Population and Pollution in
the United States

To a large extent the growing con-
cern over environmental degradation
has revolved around the attempt to find
a culprit. Some find it in population
growth. Others, pointing to congestion
and pollution in Australia’s major cities
pin the problem on the spatial distribu-
tion of the population. Still others,
pointing mainly to the relatively low
levels of air pollution of densely popu-
lated but low-income cultures, assert
that the culprit in “advanced” coun-
tries is our high standard of living: for
this group, zero economic growth
rather than zero population should be
the watchword. Less frequently men-
tioned is the possibility that recent
changes in the composition rather than
in the rate of growth in the output and
standard of living has caused most of
our current problems. The preference
of consumers for a style of life that
includes suburban living, throwaway
bottles, high compression automobiles,
processed foods, and frivolous uses of
electricity are cases in. point. Closely
related is the assertion that the princi-
pal culprit is the technology we have
chosen to use: the substitution of chem-
ical fertilizers for manure, pesticides
for biological means of pest control,
detergents and petrochemicals for bio-
degradable materials, internal for ex-
ternal combustion engines, new raw
materials for used or reclaimed re-
sources, and so on. Finally, there is
the economist’s. pet peeve, a pricing

system that does not properly charge

for the use of common property re-
sources, with the consequence that
there is insufficient incentive to limit
the consumption of those items that
are heavy users of raw materials and
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the environment, or to develop the
technologies necessary for the conserva-
tion of these increasingly scarce items.
This particular culprit is not of course
on a par with the others: it differs in
that it provides a partial explanation
for the absence of recycling, for the
type of technologies in use, and for the
patterns of consumption.

The importance of these various fac-
tors depends in part on the time per-
spective one has in mind. If our con-
cern is with the ultimate disposition of
the human race on a finite planet, fac-
tors other than population growth are
of little consequence; at best they sim-
ply postpone the evil day. The laws of
physics and biology cannot be repealed
by technological innovations let alone
by changes in consumer preferences or
prices. This “ultimate” time frame must
be what Ehrlich and Holdren have in
mind when they say that “improved
technology can postpone the onset of
diminishing returns but cannot avert
it” (1).

If our concern is with environmental
quality during the next 5 to 10 years—
the longest period in use for most pol-
icy planning purposes—it is most ap-
propriate to focus on fiscal and legis-
lative measures that will ration the use
of inherently scarce environmental re-
sources. In this time frame an effective
mass transit system plus a rule that
forebade the use of private automobiles
within a certain radius of the central
business district would do more to re-
duce automobile exhaust than would
measures aimed at altering the birth-
rate. This, of course, is the outer lim-
its of the time frame within which gov-
ernment agencies such as the Environ-
mental Protection Agency normally
operate.

On the other hand, if our concern
is with a 30- to 50-year time horizon—
the shorter end of the appropriate pe-
riod in which to analyze the effects of
population policy and the longer end

of a period in which we can have any
modicum of confidence in our ability
to predict even the broadest of trends—
then all the above factors play a role.
Certainly we cannot assume that within
this period consumer tastes, the capital
stock, or the technology in use will re-
main constant, as we might if the time
period investigated were shorter; nor
can we assume in advance of careful
empirical analysis that induced changes
in tastes and technology are incapable
of handling the environmental prob-
lems likely to arise in the next 30 to
50 years.

This time frame, then, I take to be
the most interesting and relevant one
for analyzing the effects of population
growth on environmental quality. With-
in this period, what is the nature of the
relations between population and en-
vironmental quality? To put this ques-
tion more concretely, compare the U.S.
Bureau of the Census projections B and
E during the next 30 to 50 years (2).
By the year 2000, projection B indicates
a population of 440.3 million; in con-
trast projection E would result in a
population of 299.2 million, some 17
percent less in that year. By the year
2020, the divergence is even greater, E
being 21 percent less than B. As Fig. 1
suggests, it is convenient to break this
question into two parts: (i) if path B
occurs, what environmental pollution
problems are likely to arise in the year
2000 (or 2020); and (ii) what differ-
ence would it make in that year if, in-
stead, path E were to occur?

