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Highlights 1987

TURNING THIRTY-FIVE WAS the highlight for Resources for the Future in 1987. V.
Kerry Smith presented the keynote lecture at our anniversary celebration, and a
summary of his remarks leads off this issue of Resources. In it he recalls the
foundations of resource economics and points toward its future.

Professor Smith asserts that the purpose of resource economics—to clarify the
debate about natural resources—remains as important as ever. But he also notes
that the substance of the issues has changed. Thirty-five years ago, the debate
centered on individual resource development projects having circumscribed
impacts and tangible benefits and costs. Today's issues involve policies with more
pervasive consequences and more subtle values. Smith argues that the continuing
success of resource economics requires new methods of resource evaluation that
respond to these changes.

In another article related to our anniversary, Hans Landsberg looks back on the
report of the President's Commission on Materials Policy, Resources for Free-
dom, itself being thirty-five years old and one of the principal forces behind the
founding of RFF. He concludes that, despite the changes that have taken place
since 1952, the report has enduring value because of its approach to resource
problems. The commission's stress on economic analysis, its embrace of both
growth and conservation, and its essential optimism about the future are legacies
that continue to influence policy debates.

Continuity of purpose in the face of changing circumstances is a theme shared
by the other contributors to this issue. Lawrence Scheinman finds that the world
of the International Atomic Energy Agency is profoundly different from that at its
creation thirty years ago. Yet the agency's central purpose remains so critical that,
in his view, if the organization did not exist today, it would have to be invented.

Paul Portney and Michael Dodman speak to the need for change in two other
established settings, environmental protection and the electric utility industry.
Portney addresses the need for more reliable environmental statistics, long a weak
link in environmental policymaking and analysis. Dodman reviews the trend
toward competition in the traditionally monopolistic utility industry.

This "Highlights" issue thus fairly reflects RFF at thirty-five. We remain
committed to our continuing surveillance of issues in natural resources and the
environment. And we understand that our research will continue to elevate debates
about these issues only if it anticipates how the world is changing around us.

Robert W. Fri
President and Senior Fellow

Resources for the Future



Resource evaluation at the crossroads

V. Kerry Smith

RESOURCES FOR THE FUTURE was founded
in 1952. The decade of its beginning was
also the decade during which benefit—
cost analysis began to receive profes-
sional acceptance as a legitimate enter-
prise for economists seeking to inform
public decision making. (That develop-
ment stemmed from the early work of a
small group of economists that demon-
strated the linkage between the principles
of welfare economics and a practical set
of procedures for computing the net
benefits arising from public investment
projects—primarily water resource proj-
ects at that time.) During the three inter-
vening decades, RFF has been a key
player not only in the initiation but in the
development of benefit—cost analysis as
an instrument now used increasingly in
the evaluation of many types of public
policy issues.

Originally, benefit—cost analysis was
applied to traditional public investment
projects. Today its applications extend to
a diverse array of problems—regulatory
decisions, analyses of resource manage-
ment policies, and natural resource dam-
age assessment being a few examples—
the scope of which could not have been
envisioned thirty years ago.
This expansion of applications has far-

reaching implications for the techniques
used and for the treatment of measures of
the benefits and costs. Consequently, it
has led me to argue for the use of a
broader term, resource evaluation, to
describe more adequately the amend-
ments and expansions to benefit—cost
methods in evaluating today's environ-
mental and natural resource issues. Rec-
ognition of the implications of this ex-
pansion is especially important today,
because the practice of resource evalu-
ation has reached a critical juncture for
reasons arising from both political and
methodological sources.
Benefit—cost analysis in the evaluation

of most national regulatory policies was
mandated in 1981 by President Reagan's
Executive Order 12291. This mandate

also created strong incentives to use
benefit—cost analysis in other areas of
federal policymaking and in decisions at
the state level. And recent environmental
legislation has increasingly recognized a
need to balance the benefits of new initia-
tives with their costs. Yet, despite the
growing interest in benefit—cost methods
for policy analysis, it is reasonable to
expect that a new administration will
choose to evaluate the achievements of
benefit—cost methods and to consider
new directions for analyzing regulatory
policies.
On the methodological side, much has

been learned about the procedures used
for measuring benefits and costs of pol-
icy actions in carrying out evaluations.
Nonetheless, the established practices
have been slow to be changed, and they
continue to be used despite the fact that
many current environmental problems
are fundamentally different from the
problems that gave rise to existing meth-
ods of evaluating public actions. A new
codification of theory—and especially of
practice—is needed if resource evalu-
ation techniques are to inform decisions
that must be made in the future.

Then and now

To provide some perspective on the re-
search issues that face resource econo-
mists today, consider the typical public
investment decision of the 1950s. It con-
cerned a water resource project. The bulk
of the project's outputs were reasonably
tangible—water for municipal, indus-
trial, or irrigation purposes; hydroelec-
tric power; improved navigation; or
flood control—usually with available
market prices or close proxies as valu-
ation measures.
Consequently, project benefits could

be monetized using market prices or al-
ternative costs. Project outputs that could
not be evaluated in market terms—the
so-called intangible items such as the rec-

reation opportunities created by the lakes

formed by dams constructed for flood

control—were assumed to be unimpor-

tant factors in any project. The actions

under review, then, were uniformly re-

garded as improvements; by definition,

the development of water resources was

in the national interest. The only issue

was one of establishing priorities among

projects and recognizing the trade-offs

between local and national interests in

selecting the mix of public works.
In addition, the effects of any one of

these projects were principally local. The

scale might be large for any specific
region but was small in comparison with
the national economy. And the time

frame was usually limited to one genera-
tion of consumers.
Today, the subject of a "typical" re-

source evaluation is not a project. It is a

policy, often a regulation imposing con-

straints on how private economic activi-

ties can be undertaken. For example, we
must evaluate the potential levels for
national standards for inorganic arsenic
emissions or judge the merits of on-board
controls for automobiles versus a two-

hose system for gasoline refueling t°
control volatile organic compounds. Of
course, water resource projects remain

subjects of resource evaluation, but even

here the focus of the analysis has
changed.
Because today's issues are so diverse,

it is difficult to identify a set of attributes

common to all of them. Nonetheless, 10
general, they tend to include several of

the following features.
First, public or quasi-public goods, the

intangibles of the fifties, now dominate

the outputs to be valued. Second, the
scale of a policy is acknowledged to be
large in relation to the whole econornY•
Third, the time frame for the effects of a
decision can extend over many genera-
tions—perhaps even, as in the case of the

nuclear waste problem, longer than our
records of civilized activities.
A fourth feature of today's issues is
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that they often involve new dimensions
such as technologically sophisticated
services (e.g., allocating the use of space
for communication satellites), reduc-
tions in risk, or complex matters such as
the disposal of hazardous materials.
Because of the complexities of these is-
sues, the direct experience of households
resPonding to policy analysts' surveys
and these respondents' ability to under-
stand and organize the information rele-
vant to a choice may be subject to ques-
tion.

