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PREFACE

These essays were written for Professor Bob Gearheart's "Air
Quality Management" course in the Environmental Engineering Program
at U.S.I). They were written from January 22 to February 18 of 1973.

In no sense does this material constitute either research or even a
review of the literature. This was essentially a sit-down~and-write-it-
out effort. Further, | have made no systematic effort to learn about

air pollution and its control. Hence, the following material is presented
in a rather casual and perhaps cavalier manner. Ms. Virginia Ream's
editing of my first drafts has cleaned up my residual illiteracy.

I.hé.ve attempted to take the perspective of a political economist
and examine a set of problems. If this effort is useful for engineers
and others | would be willing to put the material into a more conventional
form. | will, of course, be grateful to those who point out errors

and/or make suggestions.
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| NTRODUCTI ON
A FEW COWENTS ON THE PH LOSOPHY OF SCI ENCE
AND THE SOCI OLOGY OF ENG NEERS

(If you prefer not to read this call it an appendix)

|.  Engineering and the Philosophy of Science

Engi'neers seem singularly uninterested in the philosophy of science
One of ny relatives, a person whose Ph.D. is in engineering, explains that
this is an entirely reasonable indifference for engineering tends to
involve work at relatively low |evels of abstracti-on. By degree of
abstracticon reference islto thé length of the definitional chain fromthe
enpirical phenomena to the concepts used in analysis. | amtold that
in nost engineering applications this chain tends to be fairly short. In
addition, the rules of correspondence fromthe physical system being
studied to the analytic systemof mathematics tend to be quite clear
Further, causal |inkages anong the variables can be traced w[th clarity.
Thus, one is not burdened by teleological arguments, with largely silly
concerns about m nd-body problens or with freewl!|-determni-stic positions.
Finally, engtneers are seldom faced with the accusations that their
findirngs are a result of the distortions produced by their personal biases,

Because of these greatly oversinplified conditions, engineers have little
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incentive to invest their tinme in the study of the philosophy of
science--as long as they restricct their attention to the traditiona
range of engineering problens.

As engineers, such as environnental engineers, nove into areas
where "their" systens interact with social systems, they have reason to
becone concerned with the behavior of the social systens or, nore
strictly, with the behavior of the elenents of these systems. Hence, they
need to predict behavior in these systems. Wen théy make this effort,
they are dangerously close to practicing social science. This introduction
IS witten as a cautionary note, for it is exceedingly easy to appear
stupid when practicing social science. A substantial nunber of engineers

have done so.

[1. Defining the Terrain

For a nunber of years | have |ooked for a definition of science nore
conpl ete and succinct than mne which states: "sci‘ence ié the systematic
reduction of indetermnancy." This | take to be a perfectly general
statenent. Fromit, it is useful to divide screncés into two types.

There are the enpirical sciences such as physics, neteorology, denmogr aphy,
and economics; and non-enpirical sciences such as mathematircs and symbolic
logic. The latter are systenms of synbols with rules for the interrelation-
ships anong these synbols. The synbols thensel ves have no enpirical con-
tent. Through rules of correspondence the non-enpirical scfences are

‘used as devices to anal yze enpiri'cal phenonmena.

In general, one |ooks at elements involved in a enpirical system



and through rules of correspondence, nmoves to a nonenpirical system
where synmbolic manipulations are carried out and then he noves back

to the physical systemto make prediction. If al relevant variables
are accounted for, the prediction derived froma valid theory describes
some transfornmed state of the enpirical system If | recall correctly,

this sketch also describes the structure of an examnation in physics.

[11. Science and Social Science

| have the general inpression that many people in the natura
sciences and in engineering believe that it would be useful to have "good"
social science and that nost believe that good social science is in short
supply. The belief is correct. There are several reasons for both the
preference and the belief. Having suggested the reasons for the preference
in the beginning of this paper, | wll attenpt to account for the belief

hel d among engineers that good social science is in short supply.

First, some engineers believe that human beings can be scientifically
studied only as objects of bioengineering or as falling bodies. These
people sinply fail to understand science and their argunent can be
summarily dism ssed.

Second, sone believe that those practicing social science are, to
put it bluntly, relatively stupid. There is some merit in this claim
but the issue is nmore conplex than the statement suggests.

One can divide, as the _Graduate Record Exans do, nental abilities
into two aspects: verbal abilities and quantitati've abilities

Quantitative abilities (not GRE scores on quantitative abilities but



"real" quantitative abilities--see how difficult it is even talk

about peopl e systenﬁtically) determne how well one can learn to

mani pul ate synbols in the nonenpirical systens, e.g., how good one

is in mth. It is inconceivable that one could do standard graduate
level work in any field of engineering wrthout having fairly high

sophi stication in sone nonenpirical science, i.e., sone sort of
methemetics. This, of course, is evidenced by the prerequisite courses
in the catalog of any university with an engineering program This
requirenent serves as a filter that keeps those with |ow quantrtative

abilities out of engineering fields.

In contrast with this situation is the situation found in some of
the social sciences. Until recently, in many social sci ence departnents
one was considered a mathematical wizard if he could do much nmore than
count the nunber of students in his classes and find the roomwith the
right number on the door. In brief, there was no filter that kept those
~with low quantitative abilities out of the social sciences. There
sinply has been little need for quantitative skills requiring mathenatical
sophi stication. .Hence, given that there is sone positive correlation
between quantitative aptitude and general aptitude in the most universa
sense, the initial assertion that those in the social sciences are
relatively stupid haé sone basis in fact.

The condition described above, however, wll soon be largely of
historical interest. . There are three social sciences marked by their
success, neasured in terms of scientific achievement. These are

economcs., demography, and |inguistics. Scientific work in the first



two is heavily mathematical and linguistics relies on forns of

symbolic logic. Further some graduate prograns in political. science
require roughly the same background in mathematics as do graduate
programs in engineering. It remains the case, however, that today one
has to strain to find a use for sophisticated mathematics in nost of

the social sciences. One can expect the differential abilities mentioned
above to continues but at a decreasing level. | wll only rarely have
the pleasure of finding a faculty menber from engineering sneaking over
to ask a colleague in one of ny departments for aid in solving a

mat hematical problem One will, however, increasingly find that graduate
students in a first rate social science department will have higher

GRE quantitative aptitude scores than do the natural science graduate

students in a third rate departnment.

Third, for large variety of reasons briefly mentioned here., it is
exceedingly difficult to practice good social science. There are
serious problens involved in fornulating concepts, in obtaining data,
in finding reasonably suitable rules of correspondences, in selecting
the relevant variables fromthe vast number available, and in dealing
with the philosophical questions nentironed at the beginning of this paper..

Quite apart fromthe above problens is the fact that many special
interests, e.g., legislators, church |eaders of many faiths,'politically
powerful people, etc., find social science quite threatening. This fear
is well founded, for social science nore so than any other science is
highly errosive of the traditional w sdomand various ascribed sanctities

which exist to some degree in every society. Under the general canons of



of science, no belief about enpirical matters can be settled by authority,
convi ction, faith, tradition, or revelation. Science is played like a
gane of intellectual grab-ass where the regulations are set only hy

_the scientists who play. Wile al science is played under the same
fundamental set of rules, aside frombizarre and critical fssues such

as those which tnvolved Lysyinco and Galileo, political and religrous

| eaders have tended to be nore concerned with the substance and potentia
political and cultural inplications of social scirence findings than,

for exanples those in electrical engineering. (As an aside, however

| am convinced that the cultural and political inplications which flow
from electrical engineering are far nore serious than those which result
fromthe social sciences.- It is difficult., however, for leaders to predict
the second and higher order consequences of devel opments in engineering while

those in the social sciences seemto be obvious.)

Fourth, engineers may have a |ow opinion of social science for the
sinple reason that the vast majority of what passes for or what is called
social science is either something other than science, trivia masquer adi ng
as science, or sinply bad science. | would estimate that these three
categorices include a substantial proportion of that which has been called
social science. Clearly, there are vast differences of scientific quality
anong and within the various social science disciplines.

O these three categorieé, | will conment briefly on one that is
not science, but is often very useful in practical affairs and that has
the potential for serving as a base for scientific work. This is the

straight descriptive study that pfovides an account of some social system



or set of social systems. Included in this category are the

et hnographi ¢ works that enbellish anthropology. (In addition to being
useful to engineers and others who are working in alien and "exotic"
cultures, often this material also provides enjoyable reading. | t

al so denonstrates that Cache Valley is nearer the cultural mean of the
world than is nost of the rest of Anerica.) Sociol ogy provides exanples
of essentially descriptive work in its many comunity studies. Mst

of the political science literature on conparative government and

public adninistration is in the same class. Often, this nmaterial
masquerades as science and those practicing it probably consfder them
selves scientists. Gven that much of this work is at least potentially
useful e.g., that of taxonomsts in several fields, it probably causes
Iitfle harm for practitioners to continue with both their work and

their delusions. Their pretense does not dimnish the value of their

work.

IV. A sketch of the Scientific Process

Under 11 above, | defined science as the systematic reduction of
indeterm nancy. Earlier | stated that engineers, by and |arge, tended
to be indifferent to the philosophy of science, and | suggested a few
reasons why this mght be the case, noting that as engineers becone
increasingly concerned with social systems, and hence, with social science
a relatively greater self-consciousness with the scientific process
mght be useful. In sum both consuners and practitioners of social

science need to exercise great caution. At the risk of sounding critica



when | do not wish to be, the engineer may be like the child super
skiing star, i.e., he can ski well, but he is likely not to be able
to explicate the process. Science is, quite.literally, second nature
to him

The structure of the social science enterprise is like that of any
other enpirical science. Theories are constructed from logically related
enpirical relationships, Theories explain'behavior by connecting con-
ditions to consequences. Inferential reasoning can be used to derive
hypot heses.  The antecedent conditions are either independent or
intervening variables, and the consequential state is the set of depen-
dent variables. Research generates support for (or rejection of) the
predicted association anong the variables predicted by the theory. In

this context, explanation is structurally identical to prediction

In social science, theory can be used to suggest associations anong
conditions whose consequences are viewed as having negative utility.
Under alternative conditions, we can anticipate nodified consequences.
Hence, there is sonetimes a potential for alternative possibilities
through certain policy decisions. The assessnent of probable outcones
is the guts of policy analysis.

The fol lowi ng essays provide a casual sketch of the kind of policy
anal ysis that demands a conjunction of engineering and social science.
Shoul d you ever he occasioned to practice or use social science, be
aware of its problens and limtations. Mre inportantly, remenber that
structure is identical to that of the enpirical écience that you know
~ best, and that the consequences of violating this structure are |ess

obvi ous.



[ Shoul d you have some interest in examning literature .in the
phi | osophy of science, | suggest the followng as a good beginning.

Carnap, Rudol ph, Philosophical Foundations of Physics, 1966.

Bergmann, Qustav, Philosophy of Sciences, 1964.

Nagel, Stuart, The Structure of Science, 1961.

Hempel , Carl, Philosophy of Natural Science, 1966.
Fundanental's of Concept.

Madden, Edward, The Structure of Scientific Thought, 1960.

Rei chenbach, Hans, The Rise of Scientific Philosophy, 1951.
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Private Rationality, Public Rationality, Governnent., and Clean Air

Introduction: Air pollutions |ike many other issues of social welfare

has precipitated a demand for governmental i'ntervention. Good intentions,
however, even when converted to public policy will not suffice. If air
quality management is to successfully meet its goals, careful attention nust
by given to both the physical and social systems fnvolved. Cften the socia
context of resource admnistration is neglected. |

Adm nistrators' behavior is not governed, or determned by the agencies
statement of purpose. Nor is the behavior determned by the arguments
evi denced in Cbngreséional debate when the founding of the agency was con-
sidered. Rather than |ooking toward statements of purpose for understanding
the performnce of bureaucracies, we can infer fromthe case literature that
bureaucratic behavior is primarily the result of the information and incen-
tives available to or operative upon the bureaucrats. Fromthis perspective
We can suggest that if a bureaucracy is performng "inadequately,," i.e.,
if it does not provrde the preferred mx of goods and services efficiently,
we should first examne the structure of informati-on and the incentives in

the environnent of the admnistrators.

|. Econonics and Political Science

Social norality may reasonably be considered an ordered set of

| thank Judd Harnon and Rick Stroup for their extremely useful coments
on this essay.
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preferences applied to nore than one person. This dirrectly relates to a

fundamental distinction in a market organized society between the subject
matter of economcs and that of political sci'ence. Econoni'cs is viewed

by its practiohers as the scrence of choice in a context of scarcrty.

It is largely concerned with the organization of behavior under the rules
of willi'ng consent. By this | nean that economcs involves the study of

voluntary relationships. Presumably we will not voluntarily becone party
to an economc¢ arrangenment that |eaves us worse off than before.

In contrast with this situation is the subject matter of politica
science. This drscipline is concerned with the analysis of situations in
which the rule of mﬁlling consent is relaxed. Briefly, political.science
deals with social situations in which coercion is an inportant conponent.
(Coviously, there are exanples of a "coercion" potential in the economc
sphere. Assune that | have a corner on the potable water market in a
liferaft floating in the South Pacific. Normally, however, is a market
context there are substitutes for products and there are conpetitive
suppliers.) On the basis of this differences we find that in the politica
context there is always a potential for particular noralities to be enforced
via coercion. Qur peculiarly high degree of political freedom s an
historical aberration, and on a probabilistic basis is very likely to
decline. Exanples are all too freqUent: a white may not marry (consort
with, serve food to, sell a house to, etc) a black; alf'nust salute the
flag (king, peoples' spirit incarnate, etc); all nust pay taxes to support
the war (birth controls death control, oil interests., universities, etc).
This difference in coercion hetween the economc sector and the politica

sector is, | trust, conpellingly obvious.
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II. Wy Recourse to Political O ganization

| hope that the above served to alert you to the dangerous potentia
inherent to reliance upon political organization. As one of the few
surviving conservative anarchists, | acknow edge the necessity for relaxing
the rule of willing consent. In this sectron | wll briefly sketch the
rationale for this relaxation.

You recal| that the conpelling advantages of market coordinated beha-
vior are: first, that people voluntarily participate; and second, that
prices serve as effective and efffcient coordinating and rationing devices.
| trust that it is intuitively obvious (even if you would reject all of
the remainder of Friedmans' Capitalismand Freedom that a government is
required for the following purposes: (1) to serve as an arbiter among
parties when disagreenments arise;(2) to protect the weak fromthe strong;
(3) to prevent the market forces frombeing disrupted and distorted (by
monopol i sts etc). Generally, a government is needed to enforce property
rights and to maintain a context of |aw and order (please don't shudder
at the phrase just because N xon, et. al. have distorted its meaning by
adding connotations) in which producttve social rel ations can be under-
taken. | believe that anong sane men we coul d obtain perfect agreenent
that in a modernized society all of the above functions nust be perforned
if social welfare is to be maximzed. The question then becomes, to what

degree should the scope -of governnent by expanded beyond those tasks?

