, the com-
pulsion, implied in this changed political situation, to
focus attention on entirely new and very different problems
(. .. ) are bound to represent the beginning of a revolution
also in the social sciences, wilning our horizon and radi-
cally redirecting our thinking."

The consciousness of the inherent limitations of "spaceship
earth" is certainly an excellent illustration of that.

9Arrighi Emmanuel, Unequal Exchange.
10Gunnar Myrdal, Economic Theory and Underdeveloped Regions,
Harper Torchbooks, p. 162.
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On Efficiency in a Multi-objective Planning Context

As we have tried to make clear in this paper, at any point
in time, a choice,,as to be made by any society between the
various components of the overall social welfare, namely, be-
tween consumption goods, environmental quality, social/psycho-
logical well-being, and equity. This choice has to be made be-
cause resources to satisfy human needs are in short supply.

Let us consider, for example, the two first components:

curve showing the pos-
consumption sible "socially optimal

pollution point" for a
given society--any point
on the curve means that
the necessary condition

X for rationality is ful-

filled

environmental
quality

Figure 6

Owing to the scarcity of resources, we are confronted with
the basic problem of efficiency and optimal resource allocation
(i.e. best possible).

First, to be efficient, we have to be on the curve (see
Figure 6), not in the area inside it. Being on-the curve means
that the economy is working at full capacity in such a way that
the supply of one of the components of social welfare cannot
possibly be increased without a decrease in the supply of another
component. Here, it means that to improve the environment we
have to sacrifice a certain amount of consumption and vice-versa.
Any point on the curve shows that a necessary condition for
rationality is fulfilled. Any point on the curve embodies a
different choice of the definition of social welfare by this
particular society. Let A be this point. Point X is ineffi-
cient, point Y is no coherent with the objectives, point Z not
feasible. If we take the four objectives, the curve becomes an
hyper plan in the four dimensional space, which is a simple ex-
tension of the two-dimensional space.

*Inspired by "Problems of Environmental Policy in Relation to

General Economic Policy," in ECE Symposium on Problems Relating
to Environment, United Nations, New York, 1971, pp. 263-269.

**We define these components exactly as in Chapter 3.
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Two different societies will have two different curves, due
to differences in geographical, technological, economical differ-
ences, and two different optimal points on each of the curves,
due to different preferences and definition of social welfare.
This shows clearly, too, that two different countries can have
very different consumption opportunity costs per unit of environ-
mental quality, i.e. would have to pay very different dollar
prices in order to improve by one unit their environmental qual-
ity. (This price, or marginal consumption cost of one unit of
environmental quality is represented by the negative of the slope
at each point of the curve (see Figure 6).

consumption Country A

,_.CountryB
Al: .Bl

Figure 6: Consumption/environmental cuality efficiency

curves for two countries and their two optimal
points of pollution

Note: Even though country B is aiming at a higher environmental
quality point than A (because B is on the right side of A).
Country B values less environmental quality in relation to con-
sumption than A because the negative of the slope in point B is
smaller than in point A. It simply means that in this particular
case, technological -conditions, socio-economic geographical
determinants had more importance than the differences in values
regarding the weight to give to the environment.
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PRINCIPLES FOR WAMER QUALITY MANAGEMENTa

By Daniel A. Okun, F.ASCE 
b

A half century ago, engineers responsible for the quality of
public water supplies were concerned primarily with protecting
consumers against waterborne diseases. Consulting engineers,
state sanitary engineers, and municipal engineers worked in con-
cert to assure the public a safe water, with the result that wa-
terborne infectious diseases have been virtually wiped out. The
objectives of wastewater treatment were likewise. straightfor-
ward--to remove sufficient organic matter to maintain adequate
oxygen levels in receiving waters.

The situation today is far more complex:

1. Water treatment plants that protect us against the
spread of bacterial disease may not remove enteric viruses nor
the miany new synthetic organic chemicals that are inextricably
woven into our current mode of living, chemicals believed to be
carcinogenic, mutagenic, teratogenic, or all three.

2. Disinfection with chlorine, which was =responsible for
destroying pathogens and for permitting quality control through
the measurement of chlorine residuals, is now indicted for the
creation of halomethanes, such as chloroform, which are said to
be carcinogenic.

3. On the one hand, secondary wastewater treatment is re-
quired to remove oxygen-demanding organic matter (BOD) where no
effect on the dissolved oxygen level in the receiving waters can
be discerned while, on the other hand, little attempt is made to
remove the chemical contaminants that affect the quality of pot-
able water supplies drawn downstream.

4. While the removal of synthetic organic chemicals from
wastewaters is neglected, considerable attention is given to the
removal of nutrients, a practice of often uncertain value.

apresented at the July 13-15, 1977, ASCE Environmental Engineer-
ing Specialty Conference, held at Vanderbilt University, Nash-
ville, Tenn.

bKenan Prof. of Environmental Engrg., Univ. of North Carolina,
Chapel Hill, N.C.

111-66



5. Despite the trend towards urbanization, the number of
households served by septic tanks is growing, with a substantial
portion of the population, some 50,000,000 people, many in urban-
ized areas, without the benefits of public water supply or sewer-
age.

6. The 1970 Public Health Service Community Water Supply
Study showed that poor quality water service resulted from the
small size of many of the systems, which precluded qualified man-
agement (5). Yet the number of water supply systems has grown
from some 20,000 in 1963 to more than 40,000 today, with more
than half serving fewer than 500 persons.

7. Some communities suffer periodic water shortages when
nearby communities are surfeited.

8. Other communities use pure waters drawn from protected
upstream sources and from underground for car washing and lawn
sprinkling while neighboring communities are obliged to draw wa-
ter from polluted sources for drinking.

9. Local and state officials, and their engineers, call for
continuation and even enlargement of the Federal construction
grants program for wastewater treatment and disposal, despite the
fact that the program has shifted the locus for decision making
away from local and state government to the federal government
and its regional offices, which generally have less engineering
understanding of the local scene and no political accountability.

10. The resulting and inevitable bureaucratic entanglements
in which federally funded water projects become embroiled because
of the multiple and overlapping responsibilities at all levels of
government induces only despair in engineers who want to get on
with their projects.

11. Laws are passed with goals and timetables that obvious-
ly cannot be met, regardless of the level of funding made avail-
able. Yet the Environmental Protection Agency, charged with im-
plementing the laws, resists any attempt at their amendment.

12. The National Water Commission, which submitted a report
after 5 years of study, and the National Commission on Water
Quality, which examined the progress of PL 92-500, the Water Pol-
lution Control Act Amendments of 1972, over a 2 1/2-year period
are virtually ignored.

13. All agree that additional water supply is needed for
our nation's capital, but agreement ends there. Study after
study and recommendation after recommendation mount up with lit-
tle result except that, in a backlash against reservoirs, inves-
tigation is being made into the potential for abstracting drink-
ing water from the polluted Pomomac River estuary.
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These anomalies and inconsistencies, which can be extended
ad nauseum, are particularly frustrating for engineers because
they challenge their professionalism, reducing engineering deci-
sion making to an exercise in trying to understand inch-thick
volumes of regulations because compliance is more important than
engineering quality in moving a project along.

Today should be a happy time for environmental engineers.
Those who feel that engineers' happiness is beside the point
should note Florman's comments (10). They have climbed out of
the sewer. The people know of their work, and appreciate and
want more of it. Even anti-establishment and anti-technology
types can find little to challenge in the work of those who pro-
vide water and carry off wastewaters. Environmental engineers do
not suffer as aeronautical and electronic engineers have suffer-
ed, from the vagaries of our economic condition of the fashions
of the times. We have always been, are now and will be in de-
mand. Yet today is not a happy time.

One reason for our malaise is the absence of guiding princi-
ples against which to measure the options available. We rail
against laws and regulations promulgated by lawyers but submit
meekly to them. If we do have the convictions that would lead us
to opt for sound engineering decisions, we are fearful that soci-
ety will not accept them, yet we have not sought to enlighten
society as to the principles that should help guida their
choices.

Revolution in Water Management in England and Wales

One might not be sanguine about effecting an improvement in
our situationa if an example had not recently emerged in Britain
where the water industry was able to manage the worst drought in
its recorded history with little perturbation (2). The regroup-
ing of water supplies by the Water Act 1945 (17), which reduced
the number of systems from more than 1,200 to fewer than 200 over
a period of 25 years, was followed by regionalization of all
water management, effected by the Water Act 1973, which permitted
optimizing the use of limited water resources during the drought
and set the stage for optimizing all investments in water supply,
wastewater collection and disposal, river regulation, and the
amenity uses of the waters of the country (18).

The Water Act 1973 was passed during a period when Britain
was suffering the throes of crises that would have brought down
many governments and, in fact, did bring down the Conservative
Government in early 1974; an oil crisis brought on by the Middle
East war; a coal crisis brought on my miners' refusal to work
overtime; a rail crisis brought on by "work to rule"; IRA bombs
everywhere in England; a runaway inflation. Nevertheless, the I
Government took on the water reorganization because water short-
ages were anticipated, and it was believed that major reorgani-i
zation would be easier to accomplish before the crisis was at
hand. Also, reorganization of local government, with a reduction
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in the number of local authorities from 1,424 to 456, was pro-
jected for April 1, 1974, and the water reorganization was sched-
uled to be implemented on the same date (19).

On April 1, 1974, 10 water authorities (WAs) took over vir-
tually every responsibility for the management of water and its
uses, including the complete ownership of the facilities of 1,609
separate agencies that had served the 50,000,000 people in Eng-
land and Wales. Each WA was given responsibility, with minor ex-
ceptions, for the ownership,, planning, design, construction, op-
eration, and finance of facilities for: (1) the conservation,
augmentation, distribution, and use of water resources and the
provision of water supplies; (2) provision of sewerage and the
treatment of wastewaters and effluents; (3) the restoration and
maintenance of the wholesomeness of rivers and other inland wa-
ters, which was extended to estuaries and coastal waters by the
Control of Pollution Act 1974; (4) use of inland water for recre-
ation; (5) the enhancement and preservation of amenity values of
these waters; (6) land drainage and prevention of flooding; and
(7) fisheries and navigation in inland waters.

Despite very similar traditions and practices, it is not
reasonable to expect that we in the United States can follow the
British model. However, study of the reorganization during a
sabbatical year in England led to the development of five princi-
ples for water management that might serve us well.

Principles for Water Management

The five principles or axioms upon which sound water manage-
ment might be based, principles with which few professionals
would disagree, are: (1) every water project is unique, a quality
that should be recognized in its conception and implementation;
(2) the efficiencies and economies of scale inherent in water
projects should be exploited; (3) the cost of water projects
should, in general, be met by those who benefit from them; (4)
potable water should be drawn from protected rather than polluted
sources; and (5) the management of water supply and water pollu-
tion control should be integrated.

Drawing upon the American and British experience, this paper
examines these axioms and indicates how they might be applied in
the United States.

Uniqueness of Water Projects.--A factory for making paper,
steel, or shoes may be much the same wherever located, but a
water project must be fitted to the setting. Climate, precipit-
ation, topography, density and distribution of population, indus-
trial development, land use, recreational interests, and economic
status vary from place to place through a nation, so that any ef-
ficient plan for water supply, water treatment, wastewater col-
lection and disposal, or water recreation that may be appropriate
in one location may not be appropriate in another.
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When responsibility for water quality management in the
United States rested with the states, local and regional differ-
ences were considered. For example, states in the southwest,
where natural waters are characterized by high dissolved solids,
tolerate levels in community water supplies much higher than is
acceptable in the northeast, which is accustomed to soft mountain
water supplies. In midwestern states, where many municipalities
were required to provide secc iary biological treatment for
wastewaters because they discharged into small streams, those
cities located on the Mississippi and Missouri Rivers were only
required to provide primary treatment as the oxygen levels in
these large rivers are high and would not be improved by second-
ary biological treatment. Cities along the coasts were also
under different strictures than inland cities because of the ex-
tensive dilution available for assimilation of wastewaters with-
out impact on quality.

However, some states became pollution havens, encouraging
industry with the promise that vigorous anti-pollution measures
would not be instituted. Under impetus of the environmental
movement, Congress responsded with PL 92-500 which requires at
least secondary treatment throughout the county.

All industries of the same type are now required to provide
the same minimum treatment, wherever located. Guidelines for
industries are developed based upon what certain exemplary indus-
trial establishments have done. A mill located in a pollution-
sensitive area might have installed expensive waste treatment
facilities and modified its operations to minimize pollution be-
cause it had chosen that site to reap other advantages. However,
this installation and others like it set the standard for all
similar industries in the country, even if located where their
effluents can cause no discernible harm. Such nationwide unifor-
mity has been instituted in the name of equity and ease of admin-
istration. The equity is dubious because uniformity of pollution
control, where all of the other costs involved in industrial
operations are not equitable, tends to distort sound investment
planning. The ease of administration has turned out to be a
chimera as each industry believes its situation to be unique and
seeks legal redress on the basis that the guidelines are not ap-
propriate to it.

As Bower has stated (lecture notes), levels of water quality
tc be achieved in any part of the country should bear some rela-
tionship to the present and anticipated uses of the water re-
source and to the related physical, economic, and esthetic bene-
fits resulting from improved water quality. With PL 92-500, pol-
lution control requirements based upon protecting the best uses
of streams have been abandoned to a goal that purports to make
e stream fishable and swimmable. The ambition of such a goal
is far beyond the capacity of the nation to achieve and, inevit-
ably if unofficially, priorities are now being established which
in part depend upon the uses of the waters to be protected and
upon the economic realities. For example, EPA exempted eight
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major steel mills along the Mahoning River in Ohio from compli-
ance with standards because of the impact that their implement-
ation would have had on the area's economy. The administrator of
EPA rationalized the situation this way (1): "We don't have
enough manpower to enforce all of the statutes everywhere, so we
tend to pick out those situations where our actions will have the
most beneficial effect." Not only does EPA have insufficient
manpower, the nation has insufficient financial resources. What-
ever the reason for being selective in enforcing the law, the im-
pact of such selectivity in implementation is to undermine the
credibility of the regulatory process, encouraging delay which
rewards those who choose to lobby or fight the issues in the
courts.

The National Commission on Water Quality ". ..was sensitive
to the fact that this country has magnificently diverse condi-
tions in climate.. .the environment.. .the economy...and society
itself. We could in no way produce sufficient data to justify a
standardized, rigid law based on averages" (i,).

In England and Wales, the creation of 10 water authorities
recognizes the physiographic, climatological, economic, and cult-
ural differences across England and Wales. Some WAs may give
higher priority to providing improved water services while others
may concentrate on improving the quality of their surface waters
for recreational and amenity purposes.

The philosophy in Britain was not a fruit of the reorgani-
zation, but certainly prospers under it. Baroness Birk expressed
the philosophy in the House of Lords (4):

It is an essential feature of the system we use for control-
ling polluting discharges that decisions about the precise
levels of pollutants which may be allowed should be taken by
WAs in the light of differing local circumstances. It makes
a great deal of difference to the level of controls if the
discharge is made into an inland river used for drinking
supply, or into an estuary or the sea. This is not because
we do not care about polluting the sea, but because the
capacity of tidal waters with strong currents to absorb the
pollutants without any harm is so much greater ...To ignore
this fact, and to impose rigid uniform standards on mills
regardless of where they are situated is to risk wasting
money treating effluent, sometimes to unnecessarily high
standards. It also takes away the incentive for an indus-
trialist to site factories where wastes can be most econ-
omically disposed of...

Similarly, a WA can determine how a desired water quality
can best be attained. An optimal investment for the control of
nitrates for downstream abstractions in the Thames will require
different levels of nitrogen removal at different locations on
the river, varying from no removal whatsoever at some points to
high removals at others. That the WA owns all of the treatment
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facilities makes such an allocation not only theoretically pos-
sible but readily implementable.

While the United States is turning away from treatment re-
quirements based on water use, Britain is considering an approach
for establishing priorities that would preserve water for its
highest use, spending money only when a recognized benefit will
result (8).

Economies and Efficiencies of Scale.--That water projects
exhibit significant economics of scale in construction and oper-
ation has always been recognized. Even where physical water con-
nections mong many small works are not warranted because of dis-
tances between them, unified management is not only more econom-
ical but also more efficient in corralling professional talent
for the enterprise.

In the United States, a substantial majority of the approxi-
mately 75,000 separate water supply and sewerage and sewage dis-
posal operations serve fewer than 1,000 persons and cannot afford
the quality of supervision necessary to assure effective plan-
ning, design, construction, management, and operation.

The 1974 Safe Drinking Water Act recognizes the need for
proper surveillance but will be powerless to assure that it is
provided to the small installations. In fact, EPA's formula for
grants to the states to assist in administering the Act assigns
funds as a function, inter alia, of the number of separate sys-
tems in a state, thereby unintentionally rewarding fragmentation
of supplies.

PL 92-500 has specific provisions that offer priorities in
funding for projects that serve more than one community, and
joint community facilities planning is obligatory. The success
of these initiatives is still uncertain as funds for operation
must come from the local community. Without a funding carrot, the
incentive for regional management is seldom sufficient to over-
come local sovereignty.

Furthermore, sewerage planning has become a surrogate for
land-use planning in the United States, the latter being politi-
cally distasteful. Accordingly, local officials are hesitant to
yield the one control they have for managing growth, the sewer
and water lines, irrespective of whether they espouse "pro-" or
"anti-growth" philosophies.

In England and Wales, decisions as to community growth rest
on local authority decisions and the water authorities are obli-
gated to meet water and sewerage needs of the local authorities.
The location of water and sewer lines is not considered the
proper device for controlling community growth.

Sewerage and wastewater treatment and disposal, still being
local authority responsibilities, were highly fragmented in
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Britain at the time of the reorganization. A substantive accom-
plishnent of the WAs after the Water Act 1973 reorganization was
their taking inventory of their inheritance from predecessor
authorities and addressing the problems that appeared. Old and
dilapidated works were abandoned and others were regrouped.

"Technically and scientifically the increase in scale of the
new management units for sewage treatment and the concentration
of existing resources of men and equipment have in general sub-
stantially raised the effectiveness of maintenance and process
control where predecessor authorities were relatively small..."
The WAs promoted the more efficient use of water resources en-
abling some schemes for new works to be deferred (7). The 1976
drought dramatically demonstrated that the allocation of re-
sources within the larger geographical areas controlled by the
water authorities could be made more efficient. The Financial
Times (London) assessed the restructuring as "...by far the most
rad-1cal and, perhaps for that reason, ...more likely to endure"
because the WAs are large enough to plan the development of their
water resources on an effective scale (25).

Centralization is often expected to result in new layers of
bureaucracy, with substantial increases in personnel. This has
not, in fact, been the case. In a special study of pre-and post-
reorganization manpower requirements, the Anglian Water Authority
(AWA) found that the total number of employees rose from 6,888 to
6,988, a 1.5% increase (15). Against this exceedingly small in-
crease, the AWA has achieved: (1) a greater capacity for in-house
design work, effecting a saving in consulting fees; (2) the amal-
gamation of 21 water boards into 10 water divisions, realizing
savings of about $200,000 per annum in staffing costs; and (3)
more efficient operational and maintenance standards and more
effective and remunerative trade effluent control resulting from
full-time staff available to even the smallest facilities.

For the water industry as a whole, 58,385 staff were employ-
ed after 1 year, about 60% of whom were manual workers. Prior to
the reorganization, an estimated 65,000 were employed. Certainly
no major increases in personnel were involved in the reorgani-
zation, although a wider range of services is being offered.

Financing of Water Projects.--A sound financing program
should generate sufficient funds to cover the costs of the ser-
vices, should promote the efficient utilization and allocation of
the available resources, should not discriminate among classes of
consumers, should reflect in its charges the costs incurred for
providing the services, and should have beneficiaries meet the
costs. If subsidies are needed they should be overt but they
should not be the vehicle for the amelioration of social inequi-
ties.

In 1974, the late Samual A. Greeley presented a paper that
resulted in a report entitled Fundamental Considerations in Rates
and Rate Structures for Water and Sewage Works which enunciated
the prln-ciple that (iIT-:
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The needed total revenue requirements of a water or sewage
works shall be contributed by users and non-users...for
whose use, need, and benefit the facilities of the works are
provided, approximately in proportion to the cost of provid-
ing the use and benefits of the works.

In the United States, the financing of public water supplies
has generally met these criteria although the classic declining-
block rate of charges is being challenged as inequable. With the
need for new water supply developments, always more costly on a
unit basis than existing projects, there is interest in designing
charging schemes to meet marginal costs.

However, sound financing principles have been abandoned in
meeting the costs for water pollution control, with the federal
construction grants program exploding to commitments of some
$6,000 million annually. With most of the capital costs (75%
from federal plus 10%--15% from state sources) not provided from
local funds, little incentive exists for sound economic or natu-
ral resource planning, and the federal government has had to step
in to try to assure, from a distance, that its funds are being
spent wisely. Extensive federal regulatory requirements are ac-
cepted meekly, because otherwise the federal funds would not be
forthcoming. Designs are promulgated that commit funds to higher
capital costs and lower operating costs because the latter must
be met entirely from local funds. In a vain attempt to police
those who use the federal funds, EPA has established a massive
bureaucracy which, to those affected by it, seems only to have
slowed the process and exacerbated the problems.

Because the bulk of wastewater treatment costs are met from
general taxation and are not reflected in local charges, the true
costs are hidden from the users and a wise selection from a
variety of options for local expenditures becomes impossible.

Those who use an environmental resource should pay for its
use, i.e., polluters should pay and the prices of the final pro-
ducts and services should reflect the costs of protecting the
environment during their production and use. In the United
States, the approach of the government has been towards effluent
limitations internalizing only those costs required to meet that
limitation. No charge is made for the use of the water resource,
either by its abstraction or by its pollution, whether or not
standards are met. Only if the goal of PL 92-500, to cease dis-
charging pollutants, is met would this characteristic of a sound
policy be satisfied. However, achievement of the goal of elimi-
nating pollution by 1985, or by any foreseeable date, is widely
accepted as not being possible.

The most innovative aspect of the reorganization in England
and Wales is in the provisions for financing the WAs. Up to the
time of reorganization, sewerage and sewage disposal, which re-
present more than half the total costs of the water services, had
been the responsibility of local authorities which received
grants from the national Exchequer. Overnight, these subsidies
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were ended, and each consumer was obliged to meet directly the
full costs of all of the water services. Such financial assist-
ance as the Government feels obliged to provide for its citizens
is provided through mechanisms other than the water services.

Unfortunately, the high rate of inflation, the backlog of
needs, and the removal of national subsidies, all resulted in a
substantial increase in water charges, in some places more than
others. In response, some WAs began to consider equalization of
charges within their areas, not a sound policy for making most
efficient use of resources. If the charges are to be the same to
an industry in whatever city located, no incentive is provided for
site selection. However, the need to demonstrate equity amongst
WA customers may be persuasive.

The Water Act 1973 authorizes metering residential customers
while the Control of Pollution Act 1974 authorizes effleuent
charges for discharing into surface waters. Metering and efflu-
ent charges promise, if adopted, a rational approach to financing
water services.

Metering of residential customers is common in the United
States. However, effluent charges are noted used in the United
States or in Britain other than for discharges into sewerage sys-
tems. The allegation that an effluent charge is payment for a
license to pollute may be appropriate in the American setting,
but need not at all be so interpreted when collected by a WA,
anymore than by a municipality, as the income from the effluent
charge can be used directly for the benefit of those affected.

Prospects in the United States for sound financing are dim.
The substantial subsidies for sewage treatment plant construction
have distorted the water pollution control program to the point
that its costs bear almost no relationship to the benefits to be
achieved, to the priorities among competing social needs. Unless
the construction grant program can be phased out, little hope for
a rational program exists. The recommendations of the National
Water Commission offer the best guidelines for the phasing out of
construction grants (23), but the prospects for change are small.

Preference for Pure Rather than Polluted Sources for Potable
Water.--So long as each local authority is obliged to seek its
own least-cost solution, problems inevitably arise for an up-
stream discharger or a downstream abstractor. When the only
concern with water quality was to prevent waterborne infectious
disease, the impact of upstream pollution on water supply was
manageable through conventional treatment. However, with the in-
creasing concentration and diversity of synthetic organic chemi-
cals, which are not removed in treatment or in passage down-
stream, the use of polluted sources assumes another dimension.

In the United States, considerable attention is being given
to the threat of water quality from synthetic organic chemicals.
One approach is to remove these contaminants at their source, a
formidable task hardly feasible in large river basins. A second

111-75



approach is their monitoring and removal by treatment, now not
feasible, nor likely to be so in the reasonable future, particu-
larly in smaller undertakings. A third approach, dual water sup-
plies, dismissed in the past as being too costly, is receiving
fresh attention. The high costs and the uncertainties involved
with using polluted sources for potable purposes, together with
the limited resources of high quality water, have encouraged con-
sideration of dual supply systems. A full-day seminar on dual
distribution systems was held at the American Water Works Associ-
ation 1976 Conference (20). Grand Canyon Village, Colorado
Springs, St. Petersburg, Florida, and the Irvine Ranch Water Dis-
trict in California now provide dual systems, with reclaimed
wastewaters being used for a variety of nonpotable water ser-
vices.

The British Water Resources Board, before its demise under
the Water Act 1973, had recommended a strategy that incorporated
upstream reservoirs for the regulation of rivers with the inten-
tion that public water supplies be drawn from the downstream
reaches of these rivers, with little attention being given to the
quality implications of this strategy (24). A similar approach
has been proposed for additional water supply for the Washington
metropolitan area, with upstream regulating reservoirs and sup-
plies to be drawn from the lower Potomac River (22). That the
British are beginning to question this policy is clear from the
recent headline "WRC (Water Research Centre) foresees revolt
against second-hand drinkina water" (16).

Study has been made of the possibility of using the polluted
Trent River in England as a source of industrial rather than pot-
able water supply (6',. Such a hierachy of water quality is not
nearly as feasible in a fragmented water industry as it is where
regional water autnuities have control over entire river basins,
and where second-class waters of dubious quality can be used for
industrial purposes to replace and therefore extend, through
"source substitution," the usefulness of protected sources that
can then serve larger residential populations with potable water.

A fuller appreciation of the consequences of using polluted
sources may well become the stimulus for regionalization of water
supply and wastewater disposal in the United States, to the end
that communities, because of unfortunate location, need not be
condemned to using second-class waters for drinking.

This issue, whether to abstract pot .Ve water supplies above
or below polluting discharges, will be the subject for debate on
both sides of the Atlantic in the years ahead, but the institu-
tional arrangements in England and Wales promise easier implemen-
tation should the philosophy calling for utilizing only protected
sources be adopted.

Integration of Water Supply and Pollution Control Ser-
vices.--Initially, in the United States, water supply and water
pollution control had been regulated within the state or federal
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health agency. The environmental movement, with its regulatory
emphasis on pollution control, resulted in the creation of new
environmental agencies, leaving responsibility for water supply
with the health agencies. EPA has brought these activities to-
gether once more at the federal level although they are still
separate at the state level. However, even at the federal level,
because of the separate legislation and their disparate his-
tories, the administration of the programs is largely separate.

While many local authorities combine water supply, sewerage,
and wastewater disposal operations in single municipal depart-
ments, such regional metropolitan agencies that have been devel-
oped over the years generally serve one function or the other,
but seldom both.

Integration of all water quality activities into single
agencies, whether for ownership and operation or for surveil-
lance, would seem to be advantageous. Control of all elements of
the hydrological cycle would permit more efficient management
than is possible if competing authorities own and operate these
elements. Wastewaters are becoming increasingly important as
"new" water sources, particularly for nonpotable uses that have
until now been met with potable waters, and their utilization
should be an integral part of overall water resource planning.
Lastly, integration of these services should result in economies
and efficiencies of scale, particularly in management and oper-
ation.

Integrated water management in England and Wales represents
a major reformation in the British water industry, as water sup-
ply and water pollution control had been highly segregated res-
ponsibilities. Professionals viewed this change initially as
merely cosmetic, expecting that separate operating divisions
within the WAs would be responsible for each service. The real-
ity was that even where single-purpose operating divisions were
established initially, they quickly became multifunctional.

The integration of water supply and pollution control acti-
vities in the United States would be stimulated were the American
Water Works Association and the Water Pollution Control Federa-
tion to get together, much as these activities are combined in
the Environmental Engineering Division of ASCE.

If these principles are accepted as desiderata in a water
quality management program, then England and Wales would score
about 80% as contrasted with about 20% for the United States.
More significant, though, are the directions. In the United
States, the massive federal subsidies, with the accompanying
bureaucratic structures that derive from their administration,
combined with a uniform national approach, serve to hamper the
creation of a sound strategy for managing water quality.

Efforts in the United States seem to be devoted to patching
up the existing system with frequent reorganizations within EPA
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and highly variable and selective enforcement of laws and regula-
tions. Pressures for "midcourse" corrections are being exerted
by environmentalists who would like stiffer, more punitive meas-
ures of control, as contrasted with municipal and industrial
officials who would like greater local autonomy. Above all, what
seems most to be missing on the American scene is confidence and
trust between officials of the federal establishment and those of
local governments and industry, with the state regulatory agen-
cies caught in between. Added to these problems is the fragmen-
tation of authority among many tiers of government and overlap-
ping geographical jurisdictions, with most authorities being far
too small to implement sound policies and programs. Attention to
the five principles here enunciated may at least move us in a
consistent and proper direction.

A necessary precursor to any improvement in the situation
would seem to be institutional change with emphasis on greater
regionalization. If the radical approach adopted in Britain is
not appropriate to the United States, what approaches are feas-
ible?

TABLE 1.

Community Water Supplies in United States as of 1976

Population Number Percentage
(1) (2) (3)

Under 500 26,233 66
501-5,000 9,385 23
5,001-25,000 3,263 8
25,001-100,000 933 2
100,001-1,000,000 259 1
Over 1,000,000 11 --

40,074 100

Regionalization of Water Management

The potential of regionalization has been recognized by the
Water Supply and Resource Management Committee of the ASCE En-
vironmental Engineering Divison, which conducted a regionaliza-
tion survey among the states (3). The inventory of community
water supplies is shown in Table 1. (As additional data come in,
the number of systems grows, and an accurate estimate of the
actual number of community water supplies is still impossible to
make. The inference is clear; if it is so difficult to even
count the systems, surveillance of their operations, as mandated
by the Safe Drinking Water Act of 1974, PL 93-523, will be impos-
sible without a major change in the current management pattern.)

The survey revealed that some 75% of state engineers believe
that regionalization will simplify their surveillance of small
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The survey revealed that some 75% of state engineers believe
that regionalization will simplify their surveillance of small
systems. Two-thirds of the states have policies favoring region-
alization and almost all the states already have one or more
regional entities, with one-third of the states having more than
50 regional water districts.

One example is North Carolina's Regional Water Supply Plan-
ning Act of 1971 which was adopted after study revealed that more
than 80% of the 1782 public water supply systems in the state
served fewer than 1,000 people each, and these small systems were
generally inferior to systems serving larger communities as re-
gards adequacy of source, facilities, and quality and were gener-
ally underfinanced.

A revolving fund was established to lend planning funds for
regional systems, to be repaid when projects are implemented. In
the first 3 years of its operation, planning funds, ranging up to
$20,000 per project, were made available for 22 regional water
supply projects, with construction contracts being awarded on
seven of these.

Many reasons for the difficulties in adopting wide-spread
regionalization in the United States have been cited. Most im-
portant is the reluctance of communities to yield sovereignty
over their own water supply and sewerage systems which provide
them with the only sure control of rate and direction of growth.
Communities have little confidence, with good reason, in their
ability to manage growth and development through land-use con-
trols, zoning, and other direct regulatory devices and so they
have fallen back upon the indirect, but effective, method of us-
ing the installation of waterlines and intercepting sewers to de-
termine the rate and location of growth (Intercepting sewers have
been charged with causing suburban sprawl (13), and EPQ proposed
regulations that would limit the size of interceptors so that
they would serve only current populations!)

Despite the difficulties, the advantages of regionalization
in the management of water have led to some instances of region-
alization in the United States which offer useful models. The
political, geographic, topographic, economic, and resources con-
straints vary widely from place to place and the approach to be
used in any instance should follow from a study of the local
situation. Some approaches that may be useful are presented
herein (26).

Regional Councils

A study of nine regional structures concluded that the most
promising approach is a regional council mandated by state legis-
lation and based upon urban counties or large cities (21). The
council would have sufficient taxing power to sustain itself in-
dependent of its local government membership. Membership in the
council would be compulsory but participation in any particular
program would be voluntary.
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Regional councils of government (CoGs) have been useful
initial steps towards regionalization and have been given visi-
bility by being charged in many instances with executing the

Section 208 regional pollution studies mandated under PL 92-500,
with money provided by EPA. With wastewater collection and dis-
posal facilities planning also required to be done regionally
under Section 201 of the same law, and with the carrot of 75% of
construction funds to be provided by EPQ, impetus has been given
to greater consideration of region-wide solutions than was the
case heretofore. The resulting joint enterprise, in many in-
stances, bears the hallmark of a shotgun wedding, with the pos-
sibility of a satisfactory outcome despite initial discomfiture.
This arproach suffers from many handicaps, among which are that
the regions are not generally based upon either hydrologically or
population consistent areas and that planning for water supply is
not included. While the CoGs have no capacity for forcing imple-
mentation of programs among their constituent authorities they
have provided a useful forum for examining region-wide solutions.

Cities

Large cities offer excellent potential for providing a re-
gional water service. cities have independent financing powers
and can serve areas outside their political boundaries on either
a wholesale basis to smaller communities or through individual
services. Many examples are well known throughout the United

States where city-based regional authorities have been estab-
lished for several functions or for water services alone:

Chicago, Miami, Detroit, Dallas, Cleveland, San Francisco, etc.

A major drawback to this approach is that consumers outside

the city are not represented in management.

Water Boards and Authorities

The creation of a water board or authority, with represent-
ation from the local authorities served, is an approach that has
found favor in the United States. The Orange Water and Sewer
Authority (OWASA) has just taken over the public water supply,
sewerage, and wastewater treatment services in the Chapel Hill
metropolitan area. OWASA is made up of representatives of the

two towns and the county. Examples of this approach on a large

scale are Boston with its Metropolitan District Commission, and

the Metropolitan Water District of Southern California, which is

comprised of 13 cities, 11 municipal water districts, and the San

Diego County Water Authority, and the East Bay Municipal Util-
ities District.

While the taxing powers of such authorities may be limited,
they may utilize the taxing power of their constituent members as

well as revenue financing.
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Counties

Counties vary i, size and responsibility. Comprising, in
general, several cities together with interspersed rural areas,
and having already established administrative offices, the
counties appear to be natur7al bodies for embracing regional
tasks. County governments' authority to provide, operate, and
finance water services is often as well established as that .of
city government. Iia Louisiana, counties (parishes) have long
provided water services for all communities within their bound-
aries.

While their political boundaries are seldom appropriate to a
hydrologically and people-based service, counties would seem to
be the most likely, already existing, governmental entities to
provide water services in predominately rural areas.

River Basin Authorities

A majcr thrust for regionalization resulted from interstate
conflicts over the use of water from some of the major rivers in
the United States. With passage of the Water Resources Planning
Act of 1965, river basin commissions were established throughout
the United States to serve as agents for the coordination of
federal, state, interstate, local, and private water development
plans. With members of the commission being delegated from and
salaried by the participating agencies, the commissions comprise
often competitive interests. The agencies pursue their own ob-
jectives, leaving the commissions to serve primarily as ad hoc
committees for planning, with little potential for becoming via-
ble regional authorities.

interstate water compacts, on the other hand, have been rea-
sonably successful, with the Interstate Sanitation Commission,
for New York, New Jersey, and Connecticut, and the Ohio River
Valley Water Sanitation Commission being effective in promoting
pollution control in their areas of responsibility. However, en-
forcement orders require concurrence by a majority of the com-
missioners representing the affected state.

The Delaware River Basin Commission (DRBC) and the compact
that formed it represent a qualitatively stronger regional ar-
rangement than exists with the earlier commissions. Not only
does it have power to issue orders against polluters who dis-
charge in violation of its regulations, DRBC may construct and
operate facilities. It can allocate the water of the basin among
the four signatory states although unanimity among the commiss-
ioners, the four state governors, is required.

The Tennessee Valley Authority (TVA), established in 1933,
was at the time, and still is, the most innovative and successful
water-related regional agency in the United States, and a model
for the rest of the world if not for the rest of the United
States. It owns and operates its water facilities.- While it has
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been successful in its flood control and economic development
programs, the TVA has come under attack because of its nontax
status and its competition with privately owned electric util-
ities. The TVA approach is not likely to be adopted elsewhere in
the United States, even though it would appear to represent the
kind of regional management of water resources that promises a
high-quality water service.

Prospects for Regionalization

The potential for regional management of our public services
is uncertain despite the fact that regional government has long
been recognized as a useful approach to achieving efficiencies
and economies of scale while ending conflict among political
jurisdictions. Many efforts at urban regionalization have failed
because of the resistance of inner city residents who are afraid
of being electorally overwhelmed by suburban populations, and by
the resistance of suburbanites who ieel that they will have to
take up the financial burdens of the inner cities.

As John Fischer, former editor-in-chief of Harper's maga-
zine, has put it (9): "The idea of sharing public services has
not had much appeal nationally. Few politicians seem willing to
surrender the power, prestige, and patronage traditionally de-
rived from running one's own departments."

Fischer points out that the most promising regionalization
is often unheralded:

A decade ago, Jacksonville (Florida) was a dying community--
its schools disaccredited, population shrinking, the busi-
ness district in decay, the St. Johns River stinking with
raw sewage, its air contaminated, and a lot of its public
officials under indictment for petty corruption.

Today the schools are in good shape, both air and water are
being cleaned up, hundreds of miles of crumbling sewer lines
are being replaced, and new parks, swimming pools, health
centers and mobile clinics are going up all over the place.

Fire protection has improved so markedly that insurance
rates have come down. More than 16,500 street lights have
been installed, and many of the streets in the poor--that is
the black--sections of town have been repaved. New indus-
tries and jobs are flowing into the community and office
buildings... are going up in the once dilapidated downtown
district.

At the same time, taxes have been reduced for five consecu-
tive years, and...'(of) of the 30 largest American cities,
Jacksonville's (taxes) are the lowest of all.

These accomplishments were attributed to the regional metro-
politan government that replaced. the weak, overlapping, and con-
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fused patchwork of city, county, suburban, and semi-independent
agencies. Interestingly, this was stimulated by the leadership
of private citizens rather than elected officials.

The patterns of regionalization may vary from place to place
but they serve to simplify strengthen, and amalgamate local
government units that are outmoded and impotent; they deal with
regional problems, interfering as little as possible with local
institutions; and they generally grow out of the initiative of
private citizens.

Nevertheless, Hufschmidt has concluded that, in the United
States (12),

...practice in air and water quality management has lagged
far behind the developed theory of regional management on an
airshed or watershed basis. Although some attention is
given to the regional management for achieveing least-cost,
or greatest net benefit solutions, United States policy has
been moving towards adoption of uniform uiinimum. national
standards for both ambient air and water quality, and for
control of effluents, with inadequate regard for the cost-
effectiveness of these approaches...the United states is
long on the theory of optimization and short on its prac-
tice.

The British, while somewhat skeptical of optimization approaches
that involve large investments in research and information, are
more likely in the short run to develop a reasonable application
of the theory, at least in the water resource field.

Cunclusions

Environmental engineers have a stake in helping establish
goals for water quality and methods for attaining these goals.
Five principles are proposed to initiate consideration among
environmental engineers of a philosophy for water quality man-
agement. Individual engineers might take issue with one or more
of the principles, but hopefully a strategy will develop and re-
gionalization of water management will be an essential element of
that strategy.
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"Legal Remedies for Attacking Environmental Problems,,a

by

Donald R. Levi and Dale Colyer

A leading legislator has commented that our concept of en-
vironmental law is as "outdated as the Ptolemaic theory of the
Universe" (20, p. 666). Yet, during the last few years it has
become generally accepted that the supply of natural resources is
not infinite, that serious environmental and pollution problems
exist, that we are faced with an ecological crisis, and that the
situation must be improved substantially. The crisis is a direct
result of the rapid increases in pollution, technology, and
material wellbeing and results in a dilemma between the desire
for improvements in the level of living and the necessity for
protecting the environment. Resolving this delimma is a highly
complex issue due to both the magnitude of the problem and the
existence of widely varying values and vested interests of the
people and organizations involved. However, most serious
students in this field probably agree that action is essential to
preserve not only the quality of life but even its potential.

Any individual wishing to help in solving the problems of
the environment will tend to feel relatively helpless in view of
the complexity of the problem and the advanced level at which
rational solutions must be implemented.. However, there are sev-
eral contributions the individual can make. These include simple
physical acts such as using nonphosphate detergents, lead-free
gasoline, returnable bottles, birth control methods, etc., as
well as political activities such as supporting and voting for
environmentally oriented candidates, writing letters to legis-
lators, and joining environmental protection groups.

Another approach is to institute lawsuits, either as an in-
dividual or as a member of a group, against pollr.ters, potential
polluters, or those unwilling to carry out their Public respon-
sibilities to protect the: environment. Altholigh the legal pro-
cess may be long and costly, it does provide a w.eans by which the
individual can have a significant impact on specific, generally
localized situations. The purposes of this chapter are to out-

aFROM Economics and Mkin6 for Environment, Quality, edited by
J. R. Conner anJ E. Lohan, the Unziversit-y Press of Florida,
1974.
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line some of the legal remedies available for use against pol-
luters, analyze their substantial procedural deficiencies, review
some of the newer, unusual theories suggested to aid the con-
cerned citizen, and discuss some economic implications of the
various types of remedies.

While the legal definition of pollution varies with the dif-
ferent remedies and jurisdictions, there is a fairly widely
accepted economic definition. For the purposes of this chapter,
the Ayres and Kneese concept (5, p. 282) is used. Thus, pollu-
tion is viewed as an externality--something which affects one
person or group but is under the control of another--which is
associated with the disposal of the residuals of production and
consumption. In this disposal process "free" resources, water
and air, are used to dispose of the wastes. Such resources, how-
ever, are scarce and valuable in a modern, affluent, densely pop-
ulated mass consumption economy. An economic approach to pollu-
tion is to internalize--make the user pay--the full cost of using
such valuable resources. Mishan (17) has adequately reviewed the
literature on externalities and related welfare concepts, and
therefore the emphasis here will be on specific legal remedies
and their implications

Common Law Remedies

A frequent basis for legal actions against individuals has
been provided by common law--that body of law which originated in
England and has been constructed through the years from judicial
decisions based on custom and precedent. Whe-re the requirements
of specific common law remedies are met, these may be available
to use against polluters and, in some cases, potential polluters.
These remedies are primarily concerned with private property
rights and hence cannot be expected to be readily adaptable to
protecting the public interrest. Those which have been or might
be useful in the environmental arena include nuisance, trespass,
and water rights laws.

Nuisance

A nuisance exists whenever there is interference, by another
party, with the basic right that everyone has to the enjoyment
and use of his property. Air, water, solid wastes, and recently
noise pollution have been considered nuisances. Whether a, spe-
cific instance of pollution is such an interference is usually
considered as a matter of fact which a jury must decide basied on
the evidence presented.

Generally, to maintain a nuisance action, the plantiff must
show some financial or irreparable physical damage. Thus, a

1. This chapter is based, in part, on a paper presented.at
the annual :..2ing of the American Agricultural Economics Asso-
ciation, Ca,;:OAle, Ill., 17 August 1971.

111-87



nuisance suit might consist, on one side, of a nearby resident or
group of residents complaining of the effects of air, water,
solid waste, or noise pollution from some existing facility; it
may be an industry, municipality, or perhaps a rancher or farmer
operating an intensive feeding facility. Any of these may be a
financial boon to the area by providing jobs and services for
other local residents, i.e., substantial benefits may be accruing
from the offending plant.

The nuisance lawsuit may request damages for the harm done
and/or an injunction to halt the operation and prevent future
damages (pollution). This latter type of award may be necessary
to really halt the pollution. However, many legal jurisdictions
use a "balancing-of-interests test" in deciding whether to grant
the injunction (24, p. 674). That is, the relative interests of
all parties are considered and if the polluter and others have
substantial interests which require maintaining the operation,
the injunction may not be granted. A common result is to award
damages for past harm but to deny the injunction. A developing
trend is to require modification of the facility to reduce or
eliminate the effects of pollution, while permitting continuing
operation.

The unfortunately common result of denying relief other than
damages can permit an undesirable industry to move in, build a
plant, and then cause a significant lowering, through the effects
of pollution, of the sales values of the surrounding property, or
in some cases actual physical damage. While the industry is
liable for the damages, the reduction of the property values--
frequently to yry low levels--amounts to "inverse condemnation"
(24, p. 680). It is the application of the balancing-of-
interests doctrine which permits, essentially, private property
to be taken for private use without the consent of the owner.

Another basis for denying the injunction, in some states, is
the existence of a zoning ordinance. Where an area is zoned for
a particular use and is so being used, the user may bn insulated
from injunctive action. However, there appears to be no logical
basis for this, since the existence of zoning does not determine
if there is unreasonible interference with another's enjoyment or
use of his property. Several courts have accepted this argument
and it seems that the trend is away from such insulation.

2. Inverse condemnation in its simplest form refers to the
situation in which a landowner complains of public use of his
land (or interference with his use), and he initiates the condem-
nation proceeding, i.e., he must sue to receive compensation for
the loss which has already occurred.

3. To illustrate simply, county zoning in no way affects
the odors from a 20,000 head feedlot or the death of fish from
stream pollution
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Where an interference is considered a public instead of a
private nuisance, there is a smewhat greater likelihood that the
injunction will be granted. A public nuisance a.fects the
rights of the general public, and the public's interest is more
likely to outweight the polluter's than is that of another indi-
vidual or small group. Therefore, it may be significant that the
statutes of several states classify air, water, and solid waste
pollution as public nuisances.

The remedy of nuisance has been less useful to environmen-
talists than it could be, because of the reluctance of courts to
grant injunctions. While damage awards may internalize some of
the costs of pollution, they do little to reduce the harmful
effects except insofar as the continual threat of suits could
cause offenders to reduce pollution to avoid litigation. A strong
possibility of an injunction, however, should be more effective
since it would reduce the use value of the facility to zero.
Money awards alone are inadequate where irreparable damage is
allowed to continue. However, given the difficulty of quantify-
ing an aesthetically pleasing environment, it appears that
nuisance-based injunctions are not likely to become common unless
directed by specific statutory law.

Trespass

The remedy of trespass provides a second common law basis
for lawsuits against certain types of polluters. Trespass in-
volves an intentional and unprivileged entry onto land, whereas
with nuisance an unreasonable interference must occur. Since
trespass need not affect enjoyment, it would appear to require
less proof from a plaintiff to use this remedy. A requirement of
direct physical entry by a person or object, however, circum-
scribes the use of the concept. For instance, the entry of air
pollutants such as smoke, dust, or gas fumes has been held to be
too insubstantial to be considered trespass (25). Courts have
also held that direct entry has not occurred if an intervening
force such as wind or water brings the pollutants onto the pro-
perty of the affected party (3, p. 488).

.1,

In Oregon, however, a relatively recent case in which pollu-
tants were transported by air was decided in the plaintiff's
favor (16). A group of Oregon farmers sued for damages and an
injunction because fluoride gas from an aluminum plant drifted
onto their properties and damaged their crops. While the case
must be considered as favorable from the standpoint of environ-
mentalists, a discouraging aspect was the denial of the injunc-
tion. The court used the balancing-of-interests doctrine as jus-

4. Unfortunately, agencies charged with abatement and con-
trol have seldom sought enjoinment on this theory. This may be
due to being 'inderstaffed and underpaid, physical impossibility,
or the political "atmosphere." Occasionally, vague laws and
overlapping responsibilities may inhibit enforcement.
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tification for the denial. Since the economic usefulness of the
surrounding property is reduced by continued pollution, the value
of the land is reduced and, i.n effect, the property is taken
without consent for private use---an cNample of inverse condemna-
tion as cited in the preceding section'.