A fifth characteristic is that, in measur-
ing consumers' values with regard to a
Particular policy, analysts must provide
some means of connecting the expected
Physical changes in the affected environ-
inental resource to the quality features of
the resource that consumers would rec-
°gnize and value. For example, a reduc-
tion in the concentration of polychlori-
nated biphenyls (PCBs) in the sediment
at the bottom of a river, lake, or estuary
red. uces the prospects for contamination
Hi aquatic life and the potential for bio-
concentration, but its direct observability
bY individuals may be impossible.
Finally, the distribution of effects re-

la. ted to current environmental issues
involves not only monetary gains and
losses but also physical hazards, with the
result that decisions raise important con-
ceptual and ethical issues.
A set of practical guidelines akin to

those available for evaluating the water
r4.0,iects of the fifties is clearly needed.
while it is recognized that many existing
'flethods for organizing the information
tilherent in a resource evaluation are
Inappropriate for dealing with current
issues, credible alternatives to "mud-
dling thru" have been difficult to come
Y. Four major changes seem to offer a
rt for adapting the methods now in use

to fit today's issues.

Assets

Conventional economic practice has di-
chotomized the analysis of natural and
environmental resources. The former,
Whether renewable (forests, water, and
1.813 on) or nonrenewable (e.g., minerals),
'lave been treated as natural assets,
thereby recognizing the implications of
allocation decisions for future resource
availability.
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Sailing on the Chester River in Maryland. Public or quasi-public goods such as recreational
opportunities, the "intangibles" of the 1950s, now dominate the outputs to be valued in the
"typical" resource evaluation of today.

By contrast, environmental resources
(e.g., clean air, clean water, scenic val-
ues) have generally not been considered
assets. In these cases, attention has been
diverted from the resources themselves
to the activities involved.in using them
and to the ways in which the actions of
some users affect the well-being of oth-
ers—for instance, how emissions by
manufacturers impose externalities
(costs generated but not borne by the
producer) in the form of pollution on
households. Consequently, the analysis
has focused on the harm and associated
costs experienced by the households
involved. (In principle, these households
would be willing to pay at least the
equivalent of these costs, and perhaps
more, to avoid the damages if a mecha-
nism could be developed for making the
payments.)
A needed adaptation of existing meth-

ods of resource evaluation, then, is to
model both natural and environmental

resources as assets, with appropriate rec-
ognition of the short- and long-term
impacts of allocation decisions. This is
important not simply as a reflection of the
capacity of the environment to absorb
various types of pollutants, but also in
attempts to understand and to measure
the values that people may place on re-
sources which they themselves do not
use.
At a conceptual level, the strategy of

treating environmental resources as as-
sets implies that the evaluation of pro-
posed allocation decisions (e.g., public
investments) or past allocation decisions
(e.g., natural resource damage assess-
ments) involving an environmental re-
source should be based on how the deci-
sion will (or did) affect the value of that
resource as an asset and on how much the
changes required by the allocation choice
will (or did) cost.
Evaluation from this perspective

would incorporate a number of consid-
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erations: the uncertainty that influences
individuals' behavior and their valuing
of a resource; use and nonuse motiva-
tions that affect individuals' values of
environmental resources; and more in-
tangible characteristics of the resource
that might be associated with its quality.
Such analysis must also consider the time
pattern of effects (or outputs) that would
follow from decisions so that these ef-
fects can be used in gauging how the
value of each asset changes with each
decision.

Uncertainty

Uncertainty is an integral part of the
decisions of economic agents, poli-
cymakers, and economic analysts. While
there are different types of uncertainty
facing each, in sum they have a cascading
set of effects on the form and the content
of resource evaluations. The constituent
sources of these uncertainties have been
recognized in past work; nonetheless,
there is still no consistent treatment of all
of them. Moreover, except in rather spe-
cial cases, there appear to be no practical
guidelines for policymakers on how
to effectively incorporate the implica-
tions of these uncertainties into policy
decisions.

With regard to economic agents: since
uncertainty exists in all decisions made
by firms and households, from the per-
spective of the analyst describing the
behavior of these agents, what is relevant
is whether the uncertainty is "important
enough" to affect what they do. There has
been long-standing recognition of this
point in economics, but slow replace-
ment of the conventional practices with
methods that adequately incorporate the
implications of uncertainty for economic
behavior and the corresponding meas-
ures of the resulting benefits and costs.

Uncertainty in policymaking takes
several forms. Policies are fashioned in
an uncertain environment. They may
well deliver uncertain results. And, most
recently, with an important class of envi-
ronmental initiatives—the Environ-
mental Protection Agency's risk man-
agement policies—they have been fo-
cused on actions that are intended to
reduce some of the uncertainty that faces
individuals.
The theory and most especially the

practice underlying resource evaluations
have not adjusted to the fact that in some
cases economic agents' behavior is in
response to the uncertainties they face.
Consequently, in measuring the changes
in individuals' welfare that would ac-
company resource allocation decisions,

people may not be guaranteed a level of

well-being. Instead, policy may simplY

reduce the chances of undesirable out-

comes, not guaranteeing safety but

merely improving the odds for a safer

environment.
The uncertainties facing the economic

analyst are also varied. The majority of

economic analysis, as it is currently ap-

plied to the testing of hypotheses or esti-

mating models, relies on outcomes after

choices have been made. Observed

choices are supplemented with assumP-

tions about what was known by the indi-

vidual (or firm) prior to the observed

outcome and with postulated constraints

that are treated as relevant for the deci-

sion, as well as with a set of assumptions

describing how both were used in the

choice process.
These models provide the basis for the

indirect methods of estimating house-

holds' values for environmental Pur-
poses. There is, however, no objective

indicator for uncertainty about any of the

elements facing the household prior to

the choice. There are no mechanisms

allowing individuals' perceptions to be

"signaled" to the analyst.
In response to these limitations, re-

source economists have begun to use
survey techniques to learn about how

individuals respond to hypothetical

Construction at Shoal Creek Watershed, Litchfield, Illinois, built in 1966 to provide a water supply for the city of Litchfield. Several decade;
ago, a public investment decision to build a dam was based primarily on the dam's "tangible" outputs—e.g., municipal drinking Wet.
supply. Such outputs usually could be valued on the basis of market prices.
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Choices. The direct, or contingent valu-
ation, method for estimating the values
that individuals place on improvements
In specific aspects of environmental re-
sources (or on risk reductions) is one
example of these efforts. A full under-
standing of the strengths and limitations
of these methods will require a model of
how individuals perceive and verbally
respond to the ways in which analysts
describe choice situations to them.
Clearly, such an effort extends beyond