IIl. The Expansion of Action: Public Goods and Common Pool Resources

In this section | merely suggest two areas in which governnenta
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actiron is required if social costs are to be reduced and Social'benefits
increased. Detailed treatment will be discussed later in this paper

A public good is one which if available for anyone is available for
everyone. (A simlar definition applies to public bads). This suggests
that the good is not packageable and hence, people cannot be excluded
fromits consunption. Qtherw se expressed, property rights cannot be
readi |y established for public goods. Standard exanples included the
benefits derived formnational defense, light houses or mosquito contro
progranms. Gven that people cannot be excluded fromthe benefits of
these programs, they do not ordinarily have an incentive to contribute
to their provision of the goods. Hence, in the market context, i.e., in
a situation in which willing consent is required for action, these goods

will be undersupplied.

There are exceptions to these generalizations. Firsts in small
groups social pressure can induce contributions for public goods, e.g.,
in some comunal situations. Second, if there is a situation where the
private benefit from providing a public good is greater than the private
costs associated with providing the good, the public good will be supplied
privvately. An exanple of this situation obcurs when a |ogging conpany
meintains a road to a public area used by hunters, snownobilers, and other
recreationists. This, of course, is done to provide access for the conpany
The public good provision is a positive externality generated by the conpany's
sel fish action. |

The second area where governnental action is required involves the
management of common pool resources. Briefly., a common pool resource is
one in which there are multiple owners (or a number of people who have rights



I1-5

to use the resource) and where the use of one (or a set of users) can have
adverse effects upon the interests of other users. In the sftuation where
there is no recourse to some agency with the power to coordinate and/ or
to ration use, action which is individually rational can be collectively
di sastrous when the demand exceeds supply. To take a sinple exanple, assunme
a valley airshed that has air breathing citizens and two copper smelters
owned by different conpanies. In this situation the air is the common poo
resource and the breathing citizens and the copper smelters the resource
users. Guven that it is costly to reduce the air pollution caused by the
smelters and the damage done by the smelters is greater than the cost of cleanrng
the air, there is a net advantage to be gained by controlling pollution
Yet the copper conpanies cannot be expected voluntarily to reduce their
despoliation. Hence., a relaxation of the rule of willing consent is necessary
to reduce the pollution and increase social welfare.

An alternative exanple involves the over exploitation of a comon
pool resource. |f we consider whales or salmon a common pool resource
wi th independent harvesters, each harvester has an incentive to maxim ze
his take. In the absence of collective management and rationing of the
resource, we can expect the take to go beyond sustained yield. After it
IS understood that the resource is being depleted, we often find over
investment in harvesting technol ogy as each resource user tries to sustain
his take in the face of a dimnishing resource.

Thus, in the absence of clear property right to the resource and of

a coordinating arrangement based on sone rule other than that of
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willing consent, the resource will be unnecessarily depleted. Further

a socially inefficient investment will be made in the requisite capita

to harvest the resource. Imagine if you can the dynamcs we would find in
the national forests if suddenly all of the tinber were put up for grabs
on a cutout and get out-basis with no provision for owership and hence
storage of the stunpage. In addition to assurrng a speedy removal of the
forests, it is likely that there would be great over investnenté in
logging machinery. \hile many find this exanple nearly mnd boggling

it is directly analogous to the behavioral patterns found in the exploita-
tion of .comon pool resources in the absence of institutions geared to
manage and ration the resource and to adjudicate conflicts annhg the

conpeting users

IV. The Difficulties with Private Solutions to These Probl ens.

The above section has argued that there are situations in which sig-
nificant social advantages may be gained by establishing agencies and
bureaucraci es and assigni'ng them responsibilities and granting them powers.
In principles it would be ‘possible to acconplish the same ends via voluntary
agreenents anong the parties with a stake in the mtter. In applications
however, we will always encounter a number of factors that preclude.this
sol ution except by small groups, i.e., groups small enough to coordinate
and enforce behavior on a face-to-face basis. It is obvious that with
increasing population density and with increasing interdependence anong
ever more distant persons, the range of problems that can be handled on
a face-to-face hasis contracts appreciably. In this Section | sketched

several rationales for the insufficiency of voluntary arguments.
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A common pool resource is managed or a public good providéd because
these actions are projected to |eave people better off, i.e., net socia
welfare is then increased. If this can be denonstrated to the satisfac-
tion of all parties involved., why nust one resort to governmental action,

why will this action not be undertaken voluntarily?

A, Free Rider Problem

The first reason is the free rider problem Assune we know from
energy cycling studies that by investing 200 units in nutrient enrichnent,
fish production will be increased by 1000 units in a fishery resource
harvested by 400 conmercial fishermen. Also assume that there are no
relevant enternalities involved in the nutrient enrichnment program
Clearly there are great advantages to such a program In this situations
however, each fisherman has an incentive to avoid contributing his share
of the 200 units, i.e., half a unit. [If he doesn't contribute and others
do, he will be far ahead, having withheld his contributirons fromthe enrich--
ment programto invest his half unit in more effective harvesting tools.
[This is true if we assume within the range given here, a linear relation-
ship between enrichment and production. Cbviously, if we were dealing
with a step function whose first threshold was encountered between the
199.5 unit and the 200 unit of investments then the marginal contribution
of the last fisherman would be enhanced. Such possibilities should not
detract fromthe thrust of the exanple offered here]. AIternatfvely,
under the above assunptions no fisherman would contribute his share.
The marginal inprovenent of any one contribution would be spread over

the 400 fishermen. Hence, unless each fisherman knows that he can collect



I1-8

a share of the marginal inprovenent generated by the contribution of each
of the other 399 fishermen, it is to his advantage not to invest in the
programand to be a free rider on the backs of those who do contribute.
Because of the behavior generated by this structure of rncentives
and opportunities, it is necessary to relax the rule of wlling consént
and rely upon the potential for coercion (governnental action) if the
resource is to be rationally managed. A simlar logic is involved in
efforts to protect or rnprove the quality of an airshed or a body of
water. In each case, reliance upon voluntary agreenent yields a |ess
than optinel resource base. The normative question then involved the
degree to which freedomis to be sacrificed via the replacement of the
rule of willing consent by one of coercion in order to protect or enhance
an environnental resource. It is compellingly obvious that one of the most
substantial costs of an increasing population is precisely the sacrifice
in freedom necessitated by the need for maximzing rati-on mnagenent
when confronted with increasing interdependence and increasing demands
on the resource base. In generals the world is taking on an ever greater
resenblance to a common pool. [As an aside, one exanple which | find
especial ly fascinating is the managenent of beaver streans adopted by
the Crowlndians when the fur conpanies of the Mssouri River trade
entered their area. Apparently the ()0“5 were the only Indians with

sufficrent organization to keep "their" streams frombeing trapped out. ]

B.  Decision Mking or Bargaining Costs
In the absence of enforceable property rights to a resource or service,
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it is extremely difficult to reach voluntary agreenents regarding its
managenent or provision. |f we restrict our consideration to situations
where property rights present few problems, we still encounter serious
probl ens whi ch preclude successful voluntary agreements anong the parties
involved. Cearly, two neighbors can often agree to construct and maintain
a lane serving their contiquous holdings. Because the marginal costs of
additional usage tends to be quite low, each has an incentive to cone to

an agreement with the other. In principle this could be extended to

N parties.

However, it is obvious that there are at least two sets of costs
involved in building the road. First is the actual cost of construction
and maintenance. Second is the opportunity costs associated with the
time spent in agreeing howto finance and adnminister the road. G ven
that the nunber of roads is quite large and that there is a finite proba-
bility of ny wanting to use any road physically accessible to me, and
that this probability increases as the proximty of the road to ny hol dings
increase, two aspects becone apparent. Firsts | have an interest or poten-
tial interest in a very large nunber of roads. Seconds if | attended
negotiations for each road in which | have an interest, | would not have
time for anything el se. Hence, the opportunity costs of voluntary agree-
ment becone grossly unreasonabl e.

From the above discussion of the free rider problemand the problem
of opportunity or bargaining costs associated with voluntary agreenments
We can develop a general statement describing the role of governnenta

action. Fromthis perspective, government is nothing more than a prosaic
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instrument designed to coordinate human behavior via potential resort to
coercion when the costs associated with reliance upon voluntary agreenent
are considered to be excessively high by a group of people possessing
sufficient power to set and enforce the rules under which rules are made.
That sentence contains the rationale for beginning government and it is

the definitive rejection of anarchy--both | find saddening

V.  Dangers Inherent to Reliance Upon Bureaucraci es

In the previous sections | have tried to explain why there are situations
in which net welfare can be enhanced by relaxing the rule of willing consent
and pernitting coercion for the coordination of human affairs. This,
however, was not to suggest that the assignment of decision making capa-
bilities on other than a voluntary basis and the establishment of bureaus
and agencies to provide goods and services will necessarily result in wel-
fare gains. Unless careful attention is given to the information and incen-
tives with which bureaucrats are confronted, the projectéd out cone whi ch
provided the rationale for establishing the agency will occur only rarely—
probably with less than random frequency. This section provides an expli-
cation of this problemof bureaucratic performance. Hopefully, if the problem

Is stated careful Iy, ameliorations will be less than usually evasive

A The Potential for Bureaucratic Performance in a Conmon Pool Situation
Exanpl es

1. Consider an airshed with a capacity for assimlating Xi M of
industrial stack emssions, Xa M of auto pollutants and Xn M of natura

pol lutants (aerosols fromconifer forests., etc.) with a very |ow environmenta
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cost. Assune that dispersion rates are fixed and that Xn is accepted
as optimal. Assune no interactions among the pollutants and accepting
natural pollution as optimal, concern is with the inpact of Xi + Xa and
with the cost of controlling each. Current pollution productions however,
IS running at 4Xi and 2Xa with an environment cost, converted to dollars
for conparability (sorry, but it's the best we have in our tool kit) of
$16u. For an expenditure of $1.3u the cost of the pollution damage coul d
be reduced to $3.7u. Thus, there is a net gain of $12.3u (mnus adminis-
trative costs) to be realized by constituting an agency to compel rather
modest investments in pollutions control in order to realize very substan-
tial gains in environmental quality. [Froma social efficiency perspective,
we woul d want to stop investing in pollution control when the marginal
benefit of the i'nprovement equal ed the marginal cost of additional control.
This point is discussed |ater.]

2. Assume a game herd with a sustained yield potential of y, if in

an unmanaged habitat, and y+nf, if in a managed habitat (D).

$/Game
Animal
B MSC of Management

MSB of Animals

Number of Game Animals
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Note that with no rationing (via pricing, lottery, etc.) and no
managenent, at zero "price" the demand for the game animal wll be greater
than the sustained yield. Hence, after a short period of tine the herd
will be hunted beyond the level necessary for replacement and will vanish
fromthe habitat in question. Under assunptions of no habitat managenent
this will result in a net social |oss of CEBA each year into the indefi-
nite future. \ere the habitat to be managed at level yma but not rationed,
the net loss each year woul d be (EQCD) - (OCD) for the indefinite future.
It is this amunt, (EQCD) - (QCD) that is the potential to be gained by
~ establishing an agency to regulate and manage this resource. The cost of
not doing so is the value of the [ost resource Iess admnistrative costs
discounted into the indefinite future. Again, there is a conpell{ng
argunment for establishing a bureaucracy to manage this resource if the

resource is to remain public.

B. The Potential for Bureaucratic Performance in Providing Public Goods
and Servi ces

Wthin a prescribed territory the provision of law and order has
important aspects of a public good. Assume, for example, that it is found
that during the evening hour when a man wal ks his brace of German shepherd
dogs around and around a block in New York City, crine on that block is
reduced to 10 percent of its normal nighttine level. This man, by the
strictly private action of exercising his dogs is providing a public good.
But public goods, when provided privately, tend to be undersupplied. The

man, for exanple, doesn't walk his dogs when it is raining, and he doesn' t
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walk themall night. The provision of this public good is of no monent
to the mn. It is merely a positive externality generated by a strictly

private action. |f graphed, the values take the follow ng form

E h“h“‘wk F Marginal
Social
- Costs
$/Q ' Marginal
Private c
Costs
B

Marginal Private

Benafits MSB

Quantity of Law and Order

In this case there is QA quantity of law and order provided privately
with a value of OAEF. The optinum anount of L & 0 to be provided is GD
with a net value of (CECD) - (ABCD). Again there is a conpelling reason
to establish an agency with the power to tax and to use this revenue to
provide a public good.

There is an inportant distinction between the common pool and the
public good situation. The cost of failure in the forner is the | 0ss,
perhaps permanent |oss, of a valued resource. |In contrasts failure in
the public good situation results merely in an undersupply of some good
or service. Presumably this good or service could be provided at some
later tine while if we "blowit" nowwe may never again have a chance wi th

the polar bears, leopards, or the great whal es.
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C. Actual Bureaucratic Performance

(ne can solve or very substantially ameliorate any common pool or
public good situation if he assumes the conjunction of well-intended and
intelligent and fnformed bureaucrats and the appropriate technol ogy.

Under these assunptions, the bureaucracy wll performto the level where
the marginal social benefit intersects the marginal social cost curve.

At this level of production, social welfare will be maxinrzed for the
resource or good in question. Unfortunately, however, this is rarely

the case.

Several of the factors which preclude this occurrence are intuitively
obvious and will be sunmarily dismssed with a brief discussion. First,
Wwe have very poor estimtes of the value of the social benefits whi ch f1 ow
fromvarious actions. Because these benefits are not packaged.and sol d,
Wwe sinply do not know with precision what they are worth to people. It
is especially difficult to defirne or otherw se determne the option demand
for some resources. In additions various conmpeting parties have strong
motivations to give highly distorted estimtes of the val ues.

Second, we lack an adequate level of scientific informtion about
most of the processes with which we are concerned. W sinply do not
know what inpact subm croscooic air pollution has on human heal th or
upon natural systems. Hence, we cannot estimate costs (or perhaps even
benefits) of this type of pollution. |

G ven the above conéideratrons, even the best intended and most

intelligent agency woul d not know at what level to produce.
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D. The Political Environnent of Bureaucracies

Aside fromthese points there are structural features which mlitate
against socially efficient behavior. For sonme bizarre and absolutely
unfathomabl e (to me) reason there has been a |ong-standing belief (at |east
anong academi cs) that people in the private sector are primrily greedy
and self-interested, while those in the public sector tend to be primarily-.
concerned with the public good and professional norms. If | work for Boise
Cascade | amself-interested, and if | leave that job for one with the
U S. Forest Service, | becone a public servant. |If | |eave the Forest
Service and join Anaconda Forest Products, | amagain operating for
private greed. Leaving Anaconda for a position at a state university
| again become public spirited. [If | were under analysis, even ny analyst
couldn't keep up with shifts of this magnitude. As a general rule, bureau-
crats, like real people, tend to be predomnately self-interested. From
this we can infer that unless the incentfves within the bureaucracy counter
this tendency, there is a strong probability that bureaucracies wll be
run primarily for the benefit of the bureaucrats and for the strongest
of the bureaucracy's clientele groups.