Water Rights

Water rights of individuals owning property along streams
and bodies of water were developed by common law procedures.
While these cannot aid in fighting other types of pollution, they
may provide a basis for legal action in some specific instances
concerning water. Most states in the eastern part of the United
States follow the riparian rights system while those in the more
arid West subscribe to the prior appropriation doctrine. A few
follow the "California Doctrine," which combines the two sys-
tems.

Approaches to using water rights to fight pollution focus on
quality factors, i.e., the right to unpolluted water of a certain
quality. Under the riparian doctrine each eligible landowner ij
entitled to make a reasonable use of water in a riparian source.
Reasonableness depends to some extent on the other uses being
made of the water, both with respect to quantity and quality.
Under soyr circumstances this may include using water for waste
disposal. An opposing, minority view of the riparian doctrine
holds that a riparian landowner has the right for riparian water
to flow by in its natural condition, undiminished in either quan-
tity of qualtiy (7, pp. 493, 614). This natural flow theory
would permit interpretation which would be very useful in com-
bating water pollution, but unfortunately it has not been widely
adopted because--at least partly--of its potential for limiting
economic development. At the time water doctrines were being

5. If the pollution were not allowed to continue, the oper-
ators of the aluminum plant coulC "clean up," halt operations,
"bribe" surrounding owners to allow the pollution through nego-
tiated settlements, or buy the land area affected. For an exam-
ple of results where the clean-up or buy-out alternative was
faced, see Crocker (8). It is interesting here that the polluter
purchased the surrounding property and later found it advanta-
geous to clean up the emissions to preserve the value of the new
land. This resulted because all costs were then internalized for
the polluting firm, including damage to their land and crops.

6. Since it generally reflects both of the other two sys-
tems, the California Doctrine will not be discussed here.

7. In its simplest definitional form, a "riparian source"
is a natural lake or stream.

8. Of course this cannot be such as to constitute pollution
under state water pollution agency water quality standards.

9. Water law systems are relatively modern, and a product
of the society in which they were developed. Early in our his-
tory, the natural flow theory was felt undesirable because growth
was a conscious social goal. Today the theory may find more
backers as we recognize that growth has some undesirable aspects.
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determined, growth was viewed as very desirable while environmen-
tal protection was not generally viewed as a problem, since the
supply of natural resources was thought to be effectively un-
limited.

In some states with the prior appropriation system, prece-
dents have been established that declare an individual to have a
vested right to the quality of water which existed at the time
the appropriation began. Washington is an example of a state
where this principle is used (18). However, in general, neither
the prior appropriation nor the riparian rights system provides a
strong basis for antipollution suits due to a large body of con-
trary precedent. It has, for example, been held that "a riparian
owner has no proprietary right in a beautiful scene presented by
a river anymore than any other owner of land could claim a right
to a beautiful landscape" (15, p. 892).
Some Implications Concerning Common Law Remedies

Obtaining a money award for damages from the effects of pol-
luting acts tends, from an economic standpoint, to internalize
for the polluter some of the former externalities, thus increas-
ing his total costs. To the extent that such an approach is ef-
fective, the usual consequences of internalization would result:
higher product prices, lower production, and related realloca-
tions. But unless all interests are fully compensated, the of-
fender may be allowed to continue to operate at a greater than
optimal rate of pollution--if indeed such a thing as an optimal
rate exists. Furthermore, it may be cheaper for a firm to pol-
lute and pay the damages than to clean up. By means of this pro-
cedure surrounding owners have their property rights taken with-out their consent, even though they may be compensated. Further-
more, they must initiate the actions, hire lawyers, and devote
time to the lawsuit to obtain even that limited result. Such
procedures also involve substantial transaction costs--the law-
yers' fees and couf costs--as well as the opportunity cost of
the time involved. Furthermore, substantial differences may
exist in the economic strength of the contending parties, with
many polluters having an advanteage in assets and income as well
as a legal staff. Although suits which award substantial
damages, or the threat of such suits, may cause firms to take
preventive action, they cannot be considered adequate to fully
protect the environment. Something more is needed than just pun-
ishing past pollution, especially where the use of the natural
resources reaches such a point that the effects become nearly
irreversible or are reversible only at very high costs. The loss
of property value by the victim may be the least of the undesir-
able results in the long run. Therefore, it is necessary to seek
legal remedies other than those provided by the common law, reme-
dies which might be used as preventive measures as well as means
to correct past wrongs.

10. For a discussion of transfer costs see, for example,

Randall (21).
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Some Statutory Remedies

Statutory law--both specific, environmentally related acts
and more general provisions--provides bases for legal actions of
various types. Many such laws exist in each state and at the
federal level, and therefore only those more general and more ap-
propriate for environmental protection will be reviewed. In gen-
eral they will be those more suited to preventive actions, al-
though some are means of suing for damages resulting from acts of
pollution.

Class Actions

A class action may be brought by a few members of a general
class, with the same rights or complaints, on behalf of the whole
class. In general the claims of each member would be relatively
small. In a pollution case this might be a means of insuring
that a more complete bill for damages is presented, i.e., that
more of the externaities will be internalized. There has been
at least one such action in the area of water pollution (30).
In 1939 a suit was brought by fifty-six plaintiffs against a
slaughterhouse; while possible at that time, such a suit appears
less likely at the federal level now because of a recent decision
which requires that each class membe.j meet the federal diversity
case jurisdictional requirement (29) Thus, no clear precedent
currently exists for class actions in the environmental area.

Declaratory Judgment Actions

Governmental administrative agencies may act, fail to act,
or permit acts which may be harmful to the environment. In such
cases citizens may seek a review of such actions or attempt to
enjoin them by use of a declaratory judgment action. The Federal
Declaratory Judgment Act, which can be sued if a federal agency
is involved, provides that "in a case of actual controversy with-
in its jurisdiction, ...any court of the United States..., upon
the filing of appropriate pleading, may declare the rights and
other legal remedies in such declaration..."(10). A similar pro-
vision applies to state agencies in the thirty-five states which
have adopted the Uniform Declaratory Judgment Act. At both
levels a suit can be initiated to seek a decision on the validity
of some specific agency action or to determine whether environ-
mental factors are being adequately considered by the agency in

11. This refers to class actions filed in federal courts.
'Generally such an action must involve a federal question or be a
:situation where the case can be diverted from a state court be-
cause the plaintiff could not get a fair hearing, usually a situ-
'ation of a nonresident suing a resident. If in a class action at.least one member of the class is a resident, then the diversity
requirements is not met, since it is assumed that a resident
6ould get a fair trial.
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relation to some specific problem.12  Under some circumstances,the individual(s) may go directly against the polluter, too.

Mandamus

Although no longer called by that name, the remedy of
mandamus3 is still available under the Federal Rules of Civil Pro-
cedure. A "writ of mandamus" is a court order requiring a par-
ticular public officer to perorm his duty in the manner required
by law. Thus, when the duty of a public official is to carry out
actions involving environmental factors (as, for example, under
the National Environmental Policy Act), a private individual may
seek a writ of mandamus to require that the duty be performed.

Refuse Act of 1899 and Qui Tam

Among the potentially useful federal laws directed specifi-
cally at pollution is the Rivers and Harbors Act of 1899, common-
ly referred to as the Refuse Act of 1899, which prohibits indi-
viduals, corporations, and municipalities from disj~arging
"refuse" into navigable waters or their tributaries (22) Con-
viction can result in fines of $500 to $2,500 for each day of
violation, and an informer who gives information leading to the
conviction shares in the fine, receiving one-half of the sum
(22, p. 411). In general the effectiveness of antipollution laws
depends upon adequate enforcement, and if vigorous action is not
forthcoming such laws are not adem-ate remedic..

The Refuse Act, however, may allow circumvention of poor en-
forcement by the initiation of a q tam action. A private indi-
vidual can initiate an essentialily criinal action and share in
the penalty under qui tam. In general, when a statute permits
the sharing of the penalt-y and does not prohibit tm (as in the
Refuse Act of 1899), qui tam actions are allowable. A congres-
sional committee report has concluded that this does apply to the
Refuse Act of 1899 (33). If so, and if individuals or groups are
willing to initiate such actions when federal authorities will

12. This latter facet is particularly relevant since the
passing of the National Environmental Policy Act of 1969, as will
be discussed later.

13. Though abolished in name at the federal level, "the
remedy ... [formerly] ... known as mandamus, is still available
... and is governed by the same principles as formerly governed
its [mandamus'] principles" (13, p. 25).

14. "Refuse" has been broadly interpreted to include all
foreign substances and pollutants (34, p. 230).

15. While not specifically authorized by the Refuse Act of
1899, qui tam actions have been permitted in other areas where
the en---ing-egislation neither authorized nor forbade this type
of action (35g. See also the Natural Resources Subcommittee dis-
cussion of qui tam (33).
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not act, it could provide a very strong weapon in the legal anti-
pollution arsenal. Of course, it can be effective only against
water pollution.

Furthermore, as in other cases such actions are not risk-
less. The individual or group must, as in all other actions, be
willing to take on the transaction costs of legal fees, court
costs, evidence accumulation, etc., without assurance of convic-
tion and recompensation. Since, again, economic strength may
vary, there is no assurance that an individual acting alone can
carry out the lengthy litigation process which is apt to follow
initiation of qui tam or other legal actions. A more equal con-
test would be assured if the appropriate federal officials would
act on the evidence provided by the individual(s).

National Environmental Policy Act of 1969

Among the more recent laws designed to provide more adequate
consideration of environmental aspects of societal activities is
the National Environmental Policy Act of 1969 (19). The stated
purpose of this act is to "declare a national policy which will
encourage productive and enjoyable harmony between man and his
environment; to promote efforts which will prevent or eliminate
damage to the environment and biosphere and stimulate the health
and welfare of man; to enrich the understanding of the ecological
systems and natural resources important to the nation; and to
establish a council of environmental quality" (19, Section 4321).

The act requires all federal agencies to take into account
the environmental effects of any proposed activity by meniting
several specific conditions. One of the more important is the
requirement for a report on the environmental effects of proposed
laws or actions (19, Section 4332). These reports are to include
a detailed statement on the environmental impact of the proposed
action, short- and long-run relationships, and any irreversible
or irretrievable consequences.

Although this appears to be a significant improvement,
Representative Richard Ottinger has stated that the "widely pub-
licized new legislation gives the appearance of action without
substance. It lulls the public into a false confidence that
something is being done" (20, p. 671). There is no penalty to
assure that the stated policies will be carried out, although the
requirements do provide a basis for legal action against noncom-
plying agencies.

An early test of the act was provided by the Environmental
Defense Fund v. Hardin case, which challenged the USDA fire ant
control program (9F).The act was interpreted as requiring the
agency to consider the environmental effects and to make conclu-
sions therefrom in "good faith." The court refused to substitute
its or the environmentalists' judgment for that of the agency and
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thus refused to grant a preliminary injunction.16 However, in a
later case against the Atomic Energy Commission, the U.S. Court
of Appeals for the District of Columbia severely criticized the
AEC for its failure to adequately consider environmental factors
in licensing atomic power plants (13). Although not enjoining
construction of the particular plant involved, the court did say
that the AEC should consider halting construction pending a new
environmental review. As a result the AEC changed its procedures
for environmental evaluation to include factors other than radia-
tion and to allow outsiders to raise such issues. The particular
case involved the Calvert Cliffs reactor on Chesapeake Bay and
was concerned with thermal pollution. As a result, cooling
towers and other changes are sometimes necessary for power plants
licensed after January 1970, when the National Environmental
Policy Act became effective.

Other Approaches

The existing statutory and common law remedies do not seem
to have the necessary breadth and generality needed to protect
the environment. Therefore, constitutionally related and other
approaches to suing for environmental protection have been pro-
posed but are still in theoretical stage, i.e., they have not
been tested. These remedies would be used to force governmental
authorities to protect the environment and to maintain natural
resources for public use.

Guarantee of a Clean Environment

One theory maintains that a fundamental but unenumerated
right to a clean environment is guaranteed under the ninth amend-
ment to the U.S. Constitution. The amendment concludes with a
statement that enumeration of certain rights in the Constitution
"shall not be construed to deny or disparage others retained by

16. More specifically, the interpretation required agencies
(a) to complete a "diligent research effort, undertaken in good
faith, which utilizes effective methods and reflects the current
state of the art of relevant scientific discipline," (b) "to pre-
pare and distribute an environmental impact statement concerning
proposed programs," and (c) "to 'initiate and utilize ecological
information in the planning and development of resource-oriented
projects'" (9). "Thus, in reviewing the ... program under con-
sideration here, the Court will not substitute its judgment for
that of the Secretary on the merits of the proposed program but
will require that the Secretary comply with the procedural re-
quirements of the National Environmental Policy Act as outlined
above." Consequently, the conclusion was that "Congress did not
intend by the Act to relocate or diminish the decision making
responsibility currently existing . . . , but it did intend to
make such decision making more responsive and more responsible."
All quotes are from the order of 14 April 1971, denying the re-
quest for a preliminary injunction sought in the case.

111-95



the people" (34). Although not yet applied to the environmental
area, Ich an interpretation has been made concerning otherrights. This line of reasoning also holds that under the dueprocess clause of the fifth amendment the federal government isprohibited from interfering with those unenumerated rights.Similarly, the fourteenth amendment prohibits the states from
such interferer.ce.

Others do not believe this approach has much chance of beingimplemented and have proposed that the U.S. Constitution beamended to expressly guarantee a pollution-free environment (20).Similar attempts have been made or proposed for some state con-
stitutions (24, p. 686).

Public Trust Doctrine

A noted legal authority, Joseph L. Sax, has held that "ofall concepts known to American law, only the public trust doc-trine seems to have the breadth and substantial content whichmight make it useful as a tool of general application for citi-zens seeking to develop a comprehensive legal approach toresource management problems" (26, p. 474)1 To fulfill thisrole the public trust concept must (a) contain some concept of alegal right in the general public, (b) be enforceable against thegovernment, and (c) be capable of an interpretation consistent
with the objective of improved environmental quality.

The public trust approach holds that rivers, lakes, fsea-shores, parks, and other public property are held in trust for
public benefit. To prevent conversion of this to private bene-fit, Sax advances the basic public trust doctrine that "when astate holds a resource which is available for the free use of thegeneral public, the court will look with considerable skepticism
upon any governmental conduct which is calculated either to real-locate that resource to more restricted uses or to subject publicuses to the self-interest of private parties" (26, p. 490). Hefurther argues that the public interests which concern environ-mentalists are substantially different from constitutionally pro-tected rights, which he concludes are "the rights of permanentminorities" (26, p. 560). Both approaches remain in the conjec-tural stage, but they may provide a broader-based approach foraction by a private individual than is possible under the other
remedies discussed.

17. E.g., see Griswold v. Connecticut (12), where an unenu-merated right of privacy was used to strike down a Connecticutstatute declaring it a crime to teach birth control techniques toanyone (a case involving a licensed physician and a married
couple).

18. Only the basic skeleton of the public trust doctrine isoutlined here. For a more detailed treatment see Sax (26), used
extensively in the following discussion.
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Standing To Sue

A procedural constraint in the form of the requirement for
"standing" has frequently made it difficult for the evironmenta-
list to obtain legal remedies against either the polluter or the
lax public official. Standing to sue has traditionally required
one to have a "personal stake in the cutcome of the controversy"
(11, p. 10). This requirement is in no way related to the merit
of the action but reflects the concept that one must be person-
ally affected before being permitted recourse to the courts.
From the standpoint of prohibiting unnecessary lawsuits for the
purpose of harassing officials and others or because of the exis-
tence of overcrowded dockets, a logical basis for the requirement
can be advanced. On the other hand, it can be argued that every-
one is affected by pollution since the quality, even the possi-
bility, of everyone's life is ultimately modified by each and
every act of pollution. Historically, however,' merely an inter-
est in the environment did not provide one with standing.

Significant modifications in holdings with respect to stand-
ing have been made in recent years, especially in the environmen-
tal area. In a 1965 case (27), Scenic Hudson Preservation Com-
mittee v. Federal Power Commission (FPC),the FPC had licensed
Consolia-ted Edison to construct a hydroelectric project at a
site considered uniquely beautiful as well as of historical sig-
nificance. Local groups combined and sought a reversal of the
licensing. The court held that the FPC should have a concern for
prezervation of historical and scenic sites and, importantly,
that the plaintiffs had standing.

In both the 1965 and a similarly decided 1967 case (23), the
plaintiffs were local citizens, municipalities, or citizen groups
residing in or near the area. Thus a 1969 case (6) involving the
Sierra Club, a national conservation organization, is especially
significant. They were held to have standing in a case involving
the secretaries of the army and transportation, as vell as the
Corps of Engineers, who had issued permits for construction pro-
jects, also along the Hudson River. Because the plaintiff had no
personal stake, due either to residing nearby or to financial
reasons, this case appears to have expanded the concept of stand-
ing sufficiently to allow groups with an interest in the environ-
ment to bring suit against those agencies they feel are not ade-
quately considering environmental factors.

Thus, likelihood of judicial review has been made more prob-
able. Traditionally, agencies formulated policies within broad
legislative guidelines and could be challenged only if their
actions were "arbitrary, capricious, an abuse of discretion, or
otherwise not in accordance with law" (2). Now such a challenge
should be denied only when the legislative intent is clearly con-
trary, and furthermore, in this respect the Federal Administra-
tive Procedure Act should be given a "hospitable" interpretation
(1, p. 141).
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A more recent case, however, has cast doubt on the validity
of the preceding conclusions (27). In another circuit the Sierra
Club was held not to have standing when it attempted to prevent
the commercial development in Yosemite National Park. This issue
probably will eventually be settled by a discussion of the
Supreme Court, which granted certiorari on 22 February 1971, but
in the meantime the issue will remain clouded and open to diver-
gent rulings.

Some improvement toward expanded standing at the state level
exists as evidenced by a recent act in Michigan. This 1970 law
states that "the Attorney General, any political subdivision of
the state,... any person. partnerhsip, corporation.. .may maintain
an action in the circuit court having jurisdiction where the
alleged violation occurred or is likely to occur (32). The
stated purpose of the act included the provision of "declaratory
and equitable relief" in order to protect the air, water, and
other natural resources. Other states are considering or have
proposed similar acts. In Ohio, for example, the governor
recently proposed such an extension as part of an environmental
protection package.

The initiation and carrying out of lawsuits by persons not
directly affected by an act of pollution or environmental damage,
except insofar as everyone is affected by such acts, can be
especially important in environmental protection. There is an
increased probability of such suits resulting from a broadening
of standing since the number of people willing and able to under-
take such actions is relatively small. Many more agencies and
potential polluters will examine the environmental effects of
proposed activities if they are apt to be held accountable. How-
ever, since so many activities may have deleterious results and
early action is essential for full protection and to prevent the
building of the economic interests so frequently advanced for al-
lowing continued pollution under the balancing-of-interests doc-
trine, even the full broadening of standing may not be suffi-
cient. Such is especially probable in the areas where the citi-
zenry is apathetic of even sympathetic to the polluter because of
economic interests in the form of jobs, trade, or other beenfits
being or expected to be received. Although not the ultimate so-
lution, lawsuits filed by environmentially concerned persons can
be an aid in reducing the level of ecologically harmful activi-
ties.

Some Economic Implications

Every act of pollution prevention, clean-up, and any other
measures designed to improve the environmental condition as well
as every act of pollution and environmental damage has economic
consequences. Different persons and groups are affected differ-
ently by various approaches to pollution control or failure.
Although the economist has a particular way of viewing pollution
(see Solow (30)), the purpose here is to examine the implications
of specific classes of legal remedies which individuals may use
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for attempting to gain the objective of a better or at least less
deteriorating environment. Two aspects are of interest: pre-
venting unacceptable pollution from new sources and eliminating
or reducing old sources. In both situations, containing pollu-
tion will be likely tc make production more costly, reduce levels
of production, increase prices, and cause substantial realloca-
tion of income and wealth.

When a new facility is being planned, the economics is rela-
tively simple in concept. If the discounted expected net returns
are not sufficient at least %cover the investment outlay, the
facility should not be built. Thus, imposition of environmen-
tal quality control standards, which impose at the beginning the
need for internalization of the costs, may reduce the flow of net
returns via higher operating costs and/or raise the investment
costs sufficiently to make the investment unprofitable. Under
such circumstances the environmentalist needs remedies to insure
that all costs are adequately internalized, i.e., that all envi-
ronmental cost factors are adequately considered. Thus, bases
are required for moving against licensing agencies or directly
against a potential polluter to either prohibit the incomplete
plan or impose modifications to insure that all costs are ade-
quately considered and internalized. Of course, in cases where
irreparable damage to irreplacable resources is likely to occur,
prohibition via enjoinment or other techniques is required, be-
cause in these circumstances there is no way to internalize all
the costs.

However, attempting to do something about a particular ex-
isting situation is more complex, involving as it does compli-
cated economic interrelations and the vested interests of the
various parties. On one side are the producers and consumers of
products and services (including governmental agencies) while on
the other are the parties (including the general public) being
harmed by the pollution. These are not mutually exclusive
groups, but fairly distinguishable in their separate roles. With
imposition of new controls, or internalization of costs through,
say, damage awards, the economic value of the facility is
affected, i.e., its use value is reduced someone's assets are af-
fected and it cannot be expected that those individuals would not
try to protect their interests, especially where perhaps their
livelihood and a substantial portion of their economic wealth are
closely associated with the affected facility. While it can be
argued that such a "penalty" is just and necessary for environ-
mental protection, some polluters may be made to suffer for
shortcomings imposed by the failure of society to plan adequately
for environmental quality. Some may have been persuaded to in-
.vest in the polluting facility as a public service to provide
jobs, income, or other benefits. Thus, solutions ideally should

19. Government projects evaluated by the benefit cost pro-
cedure use this method of discounting as well as capital budget-
ing procedures used by many industrial firms.
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be implemented in such a way as to consider the equity of allparties. Lawsuits for damages and injunctive relief, for in-stance, may not adequately consider legitimate interests of the
offending party. Therefore, the balancing-of-interests approach,while inadequate from the environmentalists' viewpoint, wasdeveloped to consider the real interests of both sides.

Conclusions

Complexity characterizes the entire area of pollution abate-
ment, control, and prevention, although an ever-present concernmust be environmental protection--a concern for the quality and
existence of life. Ad hoc actions and piecemeal approaches can-not be expected to result in adequate solutions. Rational poli-
cies developed from analyses of complete systems and includingprimary, secondary, tertiary, and other effects are essential.
While much effort has been devoted to the subject in recentyears, some new laws passed, and a greater concern expressed from
many quarters, implementation of such a comprehensive approachstill appears to lie far in the future. Given the existing situ-ation, those persons vitally concerned must use the means whichare available. The legal approaches discussed in this chapter
are one set of tools that can be used. It may be that effectiveuse of such remedies can help to induce the necessary reforms andhasten the movement toward a more rational, systematic approach
to the problem.
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THE ECONOMIC IMPACT OF ENVIRONMENTAL PROGRAMS

The Council on Environmental Quality (CEQ) has, since its incep-
tion, taken a major responsibility for assessing the economic
abatement costs the Nation can expect t face as a result of cur-
rent Federal environmental legislation. The Council carries out
other in-house analyses or contracts for studies concerning the
economic impact of these programs. This memorandum summarizes
CEQ's 1974 estimates and analyses. Additional supporting papers
are available upon request. (See page .)

1974 Abatement Cost Estimates

The CEQ's estimate of abatement costs for the ten-year period
1973 through 1982 are given in Table I. These "incremental"
abatement costs are those abatement costs projected to meet the
requirements of Federal environmental legislation enacted since
the mid-sixties, beyond what the Nation would have spent for the
same purposes in the absence of this legislation. Four types of
costs are shown:

"Investment costs" (for the period 1973-1982) which are
the estimated expenditures which will be made on capi-
tal equipment for pollution abatement by both public
and private sectors.

"Capital costs" which include interest charges on pol-
lution control investments and the depreciation of the
capital equipment.

"O&M costs" which are the costs of operating and main-
taining the pollution abatement processes.

"Annual costs" which are the sum of the capital costs
and the O&M costs. The last column in Table I shows
the sum of annual costs projected for each of the ten
years 1973, 1974,...1982.

These abatement costs are estimated primarily from data provided
by the Environmental Protection Agency (EPA) and other Federal
agencies. The air pollution abatement costs are based primarily
on the 1974 edition of The Cost of Clean Air, and the private
water pollution abatement costs are base- p5iimrily upon the 1973
edition of The Economics of Clean Water. The cost estimates
predominantly assume the instalnato-o-'Tend-of-the-pipe" treat-
ment for air and water pollution abatement, and thus understate
potential for less costly production process modifications which
also satisfy legislated abatement requirements. For this reason,
and because CEQ's unit cost assumptions are generally high, the
cost estimates are considered to define, on the basis of current
knowledge, the maximum likely costs the Nation will experience.
However. not all of the costs associated with meeting the 1983
goals o ' "best available technology" are included because of un-
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certainty about the degree of abatement that will be required for
many industries.

Cumulative abatement costs (in constant 1973 dollars) over the
1973-82 period are estimated to be $194.8 billion. This estimate
is approximately $42.1 billion (28 percent) higher than last
year's estimate. However, only $10.1 billion of this increase
represents a net increase in real cost estimates (primarily sta-
tionary air pollution control). The remainder of the increase
resulted from:

Changing the estimating period from $20.5 billion
1972-81 to 1973-82 (in essence,
dropping 1972, a relatively low cost
year, and adding 1983, a higher cost
year).

Inflation (changing from 1972 dollars $11.5 billion
to 1973 dollars).

Distribution of Costs by Sector: Approximately $77 billion of
the cumulative costs (mobile sources and solid waste collection
costs) is paid for directly by the consumer. Another $32 billion
is initially paid by government and passed through to taxpayers.
Of the remainder, $32 billion will be paid by electrical utili-
ties and the rest by other industries. These costs will be pre-
dominantly passed on to the consumer in the form of higher elec-
tricity and product prices.

Distribution over Time: In terms of the timing of expenditures,
investments are expected to increase steadily up to a peak in
1976 in order to meet the 1971 goals of the Clean Air Act and The
Federal Water Pollution Control Act. Annual costs are expected
to increase at a rapid rate through 1977 after which they will
level off.

Distribution between Investment and O&M Costs: In terms of real
resource costs, CEQ estimates that there will be $81.4 billion
invested in capital equipment and $121.8 billion spent on opera-
tion and maintenance costs over the 10-year period. As noted
earlier, this estimate of investment costs is thought to be too
high because of the emphasis placed on "end-of-the-pipe" capital
investments as opposed to less investment-intensive process
charges. The Bureau of Economic Analysis (Department of Com-
merce) in a recent survey of pollution abatement investments (see
Tables II and III) found them to be somewhat lower than the CEQ
estimates.

As Tables II and III indicate, the BEA survey provides the first
information about the relative importance of process change as
opposed to "end-of-the-pipe" treatment for pollution abatement.
In 1973 and 1974, 23 percent of the total investment for pollu-
tion abatement was expected to be allocated for process changes.
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TABLE I

ESTIMATED INCREMENTAL POL+UTION
CONTROL EXPENDITURES

[In billions of 1973 dollars]

1973 1982 Cumulative- 938
Capitl Total .CapxS.L Tota Cptal Total

O&2 CssS Ana &2 costs annual invest- OM annual
Pollutant/medium O&M2  Costs Annual Oosts ment costs

Air pollutiOn 
1.7 3.8 5.4

Fublic .1 .1 .2 .5 .2 .7
Private 

.9 3.3.3 49.9 74.4

Mobile 1.2 .2 1.4 8.4 4.9 13.3 31.3

Indstrial .5 .7 1.2 1.3 1.1 2.4 8.4 11.5 24.5

tilities .5 .3 .8 2.7 1.2 4.0 7.9 19.6 29.0

Total 2.3 1.3 3.6 12.9 7.4 20.4 49.3 84.9 133.3

water po!lution
Public .2 NA KA .2 NA NA 1.8 NA NAFederal 

.8 12.8A 24.4

state and local 1.1 .1 1.1 1.4 1.3 2.7 14.8 12.8
-4PrLIVate 

. . 9.8 12.3 23.1

I-I :ndustrial .5 .5 1.0 1.5 1.2 2.6 9.8 2.3 3.1

utilities 0 0 .01 .4 .3 .7 4.4 2.2 3.5

0 Total 1.8 .6 2.1 3.5 2.8 6.0 30.8 27.3 51.0

OD Radiaton .. 07 .3 .08 .3

Nuclear powerplants NA NA NA .05 .05

Solidw .1 .1 .2 .3 . .4 1.0 2.2 2.9

Prlatc .I < .05 .1 .5 .05 .5 < .05 2.3 2.3

Total .2 .1 .3 .8 .1 .9 1.0 4.5 5.2

Land reclamation 
0 5.0 5.0

Surface mining .3 0 .3 1.6 0 .6

Noise
6  NA .1 NA NA 1.0-1.4 NA 6.0-8.7 NA NA

Grand total
6  4.6 2.0 6.3 18.8 10.4 28.0 81.4 121.8 194.8

_/ Incremental costs are expenditures made 
pursuant to Federal environmental legislation, 

beyond those that would

have been made in the absence of this 
legislation.

2/ Operating and maintenance costs.

_ Interest and depreciation.

4/"i plus capital costs.

5/ Includes coal mining only.

6/ kNot included in grand total.



TABLE I I
INVESTMENT FOR AIR AND WATER

POLLUTION ABATE4ENT BY INDUSTRIES, 1973

Pollution abatement investment
End-of-the-pipe 1:ocess change

Total plant & &pcess change only
expendit res Tota- -. Water Total Air Water

All industries -------------------- 100,076 4,938 3,176 1,762 1.169 724 444

Manufacturing --------------------------- 38.003 3,153 2.050 1,103 712 446 266

Durable goods ------------------------ 19,389 1,579 1,207 372 321 220 101
Primary metals 3,481 814 712 101 112 82 2?

Blast furnace, steel works----- 1,407 230 163 67 75 56 19
Nonferrous-- ------------- 1,679 523 492 31 29 1;0 9

Electrical machinery --------- 2,895 129 44 85 35 14 21
Machinery, except electrical ------ 3,478 80 52 28 33 24 12
Transportation equipment ----------- 3,063 170 96 74 37 20 17.

Motor vehicles -------------- 2,244 143 81 62 35 19 16
I- Aircraft---- ....... ----.......... 531 20 11 10 0 0 0

Stone, clay, & glass- 1,503 144 123 22 50 42 8
Other durables --------------------- . ,969 243 180 63 52 37 15

%0 Nondurable goods ----------------- 18,614 1,574 843 731 391 226 165
Food including beverage ------------ 3,048 152 68 34 49 25 24
Textile--------------------------- -- 787 29 9 20 11 3 a
Paper ----------------------------- 1,893 355 174 181 14 7 7
Chemical -------------------------- 4,324 416 203 213 149 88 61
Petroleum ------------------------- 5,409 555 352 203 151 94 57
Rubber ----- -- 1,567 48 26 23 12 6 6
Other nondurables ----------------- -1,586 19 12 7 5 4 1

Nammanufacturing -------------- --- 62,073 1,785 1,126 659 457 278 179

Minig ----------------------- 2,759 91 41 50 20 15 5
Railroad ------------------------- 1.939 16 5 11 5 3 2
Air transportation ---------------- 2,413 15 .1- 4 2 2 6
Orther transportation -------------- 1,605 11 6 5 4 3 1
Public utilities ------------------- 19,067 1,451 921 530 386 226 165

Electric ------------------------ 16,250 1,409 906 503 372 223 149
Gas &Other---------- --------- 2,837 42 15 27 14 3 11

Comsunication, commercial & other- 34,270 201 142 58 41 31 15

Source: U.S. Department of Commerce, Bureau of Economic Analysis, Survey of Current Business,
vol. 54, July 1974.



TABLE III
IWVESTMIT T FOR AIR AND WATER POLLUTION

ABATEMENT BY INVUSIRIES; 1974

Pollution abatement investment
End-cf-t-he-pipe Process change

Total plant & & Irocess change onl1
expendLtures Total Au eAe T Water

All industries -------------------- 112,114 6,543 1,346 2,196 1,465 1.003 462

manufacturing --------------------------- 44,404 4,446 2,'-79 1,517 1,042 721 321

Durable goods ------------------------ 22,611 2,063 1,523 540 499 397 102

Primary metals 4,337 1,003 811 163 250 239 11

Blast furnace, iteel works ----- 1,712 381 304 78 114 109 4

Nonferrous-...................... 2.156 553 469 83 118 111 6

Electrical machinery -------------- 3,179 175 53 122 46 16 30

Machinery, except electrical 3,975 118 74 44 42 27 15

Tzansportation equipment ---------- 3,570 195 l12 83 29 17 12

Motor vehiclcs ----------------- 2,682 178 103 75 28 17 12

Aircrat ------------------------ 580 13 7 6 0 0 0

Stone. clay, & glass --------------- 1,683 282 244 39 58 48 10

Other durables -------------------- 5,867 290 200 90 73 50 23

Nondurable goods --------------------- 21,793 2.383 1,406 977 543 324 220

Food including beverage ----------- 3,276 230 112 118 67 35 32

Textile --------------------------- 773 43 17 26 7 3 4

Paper - ---- - 2,484 500 326 174 31 16 15

Chemical ---- ---------- 5,249 608 293 316 18 109 79

Pet-olem--6,888 926 610 336 239 153 86

4'1;ber ---------------------------- 1,580 51 33 18 8 6 2

Ot'er no.d'rables- 1,543 24 16 9 5 2 2

Novmamacturing ----------------- 67,710 2,097 1,418 679 423 283 140

Nining ----------------------------- 3,143 100 53 47 28 22 6

Railroa -------------------------- 2,272 19 3 16 3 2 2

Air tra nportation -------- 2,160 9 4 5 1 0 0

Other transportation -------------- 1,617 17 10 7 5 3 2

Public ctilities ------------------ 22,163 1,696 1,179 518 307 200 107

Elec:ric ------------------------ 18,808 1,651 1,160 491 295 197 98

Gas &Other -------------------- 3,355 46 19 27 11 2 9

ComwnAcation, commercial & other- 36,355 256 170 87 80 57 23

Sourver U.S. Department of Commerce, Burezu of Economic Analysis, Survey of Current Businees,
Vol. 54, July 1974.



Macroeconoiic Impacts

The macroeconomic impacts of environmental expenditures were
analysed by CEQ, with the help of the Chase Econometrics, Inc.,
macroeconomic model.

In 1974, the estimated incremental real resource (investment plus
O&M) abatement costs amounted to approximately 0.7 percent of the
U.S. Gross National Product. This proportion is expected to in-
crease to approximately 1.4 percent in 1976, and then decrease
thereafter as investment costs decrease and GNP continues to
grow.

Estimated private pollution control investments (excluding mobile
sources) amount to approximvtely 3 percent of gross private do-
mestic investment and 6 percent of business investment in plant
and equipment in 1974. These ratios are expected to remain
approximately constant thrcugh 1976 after which they will fall.

Impact on Inflation: The impact of these expenditures on the
rate of inflation has been estimated in two ways. One estimate
compares the price increases expected in different economic sec-
tors as a result of pollution control expenditures with the con-
tribution of these expenditures to the rate of inflation. As
Figure I indicates, much of the increase in the wholesale price
index (WPI) over the past year has occurred because of increased
energy (predominantly oil) and food prices. The cost of pro-
ducing crude oil and unprocessed food is virtually unaffected by
pollution control expenditures. Calculating the impact of the
remaining sectors involved weighting the contribution of each to
the increase in the WPI by the price increase expected in each
sector as a result of direct and indirect pollution control
costs. These calculations indicate that pollution control ex-
penditures were responsible for approximately 0.5 percent (one-
fortieth of the total increase of 17 percent) in the WPI from
1973 to 1974.

This result was confirmed by three separate analyses using so-
phisticated macroeconomic computer models. The first was the
1973 Chase Econometrics macroeconomic analysis which predicted an
increase in the WPI of 0.5 pe5cent during 1974 as a result of
pollution control expenditures. Two other similar analyses have
been8 run by the Brookings Institution and by Data Resources,
Inc. Both show inflation rates of 0.3 percent to 0.5 percent
per year resulting from pollution control expenditures. The
Chase projections of price increases resulting from pollution
control expenditures are given in Table IV.

Impact on Investment, Productivity, and Economic Growth: One of
the concerns currently being expresse about enviiromental pro-
grams is that the substantial investments they require will dis-
place investments that firms would otherwise be making to expand
or modernize their production capacity. Such a substitution, if
it were to occur widely, could have an adverse impact on the rate
of increase in labor productivity because firms would be
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FIGURE I

Percent Contribution to Change In Wholesale Price Index,,
April 1973-April 1974

(by Major Commodity Groupings)
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TABLE IV

PERCENTAGE CONTRIBUTION
OF POLLUTION ABATEMENT EXPENDITURES

TO PROJECTED CHANGES IN PRICE INDICES

GNP
CPI WPI deflator

Increase 1975/76 0.5% 2.0% 0.9%
Cumulative increase to 1976 0.8% 2.6% 1.2%
Average increase 1973/76 0.3% 0.9% 0.4%
Increase 1981-82 -0.2% -0.i% 0.0%
Cumulative increase to 1982 0.39% 2.4% 0.9%
Average Increase 1973/82 .03 0.2 0.19

CPI = Consumer price index
WPI = Wholesale price index

Source: Based on Chase Econometrics, Inc., (1974) estimates.

operating with older, less productive equipment. And this re-
duced productivity growth would result in a lower rate of econo-
mic growth for the Nation-

The available data indicate that such effects are likely to
be minimal. The maximum projected investment for environmental
purposes by U.S. industries is unlikely to exceed 6 percent of
their total plant and equipment expenditures in any one year, and
should average approximately 3 percent of these expenditures over
the 10-year estimating period.

The pollution control expenditures will, of course, place
increased demands on the capital market and will displace some
private investment, but the Chase Econometrics analyses conclude
that the displacement will predominantly be in areas other than
plant9 and equipment expenditures, such as residential construc-
tion.

This conclusion is at least partially confirmed by the re-
sults of the first Bureau of Economic Analysis survey of pollu-
tion control expenditures, in which only 2 percent of the firms
sampled claimed that pollution control expenditures had displaced
any of their planned investments for expanding or modernizing
their production capacity.

The BEA report concluded, "While it is possible that in some
industries pollution abatement restrictions have caused a reduc-
tion in investment, the low level of positive response to this
question indicates that business as a whole does not think of
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pollution abatemrt regulations as reducing investment in new
plant equipment."

In light of these findings, pollution control expenditures
are not expected to delay significantly the eupansion or moderni-
zation of industrial capacity for producing goods and services,
and therefore are not expected to have a measurable adverse im-
pact on labor productivity.

If environmental expenditures have an insignificant impact
on plant and equiipment expenditures and therefore on productiv-
ity, they will have virtually no impact on the rate of growth of
the "full employment GNP." However, according to the 10-year
forecast by Chase Econometrics, the anticipated peaking of
environmentally related expenditures prior to 1978 will create a
minor business cycle which will affect the actual growth rate in
GNP. These expenditures are expected to stimulate the economy
prior to 1976 so that the GNP in current and constant dollars
will be higher than it otherwise would have been. After 1976 the
slightly higher prices resulting from pollution control expendi-
tures will have a minor depressing effect on the economy, causing
the real GNP to dip below the level expected without environ-
mental expenditures. By 1982 this depressing effect is expected
to disappear, so that the GNP will be at the same level as it
would have been without environmental improvement programs. The
projected GNP levels are summarized in Figure II.

Impact on Employment: The impact of environmental expendi-
tures on employment is projected to be insignificant. In the
macroeconomic analyses the impact of unemployment is expected to
mirror the impact on GNP: before 1976 there will be less unem-
ployment than there otherwise would have been, from 1977 to 1980
there will be somewhat more; but by the end of the decade there
will be no significant impact on unemployment. Projected employ-
ment rates are given in Figure III.

These macroeconomic analyses do not take account of plant
closings caused by environmental regulations, however. EPA,
which maintains an "Economic Dislocation Early Warning System" on
such closings, had received reports of 69 firms which claimed
that they had been forced to close plants from January 1971
through June 1974, at least in part because of environmental
regulation. These plants represented a total of approximately
12,000 jobs (about .015 percent of the current labor force). The
details on these closures are given in Table V.

It should be noted that the increase in unemployment caused
by these plant closings will be less than the 12,000 jobs that
the plants themselves represented. The lost production will be
shifted to other plants, sometimes within the same firm, and as a
result more jobs will be created at these other plants. There is
probably some net loss in jobs because the plants which increase
production are likely to be more efficient than the plants which
close. It is the relative inefficiency of these plants -- they
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FIGURE II

Projected Economic Growth, 1974-1982
Re"I GNvP S IS Wil

.100

_ ~~With pollutiont obsltirive"I~ ~ll
1100-

300 WithOut pollton Mbetmiuanl Oi|ginduluiiit

1974 197 1978 100 IM

FIGURE III
Projected Unemployment Rates, 1974-1982

uonploynent rote I%1

With lbohtugain aitstiucn experwhoorsgi

40
Without pollulmn el teviltn epedlureg1

.. . . . .. _- --- 
-----..... _..

20

1314 1076 IM1 ION0 IM1

Ntuoie ,.;i,,uy 14 *mtiqd forCto

hll "tllill es * ttt|ItNI ~|hiPlII|~l 'iitI'M tl~k~t~lW114 111-115xlio*O4.JlIJq lf [



are likely to be older, smaller facilities which are only margin-
ally profitable even without the requirement that they install
environmental controls -- that leads the firm to conclude that

they should be closed rather than modernized. In many instances
they would have been closed soon anyway, and environmental regu-
lations tend only to accelerate an otherwise inevitable process.

However, the problem of plant closures should not be under-
stated. As Table V indicates, there is some geographical concen-
tration of the plants which have closed. Many of these plants
are also often located in older, industrial towns already
suffering relatively high unemployment rates. Their closures can
be a serious blow to the local economy and particularly to the
workers who may have serious difficulty finding other employment.

Impact on Government Finances: The major sources of government
expenditures associated with the implementation of Federal envir-
onmental legislation are for municipal sewage treatment plants,
solid waste collection and disposal, and air and water pollution
abatement from publicly owned facilities. At the Federal level,
the EPA sewage treatment grants program has become the second
largest public works activity exceeded only by the Federal high-
way program. Nevertheless, as indicated in Table VI, environ-
mental expenditures still account for only 1.0 percent of total
Federal outlays in FY '74 and 1.3 percent in FY '75.

On the state and local levels, because the Federal Government is
presently paying a large proportion (up to 75 percent) of the in-
vestments required for municipal sewage collection and treatment
works, CEQ projects local government environmental expenditures
to be lower than they would have been in the absence of federal
legislation. The fiscal impact of local expenditures will also
be reduced by the fact that many of these costs -- e.g., for

sewage treatment and solid waste collection -- are likely to

financed out of user charges rather than general revenues.

Impact on Foreign Trale: Analyses conducted by the Department of
commerce, other Federal agencies, and independent analysts have
not succeeded in identifying any significant impact of our envir-
onmentl regulations on our foreign trade and balance of pay-
ments. Some U.S. exports will become slightly more expensive,
and some imports will become more competitive, but the total
effects is small. This is largely attributable to a) the rela-
tively small price increases for U.S. goods as a result of envir-
onmental requirements; b) the lack of import competition for many
commodities which may experience price increases because of the
weight, bulk, or U.S. quality requirements for those goods; and
c) the enactment by many competing countries of stringent envir-
onmental regulations that will reduce any comparative advantage
their industries might have over U.S. firms.

Impact on the Distribution of Income: CEQ and EPA have sponsored
studies-of-the impact of p-Ilution control programs on the dis-
tribution of income. These analyses are presently being updated
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TABLE V

PLANT CLOSINGS WHERE POLLUTION CONTROL COSTS WERE ALLEGED
TO BE FACTOR, JANUARY 1971-JUNE 1974

EnD

- O
to *rq 0 MD

Plants 2 3 51 61

INDUSTRY 4.) M 4.) ty0 1-4 4-a
Pat-4 M 11 1- 8 184

II ~~~t =loee 1 3 4 ,5 0 25 a3 r ,0 4 ,5

Rn E G IO r4'M

IVWVlyes18 78 226 '-

0 0 00.) :3- ,279
P (an4 1O 34 41) 4)

a4r 0r a.' 0 0 0 0

VI"14-y 0 4s 54 4 585
0- 0 r. -4 0ofq04

____1___ TOTAL

Plants 2 3 1 6
I Employees 1,013 _ 95 1,108
Plants 3 1 3 1 1 1 8 18

II Employees 1,536 44 1,450 102 25 133 1,308 4,598
Plants 2 2 3 7

IIX E loyees 00610 105 14390 1,105

Plants 1 1 2
IV Employees 33148 7S 250 226

Plants 2 5 3 3 1 14
V Employees 500 1,379 2,138 165 235 2 2,279

Plants 3 1 4
VI Employees 540 ivl nls tajo isnot 45 585

Plants
VII Employees _________ ___

Plants 1 2 3
VIII Employees ____ _____ ___ 208 208

Plants 2 2 2 1 2 8
IX Employees _ ___ 400 ______ - 148 35 _ ___ 529 1,112

Plants 1 1 2 6
X Employees 833 Agency, 38 off250 1,121

TOTAL
Plants 10 12 7 9 5 4 4 18 68
Employees 3,882_ 2,511 2,138 410 383 268 133 2,617 12,342

~Dislocation involving less than 25 jobs is not reported.
y"Other industries" includes all dislocations where the combined "actual" and "threatened"
plants amount to fewer than six.

Source: Environmental Protection Agency, Office of the Administrator, 1974 Second Quarter
Report of the Economic Dislocation Early Warning System.



by CEQ.13  They show that the medium income family paid approxi-
mately 0.5 percent of its family income for incremental pollution
control expenditures in 1972 in the form of higher products
prices, higher tax revenues, and increased service charges for
government services. In 1976, this percentage is expected to
increase to about 2.0 percent, falling slightly by 1980. In 1976
and 1980 the increased costs are expected to be relatively evenly
divided between higher automobile expenditures, higher prices for
other goods and services, and higher taxes.

The distributional impact of these expenditures is expected to be
mildly regressive. That is, lower income families will pay a
slightly higher proportion of their income (although a much
smaller dollar amount) for pollution control expenditures than
higher income families.

Impacts on Specific Industries

The previous analyses indicated that there was unlikely to be any
significant macroeconomic impact of environmental programs. How-
ever, the impacts are not spread evenly across all sectors. Some
industries pollute much more heavily than others and will there-
fore have to undertake significantly greater efforts to abate
their pollution to acceptable levels. Figures IV and V summarize
the BEA findings about the relative level of investments being
made for pollution control among different industries. Clearly,
the industries which would appear to be most significantly
affected are:

Electric utilities
Petroleum refining
Iron and steel
Pulp and paper
Nonferrous and primary metals
Stone, clay, glass, and cement
Chemicals
Food and kindred products

These eight industrial groupings account for four-fifths of the
total estimated private pollution control investments in 1974.
The proportion of total plant and equipment investment spent for
pollution control purposes in these industries -- ranging from 10
to 20 percent -- is substantially above the national average --
less than 6 percent. Of course, a high proportion of total plant
and equipment expenditures being allocated to pollution control
may indicate only that the particular industry is investing rela-
tively little for capacity expansion in the United States.