the confines of economics to psychology
and the other social sciences. A new
Model incorporating a full range of social
science insights for decision making that
involves new or uncertain choices is
warranted here. Economics can provide a
basic structure to begin the process, but to
Complete the framework will require
Incorporating the insights of psychology
and sociology.
Complementary use of direct and indi-

rect valuation methods (surveys and
Market-related measures, respectively)
can reduce the uncertainty the analyst
faces in estimating the values for re-
sources. These joint applications could
involve collecting information that al-
lows estimation of individuals' values
for environmental resources as well as
their demands for other goods or services
supplied by the market. By comparing
the demands for marketed goods with
results derived from other sources, it is
Possible to gauge how individuals per-
ceive the constraints described to them in
a survey format. This comparison may
allow analysts to gauge how perceptions
are formed with surveys involving valu-
ation questions for nonmarketed re-
sources.

Scale

In contrast to the project orientation of
the 1950s, most resource-related applica-
tions of benefit—cost analysis today in-
volve situations in which decisions are
likely to affect the national economy. The
Wide-ranging effects of a policy decision
in such cases can be purely economic,
•vorking through markets, or they can
involve a large component of the
ecosystem and hence the environment of

0ter several nations simultaneously.
The extent of change in the scope of

resource issues over the years—and the

corresponding expansion of the implica-
tions of policy decisions—are easily il-
lustrated. Executive Order 12291 re-
quires that benefit—cost analyses be per-
formed for regulations that are expected
to have major effects on the economy
(i.e., annual impacts of at least $100
million). Thus, the very screening crite-
ria require benefit—cost analyses for
cases where the assumptions of small
scale are likely to be violated. Equally
important, several of today's resource
problems resulting from human activi-
ties—acid deposition, climate change,

sea-level rise, and marine pollution—are
affecting the environment on a global
scale.
As the scope of the problems and of

related policy decisions has broadened,
the range of issues to be considered in
evaluating any individual policy has also
expanded. Scale now matters. Policies no

longer exist in isolation. Their mutual
interaction is important (although this is

not universally appreciated in the current

body of literature on resource evalu-
ations).
A recognition that scale changes the

types of assumptions that can reasonably
be made in developing resource evalu-
ations raises a number of important is-
sues. For instance, it is more difficult to
estimate individuals' values for resource
changes when these changes affect other
commodities that people value.

Before practical methods can be devel-

oped for taking account of scale, several
questions must be answered. Even when

resource evaluations can use indirect

methods for valuing commodities (i.e.,

market prices as yardsticks for assigning
values), under what conditions can the

indirect effects of large-scale price or
regulatory changes be expected to affect

the approaches used to measure the val-

ues of both marketed and nonmarketed
commodities? Clearly, the answer re-

veals something about how sensitive the
indirect methods for valuing non-
marketed commodities will be to the ef-

fects of scale.
Nor does the use of direct methods—

i.e., surveys—for valuing commodities
automatically provide solutions. A major
question here is whether it is possible to
determine the conditions that survey re-
spondents assume will affect them in
their other decisions. Their reported
valuations for environmental resources

will be affected by their perceptions of
the constraints facing them. Learning
what respondents assume in giving their
answers seems to offer a more promising
strategy than framing survey questions
so they include all possible side condi-
tions to respondents' decisions.
The long time scale associated with

many resource evaluations of today also
presents new challenges for resource
evaluation. Regulation of chlorofluoro-
carbon emissions, policies on carbon-
based fuels, and selection of a site for the
long-term repository of commercial nu-
clear waste, for example, involve long-
term effects crucial to the analysis.

Conventional practice has been to use
present value as the basis for summariz-
ing streams of costs and benefits over
time. Since the issues under analysis have
often been cases where benefits are con-
veyed to the current generation and costs
imposed on the future, the timing of when
costs and benefits are realized and the
selection of the rate converting future
dollars into current "equivalents" have
been crucial to the use of conventional
methods.
Which research issues might reduce

the scope of conflicts involved in making
decisions with effects over such long
time spans? At least two deserve further
evaluation. The first involves a recogni-
tion that the conflicts are greatest where
there is uncertainty over and some degree
of irreversibility in the outcomes of deci-
sions.
The second research issue involves a

different type of irreversibility—the ina-
bility to change the sequence of indirect
effects that accompany large-scale deci-
sions. For instance, suppose that a public
investment decision which increases
access to coastal areas for recreationists
must be evaluated; it is known that these
areas will be inundated as a result of
progressive sea-level rise over the next
fifty to seventy-five years. The enhanced
access resulting from the investment will
promote development of second homes,
private recreational facilities, and com-
plementary public infrastructure—all of
which ultimately increases the cost of a
sea-level rise in the future.

In many respects, the problem is akin
to development in a flood plain after
public investments are made to reduce
the likelihood of flooding—the costs of
subsequent floods increase dramatically.

WINTER 1988 5



In this case, however, there is one impor-
tant difference. As knowledge of the
causes of temperature change increases,
the timing of change in sea level becomes
more predictable. Thus, climate change
is different from the case of floods or
coastal hurricanes, where, after public
action to reduce the prospects for flood-
ing there is often sufficient diversity of
opinion to permit the existence of insur-
ance markets.
This difference implies that private

indirect effects must be treated differ-
ently. To the extent that there are limits
on the ex post losses that society will
allow private citizens to experience, it is
especially important to recognize how
the secondary effects of current public
investments could serve to increase fu-
ture costs.