An Agency that is assigned responsibility for the management of
sone environnental resource is placed in the position of constraining
one or several of the conpeting uses. This is involved whether the re-
source is an air or watershed that has been used as a sink, or soné biotic
comunity that has been exploited while developing the resource to increase
its social utility as nmeasured in the market. It is exceedingly difficult

to get people to change or to nodify their established, patterned relation-
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ships to a resource when the people involved have found their established
utilization patterns beneficial at the individual level. Hence, the primary
users have strong incentives to encourage the agencies to admnister in

a manner that protects their interests. For this reason we often find
agenci es becomng captives of the industries whose behavior they are to
regulate. Qven that the principal users have a direct and concentrated
interest in the resource, and that the public at large has only a diffuse
interest ( although in aggregate often a much larger interest), those
primarily involved with the resource can nore readily organi ze and.expend

resources in the political arena to influence the bureaucracy.

The first rule of bureaucratic behavior is survival and the second
is a budget increase. To survive, an agency must not only génerate an
i nprovenent in net welfare for sohe groub, but it must build a politica
support base that will sustain its existence. Thus, given the above men-
tioned political advantage of the large resource users (and their concen-
trated interest as contrasted with the nebul ous, oft disinterestéd public),
there is a "natural" symbiotic relationship between the agency and those

who use the resource most heavily.

|f the public captures an agency, however, this by no means eIininates
the problems. |f, for exanple, an energy regulatihg comission is Captured
by industry, prices are likely to be set at a level that produces quasi-
monopol y pricing. In contrast, if it is captured by the "public", prices
may be set at unreasonably low |evels. The |ow energy prices would result
ininefficient utilization of the resource (e.g./using more fuel and

less insulation) and premature exhaustion of the resource. [Al though
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| know nothing of the topic, the above explanation is consistent with the
current natural gas situation].

E. The Political Econony of Bureaucracies

Quite apart from the above considerations there is a more subtle
and more pervasive probleminherent to the bureaucratic order. This
fnvolves a hias toward growth beyond the point where marginal cost equals
marginal benefits. Nearly every bureaucracy is a more confortable and
rewarding place when it is expanding at a noderately rapid rate than when
it is stationary or declining in size. Wen experiencing a 6 to 10 percent
rate of growhs pronotions are relatively frequent and can come frominside
the agency. Under these conditions of growths, intonpetent or marginally
conpet ent personnel can be hidden or their efforts ignored. In sum
peopl e are secure, their futures relatively bright, and norale tends to
be high. This was the picture of the universities in the late 1950's
and the 1960's. The contrast between those tines and the wail ings of doom
that one now hears is very striking indeed. Both no growh and growh
are very costly—but the inplications of each is quite different.

Assune that line A-Bis the social benefit function generated by an
agency's actions and that line GD is the marginal social cost, (i.e.

what society has to give up in taxes) for producing that benefit.

D

$/Q
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Under these circumstances social welfare will be maximzed if the bureau-
cracy produces F quantity of its good or service. Beyond F, society has
to give up more to expand the bureaucratic output than it gets in return
for the additional expenditure. Hence, production and budgeting shoul d |
stop at F, leaving society wth a net gain of (QAEF)-(QCEF) or the area in
CAE, |

Wien producing itens that are consumed pubiically, it is very difficult
to determne when "enough" has been reached. Firns can judge with fairly
tight tolerances when they have produced enough Edsels, golf balls or shear
pins for snowrobile drive trains. Determning when we have "enough"
national defense is a problemof higher magnitude. One itemthat conpounds
the problemis the fact that preferences for varying annunts_df nationa
defense nust be sumed and in some way averaged. Cbviously some peopl e
woul d wish to "buy" nore national defense than they not obtain while others
believe that they are already "buying" too much and woul d prefer |ower taxes
or greater nedicare coverage. It is, of course, incunbent upon the mlitary
bureaucrats to identify those segments of the public who want nore national
defense and provide theminfornation useful for lobbying on behalf of increased
mlitary appropriations. |

In contrast with the defense situations weather forecasting (or even
environmental nonitoring) is relatively sinple. Even here, however, it
takes moderately sophisticated mathematics applied in the formof sensiti-
vity analysis to even roughly determne the socially efficient investment

in obtaining informtion. Nearly all high level bureaucrats seemto believe
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that their programis indeed vital, critical, inperative, necessary, essentia
etc, to national well-being and that the relevant clientele would he wel
advised to increase the agéncy's budget. It just happens that what is
best for the country (or district, or whatever units) also makes the
particular agency a nore confortable place. Hence, bureaucrats carry on
a continuous struggle to increase their budgets. Fromthis perspective
the nost "successful" bureaucrat is the one who can claimresponsibility
for obtaining the largest budget increase

Referring again to the above diagram the tendency is for bureaucracies
to push beyond the F level toward B. N skanan, a former RAND scientist
now teaching in Berkeley, has a fairly involved mathematical argument
that, in effect, states that a bureaucracy wll expand its performnce
beyond F to the point where the entire net social benefit (ACE if stopped
at F) is. consumed by the deviation of the increasing marginal socia
cost curve GD fromthe marginal social benefit curve A-B. Thus,, ina
mature bureaucracy the area in DEB has increased as production noved to
the right (toward B) until, it is equal to area in ACE. At that point,
of course, society is no better off with the bureaucracy than it woul d
have been without it. An analogy is the purchase of a hunting dog and
the discovery that not only is he a nuisance, but he also eats enough to

outwei gh the extra ganme he brings in.

VI. Aternatives to the Dismal Analysis Ofered Above

Unfortunately there are no cost free solutions. Wthout relaxing
the rule of willing consent and establishing bureaus and agencies, public
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goods will be undersupplied and comon pool resources will be abused
destroyed and under-productive over the long run. Wth the creation of
bureaus and agencies some freedomis lost and the bureaucracies wll tend
to expand far béyond the point of optinmum supply. Were these the only
possibilities, our future would [ook bleak indeed. But the study of
social relations, like that of organic chemstry, |eaves anple room for

creativity.

A The Base for Seeking Alternatives

A reasonabl e search for alternatives involves three steps. The
first of these is to select some normative base of what val ues should
be sought. This step, while not entirely casual and while bound by
canons of logic, is clearly not scientific. Concern is with the "ought"

rather than with the "is". In this area reasonable and intelligent
peopl e have grounds for disagreenent. |, for exanple, believe that nore
resources should be enployed to preserve the existing remants of w | der-
ness comunities while others believe that it is morally negligent to
"lock up" this land if doing so deprives people of exploitable resources.
It shoul d be obvious that there is no body of scientific findings that
has the potential for resolving this conflict. In brief, selection of

normative standards is an ethical and intellectual exercise.

The second step involves the devel opment of positive theories about
the behavior of institutions under various circumstances. This step is
moral [y vacuous. It has no normative content and is conprised nerely of
enpirical statements whose verity is, at least in principle, denonstrable
by recourse to scientific procedures. Wen conpleted, this step is com

prised of true enpirical generalizations that are connected via |ogica
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relations into a theory or set of theories. Such theories, which are exceedingly
rare in the social sciences, are "proved" neither by the "reasonabl eness"
of their assunptions nor by their internal logic (which is a neceésary,
but not a suffi'cient condition), but rather by the degree to which the
condi tional predictions which flow fromthe theory are consistent wth
the enpirical evidence.
In evaluating alternatives, the third step involves a conparison
of the probable results of the alternative with the optimal conditions
as stated in step one. Gven that one is always confronted with trade-
offs and that one cannot maximze all values concurrently, the finding
that a proposed alternative cannot generate the "optimal" outcome is not
a sufficient reason to reject the alternatives for the proposed alterna-
tive may be superior to other alternatives.
Thus, when evaluating the alternatives presented here, one woul d:
(1) identify his normative preferences
(2) evaluate the truth of the positive theory by formng a refuteable
hypothesis and attenpting to find evidence which is inconsistent
withit, and then
(3) predict the inpact of the alternative upon the optimal conditions

identified above.

B. Cbnpetrtion.AnDng Bur eaus

Wien the primary task is to protect a common pool resources it is
inportant that the area of coordination be as large in scope as the
area to be protected. In other words, the area subject to eternalities

should be included in the jurisdiction of the institution with responsibility.
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Wien managing the Los Angeles airshed, for exanple, it would make little
sense to include only the city of Los Angeles in the plan. In contrast

with the above situation is one in which public goods are to be provided.

In the latter case there are very good reasons to believe that the encourage-
ment of conpetition anong suppliers would foster inprovenents in welfare.
[This is a major argunent advanced by Niskanan.] Wen existing as a pro-
tected monopoly, there is very little incentive for bureaucrats to strive for
efficient production. A sound argument for nmonopoly supply at the nationa
level would usually require a demonstration that there are significant
econom es of scale to he obtained beyond the regional level. This is

sel dom done.

In spite of a long series of "reforms" designed to elimnate conpeti-
tion anong bureaus, their drive for larger budgets generates a natura
conpétition among the various agencies. A reasonable policy goal would
be to harness this conpetition to provide a more optinal supply of public
goods and to do so in a more efficient manner. Gven that bureaus tend
to develop close working relations with congressional commttees whose
menbership is conmonly domnated by representatives who speak for (and in
a sense answer to) interests with high demands for the gdod or éervice,
conpetition among the suppliers would lead toward end runs around the
comittee by one or several of the conpeting bureaus. Hence, the monopoly
power of the congressional conmttee charged with progran1revieM/mouId
be weakened.

A bureaucratic systemmarked by conpetition would be less "orderly"
than the hierarchical charts pushed by reformers, but it would be simlar

to the "disorder” of the market which is fairly effective in giving
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peopl e what they want. This, of course, does not address the probl em of
peopl e (other people to be sure) wanting the "wong things". But changing
preferences depends on a changing culture and that is not the subject of

this paper.

C. Changing the Incentive Structure of Bureaucracies

| firmy believe that incentive structures and information are
far more inportant determnants of behavior in bureaucracies (just as
el sewhere) than is ideology, good intent, or any of the recurrent
varieties of a conspiracy--theory. | amled to this belief not because
of a cynical or nisanthropic viewof man but rather because this perspec-
tive seens to account for (explain) nmore behavior than do the afternatives
to which | have been exposed. | would, of course, be quite happy to reject
this generalization for one nore consistent with observed behavior

Bureaucratic organizations contain for their menbers an incentive
structure that is gravational in its pull toward power and growh via
organi zation and msplaced efficiency.

Bureaucratic success of this sort, however., yields high opportunity
costs. The artful explication of these costs clearly has a high potentia
social utility and it generates personal rewards. It is not that bureaucrats
fail to produce, but rather, in Reich's viewas expressed in his Geening
of Anerica, that they produce with a single value devotion. And in his
terms, to have a single value is to be a machine.

Wien considering the environmental inplications of this mechanized
society, the problemis that the machine produces too much of a wong

product m x.
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There are several possible solutions to the environnental problens
created by the corporate state. Reich argues that a basic value transfor-
mation is required and inpending. For a variety of reasons contingent
primarily upon scarcity of resources and preferential positions, it is
difficult to sustain optimsmregarding the fulfillment of this transfor-
mation. Thus, we mght explore an alternative sol ution.

| suggest that if a scholar so sage as Reich consistently finds
bureaucratic perfornance ruthlessly and singlemndedly effective we
shoul d secure changed outputs by taking the bureaucratic values as
given and then proceed to manipulate the incentive structure in the organiza-
tion and thus the goals of the bureaucrats. A though Reich denies a
separation between the public and the private sectors in the corporate
state, for ny purpose | wll examne a small segnent of the public
sector and suggest an opportunity for reform Note that unlike Reich'l
do not need to assume a fundamental shift in personal values. People
can continue to be self-seeking and narrow. A change toward public
spirited val ues, however, would only make the proposed sol ution easier
to inplenent.

Wthin the mainstreamof Anmerican political experience we |ack the
twin nyths of divine inposition of a political charter and of a single
sovereign. This absence, coupled with the presence of a federdl system
of organization and Wi th rapid growth and devel opments has necessitated
protracted constitutional and governnental experimentation. Wthin this
context it is reasonable to view a constitution as the existing body of
fundamental and general rules used as paraneters for the making of subordinate

rul es.



I1-25

The above perspective assumes that we are enneshed in the contigent
universe. Further, it is inplied that our political forms |ack an ascriptive
sanctity. Thus, they may be changed to meet new problens. The form
structure is designed to constrain certain behavior and to promote other
behavior, i.e., it is designed to foster certain values. Wthin any system
not all values can be maximzed concurrently. W recognize that any structure
of government promotes some values at the expense of others. Thus, it
is clear that designing a government involves balancing tradeoffs anong
conpeting values. If we tenporarily accept the above perspective we m ght
gain |everage when considering the problemof a new design for the structure
of government. This opportunity to design--which essentially involves
the balancing of various tradeoffs of values—s relatively rare.

Wi le American constitutions have served well as instruments fostering
opportunities for individuals to gain by pronoting growh and devel opnent,
sone feel that theré should bhe a change in the priorities of values
fostered. Specifically, given that the Earth provides man's only known
niche, it is argued that the maintenance of its |ife support system
shoul d receive increased weight. Some of the nore radical elements (or
possi bly more conservatives depending on one's tinme span) have even suggest ed
that this biochemcal energy systemby at |east partially restored to a
former condition of stability.

| view organization as the mobilization of hias. . In the follow ng
paragraphs a sinplified version of an altered governmental organization is
proposed. | expect that such a change will influence the bias and hence

the tradeoffs among conpeting val ues.
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Contrary to contenporary dropout and dissident intellectual folklore
it remains true that: (1) the overwhel mng proportion of people in every
society prefer to be "better off" and that, (2) "better off" is predom nantly
measured in terns of material and power. There is good reason for expecting
people to be both materialistic and status (or position) sensitive. In
brief, it is silly to expect revolutions of culture and life style to
produce those fundamental transformations in human behavior that wll vyield
salvation from forthcomng environnental reality checks. |If we are to
nodify the design of government to foster environmental quality, it is
prudent to assume that by-and-large people will remain narrowy self-
interested. Qur task is to produce a set of structureé that will make
self-interest congruent with high environmental quality and hence with
social benefit over the long run.

The individual pay-offs fromgrowh and devel opnent are conpellingly
obvious within both the private and public sectors. This is eépecially
true in areas marked by technol ogi cal innovations but it applies to
devel opment generally. Wile the first order objectives of devel opnent
are often beneficial, the second order consequences may well be injurious.
And it is clearly in the interest of the promoter to mnimze nublizing |
these negative consequences. Currently there is no strong, no wel

organized and well funded countervailing force to the promoters of devel opnent..

*A very thoughtful and Brovocative statement on this set of issues
has recently been presented by Don Kash, Director of the Science and Public

Policy Programat the University of Oklahoma. In his "testinony on Techno-

| ogy Assessment” before the Subconmittee on Science, Research, and Develog-

ment of the House Committee on Science and Astronautics, Kash calls for the
establ i shnment of "counter-bureaucracies" designed to research and explicate
the second "order consequences of proposed technologies. | am convinced that
his well crafted statenent proBoses one of the few solutions to this grow ng
matrix of ever nore severe problens.
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There is no organization whose menmbers receive rewards for explication of
the second order consequences of devel opment. And this absence can inpose
high costs to the public. Tinber management practices in the Bitterroot
Nat i onal Fore;T provide an obvious exanple.