As Tables II and III indicate, all of these industries are ex-
pecting to increase their pollution control investments substan-
tially in 1974 over the 1973 levels. Specifically, the expected
increase will amount to:
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TABLE VI

U.S. BUIE'T OUTLAYS BY FUNCTION

1973 A('rUAL AND 1974-7b ESTIMATED

[in billions of dollars)
"--''-'~ 1974 1975 1976

actual estimate estimate estimate

Function:
National defense 

76.0 80.6 87.7 94.6

International affairs & 
finance 3.0 3.9 4.1 4.3

Space research & technology 3.3 3.2 3.3 3.4

Agriculture & rural development 6.2 4.0 2.7 4.1

NATURAL RESOIRCES & ENVIRONMENT .6 .6 3.1 4.1

ComMeLCO & ti,1s;po1tat011 
13.1 13.5 13.4 13.7

Community dcvelopmenL & housing 4.1 5.4 5.7 7.4

Education & manpower 
10.2 10.8 11.5 12.3

Health 
18.4 23.3 26.3 26.6

Income security 
73.1 85.0 100.1 107.2

Veterans benefits & services 12.0 13.3 13.6 13.8

Interest 
22.8 27.8 29.1 30.4

General government 
5.5 6.8 6.8 6.9

General revenue sharing 
6.6 6.1 6.2 6.3

Allowances 
-- .3 1.6 4.4

Undistributed intragovernmental 
-8.4 -10.0 -10.7 -11.6

transactions 
'

Total

DETAILS FOR NATURAL RESOURCES AND ENVIROMEW

tin billions of dollars]

1973 1974 1975

actual estimate estimate

Pollution control and abatement 
$1.1 $2.6 $4.0

Recreational resources 
.6 .8 .8

Water resources and power 
2.9 2.9 3.0

Land managerment 
.9 1.0 1.

Mineral resources 
.1 .3 .3

Other nutural resource 
programs 

.2 .2 .2

subtotal all programs -- 7

Deduction for offrett.ng 
receipts -5.2 -7.2 -6.3

Net total 
$0.6 $0.6 $3.1

Source: Office of Management and Budget, The Budget of The United States Gennt
Fiscal Year 1975 (U.S. Government 'PriinL ng-Oic-T '7r n .--
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FIGURE IV

Pollution Abatement Expenditures for New Plant and

Equipment by Selected Industries, 1973
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17% for electric utilities
67% for petroleum refining
65% for iron and steel
39% for pulp and paper
6% for nonferrous and primary metals

100% for stone, clay, glass, and cement
20% for chemicals
52% for food and kindred products

CEQ and EPA estimates indicate that these industries will con-
tinue to experience relatively heavily pollution control expendi-
tures throughout the decade.

Other important characteristics of the industries are that:

they are all "basic industries," which means that these
price and supply problems ripple through the economy.

they are generally energy-intensive industries and (ex-
cluding electric utilities) account for more than 73
percent of all energy consumed by all industries, and
nearly 20 percent of total U.S. energy consumption. In
these industries energy is a significant cost element
accounting for nearly 140 per dollar of value added,
compared to the averagT3 of all industries of 4 per
dollar of value added. Therefore these industries
face serious cost problems because of high energy
prices in addition to the costs added by environmental
regulations (see Table VII).

Table VIII, however, indicates that even in those relatively most
seriously affected industries, environmental expenditures are not
a large proportion of total value added in the industry and
therefore should not have a substantial impact upon prices or
output.

Such projected increases and output reductions would not normally
be ceuse for alarm. However, because of the importance of these
industries to the functioning of the economy, the possibility of
very tight capital markets' limiting the availability of invest-
ment funds, and in some cases, a recent history of depressed pro-
fits, further analysis is clearly required. CEQ and EPA are
presently in the process of sponsoring such studies.
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FIGURE V

Pollution Abatement Expenditures for New Plant and
Equipment by Selected Industries, 1974
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TABLE VII

MANUFACTURING ENERGY CO1SUMPTION, SELECTED INDUSTRIES, 1967

Total
Energy consumed energy %
per $ of output consumption Manufacturing U.S.

Industry (MBTU/$) (Trillion Btus) Consum.:.ion Consumption

Cement 463.0 463 K2.1% 0.9%
Petroleum 495.2 2537 17.4 5.0
Metals 250.1 4080 27.9 8.1
Paper 140.1 1156 7.9 2.3
Chemicals 138.3 2460 16.8 4.9

I

Subtotal 10,595 73.3 21.2

All other manufacturing 20.9 3914 26.7 7.7

Total industrial (6 9 .7 )1/  14,608 100% 28.9%

1/ Represents the average.

Source:
Energy and Environmental Analysis, Inc., "Energy Management in Manufacturng,

1967-1990," 1974, prepared for CEQ.



TABLE VIII

POLLUTION CONTROL EXPENDITURES AS A PERCENTAGE
OF VALUE OF SHIPMENTS, SELECTED INDUSTRIES, 1973 AND 1980

Costs / as a percentage of
Value of shipments ($ million)!/  value of shipments

SIC Industrial sector 1973 1980 1973 1980

26 Paper & Pulp $28,167.4 $39,715.5 0.42% 0.88%

i28 Chemical 57,061.5 80,456.7 0.40 0.86

29 Petroleum refining 28,602.2 40,329.1 0.43 0.99

32 Stone, clay & glass 21,430.0 30,216.3 0.25 0.56

33 Primary metals 58,276.5 82,169.9 0.80 2.00

(Five industry average) 0.50 1.00
(All manufacturing average) 0.20 0.50

_/ 5% annual increase 1973-80.

2/ Calculated on basis of annual costs.

Sources: Value of shipments figures for 1973 are from the Department of Commerce.
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THE ECONOMIST'S APPROACH TO POLLUTION AND ITS 
CONTROLa

Excess pollution arises because the waste disposal
capacity of the environment is provided free of charge.

Robert M. Solowb

My object is not to tell you about pollution. In the nature
of the case, many of you will know much more than I do about the
physical and chemical causes and the biological consequences of
environmental pollution. But pollution is also an economic prob-
lem, and economists have rather special ways of thinking about
it, with implications for the design of environmental policy.
What I can hope to do is to put the problem of pollution into the
economist's framework, to see if that way of regarding it leads
to any basic principles of regulation and control.

The ancient economists used to classify productive resources
as Land, Labor, and Capital. In this classification "Land" stood
for all those natural resources that are given in amount and can-
not be augmented by human decision. Some natural resources are
exhaustible: There is just a certain amount to begin with, like
iron ore or oil, and when we have used it up therc will be no
more. If more iron ore or oil is being formed in nature, it hap-
pens much too slowly to matter to human society. Other natural
resources, like water and forests, are being renewed all the
time, though of course human action can interfere with the pro-
cess.

In the early stages fo economic development, some natural
resources were "free," in the sense that there was more than
enough available to saturate the demand. This was true even of
agricultural land in the early history of the United States. It
is still true of air and water in many places. Even if these
natural resources are appropriated and a monopoly price is
charged for them, they are still "free goods" to the society as
the economist looks at the matter. No possible use needs to be
suppressed so that some other possible use can take place.

a Reprinted from Science. 6 August 1971, Volume 173, pp. 498-503.

Copyright 1971 by-theiAmerican Association for the Advancement of
Science.

bThe author is professor of economics at Massachusetts Institute

of Technology, Cambridge. This article is adapted from his
vice-presidential address to Section K (Social and Economic Sci-
ences) of the AAAS at its annual meeting in Chicago in December
1970.
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As economic development proceeds, many resources become
scarce. This may be either because a fixed supply is exhausted
or, more usually, because growing population and increasing pro-
duction of commodities put more pressure on the limited supply
provided by nature. The use of scarce resources has to be
rationed. One possiblity is that the scarce resource becomes
private property and is rationed by a market procedu :e; another
possiblity is that the scarce resource becomes public property
and is rationed either by a market or by some other more politi-
cal process. Either system may work well, or badly, depending on
circumstances.

External Effects Can Distort Resource Use

Even with such a simple resource as residential land, we
often find that a system of individual ownership needs public
regulation because of "external effects." One person's use of a
natural resource can inflict damage on other people who have no
way of securing compensation, and who may not even know that they
are being damaged. We would like to insure that each resource is
allocated to that use in which its net social value is highest.
But if the full costs of some use of a resource do not fall upon
the private owner or public decision-maker, but upon someone
else, then the resource is unlikely to find its way into its so-
cially best use. We could not allow pig farmers to bid freely
for residential land, for example. (There is a symmetrical case
where use of a resource confers external benefits that cannot be
captured by the owner or decision-maker.)

There has been much economic analysis of these "external ef-
fects," and of possible corrective measures. But first I want to
get further along in the story. Eventually, as an economy grows,
even air and water become scarce. Air and water have only a lim-
ited capacity to assimilate wastes or to carry them away. Any
modern industrial economy apparently generates so much waste - in
the form of both matter and energy - that its disposal taxes the
capacity of the atmosphere, the rivers, and eventually even the
ocean. We used to think that these external or environmental ef-
fects were exceptions, but in modern industrial society they may
become the rule.

In the situation we have now, the assimilative capacity of
air and water has become a scarce resource, but it is provided
free of charge as common property to anyone with some waste to
dispose of. It is easy to see that, in these circumstances, the
scarce resource will be overused. The normal system of incen-
tives is biased. A costly (that is, scarce) resource does not
carry a price to reflect its scarcity. If high-sulfur fuel is
cheaper to produce than low-sulfur fuel, it will be burned and
sulfur dioxide wastes will be dumped into the air. Society pays
a price in terms of damage to paint, to metal surfaces, to
plants, and to human health. But that cost is not normally at-
tached to the burning of high-sulfur fuel; only a part of the
full social costs become private costs and influence private de-
cisions.
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1Z an upstream factory deposits organic waste in a river -
or nerely raises its temperature by using the water for cooling
purposes - the costs of water purification may rise for a down-
stream Lity that wants to use the water for drinking or recrea-
tion. But these costs do not fall on the party whose decision
generated them, so he has no reason to take them into account.
(By the way, comparative cost analysis will often show that it is
cheaper to purify the industrial waste at the source. But the
choice of a method of treatment is separable from the allocation
of costs. Even if it is cheaper for the downstream city to treat
its water, the allocation of resources will be distorted unless
the extra costs of downstream water purification are treated as
part of the full costs of operating the upstream factory.)

The private automobile is a similar case, but even more com-
plicated, because each of a million cars contributes its small
bit of the Los Angeles smog; each driver pays in coughs and
tears, and perhaps lung disease, for everyone else's exhaust
emissions, but his own responsibility is negligibly small.

We are used to these consequences of "external effects." I
mean that we are accustomed to them as citizens; and we under-
stand them as economists. But economists realize, as citizens
sometimes do not, that the implications of external effects must
be traced further. They have secondary effects on the system of
resource allocation. If electric power is "too cheap" to the
customer, because he is not charged with its full social cost,
then other things will happen. Other commodities that are pro-
duced with the help of large amounts of electric power will also
be cheap, and they will be overproduced. Other industries will
be tempted to adopt techniques of production that use more elec-
tric power than they would if the price of electric power were
higher. The rest of the society will find itself subsidizing
those people - if they are an identifiable group - who consume a
lot of electricity or a lot of goods made with a lot of electric-
ity.

Similarly, if society is in fact subsidizing the private
automobile - by not charging it for all the damage it does - then
the location patterns of suburbs and of industry will be affect-
ed. A change in the private costs of automobile travel will have
effects on house rents, residential choices, and eventually on
the location of industry. If the use of DDT and other toxic
chlorinated hydrocarbons were prohibited, or merely made more ex-
pensive, one would naturally expect certain changes in food
prices and availability. But there might also be corresponding
effects on the regional distribution of income and population,
and these in turn might have further consequences difficult to
calculate.

Piecemeal Regulation May be Inefficient

The existence of all these systematic interdependencies
means that piecemeal remedies for environmental pollution, by di-
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rect prohibitions and by setting specific standards for emission,
may be inefficient and even harmful.

Piecemeal regulation may simply transfer pollution from one
medium to another. For example, if tho people of a densely popu-
lated city are denied the right to burn their trash in ordinary
furnaces and incinerators, the city will have to find some other
way to dispose of solid wastes; and this may be costly and diffi-
cult to do without spoiling the environment in other ways. New
York and Philadelphia have tried to improve water quality by in-
tensive municipal sewage treatment. One result has been the gen-
eration of a large volume of biologically active sludge. This is
currently being carried out to sea in barges and dumped there,
with unknown effects. To take another example, the scrubbing of
stack gases can certainly reduce the emission of particle matter
into the air; but it creates another liquid waste for disposal.
One cannot know without a calculation whether the regulation of
stack gases is in any particular case the right way to proceed.

The simplest way to deal with an acute pollution problem iF
to set minimum quality standards for air or water and enforc.
them on each polluter. But this ignores the fact that some
sources of pollution are more readily remedied than others. If
two factories producing different commodities both contaminate
the same stream to the same extent, it might seem natural to re-
quire each of them to reduce its contamination by, say, 50 per-
cent. If that were done, it would be almost certain that the in-
cremental cost of a small further reduction would be different
for the two factories; after all, they use different production
techniques. But then it would be better if one of the facto-
ries - the one with the smaller incremental cost -were required
to pollute still a little less, and the other permitted to pol-
lute a little more. The total amount of pollution would be the
same, but the total cost of accomplishing the 50 percent reduc-
tion would be smaller. Since it is the total amount of pollution
that matters, the cheaper possibilities of reduction should be
exploited first.

This would be accomplished if, instead of a direct imposi-
tion of standards, the two factories were charged or taxed an
amount proportional to their emission of pollutants. The height
of the tax could be varied until the desired total reduction in
pollution occurred; the factories themselves would see to it that
it occurred in the cheapest possible way. It is perfectly true
that this way of doing things affects the distribution of income;
the cost of preserving the environment is borne in a certain way.
But that is true of any method, including simple prohibitions.
The redistribution is only more visible in the case of a tax or
effluent charge. The tax also provides some revenue which can be
used either to further improve the environment or to assist genu-
ine hardship cases or to accomplish socially desirable ends of
any kind.
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Here is a third example of the sort of mistake that can re-
sult from a piecemeal approach to policy. In the United States,
it is often proposed that the government subsidize the construc-
tion of waste-treatment facilities. Only a few such proposals
have worked their way into the law, usually indirectly. But why
should the government promote the purchase of special equipment
when other methods might be superior: the substitution of a
cleaner fuel or other material for a dirtier one, or other
changes in production methods, or the recirculation of cooling
water, or the recovery of by-products for further use, or even
the relocation of production altogether? I suppose the answer is
that it is easier to subsidize treatment facilities: The Amount
is simply determined as a fraction of cost, and the industry that
produces waste-treatment equipment is naturally anxious to have
its product subsidized. Unfortunately, this may be an expensive
way to accomplish the result, especially because, if the alterna-
tive to waste treatment is continued free dumping into the atmos-
phere or watercourse, the subsidy may have to be almost complete
to induce polluters to take it.

Still another difficulty with piecemeal regulation is that
it may be localized, in which case the environmental damage may
simply be transferred to another town or district or region or -
in Europe - another country. A sensible approach circumvents
this possibility by having a unified regional policy, perhaps an
international one.

A final difficulty with pieceaeal policy is that it works
automatically against large public investment projects in such
fields as solid-waste disposal, low-flow augmentation in rivers,
and perhaps others. It is not always the case that such large
public investments are the best solution to a problem; but they
are sometimes the best, and, when they are, this is unlikely to
be discovered except as part of a system-wide analysis.

Use of Effluent Charges

In many cases, probably most cases, where direct regulation
seems the natural approach to the concerned citizen, the econo-
mist will prefer to use taxes or effluent charges or user charges
of some kind. I have mentioned one obvious reason for this: It
is in the social interest that the cheapest method should be
adopted to achieve any given reduction in pollution. A system of
taxes and charges is more likely to accomplish this than direct
regulation, given that we cannot possibly have all the desired
facts.

This economizing on information is a second reason for fav-
oring taxes over direct regulation. The construction of a good
schedule of taxes or fees also requires information, but rather
less information. And the process of collection itself produces
new information that can be used to improve the schedule in use.
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Third, financial incentives are usually easier to administer
than direct regulation. They preserve decentralized decision-
making, which is often good in itself, and in so doing they in-
duce everyone directly concerned to seek for trade-offs and sub-
stitutions and improved techniques that could not be known to any
central office.

I think it is also a good general principle that fees or
taxes are better than subsidies. It is probably an unpopular
principle - nobody likes a tax, but there is always at least one
person who likes a subsidy. Subsidies, however, are more diffi-
cult to administer. A tax is levied against the amount of pollu-
tion actually discharged, an observable quantity. A correct
subsidy depends on how much pollution has been reduced from what
it would have been in the absence of the subsidy, a hypothetical
quantity. If one subsidizes actual waste treatment, this may
lead to the perverse result that techniques may be adopted that
lead to the production of waste on an unnecessarily large scale,
simply to collect the subsidy for treating it. Moreover, subsi-
dies will lead to higher net profits in pollution-intensive in-
dustries, and perhaps attract a socially undesirable expansion of
those industries.:

Taxes are generally preferable to subsidies on grounds of
equity, too. If sonhe part of the population likes to do things
or consume things whose production damages the national environ-
ment, it seems fairer that they should pay for the damage than
that we should have to bribe them to stop.

This general principle may need to be modified, however, to
the extent that the initial distribution of income in society is
not equitable. If everyone had the same income, or if the dis-
tribution of income met some other standards of equity and jus-
tice, it would be right to say that anyone who indulges a taste
that leads to the pollution of the environment should be required
to pay the costs of restoring environmental quality, or at least
to compensate others for the damage caused them.

But incomes are not equally distributed, nor do they meet
any other test of equity or justice. The principle of assessing
environmental costs on the activities that cause them would lead
to material goods (which play a relatively bigger role in the
budgets of the poor) becoming dearer relative to services (which
play a proportionately bigger role in the budgets of the rich).
It might lead to the taxation of the necessities of life of the
poor to pay for the protection of the recreational amenities of
the rich. There is not much to be said for that.

The economist's answer is that two wrongs don't usually make
a right. It is irrational to befoul the environment by fudging a
desirable system of taxes and user charges in order to accomplish
redistributional aims. It would be far better to achieve an ef-
ficient allocation of resources by a proper system of effluent
charges; and to correct an inequitable distribution of income and
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wealth directly by taxing the income and the wealth of the rich
to subsidize the poor.

It hardly needs saying that there are situations in which
immediate and decisive regulatory action is the only sensible
thing. It seems very unlikely that we would ever regret simply
having forbidden the disposal of heavy toxic metals like mercury
or arsenic where they can be consumed by animals or humans. We
may also want to stop irreversible deterioration of certain
national resources at once. Formally, these are cases where the
optimum taxes or user charges are prohibitive.

Even if it is granted that fees and taxes are generally
preferable to specific regulations, that does not settle the
matter. There is still need for a new and inclusive way of look-
ing at the management of the physical environment as a natural
resource which is common property. The usual textbook illustra-
tions of external effects and their correction through bilateral
negotiation or isolated fees and taxes are too simple, too
isolated, too often artificially concerned with two parties who
know each other, who realize how they interact, and who can ne-
gotiate a proper solution. At the present stage of economic de-
velopment, something more serious is happening.

The Universal Problem of Materials Disposal

The leading specialist on these matters has remarked (1)
that we need to take account of the fundamental physical law of
the conservation of mass. Our language speaks of the "consump-
tion" of goods as if nothing is left of them after they are con-
sumed. But of course everything is leic of them. Every ton of
material that is removed from the earth and transformed into
goods still remains to be disposed of when the goods in question
are finally used. Sometimes, as in the case of a building or a
dam, disposal is postponed for a. very long time. But the fact
that thousands of automobiles are abandoned on city streets, or
even deposited in country streams to rust reminds us that durable
goods are not permanent. It is also true that much of the weight
of each year's production is transformed into gas and disposed of
into the atmosphere without any special handling. This is espe-
cially true of fuels. But that is part of the problem; the ca-
pacity of the air to absorb waste gases is not limitless.

In principle, then, the residuals from production weigh as
much (or slightly more) than the original weight of materials.
All this has to be returned to the environment in one way or an-
other, unless it is recycled. Even what we call "waste treat-
ment" merely changes the form of waste material, presumably to
something less unpleasant, but the disposal problem remains.
This problem is growing in size along with the production of
goods. It has been estimated (2) that the total weight of basic
materials produced in (or imported into) the United States in
1963 was 2261 million tons (excluding construction materials,
mine wastes, and other materials that are just moved from one
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place to another without undergoing any real chemical change).
By 1965 the figure was 2492 million tons, 10 percent higher after
2 years. There is no reason to doubt that the figure is consid-
erably higher now. Over half of this total weight consists of
mineral fuels, which are discharged more or less unnoticed, into
the atmosphere as carbon dioxide and water vapor. This seems to
have minor short-run effects though, as you know, there is now
beginning to be some worry about the possible effects on climate
of the accumulation of carbon dioxide in the atmosphere.

The point of my reference to the conservation of mass is
that there is not an air pollution problem and a water pollution
problem; there is a materials disposal problem. Some ways of
disposing of materials are less objectionable than others, just
as some materials are less objectionable than others. But one
must keep in mind that to "eliminate" air and water pollution
means to transform them into the pr..blem of disposing of solid
waste, another pollution problem. The only "solution" to the
combined problem is the recycling of materials (or the greater
durability of material things or the increased efficiency of con-
version of fuels into energy). The rest is a choice of the
socially best way to dispose of a given weight of residual mate-
rial.

Since this combined problem is getting bigger, it must be
planned for, and it is probably best planned for as a large-scale
problem in managing the flow of materials. This suggests that
planning must be at least regional and, in principle, concerned
with all the media of waste disposal.

Nevertheless, there are certain real physical differences
between water pollution and air pollution, and the physical dif-
ferences mean that the best available policies are likely to be
different. Water flows downhill, and there is a natural asym-
metry between upstream and downstream. In most cases it is pos-
sible to identify natural boundaries to river basins or coastal
estuaries, and to deal with them as more or less isolated units.
One can more clearly identify individual polluters and individual
victims of pollution, and they tend to be distinct individuals or
groups (though, of course, B may be a victim of A's pollution and
a polluter of C). I do not mean to make it sound excessively
simple, as an outsider often tends to do; planning for a water
basin is not simple. There are networks of streams and mixed
possibilities of treatment of waste at source, treatment of waste
still further downstream, mechanical reaeration, and low-flow
augmentation. Still, I understand that there have been several
successful attempts to build mathematical models of water systems
with a view to planning for improved water quality, such as the
Delaware River Basin in the eastern United States, the Miami
River Basin in Ohio, and recently Jamaica Bay at New York City.
I gather that these models are oversimplified, usually account
for only one pollutant (biochemical oxygen demand) and only one
measure of water quality (dissolved oxygen). An economist is
used to oversimplified models, and is even encouraged by seeing
that others have to use them too.
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These models can be used to find solutions to planning prob-
lems of the following kind. What combination of waste treatment
at each source and low-flow augmentation from a reservoir will
maintain specified minimum water-qualtiy standards throughout the
river basin at least total cost? And what system of effluent
charges or taxes on untreated wastes will induce the polluters
themselves to achieve that socially best degree of waste treat-
ment? The best system of effluent charges would vary by time of
year and location on the river basin. In principle, it ought to
be possible to use the model to determine the appropriate ,ninimum
water-quality standards themselves, but for that one must know
something about the actual damage caused by specified amount of
stream pollution. I will come back to that question.

I have mentioned the economist's tendency to prefer taxes or
effluent charges to direct regulation or subsidies as a device
for environmental planning. Let me emphasize again the reasons
for this choice in this water-quality context. In the first
place, effluent charges concentrate automatically on the cheap
abatement of pollution, rather than on any artificial allocation
of the abatement burden on polluters. For the same reason, ef-
fluent charges provide an incentive for the polluters themselves
to search for new and cheaper methods of waste treatment and
waste reduction including changes in their own production
methods. Finally, effluent charges allow for a certain amount of
decentralized decision-making. This is valuable for its own
sake, and because it economizes on information, especially on in-
formation in the hands of the central authority controlling the
river basin. It does not economize completely: intelligent
management of water quality requires that the central authority
have a lot of information about characteristics of stream flow
and about the social costs of poor water quality. Individual
polluters are likely to know most about the costs of reducing
pollution at their own locations.

It seems to be possible to adapt the principles of two-level
iterative planning that have been developed in Hungary and else-
where for general purposes to the specific problem of water man-
agement. One such procedure (3) requires the central authority
to propose a scale of effluent charges to each polluter. Each
polluter then makes his own cost calculation and responds to the
central authority by reporting the amount of pollution he will
discharge into the river and his total spending on purification.
Using this information, the central authority calculates a new
schedule of effluent charges. The procedure continues in this
way until it converges to the optimum schedule of charges and the
least-cost combination of treatments satisfying the minimum stan-
dards.

Such a system collects revenue, almost as a by-product of
environmental policy, because the main function of the taxes is
to induce polluters to do the socially optimum thing. But the
revenues can be used for any good cause. In particular, the best
policy for managing a river basin ,!ay well involve the construc-
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tion of some large-scale public investments, like reservoirs or
downstream treatment facilities. The revenue from the effluent
charges can be applied toward the cost of these public invest-
ments. Some part might also be used to assist workers in margi-
nal enterprises made unprofitable by the taxes to find new jobs
elsewhere.

Air pollution, especially in large cities, is in some impor-
tant physical respects different from water pollution. Obviously
the air moves less predictably as compared to water. Meteorolo-
gists can and do make mathematical models of the atmosphere, but
they cannot capture local and short-run events. Moreover, the
number of actual and potential polluters of the air is usually
much larger than the number of waste sources along a watercourse.
Air pollution is rather like automobile congestion. Just as each
driver in a traffic jam is inflicting delay costs on every other
driver (as well as himself), so is every polluter of the air in a
city polluting everyone else (including himself), and inflicting
costs on the property and the health of everyone else. The anal-
ogy to automobile congestion is interesting also because automo-
bile exhaust emissions are such an important contributor to the
pollution problem in large cities.

For this reason, it is much more difficult to imagine opti-
mum planning of pollution abatement in a city than to imagine it
in a river basin. A system of effluent charges would involve
metering altogether too many emissions; from industrial stacks,
from domestic heating, from automobiles, from office buildings,
and from public utilities. Moreover, the seriousness of air pol-
lution often depends on photochemical reactions in the atmosphere
which cannot be directly connected with any particular polluter.
The best solution may involve metering the few very large pol-
luters and treating the many small ones differently.

Even apart from these difficulties of measurement, urban air
pollution presents difficulties because it could be inefficient
to treat it in isolation from other modes of waste disposal. A
city could easily clean its air by disposing of most of its
wastes in water; or it could just as easily protect its water by
concentrating its wastes and incinerating the residues. Nor can
the burden be thrown entirely on solid-waste disposal, because
that has become an equally costly and difficult process in most
areas of dense population. Rational management of waste mater-
ials in a city will require something more complicated than a
model of a single river basin.

Shortcuts and a Possible Systematic Scheme

It is probably possible to make such progress by using
shortcuts, though this may often cause a certain amount of inef-
ficiency and inequity. For example, major polluters of the air,
like electricity-generating stations, can be metered and regu-
lated or taxed. It would seem much easier to control sulfur
emission by the mass of small users by regulating instead the
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small number of refiners of oil, preferably by a system of excise
taxes based on the sulfur content of oil sold. Similarly, al-
though it might be prohibitively expensive to meter the exhausts
of individual automobiles, it is obviously r j.ible to tax gaso-
line (perhaps at different rates according ,: lead content, oc-
tane ratinq, and such) or to require poliutio,.-control devices on
newly pro: ced cars, as we now intend. These shortcuts have dis-
advantges. They tax a particular fuel or device rather than the
thing that ought ideally to be taxed, namely, pollution itself,
but they are clearly much better than doing nothing at all.

The interrelations of air pollution, water pollution, solid-
waste disposal, sewage, old automobiles, plastic containers, and
all the other paraphernalia of life in a high-income city remind
us again that the whole problem really boils down to the general
one of managing the material residual of production. Mills has
recently proposed a scheme that is worth describing, if not as an
immediately practical proposal then as one leading in the right
direction (4). In principle, this proposal is that the govern-
ment collect a materials-use fee on specified materials removed
from the environment. The fee would have to be paid by the orig-
inal producer or importer of raw materials. It would be set for
each material to equal the social cost to the environment if the
material were eventually returned to the environment in the most
harmful way possible. The fees would be refunded to anyone who
could certify that he had disposed of the material, with the size
of the rufund depending on the method of disposal. Recycled ma-
terials would be exempt from the materials-use fee, which is
equivalent to a full refund; disposal in a preferred way,
relatively harmless to users of the enviroinent, would earn a
large refund; disposal in some moderately harmful way would earn
a moderate refund; and disposal in the most harmful way would
earn no refund at all.

The economic advantage of such a scheme is that whenever two
or more materials can serve the same purpose - for example, bio-
degradable and non-biodegradable materials for containers or de-
tergents - the fees would make their prices reflect social costs,
including disposal, rather than merely private costs. The origi-
nal choices of materials would come nearer to being socially
optimum. To the extent that the schedule of refunds were an ac-
curate reflection of the social costs of various methods of dis-
posal, they would provide a correct guide to individuals and
private and public agencies in choosing a method of disposal in
view of the direct costs and the accompanying refund. There is
also an administrative advantag in such a scheme: it avoids the
worst measurement problems. For instance, it is fairly easy to
measure the amount removed from the earth by the first producer.
It is much harder to measure disposal by various methods, but
here the burden of proof is placed on the individual, not on the
pollution-control agency. In order to receive a refund, the in-
dividual must demonstrate that he has disposed of so much of the
material by a relatively harmless method. One can easily imagine

111-140



specialized firms springing up to perform disposal services and
to provide certification of the method of disposal.

There are, of course, difficulties with any such scheme. It
would have to apply over a wide geographic area, or else one
place would be making refunds to those who disposed of materials
that had paid the fee elsewhere - this adds insult to injury for
the area serving as a dump. There would have to be some sort of
price correction for materials incprorated in very durable ob-
jects; and the scheme would hardly work at all for materials in-
corporated in essentially permanent objects like buildings,
which, perhaps, should be thought of as harmless disposal, en-
titled to a full refund. There would be problems of equity.
Owners of deposits of certain materials would suffer an immediate
capital loss if such a fee were legislated. For some materials
it would be nearly impossible to detect their first removal fron
the environment or to verify the method of disposal.

Practical or not, the scheme has great merit, I think, if
only because it puts the problem in the right setting - namely,
the global materials balance - and characterizes it in the right
way, in that it depends on a price system with a centralized cor-
rection for the divergence between private and social costs. In
some form, it might be the only way of making a generalized at-
tack on air pollution. Even if it cannot be done, it is a good
guide to thinking.

Like any good guide to thinking, it points to gaps in our
knowledge. I mentioned earlier that one of the advantages in
using the price system to control pollution is that it economizes
on centralized information. I also mentioned that any approach
to an optimum environmental policy necessarily requires a certain
amount of centralized information, and more than we are accus-
tomed to having. It appears to be the case that we actually know
very little about the damage costs of stream pollution and air
pollution, and thus know very little about the standards of en-
vironmental quality at which our society should aim. If we are
to begin routine pricing of our common-property environmental re-
sources, which is probably a necessary development, we need to
know much more than we do about the effects on health of various
common pollutants. At the moment the main source of information
is from statistical analysis of epidemiological data - scattered
data at that (5). We need to know more than we do about the ef-
fects of air pollutants on the performance and lifetime of metal
and other surfaces exposed to the air. We need to have some way
of estimating the damage costs of stream pollution, including the
value of lost recreational opportunities. We may even need to
have some agreed way of putting a monetary value on clean build-
ings and unspoiled landscape. We must even estimate how many
more people would wish to look at an unspoiled landscape if we
had more of it to look at. These sound like vague and almost
foolish tasks, but we must take them seriously if we take our
physical environment seriously.
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There is also, I gather, much room for improvement in models
of the circulation of water in river basins and coastal estu-
aries, and especially in models of atmospheric diffusion. Econo-
mists have little or nothing to contribute directly to this ef-
fort; but they may be indirectly helpful to the extent that the
object is to construct models that illuminate the strategically
important interactions of the physical environment and the eco-
nomic system itself. What is meteorologically or hydrologically
interesting need not coincide with what is economically impor-
tant.

It is possible that here, at last, is a natural place for
interdisciplinary work between the natural and social sciences.
It would be very nice if, together, we could contribute a
rational solution to a problem that concerns us all.
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Air-Pollution Abatement:
Economic Rationality and Realitya

by
Azriel Teller

I

A Staff Report to the Committee on Public Works of the
United States Senate stated: "There is strong evidence that air
pollution is associated with a number of respiratory ailments.
These include: (1) nonspecific infectious upper respiratory dis-
ease, (2) chronic bronchitis, (3) chronic constrictive ventila-
tory disease, (4),pulmonary emphysema, (5) bronchial asthma, and
(6) lung cancer."

Air pollution affects vegetation and livestock and causes
property damage. "Most common materials are adversely affected
by pollution. Metals corrode, fabrics weaken and fade, leather
weakens and becomes brittle, rubber cracks and loses its elastic.-
ity, paint discolors, concrete and building stone2 discolor and
erode, glass is etched, and paper becomes brittle."

Residents of such areas as Chicago, New York, Philadelphia,
Los Angeles, Cleveland, Detroit, St. Louis, Pittsburgh, and Bos-
ton are demanding that something be done to reduce. the level of
air pollution. For most pollutants, the question is not how to
control air pollution, but rather how much to control it. Pollu-
tants like fly ash can be controlled to the 99.9 percentile, but
is this necessary? One must ask this question because air-pollu-
tion abatement is not free. In fact, the cost of air-pollution
abatement rises at an increasing rate as the level of abatement
increases. Assume, for example, that there are three identical
control devices, each with a rated efficiency of 90 per cent, in
series with one another. This means that for every thousand par-
ticles in the gas stream, nine hundred will be removed by the
first device, and one hundred will remain in the gas stream to
enter the second device. Ninety particles will be removed by the
second device, leaving ten to enter the third device, where nine
will be removed. This leaves one particle remaining in the gas
stream to be emitted into the atmosphere. Thus, one control de-
vice removes 90 per cent of the particles; two control devices,
99 per cent; and three control devices, 99.9. A 100 per cent in-
crease in expenditure, therefore, results in a 10 per cent in-

aFROM: America's Changing Environment, Roger Revelle and Hans H.
Landsberg, editors, Beacon Press, Boston, 1967.
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crease in abatement. A 200 per cent increase in expenditure
results in an 11 per cent increase in abatement. Is this extra
expenditure worthwhile? At the present time, no one can prove
that it is. Nevertheless, a number of people firmly believe that
the extra expenditure is necessary. Dr. E. Cuyler Hammond of the
American Cancer Society, for example, has cautioned: "While we
do not yet know the importance of various components of general
air pollution, it would appear to be wise tc reduce general air
pollution of all types insofar as possible." It is such speci-
ous reasoning that compels me to present an economic rationale
for air-pollution abatement.

II

Economic Rationale

Clean air is a scarce resource. So are land, trees, human
beings, animals, petroleum, and water. Like water, air is essen-
tial to life; however; unlike most resources, there is no market
place in which air is bought and sold. This situation is not due
to the inherent role air plays in our daily lives. (Food is also
a necessity, but it is bought and sold daily.) It results,
rather, from the nature of the product: The services of air are
demanded by all but owned by none. Air is a collective good,
and, therefore, it is society's responsibility to see that it is
allocated efficiently.

Economics has two main applications to the study of air pol-
lution. It enables one to estimate either the extent of the dam-
age resulting from air pollution (that is, the external disecono-
mies of production) so that it can be rectified, or the market
structure for clean air so as to determine the necessary amount
of abatement. Since there is no formal market for the services
of air (approach two), firms are allowed to impute their cost of
production to some members of society (approach one). Thus, the
two approaches are not separate and independent. There is a dif-
ference, however, between the two implications. The first
approach implies that firms have not been "good citizens" of so-
ciety and consequently must be prohibited from contaminating the
atmosphere. It suggests that it is unjust for producers to
transfer their costs of production to an innocent party, that
such practices shkould be stopped, and that the damages be recti-
fied. But this is an all-or-nothing proposition. If approach
one is used and it is decided that these diseconomies should be
eliminated, there is no halfway point in eliminating the costs to
society.

But there is another side of the problem that is rarely dis-
cussed--the diseconomies of consumption on the part of human be-
ings, plants, and animals. Because they demand the resource air
to be of a certain quality, they are imposing a cost on indus-
tries that also use this resource. Firms that would normally not
abate are forced to, but the consumer of clean air does not pay
directly for any costs of abatement.

II1-144



This inconsistency can be demonstrated by an analogy. Let
us assume that two brothers jointly own a piece of property. One
brother uses the air over the property for testing high-altitude
jet airplanes. The other brother uses the property to make sound
movies. Obviously, the airplanes can be tested while movies are
being made, whereas the opposite is not possible. These two ac-
tivities could operate simultaneously if the noise from the jets
were muffled. Who should pay for these mufflers? The jet pilot
argues that both his brother and he have the right to use the
property as they please. The pilot contends that since the
moviemaker has selected an endeavor requiring quiet, he should
pay for the mufflers. The moviemaker argues that his brother
should bear the full cost, since his planes are disturbing the
natural state. Approach one implies that the moviemaker has a
just argument.

Analogically, no individual has the endowed right to obtain
.clean air free, simply because it is a necessity. A person does
have the right, however, to have the opportunity to purchase
clean air. Similarly, a person does not obtain food free because
it is a necessity. Just because it is a necessity, a person has
the right to have an opportunity to purchase food. Nevertheless,
there are differences in the opportunities to obtain food, which
is a private good, and clean air, which is a collective good.
With a private good, if an individual wants a resource of a cer-
tain quality, he can purchase it himself. But with a collective
good, the individual may not be able to obtain the quality he de-
sires in a particular resource. Society as a whole might not
want it. Society must simulate the market structure for collec-
tive goods like clean air and attempt to allocate them effi-
ciently. It can only do this if it can estimate the demand and
supply schedules for clean air.

In attempting to simulate the market for air, it is impor-
tant to realize that demand and supply schedules are different
for those sectors of society that produce air pollution and those
that are affected by it. The sources of air pollution have a
demand for "air," whereas receptors have a demand for "clean
air." These are different commodities; as such, the "demands"
cannot be aggregated. In reality, there is no schedule for
either the supply of air or the demand for air. The supply is
there and, from our point of view, is essentially infinite. It
can also be assumed that a source's demand for the resource air
is infinite, since it could not operate without air. This is
equivalent to the normal assumption that An individual's demand
for air is infinite, since without air a person dies. Thus,
there is no market for the commodity air, and no possibility of
simulating one. In contract, the supply of clean air increases
as the degree of pollution decreases. The supply schedule for
clean air can, therefore, be determined by estimating how much it
would cost sources to reduce pollution. The demand for clean air
can be determined by estimating the cost of the physical and
psychic damage that results from different levels of air pollu-
tion and assuming that receptors would be willing to pay up to
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this amount so as not to incur such damage. Tkis is, of course,
not to say that they actually pay this amount. This procedure
can be illustrated with an example.

Let us assume that Table 1 lists the costs of the annual
total damage to society that results with no abatement and also
the estimated damage that would occur after different degrees of

TABLE I: Cost to Society from Air-Pollution Damage
Cost to Society for Air-Pollution Control

Level of Total Total Cost Total Cost
Abatement Damage of Control to Society
(per cent) TD TC TD + TC

10 $370 $ 15 $385
20 270 25 295
30 200 35 235
40 140 50 190
50 90 70 160
60 60 105 165
70 45 145 190
80 30 210 240
90 20 320 340

100 0 430 430

abatement. With 100 per cent abatement, no damage occurs. Table
I also lists a schedule of the total cost of abatement. These
two schedules are graphed in Figure 1 in the damage curve and the
cost-of-control curve. Society desires to minimize the total
cost from both types of expenditures, as both are costs to so-
ciety. With no abatement, too many of society's resources are
being used to offset the effects of air pollution. Conversely,
with 100 per cent abatement, too many of society's resources are
being used to control air pollution. The objective is to select
a level of abatement that minimizes the total cost of society.
In the example, the optimum point is 50 per cent abatement. At
this level, the resources of society are being allocated effi-
ciently.
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FIgure 1: Cost to Socicty from Afr-Pollution Damage
Cost to Society for Alr-Polution Control

llll II

~ 1.71 . .... t,'..

11I1

U 0 -..................
11001

60

10 so 30 40 so 60 70 so~ 0

Level of Abatement (per cent)

One can also determine the optimum level of abatement bycharting the benefits and costs of abatement. The benefits from
abatement can be defined as the value of the damage that is
averted by abatement. There are other benefits to society be-
sides those from air-pollution abatement. These are the benefits
from national defense, automobile safety, foreign aid, produc-
tion, clean water, recreation, and so forth. In order to achieve
each of these benefits, one must incur a cost. With respect to
private goods, it is a private cost. With collective goods, itis a collective or social cost. The value of abatement to so-
ciety is the difference between the benefits from abatement and
the cost of abatement. If society simulates the market structure
for collective goods and attempts to allocate them efficiently,
it must choose that level of abatement with the greatest value to
society.

A benefit-from-abatement schedule can be obtained from the
cost-of-air-pollution schedule listed in Table 1. With no abate-
ment, the damage resulting from air pollution is valued at $370.With 10 per cent abatement, the annual cost from pollution de-
creases to $270. Thus, the benefit to society from 10 per cent
abatement is $100, the difference in damage between no abatement
and 10 per cent abatement. The resulting benefits-from-abate-
ment schedule is listed in Table 2. The cost-of-abatement sched-
ule is the same as in Table 1. It shows the total cost of
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TABLE 2: Benefit and Cost of Abatement

Level of Benefit Cost Value to Society
Abatement TB TC TB-TC
(per cent) ($) ($)

0 0 0 0
10 100 15 85
20 170 25 145
30 230 35 195
40 280 50 230
50 310 70 240
60 325 105 220
70 340 145 195
80 350 210 140
90 360 320 40

100 370 430 -60

achieving each degree of air-pollution abatement. Figure 2
illustrates the two curves. The objective is to select the level
of abatement that maximizes the value to society. From Table 2,
the optimum level of abatement is at 50 per cent with the total
value of $240. Any other level of abatement would not be effi-
cient as it would be of less value to society. Two other impor-
tant points can be seen from this simple example. First, the

Figure 2: Benefit and Cost of Abatement
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level of abatement selected when the benefits and cost of abate-
ment are compared is the same as the level selected when total
costs to society are minimized. Second, simply knowing that the
total benefits for any single level of abatement are greater than
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the total cost does not help society in deciding where to oper-
ate. It does not indicate to society whether to increase abate-
ment, as is the case for 10-40 per cent abatement, or to decrease
abatement, as is the case for 60-90 per cent abatement. People
often justify erroneously a level of control on the basis of the
benefits of abatement being greater than the costs. C. W. Grif-
fin, Jr., for example, stated in the Saturday Review:

Even if air pollution presented no human health hazard
whatsoever, we could justify a tremendous strengthening of
control on purely economic grounds. . . . The nation's total
bill is estimated at $11 billion a year, about twenty times
the most optimistic estimate of the total national expendi-
tures by industry and by all levels of government for con-
trol devices, research and enforcement programs.

Even though Mr. Griffin states otherwise, his dubious estimateg
do not justify the conclusion that more abatement is necessary.
In order for society to determine the desired level of abatement,
both the total-benefit schedule and the total-cost schedule are
needed.

III

Economic Rationality and Reality

The greatest impediment to applying the theoretical deter-
mination of the level of abatement is the difficulty of estimat-
ing the benefits from abatement. In order to make such a calcu-
lation, the first and most important requirement is that there be
a knowledge of the effects of air pollution. The short-run ef-
fects of an increase in the concentration, as well as the long-
run cumulative effects, must be known. At the present time,
there is some evidence, but there is no proof. This fact was
clearly 4 llustrated in a paper recently presented by E. Cuyler
Hammond. The paper, entitled "Epidemological Evidence on the
Effects of Air Pollution," surveyed the present knowledge of the
influences of occupational, personal (for example, tobacco
smoke), and general air pollution on morbidity and mortality.
With respect to general air pollutioi,, his findings on some dis-
eases are as follows:

Lung Cancer

I want to make it clear that I am not dismissing general air
pollution as a possible contributing factor to the occurrence of
lung cancer at some future date. I doubt that general air pollu-
tion will ever rise to such a level as to present a large risk of
lung cancer to the non-smoker; if it should do so, then lung can-
cer would probably be the least of our worries. However, if
general air pollution should continue to increase in the future
as it has in the past, it may well result in a considerable in-
crease in the risk of lung cancer among smokers and aoluog persons
exposed to certain types of occupational air pollutiona.
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Chronic Bronchitis

Goldsmith has reviewed the literature on chronic respiratory
disease in relation to general air pollution. As he points out
in this connection: "No excess mortality from chronic respira-
tory diseases has been documented." On the other hand, available
evidence appears to me to indicate that at least in England an
"urban factor" of some sort increases morbidity from such dis-
ease. Presumably, the "urban factor" is air pollution. . . .
The evidence is overwhelming that personal air pollution, in the
form of cigarette smoking, causes a very great lxncrease in both
mortality and morbidity from chronic bronchitis.

Emphysema

Both among non-smokers with occupational exposure and among
non-smokers without occupational exposure, the rural percentages
were a little higher than the metropolitan percentages.
This was generally the case among cigarette smy~ers (age and
amount of smoking being taken into consideration).

Coronary Heart Disease

Extreme general air pollution also appears to lead to an in-
crease in deaths from coronary artery disease. . . . So far as I
know there is little or no evidence concerning the possibility of
an association between coronary artery disease and general air
pollution no 13 exceeding the levels ordinarily present in many
large cities.

While there is some evidence that air pollution influences mor-
bidity and mortality, there is no substantiation to the statement
that "it would appear to be wise j reduce general air pollution
of all types insofar as possible."

The paucity of data does not imply that nothing should be
done while further research is conducted on the effects of air
pollution on material property and plant, animal, and human life.
Air-quality standards should be established with the understand-
ing that they may be changed as more evidence is accumulated. In
the future, they may be made either more restrictive or more len-
ient. Two rationales are used in establishing air-quality stan-
dards. Each calls for a different approach to abatement.

Rationale One

The air-quality standard is set at that concentration which,
if exceeded, would be "harmful" to society. If it is possible to
predict when the standard will be exceeded, then it is necessary
to abate only when trouble is expected.

Tragically, there is too much evidence on the effects of
high short-run concentrations of pollutants. In recent times,
serious air-pollution episodes have resulted in numerous deaths.
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TABLE 3: Standards for Air-Pollution Alerts

N.Y.-N.J. Metro.Air Concentrations Duration Area Meterology
Sustained High Air-

Smoke Levels of Air Pollution Potential
SO CO Level Concentrations Forecast for NextAlert Status PP ppm COHS (Hours) Hours Action Plan

Air-Pollution
Watch .5 10+ 5.0 1 and/or 36FIRST .7+ 10+ 7.5 4* and 36 1SECOND 1.5+ 20+ 9.0 2 and 12 2THIRD 2.0+ 30t 10.0 1 and 8 3



The most acute was in London in 1952 when an excess of four
thousand deaths occurred in a five-day period. These episodes
can be predicted and abated. One approach is the air-pollution
warning system proposed by the New Yorj)-New Jersey Co-Operative
Commission on Interstate Air Pollution. The proposal is worth-
while, first of all, because it recognizes that acute air-pollu-
tion episodes occur sporadically and can be predicted. Secondly,
the degree of abatement reflects the situation at that moment.
If the situation worsens, a greater amount of abatement can be
used. According to the proposal, an air-pollution watch would be
called if the meterologists forecasted stable weather conditions
for the next thirty-six hours, or if the air-pollution concentra-
tions for sulfur dioxide, carbon monoxide, and smoke exceeded the
levels listed in Table 3 for one hour. If the air-pollution con-
centrations and meteorological conditions further deteriorated to
the levels listed in Table 3, an air-pollution alert would be
called. The standards an 6 the control actions taken under each
alert are discussed below.