Evaluation

Finally, policy research itself should not
be free from evaluation. As experience is
accumulated in valuing nonmarketed
resources, analysts must learn how to
learn from that research and integrate the
findings into improved use of what is on
the proverbial "research shelf."
The mandating of benefit—cost analy-

sis has created a "procedural" demand for
literature reviews. Moreover, much of
the legislation leading to this demand has
at the same time precluded new esti-
mates, advocating instead the use of the
"best available" findings. At present,
learning from the record has become a
procedural step in the development of a
regulatory impact analysis, in much the
same way that the environmental impact
statement of the National Environmental
Policy Act has typically been a proce-
dural document without insight into the
potential environmental problems in-
volved in any specific decision.
These criticisms are especially rele-

vant to reviews of studies of the valuation
of nonmarket resources. Although there
is a growing body of findings from such
studies—models used to estimate the
marginal values of air pollutants, travel-

cost/recreation-demand models for
gauging the value of a variety of recrea-
tional resources, wage models for the
valuation of risk changes, and direct sur-
veys for the values of a range of environ-
mental resources—analysts do not know
how to systematically learn from them.
Such learning would result in a better
match between off-the-shelf estimates
when they are applied to new valuation
problems as well as a better understand-
ing of the research needed to make what
is on the shelf more useful.

Defective policymaking?

Resource economists, especially those
associated with the use of applied welfare
methods to address policy issues, have
increasingly been questioned on their
"naive view" of policymaking. Critics
argue that the emergence of applied wel-
fare economics is actually a story of
manipulation, that those interested in
water projects used the analysis to meet
their predefined objectives. In the water
resources area, they say, there was a
social consensus favoring public works
in water development. Benefit—cost
analyses were simply gauges of the feasi-
bility of projects and of the implications
of small design changes. At most they
served to set priorities among a slate of
projects to be undertaken, never to decide
whether such projects were desirable.
These are not new arguments. Benefit—

cost analysis was never intended to be the
exclusive basis for decision making.
However, the more analysts can narrow
the sources of error in the use of methods
over which, admittedly, reasonable
people can disagree, the greater the preci-
sion of our measuring rod.

Opportunities for manipulation are
reduced by improvements in methods
and consensus over best practice. This
allows the terms of the debate to be more
clearly defined. Decisions will always
imply values for the outputs and interests
served by them. What is at issue is defin-
ing a standard that allows these values to
be compared.

The decade of the seventies was one of

stating broad environmental and re-

source goals—clean air and clean water,

preserving our natural heritage with wil-

derness and wildlife preserves, and re-

ducing energy dependencies. At the out-

set of the decade, it was assumed that

most of these goals could be achieved

with reasonable costs and thus, if con-

flicts arose, they would not be large.

In the eighties, we have learned that

this assumption was wrong. As policies

required to meet some of the goals began

to be implemented, there was a greater

appreciation of the large costs and grow-

ing conflicts over the use of natural and

environmental resources. Not everyone

can win; some people will have the nu-

clear waste repository in their backyard.

Air and water quality are unlikely to be

uniformly clean nationwide. Risks will

be unequally distributed. Arbitrating the

conflicts that naturally precede the deci-

sions on each of these issues requires a

standard with which to compare those

whose interests are served with those

who experience a disproportionate share

of the costs.
In the nineties, we will be forced to

make increasingly difficult decisions

over resource use. The quality of those

decisions, as well as the ability to make
them in a reasonably democratic society,

requires the ability to compare conse-

quences. Resource evaluation methods

can provide this standard—but the meth"
ods and their application must meet the

demands of the problems at hand. •

V. Kerry Smith is University Distill'

guished Professor, Department of Eco-

nomics and Business, North Carolina

State University. He was affiliated it

RFF from 1971 to 1973 and from IP
to 1979 as a research associate, felloW,

and senior fellow. He is currently iFl

volved in an RFF project on natural re-
source damage valuations. This article's

adapted from his keynote address at the

RFF thirty-fifth anniversary celebration

in October 1987.
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Resources for Freedom
In retrospect

Hans H. Landsberg

In 1952, President Truman's Commis-
sion on Materials Policy issued a report
entitled Resources for Freedom. The
founding of Resources for the Future was
a direct consequence of the report. To
commemorate its recent 35th anniver-
sarY RFF reprinted a limited edition of
the first volume of the report. The follow-
ing article is adapted from the afterword
written by Hans Landsberg to accom-
Patty the reprinted edition.

WHEN THE PALEY COMMISSION report was
written between January 1951 and June
1952, the end of World War II was only
five years in the past, with continuing re-
construction in Europe as a constant
retninder, and the Korean War in full
swing. Hostilities in Korea threatened to
Spill over into China, and the specter of
war with the Soviet Union was more than
the fanciful product of someone's fever-
ish imagination. With the memory of
World War II shortages still fresh in
People's minds, readiness for a war
emergency and the search for means of
command over the wherewithal of war,
that is, materials and energy, were a re-
current theme and in a way represented
the raison d'être of the commission.
Almost all major war instruments now
Make much heavier materials demand,"
the report of the commission states, than
was true in the past, especially in World
War II. But having entered through the
security door, the commission found it-
self in an arena infinitely more profound
_and far-reaching, in both space and time.
The stage was set for a general discussion
d analysis of materials problems, of
Choke points," as we would say today,
and relevant policy recommendations.

It is important to stress the word
Materials," not only because it is in the
conirnission's name, but because some
major "resources"—as distinct from
Materials—are dealt with only lightly.
These are agriculture and water. The

report does contain calculations on pro-
jected food needs and what measures are
needed to meet them—increased yields,
a change in land use, and a more flexible
farm income support system—but the
materials label assigns only a minor role
to not only food but, with the exception of
timber, also agricultural materials, such
as fiber. Similarly, only a slight bow is
made in the direction of water, largely on
the grounds that a presidential commis-
sion had just reported on it. The bulk of
the summary report of volume I, which
reflects the basic thrust of the five-vol-
ume opus, then addresses materials (and
mostly minerals at that) and energy, and
the pillars on which they rest, science and
technology.

Thirty-five years after the report
emerged, three aspects are of interest:

1. What was the commission's mind-
set and how valid does it strike us today?

2. How good were its quantitative
"sensors"; that is, to what degree did it
have a reasonable, realistic notion of the
path from 1950 to 1975?

3. Were there major intervening
events, foreseeable or not, that, in hind-
sight, rendered irrelevant or fundamen-
tally erroneous the commission's find-
ings or recommendations?