The specific proposal is for the devel opment of an autonomous Office
of Technological.and Devel opnental Assessment (OTDA) as a gover nnment
department. The focus of this agency woul d be upon research regarding the
costs and benefits of proposed devel opmental activities affecting the
environnent. Cbviously it is essential that this agency be independent

of elective officials and well insulated fromtheir intervention

The organi zational structure of the proposed OTDA is critical to
Its success. In our current bureaucratic and technol ogi cal society there
are imediate and direct sanctions (but fewrewards) that fall upon those
who engage in devel opmental assessnent. The proposed structure woul d
reverse the above incentive schedule within this organization. Advocating
the obvious alternative to this proposal, narrow gauge pollution etc.
control boards, is politically naive only if environmental quality is
desired as nore than a ritualized slogan. It is a near ironclad rule
that regul atory comm ssions come to be domnated by those who were to be
regul ated. For exanples in 1970 a majority of the state pollution contro
boards were partially conprised of individuals who were offi-cers in the
firms primarily responsible for pollution. Hopefully we are beyond
replicating this sort of sinplistic fraud. Wat is needed is an organization
that provides the same payoffs for focusing on second order consequences
that are now conventionally received for pronoting other technology and

devel opment .
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Qur experience suggests that while it is relatively easy to establish
organi zations, it is quite difficult to make themperformas desired
Usual Iy the formal goals of the organization are subverted by the fnformnal
opportunities and incentives available within it. To overcome this obstacles
we begin with the assunptions that: (1) the prtmary noti'vating goal of
an organization is survival and growth, and (2) the individuals who conprise
the agency will be primarily interested in advancing their own careers
By setting the problemup in this manner, by making the |ease charitable
assunption, devfations from expectations (e.g., altruistic or socially
responsi bl e behavior) wll only serve to make the solution easier. Here
then, deviation fromthe normof self-interest will not be subversive of
goal s.

The formal goal of this organization will be the avoidance of adventures
that overall inpose net social costs upon the public. By advertising and
careful |y documenting the second order consequences of developmental projects
and hence by alerting the public, the organization would denonstrate its
utirlity and inmportance. Funded for a period of time and refunded by popul ar
referendum and by research contracts from the Federal Government, environnenta
activitists groups, manufacturers or pollution control devices and others
who stand to benefit, the nenbers of this organization will have every
incentive to investigate those projects, proposals and practices whose
net benefit is negative. Further, for every governnment project that is
demonstrated to inpose higher costs than benefits, the OTDA would receive
1 percent of the proposed funds plus the projected overrun for that agencies

projects. Thus, for stopping the SST on the Trans-Florida barg canal,
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the agency woul d earn an increased budget, bigger staff, etc. In short the
organi zation should serve as a reality check on stupidity and shoul d
pronote the public interest while advancing their own organization and
careers. |

Note that this alternative is consistent with increased technologica
devel opment and that it leads to an enhanced role for scientific research
It does in fact demand that the operational scone of science and engineering
be expanded to include a more thorough consideration of the nultiple
inplications of proposed projects. Athough it is probably |ess fashionable
to reject science and technology than it was a year or two ago, a generalized
public infatuation with science is likely to be mainly of historical interest.
In the absence of glamour, it would be useful for those in scientific
enterpricse to have continual demonstrations of the capacity of science to

protect the public fromcostly second and higher order consequences.

VIT. Mrket Aternatives to Bureaucratic O gani zations

(ne of the nechanisns |east appreciated as a coordinating device is
the market. The market is one of the very few social institutions that
fosters rationality in a context of overwhelmng ignorance. Wen a market
is functioning freely and when full prices are charged, i.e., when the
costs of externalities are included in the mrket price, a society can
come closest to meeting the demands of its citizens. [Cf course, people
my want the wrong things, but that is usually an elitist argunent. |
recal| meeting a Yale professor who was outraged that our system would

permt nore Mody Blues records to be sold than Metropolitan Qpera records.
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Cbviously he felt that his taste was superior and that his should do the
controlling.] |

As | attenpted to denonstrate in the early sections of this paper
however, the willing consent-market arrangements paradi gmis inappropriate
(if welfare is the criterion) for providing public goods and managing
comon pool resources. Due to the ability of bureaucracies to expand
their activities because they are protected nonopolists, we find bureau-
cracies providing goods and services that could be supplied privately.
[According to MIton Friedman the post office enjoys a nonopoly on first
class mail because the Pony Express was so effective that the governnent's
trans-continental mail service could not conpete. This failure resulted
in the law forbidding anyone else to carry mail. And, today the Adans
Express Company is an investnent trust rather than conpeting with the
U S post officials in providing a service of ever descending quality.
Note the great success of the private United Parcel Service and the | mpact

that conpetition in this area has upon the U S. Post Office.]

| define a bureaucracy as an organization with two characteristics:
(1) the managers do not receive any part of the difference between costs
and revenues as personal incone, and (2) a portion of the reVenUe Is from
grants. Because of (1) those in the bureaucracy have very little i ncenti ve
to operate efficiently or to economize. Cftenin fact, there is a dis-
incentive for economy, e.g., "Ve nust use it all UP or we won't get as
much next year when we may really need it" is a statenment very comon in
universities as well as inmlitary units. Generally, the tendency is
toward maximzation of revenues rather than toward the mnimzation of

EXpenses.



Il-31

Because of the above tendencies, the utilization of private sources
to supply public servicces is quite valuable. The greatest benefit from
having private suppliers of public services is the reduction of the monopoly
power of the bureaucracy by providing conpeting services at a known price.
The clearest example of this that | know of comes from the Scottsdal e,
Arizona area which has a privates operated for profits fire departnent.

Scottsdale's Rural/Metro Fire Protection Conpany was begun about
25 years ago when a citizen discovered that his new suburban hone was
outside the city limts and thus had no fire protection. Wen a fire
broke out outside the limts, the city's policy was to man a fire line
at the city boundary. This fact, of course, was reflected in insurance
rates. Hence, if protection could be provided, fire insurance rates
woul d decline. Any difference between the cost of fire insurance with-
out protection and the cost with protection is a potential gain to be
captured by an intrepreneur be he either a politician who can run for
office on a fire protection platformor a profit seeking citizen (who
in addition to being no less greedy than the politician, is honest in
that he is openly in the business to advance his own interests).

Due largely to its stress on innovation, the drive for effiCiency
sparked by self intérests and the high investnents in research, the
firmprovided fire protection at a prorated fee of $4.50 per househol d.
This figure is less than one half the national average for tax-funded
fire protection. The revenue of the firmcomes from contracting to pro-

vide services to political units and selling individual subscriptions
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to those who live in areas where there is no fire departnent.' If a non-
subscriber has a fire the firmputs it out and bills himfor the services
if the building is saved.

Apart fromthe efficiency of the profi't motivated firm Rural/Metro
is noted primrily for its technol ogical advances in a sector of the
public econony notorious for its reluctance to innovate and enploy existing
research findings.

In many of the "socialist" Scandinavian countries, public services
are contracted. Western Canada has a number of cities and towns where
police service is contracted to private firms. Although these cases
cover a statistically trivial proportion of the populations they are
important far beyond their numbers as conpetitive exanples which reduce

the monopol y power of bureaucracies.
VIT1 Concl usion

The reader is likely to conclude that | am unreasonably enanored with

the market systemor that | am needlessly paranoid regarding government
in genera] and bureaucracies in particular. Because | have spent a
large part of ny life in public bureaucracies that latter inference my
be.mell-founded and | amnot about to argue the state of my mental health.

| The formal organization of bureaucracies is highly seductive to
those of us who may have orderly ninds and who have a public purpose
which we wish to advance. It usually seenms obvious that an intelligent
and wel | intended bureaucracy can do much to foster that purposé whi ch

‘We believe should be serviced. |f bureaucracies were conprised of people
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like me (you), the state of the world would be nuch inproved. Thus we
nust set up tight rules to make bureaucracies actually performas you or
| would performwere we in the agencies. It is precisely this line of
reasoning that | argue should be strongly resisted. The track record
and the actual behavior of agencies are, for the reasons 1 have fndicated
throughout the paper, not promsing. Hence, unless great care is exercised
in establishing the incentives and information under which inprovenents
in public welfare are to be advanced, we can reasonably predict unsatis-
factory results.
One generalization which seems to have the verity (if not the el egance)
of the laws of Newtonian physics is that any randomy selected persons
will be nore responsible to his interest than to yours. There are a
variety of sélf-evident reasons for this and many major religious nmove-
nments have tried to reduce'this disparity. None, however, has made a
very substantial dent in the problem
The market system assunes self-interested people bound by agreed-
upon rules of behavior coercively enforced. Under its assunptibns,
individual freedom is maximzed and a mninum of resources nust be devoted
to planning. In the commn pool and public goods situations, however, the
rule of self-interest leads to destructive dynamcs where behavior that
is individually rational is collectively costly or even disastrous
These are the cases of market failure and are situations where the narket
rule of willi'ng consent nmust be relaxed in the interests of social welfare.
Rather than being enanored of the market, | viewit nerely as a coor-

dinating tool that pernits and even fosters a great deal of behavior that
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| find personally objectionable. It permts people to exercise "bad taste"
and inpose its consequences on me in the formof billboards, snownmbil es,
plastics, and throwaway containers. Yet it is a tool for giving people
what they want in a highly effective and efficient manner. Hence, given
that people's tastes seemto be inproving slightly (i.e., they are beconrng
more like mne and those of ny friends), | urge that market and quasi -

mar ket mechanisms by enployed to a greater degree and that less reliance

be placed on bureaucracies as presently constituted

Havi ng made thié suggestion | should warn you of the situations in
whi ch market failure can be expected. The goal of social science is to
predict behavior and our predictions can be far better than random The
confidence | evel, however, is less than one.

| wll state the set of circumstances under which the market will function
with optimal efficiency, i.e., wll function to provide the greatest units
of satisfaction with a given set of inputs. Aside fromcases in which
the marginal cost of addition use is zero (e.g., a bridge whose |ife span
is a function of weakness caused by tinme rather than use), when there iS
perfect information and when both information and negotiation costs are
zero, efficiency prdblens will be solved in private markets when all
positively or negatively valued itens carry full property rights and are
exchanged in conpetitive markets. These assunptions, |ike those of nmechanics
are never perfectly realized, but for many itens the approximtion is
sufficiently close to permt good predictions. In issues reiating to

mtters of environmental quality, issues which many of us find extrenely



L

I1-35

I mportant, very few of these assunptions are either met or closely approxi--
mted. The assunptions are violated nost severely in the areas of public
goods and common pool resources. Wile it is intuitively clear that the
degree of deviation fromthese assunptions is related to the degree that
a society (whose goal was welfare maximzing) wll depart fromreliance
upon market coordination, the explication of this relationship is conplex

and goes far beyond the scope of this paper.
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THE INCREASING VALUE AND IMPORTANCE OF ENVIRONMENTAL

QUALITY AND MANAGEMENT

. Introduction: Bias Towad. Growth

It is clear that private enterprise has a bias toward economic
growth and development. In general, economic growth has involyed the
conversion of the world's natural state into a ma-made state. Most
economists have viewed this growth as an expansion of the opportunity set
available to individuals. They commonly fail to acknowledge, however,
Mishan's point: "as the carpet of 'increased choice' is being unrolled
before us by the foot, it is simultaneously being ruled up behind us by
the yard."

This impact of "private" economic growth is perceived by anyone who
considers the effect of stripping to bedrock the deciduous forests of
Kentucky in order to obtain coal, disassembling mountains for mineral
wealth, or of using the Great Lakes as an energy and residual sink. These
events are accepted by many as tradeoffs necessary for growth. For many
years such tradeoffs made sense in terms of social welfare. The conversion
processes mentioned above are carried out due to a desire for profits
gained by meeting peoples wants. At the risk of appearing trite, these out-
comes seem embedded in man's very nature.

In this paper, | argue that a set of drives identical to the profit

forces are also evidenced in the public, governmental sector of all
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representative governments. As nunerous studies (and casual reports in
such popul ar magazines as Ting) have indicated, the argunent can be extended
to nondenocratic political systens as well. The explication of the

argunent in the care of representative governments is described bel ow.

1. Special Interest Effect in Representative Governnents

Perhaps the most strongly supported findi'ng in political behavior research
is that voters are overwhelningly fgnorant about both candidates and
issues. This ignorance is "rational" because the opportunity costs of
acqui'ring informati'on are high, and because the information necessary for
"wi se decisions" concerning public affairs has inportant attributes of a
public good. And public goods, if supplied privately, tend to be under-
supplied. Hence, the average citizen tends to obtain little infornation
about public affairs and, therefore, he is rationally fgnorant of them

This is a sinplistic exanple of linking enpirical generalizations about
human behavior to yield an explanation or a predi‘ction. The exanple, of |
course, is a very loose indeed, being based on nere tendency st at ementss.
In principle, we coul d obtain measures to any degree of accuracy and enpl oy
rules of correspondence to gain the |everage of mathematical analysis. In
application, the burden of building an explanation of human behavior includes
the liabilities of working with statistical generalizationé and probabilistic
nodel s rather than deterninistic statements and dealing with discontinuous
functions. In brief, if we take it seriously, doing social science is a
bitch. It is, however,.quite easy to fake it if we have high verbal skills.
As potential consumers of social sci‘ence research, it is incumbant upon you
to identify the frauds. The game is science and the same ru{es'apply

everywhere
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Clearly, issues vary in their importance to voters. It is also
clear that not all voters are equally interested in each issue. In
terms of "interest", there is a variance among both voters and issues. In
general, however, voters are most concerned about those issues that they
expect to affect their welfare. This is. not to deny the existence of such
high interest-low welfare issues as amnesty for those who left the U.S.
to avoid serving in Vietnam.

For our purposes it is useful to divide issues into three types and
then quickly dispose of the first two. Major issues are those such as war,
socialized medicine, or a general rationing of consumer goods which have a
substantial impact on nearly all citizens.\ These, of course, are the issues
that generate a great deal of "press" and nearly everyone has some opinion

about them.

The second type are the Offsetting special interest issues. Generally,,

these are of little importance, but they receive great attention from two
groups, strong supports and those who are strongly opposed. Because policy
changes change the distribution of costs and benefits in society., unanimity
or concensus is only very rarely found in the collective deciéion making
process. In these offsetting issues, most voters are indifferent but
those who anticipate gains or losses feel strongly and act politically to
foster their interests. Thus, when a legislator takes a position on issues
of this type, he is trading off an appeal to one set of voters for appeal
to the other set.

When considering these circumstances, remember that a legislative

body is a perfect example of a controlled population in which there is
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usually strong competition (or potential competition) for each niche
(remember Wayne Aspinall of Colorado?). In this environment;, only

the politically strong survive. They survive by coming dom on the
"right" (strongest) side of issues with off-setting interests.