First Alert: When air-pollution measurements exceed
the stanards or a first alert and the meteorological fore-
cast indicates that profound stable air conditions will ex-
ist for the period of time tabulated on Table (3). . . the

Interstate Sanitation Commission recommends a first alert.
If the states declare an alert, the following control
measures will be ta.en by cooperating governmental agencies:

1. Large consumers of fuel are notified that an
emergency is pending and are asked to reduce volun-
tarily their total fuel consumption to a minimum and
substitute low-pollution-potential fuel where possible.

2. Industries and operators of municipal and
commercial incirerators are asked to limit their activ-
ities which contribute to air pollution, except in
those cases that are considered eAempt, such as hospit-
als and other institutions essential to public health,
safety, and welfare.

3. Motor vehicle operators are asked to reduce
their activities to a minimum.

4. The public and refuse disposal operators are
asked to cease open burning.

Second Alert: A second alert is recommended by the
Interstate San--tation Commission to the state agencies when
the concentrations of air pollutants have reached the values
established as the standard for this alert, when the weather
forecast is for continued stable air conditions, or if the
first alert has been in operation for twenty-four hours
without a reduction in pollution. If a state declares a
second alert, the cooperating government agencies require
that all measures for the first alert be continued with more
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stringent limitations on the consumption of fuel other than
natural gas or Grade No. 2 fuel oil. Limitations are also
set on the heating of homes and buildings, the uses of
domestic incinerators, and industrial operations. Motor ve-
hicle operators are asked to cease operation on a voluntary
basis.

Third Alert: It should be noted that a third alert in-
dicates a serious danger to public health. The Interstate
- 'itation Commission recommends a third alert to the state

oncies when the concentrations of pollutants have reached
the standards established for this alert, when the weather
forecast is for continued profound stable air conditions, or
when the second alert has been in operation for twenty-four
hours (that is, a total of forty-eight hours after the ini-
tiation of the first alert) without reduction of pollution.
If a state declares a third elert, the following actions are
taken by the cooperdting agencies and organizations:

1. All control activities of the first and sec-
ond alert are continued.

2. Stringent limitations are imposed on traffic
throughout the metropolitan area except for emergency
vehicles.

3. Action is taken to reduce to a minimum indus-
trial and commercial activity and public transporta-
tion.

Consideration is being given to limiting pollution by
the following ways:

1. Stringent restrictions on the use and deliv-
ery of fuel oil, diesel oil, and motor fuels

2. Stringent restrictions on the burning of
fuels other than gas

3. A curfew on lighting and heating similar to
the brown-out and heating limits during wartime.

Since operating and maintenance costs are functions of the
number of hours a piece of equipment is utilized, the use of a
regional warning system suggests an economical approach to the
selection and use of air-pollution-control equipment. Depending
on a city's industry, topography, and climate, the frequency of
air-pollution episodes may range from zero to 100 per cent of the
time. When a problem day is forecasted, it may be decreed that
companies utilize their control equipment. This does not mean
that companies cannot use their equipment more than is required
or install more efficient equipment than is necessary. It does
imply, however, that companies need not operate their abatement
equipment 100 per cent of the time in order to satisfy the air-
quality standards established by the control authorities. They
may, therefore, invest more economically in control equipment.
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The value of any warning system depends on how well weather
conditions can be predicted. Like most other subjects within the
area of air pollution, there is little information on the ability
of meteorologists to forecast air-pollution potential. Lawrence
E. Niemeyer found that the highest particulate matter concentra-
tions occurred in those periods when the following criteria were
met:

1. Surface winds less than 8 knots

2. Winds at no level below 500 millibars (approximately
18,000 feet) greater than 25 knots

3. Subsidence, the slow sinking or settling of air from
aloft, below 600 millibars (approximately 14,000 feet)

4. Simultaneous occurrence of the above with the forecast
conti~nance of these conditions for thirty-six hours or
more.

From August, 1960, to July, 1961, the criteria established by
Niemeyer1 ere tested in the area of the United States east of the
Rockies. Within this period of time, twelve stagnation cases
occurred, ten of which were forecasted. Another eight cases were
forecasted, but not verified. Thus, with a total of eighteen
forecasts issued, 83 percent of the stagnating cases were pre-
dicted. As the meteorologists gain experience in forecasting
air-pollution potential, their ability to predict will presumably
improve.

Rationale Two

There are short-run, single-dose effects and long-range cum-
ulative effects from air pollution. Also, there is a known re-
lationship between a single high concentration and the long-run
average concentration. Thus, the air-quality standard can be set
so as to reduce the single high concentrations. If society al-
ways abates to satisfy this standard, then the long-run average
concentration will also be reduced to a desired level.

This appears to be the approach followed by most air-pollu-
tion-control authorities even though, as illustrated by Hammond's
survey, there is little evidence on the cumulative effects of air
pollution. It is sometimes argued that Rationale Two is neces-
sary to forestall any acute build-up of air-pollution concentra-
tions. This is equivalent to saying that a region must abate 100
per cent of the time since a serious air-pollution episode is ex-
pected to arise, without warning, one or two times a year. This
reasoning underestimates the ability of meteorologists to fore-
warn control authorities.

In general, then, the choice is between constant abatement
and forecasting abatement. Within each choice, a number of ap-
proaches may be utilized in determining the necessary degree and
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cost of abatement. The naive approach, which incurs the greatest
cost to society, guarantees that there will not be an air-pollu-
tion problem. Each variation on the naive can be considered a
refinement and is based on the extent of our knowledge of the
state of the environment. As more modifications are made, how-
ever, the probability of satisfying the air-quality standard de0-
clines, whereas the probability of finding the least costly
solution increases. There is a trade-off between achieving the
desired air quality and the determination of the least costly
method. The latter involves an associated probability that. the
standard will not be satisfied. But there is also a cost in not
utilizing the minimum-cost solution. Thus, the extent to which
each model is used is determined by the knowledge of the environ-
ment, the desire to satisfy the standard, the desire to achieve
accuracy in the estimates, and the desire to find the least
costly solution to the air-pollution problem.

Two possible approaches are eguiproportional abatement and
selective abatement.

The yaive Approach--Equiproportional Abatement: The naive
approach is the simplest method to apply in determining the de-
gree and the cost of abatement. The approach assumes that all
sources will reduce their emissions in the same proportion as the
desired reduction in air-pollution concentration. Many people
believe that this is the most equitable procedure since a source
that accounts for x per cent of the total emissions is thus res-
ponsible for x per cent of the reduction. In reality, however, a
source that emits x per cent of the emissions may be responsible
for less than, or more than, x per cent of the concentration.

Selective Abatement: Selective abatement aims to find the
minimum cost combination of abatement while still satisfying the
air-quality standards. The theory behind selective abatement is
that the cost of a unit reduction of emissions is not necessarily
the same for all sources, and that the effect upon a particular
receptor of a unit reduction of e.issions is not necessarily the
same for all sources. Thus, for each source it is necessary to
know the cost of abatement, the amount of emissions, and the re-
lationship between that source and any receptor. J e latter is
sometimes known as a meteorological diffusion model.

City-wide or industry-wide emission standards are examples
of equiproportional abatement. They generally state that all
sources of pollution of a given magnitude must reduce their emis-
sions to a certain level. Even if a source is located on the
downwind side of an air-shed, it must control its emissions to
the same degree as a similar source located upwind. The conse-
quence of emission standards is that some sources do not control
their emissions enough, while others must exercise too much con-
trol. Moreover, firms do not have an incentive to relocate in an
effort to reduce their effect on the level of concentration. In
some cases, relocation might be a more efficient method of con-
trol than abatement by equipment. Emission standards make relo-
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cation impotent. Nevertheless, emission standards are more effi-
cient than selective abatement when the cost of implementing and
supervising selective abatement is greater than the additional
benefits that result from selective abatement. For most sources
of air pollution, the cost of administrating equiproportional
abatement is equivalent to that of selective abatement. In those
cases where the sources are small but numerous, however, the cost
of administrating selective abatement may be exorbitant. Examples
of such sources are private residential units, small incinera-
tors, back-yard burning of refuse, and automobiles. Moreover,
because automobiles are mobile, the relationship between the
emissions of any particular automobile and air quality cannot be
accurately ascertained. In general, however, af society uses
only equiproportional abatement, it has chosen an inefficient
method of reducing air pollution.

In Tabl- 04, the cos.s of different approaches to abatement
are compared. The relative cost of constant abatement and fore-
casting abatement differ substantially. To satisfy air-quality
level 4 by constant abatement costs per year five and half times

TABLE 4: Estimate of the Rulative Cost of Sulfur-Dioxide
Abatement Through Fuel Substitution

1960 Estimate for Nashville Metropolitan Areaa

Air Quality Levelb
1 2 3 4

1. Constant Abatement
a. Equiproportional 48.5 66.4 86.8 100.0
b. Selective 13.0 25.8 39.4 71.5

2. Forecasting Abatement
a. Equiproportional 18.0
b. Selective 12.9

aLow-sulfur coal was substituted for high-sulfur coal
bSulfur-Dioxide Air-Quality Standards:

2-hour average 24-hour average
concentration concentration

Level (ppm) (ppm)

1 0.50 0.30
2 0.40 0.25
3 0.30 0.20
4 0.20 0.10
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as much as forecasting abatement. Within constant abatement,
equiproportional abatement is relatively more expensive than se-
lective abatement. Generally speaking, the more severe the air-
pollution problem or the more restrictive the air-quality stan-
dard, the smaller is the difference between equiproportional
abatement and selective abatement. Thus, each city or air-shed
must determine, in light of its own air-pollution problems, the
relative worth of equiproportional abatement and selective abate-
ment.

IV

The Mayor's Task Force on Air Pollution in the City of New
York reported: "If New York had the sheltered topography of Los
Angeles, everyone in this ci. would long since have perished
from the poisons in the air." This is true, but the point is
that New York City is not Los Angeles. Each city is different
and has its unique problems. The sources of pollution, types of
pollution, receptors of pollution, and meteorology vary among
cities. What is good for Los Angeles may not be good for New
York. What is good for New York may not be good for Chicago.
There can be neither a national blueprint for solving the air-
pollution problem nor national emission standards. Each city or
air-shed must approach air-pollution abatement with respect to
its own particular situation, determining for itself whether it
needs constant abatement, forecasting abatement, or a combination
of the two; and, within the alternative selected, whether it
needs equiproportional abatement, selective abatement, or a com-
bination. Each city must decide the air-quality standards it
needs. This does not imply that every air-shed is unique, that
one city cannot learn from another city. Nevertheless, one city
should not follow another city's air-pollution program without
questioning the reasons for a particular action. Such reasoning
does not abrogate the role of the Federal Government. The Fed-
eral Government should concern itself with studying the short-run
and long-run effects of air pollution. It should help to develop
and improve methods of abatement, conduct research on more exten-
sive meteorological diffusion models and better meteorological
forecasting models, serve as a center for air-pollution informa-
tion, and assist in organizing interstate air-pollution commis-
sions. On the other hand, the Federal Government should not
establish national air-quality standards and, more important,
must not establish national emission standards.
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SIDE EFFECTS OF RESOURCE USEa

by
Ralph Turve

Many of the problems with which this book is concerned in-
volve some sort of failure of the market mechanism as it now
functions. The failure arises because decisions concerning the
use of natural resources do not always take into account all the
effects of that use. The neglected or side effects on the qual-
ity of the environment can, however, be very important, and thus
need examination.

My purpose here is not to list and evaluate such side ef-
fects. It is the more limited one of analyzing their nature and
introducing the various possibie ways of coping with them. Econ-
omists have thought about all this and have produced an extensive
and fairly technical literature on the subject. I have endeav-
ored to distill from it the main ideas that are relevant to this
volume and to present them in practical terms. Although I shall
try to minimize the amount of jargon, I'had better begin by stat-
ing that the technical terms used include "side-use effects,"
"spillovers," "externalities" or "external economies and dis-
economies." These can be roughly and generally defined as the
impacts of the activities of households, public agencies, or en-
terprises upon the activities of other housholds, public agen-
cies, or enterprises which are exerted otherwise than through the
market. They are, in other words, relationships other than those
between buyer and seller.

aFROM: Environmental Quality in a Growing Economy, edited by
Henry Jarrett, an RFF Publicat-on, Johns opkins Press, 1966.

bRalph Turvey is Chief Economist of Britain's Electricity Coun-
cil, a public organization with headquarters in London. Formerly
he was Reader in Economics with special reference to public fi-
nance, at the London School of Economics. His publications in-
clude The Economics of Real Property, Interest Rates and Asset
Prices, and (with George Break) Studies in GreeJ -T-atlon. He
has been visiting professor at several universities in the United
States, including Chicago and Johns Hopkins, and was seconded to
the Economic Section of the U.K. Treasury for two years. Mr.
Turvey was born in Birmingham in 1927. He received, his B.Sc.
(economics) from the London School of Economics in 1947 and did
graduate work at the University of Uppsala in Sweden.
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To make this notion clearer it is best to proceed directly
to the examples that I shall use. All seven of them are signif-
icant in practice. But it is important to note that they are
used only as illustrations and that I do not pretend to deal
fully with any of them.

Fisheries constitute the first example. In some kinds of
fisheries, once a certain intensity of fishing is reached, the
stock of fish is reduced with the result that fishing is made
more difficult and costly. This means that each fisherman, by
taking fish, is adding to the costs of all the other fishermen.
What is more, not only the scale of the activity, as measured by
the weight of fish caught, but also its nature is relevant, since
(in a trawl fishery) the mesh size of the nets used also affects
the stock. An increase in mesh size, by raising the minimum size
of the fish caught, would in some fisheries ultimately result in
an increase in the stock, so making fishing easier. Thus by
using a smaller mesh instead of a larger one, each fisherman is
raising the costs of all the other fishermen.

In this example the impact of each fisherman's activity upon
that of others is reciprocal. This feature is shared with the
next two examples while, as we shall see, this is not the case
with the last four of our seven examples, where the impact of one
activity upon another is unidirectional.

The second example consists of traffic congestion on roads
or in an urban street network. Once traffic flow exceeds a cer-
tain level, vehicles (and pedestrians) get in each others' way
and slow down the traffic flow. Thus any one vehicle affects
other vehicles by increasing the time spent and the fuel used in
the journeys which those other vehicles are making. The rela-
tionship is reciprocal because the presence of each vehicle adds
to the costs of all the others.

The same is true of the third example: wells which all tap
a common source of water. Each well deprives other wells of some
water, either by reducing their rate of flow or by bringing
nearer the day when their yield diminishes.

Reciprocality is not the only common feature of these three
examples. They are also alike in that, usually at least, a large
number of households or enterprises are involved: hundreds of
fishermen, thousands of vehicles and dozens of wells. These two
features are not logically connected, of course, but just happen
to be common to these three examples. Now this raises an exposi-
tional question which it may be as well to get out of the way be-
fore we go on. The tidy minded, seeing that different examples
have different combinations of features, will call for the tax-
onomy of all possible types of cases which could be produced by
classifying and cross-classifying all possible relevant features.
Even if I am accused of not being tidy minded, however, I am not
going to do this, partly because it is boring and partly because
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so many of the pigeonholes thus yreated would remain empty for
lack of a corresponding real case.

Continuing, then, by enumerating real examples, my other
cases are unidirectional. The fourth is the adverse effect upon
households living round an airport of the noise of jets landing
and taking off; the ifth is river pollution by the discharge of
industrial effluents, and the sixth is the destruction of visual
amenity involved in placing overhead power transmission lines in
areas of scenic beauty.

Seventh, and last, is cattle poisoning by the emission of
fluorine in the smoke from brickworks. Fluorosis causes cows'
teeth to mottle and wear faster than normal. Their bones grow
deformed and brittle and may break. The consequence is that milk
yields and the values of the animals drop considerably; cows may
even have to be slaughtered.

We can now use our examples to show that where side ef-
fects--externalities--are involved in resource use, the market
mechanism, i.e., buyer-seller relationships, alone may not pro-
duce the best possible allocation of resources. Some additional
mechanism may produce a better allocation of resources by causing
households or firms to alter the scales or the nature of their
activities.

This is a rather general statement, so I must use my exam-
ples to show what it means. But there is another general state-
ment to make first: the right word is "may" not "will." We
should never aim to get rid of absolutely all external effects of
one activity upon another, since the net gain from doing so would
be negative. A world with no traffic congestion at all, never
any noise, no overhead power lines and not a trace of smoke is a
nice thought, but irrelevant to action. Thus the question is not
one of abolishing adverse unfavorable effects, but is one of re-
ducing them in some cases where investigation shows that on bal-
ance such a reduction is worthwhile.

1One economist, E. J. Mishan, in an otherwise useful article on
the theory of the subject, "Reflections on Recent Developments in
the Concept of External Effects" (Canadian Journal of Economics
and Political Science, February 1965), solemnly suggests a cer-
E--In fourfold classification as being "useful" which he can only
fill with such examples as: "a project for a single giant air-
liner the vibration from which made it impossible to operate a
pottery industry."
2Allen V. Kneese and Resources for the Future have provided us
with such a first-rate book on water pollution, The Economics of
Regional Water Quality Management (Baltimore: TfeJohns Hopkins
Press, 1%4), that I feel jstified in treating this particular
example fairly cavalierly in this paper.
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Let us now list the main activity adjustments that are pos-
sible in the seven examples. First, fishing. Here a reduction
in the amount of fishing effort and an increase in mesh size will
first lower the catch and then raise it and/or make possible a
further reduction in the amount of fishing effort. Thus there is
an initial loss, in that fewer fish are caught, followed by
continuing gain, in that the catch will rise more or fall less
than the number of boats and men engaged in the fishery. In
either case, cost per ton of fish caught will end up lower than
it was to start with.

Second, roads. A reduction in the number of vehicles would
reduce the time and running costs incurred in the journeys of the
remaining vehicles. Similarly, a reduction in the amount of on-
street parking is a nuisance for the drivers who wish to park but
will benefit moving traffic (and pedestrians).

Third, wells. If fewer wells were drilled, drilling costs
would be saved while the off-take of water would be reduced less.

Fourth, aircraft noise. In unidirectional cases, such as
this, there is usually scope for both the creator of the adverse
external effect and the sufferer from it to adjust the scale and
the nature of their activity. Thus airlines can reduce the num-
ber of night jet take-offs, modify engines to reduce noise and
alter the speed and angle of ascent--all at a cost. The house-
holds around the airport, on the other hand, can install sound-
proofing or move.

Fifth, the emission of effluent into rivers. The enterprise
or sewerage authority can treat the effluent before discharging
it and possibly install storage facilities in order to reduce the
rate of discharge at times when the river is low. In some cases
an enterprise can also alter its production process in order to
reduce the noxiousness of its effluent or it can even shift its
location. Those enterprises or public authorities downstream can
also spend money on treating the polluted river water in order to
reduce the adverse consequences of the pollution and households
can move.

Sixth, power lines. These can be sited differently or put
underground.

Seventh, brickworks. Smoke filtering is possible and so is
a change of location--two very expensive alternatives. Farmers,
on the other hand, can shift from dairy farming to poultry or
arable farming.

3This. is a little complicated. I have analyzed the problem and
provided references to the literature in my paper "Optimization
and Suboptimization in Fishery Regulation" (American Economic Re-
view, March 1964).
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This review of the examples shows that there are frequently
several possible ways in which the nature or scale of activities
can be modified in order to reduce the adverse consequences of
external effects. In most actual cases, therefore, the problem
is a multidimensional one: who should do what how much?

An economic criterion can be used in answering this qleston.
It is simply that the present value of the monetary measure of
all gains from modifying activitieb less the present value of the
monetary measure of all losses from these modifications be maxi-
mized. Unfortunately, this test is rarely sufficient in itself
to provide an answer, and often cannot be applied in practice.

Nobody is going to quarrel with this criterion as a prin-
ciple; it is like being against sin! But it is able to give an
answer only when all gains and all losses can be satisfactorily
measured and expressed in terms of a common denominator, dollars.
Gains and losses occurring at different times are rendered com-
parable by using a discount rate which expresses one's evaluation
of futurity to turn them into their equivalent gains and losses
at a common reference date. Given satisfactory measurement,
given expression in dollar terms and given an agreed discount
rate, to apply the criterion is to choose the best.

The beauty of this criterion, in the eyes of some econo-
mists, is that whenever its application indicates that some
course of action is desirable--gains exceed losses--the gainers
can fully compensate the losers and still remain better off.
Thus nobody loses on balance and at least some of the parties end
up better off. What can be fairer than that?

The answer is that payment of compensation by gainers to
losers is not always considered fair, so that even if it were al-
ways practicable it would not always be done. Yet the idea which
lies at the root of the criterion (namely, that a course of ac-
tion can be regarded unequivocally as desirable if it makes some
people better off and nobody worse off) requires that compensa-
tion actually be paid.

The brickw,rks example can be used to illustrate this, if we
take it that all that matters are brick costs and farming costs
and sales, all of them measurable in monetary terms. Suppose
(though it is probably not true at present) that application of
the criterion shywed the best course of action to be cleansing
brickwork smoke. This would mean that the gain to farmers from
an improvement in the health of any cows they keep would exceed
the cost to the brickworks of cleansing the smoke, so that farm-
ers could fully compensate the brickworks and yet remain net

4According to a report The Times of London (May 5, 1965), a
scheme for cleansing brickwork smoke which uses a wet scrubber
and heat exchanger would put up the cost of bricks by 25 per
cent.
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gainers. My point is that many people would not regard it as
fair to make the farmers compensate the brickworks; on the con-
trary, they would claim that fairness requres the brickworks to
meet the cost of cleansing the smoke since the brickworks is res-
ponsible for the damage.

Let us accept this judgment. Then the introduction of smoke
cleansing will not make some people better off and nobody worse
off; instead it will harm the brickworks and benefit the farmers.
Thus, in deciding whether or not the smoke ought to be cleansed,
we are not just comparing total gains with total losses; we are
also deciding whether or not it is fair to impose a loss on the
brickworks.

What this example shows, then, is that even when all gains
and losses can be measured and rendered comparable by expressing
them in dollar terms, the economic criterion taken by itself is
not always sufficient for choosing the right course of action.
Considerations of fairness may also be relevant. In a democratic
country this means that the problem may have a political aspect.

When some of the gains and losses cannot be expressed in
dollar terms, the choice of the right course of action always has
a political aspect, for it always involves judgments about fair-
ness as well as mere calculation. The airport example illus-
trates this. The cost to airlines of reducing noise and the cost
to householders of soundproofing their dwellings can no doubt be
calculated in monetary terms.5 But the gain to householders from
a reduction in noise cannot. Hence deciding what measures, if
any, should be taken involves:

ascertaining the cheapest way of achieving various re-
ductions in noise levels;

choosing the reduction to aim at;

deciding who should bear the cost;

and the two latter issues, which are interdependent, both involve
judgments of fairness or what I am here calling political con-
siderations.

All this goes to show, then, that who should do what how
much is often a question which cannot be decided on a purely
technical basis by an economic calculation. Political consider-
ations--judgments of what is equitable--are also required. This
is the message for economists and technologists. On the other
hand, there also is a message for administrators and politicians;

5Asking people how much they would pay to obtain a given reduc-
tion in noise and comparing the prices of similar houses near and
remote from the airport are both impracticable.
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namely, that even though an economic calculation of gains and
losses is often not sufficient to reach a well based decision, it
is nearly always an essential preliminary.

We are now ready to go on to discuss possible mechanisms for
dealing with external effects. Since these, by definition, are
relationships which are not co-ordinated by the market mechanism,
it is a truism to say that these mechanisms are either nonmarket
ones or that they involve the creation of a market where none
existed before, i.e., the creation of rights which can be bought
and sold. These are like the classical alternatives of status or
contract.

Regulation is the mechanism of most general appeal, at least
to non-economists. It is easy to find examples:

Specification of a minimum mesh size to be used in a
fishery;

Prohibition of parking at certain times in certain
streets;

Confining the use of water from wells to certain pur-
poses;

Limitation of the number of night take-offs by jet
planes;

Requiring that effluents be treated before discharge
into a river;

Forbidding the erection of overhead power lines in
areas of natural beauty;

Prohibition of brickworks in certain areas (zoning).

Regulation may either consist of general rules or of spe-
cific decisions on individual cases. A good example of the
latter is furnished by the British treatment of overhead power
lines. The Central Electricity Generating Board, which is res-
ponsible for the National Grid, has a statutory responsibility to
consider the impact of its activities upon amenity and has to get
a statutory consent from the Minister of Power for each new
transmission line.

The Board's earliest approaches are to the County Planning
Officers and to bodies such as the Service Departments, National
Parks Commission and Nature Conservancy. With their help a route
is gradually evolved that can be formally submitted for consider-
ation by all the local authorities and county councils it af-
fects. Often--indeed, with a majority of lines--the approval of
the local authorities is forthcoming at once when this form of
submission is made, thanks to the consultations that have taken
place earlier. On the other hand, it may be that a local author-
ity wants some alteration in the route. This will be looked into
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by the Board and if acceptable a fresh submission made. Or, as
must sometimes happen, the Board may in the end have to say that
it is unable to suggest a route that would meet with the author-
ity's approval.

Having taken negotiations with local authorities as far as
practicable, the Board then applies for the statutory consent
and, with it, for planning permission. For these an application
is made to the Ministry of Power to whom the Board sends on the
observations it has had in response to its submissions to the
county councils and local authorities. At this point of time the
Board has to give publicity to its proposals by advertising in
local newspapers, stating where plans of the route can be exam-
ined. In this way members of the public are given an opportunity
to find out what is proposed and, if they want, to lodge an ob-
jection with the Minister of Power. If there are no objections
at this stage, and if the route has been approved by the local
authorities and county councils, the Minister's consent (with
planning permission) can be expected without more ado. But if
there are serious objections from any quarter, public or private,
the Minister will arrange for a public inquiry or hearing to take
place at which both the Board and the objectors will argue their
cases in front of an inspector appointed by the Minister. When
amenity issues are involved the inspector may be accompanied by
another inspector from the Ministry of Housing and Local Govern-
ment. After the inquiry the inspector makes a report, in the
light of which the Minister decdes whether to give consent or to
reject the Board's application.

It is scarcely necessary to say that regulation of one sort
or another is often the most appropriate way of dealing with ex-
ternal effects. What does need saying, however, is that this is
not always true: sometimes the cure is worse than the disease
and sometimes other mechanisms of control are better. I do not
believe that any general classification can be provided to tell
us what is best in any particular case; on thet contrary, I think
that each case must be examined in some detail. My task is
therefore to show by example what alternatives there are and to
indicate the circumstances under which they may be feasible.

The first alternative involves creating a contract between
the parties. If B carries on an activity which damages A, A can
offer to pay B some money in consideration of his reducing the
scale or changing the nature cf his activity in order to diminish
or abolish the damage. Such a bargain will be mutually advan-
tageous when the economic criterion discussed above is fulfilled.
if some alteration of B's activity costs B less than it profits
A, the latter can afford to pay B enough to' meet these costs.
Thus suppose that an expenditure of $1,000 by B is worth $1,500

6This and the previous paragraph are taken almost verbatim from a

brochure Pattern of Power issued by the Central Electricity Gen-
erating Board, London, 1963.
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to A. Then if A pays B anything between $1,001 and $1,499, B
will gain something between one dollar and $99 and A will gain
between $499 and one dollar.

When the point is put in these abstract terms it invites the
response that this sort of bargaining is open to blackmailers.
Might not B be tempted to bother A solely in order to turn a dis-
honest penny by getting A to pay him to stop? The answer is, of
course, that the parties must act within a legal framework of
rights and obligations which determines their bargaining posi-
tions. The law of nuisance is particularly relevant here, both
because it is an important part of this framework and because it
provides a second alternative to the sort of regulations listed
above; namely, the award of injunctions by the courts.

Nuisances, in the legal sense, are acts not warranted by law
(or failure to discharge legal duties) which obstruct, inconven-
ience or damage the public or which, when concerned with the use
or occupation of land, damage another person in connection with
his occupation or use of land. This latter category constitutes
private nuisance and it is only here that a private individual
has a right to legal action and may claim damages or an injunc-
tion. Whether an act constitutes a nuisance is a matter either
of common law or of statute; thus the Public Health Acts specify
a number of statutory nuisances where legal prcceedings are ini-
tiated by public authorities. It is important to note that some
acts which would otherwise be wrongful may be authorized by
statute. Thus actions for nuisance arising from civil aircraft
are prohibited.

The law of nuisance may, however, apply to another of our
examples. Certain farmers are taking legal proceedings with the
object of obtaining redress for the loss and damage which their
farms have suffered due to fluorine. (They are not seeking an
injunction; in the case of brickworks because it is not practi-
cable to eliminate the fluorine from the emissions.) An alter-
native method which has actually been used in one or two cases is
for the manufacturer to purchase an affected farm on such terms
as to avoid claims in respect to fluorine pollution.

Leaving aside the technical point, yet to be resolved, as to
whether damage can be proved to the satisfaction of the courts,
this case shows that if the farmers have a right, their bargain-
ing position will be improved. An alternative to payment of dam-
ages is a private contract which avoids claims for damages. In
this particular case it appears that the cost (to brickworks) of
ceasing to emit fluorine exceeds the cost (to farmers) imposed by
its continued emission. Thus the economic criterion suggests
that the right thing is for the emission to continue, whether or
not the farmers have a right against the brickworks. If they do
not have such a right, they bear the cost. If they do, the
brickworks bears the cost either in the form of damages awarded
by the courts or by payment made under a contract. Thus the ab-
sence or existence of the right on the part of the farmers does
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not affect the allocation of resources between activities but
only he distribution of the gains and losses between the par-
ties. The law of nuisance is thus only relevant to the fairness
of what happens.

Whether or not this result follows in all cases wpere the
parties can make a private bargain is difficult to say. It is
easy to imagine circumstances in which civil proceedings might
fail to lead to the maximization of net gains, particularly since
in British law it is no defense for the person committing a nui-
sance to prove that the benefit to the public far exceeds the
disadvantage!

An actual river-pollution case will serve to illustrate the
complexities of the problem and to show why generalization is
difficult. This is the Pride of Derby Angling Association and
the Earl of Harrington versus Derby Corporatiog, British Celanese
Ltd. and the British Electricity Authority. The plaintiffs'
waters had been polluted and the water temperature had been
raised, with injurious results to fish, by the discharge of
heated trade effluent by British Celanese, by the discharge of
insufficiently treated sewage matter by Derby Corporation and by

7For a rigorous exposition, see my expository paper "On Diverg-
ences Between Social Cost and Private Cost" (Economica, August
1963). The point was made in Professor Coase's important paper
"The Problem of Social Cost" (Journal of Law and Economics,
October 1960).

8It is as well to mention that one can conceive of conditions

when the structure of rights will affect resource allocation. If
B's activity damages A, the maximum amount which A would pay B to
modify his activity may be less than the minimum amount which he
would accept from B to compensate him for continuing to tolerate
the activity unmodified. In these circumstances A might be un-
able to reach an agreement with B requiring B to modify his ac-
tivity when he had no rights against B, yet be able to reach an
agreement if he did have such rights. Alternatively, a similar
result might occur because of a difference between the minimum
amount he would pay in order to avoid having to modify it.

This complication is a tribute to the ability of economic
theorists to refine their analyses but it is difficult to see
that it will be important save when either A is a person, is poor
and is severely damaged, and/or B is a person, is poor and would
find the modification very expensive.

9"All England Law Reports," 1952 Vol. 1 and, on Appeal, 1953 Vol.
1. An important issue which need not. be discussed here was
whether or not the Corporation and the Authority had statutory
defense.
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the discharge of heated water by the (then) British Electricity
Authority. An injunction was granted but was suspended for two
years to give the defendants time to remedy matters; meanwhile
the defendants had to indemnify the plaintiff against the damage.

Three features of this case are of particular interest. The
first is that since the two plaintiffs' waters had been polluted
by the combined effects of the activities of the defendants, they
were entitled to bring an action against all three of them. The
second emerges from the following statement made by Lord Evershed
in the course of his judgment on the appeal:

It is, I think, well settled that if A proves that his pro-
prietary rights are being wrongfully interfered with by B, and
that B intends to continue his wrong, than A is prima facie en-
titled to an injunction, and he will be deprived of that remedy
only if special circumstances exist, including the circumstance
that damages are an adequate remedy for the wrong that he has
suffered. In the present case it is plain that damages would be
a wholly inadequate remedy for the first-named plaintiffs, who
have not been incorporated in order to fish for monthly sums.

Since there was apparently no inquiry into the costs to the
defendants of ceasing to pollute one may be given for wondering
whether it is clear that gains less losses were maximized.

The third interesting feature of this case is that the int-
erests of the fishermen were looked after by their Angling Asso-
ciation, a voluntary collective body formed precisely for pur-
poses such as this. Economists tend to neglect such voluntary
associations, concentrating instead on compulsory associations
for collective action--the public authorities. Yet their func-
tion is similar: to do collectively what cannot be done by the
market or by bargains between individuals.

The public authorities are, of course, able to pursue
courses of action which are not open to voluntary associations.
They can bring proceedings in respect to public nuisances. An-
other way, already mentioned, is by regulation--either general or
particular. But there is yet a third way, not mentioned so far,
which has long interested economists. This is the use of special
taxes. The argument runs as follows: If group B's activity ad-
versely affects group A, this means that group B is imposing a
cost upon group A so that the cost to society as a whole of group
B's activity (its social cost) exceeds its cost to group B itself
(its private cost). Thus in looking only at its private cost
when deciding upon its activity, group B must fail to maximize
the excess of gains over social cost. It can be induced to take
social cost rather than private cost into account, however, if it
is charged a tax which raises its private cost to equality with
social cost. Thus an external diseconomy is viewed as an excess
of social over private cost and is to be dealt with by levying a
tax equal to this excess.
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We have earlier seen how a nonoptimal situation where a
single B adversely affects a single A can usually be remedied
either if A is able to secure adequate but not excessive damages
from B (when he has a right against him) or by his paying B to
desist (when he has not). In just the same way, a tax imposed by
the public authorities upon a group B could be replaced by the
public authorities paying group B to desist. The same allocation
of resources can usually be achieved in either case; the differ-
ence is thus in most cases only a question of fairness, i.e., of
the distribution of the costs and gains between group B on the
one hand and the public authoritiy's taxpayers on the other.

Fishery regulation, street congestion, and the use of water
from wells are all examples in which economists have urged that a
properly designed tax would be superior to any form of regula-
tion. Actually, some combination of both ,is probably required.
Thus, in the case of fish, it can be shown that a tax on catch
should be accompanied by regulation of mesh size if the present
value of gains minus losses is to be maximized.

The external diseconomies in these three examples are re-
ciprocal. Reflection suggests that this is because all three in-
volve what economists call a common property resource. This is a
resource required in production which is significantly limited in
availability but whose use is nonetheless free. In the three ex-
amples this resource is, respectively, the fish stock, the street
system, and the underground water. An increase in the catch, the
number of journeys undertaken, and the amount of water abstracted
lowers the fish stock, increases street congestion, and reduces
water reserves. This raises the costs of all fishermen, all
drivers, and all water users by making fish more difficult to
catch, slowing down traffic, and lowering the water table. But
this effect of an increase in the use of the common property re-
source by one user is not felt by him; it is felt by his fellows.
Thus the social cost of any given increase in the catch, vehicle-
miles, or gallons exceeds the private cost of such an increase to
the one who provides it. By using up more of the common property
resource he leaves less of it for his fellows; this is a cost but
it is a social cost only and not a private cost as well because
he does not pay for its use. Putting a price on the use of the
common property resource, however, could raise private cost to
equality with social cost and put an end to the wasteful and ex-
cessively intensive use of the common property resource. It is
wastefully used because it is free to the user but significantly
scarce; it is treated like air but is really like good agricul-
tural land.

This last paragraph aims to set out the essentials of the
matter, not to provide a rigorous demonstration. It suffices
here to point out that agricultural land would be wastefully ex-
ploited if farmers could all use it without buying or renting

10See my paper in the American Economic Review cited earlier.
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it--as indeed happens sometimes with common land. Thus the pro-
ceeds to be got from a properly designed tax on catch, urban road
journeys, or water abstraction constitute the rent which society
as a whole could 1?btain from better utilization of its common
property resource.

Urban roads differ from the other two examples in that the
amount available is entirely within the control of man. But this
does not affect the present issue which is to make the best use
of the roads we have at any particular point of time. It should
by now be obvious that gasoline taxes paid in respect of a ve-
hicle, being only very loosely related to its utilization in con-
gested conditions, do relatively little to optimize road usage.
What is needed are charges for road use which are closely related
to the amount of use made of congested roads at times of conges-
tion. Modern lechnology has made possible several ways of
achieving this.

A tax may also be the best method of dealing with unidirec-
tional external diseconomies when the numbers of people or firms
concerned is so large that only collective action is possible.
On the other hand, it may not be the best method. Writers of
economic textbooks like to use the example of smoke nuisance, but
none has explained how a smoke tax could in practice be levied or
has discussed how its rate should vary with the height of the
chimney or the composition of the smoke, though both are relevant
to the amount of damage caused.

Finally, we come back to the point that fairness matters,
too, and may even justify a tax which has no effects on resource
allocation. Thus consider the following extract from a statement
made by the Minister of Aviation in the House of Commons on March
10, 1965:

After reviewing the measures currently being taken, we have
come to the conclusion that some further assistance should be of-
fered to residents in the vicinity of Heathrow. The volume of
traffic, particularly jet traffic, at Heathrow is far greater
than at any other aerodrome in this country and is bound to in-
crease. We have, therefore, decided to accept the principle of
the recommendation, made in the report of Sir Alan Wilson's Com-
mittee on Noise, about the soundproofing of rooms in private
dwellings.

11This is less than the maximum profit which would be obtained by

a monopolist owner of the resource, but such monopolistic ex-
ploitation is not at issue here.
12The subject has been splendidly investigated by a panel set up
by the Minister of Transport. Its report Road Pricing: The Eco-
nomic and Technical Possibilities was published by Her Mia-sty-s
Stationery Office in 1964.
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Grants of 50 per cent subject to a maximum of 100, of the
cost of soundproofing up to three rooms will be made available to
householders in a defined area round Heathrow for work carried
out with prior approval and to an approved design. The work must
be completed by 31st December, 1970, when the scheme will come to
an end. These grants will be payable in respect to soundproofing
of existing private dwellings and those completed by 1st January,
1966, and will be confined to owners or residents in the defined
areas on that date.

The Government consider that the cost of these grants should
fall on those whose activities cause the disturbance, or those
who benefit from such activities. We intend, therefore, to in-
troduce an Amendment to the Airports Authority Bill at present
before Parliament to enable these grants to be paid by the Brit-
ish Airports Authority under a detailed scheme which will be pub-
lished by Statutory Instrument. It will be for the Authority to
determine whether, and, if so, how, their revenues need to be in-
creased to meet the cost of these grants. Local authorities
around Heathrow will be asked to help the Airports Authority in
administering the scheme.

The "tax" to be paid by the Airports Authority does not in-
crease with the amount of noise, so is not a tax designed to dis-
courage noise. Its purpose is purely to serve equity, and noise
is controlled by the imposition of noise level limits on jets
using the airport.

Regulation, contracts (or legal actions) and taxes are thus
three ways of dealing with external economies and diseconomies.
A fourth way, which deserves mention for the sake of complete-
ness, is what economists call "internalizing the externalities."
The problem to be faced is that of causing one or more separate
decision-making units to take account of the impact of their ac-
tivities upon other such units. Centralizing decision making for
the group of units could clearly achieve this result. Thus, if a
particular fishery were exploited by a single concern rather than
by a number of separate fishermen, it could take into account the
interaction between the activities of the fishermen acting under
its control. This serves to show what is meant by "internaliz-
ing" and that is all that is necessary here.

This completes our review. The main points which I have
made are that each case must be considered on its merits and that
these should be set out in economic terms as far as possible.
Administrators should consider alternatives to direct regulation,
economists should not exaggerate the applicability of tax de-
vices, and both should remember that, in a democratic country,
questions of fairness require legal or political decisions.
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REGULATORY APPROACHES - AIR QUALITY STANRARDS AND

BEST AVAILABLE CONTROL TECHNOLOGY

by

Robert L. Harris, Jr. Ph.D.b

Introduction

Efforts to control air pollution generally are related to
concerns for the effects of air pollutants on human health, to
economic losses related to damage to animals, vegetation, and
materials, and to aesthetic insults which detract from the enjoy-
ment of life or property. We are very much aware of the problems
in these areas and have devoted substantial efforts and resources
to them. Another area of concern which is increasing in promi-
nence, but which has been largely ignored in air pollution con-
trol efforts, relates to global effects of air pollution. As we
increase our knowledge regarding the global significance of at-
mospheric pollutants, knowledge, for example, on how our pollu-
tants affect the global heat balance, the behavior of winds and
ocean currents, the ocean algae, soil bacteria, and the leaching
of nutrients from soil, we may find it prudent to direct a sub-
stantial share of our efforts toward avoiding disastrous global
effects while at the same time addressing the more immediately
obvious problems related to health, economics, and aesthetics.
Since air pollution control laws and regulations at this time do
not address potential global effects, no more will be said of
them in this paper.

The problem of air pollution control is characterized by the
concepts of property ownership and use, and by concepts of rights
to health and the preservation of property. These concepts are
often in conflict in air pollution problems. One person (or
agency) may choose to use his property or act in a way which gen-
erates air pollution; this pollution may endanger the health of
another person or interfere with the use or preservation of his
property. If this were not the case, i1 amage from air pollu-
tion were imposed only on the person and property of the pol-
luter, the problem would not be difficult, and there would be

aworld Health Organization, Pan American Health Organization, Air
Quality Criteria and Standards Workwihop, Sao Pz'.ulo, Brazil, March
15-19, 1976.

bschool of Public Health, University of North Carolina, Chapel

Hill, North Carolina, USA.
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little public interest in the matter. The polluter, however,
suffers no more, and sometimes less, from his pollution than do
others. Since air cannot be owned and confined within property
boundaries, and since the adverse effects of air pollution cannot
be limited to the polluter, but may affect large numbers of cit-
izens who have no property interest in the source, the general
problem of air pollution control is a clear case for government
action. Governments take such; they define their responsibili-
ties and identify their requirements for air pollution control by
enacting laws and promulgating regulations.

Governmental regulations and programs for prevention and
control of air pollution may take many forms. In general, how-
ever, they involve one of two general approaches, or combinations
of them. One approach is based upon the establishement of spe-
cific descriptions of air quality which is to be achieved or
maintained, and the imposition of combinations of various emis-
sion control requirements, constraints on activities, or require-
ments for actions deemed necessary to achieve that air quality.
The other approach is the establishment of limits on the amounts
of pollutants which may be emitted by specified sources, and ac-
ceptance of the resulting air quality. The first of these ap-
proaches we identify with air quality standards, the second with
best available control technology. Most air pollution control
programs implicitly, if not explicitly, involve elements of both
approaches.

Air Quality Standards

Air quality standards are legal limits placed upon levels of
pollutants in the ambient air. They are expressed in terms of
concentrations for various averaging times, and frequencies of
occurrence which are not to be exceeded. They represent an
allowable level of exposure for the human inhabitants, animals,
vegetation, and materials in the region to which they apply. Air
quality standards are expressions of public policy based on a
combination of cause-effect relationships and a broad range of
economic, social, technical, and political considerations.

Cause-effect relationships are fundamental to the air qual-
ity standards concept, and are strengly considered, either ex-
plicitly or implicitly, in the establishment of such standards.
This is apparent when one examines the various approaches which
have been used for standards setting. One approach is "roll
back", the setting of pollutant limitations at some level known
to have prevailed in the past when observed effects related to
air pollution were at a level now judged to be acceptable. The
cause-effect relationship is implicit in this process. Another
approach to the setting of air pollution standards involves the
acceptance of the quality of air in one community as the standard
for another community. Again, in this process it is implicit
that the effects associated with air pollution in the reference
community are acceptable in the community adopting the standard.
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The approach most often taken for the setting of air quality
standards for communities in the United States, however, involves
explicit consideration of cause-effect associations. In this
process information is assembled on the effects upon health and
welfare of exposures to a range of concentrations of a specific
pollutant for various time intervals; judgements are then reached
on the pollutant level which will be acceptable based upon know-
ledge of the effects which are expected to be associated with
that level. This level becomes the air quality standard.

The United States Clean Air Act requires the Administrator
of the U.S. Environmental Protection Agency to issue "air quality
criteria" which "...accurately reflect the latest scientific
knowledge useful in indicating the kind and extent of all identi-
fiable effects on public health or welfare which may be expected
from the presenc 1 ?f such pollutants in the ambient air in vary-
ing quantities".'' Criteria documents for particulate matter,
sulfur oxides, carbon monoxide, nitrogen oxies, hydrocarbons,
and photochemical exidants have been published.' '' The principal
thrust of the criteria documents is examination of the associa-
tions between air pollutant levels and health. Seldom can spe-
cific individual illnesses or deaths be linked directly with air
pollution exposures. Much more common are detection of associa-
tions between differences in health status of community popula-
tions and differences in pollutant exposures. The same exposure
may cause a spectrum of response in a population. Health, ill-
ness, and death are conditions reflecting the effects of inherent
biologic conditions and cumulative risks, e.g. genetic character-
istics, diet, habits (smoking, physical activity, etc.), infec-
tions, accidents, and aging. An individual's response to an in-
sult, including (jposure to air pollutants, depends upon his
state of health. ( ' For a healthy person in homeostasis the im-
pairment resulting from exposure to air pollution may be unde-
tectable, or limited to a

Air pollutant criteria include factors other than effects
upon human health. In some cases significant effects upon ani-
mals or vegetation occur at levels of pollution lower than those
demonstrated to cause adverse effects upon health. Pollutants
may lower visibility through the atmosphere with accompanying ef-
fects upon air transport safety, upon surface intensity of solar
energy, and upon aesthetic qualities of the surroundings. Pollu-
tants may soil materials and accelerate the deterioration of
fabrics, masonry, metals, rubber goods, painted surfaces, and the
like. These effects, as well as those on health, are reported in
criteria documents. Their associations with pollutants are sub-
ject to problems of exposure quantitation similar to those for
health effects, but are more amenable to laboratory investigation
than are those for human health.

An air quality standard is not capable of enforcement unless
it relates to a unique pollutant which can be associated with a
single identifiable source. Air quality standards in communities
with multiple sources, even though themselves not enforceable,
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represent the basis for development of legally enforceable regu-
lations which limit the amount of pollutant which may be dis-
charged from sources of various classes, which prescribe charac-
teristics of permissible fuels, which prescribe various emissions
control equipment or practices, etc. The levels of control re-
quired by these various regulations are those calculated to yield
the air quality required by the standards. The calculations are
based upon inventories of emissions, meterorological factors,
geographical distribution of sources, seasonal or other temporal
in pollution generating activities. The approach generally is to
use current measured air quality and emissions in atmospheric
dispersion models to estimate emissions which would correspond to
the desired air quality. The process requires large quantities
of air quality and emissions data, meteorologic data, knowledge
of control technologies, sophisticated dispersion models and cal-
culations procedures and highly qualified technical and scien-
tific staff or contractors for the air pollution control agency.
The computer procedures now available, even though highly sophis-
ticated, are not applicable with confidence to situations involv-
ing irregular terrain, or atmospheric reactions of pollutants or
pollutant precursors. Even in uncomplicated situations the re-
sults of predictive calculations may be in error by a factor of
two or more for some pollutants such as particulates.