The mind-set

It is nothing short of remarkable that, in
the midst of a wartime environment, one
of the clearest messages pervading the
report is what it calls the "least cost prin-
ciple." Buy wherever you get the best
price, the commission advises, adding
some such qualification as "with due
regard to security considerations." To
quote a pivotal sentence: "The overall
objective of a national Materials Policy
for the United States should be to ensure
an adequate and dependable flow of ma-
terials at the lowest cost consistent with

national security and with the welfare of
friendly nations." The theme pervades
the report. At times it turns up as favoring
a specific procurement policy, as in the
above citation, and at times it takes the
form of rejecting self-sufficiency, which
it calls a "self-imposed blockade," a pol-
icy it denounces, because "it costs too
much" and would be a blow to our friends
and allies in the sense that such a policy
would deny them opportunities for
growth and development.
The report does concede that there is a

case for transition assistance to domestic
industries hurt by the consequences of
lack of international competitiveness. To
appreciate this attitude, one must recall
that, for example in the case of petro-
leum, the country was in the process of
changing from a net exporter to a net
importer and that its principal foreign
supplier was Venezuela, a nearby coun-
try with its oil industry then firmly under
the effective control of U.S. corpora-
tions. So, in a sense the proposed least
cost principle, at least in this instance,
imposed no burden, either economic or
political. Nonetheless, the strong and
unequivocal language denouncing self-
sufficiency, trade barriers, and the like,
stands out as a courageous act in the face,
even then, of vociferous calls for protec-
tion of domestic industries, in fact or
allegedly struggling to stay alive.
There was no pussyfooting either in the

commission's attitude toward growth. It
was for it! Not only was it feasible but it
was also desirable. Disarmingly and
engagingly, the report acknowledges that
it cannot find "any absolute reason for
this belief [in growth]" but that "it seems
preferable to any opposite, which to us
implies stagnation and decay." Still, the
report recommended—though without
further elaboration—that we must "ex-
amine such apparent limits as present
themselves." A foretaste of Limits to
Growth? Hardly, as is borne out in the
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commission's view of technology as
having the potential for overcoming such
"apparent limits," but rather, one is in-
clined to think, a concession to reason—
ableness.
Concern with growth is linked with

another pervasive theme: resource deple-
tion not as a physical absolute but as
expressed through rising costs. As some
observers have remarked, the report's
greatest contribution to the perennial
resource adequacy debate is its
abstention from sounding the "running-
out" theme. It is a mistaken notion, it
comments, that on a given day the world
will find that the last ounce or foot of a
given resource has been used up. At a cost
there is always more. What we are run-
ning out of, says the commission in the
kind of terse and graphic language that
characterizes the entire summary report,
is "the evident, the cheap, the acces-
sible."

In a similar vein, the commission
usefully provides conservation with the
often missing economic dimension.
Conservation is not the "hairshirt," not
deprivation, but using a resource more
efficiently. Thus it is compatible with
growth and with high consumption.
Similar reasoning applies to waste. Don't
confuse physical waste with economic
waste, the report cautions. To save and
preserve may under some circumstances
be economically quite wasteful. At a time
when war-induced shortages were very
much on people's minds, these were
truths not willingly or easily accepted by
everyone. One might remark parentheti-
cally that they were not understood more
widely two decades later when the coun-
try had to cope with the consequences of
the first energy shock and was trapped in
the belief that every Btu saved was by
definition a beneficial event.
Another pervasive belief is that, as

contrasted with government interven-
tion, private enterprise equates with effi-
ciency. Profits and prices are the institu-
tions on which the economy relies to get
results, and government interference
must be held down. But the dogma is not
absolute. To believe in minimizing gov-
ernment interference does not mean that
"the minimum must be set at zero." In-
deed, coexistence of private and public
strength is the desirable state of affairs.
This is stated as a principle, and it moti-
vates many of the commission's recom-
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Demand for coal between 1950 and 1975
fell short of the Paley Commission's ex-
pectations, in part because it was difficult
to project the speed with which diesel
propulsion would replace steam-propelled
locomotives. Shown is Great Northern
steam locomotive No. 2039 at Hillyard,
Washington.

mendations that suggest establishment of
both incentives to private behavior and
new public institutions. The philosophi-
cal stance of the report is that
government's role is to enhance the con-
ditions under which private enterprise
may flourish.
While not strictly part of the

commission's mind-set, the report's per-
ception of technology's role is worth
comment. Regarded as the agent that
pushes into the distance any stringencies
set by depletion or exhaustion, it too is
considered poorly perceived unless re-
lated to cost. Technologies abound. That
is not the problem. Whether the country
can afford this or that technology, that is
the issue. Moreover, the report calls at-
tention to a disturbing gap created by the
limits—often close by—beyond which
private enterprise will not go in the search
for innovation, on the one hand, and the
inadequacy of government funding ag-
gravated by what the report calls the
"headlessness" of government structure
in the technology field, on the other. Lots
of agencies, it notes, but no coordination
or plan.

In the same vein, there is scattered

through the report and highlighted at the

end the call for a government mechanism

or institution to provide a focal point for

policy, review, intelligence, and the like,

regarding materials, to be situated in the

Executive Office of the President so as to

have visibility and clout. For those who

have followed the sequence of commit-

tees or commissions that have succeeded

the Paley Commission, this has a familiar

ring. Every one of them has pleaded for

that "mechanism" that would enable the

materials community to get close to the

"ear of the President." The plea is usuallY

coupled with a ringing call for a "consis-

tent and comprehensive national mates-

als policy." The most we have to show for

it thirty-five years later, is the Critical

Materials Council, set up not long ago bY

Congress, its three members appointed

by the president and, so far, honored

basically in being ignored. The PaleY

Commission had a different idea. It sug-

gested that the task be given to the then-

existing but slightly modified National

Security Resource Board. But before anY

action could be taken to implement that

suggestion, the board itself had been
abolished and the coordinating-Plarl"
fling-reviewing body was never created.

In a sense, and in part, RFF fell heir to that

function, which was the reason Williarn

Paley founded it.