For our purposes, the most important issues are non-offsetting
special interest issues. On such issues there is a strong, well organized
interest group on only one side. In this case, a minority of voters are
strongly concerned, and they are willing to invest their resources
to gain a favorable outcome. These are the situations that often result
in a rolling up of opportunities by the yard. Given that amenity factors
such as clean air are valued, it is this situation that can lead to an
inefficient allocation of societies resources via legislative (or administra-

tive) allocations.

1. Environmental Amenities and Non-Offsetting Special Interest Issues

From the perspective of a legislator or a candidate, the ideal
policy is one that has clearly identifiable beneficiaries, each of whom
is substantially helped by an indirect and small cost extracted from a
large number of persons. A gobd example would be a biII. gaining or
protecting a legal right to use an airshed as a residual displacement
system (a dump).’ |

In this example, a large loss can be avoided by legislative or
administrative action. Hence, those affiliated with the industries have
a high stake in effecting the decision. The legislator's position
on the issue is identified and he is advised that if votes and campaign
contributions are to be expected from those especially concerned, he

should vote to foster their interests. In contrast, each member of the
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géneral public will suffer only a small cost or almost none if he is
located upwind, which is where expensive subdivisions are usually
built by virtue of the legislator's action. The average voter.is, in
fact, unlikely to ever know that the issue arose and he is extremely
unlikely to know how his legislator voted.

In situations of this sort the loss to society of depreciated
amenities may far outweigh the benefits gained from cheaper production.
When we find highly concentrated benefits and widely dispersed costs,
legislators or administrators have strong incentives to support the decisions
benefiting special interests even when the social costs exceed the social
benefits. This is especially likely when the issue is complex or made
complex by the legislators. Often, of course,, the special interests
actually draft the legislation. By acting on behalf of special interests,,

legislators can obtain campaign contributions which are then used to market

‘the legislator's image to the general public during election campaigns.

A similar logic applies with the various elected commissions. During
the 1972 elections in Montana, for example, one candidate for the
Public Service Commissions the commission that "regulates” power companies
and "protects” the public, declared campaign expenses that were more than
twice the total salary for the job (only a percentage of all contributions
and expenses are normally declared). The bulk of the declared .sum was
said to have come from the Montana Power Company, the largest utility in
the state.

The central point is that those who supply benefits, including the
avoidance of costs, via the political process often have the opportunity
to gain by supporting special interest legislation even when tHe net

social costs of the legislation far exceed the benefits. The strategy
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of the political entrepreneur is to: (1) support the special interest,
(2) keep these interests advised on his support, (3) obtain campaign
and other funds, and (4) mask the issues through the use of complexity and
jargon to keep the average voter ignorant of the implications of the special
policies.

It is at this point that many people are tempted to object and
suggest that what is needed is greater public concern and more public
spirited political entrepreneurs. Obviously a conjunction of public concern
and public spirit would have advantages in overcoming the special interest
problems discussed here. But, .both virtue and diligence on behalf of
the public interest have always been in short supply. This shortage
is coupled with the fact that a politician who fails to support special
interest positions, when that support would yield electoral gains,
increases the probability of being replaced by more astute, less virtuoUs
entrepreneurs who will reépond to special interests. This leads to
Baden's 5th lawv of Politics, the Law of Political Erosion: beyond the
short run currents of self-interest erode virtues from the political
process. Note that however well intended and publically motivated a politician
is, if there is some other candidate who wants to compete-in an election,
the incentive to suppbrt special interests at the expense of .general
welfare remains a force to consider. The workings of this process is

highly visible in the depreciations of environmental amenities.

I11. An Example of Speciai Interest Legislation

In 1970, Walter J. Mead, an economist currently with Resources for
the Future, presented a paper analyZing the impact of one piece of special

interest policy, the oil import quota. The quota on foreign oil went into
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effect in 1959. The justification for the quota was, in the words of
President Eisenhower, "in the certified requirements of our national security
which mekes it necessary that we preserve to the greatest extent possible
a vigorous, healthy petroleum industry in the U.S."" Unde the Trade
Agreement Extension Act péssed by Congress in 1955, the President is directed
to take the action he deams necessary to adjust imports so they will not
threaten the national security. It is likely that neither you nor may
other citizens have ever heard of this act. Of those who have heard of it,
and have even read it, few would be likely to predict the impact it would
have on the oil interests, on natural amenities such as the Santa Barbara
Channel, or upon the price that we pay for oil products.

Ouwr theory of special interest accounts for the policy of festricting
foreign oil and encouraging the consumption of domestic supplies. To
import oil, a fee of $1.25 to $2.00 per barrel must be payed. Imports
are further restricted by a quota system that divides the U.S. into 4
districts. It number limits imports into the area east of the Rocky
Mountains to 12.2 percent of domestic production in this district.
Formulas for the other districts are maore complex. In their public
announcements, the oil industry's concern was with national welfare and
security. A mgor goad of the industry in arguing for import quotas
mey be assumed to be the same as that of ay industry that wants competition
restricted, i.e., it wants to be able to obtain a higher price for its products
In the domestic market. This, of course, was not the argumént that the
oil companies used. They claimed that the licensing-import system

would prevent the U.S. from reliance upon foreign oil.
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This policy greatly encourages rapid domestic extraction of oil.
Further, the oil depletion allowance of 20.5 percent of gross income, plus
the ordinary depreciation' on capital investment, also serves to encourage
a very high domestic oil consumption rate.

The beneficiary of these policies is the oil industry. In terms of
dollars, these policies cost consumers about 5 X 1(? dollars per year in
terms of higher prices on petroleum products and products that use
petroleum inputs. These costs, however, are very indirect and widely
spread among a latent majority. The subsidy system is complex and meshed
with national security justifications. In contrast with the general public,
the beneficiaries are highly concentrated, organized, and identifiable.
Hence, our theory of special interest is consistent with the actual outcome.

In addition to the financial.rip-off, there is a set of other costs
imposed on the general public by t.his special interest action. This
involves the depreciation of environmental amenities. if the oil industry
can hasten a shortage of energy by restricting trade, they can then push, in
the public interest of course, for the extraction of oil in high risk areas
such as coastal zones and for premature (from a social welfare 'perspective)
extraction and transportation of oil from and around areas of extreme
ecological sensitivity such as those on vent of the Alaskan pipe line.

When school children in lowas and Tennessee are without héated classrooms,
and when factories in Dayton are shut domn due to an "energy crisis", the
relative importance of an Arctic ecosystem has suddenly diminished.

When estimating the net social costs of this special interest

legislation, we must consider the potential loss of environmental amenities
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and add the am to the five billion dollar rip-off.

It is important to realize that the special interest effect sketched
above is extremely common although it is only sddom found at this scale.
It is reasonable to conceptualize rip-offs of this sort as transfer payments
from the general public to special interests. The various Federally
subsidized water development and "improvement” projects demonstrate the
sare dynamics. Citizens who have a special interest in developed water
join forces with political entrepreneurs, of both the elected ad bureau-
cratic variety, to gain a transfer payment from the Federa purse to
"develop and improve’ a drainage. The physical process is to change its
condition from one that is relatively natural to one distinctly men made.
In accomplishing this mission, natural amenities are usually sacrificed.
Hence, not only is a special interest group bilking the public of funds, in
the process it is also destroying amenities whose use and option values are
increasing rapidly. |

The above discussion is an effort to explain why we should expect the
destruction of environmental amenities to result from government action
as well as private enterprise. It is my casua judgement that a great
proportion of the government sponsored amenity destruction would not take
place if the government were not in the business of subsidizing those who
appear to least need the subsidy . This is merely another example of
governmental intervention leaving all but special interests, politicians, ad

bureaucrats worse Ooff.

IV. The Increased Importance of Evaluating the Production Tradeoffs
"A. Socia Sysems

All societies are systems and include subsystems. This merely states
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that there are patterned interactions rather than random disturbances
anog the elements. The test for inclusion in a system is dependence or
interdependence of elements.

A humen society is a system of humen interactions considered at the
most general level. It is the aggregation of religions, kinships, bureaucratic
and other sets of hman interactions. These interactions occur in a
context of natural physical systems. The huven interactions are influenced
by the natural systems and in turn influence some of the natural systems. |

Although there are tremendous variations of subsystems amog
societies, there are also amm elements anog them. A fundamenta
guestion of social science is: what variables account for these variations
and commonalities? While the number of variables involved is for all
practical purposes, infinite, these variables differ in ther partial
loadings. It is my belief that the greatest single determinate of the
patterning of the subsystems is the ratio of inanimate to animate energy in
the societies examined, i.e., the ratib of nonmusble to muscle powe in the
society. With kown changes in this ratio, we can predict, with modest
confidence, changes in political systems, recruitment to the various roles
in society, family structures, religion, and the degree to which membas of
the society value various traits or conditions. Technology and science have

a thoroughly pervasive impact on social organization.

B. Culture and Vdues
Mod simply, values are the selectors and regulators of behavior. To
discuss values is to run the risk of entering an intellectual quagmire. Ard

while some may enjoy rooting around in mentd swamps, this effort would be
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a diversion from the main effort. Thus, I merely ask that you tempdrar11y
accept that values select and regulate behavior and then consider the
impiications of this statement for environmental management.

When a society experiences an increase in the ratio of inanimate to
animate power, the amount of goods and services available in the society
also increases. [Note that the Tatter increase could also result from
increased efficiencies.] The increase in production leads to the expansion
- of opportunities mentioned at the beginning of this paper,l
In 1800 the Animate power index of America was very low. This

Inanimate
index which is named the modernization index of society has increased by

several orders of magnitude since thep., It is this 1ndex change that

largely accounts for the expanded opportunity set available to Americans over
the past 170 years. Unfortunately there is a tradeoff involved in enlarging
this opportunity set, i.e., natural amenities are given up as the price of a
larger set of goods and services, At this point in the deve]ohment of

North America, the tradeoff is Tikely to reduce welfare. This is explained
in terms of marginal utility or marginality.

Just after economics became something other than "political arithematic,”
the concept of marginalism entered economic theory. This occurred when
economists employed differential calculus to formulate problems of benefit
maximization. A common problem was one of finding the level of production,
that would maximize net gain (where gain = benefits - costs). | As the
Ievel.of production incfeases, both costs and benefits normally inérease.
Beyond some level of productions costs increase faster than benefits. At
the optimum point of production;, the marginal cost of adding another unit

equals the marginal benefit derived from the production. - At this point,
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further production costs more than it is worth, while a decrease in
activity would reduce benefits more than it would reduce costs. Although
economists usually think in terms of dollar benefits and costs, the same
logic can be applied when the cost of an activity depreciates natural
amenities.

Since 1800, the modernized nations have produced a fantastic volume of
goods. Since World Wa 11, the accumulation of these goods among the middle
class of North America has been so extensive that the margina utility of
material "stuff" has undoubtedly declined. Hence, we find the development
of Reich's Consciousness |11 anong the young and higher expenditures
for recreational time among their parents. Since all data on the subject is

highly suspect, | will accept Field and Stream's recent announcement as

a further evidence for this claim: for the first time our country's
expenditures for recreation (how defined?) exceeds that for national defense.
Concurrent with this increase in material stuff, such amenities as

clean air and water, wilderness, and peace and quiet have become more
scarce and more valuable. Demed for Wilderness, for example, has been
increasing at the rate of 11 percent for the past several years. Ary
engineer amed with a log table will quickly calculate that this rate of
increase leads to a doubling of demand in 6.3 years. (In general, to find
the doubling time for other resource demands set current raté and Po. We
then have:

2Po= Po €% or 2= e’

K= logs® = .6931

r T

The quick and dirty approximation = 70 )
100r
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As these amenities became more scarce they have increasing utility values.
This is quite apart from an ongoing cultural shift that may place a higher
value on a wilderness (or clean air) experience due to a changing sense of
values. At the minimum, these changes in marginal utilities ( material
"stuff" going down, amenities going up) reflect changes in the availability
of these two categories of goods.

When America was being settled, natural amenities were all too plentiful,
As Nash and others have pointed out, wilderness had a negative value, i.e.,
the marginal utility of natural amenities zero. During this period
manufactured goods were very scarce. A glance through my great grandfather's
account books (and he was a moderately prosperous man) clearly demonstrate
relative poverty in terms of goods. In this period the scarcity of goods
gave them high marginal ufilities. Scarcity encouraged the production of
mere goods at the cost of amenities which had only a very low marginal

utility. Today the situation is recovering. This is diagramed below.

Marginal Marginal
Utility Utility
Goods Amenities
1800 © 2000

C Equity and Technol ogy

There is no society in which wealth and political power are randomy
related. In part, this is due to the fact that the characteristics (skills
and aptitudes) that enable a person to acquire wealth (or political influénce)

tend to be the same characteristics that enable that person to acquire
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wedth (or political influence) tend to be the same characteristics that
enable that person to acquire political influence (or wealth). These,
then, are attributes that agglutinate.

| have suggested aove that for a substantial proportion of the relatively
affluent, amenities have a higher margind utility than do material goods.
Given that the relatively affluent ad the wedthy have disproportional
political influence, ad that the political sysem largely daermines the
rules of the gare in which economic transactions are conducted, there is a
strong potential for the relatively Wealthy to impose environmentd
constraints that are economicdly disadvantagous to the working class. For
may workers pollution leads to jobs axd economic well beihg. Political
action that causes magind industry to shut coan or reduce production is
considered a serious threat. Current examples involve the East Hdena
smelter (b.uilt in the late 1800's), proposals to declare tracks of
merchantable timber as wilderness areas, ad efforts to p_recIUde mining in
certain areas. For the workers for whom material goods have high margind
utilities, actions such as these are considered as specia i nterest. pelitics.
Ham their perspective the impact of these policies is to disadvantage the
workers to benefit those in the upper middie class. In the industry |
kow best, timber, this reaction is especially pronounced. Loggers and others
in the timber industry perceive muh of the environmental  action affecting
them as unfair acts supported by physicians, engineers, professors,
attorneys (and their hippy children) for largely selfish reasons. Of COUIrse,
the loggers are correct, ad a the operational level they evidence a
 better understanding of the political sysem than do those whoe self-
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interests are mad<ed_by sanctimony. Proposed environmental action will
also have short and medum run second order adverse effects on workers
outside the immediately affected industry, i.e., these people wo mus pay
higher prices for timber products. Given the spending patterns in America,
this second order consequence will tend to be income regressive. Hence,
we mugt confront the issue of equity.

It is extremely easy for those of us who are committed to actions
which we feel will enhance the quality of the environment to state that the
workers want the "wrong' things. This elitist position has a tremendous
potential for the development of a pietistic belief that we are trying to
set the world more in accord with God's plan. Variations of this sentiment
are relatively anmm amag those in the environmental movement. The
argument is run that because we are in possession of a "superior vision,"
the mord implications of our political action are "right" and should take
precidence over the crass and inferior preferences of others. It is all too
easy to be seduced into this position. Amd this position contains the seeds
of tyranny. I, for one, resort to it with some discomforts believing (with
ome measure of doubt) that the preférences of future generations will be

more nearly in accord with my own.