It is impossible to answer these ques-
tions in principle (except, of course, to
say the obvious, that environmental
problems would be somewhat less
pressing under E than under B). In
this time frame, how far will pollution
controls and regulation carry us; to
what extent can changes in the geo-
graphic distribution of population and
economic activities offset increasing
emission levels; to what extent will
technological changes reduce emissions
and offset tendencies toward diminish-
ing returns and diseconomies of scale
that might otherwise emerge? Adequate
answers cannot be given without quan-
titative and qualitative information on
probable developments in a wide vari-
ety of fields (3). Nevertheless, there is
some value in presenting a general

‘analytical framework and using it as a

backdrop to discuss a number of issues
that have cropped up in recent debates.
In doing so in this article, I limit myself
to discussing the pollution problem
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proper: questions of resource adequacy
and issues arising from broader defini-
tions of the environment will be men-
tioned only peripherally.

The Basic Relationships

It is convenient to begin by building
a few pieces of analytical machinery.
To keep the analysis simple, each vari-
able and parameter will be spoken of
as if it has only one dimension, al-
though it is useful to keep in mind
that each is really a vector of many
elements. For example, I will speak of
wastes generated per unit of output,
knowing full well that there are many

different kinds of wastes, outputs, and.

relations between them. This simplifi-
cation should not affect the conclusions,
particularly after the qualifications of
the next section are added. In addition,
most relationships are assumed to be
linear within at least limited ranges;
this assumption will also be modified in
the next section which discusses how
the parameters of such relationships
might change over time.

Perhaps the most significant fact
about man-made pollution is that it
arises as a consequence of flows of
materials such as metals, fuels, and
foodstuffs through the economy. While

there may be substantial time lags in
such flows because the use-value of
many commodities may not be ex-
hausted within 1 year (the time period
that most economic flows refer to),
what goes in must ultimately come out
in the form of waste products.

All economic processes and activities
create residuals, some of which may be
recycled. If that portion which is not
recycled is referred to as wastes, W,
and if the proportion of residuals re-
cycled is held constant (ignoring the
fact that the waste products generated
in a given year come from different
sources, each with its own pecularities),
we can say, as a crude approximation,
that such wastes are proportional to the
level of economic activity

W =AQ0 (1a)

where Q is total output [or, as an ap-
proximation, the gross national product
(GNP)] and 4 is a positive constant (4).
To emphasize the role of population,
total output is divided into population,
N, and per capita output, g

W =4 (gN) (1b)

These waste products can be emitted
into the environment in more or less
noxious forms. Carbon monoxide can
“be converted to carbon dioxide before
emission into the atmosphere; biologi-
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cal degradation of wastes can be
speeded up so that their ultimate emis-
sion into bodies of water requires less
oxygen; particulates from combustion
can be captured and along with burn-
able solids disposed of in landfills,
When one shifts the concern for wastes
generated to a concern for pollution
levels and damages, the form in which
the waste is emitted becomes important.
In this article I concentrate on just
that portion of the wastes which causes
pollution. Suppose this portion is desig-
nated as B, a coefficient whose magni-
tude depends on the amount of capital
invested in treatment facilities and the
manner in which these facilities are
operated. Then the pollutants, P,
emitted during a period are represented
by

P=BW 2)

where B is some positive fraction.

In this formulation, pollution is mea-
sured in pounds emitted per year. To
move from this to what is normally
meant by pollution levels or the en-
vironmental quality, these emissions
must be compared with the volume, V,
of the medium in which they are
placed: we want a measure of concen-
tration in, for example, parts per mil-
lion. To obtain this we must take ac-
count of the fact that the environment
tends to cleanse itself over time. Par-
ticulates settle out of the atmosphere
at certain rates, biodegradable waste
products are reduced to their inorganic
components, and so on. At the end of
a given time period, ¢, such a measure,
C, depends upon the concentration at
the beginning of the period, C,, the-
rate, r, at which the environment
cleanses itself, and the amount of pol-
lutants, P, added to the environment
during the period

c:co—rco+—§-=(1_r)co+—f;
3)

This formulation overstates the concen-
tration at the end of the period because
some of the pollutants are also elimi-
nated during the period, but it is ade-
quate for present purposes (5).
Finally, the damages caused by this
concentration should be considered.
They tend to be of three kinds. First,
there are damages to economically
valuable goods and services: fish killed
because of DDT poisoning, lowered
labor productivity because of higher
morbidity rates, and so on. This class
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of damages can be symbolized as a
certain rate of damage to total output,
0, or gN, where the rate of damage
is a function of the concentration. Sec-
ond, there is evidence that human mor-
tality is affected by pollution even
within concentrations recently experi-
enced. This fact can be symbolized by
a certain rate which again is a function
of concentration. Third, there are a
wide variety of losses resulting from
physical changes in the environment
which do not enter into normal eco-
nomic calculus through production and
exchange but which are nevertheless
considered detrimental given our cur-
rent set of values. The loss of wilder-
ness areas, increased mortality of non-
commercial plants and animals, ob-
struction of views of snow-capped
mountains, overcrowding, and noise all
fit into this category. This category,
then, is a catchall covering all those
detrimental effects that do not fit easily
into the other two classifications. These
too can be thought of in terms of
damage rates associated with various
concentrations of pollutants.