The forward look

The Paley Commission's projections of

supply and demand twenty-five year,s,
into the future were truly a "calculated

risk, or a risky calculation. They were
also a first. Preceding it was another

landmark project, J. Frederic Dewhurst s

America's Needs and Resources, pub-

lished in 1947 and revised in 1955. It was

more comprehensive in that it also en"

compassed human resources (which in

the Paley Commission structure served

only as "basic parameters"), but it pro-

jected for only fifteen rather than twentY"
five years, and it was far less ambitious
and detailed in its resource demand and

supply calculations. There have beer'

other projection efforts since, including

RFF's Resources in America's 
Future

(1962) of which I was the senior author.

undertaken at the urging of Williarn

Paley. There have been many others

since 1973 when the energy crunell
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Shook up whatever resistance there had
been to engaging in projections that some
misconceived as steps to a planned econ-
omy. But there is no doubt that the Paley
Commission was a true milestone, in-
deed the milestone marked with a large
Number One.
How well did the commission do? This

is not the place to engage in a line-by-line
e lamination. Nor are the numbers the
One meaningful test. The commission
itself emphasized that to test resource
adequacy, the core of its task, orders of
Magnitude were for the most part suffi-
cient. Looking back, a better question is:
did they sense the direction in which the
materials and energy segments of the
economy—and their component parts—
were moving? Were they pedestrian
accountants, extrapolating and correlat-
ing without imagination, or were they
impractical dreamers, ignoring the con-
straints of the real world? The verdict is
that more often than not the
commissions guesses pointed in the
right direction. When they erred they
missed the bull's eye, but generally not
the target. The instances where this
evaluation does not hold are those in
Which the commission failed to sense
future developments on a very far hori-
zM, or even below it, a failing they
Shared with equally surprised subsequent
Observers not ten or twenty years but at
times only days or months before the
events occurred. About this, more below.
Let us start with a quick tour of the

basic parameters. The commission did
net anticipate the prolonged baby boom.
Population, at 151 million in 1950, was
estimated to rise to 193 million by 1975.
That estimate, arrived at in consultation
With the Bureau of the Census, was con-
servative: population, in fact, rose to 216
Million. The labor force, at 63 million in
1950, was put at 82 million for 1975. In
fact, it turned out to be 95 million (what
was missed here, as it was equally in later
Projection efforts, was the rapid growth
in the female labor participation rate).
The work week was expected to decline
by 15 percent, and productivity, defined
aS output per worker-hour, was to grow at
a steady 2.5 percent per year. Instead the
work week declined by only 10 percent,
and productivity, on the average, rose by
3 Percent. Out of these factors the
commission saw emerge an annual GNP
growth rate of 3 percent, about the same,

said the commission, as it had "averaged
over the last century." Put differently, by
the commission's estimate, GNP was to
double in the twenty-five-year span un-
der consideration.

Reality matched expectation closely:
GNP rose at a compound rate of 3.3
percent. All factors exhibited a greater
dynamism. Population rose faster by 23
million, yielding a working force greater
by 13 million, which worked only 10, not
15 percent less per week, and productiv-
ity registered a better record than ex-
pected. With GNP functioning as a yard-
stick for many of the projections, its cor-
rectly anticipated path imposed useful
bounds on the more detailed estimates.
The commission had a hunch that its

basic indicators might be on the low side.
It called them "unquestionably conserva-
tive." Correctly, we believe, downplay-
ing numerical "accuracy," the commis-
sion is content with noting tersely that
"demand for everything can be expected
to rise substantially" and that history
records "more estimates of the future that
were too small than those that erred on the
other side." Ironically, the commission's
macroeconomic estimates add one more
example to those that were too small,
though by only very little.

Uncertainty on particulars

When it comes to particulars, that is, the
demand for agricultural products, miner-
als, energy, and some other resources, the
picture becomes more uncertain. In the
case of energy, the commission made a
straightforward assumption: its use
would rise at the same rate as GNP, that
is, by 3 percent—the famous "lockstep"
syndrome. That turned out to be close.
Energy use rose by 3.1 percent, not quite
as fast as the 3.3 percent GNP growth
rate. In this instance, the commission's
numbers were better than its reasoning.
Having stressed the theoretical potential
for greater efficiency in use, the
commission's actual calculations as-
sumed no improvement and thus overes-
timated energy consumption in 1975 (by
which time the first reverberation of the
OPEC shock undoubtedly had begun to
pull down energy consumption).
Other estimates are less easily summa-

rized, as the commission emerged with
wide-ranging differences in growth

rates. For example, it estimated iron,
copper, lead, and zinc consumption to
rise only slowly—by 40 to 50 percent—
but bauxite, a proxy for aluminum, by
200 percent, and magnesium, lo and
behold, eighteen to twentyfold! Timber
demand would rise by only 10 percent,
but within that estimate was embedded
demand for pulpwood that would grow
by 50 percent.
Let us look at mineral consumption in

a bit of detail. This is the table that ap-
pears in the summary report of volume I
(actual percentage changes added by us).

Percentage, 1950-1975
Estimated Actual

Tin 18 —50
Zinc 40 27
Copper 43 7
Lead 53 —27
Sulfur 110 155
Phosphate rock 150 383
Potash 150 242
Bauxite 200 274
Titanium 325 112
Cadmium 325 —31
Cobalt 345 54
Magnesium 1,845 425

To find the underlying rationale for the
enormous differences in projected
change among those resources, one
needs to go to the supporting volumes
that contain the detailed calculations.
This we do not have the space to do
systematically. But it is obvious that
much of this type of speculation is based
on expectations in vogue at the time, nor
could it be otherwise. An interesting
example is magnesium (often dubbed the
"Cinderella metal" because it has consis-
tently failed to make the big time). In-
stead of growing nearly twentyfold in
twenty-five years, magnesium demand
actually rose only by 425 percent. Obvi-
ously, the commission had the right
hunch about a steep increase; it just over-
did it, but since resources could be shown
to be ample, the misjudgment was with-
out consequences. Then and later on,
others erred in the same direction when
(a) great hopes were pinned on titanium
in whose production magnesium is a
critical ingredient; (b) the idea of a mag-
nesium engine block was bruited about
(and was moved from the planning stage
to the assembly line in an experiment by
the Volkswagen producers); and (c)
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magnesium had attained high levels of
output as a war material. As it was, the
anticipated titanium boom withered in
less than a decade and the magnesium
engine block did not work out. As for
titanium, the commission declared with
disarming honesty that it was not feasible
to predict its future consumption even
within wide limits. The high number
merely symbolizes expectations of rapid
growth in the dawning space age.
On the other hand, the commission was

reasonably on target when it foresaw no
bright future for tin, zinc, copper, and
lead, but vigorous growth for the fertil-
izer chemicals and aluminum. Looking at
direction rather than at point estimates,
one must give the commission high
marks in this twenty-five-year forward
look.