As stated earlier, air quality standards are expressions of
public policy based on a combination of cause-effect relation-
ships (criteria) and a broad range of economic, social, techni-
cal, and political considerations. The setting of air quality
standards, since they are not capable of enforcement, would gen-

erate little debate except for the emissions limitations which

they bring about. Herein come the economic, social, technical,
and political considerations. Precise economic analysis is dif-

ficult because of the dearth of knowledge tends to identify new
increments of damage cost. Thus, new research tends to show ever
increasing damage costs for a given level of air pollution in-
sult. Plots of damage costs versus pollutant levels probably
follow an "S" type curve as illustrated in Figure 1. And, for
example, damage costs for any given pollutant level may range be-
tween that for a "low" estimate (curve A) and that for a "high"
estimate (curve B). Control costs tend to increase geometrically
with increasing levels of control as depicted in Figure 1 (curve
C). From the economic viewpoint, an attractive concept in pollu-
tion control is selecting the level of control for the minimum
net total cost 'curves A and B , Figure 1). This may be a de-

fensible concept when the'pollutRnt level achieved with a minimum

net cost is adequate to protect health as depicted in Figure 1

for Net Cost Curve A and Health Protection Level, Case 1. It is

not defensible, how~Ver, when health protection is not achieved

(Health Protection Level, Case 2; cost curves A and B ; Health
Protection Level, Case 1, cost B ). Social quOstions narise in

deciding where the costs should li%, in damage or in control, and

what level of health damage is to be permitted or at what level

health is considered to be protected.
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Technical questions relate to the level of control which
actually can be achieved and the costs thereof, the point at
which alternative processes should be substituted for a standard
process (e.g. land fill as alternate to refuse incineration), and
the like. Political considerations combine all of these factors
in the public decision making process. The process is compli-
cated when data and information desired in the decision making
process is either marginal or missing. Uncertainties in infor-
mation increase the pressure of "clean air" interests for large
safety factors in the standards; the same uncertainties can
strengthen arguments for lower levels of control by those inter-
ests most served by minimizing control costs.

In the United States at this time there are some 250 air
quality control regions, all of which have existing plans, or
plans in process, for achieving air quality standards.. National
Ambient Air Quality Standards have been established for all six
of the pollutants (particulate matter, SO , NO CO, hydrocarbons,
and photochemical oxidants) for which cTiterfa documents have
been issued. The air quality standards in any Region must be at
least as stringent as the National Standards. In all of the
Regions, emissions standards for specified types of sources have
been established; they may vary from region to region, but all
are intended to result in achievement of the Regions' air quality
standards. To date the results have been variable. For sulfur
oxides it appears that source control is resulting in improvement
in air quality and substantial success in achievement of air
quality standards. For particulate matter, emissions control
has resulted in improvement in air quality, but often not to the
extent predicted by the control plan or required to meet air
quality standards.

Best Available Control Technology

Best available control technology is that technology of
demonstrated practicability which, when applied to a specified
type of pollutant source, and when compared with alternative
means for control, will result in the lowest level of pollutant
emissions. Demonstrated practicability includes consideration of
cost and technical parameters such as appropriate materials of
construction, energy use, and the like, but these are considered
in the aggregate for a class of sources and not in the context of
economic attractiveness or convenience for any individual source.
In applying the best available control technology approach to air
pollution control, specified sources are simply required to limit
emissions to those levels capable of being achieved by the speci-
fied technology. No ambient air quality standards are estab-
lished and no effort is made to relate emissions to air quality.
The approach does not require the use of large quanities of air
quality data nor does it require quantitative estimates of the
air quality necessary to prevent adverse effects on health ox
welfare.
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Best available control technology, as defined here, is not
satisfactory, and is not used, as the sole approach to control of
community air pollution. Modifications* are used, however, and
are reported to operate to the satisfaction of air pollution con-
trol authorities. In the United Kingdom a "best practicable
means" criterion is the basis for emissions control from most in-
dustrial type sources. This national air pollution control pro-
gram, which is mandated by the Alkali Acts and which had its be-
ginning more 4n 100 years ago, has recently been well described
by Stairmand. Under the Alkali Acts, processes which present
special technical difficulties in emissions control are listed as
"scheduled" processes and come under jurisdiction of the Alkali
and Clean Air Inspectorate, a national agency. Other air pollu-
tion matters are under jurisdiction of Local Authorities. There
are now 61 scheduled processes; these include most industrial
operations such as acid manufacture, cokeing, petrochemicals pro-
cesses, and fertilizer manufacturing.

The Alkali Acts require that scheduled processes must be
registered before they can be operated. The Alkali and Clean Air
Inspectorate will 'not register a process unless there is satis-
faction that (1) there will be no discharge of noxious or offen-
sive gases, or (2) that any such discharge is rendered harmless
and inoffensive. The procedure requires judgement upon the part
of the Inspector. Decisions are not arbitrary, however; regula-
tions provide that in applying "best practicable means" inspec-
tors must take account of current state of technology in the
fielf4 )economics of the situation, and pollution already exist-
ing.' The Inspector also is guided by a table of "presumptive
limits" for a number of processes, the achievement of which is
accepted as evidence that best practicable means are being em-
ployed for control. "Presumptive limits" when published are con-
sidered to be the strictest emissions limits currently achiev-
able. Stairmand reports that in arriving at an acceptable emis-
sion from a given process or works, the effect upon air quality
is the primary consideration; no emission is allowed which will
constitute a dec nstratable health hazard, or unacceptable aes-
thetic effect.W Thus, air quality considerations, if not
formal air quality standards, appear to be implicit limiting
boundaries in application of the "best practicable means" phi-
losophy in the United Kingdom.

Although emissions regulations adopted in some air quality
control regions in the United States in the effort to achieve air
quality standards may represent current best available control
technology for some types of sources, the most noteworthy appli-
cation of the concept in the United States is the new source per-
formance standards. Section 111 of the Clean Air Act provides
for the promulgation by the Environmental Protection Agency of
standards of performance for new stationary sources. These are
emission standards which reflect the degree of emission limita-
tion achievable through the application of the best adequately
demonstrated system of emission reduction for various pollutants
from selected classes of sources. Existing sources which are so
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altered the emissions are increased are considered new sources

for purposes of the standards. As of March 1, 1976, new source

performance standards have been promulgated for 19 classes of

sources (see Table 1). Proposals for emissions regulations or

studies in contemplation of such proposals are underway for sev-

eral other classes of sources (Table 2). A standard may specify

emission limits based on performance of a demonstrated control

system, but that standard does not require the use of that par-

ticular control system; the operator of a source may select any

control system he chooses so long as it achieves the emission

limit of the standard.

Estimates of nationwide generation of55riteria pollutants in

the United States in 1985 have been made. '' Emissions of all of

these pollutants will increase above 1975 levels unless control

requirements more stringent than those now in force are imple-

mented. Projections of the fraction of sources which will be new

or modified and those which will be removed from service,

however, suggest that new source performance standards can cause

a reduction in emissions ove the next one of two decases. This

is illustrated in Figure 2."" The upper curve in the figure de-

picts projections of emissions or particulate materials from sta-

tionary sources over the next two decadels in the absence of any

new source performance standards. The second curve depicts pro-

jected emissions with new source performance standards which have

been promulgated; emissions would increase with time. The third

curve depicts projected emissions with new source performance

standards using current available control techniques for all new

sources and shows decreasing emissions. The fourth curve depicts

emissions if complete control (zero emissions) were achieved for

all new sources. If improvements in control technology take

place, if new source performance standards reflecting these im-

provements are imposed on all new sources, and if the projections

of growth and source retirements are accurate, the actual emis-

sions of particulate matter from stationary sources should lie

somewhere in the shaded area between curves 3 and 4 of Figure 3.

A second example of the efftg of the new source performance

standards appears in Figure 3. Depicted here are projected

emissions of nitrogen oxides in the absence of new source per-

formance standards (curve 1), projected emissions with present

technology new source performance, standards (curve 2), and pro-

jected emissions with complete control (zero emissions) from all

new sources. The positive slope of the present technology curve

shows increasing emissions even with our best current effort.

Successful research and development on control of nitrogen oxides

from stationary sources will be necessary if emissions are to be

reduced to a negative slope in the shaded region between curves

two and three.

The impact of the new source performance standards in the

achievement and maintenance of air quality standards will vary

from region to region. The present air quality, the present mix

of sources, and the liklihood of new source construction and old

111-182



source retirement varies among the regions and are not neces-
sarily reflected by the national trends. In some regions of the
United States, however, new source performance standards are ex-
pected to be the principal mechanism for maintaining air quality
standards for some pollutants over the next one or two decades.

Implementation and Performance Problems

Neither the air quality standards approach nor the best
available control technology approach alone consitute an adequate
air pollution control program. Actual operating programs incor-
porate elements of both. The best practicable means approach
practiced in the United Kingdom ha3 as its practical implicit
limits the protection of public health and welfare. The air
quality standards approach used in the United States imposes
emissions limits, often best practice, in its efforts to achieve
specified air quality, and uses best available control technology
for selected classes of new sources and specified pollutants.

Problems may be identified in either approach. Best avail-
able control technology alone may not be adequate to protect
health, or conversely (though of much less concern) may be more
stringent than would be necessary to avoid any detectable adverse
effects. In the systems approach associated with air quality
standards when best available control technology will not achieve
standards alternative procedures such as land use planning, emis-
sions trade-offs between source types, vehicle traffic control
programs, or intermittant source control practices may still per-
mit achieving the levels necessary to protect health. In the ab-
sence of air quality standards and air quality data, economic
arguments tend to favor greater emissions and lower control
costs, perhaps to the detriment of public health and welfare.

The air quality standards approach is complex, costly, and
subject to many uncertainties. Cause effect associations, par-
ticularly with regard to health damage, are difficult to estab-
lish and often change with new research findings. Input data on
emissions are often incomplete, and diffusion models for predic-
tion of expected air quality are not adequate for reactive pollu-
tants or mountainous terrain. Further, the overwhelming task of
developing cause-effect criteria for the hundreds or thousands of
potential air pollutant species (there are some 2 million known
chemical compounds) precludes the universal application of the
air quality standards approach as the sole means for protecting
health and welfare.

A major practical problem in the air quality standards
approach is the cost of retrofitting existing sources with emis-
sions controls needed to achieve air quality standards. Source
operators generally are amenable to pollution control in new in-
stallations; the cost can be included in the overall construction
costs and can be considered in reaching decisions on whether or
not to construct. Operators often strongly resist the retrofit-
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ting of existing sources for which economic decisions have
already been made without any requirement that the cost of pollu-
tion control by considered. The imposition of unanticipated con-
trol costs, which may be substantial, may upset what otherwise
would be a competitive economic status for a plant.

Early indicators of experience in air quality control
regions suggest that even though emissions control programs de-
signed to achieve air quality standards have been substantially
accomplished, the air quality required by the standards for some
pollutants in some regions will not be achieved. Of the two ini-
tial criteria pollutants, particulate matter and sulfur dioxide,
for which control programs were developed, this seems to be oc-
curring more with particulate matter than with sulfur dioxide.
The problems of non-attainment for particulates is being examined
now. It very likely reflects inadequacies in emissions inven-
tories upon which control plans were based, the influence of
"background" and extra-regional sources, and discrepancies be-
tween the characteristics of particulates emitted from inven-
toried sources and those captured in air samplers which represent
ambient air quality.

Another problem regarding the regional approach to pollution
control is worthy of mention, as well. It is generally agreed
that sulfur dioxide emissions are by far the major anthropogenic
source of atmosphereic sulfates. There is evidence that atmos-
pheric sulfates are more stroffgy associated with health damage
than is sulfur dioxide per se. Reductions in emission of sul-
fur dioxide have been achieved in many urban areas of the United
States since .960 and these reductions have been accompanied by
reductions in the atmospheric levels of sulfur dioxide. Nation-
wide manmade emissions of sulfur dioxide increased almost 50 per-
cent between 1960 and 1970, however; most of this increase has
been from sources such as steam-electric power plants in rural
areas. Even though urban levels of sulfur dioxide have shown a
downward trend, the levels of atmospheric sulfatel both urban
and non-urban have remained relatively constant. In some
urban areas sulfate levels have increased even though sulfur di-
oxide levels have decreased. Atmospheric sulfates resulting from
oxidation of sulfur dioxide have very small particle size. Large
sources of sulfur dioxide tend to have tall stacks which promote
long atmospheric residence time and wide dispersion of both the
sulfur dioxide and the resulting sulfate particles. Sulfates may
effect receptors at locations hundreds of miles downwind from the
source of the precursor sulfur dioxide. Thus, a regional control
approach may be ineffective in the case of a serious pollutant
such as atmospheric sulfates because the original sources may be
located far outside the boundaries of the region's jurisdiction.
In the case of sulfate pollution the only effective means of con-
trol may be the best possible control of all sources of sulfur
dioxide regardless of their locations.

As previously stated, neither the systems approach based
solely on air quality standards, nor the emissions limitapproach
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based solely on best available control technology can alone con-

stitute a complete air pollution control program for protection
of health and welfare. The matter has recently been summarized
very clearly by Jean J. Schueneman, a senior official of the U.

S. Environmental Protection Agency; his statement is offered as a

conclusion for this paper:

"Governmental programs for prevention and control of
air pollution can take several forms. No one approach is
clearly better than others in all circumstances. Each ap-
proach has its strong and weak points in relationship to a

given situation. The task of a governmental agency is to
select the approaches which best suit its purpose and capa-
bilities and which is commensurate with the nature and ex-
tent of existing and anticipated air pollution problems.
The objective is to design a regulatory program which will,
to the extent desired, prevent advem effects of air pollu-
tion on public health and welfare."''

I think that both air quality standards and best technology
emission standards are needed. Best technology as applied to new

sources should be updated from time to time as technology im-

proves. Air quality standards are necessary as targets for

limiting damages to health and welfare. When best technology is

inadequate for protection of public health air quality standards

motivate efforts to improve technology; in this situation time of

compliance rather than the level of the standard should be the

negotiable factor. Adoption of an inadequate air quality stan-

dard will not alter the effects of air pollution. The adoption
of a protective standard and negotiation of the time necessary to

achieve it, however, permits development of an effective and

equitable air pollution control program.
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Table 1. New Source Performance Standards
in Effect prior to March 1, 1976.
U.S. Environmental Protection Agency

Source Affected Pollutant and
Category Facility Emission Limit

Coal-fired Particulate 0.1 lb/106 Btu
so 1.2 lb/106 Btu
NOX 0.7 lb/106 Btu
Opacity 20%

16
Steam Gengrators Oil-fired Particulate 0.1 lb/10 6 Btu
>250 x 10 Btu/lb so 0.8 lb/b06 Btu

NOX 0.3 lb/10 Btu
Opicity 20%; 40% 2 min/hr

0.2 lb/10 Btu
Opacity 20%

Incinerators Incinerators Particulate 0.08 gr/dscf
( 50 tons/day)

Kiln Particulate 0.3 lb/ton
Portland Cement Opacity 20%

Plants

Clinker cooler Particulate 0.1 lb/ton

Nitric Acid Process NO 3.0 lb/ton
Plants Equipment Opicity 10%

Sulfuric Acid Process so 4.0 lb/ton
Plants Equipment Acfd Mist 0.15 lb/ton

Opacity 10%

Asphalt Concrete Process Particulate 0.04 gr/dscf
Plants Equipment (90 mg/dscm)

Opacity 20%
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Table 1. (continued)

Source Affected Pollutant and
Category Facility Emission Limit

Catalytic Particulate 1.0 lb/1000 lb
Cracker Co 0.05%

Opacity 30% (3 min

Petroleum exemption)

Refineries

Fuel gas Sox  0.1 gr H S/dscf
Combustion (230 mg/ scm)

Storage tanks Hydrocarbons for vapor
>40,000 gal. pressure
capacity 78-570 mm Hg,

equip with.
floating roof,

Storage Vessels vapor recovery

for Petroleum system, or

Liquids equivalent;
for vapor
pressure> 570
mm Hg, equip
with vapor
recovery sys.
or equivalent.

Reverberatory Particulate 0.022 gr/dscf

Secondary Lead and blast (50 mg/dscm)

Smelters furnaces

Pot furnaces Opacity 20%

Reverberatory Particulate 0.22 gr/dscf

Secondary Brass furnace (50 mg/dscm)

and Bronze
Plants

Blast and Opacity 10%
electric
furnaces

Iron and Steel Basic Oxygen Particulate 0.022 gr/dscf

Plants process furnace (50 mg/dscm)
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Table 2. New Source Performance Standards*
Proposed or Under Development as of
March 2, 1976

U.S. Environmental Protection Agency

Source Category Affected Facility Poliutant

Ferroalloy Production Specific Furnaces Particulate
CO
Opacity

Gas Turbines Turbine NO
COx
so
OpIcity

Kraft Pulp Mills Digesters, lime kiln Total reduced
recovery furnace, washer sulfur (TRS)
evaporator, strippers,
smelt and BLO tanks

Recovery furnace, lime Particulate
kiln, smelt tank Opacity

Grain Terminals Receiving, conveying, Particulate
cleaning, drying and Opacity
shipping facilities

Petroleum Refineries Sulfur recovery plants sosuifides

By-product Coke Ovens Coke oven and larry car Particulate
Hydrocarbons
Opacity

Coke coolers and chemical Particulate
recovery plant Hydrocrabons

SO

Z acity

Chlor-alkali Plants Mercury Cells Mercury

Lime Plants Rotary Kiln, hydrator Patriculate
Opacity

Refuse Combustion Steam generators Particulate

Gasification of Fossil Coal gasification plants SO & Sulfides
Fuels Opacity

Oil gasification plants SO2 & Sulfides
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Table 1. (continued)

Source Affected Pollutant and
Category Facility Emission Limit

Electric arc Particulate 0.0052 gr/dscf
furnaces (12 mg/dscm)

Opacity
(a)Control 3%

device
Iron and Steel (b)Shop 0, except

Plants roof 20%-charging
40%-tapping

Dust-handling Opacity 10%
equipment
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Table 2. (Continued)

Source Category Affected Facility Pollutant

Carbon Black Plants Furnace Particulate
CO
H S
idrocarbons
Opacity

Gasoline Marketing Vehicle fueling (Stage II) Hydrocarbons
for service stations

Steam Generators Lignite-fired boilers Particulate
(> 250 million Btu/hr) NO

Opicity

Stationary Internal Diesel and gasoline-fired Particulate
Combustion Engines NO

Myrocarbons
CO
Opacity

Iron and Steel Mills Sintering machine windbox Particulate
and sinter line discharge

Asphalt Roofing Plants Felt saturator & dryer Particulate
Hydrocarb3ns
Opacity

Detergent Plants Spray dryer Particulate
Opacity

Crushed Stone Plants Drilling, crushing, Particulate
screening & conveying Opacity
facilities

Gray Iron Foundries Electric furnaces Particulate
Opacity

Phosphate Rock Crushing, screening, Particulate
preparation drying & calcining Opacity

facilities

Nat. Gas and Crude Sulfur recovery plants SO2 & Sulfates
Oil Production

Surface Finishing
Operations
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Table 2. (Continued)

Source Category Affected Facility Pollutant

Surface Finishing Operations
(continued)

Automobile and Truck Hydrocarbons
Finishing

Farm Machinery Hydrocarbons
Finishing

Industrial Machinery Hydrocarbons
Finishing

Commerical Machinery Hydrocarbons
Finishing

Major Appliance Finish. Hydrocarbons

Small Appliance Finish. Hydrocarbons

Wood Furniture Finish. Hydrocarbons

Metal Furniture Finish. Hydrocarbons

Sheet, Strip & Coil Hydrocarbons
Coating

Paper & Paperboard Hydrocarbons
Coating

Lead battery Manufacture Lead

Melting of printing type Lead

Gasoline additive manufact. Lead

Dry Cleaning Hydrocarbons.

Solvent Degreasing Hydrocarbons

Steam Generators Boilers Patriculate,
(>250 million Btu/hr) NO

Opacity

Explosives (high) NO , SO
Pafticufate
Opacity
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Table 2. (Continued)

Source Category Affected Facility Pollutant

Cement Plants Kiln NOx , SOx

Steam Generators Boilers Particulate,
(0.3-250 million Btu/hr.) NO , SO

Opacfity X

Ammonia Hydrocarbons, CO

Ethylene Oxide Hydrocarbons

Charcoal Particulate,
Hydrocarbons &
CO

Vinyl Chloride VC

Continuous Monitoring General
Provisions

Section 111(d) General
Regulations Provisions

Modification General
Provisions

Revision to Hazardous Asbestos &
Pollutant Regulations Mercury

*Includes proposals for "criteria" and "designated" pollutants defined
in Section 111 and for "hazardous" pollutants defined in Section 112
of the Clean Air Act.
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EFFLUENT AND STREAM STANDARDS - A RATIONAL APPROACH

by

James C. Lamb IIIa

The relative merits of effluent standards and stream stan-
dards as tools for regulatory control of stream pollution have
been argued for many years and, without doubt, will be for may
more. The procedures employed for controlling municipal and in-
dustrial discharges obviously are of great importance to all par-
ties concerned. They must provide a workable basis for practical
control of stream pollution by regulatory personnel, without im-
posing unreasonably on municipal or industrial organizations re-
quired to conform with those regulations. Herein lies the origin
of the problem under discussion.

It is not the intent of this paper to review arguments for
and against various methods of administering regulatory programs,
as interesting as those may be. Rather, the author was invited
to present his views which, predictably, vary somewhat from pub-
lished views of others. This is exactly what will be undertaken
in the present paper, the opinions being based on reviews of many
publications, discussions with others, and personal experience.

At the outset, it would be advisable to define the basic
terms under discussion. In the view of the author, neither ef-
fluent nor stream standards depend directly upon stream classifi-
cation. Streams may be classified in accordance with the bene-
ficial use to be preserved, using a formal rating system or in-
formally and individually based on judgment of regulatory and
other personnel and negotiation between the parties concerned.
Whether formal or informal, the end result is to specify minimum
acceptable conditions in the receiving stream. Regulatory stan-
dards, subsequently, must be adopted which will insure mainte-
nance of those conditions at all times. Regardless of the method
of classification, the "standards", then, are administrative
tools by which individual discharges are judged and controlled.

TYPES OF REGULATORY STANDARDS

Two basic approaches may be adopted in establishing regula-
tory standards: stream or effluent specifications. Stream stan-
dards are based on defining minimum receiving stream quality
characteristics to be maintained below the point of introduction
of waste. Customarily, the specified conditions must be met at

aDr. J. C. Lamb III is Professor of Sanitary Engineering, Depart-
ment of Environmental Sciences and Engineering, School of Public
Health, University of North Carolina at Chapel Hill. This paper
in original form is ESE Publication No. 75; but was revised in
1978 by Paul V. Hebert for incorporation in the Manual on the
Environmental Aspects of Development.
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all times, unless characteristics of the stream upon arrival at
the point of discharge make such standards infeasible.

Effluent standards, on the other hand, establish maximum
allowable concentrations of pollutional materials in each dis-
charge and normally do not make direct reference to conditions in
the stream. Occasionally, they may require removal of specified
percentages of certain constituents from the wastes. In either
event, they must be based on judgment and experience concerning
the concentration which could be permitted in each effluent with-
out interfering with desirable beneficial uses of the stream,
considering all discharges entering that stream.

Actually, many types of effluent and stream standards have
been employed by regulatory groups. These differ in original
concept and method of application, and have been summarized as
follows:

1. Arbitrary effluent standards, which are set without
detailed consideration of the Amount of waste dis-
charged from each source or assimilative capacity of
the receiving stream.

2. Effluent standards based on assimilative capacity of
the receiving stream under dry weather flow conditions.

3. Flexible effluent standards which permit variable dis-
charges of wastes to conform with seasonable fluctua-
tions in temperature and flow.

4. Arbitrary stream standards, based largely on data re-
ported in the literature and token knowledge of the
stream and waste.

5. Stream standards based on comprehensive surveys of the
specific stream and wastes.

Each type has advantages and disadvantages. The author feels
that each has a legitimate place in the stream pollution control
field and, under appropriate circumstances, any one of the five
could provide a reasonable approach to a specific stream pollu-
tion problem. Accordingly, no attempt will be made to list the
advantages and disadvantages here because evaluation of each type
of standard depends too much on the specific field application
and the list could be misleading. Possible applications for each
will be indicated later.

A RATIONAL APPROACH TO THE PROBLEM

To begin with a concept fundamental to all stream pollution
control activities, the ultimate purpose of any waste treatment
facility is. to protect the receiving stream. It is not removal
of BOD, suspended solids, or other pollutional materials, per
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se, but maintenance of downstream conditions allowing appropriate
beneficial uses.

The interesting and heated arguments between proponents of
effluent and stream standards often tend to obscure the fact that
either should accomplish exactly the same purpose. Keeping this
simple Zact in mind makes it much easier to analyze the problem
and arrive at a sound answer for the type of regulatory control
which should be applied in a given situation.

The degree of treatment required for a specific waste de-
pends upon many factors peculiar to that waste, the stream, other
pollutants entering the stream, and beneficial uses to be pro-
tected. Failure to maintain stream conditions suitable for its
appropriate uses constitutes waste of a valuable natural re-
source. On the other hand, maintenance of an unreasonably high
level of quality could indicate an equally serious waste through
failure to utilize the stream's assimilative capacity and con-
struction of unnecessary waste treatment facilities. Thus, the
effectiveness of a stream pollution control program cannot be
judged in terms of the number of treatment facilities con-
structed, money expended, percentage removal of pollutional
materials, or maintenance of unnecessarily high quality in re-
ceiving streams. The ideal program would be one which succeeded
in maintaining all of the streams in a region at the level of
quality exactly optimum for beneficial uses reasonable for those
streams - no lower,no higher. The effectiveness of an existing
program should be evaluated by comparison with this ideal.

In the final analysis, then, condition of the receiving
stream is of prime importance and all pollution control programs
should be viewed in that light. It follows that ideal adminis-
trative control techniques would be based on this viewpoint and
that any approach must be artificial to some degree, whatever the
reason for its adoption.

Considered from this point of view, the most direct and
reasonable regulatory approach obviously would be to base stan-
dards on the receiving stream. The fifth type in the group
listed earlier appears to be the most refined, but at the same
time the most direct and logical of all. If field conditions
permit, this type of standard should be used for controlling
municipal or industrial discharges. Because of the limitations
in manpower and finanches, detailed data on the receiving stream
and wastes discharging into that stream frequently are not avail-
able to the regulatory group. Under these conditions the fourth
type of standard would be most desirable of those remaining,
until such data can be obtained.

Unfortunately, it often is impractical to apply stream stan-
dards for direct regulatory control of municipal and industrial
effluents because of various factors to be discussed later. In
this event, it obviously will be necessary to retreat to use of
less desirable effluent standards. It should be recognized that
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these are less direct in approach but when properly designed,
with suitable flexibility, are theoretcially capable of attaining
exactly the same end result as stream standards. The authorIs
objection to effluent standards in practice is that they are not
sufficiently flexible as adopted by regulatory agencies and fre-
quently become the "end" rather than the "means" of the regula-
tory program.

APPLICATIONS IN PRACTICE

As indicated earlier, the ideal regulatory approach would be
to use stream standards where feasible. They offer a great
advantage in having the stated requirements entirely consistent
with the overall goal of the program, this being especially obvi-
ous where a stream classification system is used. By their basic
nature, they automatically produce discharge requirements as
flexible as variations in the stream itself. While insuring pro-
tection of the receiving stream, the standards allow use of its
assimilative capacity at all times and permit optimum operation
of waste treatment facilities. Accordingly, this approach is
consistent and equitable, making it more readily explained to
municipal and industrial personnel.

When regulatory controls are based on stream standards, it
is necessary for each organization producing waste to determine
pollutional loads which may be discharged under various condi-
tions without contravening those standards. For practical day-
to-day control, this requires adoption of an effluent evaluation
system through studies of the waste and stream, possibly with the
aid of regulatory personnel. Thus, plant performance and efflu-
ent requirements must be determined in the final analysis. How-
ever, this approach differs from effluent standards because it
possesses inherent flexibility, effluent characteristics are
evaluated purely for guidance of operating personnel, and regula-
tory control is applied to the stream, as it should be.

This leaves the potential polluter freedom to adopt various
approaches to the problem. A small plant which could not justify
extensive studies might elect a conservative program with a rela-
tively high degree of treatment to avoid the expense and worries
of a closely-controlled operation. On the other hand, a larger
organization might find it financially expedient to employ per-
sonnel capable of undertaking detailed studies of the stream and
waste to allow operation of the system at a lower level of
treatment, releasing an effluent load closer to the assimilative
capacity of the stream. In either event this approach places the
primary responsibility where it belongs - on the polluter. While
protecting the receiving stream for its intended uses, it allows
him maximum latitude to utilize the resource to which he is en-
titled and to elect the most feasible system for fulfilling his
obligations.
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Practically, stream standards are most readily applicable
where polluters are located at widely spaced intervals, making it
possible to maintain clearcut responsibility for condition of the
steam below each. Unfortunately, this situation is becoming in-
creasingly rare with today's expanding industrial economy and
municipal growth. Where many municipalities and industries are
located in close proximity, it becomes difficult or impossible to
differentiate clearly the effects of any one discharge. This
event, specification of conditions to be maintained in the re-
ceiving stream would form a poor system for regulatory control
because discharges from several polluters must be maintained at
stipulated levels to produce the desired overall effect. In high
density areas, it usually is necessary for the ragulatory agency
to evaluate the pollutional load which can be aEsimilated safely
and to allocate this loading to existing or potential polluters
on some equitable basis. Effluent standards probably provide a
more reasonable approach for regulatory control here.

Where detailed information on characteristics of the receiv-
ing stream or waste are missing it may be necessary to adopt
arbitrary effluent standards (Type 1) as an interim method of
control until necessary data can be collected to permit estab-
lishing a more refined system. These should be considered only
as a temporary expedient for typically they bear little relation-
ship to the specific problem and are ultra-conservative in re-
quirements because of lack of knowledge.

With reasonable information concerning the nature of the
waste and stream, it becomes possible to establish limiting ef-
fluent standards which can be relied upon to maiitain the re-
quired downstream quality substantially at all times. Many regu-
latory agencies have adopted effluent standards based on dry-
weather conditions in the receiving stream because normally this
represents the most critical situation expected. These (Type 2)
usually are more realistic than arbitrary effluent standards be-
cause they are based, to some degree at least, on knowledge of
the specific problem. However, they require an unnecessarily
high level of treatment most of the time because only rarely are
conditions in the stream as poor as those upon which the stan-
dards are based. Accordingly, while an improvement over arbi-
trary standards, most of the natural resource represented by
assimilative capacity of the stream is wasted. For this reason,
the author feels that effluent standards based on dry-weather
flow also should be considered as a temporary expedient and
adopted with the realization that more flexible standards will be
required for optimum development of a stream.

Because the assimilative capacity of a stream varies widely
at different times it would be much more reasonable, and much
more in line with the goal of the program, to adopt flexible ef-
fluent standards. The most obvious step in this direction would
be to allow variation in effluent loadings with stream flow or
temperature or both. Moderate flexibility might include two or
three levels of permissible discharge under various specified
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stream conditions. Additional flexibility would include consid-
eration of many pertinent characteristics, leading to variable
discharge schedules which, if carried to the ultimate degree,
could accomplish exactly the same effect as stream standards.
Thus, disc:arge requirements and stream conditions could be the
same using stream standards or highly variable effluent stan-
dards, indicating that the optimum of these two approaches would
produce identical results and differ only in technique of admin-
istrative control. This is another method of stating again the
original premise that it is the condition of the receiving stream
which is of prime importance and should be the ultimate target of
any regulatory program.

In summary, it is proposed that stream standards based on
detailed studies of the specific stream and wastes in question
represent the ideal solution to regulatory control, where feas-
ible. Where effluent standards must be used, the goal of the
regulatory agency should be to establish flexible requirements
for each discharge which will insure maintenance of specified
downstream conditions at all times, while allowing reasonable
freedom of action and use of assimilative capacity of the stream
by those required to conform. Other approaches should be con-
sidered as temporary expedients, adopted to solve an immediate
problem and used only until additional information can be col-
lected to permit establishment of more accurate effluent or
stream standards. None of the five types of standards listed
earlier is considered to be acceptable for blanket adoption by a
regulatory agency. Each has its own area of application and
should be considered as a feasible method for solving a spccific
stream pollution problem.

A SPECIAL PROBLEM RELATING TO EFFLUENT STANDARDS

Effluent standards commonly stipulate the allowable concen-
tration of pollutional material in waste discharged from the
treatment facility. While this type of standard may be necessary
for temporary purposes, serious exception is taken to its use on
a permanent basis. A major objection is that this approach makes
no differentiation between wastes of different character or vol-
umes of flow. A standard requiring 50 mg/l maximum effluent BOD
can work a much more severe hardship on an industry practicing
water conservation and discharging a small volume of concentrated
waste than on another similar tndustry utilizing extravagant
amounts of water, though the former may have less effect on the
stream.

Actually, the concentration of pollutional material in waste
discharged to a receiving stream is not the prime variable, but
concentration in the stream itself. At a given rate of stream
flow, this is a function of the quantity of material discharged
instead of its concentration. Thus, a more realistic approach
would be to establish effluent standards based on, for example,
pounds of BOD released per day instead of mg/l in the discharge.
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The allowable quantities could be varied to permit use of the
stream's assimilative capacity, as discussed earlier.

THE NEED FOR FLEXIBILITY

As indicated earlier, the sole justification for regulatory
activity in stream pollution control, including construction of
waste treatment plants, is protection of the receiving stream for
specified beneficial uses. Every receiving stream has some ca-
pacity for assimilating pollutional materials without interfering
with those uses. This capacity changes constantly with varia-
tions in flow, temperature, and other characteristics. Less com-
monly recognized is the fact that the beneficial uses themselves
also vary in time because they should be based on providing maxi-
mum benefits to the public. Where the public may be served best
by maintaining a stream in suitable condition for fishing today,
its interests may be served better tomorrow by utilizing this re-
source for other important purposes. In other instances, the
opposite may be the case. A well organized stream pollution con-
trol program must include flexibility to allow future changes in
goals in keeping with local requirements. Most regulatory pro-
grams are severely lacking in this respect.

Application of fairly rigid general standards to large areas
may provide a pitfall for the unwary regulatory agency. Fre-
quently such standards, although entirely reasonable when
adopted, may become unworkable in certain localities within a few
years. This can create a very difficult situation because it is
an unfortunate fact that many regulatory personnel soon come to
regard maintenance of the standard as the goal of the stream pol-
lution control program instead of optimum utilization of the
stream. On many occasions the author has observed that organiza-
tions have been pressured to treat wastes to a high level merely
because they contravened the standards, not because of any de-
finable present or future problem in the stream.

Establishment of effluent standards, in particular, easily
leads to the conclusion that treatment is required of a waste
even though it may be totally unnecessary for protection of the
stream. This especially is true of waste discharged from small
establishments into very large receiving streams. Frequently,
regulatory people have been heard to observe that Company A must
be required to treat its wastes, although presenting no problem
in the receiving stream. Otherwise, Company B would claim this
as a precedent for not treating its wastes which may cause a
problem in its receiving stream. This is a trap which many regu-
latory aqencies have fallen into by attempting to adopt the easy
approach to stream pollution control and forestall arguments
through imposition of a uniform "democratic" set of standards
applying to everyone, while failing to consider the fundamental
aspects of the problem. The inescapable fact is that each prob-
lem is individual and must be considered on its own merits. No
easy, general solution can remain equitable for very long in this
field.
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All of these problems, and many more, stem from the same
root - intentional or accidental inflexibility in che regulatory
approach. The solution to all of them is the same - adoption of
a program with sufficient flexibility to avoid tying the hands of
the regulatory agency now or at some future date.

Many individuals have been heard to advocate adoption of a
relatively inflexible approach, through use of certain blanket
types of standards, to minimize administrative problems. Con-
sidering the limited financial and manpower resources of regula-
tory agencies in general, this is' the subject of understandable
concern. However, it is obvious that a sound stream pollution
control program cannot be designed primarily for convenience of
regulatory personnel. Temporary control methods may be necessary
but they should be recognized as such at all times and sufficient
flexibility incorporated to insure that demonstrated unreasonable
applications can be corrected. For example, if the regulatory
agency cannot undertake investigations required to establish pre-
cise stream or effluent standards for a given locality, they must
adopt conservative temporary standards. At the same time, how-
ever, sufficient flexibility should be incorporated to allow
future changes if some interested organization is willing to
undertake the study. Complaints from some other group about the
"precedent" can be answered by pointing out that they too have an
equal right to perform reliable studies and receive consideration
for a possible change in standards. This can be accomplished
readily if the program is based upon a sound fundamental
approach, keeping in mind always protection of the receiving
stream.

THE ROLE OF INDUSTRY

With a few notable exceptions, it appears to be almost tra-
ditional that industry and regulatory groups occupy opposite cor-
ners in battles over regulatory standards. While this may be
understandable, the author would like to point out that it is not
always logical, in particular where industrial groups oppose sys-
tematic growth of the regulatory program and development of pre-
cise stream classification and standards.

Regardless of motivation, the end effect of the battle fre-
quently is confusion in the minds of the public and legislators
and this confusion leads in turn to smaller appropriations for
stream pollution control work. As indicated at several points in
this paper, the absence of detailed information makes it impossi-
ble for the regulatory agency to adopt any but a conservative ap-
proach in establishing standards. This invariably means alloca-
tion of less than the available assimilative capacity of the re-
ceiving stream, which automatically means more strict require-
ments for treatment plants. Thus, it is axiomatic that an under-
staffed, underfinanced regulatory agency cannot adopt standards
with reasonably low factors of safety because it lacks the per-
sonnel and finances to undertake detailed studies necessary f.,r
establishment of optimum control procedures.
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Close analysis of the problem leads to the conclusion that
the only regulatory agencies capable of adopting anything
approaching a liberal allocation of the natural stream resources
are those which are well staffed with top-notch personnel and
well equipped for field studies - in short, well financed ones.
Considered in this light, it appears that industry might best
serve its own interest by insuring that its regulatory agency is
maintained in excellent condition at all times. In addition,
help in the form of cooperative studies and committee service can
be of incalculable value to all concerned.

A strong state agency with a well lefined program should be
fearsome only to those who wish to avoid their responsibilities
and regul;rly give industry a bad name anyway. It could be a
definite asset, financially and otherwise to all others. The
state water pollution control authority should not be regarded as
a liability to industrial waste producers. If an industry is
taking reasonable precautions to prevent water pollution, the
state agency can be his strongest ally.

SUMMARY

The type of regulatory standard adopted must be that which
offers the best promise for practical control of stream quality
without creating undue confusion or hardship on the part of those
who must conform. Five types have been described and possible
applications of each discussed briefly.

A rational approach to the problem indicated that stream
standards represent the most direct and logical method for con-
trolling stream pollution whenever their use is feasible. Un-
fortunately, they are not applicable to all problems and adoption
of effluent standards may be necessary in many instances.

It is concluded that no one type of standard would be appli-
cable for blanket adoption by a regulatory agency, but that a
comprehensive program may require the use of several types in
different regions and at differnet atages of development. Any of
the five enumerated could have legitimate application, provided
t is realized at all times that the goal of the program is to

protect the receiving stream and flexibility is incorporated to
insure fulfillment of this objective.

It appears that when the problem is considered from the fun-
damental viewpoint, most of the heated arguments concerning ad-
vantages and disadvantages of effluent or stream standards become
exercises in futility. No one type of standard is clearly supe-
rior for general application to a broad program. Provision of
adequate flexibility is the keynote of a successful stream pollu-
tion control program, and this requires that all available types
of standards be considered and the most appropriate selected.
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ENVIRONMENTAL QUALITY STANDARDS

by

Donald T. Lauria, Ph.D.b

Widespread evidence exists that governments have the res-
ponsibility of protecting their citizens from environmental haz-
ards, dangers and insults. That is, governments must see to it
that the air is safe to breathe, water is fit to drink, food is
safe to eat, and land does not pose a threat to those living on
it. In addition, governments are concerned with those things
that add to physical and mental well-being and the enjoyment of
life. In this regard, they must see to it that environmental
quality is not offensive but rather is pleasing to the senses;
that the air does not smell, the sky is not blackened by smoke or
obscured by ugly buildings and signs, that water is clear for
bathing and boating, and that animals and fish are protected for
the enjoyment of recreation. Governments, then, have the respon-
sibility to: (1) protect their citizens from harmful environ-
mental conditions, and (2) enhance the quality of life through
enjoyment of the environment.

These desires are quite general and need to be made more
spec.ific; that is, the goals of providing safe and wholesome en-
vironments need to be sharpened and made quite explicit. This is
the role of environmental quality standards and quality criteria.

A criterion is a measure of effectiveness for judging suc-
cess in achieving objectives. Consider a water distribution sys-
tem where the objecl'-ive is to distribute an adequate supply of
safe water. The principal criterion for "adequate supply" is the
pressure in the pipes, and the main criterion for "safe water" is
the concentration of coliform organisms. Presumably, systems
with high pressures provide greater assurance of delivering ade-
quate quantities of water than where pressures are low. Also,
where coliform concentrations are low, we tend to think that the
water is safe. These are merely two examples of criteria. It is

aA paper prepared for presentation in connection with the AID-
sponsored short course on the environmental aspects of develop-
ment, Accra, Ghana, October 17-19, 1977.

bpresented by Donald T. Lauria, Associate Professor, Department
-of Environmental Sciences and Engineering, University of North
Caroli.na at Chapel Hill.
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possible to cite several such examples as shown in the following

table.

ysteim Objective Criterion

Water Treatment Plant supply "wholesome" Jackson turbidity
water units

Water Treatment Plant supply "safe" residual chlorine
water concentration

Sewage Treatment protect fish in effluent BOD and
Plant receiving waters suspended solids

Sewage Treatment protect human effluent chlorine
Plant users of concentration

receiving waters

Sewage Treatment protect against effluent N, P, BOD
Plant unsightly conditions
Highway provide safe speed limit

travel

House structurely sound spacing of studs

House protect from thickness of
weather installation

Public Investment maximize social cost
welfare

Associated with every criterion is a numerical value which
is sometimes called its level. For example, the minimum target
pressure for water distribution networks is often taken to be 30
psi, the maximum allowable turbidity of treated water is 10
Jackson units, maximum allowable highway speed in the United
States is 55 miles per hour, the maximum spacing of studs in a
house is 16 inches. Hence, our goals and objectives regarding
environmental quality are expressed in standards having two dis-
tinct components, viz., the criterion and its level.

The decision problems for those who set standards are the
following:

1. first of all, decisions must be made on the objectives
for environmental safety and quality; then

2. criteria must be selected by which the success in meet-
ing objectives can be evaluated; finally

3. numerical values must be selected for the criteria.

I want to devote the remainder of this talk to the last two de-
cision problems, viz., selection of criteria and their levels.
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Criteria, whether for environmental quality or any objec-
tive, should have certain characteristics; they should be quanti-
fiable, relevant, easily measured, precise, sensitive, useful,
monotonic, and minimai. This list is by no means complete, but
it probably identifies the key items.

Perhaps it gces without saying that criteria should be
quantifiable (i.e., measurable); yet it is necessary to recognize
that for some objectives, it is simply impossible to select
measurable criteria. Consider, for example, taste and odor in
drinking water. Excellent criteria simply do not exist for these
factors. It might be possible to assemple a jury of people who
will say whether one water is more tasteless or odorless than
another, but it is difficult to devise an objective test for
these parameters. Almost the same is true of color in water, and
I suspect that quantifiable criteria do not exist for eye and
nose irritants in the air. Serious problems also exist in con-
nection with measurable criteria for the design of wastewater
treatment plants. Designers of these facilities want them to be
safe, flexible, and reliable. Yet it is very difficult (if not
impossible) to select criteria for these objectives. What is the
single measure, for example, that indicates whether one design is
safer than another? more flexible to operate than another?

Criteria should be relevant; that is, they should relate to
the objectives with which they are associated. Consider the Pam-
lico Estuary in North Carolina which receives a heavy discharge
of phosphorus from a phosphate mining company. The State of
North Carolina is worried about the growth of algae in the estu-
ary. Although a standard for algal biomass does not presently
exist, the State is thinking about setting a limit on phosphorus
concentration. A standard on phosphorus, however, seems inappro-
priate because it is somet:imes possible to have very high phos-
phorus concentrations with almost complete absence of algae.
This condition exists when a system is severely nitrogen limited,
in which case the phosphorus cannot be taken up into the produc-
tion of biomass. Rather, a more appropriate criterion to protect
against excessive algae is chlorophyll A. This constituent :f
biomass is indeed an indicator of eutrophication, and it seems
far more suitable_ than phosphorus or some other nutrient.

For similar reasons, dissolved oxygen is a good criterion
for receiving waters and BOD is poor; just as with phosphorus, it
is possible to have high concentrations of BOD and yet quite ac-
ceptable conditions for the propagation of fish. Another example
has to do with settling tanks in wastewater treatment plants.
Such tanks are intended to prevent the formation of sludge banks
in waste receiving waters. Consequently, standards should re-
quire the removal of settleable rather than suspended solids.
Many standards, however, for settling tanks are erroneously based
on suspended solids, and even efficiency of treatment is often
judged on suspended rather than settleable solids.
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Ideally, criteria should be easily measurable. Consider for
example, criteria for judging the adequacy of water distribution
networks. While pressure in the distribution system is most
frequently used as the indicator of adequacy, pipeline velocity
is also considered. Pressure, however, is more easily measured
than velocity, and hence from the standpoint of measurability is
preferred. Regarding the safety of water from distribution net-
works, both chlorine residual and coliform concentration can be
used. The first of these, however, is far more easily determined
than the second. In connection with the oxygen-demand of waste-
water, COD is more easily measured than BOD, and for the strength
of concrete, a slump test is more easily run than a compression
test. The problem with some of these criteria, of course, is
that they are superior from the standpoint of measurability, they
often fail in their other characteristics.

A slump test for concrete is not very precise; if it is run
five times on the same batch of concrete, five different results
may be obtained. Similarly, the BOD test is not particularly
precise; running in triplicate on the same sample usually results
in three different values. Nitrogen analyses are similarly im-
precise. Jackson turbidity, at least for very clean waters, is
not very sensitive; the analysis simply cannot detect differences
for waters with low turbidity. Suspended solids analysis is sen-
sitive for wastewaters, but generally inadequate for potable
waters; in this case, total dissolved solids or conductivity are
preferred.

Criteria are commonly used for managing systems; i.e., for
making decisions to see that desires are satisfied. Consider a
distribution network for which coliform concentration is the cri-
terion used for judging the safety of the water. The standard
dilution technique provides for three levels of coliform indica-
tion; viz., presumed, confirmed, and completed. In the presumed
test, aliquots of water are incubated in lactose for 24 hours.
If gas forms, E. coli. are presumed to be present. A confirmed
test requires another 24-hours incubation, and a completed test
yet another 24 hours. If the completed test is selected as the
criterion for judging water safety, by the time results are ob-
tained from the laboratory, it may be too late to use them for
making control decisions. Essentially the same is true regarding
the use of BOD in the operation of activated sludge treatment
plants. By the time BOD results are returned from the laboratory
(5 days after the analyses are set up) it may be too late to use
the data for maing process control adjustments. Compression
tests on concrete have similar shortcomings; construction is well
along by the time lab results are received.