The first and second types of dam-
ages should be entered into our models
through feedback loops that result in
different rates of increase in output
and in population, and hence labor
force, than we would otherwise have.
The last type of loss should then be
entered into a per capita welfare func-
tion as one of its arguments, along with
other elements such as per capita out-
put (or income) and death rate. But
the main point can be made by taking
sufficient liberties with reality to assert,
simply, that the per capita damage, d,
is a function of concentration C.

Very little is known about the form
“of such functions. For some pollutants
and the damage they cause the rela-
tionship appears to be proportional, at
least within the range for which obser-
vations have been made. For others
there is reason to suspect that the rela-
tionship is indirect, the amount of
damage increasing more rapidly after
some threshold is reached. Some writers
have suggested that synergisms may be
present—that is, that the relationship
may depend on what other pollutants
are present at the same time; but prac-
tically nothing of an empirical nature
is known about such possibilities. It
is perhaps best to assume that after
some point is reached, the rate at which
damages occur increases with the con-
centration. For simplicity, we will rep-
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resent the situation by a proportionality
constant, 8, which itself is an increasing
function (f) of the level of concentra-
tion

d=5C (4a)

where 8§ = f(C) and f > 0. Total dam-
ages, D, of course, can be represented by

D=5CN (4b)

Substituting from Egs. 1b, 2, and 3,

the per capita damage function (6) be-
comes

d= (a—II;A B)gN + 5(1 —r)Co  (5a)

and the total damage function is

D= (B—Il/—AB) GN? + 3(1 — 1)Co N
(5b)

If all the parameters of these equa-
tions were constant, they would de-
scribe a very simple relationship be-
tween pollution and damages on the
one side and population changes on
¢he other. They would show, simply,
that pollution increases in proportion to
increases in total output. If per capita
output is held constant, this is equivalent
to saying that pollution is proportional
to population. But if population were
constant, pollution could just as well
increase in proportion to increases in
per capita output. In this formulation,
then, population and per capita output
are equally important in causing pollu-
tion. The same conclusions follow for
per capita damages (if & is held con-
stant for the moment).

If, however, we are concerned with
total damages, the picture is somewhat
different. While the effect of an in-
crease in total output on concentration
is the same when it occurs because of
a rise in output per capita or a rise in
population, if population increases
(with or without an increase in per
capita output) the number of victims
as well as the amount of pollution in-
creases, so that the total damages in-
crease much more rapidly than the
population.

Finally, the relative importance of
per capita output and population
growth is not changed by making the
damage parameter, 8, an increasing
function of pollution, though, of course,
damages increase at a faster rate than
they would otherwise.

Subject to the rather severe limita-
tions of this analysis, this discussion
answers the first of the two questions

posed at the outset: pollution increases
proportionately with population, if
everything else, including per capita
output, is held constant; per capita
damages will increase somewhat faster
depending on the exact form of this
function, and total damages will in-
crease at an even faster rate.

To answer the second question,
which refers to a shift downward in
the rate of growth of the population,
a few words must be added about the
relationships between output, popula-
tion, and labor force. So long as popu-
lation is assumed to grow at a steady
rate over time, these relationships can
be assumed to be stable. But if the
growth rate of population were to slow
down—if there were a shift from pop-
ulation projection path B to E, which,
as noted, might make a 20 percent dif-
ference in the size of the population in
the year 2020—there are several rea-
sons for believing that total output
would be significantly less than 20 per-
cent less in that year. First, a larger
proportion of the total population
would be in the age group constituting
the labor force which would, therefore,
not be 20 percent smaller. Second, if
all other inputs, including technology,
were the same in the two cases, the
marginal productivity of labor would
rise with the fall in the labor force.
Third, per capita incomes and hence
savings should be greater, suggesting
that the capital stock would be likely
to grow more rapidly. And, finally, there
should be greater availabilities of raw
materials of a given quality under pro-
jection E. Since pollution is linked to
total output, we can conclude that pol-
lution and hence per capita damages
would be less than 20 percent less in
the year 2020 (7). The situation would
improve but not by as much as a first
glance might suggest.