The impact of technology and science upon increases in social equity
has suffered from a relative lack of attention. Moaod social critics (and
mary otherwise responsible social scientists) have tended to stress the
cold, brutal, depersonalizing, and "dehumanizing" (whatever the hell that
means) impacts of technology. Nat considered is the fact that as technology
develops. in a society (as a society's modernization index increases), the

mean, mooe and median incomes tend to converge. Mare simply, technology
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and economic equity covary. This principle has application to the range of
equity problems discussed above.

Our opportunity set for environmental management ssems to be mede up
of some mix of the foI_Iowihg possibilities. First we could continue the
ultimately self-destructive course of environmental degredation. Second,
we could cut back on the production of those goods with heavy environmental
impacts and, in effect, freeze the curreht material have-nots in their
present position (or' perhaps reduce their present position). Third, we
could increase our investment in the technology and science of residual
management.

As Commoe has attempted to demonstrates an incomple’fe technology, a
technology focused only on first order consequences, is largely responsible
for current environmental problems. With a modified social accounting
scheme mow being part of may peoples menta baggage, these second and
higher order consequences are no longer lightly dismissed. Hence, the
first of the above options is ruled out. The second option is disequitable
for those who find material goods to have a high margina utility, i.e., it
hurts the_ relatively poor. | | '

Fam the above .perspective | conclude that substantial increases in-
technology and science provide the option that is consistent with both a
livable environment and a relatively equitable social order. "

This is not to suggest that aw likely investment in technology will
provide a Utopia. In this situation, like mos others, there smply is
no cost-free solution. In practice, we will probably select from each of

the three options in response to varying political pressures. It is-not
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unreasonable to believe that we are Iivihg substantially above our environmental
budget. If this is the case, a forced movemat back toward our environmental
limits, however disruptive it mey be, will be mede with greatest surity

ad least discomfort only with a strong emphasis on the technology of

residual management. [P.S. Note that humen babies mey be conceptualized

as the residual product of sex for pleasure.]
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ON THE PQLITICS OF HOT AIR

Al sciences have a bias toward "hard" data. This preference
partially accounts for the fact that substantial research dealing wth
the design of efficients consistent and reliable policies for re-
solving environnental problems has only begun since 1960. Economists
in particular tended to consider environmental problens as nuisances
or anomalies of little inportance to society. The generation of resi-
dual s was virewed as merely the "unpriced" pricce of progress. Wthout
the firmdata of market price, there were obvious problens involved in
focusing research on such issues. The semnal articles of economnc
enlightenment were Boulding' s "spaceship earth" paradigm published in
1965 and the analytical integratron of input-output with material balance
by Ayres and Kneese in 1969. The thrust of this material was the
inplication that over the long run materials input nmust equal waste
residuals and that this relationship possess a "reality check" on any

soci ety.

Al though econom sts elected to largely ignore this issue,. general
citizens, legislators, planners, and political activists have |ong
recogni zed that spillovers or externalities are central features of
industrial society. Thi's general realization is reflected in comon and
statute laws, zoning ordinances and recurrent efforts at land use
planning. Few of these efforts, however, have been successful at solving

the probl em addressed and many of them have generated serious negative



[V-2

consequences. Zoning is a particular case in point. "Recently,

however, econonists have devel oped techniques that utilize existing data
to access not only the costs of pollution but also the socially nost
efficient control level of the pollution, By applyrng this tech-

nol ogy, the kinds of socially costly consequences that have resulted

from zoning can be very substantially solved."

. Welfare Inplications of Pollution

Some degree of pollution is both inevitable and desirable. The
first question then beconmes;, given any specified set of values held by
menbers of a society, what level of pollution i's consistent with the
highest welfare. Because we are dealing with a common pool resource
where private action is socially inefficient the second phase question
Is what inpact does the political systemhave on the attainnent of the
desired level of pollution?

To explicate the situation we wll consider a sinplistic exanple.
Assune an airshed where all objectionable pollution is caused by industry.
(Because this case is treated in nore detail later, it is only outlined
here.) Assume that the damage and irritation caused by pollution is 100U.
An expenditure of 5U would reduce this cost to 10%of its forner |evel.
Thus, there would be a net gain of 85U In this exanple society would be
better off by 85U if the industries would control their pollution
Gobviously, if tastes change and people cone to place a higheh.value on
a clean environment, then the same amount of pollution will have a nega-

tive value (disutility) greater than 100U and the benefits from pollution
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control would increase. Gven this situations what is the likelihood
that the efficient level of pollution will be reached via the political

process. It is, in brief, dam slim

I'l.  The Political Dynamcs of Pollution Control

There is a disparity between the ease of political mobilization
enjoyed by the industries and the difficulties faced by those organizing
the direct consumers of air. This difference is primarily the result
of the nature of the benefits sought and the size of the groups.

The industrialists have been using the airshed as a receptacle
for their waste products. They have done so not out of malice or intent
to damage (for they must, to some degree,, suffer the consequences of
pol luted air) but rather, because it is a convenient, cheap and traditiona
way of removing waste fromthe site. The vast bulk of the costs generated
by the pollution is passed on to third parties. In this sense environ-
mental degradation and externalities associated with pollution provide
another exanple of a comon failure of modern social institutions to
deal with involuntary private transfers.

The industries, then, are receiving a public subsidy in the form
of inplicit permssion to pollute. And subsidies of this magnitude
are very rarely given up voluntarily. Hence, the industries have a
strong incentive to act in the political systemin a manner to mexinize
the probability of this subsidy being retained or preferably even expanded.

Cean air may be considered a public good. [If available to anyone,

it is available to everyone. (An exception to this, of course, is the
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bottled air, air that has been packaged. Bottled Air is provided to
traffic policement in Tokyo.) In contrast with the industrralists
those who desire the provision of cleaner air as a public good have far
weaker incentives to organrze. Because air is not normally packaged
peopl e can not be excluded fromits benefits. The effective demand
created by any one person's investment in erther time or money is likely
to be very small indeed. Fromthe perspective of any individual, the
rationale for not participating is as follows: '

|f | withold 2¥ investment in time and money, the contributions

iR M it Ul

successful nmy investnent goes down the drain, |f the action succeeds,

| gain the benefits of clean air anyway. Thus, | wll opt for

a free ride on the backs of contributors. :

This disincentive for organi zing to bring about poIIution contro
Is strengthed on the cost side by the size of the group subjected to
the pollution. Froma political action viewpoint, there are many concerned
citizens, but no one has a sufficiently large stake in the issue to
warrent bearing the costs of the action. Thus, there is a potential citizen
base for a political lobby group but it is only a "latent" group

In sumthere are two structural factors working against those who
prefer cleaner air. Wen a group subjected to a negative externalities
is large and when each tndividual in this group experiences relatively
small loss, it will generally not be in the interest of any of the
individual's to invest much effort toward influencing the outcome. In
contrast, if a small group (firns) expect large |osses (even When their
total projected loss is smaller than the current total loss of the

general public as in our exanple), each nember (firn) has a Concentrated
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incentive to work toward a favorable decision, Thus, the basic forces
that produce special interest legislation elsewhere are operative in
air pollution decisions.

When diagramed the example would take the following form:

$ _
Unit of
Pallution a
Control

Marginal

Social Margina]
Benefit Social
oy Cost

I
)
|
!
!
|
t
!
|
b
I
f
i
|
f
4]

100%
Degree of Control

The local benefit of 99.9% control would be (approximately) the
area under the curve a-f. The social benefit would be the area
{oa fl-{ocbht). {Note that this could be a negative value at f,
i.e., there is a potential disutility from too much control.} From
the perspective of social welfare, the optimum level of control is
at e, the point where the SMC = SMB. At Jevel e, SMB = (o a g e}~
(o0 b g e)or, the area in {a b g). Hence, society is better off by
imposing poliution control at Tevel e. The associated costs qf control
however, are born in a concentrated manner by the firms and ultimately

their customers, whiie the benefits are diffused among the public.
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I11.  The Probable Results of Voting to Establish Pollution Control Levels

On the basis of hoth the historical record and personal experiences,
we are accustonmed to thinking of the public as being victimzed by
the industries which inpose social costs. Because these costs are
becomng greater as industry and population grow, and because a grow ng
number of people are reluctant to tradeoff a depreciated environment
for more material goods, the political environment in which industries
I npose costs has changed si~gnificantly. This change is evidenced
by the results of public referendum conducted at bhoth the state and
local levels. It seems clear that industry will continue efforts
to inpose externalities on society but that this inpositi-on of this
social cost will require greater skill and nore rationalizatiqhs than
in the past. This change, however, should not suggest that the

"optimal" level of pollution will be reached.

Consi der again the exanple discussed and graphed above. In this
situation each citizen realizes that any actual payment that he mght
make to the firmto "bribe" it to reduce pollution would have a trivial
effect on the pollution level. Thus, although the aggregate damage
suffered by the public is very nuch greater than the cost of reducing
the pollution, no private bargains will be made. The potential for the
citizens to band togefher to forma bargaining coalition does exist but
it is precluded from operating by the freerider problen1discus$ed
above. Thus, nothing_is done privately and the rule of wlling consent
Is relaxed to permt solutions by governnental means.

Under these governnental means, each individual can vote on the
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i ssue of the pollution enission, Because the government enploys
coersion to require people to carry out the decision reached, no
individual has a motive to conceal his preferences when voting. Hence
It seens reasonable to anticipate that this problemwould be hand ed

better by governnment action than by free market activity.

The line of reasoning ignores the problem of information, The
decision as to how nuch the pollution should be restricted (recall that
level e is optimal), or what method should be used to restrict it:
for exanple, a tax on smoke emission is a technical problem WI|
the individual voter invest the effort to becone fnforned on these
napters?

The same line of reasoning used above to indicate desirability of
governmental action clearly indicates that the voters will not both
to become informed. The individual citizenfinds that if he makes a
paynent to the factory owner to reduce pollution, most of the benefit
of this paynent accrues to other people and very little to hinself.

In exactly the same manner any inprovenent in his information mainly

benefits other people.

In any actual situation the above case is very strong indeed.
If the nunber of citizens is 100 or greater the fol |l owi ng propositions
would be true. First, if the individual inproved his inforhation and
hence changed the way'he would vote, it is very unlikely that this change
woul d have any effect on the outcome." Under the crrcunstances the payoff
to inproving information is so low that we expect the individual would

not bother to seek out information. The most consistent finding in
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political behavior research is that voters are overV\heIm'ng'Iy i gnorant.
The free rider problemreturns in another form In the market with
externalities the individual is a free rider because he does not make
payments. In governmental dealing with externalities, the individual
is a free rider in the sense that he acquires no information, and hence
his decisions are badly inforned.
Most individuals seemto have at |east some slight pfef'erencé for
low, rather than high levels of pollution, Thus, pollution Ié_vels coul d
be established via denocratic processes and the preferr'ed level im
plemented by some admnistrative means. It would not be necessary for
the citizen to concern hinself with technol ogical matters. |
Fromthe standpoi nt of social welfare, the question is-not whether
peopl e object to pollution, but rather how strongly they feel about
this preference. How many resources are people willing to give up in
order to reduce the pollution? Some of us might give up a great deal
and others only a small arpunt, but no one would sacrifice everything
to provide clean air. . There are sinply too many other values. O herw se
expressed, pure air does not have infinite value. If the optinum
amount of control were to be selected, each voter would have to decide
how much he would be willing to sacrifice for increased air purity. Some

sort of average woul d then be taken,

Cbtaining the opt i_rmm level of pollution fromthe above process
seems to be the least likely of possibilities. Wen confronted with a
referendum (and if he thinks about the matter at all) the voter will

not ve concerned with the problem of obtaining an optinum allocation of
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resources. Rather, since the costs of this inprovement wll be borne
largely by others the referendumw |l probably be viFewed as an opportunity
to inprove one's well-being by noving toward an airshed of pristine
quality.

Anyone living in Mssoula, Mntana and whose job did not depend
on the pulp mll would be very likely to vote for 99+% cont r ol regardl ess
of what such control costs. Any of you who have visited Mssoula will
understand this prediction.

In ternms of the graph presented above, under democratic procedures
we expect the citizen whose welfare was not closely linked to the firm
produci'ng the objectionable pollution to vote for a fevd of polluti'on
control in excess of e. Fromthe perspective of social efficiency,
however, each unit of investment in pollution control beyond e cost s
nore than it bri'ngs in benefits, i.e., beyond e the area under (b-h)
increases nore rapidly than that under (a-f).

In general, voters will tend to be largely ignorant in their
voti'ng with respect to reducing social costs. \Wen they consider the
Issues, primary attention will be on wealth transferred to themsel ves
rather than social efficiency. Hence, one would not expect denocratic

procedures to be very effective in reducing social costs.

IV. The Single Standard Approach to Air Quality Measurenent.

In the previous sections | attenpted to denonstrate why there

are very serious problens inherent to both market and denocratic
neans of determning air quality standards. Another obvious possibility
is to set a standard at the national level and enforce them over the

enti're nation.
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The social costs of pollution are |argely dependent upon types
of emssions, emssion |evels, delivery nechanism, and |ocation of
receptors. The cost of controlling the social costs of pollution vary
with level of technology available, resource availability, and the | evel
of pollution producing activity. The socially optimal Ievel of air
pol lution (0*) is that which mnimzes the sumof damage and contro
costs. In an exanple taken from Richard Stroup's study of the Taconma
copper smelter, "Common Pool Resource Problens: The Role and Wilization
of Information," we find 0* =f(W S, H E R N P) where Wis the
wind velocity vector, S is atmospheric stability, His stack height,
R is damage per household per unit of S0, N is control expenditure,
and P is a vector of population size and distribution

If you will assume that this statement captures the bulk of the
variabl es which determne the socially optihun1|evel.of pol lution (0%*),
several conclusions are inmmediately obvious. First, the variables do
as a matter of fact vary throughout the nation. Wnd velocity vectors
are not the same on the Mntana Hghline as they are in the Tennessee
Val ley or the Los Angeles Basin. Cearly there is tremendous variancé.
in P between Chicago and East Helena, Mntana. In sum it is inconcéi vabl e
that we could optimze 0* by establishi'ng a single level of poIIutidn'
emssion for the entire nation.

A single standard, however, has one conpelling advantage for the:
bureaucrats who woul d be responsible for adm'istering air quality;, it
s easy to admnister. There fs a rule to consider when predicting the

responses of large,. centralized bureaucracies to problems with diffuse
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sources. The rule is that it is exceedingly difficult for a large
centralized bureaucracy to take time, place, and situational varrfabl es
into account when meking deci‘'sions. Control by standardization is one
hal | mark of bureaucraci'es that not only di'sturbs people subjebted to rt,

but al so, in the exanple given, leads to a great waste of resources

V. Science, Know edge, and a Rational Strategy of Air Quality Measurement

[This section is taken from (pirated from a paper witten by
Richard Stroup, an economst with a background In engineering
and neteorol ogy, for a collection of papers on common pom
resources edited by John Baden.]