Ideally, the association between quality and the numerical
values of a criterion should be monotonic. That is, increasing/
decreasing values of a criterion should indicate increasing/de-
creasing qualities. Consider BOD, which is often used for indi-
cating effluent quality from a treatment plant or river water
quality. It is clear that lower values of BOD indicate higher
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quality; the association between BOD and quality is monotonic.
Similarly, monotonic associations exist between quality and (1)
coliforms, (2) heavy metals, (3) suspended solids, (4) hydrogen
sulfide, etc. Now consider residual chlorine in drinking water.
A concentration of 0.2 mg/i probably denotes safer water than 0.1
mg/i; however, a concentration of 1 or 2 mg/l is likely to imply
the presence of chlorinated hydrocarbons, which may be carcino-
genic. The association between between chlorine and quality,
then, in drinking water is not necessarily monotonic. pH is simi-
larly not monotonically associated with quality.

Governments typically have many desires regarding environ-
mental quality. In addition, they know that many constituents in
the environment are measurable and hence can potentially serve
the role of criteria. Yet, governments must continually be on
guard to keep the number of limitations for environmental quality
to a minimum. To illustrate the point, the State of North Caro-
lina is concerned about summer algae blooms in Pamlico Estuary,
but is less concerned about algae in the winter because of re-
duced estuary usage, Research has shown, however, that if large
quantities of nutrients are discharged to the estuary in winter
(1) algae will form, (2) they will setlle, (3) in summer when
temperatures are high, they will decompose and release nutrients
back in to the waters, and (4) these will contribute to summer
algae blooms. Thus, winter discharges of phosphorus aggravate
summer conditions. As a result, the State is considering the
possibility of setting extremely restrictive discharge standards
for the winter, not so much to protect winter quality as that in
summer. The point is that such regulations would needlessly
force industry to lower its winter discharge at great expense,
when in fact winter discharges do not adversely affect winter
quality. It would seem preferable to impose only estuary and not
discharge standards, permitting industry to meet them any way it
sees fit. With greater freedom, the industry can decide for it-
self how to best meet receiving water quality standards.

Having addressed the question of criteria selection, the
problem now is to decide how to select their numerical values.
In the United States, dissolved oxygen in lakes and rivers is
usually required to equal or exceed 4 or 5 mg/l, the national
speed limit is 55 mph, and the maximum spacing of studs in houses
in 16 inches; where do these numbers come from?

Consider waste treatment for a polluter that discharges into
a river. As higher degrees of pollution abatement are required
(i.e., higher BOD removals), treatment costs increase; corres-
pondingly, social costs and losses resulting from pollution de-
crease, as shown in Figure 1. Note in this figure, that treat-
ment costs start at the origin, but the costs to society associ-
ated with no treatment are finite. Also note that whereas smooth
curves have been shown in the diagram, the functions are more
likely to be "bumpy" or even discontinuous.
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The problem depicted in Figure 1 is to select the optimal
level of BOD removal for the polluter, which is essentially
equivalent to selecting a numerical value for the quality cri-
terion for the waste receiving water. There are two ways of pro-
ceeding using this figure. The first is to add the two cost
curves to obtain an expression of total cost; the optimal degree
of BOD removal is at the point where total cost is minimal, as
shown in Figure 2. An alternative procedure is to convert the
social costs to benefits by defining benefits to be social costs
avoided. Thus, the benefits of waste treatment are the differ-
ences between the social cost with no treatment (i.e., the value
of social cost on the ordinate where the waste treatment level is
zero) and the values from the social cost curve. The conceptual
method for estimating benefits is shown in Figure 3, and the
benefit and treatment cost curves are shown in Figure 4. Whereas
before the optimal degree of treatment was at the point where
total costs are minimal, in this case, the optimal value is at
the point where the difference between social benefits and
treatment costs are a maximum. Given that the benefit and abate-
ment cost functions are bending as shown in Figure 4, the optimal
level of treatment is at the point where marginal social benefits
are equal to marginal treatment costs (i.e., where the slopes of
the two curves are equal).

Problems exist in applying the above theory to the selection
of optimal values for environmental quality criteria. While the
abatement costs function in the above figures can almost always
be obtained with reasonable accuracy, the social costs (or equiv-
alently, the social benefit) function can almost never be ob-
tained. Thus, in selecting the optimal level for, say, BOD re-
moval X, it is necessary to use judgment to decide the point at
which the marginal benefits from waste treatment are just equal
to the marginal costs. The procedure in practice is first of all
to consider some level of the quality criterion 9. Next, con-
sider some higher level X + AX for which the incremental or mar-
ginal cost in improving from X to R + AX is C(AX). Now the ques-
tion is whether the marginal benefits B(AX) exceed marginal cost
C(AX). If the marginal benefit is judged to be greater than the
marginal cost i.e., (B(AX)/C(AX) > 1), then the higher level R
+ AX is considered to be "worthwhile." In this case, another
incremental change in the criterion should be considered and the
entire process of comparing marginal benefits and marginal costs
repeated. The process of making incremental changes in the level
should be stopeed when marginal benefits are judged to be exactly
equal to marginal costs.

When making a judgment about the benefi'ts associated with
any incremental change in the level of a criterion, it is possi-
ble that technological information on the physical effects asso-
ciated with the change may be available. This might considerably
ease the difficulty in judging whether marginal benefits equal
marginal costs. However, it is entirely possible that such in-
formation is lacking, in which case the problem of judging marg-
inal benefits is great.
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An example where technical information is available on the
physical effects of a change in criterion level is the City of
St. Louis, which discharges wastewater to the Mississippi River.
Consideration is being given to upgrading the treatment require-
ments for St. Louis from primary to secondary; i.e., from a level
of about 30% BOD reduction to approximately 90%. From mathe-
matical models for the Mississippi River (i.e., from a techno-
logical function) it was predicted that the dissolved oxygen con-
centration in the river under minimum flow conditions would in-
crease less than 0.5 mg/l after upgrading. The cost of upgrad-
ing, however, is approximately $200 million. The decision prob-
lem, then, is whether the benefits associated with higher treat-
ment are equal to or greater than $200 million. Since benefits
are associated with satisfying social desires, the decision
makers must ask how much additional usage will be made of the
Mississippi Rover as a result of an increase in oxygen of about
0.5 mg/l. Perhaps more important, the decision makers should ask
how much the additional users of the river will be willing to pay
for this imporvement in oxygen. Because the oxygen concentration
in the river is already high, it is unlikely that the marginal
benefits equal or exceed the marginal costs, in which case the
requirement to upgrade would not be justified. In this case
where the availability of a technological function makes it pos-
sible to predict the physical effects of upgrading, the task of
judging marginal benefits (and hence of deciding whether upgrad-
ing is worthwhile) is relatively straightforward.

A more difficult situation is where technological informa-
tion on the effects of a considered change in the level of a cri-
terion is unavailable. For example, it might by asked, "What is
optimal highway speed?" Prior to about 1975, the speed limits on
major highways in the United States were generally between 60 and
70 mph. There was little rationale for these numbers except,
perhaps, that cars did not fall apart at these speeds. However,
as a result of the recent energy crisis, speed limits in the
United States have been reduced to 55 mph in an effort to save
gasoline, and it has been found that not only did fuel consump-
tion decline, but the annual highway death toll dropped approxi-
mately 10,000. Oae the basis of these results (which could not
have been predicted prior to the change because of lacking "tech-
nology"), it has been decided to hold the speed limit at 55 mph.
In this case, unlike the St. Louis example, the only way to judge
whether marginal benefits exceeded marginal costs was by experi-
mentation.

To summrrize, I believe as much attention must be given to
criteria selection as to their levels. Criteria should be quan-
tifiable, relevant, precise, sensitive, useful and bear a mono-
tonic relationship with quality. Governments should in general
guard against selecting too many criteria for control purposes
simply because it is easy to monitor them. Regarding level se-.
lection, it is essential to consider alternatives and not merely
employ the levels of other countries. As a minimum, the costs
incurred by alternative levels should be determined, but it is
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highly desirable to predict the associated physical effects,

which is the role of technology. Finally, knowledge of physical

effects by itself is not sufficient for level selection, but 
de-

cision makers must ask, how will society respond to these ef-

fects? This, in many situations, can often be best done through

public meetings.
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ENVIRONMENTAL STANDARDS:
DEFINITIONS AND THE NEED FO1
INTERNATIONAL HARMONIZATION

borganisation for Economic Co-Operation and Development

1. The Organization for Economic Co-operation and Development,
in carrying out its task of promoting economic development in
Member countries, is concerned both with the qualitative and
quantitative aspects of economic growth. The Environment Commit-
tee of the OECD is responsible for:

(i) investigating the problems of preserving or improving man's
environment, with partic:lar reference to their economic and
trade implications;

(ii) reviewing and confronting actions taken or proposed in Mem-
ber countries in the field of environment, together with
their economic trade implications;

(iii)proposing solutions for environmental problems that would as
far as possible take account of all relevant factors, in-
cluding cost effectiveness;

(iv) ensuring that the results of environmental investigations
can be effectively utilised in the wider framework of the
Organisation's work on economic policy and social develop-
ment.

In the implementation of its mandate, the Committee is assisted
by a number of delegate groups concerned with policy development
in specific sectors of the overall environment problem. Such
groups are established in respect of Air, Water, Chemicals and
Urban problems. Co-ordination and development of economic
aspects are the responsibility of a Sub-Committee of Economic Ex-
perts.

2. This document gives precise definitions of the various en-
vironmental standards, describes the factors to be considered in
fixing them, and discusses how far it would be desirable to har-
monize the standards internationally. On this last point, the
document also deals with the lessons to be learned from the En-

aThe decision to derestrict the present document was taken on

22nd November, 1974.

bparis, 1974
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vironment Committee's latest reports on pollution control in a
number of fields.

3. Attention is drawn to the summary and conclusions of
the report which include recommendations as to ways in which
emissions of fluorine compounds can be controlled.
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For the convenience of the reader, the main points in this
paper are summed up in the following paragraphs headed "Summary
and Conclusions."
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SUMMARY AND CONCLUSIONS

(a) Environmental standards, comprising quality standards,
emission standards, process standards and product standards, have
specific features which distinguish them from one another and
from other kinds of standards. Some approach the notion of ob-
jectives (quality standards), whereas emission, process and prod-
uct standards are instruments serving environmental quality
objectives. Thus environmental standards are the parameters of a
policy, both at target level and at instrument level, and har-
monizing them can contribute to harmonizing environmental poli-
cies.

(b) Environmental standards are not necessarily uniform
throughout the same country, but may vary in many respects from
one area to another depending on local conditions and poJily
aims. This point is illustrated in the reports analysed below

(c) In general, the fact that standards may vary from
country to country merely reflects the relative situation of coun-
tries and their collective choices. Relative situations are due
to the different assimilative capacities of natural environments
and to countires' different economic structures and populations,
while collective choices reflect relative levels of social pref-
erence regarding environmental quality. Thib point was mentioned
in the reports which countries presented at the 6th Session of
the Environment Committee.

(d) The fact that standards may vary from country to coun-
try does not therefore of itself cause distortion in inter-
national trade and in this connection one of the effects of the
Polluter-Pays Principle is to preserve relative situations by
preventing the creation of artificial situations which might con-
ceal them (see "Guiding Principles concerning International Eco-
nomic Aspects of Environmental Policies", paragraph 4).

(e) The costs of pollution control depend not only on the
level of these standards, but also on such factors as the desira-
bility of recovering materials, wage rates, etc. (see the Report
on the Pulp and Paper Industry), so that by applying uniform
standards one would not automatically make the costs the same.

(f) In view of the foregoing, the international harmoni-
sation of environmental standards raises the following points:

(i) Quality standards

Environmental quality standards are legal constraints
which make it possible to achieve or approach given
quality objectives defined for an environment. These

(1 )Pulp and paper industry, fuel combustion in stationary

sources, eutrophication, and motor vehicles.
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objectives are always fixed at the appropriate politi-
cal level according to the kind of pollution to be con-
trolled or the kind of environment to be protected. In
fixing them, national, regional, local or international
authorities take account of the following factors:

- the basic protection levels
- the levels of no effects to the environment;
- the specific conditions (ecological, economic,

etc.) of the environment concerned;
- possible effects on neighboring areas;
- the intended use.

(ii) Emission and process standards

It would seem undesirable as a general rule to harmo-
nise emission and process standards internationally,
especially as their nature requires them to be varied
according to area. Economic efficiency demands that
these standards be suited to local conditions and it
would be economically wasteful to impose the same emis-
sion standard in areas at different stages of industri-
alisation and having different populations and environ-
ments with different assimilative capacities (see part
B and paragraph 31). In practice it often happens that
emission standards are fixed case by case within the
frame-work of general directives (the permit system).
Moreoever, standards change with time, which makes it
difficult to harmonise them internationally.

In addition, it is clear that the relationship between
the level of standards and the costs if pollution con-
trol may vary from one country to another (e.g. in the
pulp and paper industry), so that by harmonising stan-
dards one does not automatically harmonise costs.

"However, as in the case of quality standards, it would
seem desirable to harmonize these standards:

- when there is transfrontier pollution,

- in the case of persistent toxic substances.

(iii) Product Standards

When there is a large volume of trade in the products
affected by standards governing their composition, de-
sign or use, and where the standards imposed by a coun-
try are liable to raise significant non-tariff barriers
to trade, the trading partners should consider the de-
sirability of harmonizing these standards taking into
consider Mon environmental and trade constraints al-
together

(c.f. The Guiding Principles concerning International Economic

Aspects of Environmental Policies [C(72)120]
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A. TYPOLOGY OF ENVIRONMENTAL STANDARDS

1. Environmental standards are intended to prevent the harmful
effects which pollution of the environment (air, water or soil)
may have on health, amenities, activities and natural or manmade
assets. These harmful effects are of many kinds and do not re-
late only to health and well-being. For example, while an air
pollution standard may be laid down to protect human health, it
may also serve to prevent damage to agriculture (the effect of
fluor on maize crops), to protect materials from corrosion, to
enable certain industries to operate satisfactorily (e.g. the
photographic industry must work in unpolluted air and the food
industry requires a certain quality of water) or to preserve nat-
ural resources. In some cases water quality standards will be
chosen to suit industrial needs and in other cases to suit recre-
ational and tourist requirements involving an aesthetic factor.

These standards may be fixed by legislative authorities at
national, regional, jr local level and in some cases may be laid
down in agreements between industries.

2. In fixing environmental standards, many factors are taken
into account, such as the level of industrialization, population
density, social preferences, and the assimilative capacity of the
receptor media.

Among these factors are the "criteria" whi'h define "the re-
lationship between the exposure of a target to pollution or nui-
sance and the risk and/or the magnitude of the adverse or unde-
sirable effect resulting from the exposure in given circum-
stances" (definition used by the Zuropean Communities).

3. One can distinguish four major categories of environmental
standards: quality standards, emission standards, process stan-
dards and product standards.

Environmental quality standards

4. Environn.ental quality standards lay down the maximum permis-
sible levels of pollution in the receptor media, namely air,
water and soil: for example, organic pollution in a river, the
SO content of the atmosphere, DT in the soil, or the noise
level (at the front of residential buildings along a traffic
artery

(1) Example:
Air: A SO concentration of 125 microgrammes per

cubi metre of air calculated from a 24 hour
sample and not to exceed that level for more
than 30 per cent of the year.

Drinking water:maximum of 3 colifornis for 100 ml of water;
maximum of 45 mg/1 of Nitrates (NO3 )

Noise: 68dBA at the front of residential buildings,
not to be exceeded for more than 10 per cent
of the time.
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5. Quality standards cover specific geographical areas and are,
for example, national, regional or local. In the same way, a
water quality standard may apply to an entire water course or to
only a part of it.

6. Environmental quality standards are instruments for achiev-
ing or approaching quality objectives. The latter are fixed geo-
graphically to suit the kind of pollution to be controlled or the
kind of environment to be protected, having regard to a basic
protection level, to the use made of the environment and to par-
ticular conditions in it. Quality standards should also be set
so as to avoid transfrontier pollution.

Emission standards

7. The purpose of emission standards is to specify the quantity
of pollutants (or their concentration in effluents) which may be
discharged from a given source per unit of time or during a given
cycle of operations (e.g. weight of BOD per day for water pollu-
tion.)

Emission standards apply to stationary sources (factories
and domestic heating).

8. From one point of view it might be more logical to make a
finer distinction between stationary and mobile sources by put-
ting in one class the emission and process standards applicable
to stationary sources and in another class those applicable to
mobile sources, so that one would then speak of the emission
standard for a motor vehicle and not of the product standard. In
this case the product standard would not affect the emissions and
processes connected with the product concernetd. The disadvantage
of such a narrow definition of a product standard is that it does
not clearly distinguish between products which normally enter
into international trade and products which do not, so that there
would be a danger of confusion if one referred to emission stan-
dards applicable to products. Since it seems to be generally
agreed that emission and process standards are for stationary
sources, i.e. equipment which is not usually traded inter-
nationally, it would be better to keep to the wider meaning of
product standard which, although not so strict, proves more con-
venient in use.

Emission standards simply impose an obligation to achieve a
result and leave the polluter free to choose how he will comply
with it. For example, a paper pulp factory might choose to
change its production process or to install water treatment
plant. Emission standards, in fact, simply put a quantitative
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limit on discharges of polluting pafter, irrespective of the
means used to keep within that limit'-

9. It should also be noted that emission standards may vary in
many respects with time and place. For a tiven quality objec-
tive, an emission standard may vary from one area to another de-
pending on the number of polluters and the assimilative capacity
of the environment. A standard may also be temporarily tightened
up in an emergency (e.g. in particularly bad weather conditions).

Process standards

10. The purpose of process standards is to lay down, with ref-
erence to environmental protection targets, a set of specifica-
tions to which stationary sources must conform.

The specifications may consist in standardizing the design,
construction and operation of such sources, e.g. by prescribing a
certain production process for a factory.

11. Thus, unlike emission standards, process standards impose an
obligation to use certain methods and do not leave the polluter
free to choose how he will abate his emissions.

12. It should be noted that process standards may prescribe a
specific production process, or mode of operation, or type of
waste treatment plant.

Product standards

13. Product standards aim at prescribing within various tole-
rance limits:

(a) the physical or chemical properties of a product (with
particular reference to its content of polluting or
harmful matter);

(b) the rules for making up, packaging or presenting a
product so as to ensure consumer protection and make
the product identifiable;

(c) the maximum permissible polluting emissions from the
product during its use.

(1 )The authorities responsible for emission standards normally
fix them to suit certain criteria and the resulting quality ob-
jectives, but there remains the problem of how to determine the
exact relationship between these criteria, the quality objectives
and the emission standards for achieving them, because there are
immense difficulties, not yet surmounted, in the way of estab-
lishing this relationship.
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14. It should be noted that product standardization is wide-
spread and serves many purposes, including health safeguards,
wholesomeness and public safety. It is often used in industry,
when its purpose may be to facilitate mass production and mass
consumption and where standards are not usually fixed by public
authorities. Some product standards are more particularly in-
tended to protect the environment, but owing to the widespread
interaction between environmental protection and public health it
is not always easy to distinguish between a standard which is
specifically for public health and a standard connected with the
environment. In the case of food products, for example, the ban
on certain additives, colouring matter, preserving agents, etc.
is entirely a public health measure and has no connection with
protecting the environment. On the other hand, the fixing of
maximum amounts of DDT in milk products or of mercury in fish is
both a public health measure and an environmental policy measure,
since the harmful substances have found their way into these
foodstuffs through.the environment as a result of an ecological
phenomenon, i.e., through the food chain. In the first case the
addition of toxic substances to the foodstuffs is deliberate,
while in the second case their presence is unintended.

15. A product may also have harmful effects on the environment
when it is discharged in the form of solid, liquid or gaseous
wastes. This happens, for example, with products containing
polychlorinated biphenyls, phosphate detergents or certain pack-
aging materials which cause pollution when they are destroyed.
The standard then aims at minimising the polluting effects by re-
stricting the use of polychlorinated biphenyls, controlling the
biodegradability of detergents, banning certain types of packag-
ing, banning certain pesticides, etc.

16. Lastly, a product may affect the quality of the environment
when it is put into use, e.g. the noise and pollution produced by
motor vehicles and the noise made by domestic electric appli-
ances.

17. Regulations governing products may take various forms. A
standard may specify the composition of a product or what it may
emit. It may also take the form of a list of substances whose
inclusion in certain products is forbidden (mercury in seeds).
Sometimes the regulations dispense with standards and operate
through general provisions which, without expressly banning the
use of certain substances, empower the authorities to intervene
at any moment, or make the marketing of certain types of product
subject to prior authorization.

18. Standardization may include procedures for checking whether
products comply with a standard, e.g. the driving cycle for meas-
uring motor vehicle pollution and noise (there is a "European
cycle" and an "American cycle").

19. Product standards may be laid down by public authorities,
but may also be decided by other bodies, professional or other-
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wise. Thus the CATT distinguishes between "mandatory standards"
imposed by a legal authority and "voluntary standards" which have
no legal force.

20. For Qommercial reasons product standards are often less sub-
ject to regional variations because it is important not to have a
variety of standards which would handicap the marketing of prod-
ucts and raise costs which would be kept down by mass production.
But, for environmental reasons, product standards may be subject
to regional variations as, e.g. the sulphur content of fuels or
the formulation of detergents.

B. FACTORS TO BE CONSIDERED IN FIXING ENVIRONMENTAL STANDARDS

21. Environmental standards are based on numerous parameters
which decide their level and coverage. These parameters include
the effects of pollution and disamenities on man, the structure
of the environment, social preferences, population structures,
economic structures, and the geographical setting.

22. As the criteria are based on scientific data, they should be
recognized internationally. They serve as a basis for fixing
national standards, and are an indispensible starting point for
international harmonization. The fact that they can give rise to
standards which vary from country to country is due to differ-
encefl f environment, of social choice and of economic struc-
ture

The structures

23. The environment
Ti-nce the quality of the environment depends on its capacity

for assimilating pollutants, standards will clearly have to be
made to fit this capacity, which is why emission standards may
vary from one area to another within the same country. Such area
variations mainly affect emission standards, but might also af-
fect product standards to the extent that the products concerned
go straight back into the environment or themselves emit pollu-
tion.

24. Social preferences
The fixing of a standard also depends on collective choices

made by a country and reflected in a scale of priorities. For
example, a country might accept a higher degree or greater risk
of pollution for the sake of securing other benefits such as a
higher level of employment. It will usually do this by fixing

(1 )For example, different social customs can lead to different
degrees of exposure to pollutants. If, for example, a country's
feeding habits involve eating twice as much fish containing mer-
cury as another country eats, the first country will require
stricter standards for mercury.
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quality objectives for an environment, or part of an environment,
to suit the purpose which the environment is intended to serve.

25. Population structure
The degree of exposure to pollution and the likelihood of

damage to individuals are connected with the distribution and
density of the population in a given territory.

26. Economic structures
Regulations for protecting the environment arc only one of

the constraints with which an economic transactor has to cope.
Production costs are burdened by wage payments, social security
contributions and many other factors, whose level may vary from
one country to another, so that the relative burden of pollution
control may vary between countries, even if the standards are the
same.

27. The geographical setting
The fixing of standards assumes a different importance de-

pending on whether they are intended for a geographical area com-
prising a number of adjacent and relatively similar countries, or
for a vaster area comprising largely heterogeneous countries.

Whether at regional or local level, if different quality
standards are adopted for two areas on either side of a frontier,
the more polluted population may press for its quality standard
to be revised upwards with reference to the neighbouring area.

C. THE PROBLEM OF HARMONIZING STANDARDS INTERNATIONALLY IN THE
LIGHT OF MEMBER COUNTRIES' POSITIONS

Environmental quality standards

28. As environmental quality standards are by definition instru-
ments for achieving or approaching quality objectives which have
been assigned to a given environment, they will be fixed to match
these quality objectives. They must be set at the appropriate
geographical level.

29. Quality standards thus vary from one country to another or
frome one area to another.

30. Here, however, there is scope for international cooperation:

(i) for an international control of persistent toxic sub-
stances;

(ii) in seeking basic protection levels for the major pol-
lutants, with particular reference to their effects on
man;

(iii) when the environment to be protected is common to sev-
eral countries, and when transfrontier pollution may
occur, countries should jointly fix their quality ob-
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jectives. When several countries decide to join to-
gether in an economic and/or political union, there
will logically be a certain common basis for determnin-
ing and implementing the environmental quality objec-
tives.

(iv) when countries implement programmes to improve environ-
mental quality progressively according to the Guiding
Principles which stipulate that "it is desirable to
strive towards more stringent standards in order to
strengthen environmental protection (paragraph 7)".

Emission standards

31. Emission standards are instrument for reaching a target and
if they are to be effective they must be suited to their targets.
Consequently, it is natural for emission standards to exhibit
many variations depending on the time and place. Even if a qual-
ity objective covers the whole of a country, the emission stan-
dards may vary from one area to another with local conditions, so
that it would (R5obably be economically wasteful to harmonize
these standards .It is no less clear that the environment is
only one of a number of cost factors, or in other words, that the
cost of pollution control is only a fraction of an industry's
total expenditure, so that even if emission standards were all
identical, this would not suffice to make the conditions of com-
petition equal.

32. This problem of the differences between the factors on which
standards depend is mentioned in paragraph 6 of the "Guiding
Principles concefng International Economic Aspects of Environ-
mental Policies" ', and paragraph 7 goes on to say that because
of these factors"...a very high degree of harmonization of en-
vironmental policies which would be otherwise desirable may be
difficult to achieve in practice". Whatever type of standard is
being considered, harmonization accordingly assumes that the
parameters are identical., whereas in reality they are divergent.

33. The result is that disparaties between standards in differ-
ent countries and the consequent differences in costs do not of
themselves cause distortion in trade, but merely reflect the com-
parative advantages of different countries. Moreover, it is
thanks to these comparative advantages that the international
trade takes place. Is it not one of the effects of the Polluter-
Pays Principle to preserve these comparative advantages by pre-

(1)The notion of harmonization assumes a certain measure of
agreement without necessarily meaning that the standards are
identical. Uniform standards are a particular case of harmonized
standards.

(2)C(72)128.
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venting the creation of artificial situations which would conceal
them?

34. The Committee would accordingly seem to have agreed that,
with certain exceptions, it would not be realistic to try to
achieve a systematic general harmonization of emission standards.

35. Where there are transfrontier areas with similar character-
istics and problems, the argument in favour of harmonizing qual-
ity standards may call for some harmonization of emission stan-
dards. Besides, harmonization may be necessary when there are
persistent toxic substances, since the stubborn and enduring
character of these substances creates a permanent threat of
transfrontier pollution.

36. Finally, one may consider that it would be desirable to make
technical, economic and financial studies of the industries
threatened by distortion of competition, an example of which is
the study made of the pulp and paper industry. International co-
operation in studying the techniques and costs of pollution con-
trol in certain particularly polluting industries could provide a
firm basis for the rational management of environmental re-
sources, thus assisting in preventing distortions of competition
and might be of value in the consideration of the harmonization
of emission and process standards.

Process standards

37. The purpose of process standards is to abate polluting emis-
sions, so that what has already been said about emission stan-
dards applies to them also.

However, it may be imagined that the particularly restric-
tive nature of process standards would make them more difficult
to harmonize, since they impose an obligation to use a means
rather than to achieve a result.

Because emission standards leave the choice of ways and
means free, they provide more flexibility and countries can agree
on rates of emission while allowing the use of a whole range of
processes for keeping to them.

In certain sectors, however, international cooperation in
pollution control techniques could lead to the adoption of common
process standards.

Product standards

38. If there is no harmonization, product standards may vary
from country to country or from State to State owing to differ-

*ences between the factors on which they are based.

39. These variations may give rise to non-tariff barriers to
trade, when the products concerned enter into international
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trade, e.g. canned tunny-fish from country A will be refused by
country B, if it does not meet the latter's standards or a coun-
try will be unable to export its motor vehicles if their emission
levels do not comply with the standards in the importing coun-
tries. Moreover, it might be very expensive for a producer to
have to diversify his products unduly in order to make them fit
the requirements of importing countries, so that one might sup-
pose that an international harmonization of product standards
would reduce production costs (in large scale plants) and maxi-
mise the benefits from international trade. One must also pre-
vent standards from being imposed for protectionist purposes.
For all these reasons, various international organisations are
trying to harmonize product standards in general, whether they
affect the environment or not.

40. As regards the environrent, however, the question arises
whether measures adopted for reasons of trade policy might not
jeopardise the protection of the environment. If, for example,
one relaxed a standard for trade reasons, the results might be
damaging to the environment.

Other factors which should be assessed are the importance of
the relevant products in foreign trade and the adaptability of
the various manufacturers, in order to see whether it would be
feasible a task to diversify production for export so as to com-
ply with different standards.

41. But, when it is deemed that the differentiation in product
standards could lead to significant obstacles to trade, harmoni-
zation would be desirable as indicated in paragraph 10 of the
Guiding Principles.

42. There is indeed wide agreement in the Environment Committee
on the need to consider harmonization of product standards when
necessary, taking into account environmental and trade con-
straints. As it is important to prevent the creation of non-
tariff barriers, the harmonization should apply to products in
which there is a large trade, and apart from trade consider-
ations, harmonization could be demanded for toxic substancesl(Ve
use of which is a permanent danger to man and the environment

(')In this connection reference may be made to the Decision of
the Council on Protection of the Environment by Control of Poly-
chlorinated Biphenyls [C(73)1(Final)].
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D. LESSONS TO BE LEARNT FROM THE ENVIRONMENT COMMITTEE'S LATEST

REPORTS

I. The Pulp and Paper Industry

Reference: "Pollution by the Pulp and Paper Indus-
try" (OECD - Paris 1973)

43. In the pulp and paper industry the question is whether
lessons can be learnt from the report referred to with regard to
the possibility and desirability of harmonizing emission and pro-
cess standards internationally. Product standards are not in-
volved.

The ad hoc Group's Report does not deal with this problem,
but instead points out the differences between the situations in
different countries.

Diversity of manufacturing processes

44. The report examines the various processes for manufacturing
paper pulp with reference to the pollution they cause, and also
the processes for controlling the different forms of pollution
(water and air pollution). Some processes are more polluting
than others and the costs of waste treatment techniques vary with
the processes.

45. If, however, the structure of production in the paper pulp
industry varies from one country to another with the relative im-
portance of the various processes found in it, this is not be-
cause of pollution, but because each process yields a different
product. Thus, sulphite pulp is generally used for making news-
print, whereas sulphate pulp is mainly used for making wrapping
paper (Kraft paper).

46. Consequently one cannot expect a uniform process to be
adopted, since the processes used depend on the pattern of pro-
duction. Nevertheless some modernisation of sulphite plants is
taking place, a number of them being small and out of date.

47. Another trend is the growing proportion of sulphate plants,
which is beneficial to the environment to the extent that in
treating the liquid effluent a high proportion of materials is
recoverable, which makes t ie treatment less expensive. However,
the sulphate process has the disadvantage of polluting the atmos-
phere more noticeably than other processes, because it emits gas
with a pungent, disagreeable smell.

Anyway, it would seem to be neither possible nor desirable
to harmonize manufacturing processes.
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Diversity of emission standards and costs

48. The report also brings out the disparities in the regula-
tions for controlling pollution in the pulp and paper industry,
which include prescribing the best available technology method,
the use of uniform minimum standards, case-by-case authorisation,
the levying of pollution charges, etc. Furthermore these various
regulations are undergoing amendment.

49. Again, emission standards vary from one country to another.
The widespread use of a system of case-by-case authorisation to
discharge waste makes it particularly difficult to harmonize
these standards, since each case, whilst being covered by a set
of minimum national standards and/or general guidelines, is
treated separately in the light of local economic conditions and
the assimilative capacity of the receptor media, so that one won-
ders whether a, harmonization of minimum standards or guidelines
would really lead to harmonizing conditions of competition.

50. It should also be noted that agreement on standards is made
particularly difficult by the existence of so many different
methods of measuring pollution.

51. As there are many disparities, it is to be expected that , 5e
costs of pollution control will vary from one country to another,
and indeed they vary greatly (especially as the United States
puts the costs considerably higher than the other countries do
for the industry as a whole, including sulphate pulp). However,
there is much less variation in costs in the sulphate pulp indus-
try, which "has a similar structure throughout the world" (para-
graph 369).

52. But differences in standards are not the only cause of dis-
paraties in costs. For example, the cost of waste treatment may
be considerably affected by the possibility or desirability of
recovering heat and energy in the treatment of semi-chemical and
sulphite pulp effluent, and whether the recovery of heat and
energy will pay or not will depend on the price of energy in the
different countries.

Concentration of paper pulp production

53. It should further be noted that it may not be so useful to
harmonize standards, because the production of paper pulp is at
present concentrated in only a few countries. Indeed, the report
says that 77 per cent of the OECD's production of semi-chemical
pulp is concentrated in only two countries, while exports were no
more than 2 per cent of the total output of pulp in 1970 (para-
graph 367). As regards sulphite pulp, four countries share 65
per cent of the production and 86 per cent of the international
trade in it (paragraph 368). A bigger part is played in inter-
national trade by sulphate pulp, since 20 per cent of the produc-
tion is exported, representing 67 per cent of total exports of
all kinds of pulp (paragraph 370). Nine countries share from 97
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to 98 per cent of the total output of sulphate pulp, which in
turn(fcounts for 68 per cent of the production of all kinds of
pulp

54. All in all, the report does not seem to justify pleading in
favour of an international harmonization of pollution standards
in the pulp and paper industry.

II. Fuel combustion in stationary sources

References: [1] "Report and Conclusions of the
Joint ad hoc Group on Air Pollution
from Fuel Combustion in Stationary
Sources" (OECD, Paris, 1973)

[2] "Recommendation on Guidelines for
Action to Reduce Emissions of Sul-
phur Oxides and Particulate Matter
from Fuel Combustion in Stationary
Sources - C(74)16 1st Revision"

55. There are two dimensions to the problem of standards for
fuel combustion in stationary sources, namely emission and/or
process standards, and product standards when the sulphur content
of fuel requires them.

56. As in the case of the pulp and paper industry, the Joint
Group's report finds a wide variety of policies for controlling
air pollution, due to differences in processes, the connection
with energy supplies, the role of regional planning policy etc.
The report therefore stresses the need to adapt policies to local
factors (paragraph 43) and the fact that "pollution control
strategies should also be different and lead to different priori-
ties in the development of abatement methods" (paragraph 2), so
that it is "unlikely that common action throughout the OECD
countries will be a satisfying solution" (paragraph 130).

The document [2] likewise stresses the fact that the differ-
ent situations in different countries call for 'flexible poli-
cies' (appendix).

57. It is accordingly not a question of harmonising standards,
but of adopting, if possible, common principles. "It would be
very desirable if every country were to use the same conception
of air pollution control on which to bases its action" (Joint
Group's Report, paragraph 130).

58. Meanwhile, several guidelines are proposed in paper [2], in-
cluding recommendation (C) for a degree of standardisation by
setting 'maximum limits to the sulphur content of distillation

(1 )Excluding mechanical pulp.
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fuels', in which case harmonisation would be applied to a product
standard.

59. In addition, it is stressed that States should ensure that
their activities do not cause transfrontier pollution.

III. Eutrophication

References: [1] Report by the Water Management Sec-
tor Group on Eutrophication Control
(OECD), Paris, 1974)

[2] Impact of fertilisers and agricul-
tural waste products on the quality
of waters (OECD, Paris, 1973)

(3] Waste water treatment processes for
phosphorous and nitrogen removal.
(OECD, Paris 1974).

[4] Report of the Expert Group on De-
tergents (OECD, Paris, 1973).

[5] Report on Agreed Projects for Water
Supervision as Part of Eutrophica-
tion Control - OECD, Paris, 1973.

60. The agricultural sector is involved to a considerable extent
in the eutrophication problem, since it is estimated that this
sector discharges on average 30 percent of the phosphorus which
is the main cause of the eutrophication of water.

Industry also is involved, because it manufactures deter-
gents which account for some 35 per cent of the phosphorus dis-
charged into water.

Consequently an international harmonization of standards
would affect farming practice (but could one then splk, of pro-
cess standards?) and product standards for detergents.'

Recommendations regarding processes

61. Eutrophication occurs locally depending on the particular
circumstances of each case, which is why the need is repeatedly
stressed to adapt the remedies or combinations of remedies to
them. Thus report [1] says that "a wide range of methods of con-
trol of eutrophication exists, and Member countries will need to
choose the most appropriate combination of solutions which match
their particular circumstances" (paragraph 36). In agriculture

It should be recalled that 30 percent is an average and that
this value may vary from district to district.
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action should be taken on the same lines (report [2], paragraph
II 41).

62. As a result, the various Expert Groups, after completing
their technical studies, have concentrated in their conclusions,
on the effectiveness of the different methods of controlling
eutrophication. In agriculture a number of recommendations are

made regarding the practices to adopt in given circumstances
(report [2]) and in its report [1] the Water Management Sector
Group states general conclusions regarding the process of eutro-
phication and the methods for dealing with it.

63. It is not in fact a matter of harmonizing emission stan-
dards. Instead, the Report on Treatment Processes [3] makes a

critical analysis of the different processes and arrives at con-
clusions with regard to their relative effectiveness. Thus Mem-

ber countries have a list from which to choose the most suitable
processes in the circumstances, and their ability to make a

choice based on their joint studies is in itself a starting point
for harmonization.

64. Furthermore, certain agricultural practices and industrial-
ized livestock farming processes could perhaps be harmonized, but

the reports quoted do not point to this possibility. Here again
the studies made on the subject lead to a series of conclusions
concerning the effectiveness of a number of different methods
which are intended to be combined and applied in varying degrees
according to circumstances.

Product standards

65. The Expert Groups have clearly established that the phos-

phates contained in detergents are an important cause of eutro-

phication and in this connection the report on detergents [4] is

a valuable guide for finding new formulas for detergents. With-
out advocating any particular formula, it does at least list the

products which should not be used and states clearly the pros and

cons of t beist subst--ttes--f them, as well as their doubtful
features (paragraphs 56 to 93). In addition, as the polluting
effect of phosphates depends largely on the "hardness" of the

water they are discharged into, the report on detergents [4]

recommends "that the formulation of detergent products should be
more closely matched to the hardness of the water in the area of
use..." (conclusions, paragraph 10).

66. Perhaps some standardization could be devised on the basis
of a limited number of water hardness criteria, but one would
have to make sure whether the use of a variety of formulas for

detergents would create genuine commercial problems. In point of

fact, it seems to be fairly easy to change formulas for deter-

gents at the manufacturing stage, which in any case is usually
carried out locally, and international trade is concerned more

with the ingredients.
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Transfrontier pollution

67. When there is transfrontier pollution it is recommended
that, as with fuel combustion, control methods should be harmo-
nized, in this case for controlling eutrophication.

Harmonization of measurement systems

68. It should further be noted that one of the aims of the
agreed projects for water supervision [5] is to "promote a common
system of measurements (covering parameters and methods) with
which to make valid comparisons of data on surface water eutro-
phication in different countries" (page 2).

It is certain that a common system of measurements would
make it much easier to reach agreement on criteria and standards.
Generally speaking, the harmonisation of pollutant monitoring and
analysis techniques constitutes an essential basis for any har-
monisation effort at the level of standards.

IV. Motor Vehicles

Reference: Environmental implications of options in
urban mobility (OECD, Paris 1973).

69. Motor vehicles would seem to be a case in which one might
study the problem of harmonizing product standards, in particular
with regard to air pollution and noise.

70. The report referred to raises the question whether there
should be uniform standards throughout the world (Chapter I). It
agrees that in the short term the existing diversity of standards
may be explained by differences in environment, climate, levels
of car ownership, etc., between countries, but in the long term
it detects in most countries a steady trend towards increased
urbanisation and motorisation and this common trend could lead to
the adoption of common standards by a number of countries.

71. The advantage of coimon standards would be that non-tariff
barriers would be removed and motor vehicle manufacturers would
not have to make their vehicles for export comply with numerous
different standards, although the long list of costs which manu-
facturers have to meet would clearly mean that common standar&6
would not by any means make their respective costs equal.

72. The report concludes that "regional harmonization" is re-
quired, i.e. "among countries whose environmental conditions and
levels of car ownership are similar", and that the general adop-
tion of common standards might follow in the long term.

73. The report also recommends

- that international agreement be sought on adopting
uniform test procedures (for measuring pollution
and noise);
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that countries should mutually recognise and ac-
cept the results they obtain from test measure-
ments cf emissions (pollution and noise);

that the standards for the lead content of motor
vehicle fuels should be brought into line.
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ANNEX

ENVIRONMENTAL STANDARDS; DEFINITION AND TERMS USED

A. Definitions used by the United Nations Conference on the
Human Environment* an--d by the World Health Organia-tion.

exposure: the amount of a particular physical or chem-
ical agent that reaches the target;

target: (or receptor): the organism, population or
resource to be protected from specified risks;

risk: the expected frequency of undesirable effects
aris ing from a given exposure to a pollutant;

criteria: (or exposure-effect relationships): the
quantitative relations between the exposure to a pollu-
tant and the risk or magnitude of an undesirable effect
under specifieU-rcumstances defi-ned by environmental
variables and target variables;

primary protection standard: an accepted maximum level
of a pollutant (or its indicator) in the target, or
some part thereof, or an accepted maximum intake of a
pollutant or nuisance into the target under specified
circumstances;

derived working levels (or limits): maximum acceptable
levels of pollutants in specified media other than the
target designed to ensure that under specified circum-
stances a primary protection standard is not exceeded;
(derived working levels are known by a variety of
names, including environmental or ambient quality stan-
dards, maximum permissible limits and maximum allowae
concentrations. When derived working Ieves apply to
products such as food or detergents, they may be known
as product standards).

the maximum acceptable release of a pollutant from a
given source to a specified medium under specified cir-
cumstances may be termed a discharge (or effluent or
emission) standard or a release limit. Effluent
charges levied on the release of pollutants and mate-
rials taxes or price adjustments levied on material-
wfich may become pollutants may also be used to limit
the release of pollutants; (in order to meet discharge
standards or release limits, it may be necersary to set
various types of technological standards ar codes of

*"Identification and Control of Pollutants of Broad International
Significance" - A/CONF/48.8, page 44.
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practice concerned with the performance and design of
those technologies or operations lea4ing to the release
of pollutants).

derived working levels and the various means used to
meet them are collectively termed derived standards and
other controls;

action level: the level of a poliutant at which speci-
liRedmergency counter-measures, such as the seizure
and destruction of contaminated materials, evacuation
of the local population or closing down the sources of
pollution, are to be taken.

B. Definitions used y the European Communities

1. Criteria

1.1. The term "criterion" signifies the relationship between
the exposure of a target to pollution or nuisance, and
the risk and/or the magnitude of the adverse or unde-
sirable effect resulting from the exposure in given
circumstances.

1.2. "Target" means man or any component of the environment
actually or potentially exposed to pollution or nui-
sance.

1.3. The "exposure" of a target, envisaged in this relation-
ship, should be expressed as numerical values of con-
centration, intensity, duration and frequency.

1.4. "Risk" is the probability of occurrence of adverse or
undesirable effects arising from exposure to a pollu-
tant or nuisance considered alone or in combination
with others.

1.5. The "adverse or undesirable effect" envisaged in this
relationship may be either a direct or indirect, early
or late, simple or combined action on a target. The
risk and the magnitude of this effect should be ex-
pressed, whenever possible, in quantitative terms.

1.6. A harmonization of the methods of evaluating the param-
eters describing exposure and adverse or, undesirable
effects should be attempted to ensure the comparability
of the results from studies and research on criteria.

2. Quality objectives

2.1. The "quality objective" of a medium refers to the set
of requirements which must be fulfilled at a given
time, now or in the future, by a given medium or par-
ticular part thereof.
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2.2. In setting this objective, account may be taken of:

(a) a "basic protection level" such that man or an-
other target is not exposed to any unacceptable
risk;

(b) a "no-effect level" such that no identifiable ef-
fect will be caused to the target.

These two levels are determined on the basis of
the criteria described above.

Account is also taken, where appropriate, of the
specific conditions of the regions, of possible eff 5 s
on neighbouring regions as well as of intended use

3. Environmental protection standards

3.1. "Standards" are established in order to limit or pre-
vent the exposure targets and may thus constitute the
means of achieving or approaching quality objectives.
Standards are directly or indirectly addressed to indi-
viduals or responsible bodies and set levels of pollu-
tion or nuisance that may not be exceeded in a medium,
a target, a product, etc. They may be established
through legislative, regulatory or administrative
action or by means of mutual or voluntary acceptance.

3.2. Standards include:

3.2.1. "Environmental quality standards" which prescribe, with
legal force, the levels of pollution or nuisance not to
be exceeded in a given environment, medium, or part
thereof.

3.2.2' "Product standards" (the term product is used here in
its broadest meaning) which:

(a) set levels of pollutants or nuisances not to be
exceeded in the composition or in the emissions of
a product;

(b) or specify properties or characteristics of design
of a product;

(c) or are 2z1cerned with the way in which products
are used ,.

(1 )See item 1.5 of the preceding observations.

(2)Such methods of use and specifications may be issued in the
form of "codes of practice"
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Product standards may include, where applicable,
testing, package marking or labelling specifications.

3.2.3. Standards for stationary installations, sometimes
called "process standards" such as:

(a) "emission standards", which set levels of pollu-
tants or nuisances not to be exceeded in emissions
from stationary installations;

(b) "installation design standards", which determine
the requirements to be met in the design and con-
struction of stationary installations in order to
protect the environment;

(c) ,oPerating(,tandards", which determine the re-
quirements I to be met in the operation of sta-
tionary installations in order to protect the en-
vironment.

3.3. on occasion it may be appropriate to set standards even
though related criteria and quality objectives have not
yet been formulated.

4. General
In allinstances, as knowledge develops, criteria, ob-
jectives, standards and codes of practice will need to
be periodically reviewed and, where appropriate, modi-
fied.

(1 )Such methods of use and specifications may be issued in the

form of "codes of practice".
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EUROPEAN COMMUNITIES

TERMINOLOGIE EN MATIERE DE PROTECTION DE L'ENVIRONNEMENT

ENVIRONMENTAL PROTECTION TERMINOLOGY

GLOSSAIRE/GLOSSARY

French English German Italian Dutch

Critere Criterion Kriterium Criterio Criterium

Cible Target Objekt Bersaglio Object

Exposition Exposure Exposition Esposizione Blootstelling

Risque Risk Risiko Rischio Risico

Effet de- Adverse or Nachteilige oder Effetto sfacorevole Ongunstig of onge-
facorable ou undesirable unerwunschte o indesiderabile wenst effect
indesirable effect Wirkung

Objectif de Quality Qualitatsziel Obiettivo di Doelstelling
qualite objective qualita

Niveau de pro- Basic protection Basis-Schutz- Livello di Basisniveau foor
tection de base level Niveau protezione. gezondheids-

di base bescherming

Niveau a effet No-effect level Null-Effekt-Niveau Livello a effetto Effectloos riveau
nul nullo

Normes Standards Normen Norme Normen

Normes de Environmental Umwelualitats- Norme di qualita Kwaliteitsnormen
qualite de quality normen del l'ambiente inzake het milieu
l'environment standards



French English German Italian Dutch

Normes de Product standards Produktnormen Norme di prodotto Productnormen
produits

Normes de Process standards Ver-fahrensnormen Norme di pro- Procedenormen
procedes cedinento

Normes d'emis- Emission standards Emmissionsnormen Norme di emissione Emissienormen
sion

Normes de con- Installation Bauartnormen fur Norme di pro- Conceptnormen en
ception ou de design Anlagen gettazione o di constructienormen
construction costruzione degli voor installaties
des installa- impianti
tions

Normes Operating Betriebsnormen Norme di Bedrijfsnormen
d'exploitation Standards utilizzazione



URBAN LAND USE PLANNING FOR INDUSTRIAL DEVELOPMENTa

Edward J. Kaiserb

The purpose of this paper is to provide those in the indus-
trial development field with a glimpse .of the local governmental
land use planner's perspective on planning for industrial govern-
ment. I am not trying to present this view as good or bad, right
or wrong; only to present it the way it is. The purpose is to
increase your understanding of land use planning and its role in
industrial development and by virture of your response, the
understanding of this land use planner. My hope is that our dis-
cussion may lead in the direction of mutual professional growth.