Changes in Parameters

But it is important to add that all
these conclusions are highly abstract
and unrealistic. The ‘whole discussion
so far has proceeded on the assump-
tion that the parameters of the relation-
ships outlined above remain constant.
During the 50-year period under con-
sideration it is just as certain that these
parameters will change as it is that
population growth will occur. Indeed,
if past history is any guide, some of
them will change at a faster rate than
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population; and, of course, many. of
them can be made to change by changes
in government policies. To - complete
this analysis, therefore, it is necessary
to consider the major factors that could
cause significant changes in these pa-
rameters.

Changes in the geographic distribu-
tion of the population, During the last
century we have witnessed what Philip
Hauser has called a population im-
plosion, a flight from farms to cities
which has increased the urban portion
of the U.S. population from 40 to 70
percent during the course of this cen-
tury. Along with this concentration of
population has come, of course, a
clustering of economic activities.

This movement has had two main
consequences that influence the param-
eters of the analytical framework out-
lined above. First, it has permitted a
massive increase in output without a
commensurate increase in transporta-
tion costs. If the United States tried to
produce today’s output with the labor
force and production units as scattered
as they were in 1900, the transportation
component of total output would have
to be immensely larger (and the pro-
duction of other goods and services that
much smaller). Since transportation is
a heavy user of resources and the en-
vironment, the waste load generated by
our current level of output as well as
the pollution resulting from these wastes
would have been much greater. In
other words, the parameters 4 and B
of Egs. 1 to 3 have been decreasing
over time as a result of urbanization
(I ignore other influences on these co-
efficients for the present) (8).

The second consequence of this im-
plosion has worked in the opposite
direction so far as environmental qual-
ity is concerned: it has meant a reduc-
tion in the effective size of the environ-
ment into which most wastes are
poured (a reduction in V in Eq. 4).
While we often think of the size or
volume of the environment as fixed for
a country, what is important in terms
of pollution is the magnitude of the
environment into which we dump the
bulk of our pollutants relative to where
the population resides. Thus, while this
concentration of economic activities
and people has reduced transportation
costs and total emission throughout the
country (over the amount by which
they would have been reduced with the
same level of output but with less ur-
banization), it has also increased the
concentration of pollution and hence
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the damages experienced by the bulk of
the population.

Partly because the period of rapid
urbanization is now behind us, but also
because of the relatively new trend
toward suburbanization, supported by
the availability of a cheap and con-
venient means of private transportation,
these effects on the parameters of our
analytical framework are undoubtedly
petering out. But they could become
important again depending on what
happens to government policies with
respect to zoning, location of economic
activities, mass transit, and the like.

Changes in the amount and com-
position of consumption. Even if total
output remained the same, a fall in
consumption as a fraction of output
would affect emissions. Such a shift
could occur as a result of increase in
capital per unit of output which, in
effect, would mean an increase in the
time that materials remain in the eco-
nomic stream. It could occur as a
consequence of increased investment in
waste treatment and handling facilities,
a particular form of capital deepening.
It could also occur as a consequence
of demographic changes associated
with a change in the birthrate.

This last point needs some expansion.
If population growth followed path E
instead of B, not only the labor force
but the number of households in the
population in the year 2020 will be less
than 20 percent less. Again this is a
consequence of the changing age pat-
tern, which reduces the number of
children per family unit. In addition,
there are rather sizable economies of
scale involved in household purchases.
Certainly expenditures on housing -and
other consumer durables would not fall
in proportion to the fall in household
size. Taking both factors together leads
us to suspect that consumption as a
fraction of disposable income would
be likely to rise if there were a sus-
tained fall in the birthrate. Unless the
government offsets this effect by chang-
ing fiscal policy, this would mean a rise
in consumption as a fraction of total
output.