In a world of conplete information nost of the inefficiencies
caused by pollution could be quickly solved. If those danaged by
pol lution (by I|essened health, crop damage, or extra car washes)
had their damage estimated and their polluters identified, then
receptors can, under the common |aw of nuisance, collect damages

via the courts and hence cause the polluters to act in a socially

[esponsi ve manner. |

Conpl ete information, however, is neither obtainable nor worth
its price. Thus, with information being "costly," maxinum satisfaction
of multiple goals can be achieved only by adherence to thé'equinargina
principle, i.e., if the worth of resources is measured in dollars,
equal units of satisfaction per dollar spent nust be obtained by
spending in any direction.

W face situations in which varying negative externalities are
inposed on the public and in which information regarding those. external -
ities is expensive. Those responsible for adm nisterfng éir quality,

then, nust strike a balance between pernttting a soctally tnefficient
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degree of pollution or requiring social inefficiencies over investments
in pollution control. Rational decisions then are dependent upon good
information. In the absence of good information, it is also easier for
pressure groups to gain influence in the political context within which
administrative decisions are made.

The method suggested by Stroup is a technique for working with
available data to expose'the most critical areas of empirical |
ignorance, to indicate the payoffs to better data on each parém_eter
value, to examine the stability of a solution under alternative
estimates of parameters, and to provide guldance to decision'm_akers
who must take action before further data can be obtained. Ore feature
of this analysis is its encouragement (to both resource managers and
their critics) of disagreement on an objective plane where the issues

are proper estimates of specific parameters.

The value of added information (or the cost of continued ignorance)
depends on the gains. from better decisions mede possible by the information
added. Here, added ‘information is taken to mean reduction of the size
of the interval assumed to contain the value of a parameter at a given
level of confidence.® Use of the technique presently considered--
hereinafter called sensitivity analysis--involves two basic"ste_.'ps:

(1) construction and solution of an optimization model using the
"best," "most acceptable,” or "most likely" parameter values available;
and (2) examining the effects on the solution variables and expected

benefits when alternative data estimates or sets of estimates are used.

'Respecifying the relevant parameters or functional relationships could
also result from added information. Such possibilities could logically
be treated in the same way as alternative estimates of parameter values.
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When probabilities can be attached to the occurrence of all possible
val ues of every paraneter, techniques of statistical decision theory
seem capabl e of handling both optinization and the question of evaluating
precisely the value of added information.“ In the nore preval ent case,
where less is known about the paraneter values, the less rigorously
defined nmethod of sensitivity analysis is a useful way of exploiting
all available information.

Before proceeding with the enpirical exanple demonstrating
sensitivity analysis, it seens desirable to coment briefly on the
study whose results are summarized in the exanple. The original
study attenpted to evaluate both the pollution effects and the contro
costs associated with all emission levels greater than zero, up
to the omssion level prevailingwith [ittle or no control. The
pol l utant considered was sul fur dioxide fromthe stack of a copper
smelter near Tacoma, Véshington. |

The argunent is often made, of course, that econonic analysis,
however el egant, is useless in such a problemwth so little solid
daté. Certainly usable output fromthe analysis does require specified
data. This in fact is a great strength: assunptions about tastes,
production possibilities, etc. nust be explicitly stated before
"answers" or "optimal solutions" can be reached. In the absence of
uni que, accurate numbers, however, unique optima are difficult to
express with confidence. The purpose here is to show that sensitivity

testing can in fact allow econonmic analysis to use efficiently the

2For a solved example of an analogous problem, see H. Wagner,
(4) ppv 555'—658.
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existing data, and thus to be very helpful not only in evaluating
alternative policy choices, but also in helping to direct research
into areas of empirical uncertainty.
Pollution damages were estimated from property value data,
processed to control for other value determinants and to isolate
the effects of sulfur dioxide pollution which caused people (for
a variety of reasons including aesthetics and material damage)
to pay less for houses in more polluted locations than for othefwise
identical houses in less polluted locations. Data presented below
are for only the four emission levels least costly to attain according
to technical and cost data furnished by the National Air Poll_utlion
Control Administration.® |
Pollution damages are dependent on the delivery mechanism '(air
movements), emission levels, and the location of receptors relative
to the emission source. Control costs depend on technology, resource
availability, and the level of the pollution producing achHyl
The most efficient level of emission (E*) is that which minimizes
the sum of damage and control costs. More specifically, in this case:
E* = f(W,S,H,R,N,P)
where Wis the wind velocity vector, S is atmospheric stability,
His stack height, Ris damge per household per unit SO;, Nis

control expenditure, and L is a vector of population size and

3pata sources and methodology are detailed, and further data given,
in Stroup. (4). _



geographic distribution.* |

Table | shows the various costs associated with each of the
four levels of control considered, under various sets of assumptions
about parameter values. Assumption set No. 1 involves parameter
estimates selected by the author as "most likely" after examining
the actual data, reviewing various literatures and consulting
experts in several fields of study. Obviously, much personal
judgment is involved in this, the first step of sensitivity .analysis.
At this point no two people working independently are likely to reach
exactly the same conclusions. Still, even in such a highly
uncertain state, decisions must be mede, at least regarding research
strategies and priorities, and probably regarding control policy.
Assumptions must be made and an explicit statement of these aésumptions
(as in the original source of these numbers) encourages hard thinking
and use of defensible assumptions.” Accepting this basic set of
assumptions implies that 96 percent control is efficient, saving almost

half of the $6.2 million cost of no control.

4Efficiency is the only criterion considered here. It is assumed
that once efficiency is attained--or at least efficient strategy
determined—equity or who pays and who is compensated, can be.
arranged separately, the latter must clearly be done carefully if
the former is also to be accomplished. Note also that any level

of pollution may be shown to be efficient, given the "proper"
estimates of true pollution damages and control costs. Validity
of any model's outputs are, of course, dependent on the validity of
data inputs.

At this point, where dollar figures have been introduced, it is

well to remember that dollars in themselves do not count for much,
and that prices are simply condensed information about opportunities,
relative scarcities, and preferences. Wen net evaluations of alter-
native actions must be made and compared, a common denominator is
required. Economists have long recognized that prices are the. lowest
of denominators, and often (but not always) objectively measurable.
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Table I,

Annual Costs of Pollution and Control

(Miilions of Dollars)

Pollution

Sets of Control Control Total Net Cost

Assumptions Level (%) Costs Losts Costs (96%)

1. Basic 0 0.0 6.20 6.20 -

80 2.37 1.24 3.61%
*36 3.25 .25 3.50% 0
99,2 4,000 .05 4.05 :
2. R=0.58, 0 0 3.10 3.10
*80 2.37 .62 2.99*% 0.38 (0.11)
9 3.25 2 3.37
99.2 4.00 .02 4.02
3. R=1.5R, O 0 9.30 9.30
80 - 2.37 1.86 4.23
*96 3.25 .37 3.62* 0 (0)
§9,2 £.00 .07 4.07
4. N =1.5N, 0O 0 6.20 6.20
*80 3.55 1.24 4.79* .33 (0.171)
96 4,87 .25 5.12
99,2 6.00 .05 6.05 «

5. Very *Q 0 .34 L34% 2.92 (2.7)
Stable 80 2.37 .07 2.44 '
Atmosphere 96 3.25 .01 3.26

99.2 4,00 003 4.00

6. Inversion O 0 7.96 7.96
at 300 80 2.37 1.59 3.96
meters *96 3.25 .32 3.87% 0 (0)

99,2 4.00 .06 4.06

7. Wind 0 0 5.45 5.45

vector 2 *80 2.37 1.09 3.46* 0.01 (0.11)
96 3.25 .22 3.47
99,2 4.00 .04 4,04

8. Wind 0 ¢ 5.76 5./76

vector 3 20 2.37 1.15 3.52
*06 3.25 .23 3.48* 0 {0)
99,2 4.00 .05 4.05

9. Heated 0 0 4.50 2,50
Emission  *80 2.37 .90 3.27% 0.16 (0.11}
Plume 26 3.25 .18 3.43 -

99.2 4.00 .04 4.04

*

Optimal control

level with given assumptions
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Assunmptions No. 2 through 9 involve only the change specified
using the basic set of assunptions for all dther paraneters.f The
last columm supplies the net cost of accepting all the basic assunptions
and controlling 96 percent of em ssions, when in fact the alternative
assunptions are correct. Follow ng each nunber in the net cost colum
is a nunber in parentheses, the net cost of accepting the alternate
when basic assunptions are correct. These figures not only indicate
the cost of inproper control strategy under the various assunptions,
but they also point out the crucial areas of our ignorance and give
a rough idea about the payoffs to reducing ignorance about each
parameter, whose estimate is allowed to vary wthin what appear to-
be reasonabl e boundé, given the current state of know edge

Data generated using the assunption sets No. 2 and 3 show that
changing the danmage per household per unity of pollution by 50 percent
in each direction has a significant effect, but only if the basic
estimate is too high will the error be costly, accepting other basic
assunptions. Determination of whether or not the basic estimte is
too high apparently mght save hundreds of thousands of dollars
per year. (Note that the basic estimate sinply doubl ed househoid
damages, on the assunption that about half of all SOE danages obcur

at the location where people Iive.)

Data for assunption set No. 5 shows that very stable atnospheric
conditions reduce damages so much that any positive level of contro
involves largely wasted control costs. (The most unstable condition
Is even nore extreme, resulting in no expected damages, so t hat any

control cost is totally unrewarded.) Cearly, research on the relative
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frequency of various atmospheric stability conditions is extremely
important, since errors here may cost millions of dollars in net
losses for this one pollution source alone. On the other hand,_
existence of an inversion just above stack height, while it faises
estimated damages, does not change to appropriate strategy, so that
extra information here would have a small payoff. Likewise, the
next two cases show that the solution is rather insensitive to the
choice of local wind rose data, when other basic assumptions are

accepted, so there is little urgency to more precisely estimating

the true wind rose.®

The last change in assumption just shows the effect of adding
a stack heater which raises effective stack height by 10 meters,
raising the plume and reducing ground level concentrations everywhere,
Total cost estimates are reduced by $230,000 per year. Apparently
such a device is socia.lly beneficial here (in the absence of
emission controls) if installed and operated for less than "that
amount. At the 96 percent level of control, however, it would reduce
damages only by $9,200 per year.\ |

The benefit-cost Study buttressed by sensitivity ahalysis is,
then, an important management tool. It not only can use the best
available estimates of each parameter to indicate optimal management
practices; it also can reveal which parameter estimates can,
within their respective reasonable ranges, lead to the most costly

errors, and thus can help guide the use of scarce research resources

6See Asmus and Stroup (1) for a subsequent and much more sophisticated
treatment of the stability problem applled to this case as well as
another smelter.
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in the search for better information. Gven uncertainty in the
parametic estimtes, the analysis can also indicate when it mght
pay to depart fromthe indicated "optinunf management plan bésed
on "best" parameter estimtes, since consequences of errors typically
are not symmetrical with respect to the direction of error. The
analysis is very general in that any set of assunptions and paraneter
estimates may be used. O course it follows that the results are
only as valid as the data inputs and nodel specification

Perhaps equal |y as inportant as the technical properties of
this type of analysis are the potential benefits of dissemnation of
pertinent information beyond the management staff to those interested,
but not strongly enough interested to retain professional help in
gathering the data themselves. As N skanen has said (3, p. 23):

Secrecy and lack of information about the nature of

his operations and production process are the main tools

the bureaucrat uses to maximze his [control over resources].

Because Ia¥nen and policy makers lack information, theKe

must too often take on faith or accept at face value t
assertions of bureaucrats.”

Use (and publication) of the kind of analysis above not only hel ps
the bureaucracy attain its stated goals, but also aids its cfitics
in protecting their own interests. At the same time, both defense
and criticismof a giVen deci sion can be expected to revolve around
nore concrete and objective questions when the goals, assunptions,
and paraneter estimates are shown explicity for all to see. Wthout

necessarily resolving conflicts such explicit analysis should at

Ni skanen uses "budget" in place of the bracketed phrase inserted here.
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least clarify points of disagreement. In fact, opposition to the

ue of such explicitly stated techniques can be expected precisely
because of this. Sme bureaucrats ad the currently poweful

clients of bureaucrats naturally do not want their oan powe ad
influence diluted by the easy access to others of information
previoudy theirs aone. Cries (corrects but largely irreIeVant)

will be heard that "the numbas don't tell the whde story."

True!  But when there are non quantifiable factors, the quantitative
analysis can estimate the cost of attarning non quantifiablé benefits,
or the benefits to be ganed fran even rough estimates of unquantified

costs.
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- ON THE POLITI CAL ECONOW OF GLAMOUR, SEX
CONVENI ENCE, MADI SON AVENUE, AND Al R PCLLUTI ON

Introduction: Cars, Values and a Personal Confession

Americans have placed a very high value on the convenience and social
status attached to private use and control over their transportation; cars
are very important to most Americans. Los Angeles may be reasonably
viewed as a monument to this value. But it is increasingly clear that
this private preference generates serious social costs. An effort is
being taken to ameliorate auto caused pollution, and the central problem
involved in attaining this objective is, simply, that it is véry difficult
to get people to give up or reduce their consumption of a common pool

resource, in this case an -airshed.

There are probably few, if any, metropolitan areas in the U.S. that
have air pollution problems not closely related to automobiles. The only
charming and sexy engineering student | am fortunate enough to know has
advised me that according to her figures, approximately 50 percent of the
noticeable air pollution in Cache Valley results from auto and truck exhaust.

And | will take her figure to be as good as any.

There is near consensus that in many regions this pollution should be
significantly reduced. There is little agreement, however, as to the
equitable and efficient means of accomplishing this goal. Ome method, however,
can be quickly dismissed. A number of enviornmentally concerned (and | am
sure kind and empathetic) people advance the agrument that to obtain effective

solutions to environmental problems peoples’ heads must be changed. Unless
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peoples' orientation toward their enviromment. is changed, they assert,
the real problem is simply not addressed. People in or on the fringes of
the biological sciences and those in the humanities seem to be relatively
prone toward this position.
The principle flaw in this approach is that it has very little to do
with the problem. Fom the logic of this perspectives the problem
seen is primarily a spiritual one. It is not that people create pollution
that bothers them as much as that people do not mind causing pollution.
- Their position then, is that of the missionary. | believe we can state
with some confidence that: (1) there will be little difference in the
quantity of human waste generated by a person regardless of the quality
of his spirit, and (2) the filters and organisms of a sewage treatment
plant are totally indifferent to the spiritual quality of the emitter of
the waste. In general, it is extraordinarily risky to rely on conscience
to protect common pool resources.
This is not to discount the importance of value shifts.” It is
obvious that if people place a high value on the quality of their
environment, they will be willing to give up more to protect or
enhance it. Further, given my values, | believe that efforts
should be made to foster a general sense of environmental awareness
and appreciation. A fundamental shift in this direction is underway
and receives wide support. If you will forgive a personal confession,
when growing up in a rural area we customarily disposed of beer
bottles by throwing them out of the window of a moving vehicle. The
only time | thought much about the practive was when mowing ditch
banks and picking up a bottle in the sickle bar of the mower. Ten
years later when driving back from work, | would stop the crewtruck
if a new logger threw an empty out of the window. While this is
obviously a trivial example, it is probably not especially unusual.