A few points of clarification: the views presented are
meant to represent those of the land use planning profession
working at the local level of government or possibly at the met-
ropolitan level; not those of the economic development planner,
regional planner, social policy planner concerned with providing
compensatory social services, nor those of the private consultant
on industrial development strategy or site development. For pur-
poses of this discussion, industrial development includes manu-
facturing and wholesaling activity but not the extraction of raw
materials or the retail distribution of goods and services.

1. The Urban Land Use Planner's Conceptual Model of Industrial
Development

This urban land use planner conceives of the industrial de-
velopment planning problem as consisting of three related parts:
the industrial development decision system, the community's urban
development guidance system by which the planner hopes the com-
munity may influence the course of industrial development toward
community welfare objectives, and thirdly the means by which in-
dustrial development outcome may be evaluated for its impact on
community welfare. The industrial development system itself con-
sists of three parts: the decision process, factors which influ-
ence that process, and the outcome of the decision process.

aprepared for presentation at the Ba,,ic Industrial Development

Course, Institute in Industrial Development, University of North
Carolina at Chapel Hill, Chapel Hill, N.C., October 30-November
3, 1972. This paper has since been revised for inclusion in an-
other volume.

bAssociate Professor, Department of City and Regional Planning,

The University of North Carolina at Chapel Hill.
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Figure 1 diagrams the way in which these components of the indus-
trial development model relate to each other in the perspective
of the land use planner.

Figure I

The Planner's Conceptual Model of
Industrial Development

Community's The Industrial Development System Evaluation of
Urban Industrial
Development Development Development Industrial Development forj
Guidance Decision Docision 0 Development Colmmunity wide
System Factors Process Outcome Welfare

It is the middle part of this conceptual model with which
the industrial development organization will be most concerned.
That is where such a professional is devoting most of his time
and effort. Thus that is where we will begin, with a discussion
of decision factors and decision outcomes.

There are three types of decision factors which are of int-
erest to the land use planner and hopefully to the industrial
development profession: contextual factors, property character-
istics, and decision agent characteristics. Each type influences
the decision processes in an unique manner, and each is related
to the guidance system in an unique manner.

Contextual factors include considerations that limit and
determine the overall rate and type of change in the community,
determine its relative attraction to industrial development com-
pared to other communities, determine the relative impact of
property characteristics on the development decisions, and deter-
mine the impact such development will have on community goals and
problems. Contextual factors include such items as tax rates,
water and sewer capacities, power supply, availability of raw
materials, economic structure, overall characteristics of the
industrial land supply, labor market, access to regional markets,
labor union attitudes, quality of schools and general community
livability.

Property characteristics are of three types. Physical char-
acteristics, such as topography and soil conditions, are inherent
to the land and cannot be changed except by direct modification
of the site itself, e.g., by grading. They must generally be
accepted as constraints and cannot be much influenced by the
community's policies and the action instruments of its guidance
system. Locational characteristics, on the other hand, are not
inherent i. the land but are derived solely from the relative
location of the site with respect to the spatial pattern of pros-
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pective employees and markets, transportation networks, and sur-
rounding properties. Neighborhood quality and accessibility to
the regional transportation system are examples of locational
characteristics. Changes in locational characteristics thus de-
pend on developments occurring off-site since the site itself is
fixed in space. Perhaps then we might consider locational char-
acteristics more subject to influence by the guidance system.
The third category, institutional characteristics of the site,
represents attributes that are applied directly to the site, but
which are not inherent in the site. Imposed by social institu-
tions including government, they include such things as the
site's zoning, parcel sizes, site cost, its inclusion or exclu-
sion from various service districts such as water, sewer, fire
protection, police protection, trash collection, and from taxing
districts. Institutional characteristics are obviously subject
to change by local government's guidance system.

Decision agent characteristics, including those of the pre-
development landowner, the development agency, industry type, and
type of firm, are the third important set of factors influencing
the location of industries. Decision agent characteristics are
not generally influenced directly by public policy in the way
that contextual factors, locational and institutional property
characteristics are, short of the municipality itself forming an
industrial development agency and becoming a direct participant
in the industrial development process.

As outputs of the industrial development decision process we
might list such outcomes as type of industry (heavy or light,
history of labor problems), level of activity (number of employ-
ees, output capacity), location, site and plant design, wage
levels, assessed value of plant and equipment, and its demand for
public services including solid and liquid waste collection and
treatment, fire protection, power, water and so on.

While the industrial developer focuses directly on the deci-
sion process in the middle of our conceptual model, playing an
activist role in trying to influence the participants of the
decision process, the urban land use planner extends the model to
include the guidance system factors and the evaluation factors.
He then concentrates on these two extensions of the model rather
than becoming actively involved in the development decision. His
interest in the guidance system derives from the purpose of
planning which is to guide development so that the interests of
the general public are served. The planner's concern for extend-
ing the model in the other direction, to include evaluation, is
based on his need to seek the answer to the question, "so what?",
"What is the impact of a potential industrial development for
community welfare?"

The community's urbanization guidance system has two parts,
decision guides and action instruments. The decision guides are
the plans and policies of the public decision makers (e.g., the
county commissioners or city council). The land use plan, which
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will be discussed in detail below, is one of these. Decision
guides do not intervene directly in the industrial development
process by changing the input factors but rather indirectly
through their influence on the action instruments of local gov-
ernment and more subtly through their persuasive power on private
decision makers.

The direct action instruments, on the other hand, intervene
directly in the industrial development process. They consist of
regulations (zoning, subdivision regulations, health and sanita-
tion codes, emission standards, and so on), public investments
(highways, water and sewer systems, land acquisitions for indus-
trial parks), incentive/disincentive programs (e.g., taxation
practices and, allowances, and charges for development services
such as water and sewer), and finally the informal role of the
planner in providing information, advice, and persuasion directly
to the development decision process when the opportunity arises.
It is through this guidance system that the land use planning
process hopes to influence industrial development to achieve
community welfare.

To the planner industrial development is not an end in it-
self. In addition to influencing the industrial development
system through the guidance system the planner is interested in
evalaating the impact of industrial development on community wel-
fare. Thus, the evaluation of the industrial development is in-
cluded as the third part of the model. Here the planner is
concerned with evaluating the impact of the industrial develop-
ment on the local government's fiscal picture (i.e., its implica-
tions for revenues and costs to local government), impact on the
local environment (e.g., displacement of ecosystems and the re-
siduals problems of solid wastes, liquid wastes, air pollutants,
noise, glare), impact on the local economy (e.g., economic sta-
bility, per capita income, growth potential, spin-off economic
growth, unemployment), and the further stimulus to urbanization
provided by increasing the number of jobs in the local scene
(e.g., residential development, commercial development, high-
ways).

Figure 2 summarizes the concepts discussed to this point in
the paper. The remainder of the paper will discuss three parts
of this conceptual model: the land use plan as an example of a
decision guide, the action instruments component of the guidance
system, and cost/revenue analysis as an example of evaluation.

II. Designing the Long Range Land Use Plan as a Policy Instru-
ment

Stuart Parry Walsh, President of Development Planning Asso-
ciates, has stated that a frequent initial mistake in industrial
land development is neglecting to inquire closely about future
development of surrounding land. "The adjoining farms may be
about to produce heavy crops of subdivisions whose residents will
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THE URBAN LAW USE PLANNER'S CONCEPTUAL MODEL OF INDUSTRIAL DEVELOPMENT



probably protest the nearby presence of an industi al tract...Or
the city may have one of the adjacent farms in view for a new
sewage treatment plant. Or a new airport may be planned for a
location that will be considerably more distant from the property
than the present one." (Walsh, 1963, p. 1)

Attention to a long range comprehensive land use plan and
the planning process behind it by the community's legislative
body, the industrial development organizations and prospective
firm can help avoid this mistake on the part of both public and
private decision makers.

The land use plan is a design for the future physical form
of the city. The plan usually features a large-scale, map-like
drawing of the long range, physical design of the whole corn-
munity, calibrated to a fixed point in future time (usually some
20 to 25 years hence) or to a fixed population level. This phy-
sical design is expressed in general, not detailed terms, and
covers the spatial distribution and densities of land use activ-
ities including industrial uses, public and private facilities,
circulation and utilities, and sometimes a civic design proposal.

Land use plan making is perhaps the most traditional and may
still be the most common context from which an urban planner
views his role in industrial developments.

The land use plan making process consists of three phases:
"tooling up" studies, estimating future location and space re-
quirements, and formulating the land use design plan.

Tooling up studies: In preparing for land use plan making,
the planner traditionally conducts a series of studies under the
general heading of "tooling up" for land use planning. Involved
here are studies of the urban economy, analyses and projections
of employment and population, survey of resident attitudes and
behavior, studies of the natural physical setting and natural
processes occurring in the urban region, studies of the existing
man-made urban physical plant (houses, utilities, etc.), and
vacant land studies.

Of first importance are the studies of the structure and
vitality of the urban economy as a key consideration in gauging
the amount and the rate of land development that is likely to
occur in a city. Accordingly, considerable attention is given to
methods of studying the makeup and general health of the urban
economy. Projection of employment and population prospects for
the future are then made as extensions 'of these foundation
studies. The employment projections supply the actual yardsticks
needed for estimating amounts and rates of future land develop-
ment.

These basic studies devonstrate the planner's recognition
that the growth destiny of an urban center is largely determined
by its productive activity. Production and distribution activi-
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ties in the city or metropolitan area create jobs, and employment
opportunities attract people. Most fundamentally, then the land
use planner assumes that the urban economy, especially the eco-
nomic base industries, conditions the amount of future land de-
velopment that needs to be accommodated. Thus studies of basic
employment are a key element in population forecasts, and popu-
lation estimates are then used in scaling land requirements for
urban residential and the service employment activities required
by those residents. More directly, for industrial development
estimates of future land requirements for industrial uses are
based on manufacturing employment prospects.

It is important to note the planner's attitude toward eco-
nomic development in this process. It is largely passive; he is
making projections as a step toward land use planning; he is not
planning the amount and type of economic development.

With the growing concern for environmental quality now
sweeping the nation, however, attempts to structure local indus-
trial activity take on a new light. Many planners can now be
found among the burgeoning group who question the whole "growth"
consciousness we have taken for granted in the past. Perhaps
this change in consciousness of some planners and citizens is
somehow psychologically associated with the concern for popula-
tion explosions and environmental deterioration. At any rate,
we can expect planners increasingly to question industrial devel-
opment instead of merely accepting it as desirable, asking how
much, finding the space for it, and tracing out the land use im-
plications on a map as he has done in the past.

Examples abound. Oregon, as you know, now has a state
policy to discourage immigration. "Please come visit; but don't
stay." The governor of Delaware has initiated action a year ago
to abate the location of proposed industries along the sensitive
ecological areas of Delaware's Atlantic coastline. The law will
reportedly block the realization of several thousand jobs and
$750 million in planned developments including a large oil re-
finery (Wall Street Journal, November 4, 1971). Closer to home,
Chapel Hill turned a cold shoulder for environmental reasons to
the overtures of Fiber industries to locate on a nearby Orange
County site. Last fall, the prospective location of Whittaker
Industries in Northern Orange County caused such questioning
about potential environmental pollution, lack of adequate water
volume in the source stream and sewage treatment capacity, and
the high cost of supplying public utilities to the site, that the
community withdrew its support. Finally, the American Society of
Planning Officials is currently preparing a Planning Advisory
Service report which promises to delve into "nongrowth" planning
strategies. (ASPO Newsletter, November, 1971)

In addition to those studies concerned with estimating the
demand for land space, the tooling up studies also include a
series of Studies concerned with the land and facility supply
side of the picture. These include a study of the existing land
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use pattern, a survey of the condition of present public and pri-
vate property improvements, and their capacities including indus-
trial plants; and a survey of vacant available land. These
studies describe the characteristics of the land supply for urban
development, including industrial development.

Estimation of future requirements for base economic activity

After the economic analysis and other "tooling up" studies,
the second step in the traditional land use plan making approach
is the derivation of locational principles and standards and the
derivation of space using requirements.

Locational requirements. These begin with statements of
general principles on the location of employment. For example
those suggested by Chapin (1965, pp. 372-373) are:

Manufacturing Areas

1. Reasonably level land, preferably with not more than 5 per
cent slope, capable of being graded without undue expense.

2. Range of choice in close-in, fringe, and dispersed loca-
tions.

Extensive manufacturing: large open sites for modern
one-story buildings and accessory storage, loading and
parking areas in fringe and dispersed locations, usu-
ally 5 acres as a minimu, with some sites 10, 25, 50,
or 100 or more acres depending on size of urban areas
and economic outlook for industrial development of ex-
tensive lines of activity.

Intensive manufacturing: variety of site sizes for
modern one-story or multiple-store buildings and acces-
sory storage, loading, and parking areas in close-in
and fringe loc~tions, usually under 5 acres.

3. Direct access to commercial transportation facilities; in
fringe and dispersed locations, access to railroad, major
trucking routes, cargo airports, and, in some urban areas,
deep water channels; and in close-in locations for a major
proportion of sites, access to both railroad and trucking
routes, with the balance adjoining trucking thoroughfares
or, if appropriate, port areas.

4. Within easy commuting time of residential areas of labor
force and accessible to transit and major thoroughfare
routes directly connected with housing areas.

5. Availability of utilities at or near the site such as power,
water, and waste disposal facilities.

111-250



6. Compatibility with surrounding uses, considering prevailing
winds, possibilities of protective belts of open space, de-
velopment of "industrial parks," and other factors of amen-
ity both within the manufacturing area and in relation to
adjoining land uses.

Wholesale and Related Use Areas

1. Reasonably level land, preferably with not more than 5 per-
cent slope, capable of being graded without undue expense.

2. Range of choice in close-in and fringe locations, site sizes
usually under 5 acres.

3. Direct access to trucking routes and major street system for
incoming goods and outgoing deliveries; frontage on a com-
mercial street or in well-served wholesale centers essen-
tial; railroad access for minor proportion of sites or cen-
ters.

4. Suitability for development of integrated centers, with
consideration for amenity within the development and ad-
joining areas.

Another example of statements of locational principles or
criteria is provided by a report on Industrial Land Development
for the Baltimore Regional Planning Council by Dorothy Muncy. It
was done in 1959, but is still representative. (Muncy, 1959, pp.
55-57)

Criteria for Future Industrial Land

Objective: A planned distribution of industrial activity
throughout the Region, among most of the planning areas within
each County and the City, to avoid the inefficiencies of indus-
trial congestion.

1. Land must be physically suitable for industry.

First quality industrial sites are level, well drained and
accessible. Cast-off land, not considered useful for any other
purpose, will not qualify as satisfactory (or marketable) plant
sites. Therefore, swampy, hilly, remote or inaccessible land
does not constitute a useable industrial land reserve.

The gradient usually should not be over 5%. Occasionally
sites with steeper grades, if well located with respect to free-
ways or railroads and to centers of population, can be economi-
cally graded for industrial use.

Exceptions:

a. Land near deep draft channels is becoming so scarce
that drainage and load bearing problems will not be
considered a serious deficiency.
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b. Laboratories and headquarters office buildings are now
beginning to seek large suburban sites partly level but
with some sections having rolling terrain, trees,
streams and other interesting natural features.

2. Utilities and services should be available or feasible.

Large industrial establishments often drill wells for their
water supply, construct their own water and sewage treatment
facilities, and are such large consumers of power that utility
lines can be extended profitably to remote sites. Small indus-
trial plants, however, are not self-sufficient, and must rely
upon the community for services. In planning for extension of
future water mains and sewer trunk lines, therefore, the availa-
bility and suitability of adjacent land for industrial use must
be considered.

3. Railroad sites continue to be vital to many industries.

Prime railroad-served sites are land fronted by a major
highway and backed by the railroad. When the highway and rail-
road are immediately adjacent, requiring a grade crossing to
reach the plant site, such a location is not prime industrial
land.

Sites to be zoned for industry along the railroad should be
not less than 1,000 feet in depth, preferably 2,000 feet or more.
Shallow tracts under 500 feet in depth restrict expansion and
cannot be used efficiently by most types of industries requiring
rail service only exceptions are central city sites.

4. Prominent sites on freeways are an important new location
trend for industry.

Many light industries and laboratories do not require rail
service at the plant site allowing greater flexibility in their
site selection. The standard for plant location with respect to
distance from a highway formerly was within one mile from a major
road. Now the trend is to locate immediately adjacent to a
limited access highway. Industries seek the advertising advan-
tage of a prominent site for their attractive new plants, as well
as the economy of an uncongested route for employees driving to
and from work and the availability of the freeway for truck ser-
vice.

Industry should not have to locate in back of a residential
area. Back of residential locations, or sites which require in-
dustrial traffic to move through narrow residential streets to
reach the major highway are indicative of poor community plan-
ning. Such sites cannot compete market-wise with attractive
prominent locations.

Front land along freeways and, particularly, sites at exist-
ing and possible interchange points are prime. However, all four
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corners of the interchange should not be zoned for major traffic
generators. Freeway capacity can best be preserved by distribu-
tion rather than concentration of industry.

Highway sites can vary in depth from a minimum of approxi-
mately 600 to 800 feet up to 2,000 feet or more. It must be
remembered that for sites fronting on freeways, space for front-
age or service roads must be provided.

The great need in every growing metropolitan area is circum-
ferential freeways, with the existing radial highway pattern
focused upon the urban center, industries locating in the suburbs
need adequate linkage between the dispersed communities. Such
circumferential roads provide excellent sites for industry, with
or without rail.

5. Land adjacent to or near airports should be reserved for
special airport-oriented industries.

Industries which require flight test facilities, or are
dependent upon air freight for a substantial portion of their
receipts and shipments should have the opportunity to locate near
an airport. Also, some industrial firms now seek the time-saving
advantage of proximity to an airport terminal because of the ex-
tensive air travel required in a headquarters office, operating a
laboratory (for example the Research Triangle Park), or a
national service center.

6. Land near existing or potential deep-draft channels should
be reserved for tanker transport industries.

This report has strongly recommended that large tracts of
waterfront land be immediately rezoned for industrial use, and
that these prime sites, because of theiz scarcity along the East-
ern Seaboard, be reserved exclusively for water-transport ori-
ented industries.

7. Environs of industrial sites must be attractive, not
blighted.

Responsible industries, like mkost individual families
planning to build a new home, want to locate in an area that is
and will remain attractive. Modern management is spending
millions on modern architecture and landscaping for new plants.
Industry does not want to build next to blighted areas, whether
residential or industrial.

8. Size of industry tracts should vary.

In the past, many communities have followed the practice of
concentrating all industrially zoned land into two or three large
districts, under the assumption that this segregation of industry
best protected the community. Such concentrations of employment,
however, can generate a traffic density which will paralyze ve-
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hicular movement on adjacent highways during the morning and
evening changes of shift.

Many industries today, however, seek large open sites where
they usually build upon less than 20% of the land, and where they
will not be crowded by more densely developed industrial neigh-
bors. A major reason for industry's movement out of the central
city is to avoid traffic congestion.

Therefore, the Region in selecting land for an industrial
reserve should provide for three types of industrial sites:

a. Individual plant sites, ranging from 25 to 10 acres or
more.

b. Planned industrial district sites, minimum size of
approximately 10 acres.

c. Special site,. for industries requiring large land
areas, ranging from 200 to 1,000 or more acres.

A planned "scattering of laboratories, headquarters offices
and factories on industrial sitcs has both physical and aesthetic
advantages. A more "open spaced" development of the region can
be obtained. An individual plant or laboratory, with a low
structural density (i.e. land coverage) can provide "a green
oasis" among commercial and residential developments.

Too large a concentration of industrial plants must be pre-
vented through planning and zoning. The major exception is
waterfront land now served by a navigable channel or with the
potential of deep draft navigation. The scarcity of such land,
together with the low employment and structural density charac-
teristics of the industries which require such locations, warrant
industrial zoning of all such waterfront land.

9. "Nuisance" industries need efficient locations.

Every metropolitan region requires industries often regarded
as "nuisances." Junkyards, open storage of construction mater-
ials, and fuel storage areas are usually objected to first, as a
hazard to health or property, and second, because of their
appearance.

Baltimore as a great steel-producing Region is dependent
upon a large local supply of scrap. Coal, oil and gas will con-
tinue to be major sources to energy for the industries and homes.
Even with. new inflatable storage domes to provide cover, con-
struction materials will require large land areas. Therefore,
efficient sites must be provided for these industries.

While such uses are not entitled to "front" sites along the
freeways, proximity to major highways is prerequisite. The truck
traffic generated by these activities should not travel through
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residential areas to reach the storage facilities. However,
additional zoning controls will be required to protect adjacent
land uses.

The Need for Long Range Reserve

Industrial land must be reserved well in advance of the
Region's need. Good land should be set aside now to meet the
anticipated industrial growth in the next 10, 15 or 20 years, and
even beyond. This concept of reserving land for future economic
activity is not easily understood or readily accepted.

Chapin and Muncy are illustrative of the kinds of factors
which would be covered in a statement of guiding principles for
the location of industrial activities.

Sometimes the principles are refined into a set of more spe-
cific yardsticks called location standards. They supply more
specific measurements for location principles. Thus, "easy com-
muting time" may be converted to a convenience standard of "20 to
30 minute maximum commuting time." Sometimes the locational
principle can be converted to a performance standard, particular-
ly for industrial uses. Deriving from health, safety and amenity
aspects of the public interest and neighboring private property
interests, (as opposed to convenience aspects discussed above),
performance standards might provide criteria for evaluating the
hazards or nuisances such as smoke, dust, noise, glare, odor,
wastes, or traffic often created by industrial uses. ASPO's
Dennis O'Harrow, in 1951, began urging performance standards as
the primary basis for the location of industrial activity.
(O'Harrow, 1951; Chapin, 1965, p. 378). Although largely associ-
ated with industrial zoning ordinances, performance standards can
also be used as criteria for deliniating industrial land use
zones in the land use plan making process instead of the more
traditional approach under which industries were grouped into
light, medium, heavy, and unrestricted categories regardless of
their actual operation of a particular firm.

Trial Application of principles and standards. The location
principles and standards, together with major assumptions and re-
sults of the "tooling up" studies may be used to outline tenta-
tive locations of industry (and other uses) in schematic form.
By schematic, we mean that location principles are applied to the
specific urban site in map form to suggest a desirable land use
pattern without regard yet to the amount of space needed.

Space requirements. The question here is: how much space
should be reserved for industrial uses? residential uses? com-
mercial uses? public facilities? This step is one of scaling
the land area required to accommodate industrial growth as well
as the concommitant residential and commercial growth over the
next 20 to 30 years. We can break down the process of estimating
space requirements for industrial land uses into three steps:
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I. Analyze the characteristics of existing manufacturing
and wholesale uses in the planning area with particular
attention to densities, conditions of plants, excess
site capacities, and trends in space usage.

2. Develop local standards for future densities in number
of employees per acres for each category of manufactur-
ing and wholesale activity based on anticipated growth
in each category, expected and desired changes in in-
tensity of use due 'to modern industrial technology,
goals and objectives, and location in the metropolitan
pattern (inner city vs. suburban location). For exam-
ple, Muncy's industrial land development report for the
Baltimore region predicted the density of industrial
workers will be reduced from a regional average of 32
employees per acre to 12 employees per acre in 1980.
(Muncy, 1959)

3. Apply the density standards for each category of manu-
facturing and wholesale employment to obtain an esti-
mate of future land requirements in acres by category
of industrial activity.

A more detailed explanation of these steps may be obtained
in Chapin's Urban Land Use Planning text, pages 386-400. (Chap-
in, 1965)

The land use design. The final step in the land use plan
making process is the creative integration of the information and
understanding generated in the previous steps. This procedure
includes determining how the supply of vacant and renewal land,
as described by the tooling up studies, matches up to the loca-
tional and space need requirements. Trial distr:"'utions of pro-
jected industrial land demands are made onto this land supply by
referring to the location principles and standards, the schematic
land use design, and the estimated space needs.

The result of this process is a land use plan, which in-
cludes industrial uses as an integral part of a proposed design
for the future urban activity pattern of the community. It is
based on projected growth, the existing pattern of urban uses and
community infrastructure (utilities, transportation, schools,
parks and so on), the physical characteristics of the urban
region, and certain locational principles which are based on both
the need for land uses to relate well to each other and the need
for urban activity and urban development to relate to the natural
processes of the land-water-air environments.

In addition to the general land use plan, special industrial
development plans are sometimes made by plaiining agencies as part
of the comprehensive planning prougram. (For example, see Balti-
more Regional Planning Council, 1959; Center for Urban Studies,
University of Chicago, 1966; San Diego City Planning Department,
1970; New York State Division of Housing and Community Renewal,
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1963.) In their general approach, none differ greatly from the
rationale described above. All of them however devote more spe-
cific attention to particular local problems, to recommendations
for their solution, and to the implementation of solutions.

Perhaps one of the more commonly used plans for reference
purposes, is Dorothy Muncy's, Industrial Land Development, Tech-
nical Report No. 2; Baltimore Regional Planning Council, Maryland
State Planning Commission, done in 1959, 13 years ago. The pur-
poses of this industrial land study were:

"(a) to determine the land area requirements of industries
which have long been basic to the Region's economy, and of
new industries growing from an expanding technology, which
could advantageously locate in the Baltimore Region; (b) to
recognize the diversity of location requirements of indus-
tries that are now or will be in the Baltimore region, par-
ticularly noting new trends in industrial management's loca-
tion criteria; and (c) to identify future locations for in-
dustry in the Baltimore Region that would be best served by
the highways, deep water channels, and utility extensions to
be built within the next twenty years. ... The Baltimore
Regional Planning Council decided to look at the total land
of its Region and to identify general areas (but not spe-
cific sites) which could provide the most attractive and
efficient sites for the factories, laboratories, warehouses,
and terminals to be built in the next twenty to twenty-five
years." (Muncy, 1959, p. 8) (emphasis added)

The report contains four elements: (1) an analysis of industrial
employment and a projection for 1980; (2) an inventory of indus-
trial land use and industrial zoning; (3) an estimate of indus-
trial land requirements for 1980; and (4) a map recommending for
local consideration major areas with potential for industrial
development.

The similarity is obvious between this special report on
industrial land and the general approach outlined above.

The land use plan and the process of planning inquiry which
lies behind it provides some useful assistance in industrial
development. It provides:

"an overall general policy statement about the pattern of
future development for the community. Such a plan is a use-
ful step toward identifying the land needs and a potentially
appropriate land supply. Nature alone cannot create good
industrial sites. And industry has special land and loca-
tion requirements that cannot be met most efficiently from
land left over after residential, commercial and public uses
have been designated. Advanced planning for industry, in
the context of the full network of urban functions, is
necessary. Zoning, advanced land acquisition, the location
of airports, highways, water and sewer trunklines and treat-
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ment facilities, flood control projects all enhance or even
largely create prime sites for industry (when planned and
coordinated). Conversely, planning without an awareness of
industry's needs, or the implementation of local governmen-
tal regulations and public investments without either plan-
ning or an awareness of industry's needs, can destroy poten-
tially excellent sites from what is almost always a limited
supply." (Muncy, 1959)

Secondly, the process of developing a land use plan provides
a rich store of information and analyses for both public and pri-
vate decision makers, including industrial developers: the base
maps and tables from surveys of existing urban uses, densities,
vacant land characteristics, natural characteristics, utilities
and other services, and economic and population analyses and pro-
jections.

The comprehensive planning context for industrial develop-
ment also has decided limitations, however. The comprehensive
plan itself emphatically focuses on ends, not means. It de-
scribes where to be, but ncr; how to get there. The comprehensive
plan therefore, does not ordinarily include schedules, priori-
ties, cost estimates, zoning ordinance, capital improvement pro-
gram, or detailed project or small area development plans.

The plan is long range, usually looking ahead at least twen-
ty years, and focusing attention on the end point of that scale.
Little attention is given to the intervening time period or for
ongoing development after that time.

In maintaining a high level of generality, the plan stresses
the general location, character, and extent of major physical
components of the future city.

In short, the plan is a generalized but scaled presentation
of future development at a point in time. It is not a detailed
blueprint, but remains always a general, schematic guide; a
policy statement.

An important implicit assumption exists in this traditional
view. The planner is assuming that the existing and future econ-
omy, with its implied employment and population consequences, are
givens. They are assumed as projections or, if controlled, at
all, controlled only by higher order policy. The scope of land
use planning is to design a land use pattern to accommodate the
projected economic activity and the residential and retail activ-
ity it generates in the surrounding urban region This land use
design becomes the principal component of the so-called compre-
hensive plan.

All in all, this comprehensive land use planning approach
may be labelled a passive involvement of the land use planner in
industrial development. He is primarily concerned with (1) de-
riving the space requirements and most appropriate location re-
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quirements for an already given level and structure of economic
production activity and then (2) specifying the spatial solution
to those requirements. It does not include actively influencing
the level and structure of economic activity. Implementation
instruments are viewed as means to accommodate industrial devel-
opment with as little adverse impact on the residential areds as
possible, and to design transportation and utility syotems to
accommodate the urban activity levels at least cost to local
government.

Furthermore, while comprehensive planning may plan for in-
dustrial growth and may allocate sufficient and appropriately
located space for industry, it does so only on paper, not in the
real world. At best, comprehensive planning is a useful but very
indirect influence in the real world evolution of the community.
We therefore need to look to the potentially more active roles of
the land use planner in local government's attempts to (a) influ-
ence the level and type of industrial development, (b) influence
its location within the community, and (c) control its conse-
quences on the immediately adjacent properties and larger commun-
ity environment and on the municipal government. The urban land
use planner plays more active roles in two ways: (1) as adviser
and participant in the formulation of the more action oriented
instruments of the local industrial development guidance system
and (2) as analyst/evaluator of the impact of public investment
and industrial development alternatives.

III. The Action Instruments of the Guidance System as a Means to

Reserve and Control Land for Industry

Regulatory instruments

Zoning. At first glance, zoning would appear to be an ideal
means to reserve adequate space for industry, in suitable loca-
tions, as the real world counterpart to the spatial allocation
made on paper by the land use plan. But, historically industrial
zoning has its roots in the concepts of health and safety and
nuisance controls and not in concept of reserving suitable land
for industrial development. Furthermore, urban planners' own
natural biases place emphasis on the city as a place to live and
not as a production center. In addition, the political game of
zoning further aggrevates the problem.

The practice of limiting industrial uses to special dis-
tricts in this country began in colonial times when munitions
manufacturing and storage facilities were prohibited from the
residential areas of town--thus establishing the principle of
segregation of dangerous uses from residential areas. The prin-
ciple was extended, under nuisance law, to include those uses not
only dangerous but regarded as a nuisance to people at home. In
1916, New York adopted the first comprehensive zoning ordinance
which introduced the need to consider relations between zoning
districts as a factor. More recent zoning techniques are depart-
ing from the old so-called Euclidean concept by permitting more
flexibility in administering zoning.
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Nevertheless, zoning began as a means to protect residential
property and on balance even today is still largely practiced in
built-up areas as a means of providing protection to residential
environments and property values. Since most existing zoning
ordinances were written in the 20's and 30's, in most cases even
before planning began in those cities, zoning is not even neces-
sarily related to planning. As a result, the zoning recipe is in
large measure a mapping and reinforcement of the status quo, with
considerable greed and politics added but only a pinch or less of
planning. The result of this zoning tradition is that most cur-
rent zoning practices are based on antiquated concepts dating
back to colonial times and conflict directly with the objectives
of both comprehensive planning and industrial development plan-
ning.

Of all the zoning practices adversely affecting industrial
development two still prevalent practices stand out. One is the
practice of making zoning districts progressively inclusive (with
industrial districts being almost all inclusive and in the least
preferred position in the hierarchy of zones). The other is the
practice of selecting suitable industries for a zone by means of
a "prohibited" list.

The practice of progressively inclusive districts is illus-
trated by the typical ordinance which provides lower density
single family dwellings preferred protection by excluding all
other uses. Each succeeding district in the hierarchy of dis-
tricts then allows most if not all land uses of the preceding
district. Under this system, all but a few property uses per-
mitted under the zoning ordinances are allowed in the final dis-
tricts -- the industrial districts. Thus, single family residen-
tial districts are given maximum protcction; industrial districts
receive the least protection.

Since World War II, many ordinances have been revised to at
least exclude residences, except mobile homes, from industrial
districts. But the fundamental principle of cumulative permis-
sible uses as one proceeds down the hierarchy of zoning districts
still holds and therefore its consequences are still felt in many
communities across North Carolina and the nation.

Progressive districting causes several problems. (Shenkel,
1964, p. 250) First, zoning limits the supply of industrial
land, thereby increasing its price. The market competition-for
industrial space is increased by zoning because nonindustrial de-
mands compete for industrial space while at the same time indus-
try is limited to industrially zoned space alone. Thus zoning
limits the supply of land for industry and the absorbtion of in-
dustrial sites by nonindustrial users contributes further to the
artificial limitation on the industrial land supply. This situa-
tion encourages a rise in industrial land prices, to a point
where these prices can become a detriment to industrial develop-
ment by rising above the threshold levels of some firms and dis-
couraging others.
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Secondly, the same zoning practice which creates the artifi-
cial scarcity of land provides little compensating protection for
industry. The industrial district comes close to being an area
with no zoning restrictions. A mix of transitional uses, so-
called cast-off uses such as trailer parks and junk yards, poor
site planning, and traffic congestion often characterize indus-
trial zones. The catch-all nature of industrial zones often
encourages the poorest land being zoned industrial in the first
place.

The result of such zoning practice is a limited supply of
low quality industrial land. The encroachment by other uses,
often upon the best sites in the industrially zoned district,
seriously impairs the efficiency of the land use and circulation
pattern within the district and spoils the appearance. Where the
supply of suitable land for industry is critical, community plan-
ning principles would indicate that maximum productive efficiency
for the local region would be gained by providing industry with
suitable land adequately protected.

The second problematic practice is one of listing prohibited
industries. It is objectionable because it's obsolete (often
copied from other ordinances written ii, 20's or 30's when a less
sophisticated industrial technology prevailed) and because many
feel that prohibition should be based not on industry type but on
the operating characteristics of the particular plant not of the
industry as a whole.

Solutions suggested to the two practices included subclassi-
fication of industries wherein industries are classified on the
basis of intensity of use; on central city vs. suburban location-
al propensity; or on the basis of performance standards for
noise, odor, glare, vibration and appearance. Solutions also in-
clude the use of industrial park districts with landscaping and
architectural controls and structural coverage ratios which serve
to enhance the utility of the industrial space to the surrounding
industrial as well as nonindustrial districts while meeting the
need for quality industrial space.

The thrust of suggested solutions for the problem of zoning
boils down to the need for industrial zoning with a sufficient
range of districts all of which are based on industry needs as
well as the needs of surrounding properties. Some firms require
a zoning district that permits more latitude in respect to allow-
able uses, performance standards, or yard regulations. Other
firms prefer a stringent industrial zoning district to protect
their investment from encroachment by residential, commercial and
incompatible industrial land uses. However, one also needs to
avoid overly restricting industrial districts, since this has
apparently also been a problem in some areas (San Diego, 1970, p.
110) An overly restrictive zone, say a scientific research zone,
may work a financial hardship on the owner of the vacant land in
that category because of the difficulty of finding likely pur-
chasers or lessees.
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Some urban planners are still likely to require some educa-
tion on the purposes of zoning for industrial needs, but at the
same time they are not likely to forget their more traditional
concerns of controlling consequences of industrial activity on
surrounding properties, on the environment, and on the city's
fiscal position. His view is likely to be that both industry and
the community need assurance that future industrial plants will
be compatible with the other land uses in the vicinity. The best
protection can be achieved through industrial zoning codes which
set space standards, such as off-street loading and parking
requirements, yards, and per cent of site covered by struc-
tures -- as well as performance standards on noise, smoke, odor,
water and air pollution, radiation, and electromagnetic inter-
ference -- to ensure both environmental health and the general
livability of the community.

Even with a properly written and administered zoning ordi-
nance, however, zoning is not a totally satisfactory way to pre-
serve land for industrial development. Although it obviously
goes a step further than preserving land on a piece of paper or
in a policy statement (perhaps an unfair characterization of the
comprehensive land use plan), it is vulnerable to political pres-
sure over the longer run. But, as a means to protect land over
the short range and as a means to protect industrial developments
once started, zoning is more successful.

Nor does zoning seem to be a critical, factor in the loca-
tional criteria of industries. In her study of plant location
factors in North Carolina, in the early 1960's Ruth Mace noted
that only 16.5% of the firms studied viewed planning and zoning
protection as an essential service, while 43% viewed these mea-
sures as unimportant (Mace, 1963). Faced with the prospect of
jobs for residents and the need to expand the local property tax
base, local communities are often quick to grant rezonings.
Whether such rezoning undermines the community's overall welfare
or represents a safety valve permitting escape from an inappro-
priate ordinance varies from situation to situation.

Public Investment:

Land Acauisition and Development. Direct land acquisition
for industriac development is normally done in the private sphere
by those having a service to sell to industry, such as a railroad
or utility, or by private organizations with capital seeking an
investment opportunity from the sale or development of land
(e.g., banks, realtors, pension funds, and insurance companies).
However, sometimes a non-profit authority, such as a port author-
ity, an urban redevelopment authority, an industrial development
authority, or a Research Triangle goes directly into industrial
development. More directly, not a few communities have purchased
and developed land including buildings for industrial develop-
ment. This places industrial development in a rare class of land
use that has been accorded such treatment in the U.S. along with
public housing, urban renewal, and more recently, new towns.
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The public purchase and lease or sale of developed parcels
does provide more direct and complete control of the type of in-
dustry within a community and provides for efficiency in the
development of utilities infrastructure. It can minimize poten-
tial land use conflicts if the industrial park is properly lo-
cated. It can also provide better assurance that the land will
be held for. industrial use and not sold off for housing or shop-
ping center development. The acquisition of an industrial occu-
pant that will contribute to broader public interests than the
provision of jobs alone is also more likely.

Within central cities, urban industrial renewal adds the
power of eminant domain in assembling parcels and the public bor-
rowirng power to make the necessary infrastructure investments.
The sites are then sold or leased to firms, often at less than
development costs. Through deed restrictions the community can
achieve a high level of control over the types of industry moving
into the community. Renewal can be an effective alternative in
central cities because of the high cost of land, the problems of
private assembly of land, because of the possible long holding
periods involved in industrial development or redevelopment; and
because of the difficulty in rearranging for transportation and
other utilities makes it so difficult to meet 'he needs of indus-
try through the private market. Already important in older,
larger cities of the Northeast, I suspect the importance of this
facet of industrial development will one day be upon us in North
Carolina and the Southeast. (Muncy, 1959, p. 5, 13-17; Utica,
1963)

The disadvantage of outright public purchase and development
of land for industry is that it will not do the whole job. It is
unlikely that sufficient land can be reserved through purchase
because of the shortage of venture capital and public funds and
the alternative opportunities for the use of such funds.

Public Facilities. As early as the preliminary analysis for
industrial location, the quantity, quality and cost of public
utilities and service is checked out by a company. The company
or industrial development agency asks whether water, sanitary
sewer, storm sewer, electric power, gas, fire protection, police
protection,' mail delivery, telephone service, truck and rail ser-
vice are adequate or whether they can be made adequate. The
meaning of adequate will vary with industry and even with firms
and will be geared to the specific cases. Provision of utilities
is perhaps the strongest guidance instrument for local government
provided it has the will to use it.

Other papers will cover utilities and about railroad trans-
portation. However, it may be appropriate for a land use planner
to say something about the- importance of public transportation
investment since land use and transportation planning are re-
garded by many planners to go hand in hand. These comments will
be limited to highways.
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Dorothy Muncy and others have noted the shift from rail to
truck for incoming raw materials as well as outgoing product
shipments. (Muncy, 1970, p. 4; U.S. Department of Commerce,
1967, pp. 18-19) Furthermore, it is common knowledge that indus-
trial employees, who even as late as the 40's used the bus, ele-
vated, street car, or subway for their journey to work, particu-
larly in larger metropolitan areas, are now relying on the pri-
vate auto for transportation to suburban plants, labs, and ware-
houses. The reliance on the auto is particularly strong in the
southeast where urbanization is less concentrated and more
recent. Freeways have been a significant factor for new plant
sites for over a decade. Prime industrial land, defined in the
past by the availability of rail service, is now at least equally
defined by frontage on or proximity to the freeway system.

The importance of transportation as a guidance instrument of
local government is limited, however, because the investment
decisions most important to the industrial firm, are those con-
cerning the regional transportation system, and these decisions
are made at the Federal and state levels. Nevertheless local
government can coordinate industrial zoning with freeway capac-
ity. This does not suggest continuous industrial zoning along
both sides of the highways, however. Too great a concentration
of industrial employment would overload freeway interchanges,
thereby detracting from the major advantage of the freeway system
to industry--fast, safe, and uninterrupted traval for employees
and for trucks delivering raw materials and distributing the out-
put products. At the smaller scale of the individual industrial
district sites, transportation planning needs to consider the
connecting roads from the site to the freeway system.

Incentives

Taxation. Many state constitutions permit local governments
to exercise home rule options in assessing the value of property
and some states permit localities to legally offer tax conces-
sions in the form of reduced assessments to industry specfically.
(Bridges, 1965a, p. 8) Some local governments will offer low
assessments as an incentive to firms. even where these exemptions
are illegal.

While local tax exemptions may be appreciated and welcomed
by the firm or perhaps even negotiated by the firm, the evidence
suggests the impact is not large enough to significantly affect
the location of the firm. A year ago, in the preceding version
of this course, James Wilde noted that "the differential in tax
burdens among the various state and local governments is usually
not large enough to be an important cost factor for many firms."
(Wilde, 1971, p. 18) Furthermore, since industry ordinarily re-
quires high service levels from local government, exemptions, if
broad enough, could reduce the community's ability to provide
these services and reduce its ability to attract new industrial
development. Given their limited impact and their potential
backlash, tax concessions have questionable merit in a local
urban development guidance system.
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Loans and Loan Guarantees. Some communities around the
nation offer specfic financial incentives to plants to attract
them to their community. These include loan guarantees or direct
loans financed through the issue of tax-free general obligation
bonds, or bonds floated by a local or state development corpora-
tion. The Investment Banker's Association estimated the volume
of state and local industrial aid bonds to be $200 million in
1960, and as high as $1.8 billion in 1968. (Thompson, 1969,
p. 189) However, the evidence seems to suggest that "inducements
are certainly a secondary factor in the choice of a region and
are probably also a secondary factor in the choice of a location
within a region." (Bridges, 1965, p. 142; Wallace and Ruttan,
196., p. 142; and Thompson; 1969, p. 199)

Encouraging an attractive environment. Less direct, per-
haps, but still an important inducement for industrial develop-
ment, is the maintenance of a high quality environment for liv-
ing. This point is stressed over and over again in interview
surveys. Some go as far as calling it the single most important
asset of a community for attracting a diversified industrial base
(San Diego, 1970). Actions that detract from the quality of the
environment even though it oight offer a handsome short run eco-
nomic gain for the community, would be a serious detriment to the
long range economic health of the community. The factors that
contribute to or detract from the overall quality of life and of
the physical setting are numerous.

Among them are:

* practices of massive grading in relation to land develop-
ment;

* the proliferation of outdoor advertising signs and grotesque
business identification signs

* the rate at which overhead power distribution lines are
being put under ground

* the disappearance of valuable open space, natural terrain
features.

the amount and quality of land scaping along the streets, in
neighborhood parks, on school sites, and throughout the
city's residential neighborhoods.

* the exercise of air and water pollution controls

* the quality of design in public buildings

the rate of renewal, conservation, and rehabilitation of de-
teriorating sections of the city

* the quality of educaton. (adapted from San Diego, 1970, pp.
142-143)

111-265



Thus an industrial development study may recommend:

"that all emphasis possible be placed on preserving and en-
hancing the natural and manmade attributes of (our city),
including: the preservation of open space and natural beau-
ty; preservation and enhancement of (beach areas and
marshes); control of air, water, odor, noise, and visual
pollution; retention and expansion of recreational facili-
ties; and the encouragement of high standards of design and
beauty in all physical improvements undertaken with the
City." (San Diego, 1970, p. 143)

Industrial Development Organizations. Although not normally a
formal part of local government, industrial development organiza-
tions could be a part of the community's industrial development
guidance system if working relationships and cooperation existed
between these organizations and local governmental officials.
The organization could serve as a link between prospective indus-
trial firms and the city's land and service resources. It could
provide meaningful information to prospective firms, coordinate
local programs and activities to meet the needs of prospective
firms, and make assessments of the potential impact of the pro-
spective industrial development on the public welfare of the com-
munity. In short, its main contribution might be a systematic
approach to industrial development at a local or metropolitan
level. Such an approach could aim to insure greater compatibil-
ity between industry and the community's existing and planned re-
sources, employment needs, and environmental concerns.

IV. Planner as Evaluator

In additon to his role as the main designer of the long
range future land use pattern, and in addition to his role in
formulating the community's land development guidance system, the
urban land use planner is sometimes the resident governmental
analyst along with personnel in the Finance and Budget Depart-
ment. As such he will sometimes do cost/revenue studies, partic-
ularly with regard to public investment in capital improvement
and their locations. Thus the local land use planner may have a
role to play in assessing the cost/ revenue impact as well as
economic, environmental, and urban grovth impacts of industrial
development schemes.

A review of available cost/revenue studies will reveal that
industrial investment produces for local government a positive
ratio of revenues to costs of from 3 to 1 and 5 to 1. (U.S. De-
partment of Commerce, 1967) This is when based on on a compar-
ison of revenues accruing directly from the new establishment
with costs of services directly chargeable to it. The outcome is
much less clear when the evaluations also include less direct
costs and revenues attributable to the secondary industrial,
residential, and commercial development stimulated by the initial
industrial development being assessed.
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The fiscal impact on local government will depend on a
number of factors:

(1) Assessed value of the industrial investment: (land,
plant, equipment and- -ventory) Assessed value appears
to vary widely between industries and even between
firms within industries. In general, of course, the
higher the investment in capital per employee, the more
favorable the cost/revenue ratio. The greater the tax
incentive granted to attract industry, the poorer the
ratio: (U.S. Department of Commerce, 1967; Isard and
Coughlin, 1957)

(2) The demands on public services, particularly water and
sewerage, and particularly if the demands will exceed
present cap-acity and involve large new capital expendi-
tures. "Some communities have undertaken heavy finan-
cial burdens to provide water supplies far in excess of
normal needs in the expectation that such supplies
would attract industry. Too often these water supplies
have to be financed by general obligation debt which
pushes the tax rate above a competitive level. To
accommodate 22% of the firms interested in water they
have reduced their capacity to attract 78% of the firms
where this is not a prime consideratin." (McMillan,
1965) This signals caution in seeking industry in ways
that raise local governmental tax rates.