But suppose the net effect of these
various forces was to reduce consump-
tion as a fraction of total output. This
would be reflected in Eq.-2 by a fall
in parameter 4 (9). Unless the addi-
tional investment were specifically de-
voted to waste treatment facilities (in
which case B would also fall), it is
probable that the net effects of such a
change would not be great, first be-

cause the movements in the components
of parameter A are partly offsetting

[as explained in (9)] and second be-

cause, historically, consumption as a
fraction of output has been rather in-
sensitive to policy changes when ac-

count is taken of effects due to
business cycles.
Of far greater importance are

changes in the composition of con-
sumption. Historically, such changes
have been sizable; and future changes
in tastes, per capita incomes, income
distribution, and household size and
age structure, as well as the introduc-
tion of new goods, can be expected to
continue to affect consumption patterns
in significant ways.

A shift in the composition of con-
sumption can alter the time path of
waste generation quite substantially.
When a consumer uses a dollar’s worth
of electricity, he directly and indirectly
generates nearly twice as much par-
ticulate matter and more than 15
times as much sulfates as he does when
he purchases a dollar’s worth of break-
fast cereal or bread. When he takes his
car to work instead of a bus, he gen-
erates at least 20 times as much hydro-
carbon exhausts. If he scraps his car
after 6 years instead of after 3 years,
he reduces his contribution to this
source of scrap by close to half,

But it is difficult to say much about
the pattern of consumption that is
likely to emerge in the future, unless,
of course, policies intervene to induce
changes. To illustrate the difficulties of
such an assessment, consider two future
situations. In both situations, the total
output is the same; but in the first
situation per capita output is 10 percent
higher (population being commensur-
ately smaller) than in the second.
Which situation will give rise to less
pollution? If there were no change in
the composition of output, it would not
make any difference, as concluded in
the previous section of this article. But
when the composition of output is per-
mitted to change the result is unclear.
There is some evidence to support the
contention that the income elasticity of
demand (percent change in demand
resulting from a 1 percentage point
change in income) is greater for
services than it is for commodities; by
itself this should mean that the situation
with higher income per capita is pref-
erable. But there is also evidence to
suggest that the demand for second-
hand commodities will decline with an
increase in per capita income. This ef-
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fect could reduce the effective economic
life of consumer durables, increasing
wastes generated per unit of output
quite substantially.

Research in progress should shed
more light on this issue. For the pres-
ent we can only conclude that the com-
position of consumption—indeed, of
output in general—is a very impor-
tant factor for the threefold reason
that it has a strong bearing on the
waste and pollution loads generated,
that it is likely to change significantly
over time, and that it can be influenced
appreciably by changes in government
policy. '

Technological changes. Little needs
to be said to prove the importance of
technological and managerial innova-
tions in altering practically all the
parameters of the analytical framework
presented above. Had it not been for
these innovations this country would
not have the kind of environmental
problems it has today; nor would it
have the same size population or stan-
dard of living. But it is of interest to
consider whether the changes wrought
by such innovations have worsened or
improved the situation with respect to
pollution, and how the situation might
change in the future.

Before these changes are discussed,
however, a comment on Ehrlich and
Holdren’s use of the law of diminishing
returns should be injected. Their argu-
ment appears to be that technological
advance and discoveries of new re-
sources will not proceed fast enough
to offset the operation of this law
and that with diminishing returns will
come ever greater environmental de-
terioration. Since the time of Malthus,
those who have been making similar ar-
guments have been proved wrong by
the next wave of technical advance and
discovery. Will they continue to be
wrong in the future?

In some ultimate sense, the “finite-
ness” of the earth will undoubtedly
catch up with us. But the question posed
here is whether it will do so during the
next-30 to 50 years, and whether popu-
lation projection E rather than B will
make much difference. On this score,
there is no way even to begin finding
an answer without considering item by

item the individual changes that might

come about. At a minimum, four differ-
ent types of technological and mana-
gerial changes must be discussed: first,
changes in materials used per unit of
output; second, changes in the genera-
tion of residuals per unit of output (or
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per unit of materials input); third,
changes in the emission of wastes per
unit of residuals generated; and fourth,
changes in pollution per unit of wastes
10).

1) So far as materials used per unit
of output are concerned, a distinction
must be made between materials em-
bodied in the final product, materials
embodied in capital goods that produce
the final product, and energy used in
producing the commodity. In general
the first category, the input of materials
per unit of final product, has fallen over
time. Twenty years ago a cannery was
able to produce 40 cases of peaches
from each ton of peaches delivered to
it; today it produces 55 cases per ton of
input. In this case the improvement re-
sulted from a combination of better
raw materials, better equipment, and a
change in product mix. In other cases,
the principal ingredient has been better
organjzation and process control. But
there have been considerable substitu-
tions of capital and energy for human
labor, which work in the opposite direc-
tion. In addition, of course, the com-
position of materials has changed dra-
matically, energy and cheaper materials
being substituted for higher cost min-
erals, chemical fertilizers and pesticides
being substituted for land and natural
manures.