Nearly 20 percent of the summary
report is devoted to energy. Indeed, en-
ergy is at the core of the study; thus a few
comments are appropriate. We have al-
ready seen that in the aggregate the
commission expected energy use to grow
at the GNP rate, that is, double in twenty-
five years, and that, in fact it just about
did so. But within that total there are
embedded widely differing rates of
change. Among the conventional broad
use categories, transportation energy was

to rise less than the average, industrial
use more, and the balance at the 3 percent
average rate.
But the "soaring sixties" made quite a

difference. Consumption in household
and commercial uses raced ahead at 4.1
percent per year, transportation use, at
3.1 percent, expanded at the aggregate
energy use rate, and industry use lagged
behind at 2.4 percent. Rising incomes
and the availability of a large variety of
new household appliances—air condi-
tioners, freezers, and the like—and fuel
use for the rapidly expanding number of
households pushed up the household use,
but it is less clear what held back energy
use in industry if not the phenomenon of
the "turn to services." Indeed, statistics
show that energy use in industry re-
mained virtually constant from 1969 to
1975. Moreover, single terminal-year
comparisons are hazardous, and 1975
was a deep recession year, suffering from
the effects of the OPEC price shock and
the policies instituted to cope with it.
Thus the actual growth rates are biased on
the down side.
When we look at sources of energy and

their respective growth, we find the
commission projecting liquid fuel use to
more than double, coal consumption to
rise by 60 percent, and electricity—from

Detergent-choked streams like this one had yet to appear when President Truman's
commission issued Resources for Freedom in 1952. Shown is Sandy Run stream In
Montgomery County, Pennsylvania, two decades ago.

all sources but with nuclear not yet a
factor—and natural gas to at least triple

(For reasons beyond these paragraphs

the detailed projections put the rise o

coal at only 40 percent, significantlY
closer to reality.)
The commission was correct on liquid

fuel, which rose by about 150 percent; on

natural gas, which did indeed more than

triple, rising by 240 percent; and also

pointed in the right direction for electric-

ity, which did considerably better than

triple: it just about quintupled in terms of

utility kWh sales and probably more than

quintupled when industry self-genera

tion and losses are taken into account. As

for coal, the commission foresaw the

reversal of the secular decline, primarily
because of increased use for power gen-

eration; but because petroleum, and, in

creasingly, natural gas, proved compel

tive longer than anticipated, recovery fell

short of the commission's expectations

Most of the sluggishness came early or
in the 1950s when households shifted to

gas and oil and electricity, and railroads

to diesel propulsion. Whether the speed

of these developments was sufficiently

clear to be perceived by 1950 is doubtful
and hindsight is a poor guide. Even so, the

commission's proposed goal was

reached only a few years "late."

Unforeseeables, oddities, and
hobbyhorses

As one looks through the index of the

report, one is struck by the absence of
such words, now in everyone's vocabu
lary, as environment, pollution, ecology'
although water pollution does turn up
There are but two references to atomic
energy (which at that time presented a net

drain on the energy system, being fo
cused solely on weapons production and
expected to remain so for some time)
Nor does the Middle East figure in the
index. On the other hand, one finds solar
energy as well as synthetic fuels.

It is a sobering exercise to transport
oneself back to the world of 1950. The
first nuclear power plant had not yet been
erected. Detergent foam was not yet
floating on water courses, nor were acid
rain or the greenhouse effect household
words. The Persian Gulf was a large bod:
of water not yet viewed as of crucial
significance to the well-being of Westen
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Europe, Japan, or this country, and Iran's
Mossadegh had not yet set off alarm
bells. The Korean War was fought with
conventional weapons and the threat of
nuclear annihilation, or the mechanics of
deterrents, and the like, while recog-
nized, had not yet become a persistent
theme.
Only with supreme arrogance or un-

conunon wisdom could one judge what
Was and was not then foreseeable. Pos-
sessing neither, we shall refrain from
Making those judgment calls and merely
remind the reader of the fundamental
differences between 1950 and 1987. In
that context it is remarkable how close to
target many of the 1975 projections
turned out to be.
The reverse of missing events that did

occur is to predict with a fair degree of
confidence developments that failed to
materialize. For example, synthetic fuel
Obviously intrigued the commission. In
What now reads like science fiction, a
finding by the National Petroleum Coun-
cil was cited that fuel from an approxi-
mate 200,000-barrel per day synthetic
fuel plant could be placed on the Los
Angeles market for 14.7 cents per gallon,
compared to petroleum-derived gasoline
at 12.7 cents. Possible barriers men-
tioned were the shortage of capital,
monopolistic restraints, "or the like." We
have only recently learned better, but the
dream, especially of turning superabun-
dant oil shale into a competitive commer-
cial liquid, at a cost that for a long time
was believed to be just 25 cents above
that of a barrel of crude oil, loomed large
in the commission's speculations and
was to survive in subsequent projection
ventures to the present. Two other energy
sources figured prominently in the
commission's speculations but not in its
calculations: solar and the breeder. Nei-
ther was to make it. The first largely
because costs were too high and the sec-
ond because of growing hostility toward
any kind of nuclear power technology
and particular opposition to the pluto-
nium-associated breeder.

Clouded future

In 1950 none of this was evident. It was
the era of President Eisenhower's Atoms
for Peace plan. Here the commission's
Praiseworthy concern with the cost of

resources rather than their physical as-
pects led it into dealing inadequately with
noncost factors, not only in the instance
of nuclear energy but similarly in assess-
ing the prospects of hydroelectric power,
and the "bads" of coal use. The breath of
"technological optimism" emanating
from the report is refreshing, but at times
resulted in false expectations. On the
other hand, the commission did not fully
anticipate the enormous revolution in
agricultural technology and the resulting
yield increases, and because it underesti-
mated population growth, it also under-
estimated the demand for food. Nor is
there any inkling of the coming revolu-
tion in electronics, communication, and
biotechnology. But then the report was
written by mortals.
Since national security is a major