Local government's policies regarding the distri-
bution of capital improvement costs have considerable
effect on the net cost/revenue picture. In some areas,
off-site and on-site improvements, such as those for
streets, sidewalks, water and sewer lines in the indus-
trial subdivision or in housing development stimulated
by the new jobs must be met by the developer. Since
these expenditures become a part of the assessed value
of the developed properties, local government, in ef-
fect, benefits twice -- capital expenditures are trans-
ferred to the private sector and property tax revenues
are increased. In other areas government shares some
of these costs. To the extent that local government
shoulders costs of capital improvements implied by in-
dustrial development, the cost/revenue picture is
worsened. (Isard and Coughlin, 1957; U.S. Department
of Commerce, 1967)

(3) The proportion of employees establishing residence in
tF area: In allocating government costs and revenues
for local government in most states, the largest cost
item is education. The net revenues generated by a new
industry decreases as the percent of employees estab-
lishing new residence in the community increases.
(Isard and Coughlin, 1957; U.S. Department of Commerce,
1967)
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(4) Average earnings per employee: As household income in-
creases, investment for housing tends to increase.
Thus property tax revenue accruing from new residences
should be higher for high wage industries than those
for low wage industries. Also. higher income implies
high local consumer expenditure.

Exclutionary zoning is sometimes used to assure
limitation of the proportion of employees establishing
residence in the area to the higher end of the new in-
dustry's salary and wage range.

(5) The average income and level of services in the commu-
njt -- The impact o-findustria-l developmento-n revenue
rates (hypothetical tax rates) is greatest upon those
communities which are low-income with a medium level of
service, or medium income with a high level of service.
In such communities, revenue obtainable from industry
is of greater relative importance than in communities
with an already higher tax base, or who have larger
costs because of lower levels of public services, or
both. Also the assumptions about assessed value of in-
dustrial property, average earnings, and demand for
public services by the industry are more important to
such communities, the magnitude of variation in tax
rate they imply is twice that of communities of higher
income or very low service level. (Isard and Coughlin,
1957)

(6) Size of industrial development -- smaller industrial
development regardless of type has little effect on tax
rates; the introduction of a large industrial district
can have a significant effect (reducing the tax rate
from 4-10 mills in one study). (Isard and Coughlin,
1957)

(7) Spatial distribution of the industrial development -- a
study of Greensboro, North Carolina owed that a well
dispersed industrial land use pattern provides the most
favorable cost/revenue ratio. The basic economy under-
lying the desirability of a dispersed pattern is that
by diffusing the work trip traffic the street system
may be more fully utilized. (Longabaugh, 1960)

V. Summary

Physical planning for economic growth, can help create a
generally favorable climate for industrial development and at the
same time provide guidelines for the community to control the
nature and location for such development.

More specifically your local planning agency can:
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(a) provide a future oriented policy statement in the form
of a land use plan or comprehensive plan. Such a plan
provides guidelines for sound economic development by
identifying land best suited for industrial use on the
basis of general community welfare objectives and by
suggesting development standards to protect those
objectives.

(b) provide, as a by-product of the land use planning pro-
cess, a valuable information center for public and pri-
vate decision makers, including industrial development
agencies. This information base includes dataz on
existing industrial plants (including land area, floor
space, employment, products, and information on traffic
and site planning problems); relatively unbiased and
current data on vacant industrially zoned land (includ-
ing information on land area, access to the regional
transportation network and to utilities, capacity of
utility services, adjacent land uses); zoning and
development regulation restrictions applicable to the
land; data on population and labor force, and data on
schools and other public facilities.

(c) participate in the formulation of the guidance instru-
ments that intervene more directly in the industrial
development decision process. These instruments fall
into one of three types: regulations, public invest-
ments and incentives. Zoning, for example, can help
reserve an appropriate land supply for future indus-
trial development and help control its impact on the
community.

(d) participate in the analysis of the impact of industrial
development alternatives on the economic structure,
governmental fiscal balance, urban activity pattern and
physical environmental quality of the community.

At the risk of oversimplification, I will suggest that the
urban land use planner may think that the industrial development
professional lives by the credo, "bigger is better." The plan-
ner's "review of the stated objectives of existing industrial
development agencies, whether at the regional, state, or communi-
ty level, reveals (to the planner) a preoccupation with economic
growth in terms of number of jobs. In its simplest form this
objective involves the creation of manufacturing payrolls in an
area as a means of providing employment and income for the popu-
lation, and business for the service sector of the local econo-
my." (U.S. Department of Commerce, Economic Development Admin-
istration, 1967, p. 87).

This objective is sound as far as it goes. The land use
planner recognizes that manufacturing and wholesaling provide not
only jobs and income, but also tend to expand the size of the
local markets, which in turn provide the base for additional
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development, and so on. But land use planning is more fundamen-
tally an attempt to accompany economic growth with improvement in
community welfare, i.e., with increased per capita income, a
healthy and livable physical environment, with an efficient and
livable spatial pattern of land uses, and with efficient (least
cost) provision of public services. The land use planner is al-
most totally interested in "better" rather than "bigger". Per-
haps by working together the planning and industrial development
professions can help to assure that economic development does in
fact lead to a better community as well as a "bigger" one.
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LAND USE PLANNING AND ENVIRONMENTAL IMPACT ASSESSMENT

Developing a Quality Urban Environmenta

David H. Mudarri
b

Introduction

"Tremendous and unprecedented pressures, originating from a
variety of sources, are producing through carelessness, lack of
planning, and lack of awareness, manmade environments and physi-
cal changes which are neither sensitive to nor integrated with
the delicate character and carrying capacity of the varying eco-
systems of the American laldscape. Rather than designing with
nature, man obliterates it."

it is clear that management of our land resources, and land
use planning generally is emerging as an exceedingly important
link in the overalL preservation and enhancement of the environ-
ment. In part, the pioneering American spirit combined with the
notion of private property allowed us to treat land as if it were
a limitless resource, and to consider its disposition and use a
matter of private concern. We are beginning to realize, however,
that land, and the life systems which it supports, is among Amer-
ica's most valued resources and that the face and character of
our country depends on what we do with it.

But land is more than just a resource, it is a place for
human activity, and particularly in urban areas, the pattern of
uses is one of our chief concerns. The process or urbanization
is frequently a cause of environmental degradation. An increase

aPrepared for the Engineering Foundation Conference on the
"Preparation of Environmental Impact Statements, New England
College, Henniker, New Hampshire, July 29-August 3, 1973.

bDepartment of Housing and Urban Development, Washington, D.C.

Mr. Mudarri is Program Officer (Urban Economist) in the Environ-
mental and Land Use Planning Division, 'Office of Community and
Environmental Standards, Community Planning and Development. The
views expressed in this paper are r. ose of the author and not
necessarily those of the Department of Housing and Urban Develop-
ment.
1Roger P. Hansen, "A'National Land Use Policy: Toward a New Land
Ethic," contained-rn Land Use and-Mi Environment, Antho - -oy
Readiness, Environmental Protect-fo-n Agency, 1973, p. 119.
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in density inevitably means an increase in the consumption of

energy and material goods, and evokes the problem of what to do

with waste and how to reduce the public's exposure to it. Our

objective must be to build with foresight so that rational and

equitable standards for development are followed with due regard

for the capacity of the natural and man-made systems. More than

three fourths of our total population live and work in urban

areas and it is here that the environmental frontier lies.
Appropriate management of our land resources, in other words,

requires both the preservation of values inherent in our natural
environment, and the creation of man-made environments that are

pleasant places to live. The city must be made a place which
enhances the quality of people's lives, and that insures, through
the application of public programs and regulations, that environ-
mental degradation is not synonomous with development, and that
the burdens of growth that may exist are distributed equitably.

In addressing the problems of land use planning and the

administration of programs designed to enhance environmentla
quality in urban areas, it is useful to begin with an examination
of the activities and approaches of the one Federal agency having
a major responsibility in this area.

Strategies of the Department of Housing
and Urban Development

Since HUD itself does not do comprehensive planning, build

houses, redevelop cities, or plan and build new communities, its

overall strategy in addressing environmental issues is to use the

programs and constraints at its disposal to encourage State,

Regional and local agencies, and individuals in private industry,
to follow sound environmental principles in their planning and

decision-making activities. This strategy is implemented in

three important ways, all of which are interrelated. First, its

internal procedures are designed to insure that full considera-
tion is given to environmental impacts of HUD assisted projects
and incorporated into decisions concerning the project's accepta-

bility, design, and location. Three levels of environmental
clearances have been developed and a threshold concept is used to

determine the level initially required. An Environmental Impact

Statement is required for projects meeting the criteria estab-

lished in Section 102(2)(C) of the National Environmental Policy
Act of 1969.

Second, standards of performance for specific environmental
factors, and general environmental performance standards, are

being developed and required for projects receiving HUD assis-

tance. Such standards, once promulgated, become an integral part

of assessing environmental impacts as part of the environmental
clearance process just described.

Third, requirements imposed on planning grant recipients

under the 701 Comprehensive Planning and Management Assistance

Program, are particularly pertinent to the problems of environ-
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mental protection through land use control, and can provide th2
area-wide context within which specific projects are assessed.

While the 701 planning and management assistance program
applies principally to existing urban or metropolitan areas, a
very fertile field for the creation of high quality environments

HUD's environmental goals and responsibilities are defined in

new regulations covering the 701 Comprehensive Planning Assis-
tance Program, as follows:

1. Improve and conserve the quality of the air, water, and
earth resources for the benefit of present and future
generations in the planning and shaping of man-made
environments;

2. Assure that environmental concern and awareness becomes
an integral part of the comprehensive planning process,
since comprehensive planning is a major means for
accomplishing community development on a sound environ-
mental basis; and

3. Achieve those goals set forth in the National Environ-
mental Policy Act of 1969...

The regulations require that an environmental assessment be
made to identify the salient man-made and natural environmental
elements and to assess the environment factors that: •

1. Minimize or prevent undue damage, unwise use, or un-
warranted pre-empting of natural resources and oppor-
tunities;

2. Recognize and make prudent allowance for major latent
environmental dangers or risks such as floods, mud-
slides, earthquakes, air and water pollution;

3. Foster the human benefits obtainable from the natural
environment by wise use of the opportunities available,
.such as natural drainage systems for park and recre-
ational areas;

4. Seek under the above policies and goals to:
a. avoid averse environmental impacts on neighborhood

or community areas through the planning and care-
ful location and development of community facili-
ties.

b. provide environmental emenities to all areas being
planned for, and access to such amenities;

c. equalize the impact and burden of community change
and development on living areas rather than con-
centrate them in areas where sites are cheap; and

5. Incorporate State environmental policies and standards,
particularly those developed in response to Federal law
regarding protection of air and water quality and con-
trol and abatement of noise. (Source: HUD Challenge,
January 1973).
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exists with HUD's New Communities program.3 In this program, HUD
provides a loan guarantee to developers of new communities.

So these are three areas in HUD's approach toward improving
our urban environment: project impact assessment through an
environmental clearance procedure; the incorporation of environ-
mental performance standards into project selection and evalua-
tion; and environmental planning and assessments as part of the
comprehensive planning and new communities assistance programs.

The Environmental Impact Statement per se, need not be iso-
lated as a singularly important element in this approach. Writ-
ing good Environmental Impact Statements is but a means to an end
but not an end in itself. What we are after, of course, is en-
vironmentally sound projects and an improved living environment.
Remember that the Environmental Impact Statement requirement is a
tactical rather than a strategic approach to incorporating en-
vironmental sensitivity into planning and decision-making. It
constitutes a recognition that this sensitivity does not exist in
most cases, and that projects will therefore have to be "re-
viewed" by others.

Environmental Impact Statements are required for major proj-
ects with significant environmental impacts, but good environ-
mental planning can reduce the need for writing statements by
avoiding and/or solving environmental problems initially. To
many persons, the Environmental Impact Statement is an adminis-
trative nightmare, viewed only as an administrative hurdle to be
overcome prior to final project approval. Since the statement is
often written after fundamental decisions concerning the project
are alrady made, it does not necessarily insure that those deci-
sions are made with proper sensitivity to environmental effects.
In this context, there is no such thing as a meaningful Environ-
mental Impact Statement. However, as an administrative require-

3There are three stages at which environmental planning and con-
trol concepts are brought to bear on the planning and development
process of a New Community. Initially, a site evaluation is made
:to insure that the chosen site, is, among the alternatives avail-
able, appropriate from the standpoint of national and regional
growth objectives, existing and planned regional transportation
and other infrastructure systems, and from the standpoint of the
natural environment of the site and its role in the area's ecol-

ogy. This is basically a site evaluation which will include an
environmental assessment. During the second stage the urban de-
sign and land use plan, including development standards and
planned development staging is formulated. An important element
of this stage will be the application of environmental planning
techniques. In the third stage, the actual development and con-
struction is monitored, through an environmental management pro-
gram to insure that development conforms to the environmental
standards and criteria formulated during the earlier planning
stages.
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ment, it acts as a kind of incentive to avoid projects with sig-
nificant environmental problems because they will be subject to
critical review. Also, from our experience, it has acted as a
learning device and a context for communication and training.
But ultimately, it is the planning and decision process, not the
Environmental Impact Statement per se which is most important,
and it is precisely at these elements that HUD's strategy is di-
rected.

HUD's Procedural Response to Nepa

HUD has recently issued Handbook 1390.1 "Departmental Poli-
cies, Responsibilities and Procedures for Protection and Enhance-
ment of Environmental Quality" which replaces a prior draft Cir-
cular on the same subject. The Handbook represents HUD's imple-
mentation to the National Environmental Policy Act of 1969, and
is designed to provide a framework which does five things:

(1) satisfies the need to conduct a comprehensive environ-
mental analysis of all HUD actions, not specifically
exempted;

(2) incorporates that analysis into the decision making
process .for both HUD and HUD clients;

(3) is flexible enough to accommodate differences in the
scale, nature, and geographic location of projects;

(4) provides a mechanism for identifying environmental
impacts, determining whether they are significant, and
ameliorating adverse affects and enhancing environ-
mental quality; and

(5) is administratively efficient.

It is important to note that, unlike many agencies, HUD
undertakes some 15 to 20 thousand project actions a year not
counting insurance actions on individual houses. In addition,
HUD must deal with the realities of the private market in which,
for several types of projects, unnecessary delays in the adminis-
tration of policies can constitute a financial burden for HUD
applicants. As such, an administratively efficient mechanism for
identifying and evaluating environmental impacts without neces-
sarily writing and processing and Environmental Impact Statement
for every project was therefore devised and implemented. A three
tiered system of environmental clearances, each incorporating a
different level of detail, and being subject to a different de-
gree of public review (including other agencies) was established.
The least detailed clearance is the Normal Environmental Clear-
ance through which are processed the-bulk of small projects which
are unlikely to involve serious environmental problems. The re-
sult of that clearance is a decision to accept, reject, or re-
quire modifications to the project on environmental grounds. The
second level of clearance is called the Special Environmental
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Clearance which requires an environmental assessment in the level
of detail commensurate with that in an Environmental Impact
Statement. The distinction however is that unlike the Environ-
mental Impact Statement, the Special Environmental Clearance is
an internal document, not requiring detailed verbal descriptions
of the project and program already contained in the project file
and other documents, and not requiring formal review and comment.
Nevertheless, the Special Environmental Clearance, in conjunction
with the project file, should contain all the information and
analysis appropriate to an Environmental Impact Statement.

Finally, the last tier in the environmental clearance pro-
cess is the Environmental Impact Statement required by Section
102(2)(C) of NEPA.

A Normal Environmental Clerance will be followed by a Spe-
cial Environmental Clearance if it is determined that a more de-
tailed evaluation is required prior to a decision, or it may
directly result in the preparation of an Environmental Impact
Statement if the project is determined to have a significant im-
pact on the quality of the human environment. In addition, a
threshold concept is used as an administrative tool to insure
that projects, which, by virtue of their size alone, have a po-
tential for having significant environmental impacts, undergo at
least a Special Clearance. For some projects, such as a New Com-
munity, an Environmental Impact Statement is automatically re-
quired.

In essence then, this system of environmental clearances is
designed to satisfy the dual needs of elevating environmental
considerations in HUD planning and decision making while at the
same time providing a process which is efficient from an adminis-
trative standpoint. In addition, for projects which. are ulti-
mately approved under the Normal or Special Clearance procedure,
these Clearances amount of a documented environmental analysis
supporting what has been called a "negative declaration", i.e.,
that an Environmental Impact Statement is not required.

Content of Environmental Assessments
3

Before discussing what constitutes an adequate environmental
assessment, one should clearly define what is meant by the "en-
vironment" and secondly, what is meant by an "environmental im-
pact." The next step is to determine when an environmental
impact is "significant" and this will lead directly into a dis-
cussion of environmental standards.

The Environment: It is probably safe to say that few other
terms have 'generated so much confusion, argument, and misunder-

3See reference #3 for a more detailed discussion. Copies are
available on request.
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standing, and few other terms defy precise definition and does
the term "environment." This is not entirely unexpected. For
one thing, since the environmental movement is a relatively
recent phenomenon, there is always the temptation to enlist this
movement in support of a wide variety of causes, ranging from the
conservation of natural resources, to the preservation of ra-
cially segregated neighborhoods. This is possible only because
the environment, strictly speaking, is the sum total of all cir-
cumstances surrounding an organism or group of organisms, and
must therefore encompass the natural, the man-made, the social
and aesthetic qualities of those surroundings. Nevertheless,
there has been a tendence to regard the environment principally
in terms of natural processes while the term has been used less
often in considering such things as poor housing, congested
neighborhoods, social services, and building design. Lest we
forget however, our urban environment is largely dominated by
man-made processes all of which are part of the "urban ecosystem"
the interrelationships of which determine the quality of life in
urban areas. Hence, while the term "environment" has few limita-
tions that can be applied universally, specific aspects of that
environment have greater meaning in some contexts than in others,
and it is with the "urban environment" that HUD's concerns prin-
cipally lie. Accordingly, the dimensions of the urban environ-
ment are defined by the list of considerations included as an
appendix to this paper.

An Environmental Impact: Since the environment is the sum
total of circumstances surrounding an organism, an environmental
impact should imply some change either to the environment so
defined, or to the relationship between the organism and his
environment.-- There is a clear distinction to be made between
these two effects and it is unfortunate that this is often not
done. There is a tendency to view the environment as an entity.
independent of man's relation to it and to consider environmental
impacts only in terms of "impacts on the environment." For exam-
ple, it is clear that an action which emits pollutants into the
air, as through say a newly built incinerator, or which generates
excessive noise, say with the expansion of an existing airport,
constitute "impacts on the environment" and should therefore be
classified as "environmental impacts." But how about actions
which leave the environment relatively untouched but simply
change man's exposure to certain elements of it. Strictly speak-
ing, these do not constitute "impacts on the environment" but
they are equally valid environmental considerations and should
not be ignored. Indeed, the majority of HUD projects are domi-
nated by this type of consideration

For example, HUD can authorize the location of a small hous-
ing project next to a highway, and therefore increase the expo-
sure of its residents to air pollution and noise, or the location
may be inadequately serviced by basic urban amenities. Techni-
cally, these effects re better characterized by "impacts of the
environment on project residents" but this makes them no less
valid considerations in the way one defines an environmental
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impact. Indeed, HUD's mandate is to provide a "decent home and
suitable living environment for every American family" and the
emphasis here seems to be on the quality of the environment in
which that family is destined to live. Likewise, the term used
in NEPA is, if you recall, the "quality of the human environment
(underline added) which would seem to stress, both the environ-
ment and man's interaction with it. For analytical purposes,
therefore, it is useful to classify environmental impacts of par-
ticular projects into those amounting to "impacts of the project
on the environment" and those involving "impacts of the environ-
ment on the project." (See Appendix.) The distinction has other
important applications, particularly in land use controls which
can either directly effect the environment or can reduce human
exposure to adverse environmental conditions by separating incom-
patible land uses. This is discussed in more detail below.

The Significance of an Environmental Impact: Environmental Stan-
dards

That one can determine when an environmental impact becomes
significant implies that there exists a measure of that impact,
that the measure is reasonably continuous (or at least has a
range in which small values can be distinguished from high
values), and that is possible to identify a point on the continu-
um above which an impact should be considered "significant.",4

We often think about quantifying environmental impacts with-
out carefully analyzing what the dimensions of an appropriate
measure ought to be. From our own analysis, two basic elements
can be distinguished: the first deals specifically with defining
a scale along which an environmental factor can be measured,
while the second deals with exposure to that environmental fac-
tor. Exposure can also be classified in terms of numbers of per-
sons or other entities exposed and the length of time exposure
occurs. Some examples are as follows:

(1) Scales used in measuring environmental factors

Pollutants e.g., parts per million
Noise e.g., decibels
Floods e.g., 100 year flood line
Infrastructure e.g., use to capacity ratio (per-

cent capacity)

4In some contexts, this level has been called a "threshold"
level, which should be distinguished from the size thresholds
used by HUD as an administrative tool. See the discussion above.
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(2) Measures of exposure

(a) numbers exposed

persons e.g., number of persons exposed or
otherwise affected by the environ-
mental factor as a result of the
action taken.

other life e.g., number of animals, trees,
forms* other life forms exposed or other-

wise affected
valuable e.g., number and value of histori-
objects** cal artifacts, or other valuable

objects exposed, affected, or des-
troyed

(b) time duration***

short term e.g., during construction of the
project

medium term e.g., for the life of the project
long term e.g., fosters trends, further de-

velopment, or has secondary cumula-
tive impacts

permanent e.g., destruction of unique natural
areas, destruction of historical
artifacts, irreversible trends or
irretrievable commitments of re-
sources

There remains the problem of determining significance, and
one cannot escape the value judgements inherent in such a deter-
mination. Nevertheless, such a decision need not be entirely
subjective. As we see it, a determination of significance in-
volves a determination of the relative importance of the three
measures described above, and a determination of the relative
importance of the environmental factor being considered in light
of other environmental and program objectives. With respect to

*In the case of the destruction of indicated items, such as a
group of trees which are destroyed during construction, the num-
ber destroyed is conceptually more appropriately assigned to
category (1). However, to the extent that those same objects may
be exposed to'some environmental condition as a reuslt of the ac-
tion, such as air pollution which may have damaging effects,
category (2) is an appropriate classification.

**Ibid.

***There are other ways in which time exposure can be deline-
ated. For example, noise exposure is often delineated in terms
'of the amount of time certain noise exceeds a given decibel level
over a typical 24 hour period.
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the three measures above, one can say for example that air pollu-
tion constitutes a large adverse impact if there is a heavy con-
centration of pollutants (measured say in parts per million) and
that exposure involves a large number of persons over a rela-
tively long time period. But, one needs also to know the rela-
tive weights assigned to each measure in order to determine how
much more, or less, of an air pollution impact would result from
a heavier concentration of pollutants, to which however fewer
persons were exposed over a different period of time.

There is also the problem of determining the relative empha-
sis that should be associated with air quality considerations in
the first place. In other words how important is maintaining
adequate air quality as opposed to say, noise, or open space, or
to preserving certain community patterns?

None of these determinations are without some value judge-
ments, yet there are some reasonable criteria on which those
judgements can be made. For example,

(1) national and community environmental goals, policy
statements, and specific plans and programs; and how
the achievement of such goals may be affected by the
project's impacts.

(2) national and community social goals which would indi-
cate the degree to which special concern is associated
with the persons or institutions akfected. For exam-
ple, HUD has special concern for low and moderate in-
come groups.

(3) the scarcity or uniqueness of any environmental re-
source affected. For example, the destruction of park-
land in a community with abundant open space and re-
placement areas may be considered an insignificant
impact, where the same parkland in an area with no re-
placement land would likely be significant even when
the attitude of both communities toward parks and rec-.
reation does not differ in any substantial way.

(4) Health and safety effects.

(5) Interference with basic human activities.

The issue of "relative importance" lends a strong element of
subjectivity to the determination of the "siSrnificance" of a par-
ticular impact because what is significant to one may be insig-
nificant to another, or what may be a serious impact in Boise may
be a commonly accepted phenomenon in New York City. In determin.-
ing significance, we become enmeshed in the _ coblem of differ-
ences in personal and community values. t the problem is not
entirely untractable. The criteria above iend us some basis for
judgement though there remain differences in the way these cri-
teria can be used. Of pivotal importance is our ability to
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obtain a social consensus on what may be a minimally acceptable
impact, or, in other words to develop agreement on an environ-
mental standard of minimum acceptable performance. For some im-
pacts, this is possible at the national level, where we have
national standards; for others, significant variation requires a
community based response, and of course, for others still, only a
personal decision will suffice. In making judgements about spe-
cific projects, therefore, measurement against existing national
standards, community standards, and the degree to which persons
are allowed sufficient freedom of choice, will be required.

National standards can, and have been developed in a number
of areas. With the last two criteria mentioned above--health and
safety effects and interference with basic human activities--it
is not impossible to develop a social consensus at the national
level as to what constitutes a level of performance above which
that impact should be considered significant. For example, in
August of 1971, HUD established a policy of noise abatement and
control including a set of standards defining what constitutes
acceptable noise levels for new residential consturction on HUD
assisted projects. These are not standards controlling the
emission of noise from major noise generators, but rather stan-
dards defining the minimally acceptable level of noise exposure
for residents of HUD assisted housing projects. Exposures abovg
certain levels constitute a "significant" environmental impact
and therefore require an Environmental Impact Statement as well
as noise attenuation measures. What is minimally acceptable
according to those standards can be supported by evidence of the
last-,two criteria mentioned above. Noise exposure at high levels
can be a health hazard, causing temporary and permanent damage to
hearing and can interfere with sleep. Noise can also interfere
with speech communication, concentration, listening to the radio
or television, task performance, and other basic human activities
necessary to a functioning society.

But noise also can be just plain annoying and can constitute
a degradation of the environment from a public welfare stand-
point, and it is in this area that the argument for a more com-
munity oriented decision has a greater degree of credence. Ac-
cordingly, HUD has defined an intermediate range of noise
exposure which is "Discretionary-Normally Unacceptable." Within
this range, situations peculiar to a given community can and
should be considered in decisions concerning the acceptability of
the project. A similar, though not identical structure is evi-
dent in the way national air pollution standards have been estab-
lished. Primary standards, are based principally on health,
while in the secondary standards, health and comfort effects are
less easily distinguished. While EPA arequires that the primary

51n other words, the noise impact is an impact of the environment
on the residents of the project, rather than an impact on the
environment As previouslydiscussed.
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standards are met, the secondary standards have been adopted by a
number of states in developing state implementation plans.

But while it may be possible to develop national standards
along several dimensions of environmental quality, there will
always remain areas of discretion in which communities should be
encouraged to develop standards6 and criteria specific to their
own objectives and constraints. In addition, some elements of
the environment, particularly those involving social and aes-
thetic considerations which abound in the urban environment and
with which HUD is particularly involved, literally defy measure-
ment. This is not to say that there do not exist quantitative
"indicators" of these impacts, but the precision required to
define a specific standard is difficult, if not impossible to
develop. Accordingly, there is a tendency to deal with these
issues in terms of what might be called "process standards," in
which a judgement is made about the "significance" of an impact
by a well defined process. Process standards are of course quite
common but there is yet a substantive body of literature directed
toward defining the important dimensions of a process that make
it effective. One clear cut example of a "process standard" is
HUD's requirement that the determination of significant impact
for projects affecting a stie or property on the National Regis-
ter of Historic Places be made by a process involving HUD, the
State Liaison Officer and if necessary the Advisory Council on
Historic Preservation. This "process" standard, is essentially
based on the mechanisms previously established by Section 106 of
the National Historic Preservation Act, which also includes a set
of criteria to be used in making that judgement. It is, in other
words, possible and desirable to bring to bear the expertise of
established professional individuals or agencies in a well de-
fined process within which a jdugement can be made. For the pro-
cess to work effectively, however, it must be well defined, it
must involve persons equipped to make that judgement, the persons
involved must understand and agree to abide by the rules of the
game, there must be a system by which conflicts of opinion can be
resolved, and, most importantly, there must be I set of criteria
according to which that judgement shall be made.

It is unfortunate that many processes which could become ef-
fective mechanisms are lacking in one or more of these essential

6The Federal government does have the responsibility to protect
both the health and welfare of the public. However, it is in the
area of welfare as opposed to health that the issue of flexibil-
ity allowing for more local control ought to be considered more
carefully, though Federal standards in this area are also justi-
fied.
7Our judicial system is perhaps the most general and most gener-
ally applied "process standard" having all the elements defined
above.
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ingredients. Citizen participation, for example, has often been
looked upon as means of incorporating "community values" in plan-
ning and in resolving differences of opinion as will inevitably
occur in a heterogeneous population; but the proceso often fails
for one or more of the reasons mentioned above. Needless to say,
this is a fruitful field for further analysis with great poten-
tial in the field of environmental impact analysis.

Of course in some instances the "what's significant to you
is not significant to me" problem can be fruitfully handled sim-
ply by allowing persons the freedom to make choices concerning
the kind of environment best for them. The problem, however, is
that freedom to choose is dependent on the range of choices
available, and that range is often severely restricted, for some
groups more than others, and is greatly influenced by public
policy and the implementation of public programs.

Alternative to a Proposed Action:

The National Environmental Policy Act requires that alterna-
tives to a proposed action be considered and evaluated in an En-
vironmental Impaict Statement. The reason for this is quite clear
and is fundamental to any good planning process. A project is
justified if it strikes the "best." balance between positive and
negative effects, where the "best." 's the best among competing
alternatives. In economists' jar;on, the decision rule is simply
to accept a project with a positive benefit cost ratio, where,
and here is the catch, the "costs" include the cost of alterna-
tive opportunities foregone.

Conceptually, this makes a good deal of sense, but its im-
plementation is made difficult by a host of institutional prob-
lems. For example, important alternative sources of action di-
rected toward solving the same problem often lie beyond an
agency's direct control. Nevertheless, judicial interpretation
of NEPA makes it clear that these alternatives must be considered
and evaluated with equal weight. Thus, the Federal Highway Ad-
ministration is required to consider non-highway alternatives
such as transit, and one can appreciate difficulties involved in
fostering objectivity to non-highway solutions in an agency with
a specific mandate in highway planning and construction. Despite
these difficulties, however, some admirable advances have been
made, partigularly in projects involving both highway and transit
facilities. But the real problem goes even beyond this question
and relates specifically to the relationship between project and
system level planning and decision making. A-highway project,
for example, is often Jui-ified by te systems plan of which it
is a very integral part. So that to call forth a non-highway
solution raises a whole new set of questions that cannot be an-

8In the economic literature this is called "opportunity cost."
9The exclusive bus lane on Shirley Highway between Washington,
D.C. and Virginia is a good example.
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swered by analysis of a single project alone, and from the stand-
point of environmental analysis, what this basically says is that
project impact evaluation cannot be carried out independently, or
outside the context of, the broader, more comprehensive, system
or areawide planning level.

A corollary problem exists with environmental assessments of
HUD actions. At the project level, say with a housing project,
the question of alternatives inevitably focuses around alterna-
tive sites for the project. This is important because the en-
vironment in which project residents will live is principally
determined by the project's location. In most cases, HUD does
not directly choose the sites, but simply reacts to an applica-
tion on a project for which the site has already been chosen.
From a community wide (and often a metropolitan wide) standpoint,
land available for development must be allocated to various uses
depending upon community needs and available resources, so that
whether alternative sites are better locations for this project,
or for some other use, is a question which can only be answered
in the context of a good arewide land use planning program. From
an environmental standpoint, that planning activity should be
consistent with good environmental planning principles.

Environmental and Land Use Planning

The urban and land use planning disciplines have tradition-
ally viewed the city as an economic production unit, spatially
organized in a manner most efficient for the production and dis-
tribution of the goods. Accordingly, land use planning amounted
to forecasting rather than directing projected market allocatior-
of land to various uses, and in subsequently providing infra-
structure services necessary to accommodate projected develop-
ment. In making those allocations, land parcels were valued in
terms of accessibility, and general physical suitability for
development, principally viewed in terms of characteristics what
would affect the cost of construction. Land as a natural re-
source, having intrinsic qualities important to a high quality
environment, was not of prime concern. Therefore, flat land
easily buildable with good bearing soil was destined to intense
development without regard to whether or not the land was pres-
ently a natural forest or located over an acquifer recharge area.

That these things were not emphasized is consistent with the
role that planning played in public policy formation. The gov-
ernment role was one of forecasting and accommodating urban de-
velopment patterns determined largely by market forces,

The urban transportation planninS process is a good example
of this approach. Forecasts are made for population and economic
activity and these are translated into demand for land in resi-
dential, commercial, industrial, and other uses. The land supply
is then inventoried, and land is evaluated according to previ-
ously mentioned criteria of accessibility and capacity for devel-
opment. Activities are then allocated to given land parcels in a
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manner designed to simulate a typical economic market mechanism.
After translating the resulting land uses into their trip genera-
tion and distribution characteristics, transportation facilities
are planned and phased to accommodate projected demands.

Environmental criteria do not form the basis for urban plan-
ning activities because they are not a basic consideration in the
private market decisions forecasted. They are, in effect, "ex-
ternal" considerations to such decisions, and have appropriately
been called "externalities." Externalities are costs or values
arising from the actions of one, but which are born or received
by others.

When positive external economic values are created, the pri-
vate market is notoriously efficient in translating them into
economic benefit. Cities themselves exist because of the posi-
tive externalities created by the geographic grouping of economic
activities, and real estate investors have long recognized that
the economic value of a land parcel depends on its geographic
relation to the complex of urban activities, and hence on the
development decisions of other land owners. However, some impor-
tant externalities do not fall within the purview of the private
market, and herein lies the root for much of the "urban environ-
mental crisis" and the justification for public intervention.
Such externalities are collectively born by the public, and often
collectively generated by the cumulative effects of the complex
interaction of individual decisions. In this sense, we all both
contribute to and suffer from environmental degradation. In some
cases, we perceive immediately the results of our individual and
collective actions. In other cases, the long range environmental
consequences of decisions in both the public and private sphere
are not perceived. But whatever the case, the new public policy
called for must orchestrate independent decisions in a way which
maximizes the positive and minimizes the negative externalities.
In this regard, if past experience teaches us anything, it will
call forth a new approach toward land use planning with renewed
emphasis in three important areas.

1. Land must be viewed as a resource having intrinsic
natural value, as well as a location deriving its value
from accessibility to other urban activity.

2. Externalities make land both a public and private re-
source subject to both public and private ownership and
control.

3. The traditional forecast-reaction approach must be re-
placed by a design-guidance approach to planning and
public policy, particularly in the area of infrastruc-
ture services.

Each of these points is discussed in further detail below.

Land as a Resource Having Intrinsic Value as well as Locational
Value:
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If location is viewed as the dominant characte istic deter-
mining the value of land, land becomes a homogeneous commodity
uniquely described on a simple map coordinate system. But as Ian
McHarg is quick to point out, land is not uniform, but varies as
a function of historical geology, climate, physiography, mineral
and ore content, vegetation, wildlife, topography, and other
associated natural processes, and these processes constitute a
value system offering intrinsic opportunities and limitations to
human use. Nature, in other words, performs work for man; and
determining how that work is best accomplished requires the rec-
ognition that certain areas are intrinsically suitable for cer-
tain uses, so that the beginning of any land use planning activ-
ity should be a land inventory identified in terms of intrinsic
suitability characteristics for development of various land uses
and intensities. Thus, in addition to the traditional activity
oriented taxonomic system of land uses--industrial, commercial,
residential, transportation, and other public uses--we need to
develop and institutionalize an environmentally oriented taxonom-
etry. The broad outlines of one ibch scheme have already been
used with a fair degree of success.

Any new approach, of course, has a much better chance of
success when planning new development in largely undeveloped
areas, but is subject to a great many constraints when trying to
correct past mistakes in areas already previously developed.
Nevertheless, the abundance of undeveloped land, which can pro-
vide a unique opportunity for new environmentli approaches is

generally far greater than most persons realize. Of particular
importance in this regard is the planning activity associated
with new towns and new communities currently being planned and
developed thrcughout the United States and Europe. The oppor-
tunity is there and calls forthe the need to take a new and cre-
ative fresh look at urban planning and design.

In addition to providing better environmental quality, in-
tertwining the natural processes with the planned pattern of
urban development can generate economic payoffs. Often, it is

simply not ture that good environmental quality can be attained
only at a substantial economic sacrifice. The HUD assisted
Woodlands new community north of Houston, Texas, provides a good

example.

The planning and design process for th 2 Woodlands can be

summarized in the following six step sequence.

i9See Ian McHarg, Design with Nature, Doubleday Natural History

Press, Doubleday and Company, Inc., Garden City, New York, 1971.

l1Geographically, less than 3 percent of the United States is

urbanized.
12Ecological Analysis and Environmental Management Program, Stage

1, The Woodlands, 30 Ap-{Tl 1973, The Woodands Development Corpo-

rat7o-n, Houston, Texas, page 47.
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1. ecological data assembly
2. spatial description and interpretation of data
3. creation of a locational value system based on the data
4. determination of locational suitabilities
5. establishement of a design synthesis
64 creation of a land use plan

The application of that process has already achieved some
interesting results. For example, the basic approach to handling
drainage in The Woodlands is expanded to encompass factors not
considered in conventional storm drainage systems. Accordingly,
natural drainage processes are modified to serve the needs of the
planned community.

The "natural drainage" system requires the dedication of
wide strips of land for water flow through drainage swales, lined
with natural vegetation, allowing natural infiltration to occur.
In addition, the use of storage reservoirs serve the dual purpose
of reducing peak flow rates and maintaining a water supply for
recreational and other purposes. The system maintains a high
water table and stable soil conditions, with minimum damage to
natural forested areas and vegetation important to the natural
environment setting and open space plan for the area. It is
estimated that this sytem will not only reduce damage to the
natural environment, and improve environmental quality,but will
result in very substantial long run savings in developmental and
maintenance costs.

Design-Guidance Approach to Planning: The Woodlands planning
scheme requires that urban planners design the urban fabric
around natural processes and natural values in order that man
might work with nature rather than against nature, enabling
nature to work for man. But in addition to reducing adverse
interactions. between man and nature, the resulting urban design
must have an internal logic which services the needs of
interrelated urban activities, and also minimizes conflicts be-
tween activities. Design, in other words, must simultaneously
serve both functional and aesthetic needs and the two are not
always compatible. For example, on the one hand, the juxtaposi-
tion of spaces which minimizes travel time between activities,
and is therefore functionally efficient, can be aesthetically and
environmentally disastrous. This particular conflict is exem-
plified in the mutually exclusive objectives of good access be-
tween residential areas and employment, and maximum separation of
residential areas and employment areas which generate adverse
environmental impacts.

We need therefore to develop techniques for use in the urban
planning process that synthesize conflicting needs. In this
regard, HUD has taken a major step in providing guidance to plan-
ning agencies and other groups in the field of ruban planning for
noise abatement and control. In a recent publication, Aircraft
Noise Impact, Planning Guidelines for Local Ac encies, methodas fr
noise impact analysis wi t alternat1-ve noise azbatement strategies
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are woven into a traditional land use planning framework. This
is not a question of "designing with nature" but in minimizing
conflicts between incompatible human activities.

In the area of pollution exposure, the degree to which land
use planning will be constrained by potential land use conflicts
depends in part on the extent to which technological solutions
can be applied. This, of course, results directly from the fact
that human exposure is an important dimension of environmental
impact and that exposure can be reduced either by eliminating the
pollutant at the source, or by controlling the extent of exposure
through land use controls that dictate the location of both the
source and receiver. So that a higher level synthesis between
environmental engineering and environmental planning is also
called for ind eciding the mix between technology and land use
controls directed toward common environmental quality goals.

It is difficult to envision a single "technique" that will
encompass these divergent needs. What is currently lacking is a
planning process, that, through the sequential application of
land use planning, urban design, and environmental principles,
surfaces an array of alternative solutions that are acceptable in
terms of both functional and environmental criteria. To these
alternatives can be applied a refinement of existing techniques
that choose among the alternatives developed. In the tradition
framework of analysis, techniques must be developed both for the
generation of alternatives and for their evaluation. Environ-
mental planning must be lin-k-ed with a process that evaluates
environmentally sound plans.

Functional planning of infrastructure services can no longer
be separated from environmental planning and urban design activ-
ity. The traditional forecasting approach must give way to de-
sign and development of desired land use plans, and the impact
that the location and design of major infrastructure facilities
will have on the pattern of urban development can no longer be
ignored. We have for a long time forced the fulfillment of our
own forecasts 1'y locating transportation routes, water, sewer,
and other infrastructure facilities in areas where development
was expected to occur. But that the forecasted development did
occur in those areas is as much the result of our actions as it
is a function of our thoughts. Planning infrastructure facili-
ties can have an urban design and environmental purpose in di-
recting urban development in desired directions, as well as
functional purpose in supplying needed services. But that func-
tional planning and comprehensive urban planning will march to
the geat of the same drummer, will hinge on our willingness to
support the kinds of institutional change that will make it
happen. For the obvious has been known for a very long, time as
has our impotence to do anything about it. The coordination of
plans and the orchestration of public policies toward a commone
end is not a scientific or an engineering problem, but an insti-
tutional one, where, unfortunately, change may be perceptable
only from a long term perspective.
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APPENDIX*

ENVIRO4MENTAL IMPACT ASSESSMENT OUTLINE

(All impacts must be considered. Those that have no bearing
on the project can be summarily handled. Documentation shall
be consistent with the level of clearance.)

IMPORTANT: In each item consider present and future impacts

Natural Environment

A. Land

1. Impact of the Environment on the Project

a. natural hazards c. normal conditions

soil erosion mudslides vegetation topography
.steep slopes earthquake landscape geology
unstable soil floods

b. attenuation measures d. relation to project

2. Impact of the Project on the Environment

a. clearing and grading

damage to vegetation
damage to topographical features

b. measures to minimize harm

B. Water

1. Impact of the Environment on the Project

a. existence of water bodies/systems
(recreation/drinking)

lake stream bayou iver basin
pond river marsh water shed
reservoir estruary acquifer flood plain

*This table appears as Table 2, of reference 3, pages 9-13
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Land as a Public Commodity: Techniques for planning are useless
Tn the absence of power to implejmnt. Because of land's intrin-
sic natural qualities, and because of the potential conflicts
that exist between land uses, there is a public as well as a
private interest in land's ownership and control. For both these
reasons, there is a growing interest in the use of traditional
police powers, and in the public ownership of land. Natural in-
trinsic qualities of land can be protected and preserved by
public ownersip, and/or development restrictions, and several
States have taken initiatives in this direction. In addition,
there is a growing interest in the purchase arid/or control of
"buffer zones" to separate major pollutors such as airports or
highways from receptors, such as residential areas. These repre-
sent the beginnings of what will hopefully be a major metamor-
phasis in traditional distinctions between private property and
the public welfare.
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TABLE 2 -- continued

Natural Environment -- (continued)

b. relation to project

c. quality (pollution) of above systems

d. sources of pollution

industrial waste septic tanks
municipal waste flooding
storm/sewer linkages erosion/drainage

e. attenuation measures

2. Impact of the Project on the Environment

a. disruption of above water bodies/systems

b. pollution (project sources)

overload sewer
septic tank/waste
drainage/erosion

c. measures to minimize harm

C. Air

1. Impact of the Environment on the Project

a. ambient air quality (pollution) in area

b. nearby sources for localized pollution

industry city dump
incinerators traffic

c. relation to project

d. attenuation measures

2. Impact of the Project on the Environment

a. sources

construction traffic generated
incinerators heating systems

b. measures to minimize harm
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TABLE 2 -- continued

Natural Environment -- (continued)

D. Noise

1. Impact of the Environment

a. ambient noise environment

b. nearby sources

airport rail
roadway industry

c. relation to project

d. attenuation measures

2. Impact of the Project on the Environment

a. project sources

traffic construction
equipment industrial activity (if part

of project)

b. measures to minimize harm

Man-Made Environment

A. Physical Character

1. Impact of the Environment on the Project

a. existing character c. Hazards
land use blight
mix, configuration fire hazards
densities traffic hazards
building heights (especially for

children)

b. relation to project d. attenuation measures

2. Impact of the Project on the Environment

a. compatability with b. possible induced
changes

land use further development
density induced upgrading
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TABLE 2 -- -ontinued

Man-Made Environment -- (continued)

building heights density change

general physical character land use change

c. Compatability with

official plans
zoning
codes

B. Infrastructure (consult appropriate agency)

1. Impact of the Environment on the Project

a. use to capacity ratio (percent capacity)

water power
sanitary sewer roadways
storm sewer transmit

b. service of above to project

2. Impact of the Project on the Environment

a. degree of increased load to above systems

federal, state, local standards
firm plans and capital improvement budget for

expansion/improvement

Social Environment

A. Community Facilities (consult appropriate local agency)

1. Impact of the Environment on the Project

a. use to capacity ratio (percent capacity)

schools cultural facilities shopping
health medical facilities day care
police recreation (adult/children) social services

b. accessibility to above (specify: foot, auto, transit)

pedestrian access for schools
transit access to employment (low income)
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TABLE 2 -- continued

Social Environment --- (continued)

2. Impact of the Project on the Environment

a. facilities contained in project

b. degree of increased load to above

standards:
firm plans and capital improvement budget for

expansion/improvement

B. Character of Community

1. Impact of the Environment on the Project

a. socioeconomic and racial character

b. stability

c. renters/homeowners/turnover rates

2. Impact of the Project on the Environment

a. socioeconomic and racial mix (controversies)

b. housing mix

C. ghettoization

d. dislocation/relocation

number persons, business minorities dislocated
plans, process, facilities for relocation

e. controversy (position of opposing groups)

f. measures to minimize harm

C. Esthetics

1. IMact of the Environment on the Project

a. existing character c. unsightly areas

views, vistas
architectural character of

area

b. relation to the project d. attenuation measures
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TABLE 2 -- continued

Social Environment -- (continued)

2. Impact of the Project on the Environment

a. existing character

impact on views, vistas, skyline; c. historic
architectural compatibility archeologic

site
historic

site or
property

National
Register
for His-
toric
Places

b. measures taken to coordinate the design

3. Internal relationship in the project

a. independent professional design evaluations of
interdependence of buildings and spaces

b. formal aspects of design:

proportions and contrasts accents
balance order (synthesis

and rhythm
purity of shape and color harmony

c. Functional aspects of design

access
juxtaposition of spaces encounter patterns
mobility shelter

other needs

.111-297



LIST OF REFERENCES

1. Department of Housing and Urban Development, "Departmental
Policies, Responsibilities and Procedures for Protection and
Enhancement of Environmental Quality," Handbook 1390.1,
Washington, D. C., July 1973.

2. Department of Housing and Urban Development, HUD Challenge,
Volume IV, Number 1, January, 1973.

3. Department of Housing and Urban Development, Environmental
Assessments for Project Level Actions, a guidance document
prepared by te Environment and Land Use Planning Division,
Washington, D. C., May 1973.

4. Environmental Protection Agency, Land Use and the Environ-
ment, An Anthology of Readings, Offce o-Research and Moni-
t-6-ing, Environmental Studies Division, Washington, D. C.,
(Virginia Curtis editor), 1973.

5. McHarg, Ian L., Design with Nature, Doubleday/Matural His-
tory Press, Doubleday and Company, Inc., Garden City, New
York, 1971.

6. Wilsey & Ham, Aircraft Noise Impact, Planning Guidelines for
Local Agencies, prepared r the Department of Housing and
Jrban Development, Washington, D. C., November, 1972.

IIIV298