The overall effect of these changes
on wastes generated is difficult to esti-
mate. They are less to the extent that
the materials embodied in final prod-
ucts are less and to the extent that the
materials stay in the economic system
longer (as they do when embodied in
capital goods). But the increase in en-
ergy per unit of output works in the
opposite direction; and nothing of an
overall nature can be said about the
effects of changes in the composition of
materials.

2) Apart from the above effects,
wastes generated per unit of output
have often been changing for the bet-
ter. In 1928 cows produced 4.3 tons of

manure for each ton of milk produced; -

in 1968 they produced only 2.6 tons
per ton of milk. In 1943 the production
of container board generated 0.45 ton
of waste per ton of final product where-
as by 1963 this figure had dropped to
0.21. Once again, however, the intro-
duction of new products, processes, and
materials makes generalizations difficult.

3) Changes in the emission of
wastes per unit of residuals has to do
with the extent of recovery and re-
cycling, Once again the picture is

mixed: since the end of World War II,
recycled paper as a percentage of total
pulp used has dropped significantly; but
so far as copper, aluminum, and possi-
bly iron are concerned the trend has
been upward. The principal factor in-
fluencing these trends appears to be
relative prices, which are, of course, sub-
ject to influence by government action.

4) There is some evidence that
wastes are being emittted in forms that
are more damaging than they were in
the past. The substitution of synthetic
for natural fibers is a case in point, But
counter examples are easy to find. The
substitution of natural gas for coal, for
example, has clearly been beneficial on
environmental grounds. On net, I sus-
pect that the situation has worsened,
simply because of the great increase in
the number of products obtained from
compounds not found in nature and,
therefore, to which human beings have
not had time to adapt. In terms of the
parameters of the model, the effects of
this trend may be twofold: an increase
in at least some dimensions of § dam-
ages per unit of pollution emitted and
—because many new products are less
degradable—a reduction in the r, the
fraction of the concentration eliminated
per year by natural cleansing actions of
the environment,.

But investment in treatment and con-
trol facilities and improvement in treat-
ment technology have been increasing
rapidly during the past 50 years. The
net effect has probably been to make
the situation worse so far as exotic
metals and chemical compounds are
concerned, but better with respect to
biological wastes, solids, and particu-
lates.

If any generalizations at all can be
drawn from this multifaceted pitcure of
past trends, it is that relative prices ap-
pear to drive the system. Efforts have
been made to develop means of substi-
tuting capital and energy for labor be-
cause of the relatively high cost of la-
bor. Efforts have been made to reduce
the material content of output, to sub-
stitute cheaper materials and fuels for
more expensive ones, and to reduce in-
plant wastes because costs of produc-
tion can thereby be lowered. Means are

~ found to recycle materials when it is

profitable to do so; when it is not profit-
able to do so these means are set aside.
Since relative prices change for many
reasons having little to do with environ-
mental quality, it is no wonder that the
effects of past technological changes on
the environment are so mixed.
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If this generalization about the driv-
ing force in the system is correct, gov-
ernment policy can have an appreciable
effect on the direction of technological
changes in the future. Until recently
there has been little incentive to de-
velop “clean” technologies. We can
therefore be reasonably confident that
unexploited possibilities are present to
reduce wastes per unit of output and
pollutants per unit of wastes, if only the
proper incentives to do so are provided.
Of course, whether these parameters
can be induced to fall rapidly enough to
offset the factors working in the oppo-
site direction is an open question re-
quiring detailed sectoral studies.

Institutional changes. As population
increases, institutions and attitudes
evolved during earlier periods of lower
population densities become obsolete
and, under pressure from groups whose
status and power have been enhanced
by such developments, eventually adapt
to the new circumstances. The time
lags, however, may be very long. In the
United States, many attitudes and in-
stitutions are still adjusting to the clos-
ing of the western frontier.

One such institution which so far has
failed to adjust adequately is the price
system. It works reasonably well so far
as privately owned resources are con-
cerned; but since common property re-
sources in general are not priced at all,
this particular institution becomes more
and more anomalous as the scarcity
value of these resources increases. Sim-
ilarly our legal system, particularly as it
relates to private property rights and
third party damages, is not well ad-
justed to the presence of pervasive ex-
ternalities. Once again, numerous possi-
bilities are present for improvements
through appropriate adjustments in these
institutions. But whether these possibil-
ities will be sufficient to solve our prob-
lems within the next 50 years is still an
open question.