Further, it may be reflective of the general shift in awareness and
values mentioned above.

|. Strategies for Pollution Control: Direct and Indirect

A. Definitions
In discussing strategies for managing air quality it is useful to

distinguish direct from indirect control. Direct controls -are applied to the
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emtting source with little if any discretion for making private decisions.
The closing down of a plant that exceeds em ssion standards is one exanple
of a direct control and banning the burning of |eaves is another. Under
this strategy there is a single link between the regulating agency and the
polpol luter. To be effectives the cost of not conplying nust be extremely
high. In effect the regulation states that thou shalt not emt SO, in a
quantity greater than X

In contrast to direct controls, indirect controls have nultiple links
between the emtter of pollution and the agency. Under this systen1the
agency attenpts to control pollution by nodifying the information and
incentives available to the polluter. The obvious exanple is that of placing
a tax on waste. The firmcan either pay the tax and thus pay society for

damages, or it can adopt controlling technologies and |essen the damage.

B.  Direct Control on Autonobiles

Control of automobile emssions has been attenpted by the direct
nmeans, i.e., manufacturers cannot produce a machine whose specified em ssi ons
are above a prescribed level. These standards are relatively easy to
i npl ement  and enforcé for only a small nunber of plants build engines. This
Federal strategy has left the technical decisions of how to neet the
standards to the manufacturer. Hence, manufacturers are devel oping catalytic
reactors with low fixed costs but with high operating costs.and hi gh
mai ntenance costs. One of the alternatives would be a thermal -contro

with high fixed costs and |ower maintenance costs.
Catalytic reactors wll function properly only with nonl eaded
gasolines. Thus, nore highly refined gasolines with higher natural octane

ratings will be produced. Sonme research suggests that unleaded gasoline will
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produce greater emssions of olefins and other conplex hydrocarbons. Yet
it is not at all clear that |ead causes nore damage than olefins. Wth.
the decision made for catalytic reactors, we appear to be locked into
ol efin production. '

There seemto be three generalizations that can be drawn for this
sketch. First, because of their single |ikeages, ease of adm nistration
and hence apparent predictability, governnental agencies wﬁi tend to prefer
direct controls. Second, it is extrenely difficult for a governnmenta
agency to predict the second and higher order consequences (oléfin
production) of its decisions. Thus, without a large volune of high quality
research, direct controls are likely to produce an entire sefies of costly
"renedies". The recent series of decisions regarding laundry detergent is
one exanple. Third, the firms involved in this situation (as inal ot hers)
will make every effort to pass on their costs to the customers. Thus,
the fundanental question remmins; how can the situation be structured so that
those responsible for producing pollution be forced to take the costs. of

their action into account in a socially responsible manner?

C. The Application of Indirect Controls

Wien applying indirect controls to eleviate the costs of pollution,
linkages between the adninistrative decisions and the reduction in |
pol lution involve both human behavioral and technol ogi cal aséuhptions. Hence,
if the control strategy is to be effective in reducing pollufion, the agency
must nof only have good technical information and accurate predictions
regarding the human responses to the control strategies, but it nust also

know the logical relations among these sets of interacting systens.
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Ore obvious possibility for indirect control would be a very high tax
on gasoline. Since all demand curves slope downward to the rig_ht (this
is the social analogue to the law of gravity), an agency may assume that
people will use less gasoline at higher prices. Hence, as assumption is
mece that the amount of pollution will be reduced. This prediction relies
upon the assumption of a technological link between volume of . gas consumed
and exhaust emissions and a behavioral link between price and émount
demanded.

Unfortunately, the above argument does not take into account all
relevant variables. In the first place, the above solution does not take
into account that a large proportion of people are continuously seeking
out possibilities that will make them better off. Thus, higher gasoline
prices will encourage the purchase. of cars with smaller displacement but
higher compression ratios. [If | recall correctly, the power from an
Otto cycle engine inc_:reases to the 1.4thpower of its compression ratio
while fuel consumption is primarily dependent on D holding RPMs constant.
Hence, horsepower is a function of both D and CR. The consumer can
manipulate either, depending on the cost of fuel.] It turns out, however,
that engines size and the emission of hydrocarbons and carbon monoxide
are not strongly positively related and are in some cases, are even
inversely related. In Federal tests of 1971 automobiles, one vehicle with
a displacement of 79 cubic inches had emission rates of hydrocarbons and
carbon monoxide that were 50 percent greater per mile than a vehicle with
a 472 cubic inch displacement engine. [The 79 cubic inch displacement engine

was probably a Harley-Davidson Sportster motorcycle rather than an



automobile, but it is unrealistic to expect large bureaucracies to make
such subtle distinctions.] Thus, the substitution of small engines for
larger ones, made in the interest of fuel economy, could produce a greater
prbductron of objectionable pollution.

In addition to the above possibility,, we should also consider that
not only mileage but also driving patterns involving acceleration, speed,
etc. have substantial impacts on the emissions of hydrocarbons, CO and
NO,. Thus higher gaSoIine prices (say $1.00 per gallon) would encourage
drivers to drive more slowly for shorter distances with cooler engines in
order to increase fuel economy. Such changes in modes of opefation__
could actually increase objectionable emissions, and on the absence of
strategic reactions by those subject to control is likely to fail in

meeting its objective.

D. Costs of Control

Neither information or administration and enforcement are free. In
principle, however, it would be possible for an agency to determine the
socially optimum degree of automobile pollution control if it has the
following sets of information. First, it must know all technologies and
potentials for substitution among all resources. Second, it must account
for the preferences of all citizens and those of future citizens and
develop a weighing system for welfare tradeoffs among these generations.
Third, resource availabilities and the environmental assimilative capabilities
of the relevent ecological systems must be understood. Even if one

discounts administrative and enforcement costs to zero, it is clear that
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the above three sets of information are unobtainable and that even rough
approximations would be extremely difficult to obtain. Hence, even the best

system of direct control would entail very substantial compromises.

£. A Comparison of Direct and Indirect Controls

Please recall that both direct controls and indirect controls presuppose
extensive knowledge of both the technical and the behavioral systems and
of the interactions among them. Indirect controls, however, are primarily
concerned with the welfare implications of pollution and |eavé fo the
final polluter the task of judging at what level he is willing to
tradeoff payment to society (for damage done) against investme_nts in
pollution control. Hence, with indirect controls the agency can focus its
attention on the question of damages done by pollution and then adjust the
schedule of incentives and information available to the polluter, to mowe
toward Pareto optimality.

Our concern is with two sets of costs that an agency faced with
automobile pollution control must face: administration and policing costs,
and information costs. When considering this set of costs, we should |
remember the generalization that bureaucracies find it very difficult (and
hence, expensive) to make decisions that take time and place variables into
account. Thus, there is an advantage to be gained from making the
control decision at the level nearest the person taking thé-ac_tion which
causes pollution. The trick, of course, comes in designing' a structure
of information and incentive generation which forces the pollution producer

to take the social welfare implications of this action into account.
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In effect we now have something close to the single standard approach
to automobile pollution control. The loopholes (older cars,..'olefins production)
and inefficiencies (catalytic reactors, decreased ;‘uel ‘economy, forced

over investment in control devices for low mileage drivers) are obvious.

COSTS OF POLLUTION CONTROL

{0B + 0C)

B Administration &
§/Unit of Enforcement
nit o

Control

¢ |/ Hardware

Cost in
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0 E F 6 | 100%
Degree of Control

Although the conformation of the other curves has been discussed
elsewhere, OB has not. The administrative and enforcement costs of rigid
direct controls imposed to very high levels is expected to be exceedingly
high. If the level of control is considered oppressive to the industry being
regulated, illegal actions and pressure will be generated in attempts to
neutralize the impact of control. If social welfare is the gbal, not only
will vast amounts of resources have to be employed before setting controls
‘at high rigid levels, there would also be a necessity for monitoring the
controllers if the projected control were to be effective. The required
degree of monitoring would be a partial function of the degree of pollution

control sought and the degree of directness. Attempted efforts to thwart



the impact of control would be wasteful for the perspective of social welfare.
This is discounting to zero (0) the moral implications of such efforts.

In the above sections | have attempted to identify several of the
potential problems involved in efforts to gain a net social welfare by
reducing the social costs of automobile pollution. In fhe following section
an effort is made to identify a feasible method of dealing with these

problems of automobile caused air pollution.

F. The _Pricing of Emissions

It is indeed possible that a conjunction of changes in fastes,
technology, and alternative forms of transportation will eliminate the
current problems associated with automobile pollution. It would be
unrealistic, however, to count on such shifts, Hence, in seeking a solution
we may be well advised to start with the current state of affairs.

Individuals who drive are those who are responsible for air pollution.
Of course, currently, they have few options, i.e., only a few have the
talent and the resources to build methane powered steam cars. Thus, from
the standpoint of both equity and social efficiency, those driving should
have the responsibility and costs of "administering” their pollution control.

In dealing with a common pool situation, it is necessary to relax the
rule of willing consent if the resource is to be managed ratiQ'naIIy.
Thus, ultimate reliance will be on 'governmental coersion to' enforce the
means of control suggested.

Assume that an agency is able to determine the socially efficient

level of pollution. This would be accomplished by examining the preferences



of citizens and the degree to which pollution is inconsistent with the
.attainment of those preferences. Next, assume that a price is placed on the
several emissions. Obviously, given current technology, it would be silly
to continuously measure enfissions from each vehicle. In contrast, given
known fuel input characteristics (for lead, sulphurs, etc.), it is

relatively easy to determine the average output of emissions from various
engines. Thus, if mileage is known via scheduled checks of odometer readings
(such as currently done for many commercial trucks) the operators could be
assessed the social costs of the cars emission. Hence, referrin'.g back to
the earlier example, the rider of the 79 CID Harley-Davidson would pay 50

percent more tax per mile than the driver of the 472 cubic inch machine.

Were the system implemented, operators would then cohstitute a market
for machines with clean engines. And capitalists, | assure you, are sufficiently
greedy to respond to this new demand. High mileage drivers would find it
rational to make very heavy investments in pollution control devices. In
contrast, those who use a car very infrequently would find it _preferablé
to spend little on control. It would be socially inefficient for a little
old .lady who drives only to Relief Society to allocate $500 for pollution
control. In a similar manner, a rancher on the High Line generates very
little social cost when he drives into Haver. Hence, the. emission fee on
the High Line would and should be less than in Pasadena. This scheme Would'
make explicit some of the social disutilities that result from extreme

concentrations of people.

In sum, a pricing system distributes costs to those who produce or
consume polluting goods. qurther, detailed information about the techniques
of polluting goods. Further, detailed information about the techniques of
pollution reduction need not be known by the administering agency. This

is consistent with administrative efficiency. Perhaps of greatest importance,
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however, is the fact that the pricing scheme provides both the information
and incentives that make actions that are individually rational also
socially rational. And we will probably agree that one of the greatest
political and moral problems of the next century will be that of preserving

the commons without resorting to tyranny.
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APPENDIX
ON THE DIFFICULTY OF BEING ENVIRONVENTALLY

MORAL IN THE ABSENCE OF PRICING

After reading several of the previous essays, | am concerned that
the moral implications of my analysis and suggestions be misunderstood.
The consistent theme in these essays is that those whose actions have
the potential for causing pollution must be provided the "proper"
information and incentives if they are to act to enhance social welfare.
Ore may object that this is a narrow and perhaps even cynical view of
man. There is in thi_s collection, little explicit attention given to
the role of good intentions. This omission is largely intentional.
Two brief examples may suggest why.

Several years ago | was, as usual, on a committee charged with
responsibility for designing an environmental program for a university.
The director of the program was a physical scientist who specilalized in
natural resources. His Ph.D. was granted by one of the nation'é most
prestigious universities. He had published in environmental problgms
in Science and in professional journals. He was, in brief, certified
to be highly competent. Further, he had developed an "ecologiéal

conscience" long before such became fashionable.
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During one of our policy meetings held at his house | was running
my usua argument that if people were to behave in an environmentally
responsible manner it would be necessary that they receive the correct
information and incentives in the market, i.e., that prices rhust reflect
environmental costs. This director took strong exception to my position
claiming that what really must be done is to educate people to .the
environmental implications of their behavior. After all, he explained,
he had traded in his Buick for two VWSs because of his enhanced awareness.
Surely others could meke the same type shift._ Not being noted for
tact when dealing with deans and other administrators, | asked wha kind
of cans our beer was being served in. Alumnum throw-aways! Surely
| said, given your academic specialty you must be aware of the environmental
implications of duminum throw-aways as compared with returnables.

Well, yes, he admitted, but he had just never really thought about it
and | should understand that he had so may important things in bis
mind. | really expected better than that—even from deans. My point

iIs smply that he wouldn't have h&‘d to think about it at all _if' the sme

beer cost a dollar more per case for throw-aways.

The second example occurred only a short while ago. | was in a
shop that handles, anog other things, health foods. (Just_ to protect my
reputation for sanity. | wes not in the shop buying health foods.
Health foods have more to do with religion, in the broad sen_se of that
term, than they do with health as that word is usually employed.) A
young lady reeking of sincerity came in clutching the wrapper from a
health food bar mede in California. She spoke with the proprietor, asking
him to stock the item and commenting on howv wonderful and remarkable

it is that people, and even companies, are rov showing concern for both
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their inner and their outer environments(?). | could not resist pointing
out that the wrapper, which was Iargely a testimony to the purity of its
contents, happened to be mede of duminum foil. "Oh,” she responded,
"It stays fresh anyhow. There's a plastic coatin_g" over the auminum.”
Academics concerned with policy matters should remind themselves every

morning that half the population is beow average in intelligence.

The central point in all of the above is that prices are a condensed
form of information about availabilities and opportunities. If environmental
components of availabilities and opportunities are not included in prices,
then regardless of the purity of one's intentions, he is confronted with
very serious information gathering and analyzing problems. In the
absence of prices, trying to‘ do good, rather than trying to do well,
is a formitable problem--in a large part because one can not tell what
others want and how intensely they want it in the absence of prices
which reflect values, |

| happen to prefer and buy wood, leather, wod and cotton rather
than synthetics--unless the synthetics have compelling advantages.

Aside from nylon, (ripstop, climbing line, boot laces and pack material)

and vibrum soles (which have a high coefficient of friction when wet),

and dacron thread (which does not rot out), | directly consume few synthetics,
Although this is partially due to an environmental sensitivity, taste

is a far more important determinant. | simply do not care for the
Sears-Robuck Boutique look. If the synthetics actually do have a greater
environmental impact than do the natural products, (research on this

would be very useful) then this impact should be included in the price.

If it is not, then there will be a socially inefficient over'_consumption

of the synthetics. As an example, | wes told by a person in the industry
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that when the synthetic fabrics first became widely available there were
approximately 10,000 woolen mills in the U.S. Today there are 600.
With only this information sketch | tentatively infer that woo wes
largely driven off the market due to its competition being underpriced
(environmental costs not included) in the market. |

In am | suggest that even the' mog rabid environme'ntalists,‘ rather
than dam the market system and rant a the crass materialism of Americans,
view a price system (like a genetic system) as a meas of transmitting
information. This is the first step toward the.inclusion of environmental
information in the one area that all sane people take into account in “

their daily affairs.