Conclusions

I have presented a simple model de-
scribing the principal links between
environmental pollution on the one side
and population and per capita incomes
on the other. My review of factors that
could cause changes in the parameters
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of that model has of necessity been
cursory. But enough has been said to
make the two principal points of this
article: that no single cause is suffi-
cient to explain this country’s environ-
mental problems, and that there is little
about the pollution problems the United
States is likely to face during the next
50 years that is inevitable.

It would not be difficult to devise
government policies that would alter the
composition of consumption and induce
technological developments that could
have significant positive effects on the
parameters. It is not impossible to
bring about some beneficial changes in
the distribution of the population and
in our institutions. And it is not im-
possible that improvements arising
from these changes during the next 50
years could offset the effects of popu-
lation growth, per capita incomes, and
other factors working in the opposite
direction.

But massive changes in attitudes and
behavior patterns that have become ac-
cepted as part of the American way of
life are likely to prove necessary. And
here, then, is the principal effect that a
slowdown in the rate of population
growth would have, an effect that does
not appear in any system of equations.
Such a change would provide us with
more time: time for vestiges of atti-
tudes and institutions developed in
frontier days to die off, time for the
power struggle between vested interest
groups to be played out, time to devise
and to implement solutions.
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link waste arising from this source to the
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we can imagine a certain number of pounds
of waste arising per dollar of total output

10.

. Once again,

and per dollar of depreciated capital stock.
Assuming for simplicity that depreciation is
proportional to the magnitude of total out-
put rather than to the size of the capital
stock, we can specify the following relation-
ship

w = a(N) +
(waste (from con-
generated) sumption)
B@N) + v(@N)
(from (from de-
production) preciation) (1c)

where consumption, ¢, and production, gq,
have been specified in per capita terms and
then multiplied by population, N, to derive
their respective totals. If we also assume that
per capita consumption is a constant propor-
tion, a, of per capita income, and that per
capita income, y, is proportional to per
capita output (y =bg) we can express our
waste generation formula in the following
manner

W = (aab + B + v) gN (1d)

where all the coefficients are positive and
both @ and b are less than 1. This is
simply a more explicit form of Eq. 2 where
A =(aab + B+ v). As indicated in the
text we are using the term wastes to stand
for residuals less recycled materials. If then
recycling increased o, and B or v (or both)
would decrease,

. A more correct formulation starts with rate

of change in concentrations, which is the
sum of what is added to the environment
during a period and what is subtracted be-
cause of the cleansing action—that Iis,
(dc/dt)y = (P/V)—rC. By integrating and
setting the integration constant at C,, we
obtain

=t d—erm +Cert

. More correctly, the function for per capita

damage is
=15 Tl,; AB] gN (1 — ety + Cye-rt

where 4 = (aab + B + 7).

total damages behave in an
anomalous fashion, falling more rapidly be-
cause there are fewer victims as well as
because concentrations are lower. In addition
there could be a change in the composition
of output, investment becoming a smaller
fraction of total output. First, unless govern-
ment policies offset the effect, investment is
likely to drop more than proportionately to
output and consumption, the accelerator
working in reverse; and second, as discussed
in the next section, per capita consumption
expenditures as a fraction of per capita dis-
posable income are likely to increase with
a fall in family size. These changes could
result in an increase in waste emissions
per unit of output since a smaller fraction of
total output would remain tied up within the
economic system in the form of capital goods.

. More specifically, the components e, B, and

v of parameter 4, as well as parameter B,
have been falling over time as a consequence
of changes in geographic distribution. See (4).

. By referring to (4) this can be stated more

specifically as a fall in parameters a and b,
two components of 4. In addition, after some
time lapse, + is likely to rise somewhat, but
not enough to offset the other effects.
Another reason for a reduction in r for
some pollutants may be increasing concen-
trations of pollutants themselves. Manure,
for example, decomposes more rapidly when
concentrations are low than when they are
high. But in other cases, for example par-
ticulates, »r is essentially unaffected by con-
centrations of particulates; and investment
in waste treatment and control facilities can
substantially increase the capacity of the en-
vironment to “cleanse” itself.
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