theme of the report, so, naturally, is con-
cern with means of achieving it. Stockpil-
ing looms large in that respect, but apart
from commodities, it focuses heavily on
standby capacity. Various schemes are
proposed. For example, offshore oil
exploration, still an unexploited source,
is seen as having usefulness largely as a
spare "reservoir" in case of war. There-
fore, the government would prescribe
well-spacing and withdrawal rates that
would slow down draining of reservoirs
and ensure their availability in military
emergencies. Similarly, "resource agree-
ments" with other countries, on a govern-
ment-to-government basis, would be
concluded under which the United States
would assist financially and otherwise in
locating reserves of minerals, not for
immediate exploitation, but to constitute
standby capacity. There are other propos-
als along similar lines, that is, designed to
provide ready facilities when needed. It is
a mechanism still at times proposed but
more generally discounted as unrealistic.
Perhaps, it was the image of another
long-drawn-out conventional war that
lay at the base of these proposals. Faced
with the specter of nuclear war, semi-
ready offshore oil wells or unmined cop-
per-bearing ores on other continents now
hardly seem strong reeds to lean on.
There are some other oddities, or rather

passages or thoughts that strike one as
odd in view of today's reality and percep-
tions. Discussing the crucial role of tech-
nology, the commission approvingly
cites a statement that "...the Nation has
been far more industrious in putting sci-

entific facts to work than in increasing
basic knowledge." Reading the state-
ment today one would unquestionably
take it to refer to Japan, not the United
States. Then there are allusions to all
manner of technological advances that
did not make it or were hardly ever at-
tempted. Among them, suction pipelines
to extract coal from coal mines and pro-
duction facilities that jointly turn coal
into electricity, chemicals, and liquid
fuel all in the same industrial complex.
On the other hand, the report, while

bullish on solar energy (which, together
with nuclear energy, it labels as "tremen-
dous possibilities"), finds that means of
collecting it are "not yet at hand." It also
is bearish on natural gas, understandably
so since widespread availability of natu-
ral gas has been a more recent phenome-
non and the rapid increases that had oc-
curred by 1950 were judged unlikely to
continue at that pace. Its use, the report
predicts, will decline prior to the end of
the century or "conceivably sooner" and
prices will increase. It based that assess-
ment on the assumption that gas could not
be imported and on the fact that there was
no substitute available to dampen any
price rise. To offset the assumed fact that
the nation's reserves of natural gas were
short, the commission supported the phi-
losophy of reducing so-called "inferior"
uses, that is, basically the burning of gas
under industrial boilers. Pipelines should
not be built to give access to these inferior
users, but should be extended to so-called
"high advantage" users, that is, house-
hold and commercial consumers. In
today's era of the persisting "gas bubble"
and with recent repeal of the Fuel Use Act
that had placed restrictions on the use of
gas as a boiler fuel, this sounds like a
strange doctrine, but happily the
commission argued that proper pricing
would in itself channel the gas to the
appropriate users and that regulation
would not be the way to do it. We cite this
stand as only one example of a generally
antiregulatory attitude, which, however,
stopped short of depriving government
of useful functions when private initia-
tive has, for good and sufficient reasons,
failed to operate at all or operate success-
fully.
As intriguing and absorbing as are the

quantitative details of the commission's
work, they speak primarily to the expert.
They are helpful in gaining a better un-
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derstanding of how ideas are formed that
eventually yield numbers, the extent to
which prognosticators are captives of
fashion or, to the contrary, are fascinated
by the not-yet-feasible. They provide a
measure of the limits to which one can
sense major societal upheavals, for ex-
ample, the enormous increase in the
female labor participation rate, or even
the changes in the size of the population.
But no report of this kind can or should
hope to be remembered because it got its
numbers "right," or more nearly so than

some other study. What stamps the
commission's report as having value is
its stress on the economic rather than
physical attributes of resources, from
which follows the rejection of the "run-
ning-out" concept, and the "abstention"
interpretation of conservation; of its
courageous advocacy of the least cost
principle in securing materials and en-
ergy, a stance that at all times finds vigor-
ous opponents; and its judicious judg-
ment of the respective roles of the private
sector and government. These are lasting

legacies that have influenced de

about resource problems ever since.

bate

Epilogue: When published in June

1952, the summary report was available

from the Government Printing Office for

25 cents. II

Hans H. Landsberg is senior fellow

emeritus in RFF's Energy and Materials

Division.

IMINON•

Needed: a Bureau of
Environmental Statistics

Paul R. Portney

The government is very keen on amassing
statistics. They collect them, add them, raise
them to the nth power, take the cube root and
prepare wonderful diagrams. But you must
never forget that every one of these figures
comes in the first instance from the village
watchman, who just puts down what he damn
well pleases.

—Sir Josiah Stamp (1880-1941)

NO DOUBT TRUE, Mr. Stamp, but this
nation's problems with the collection,
analysis, and dissemination of environ-
mental data go far beyond those created
by the whims of village watchmen. Buf-
feted by budget cuts, policy redirections,
and congressional and administrative in-
difference, our understanding of envi-
ronmental conditions and trends is at, or
near, an all-time low. Strong measures
are needed to address this situation. One
such action should be the creation of a
Bureau of Environmental Statistics.
There are attractive models for the new

office I propose. For more than a half
century now, the Bureau of Labor Statis-
tics in the Department of Labor has col-
lected and published data about current
rates of unemployment, labor force par-
ticipation, layoffs, and related matters.
The Bureau of Economic Analysis in the
Department of Commerce has performed

a similar function for data on foreign
trade (since 1921), GNP growth (since
1942), and other economic measures.
And the Bureau of the Census, also a part
of Commerce, has been responsible for
our decennial population count since
1902. All three bureaus were created in
part to ensure the independent and non-
partisan treatment of data and measures
that might be politically sensitive.
By most accounts, these bureaus have

been very successful undertakings.
While there have been occasional cries
that population, unemployment, infla-
tion, or GNP growth statistics have been
"cooked" to suit political purposes, such
charges are rare exceptions. Further-
more, when proposals surface for chang-
ing the way population, national income,
or unemployment or inflation rates are
measured, they are scrutinized and dis-
cussed openly.
While no one would argue that our

current measures of population or eco-
nomic activity are exact, it is impossible
to imagine modern government operat-
ing in their absence. Indeed, these meas-
ures drive important federal grant and
entitlement programs; they also help trig-
ger, and then measure the success of,
major tax and spending programs, mone-

tary policies, and even foreign policy

decisions related to economics, defense,

immigration, and other issues.

An environmental analogue

It is time, for many reasons, to establish a

Bureau of Environmental Statistics that

will give the United States much-needed

measurement capability in this field.

Simply put, we have not a single data

series for the environment that goes back

as far as even the most recently estab-

lished of the economic and demogra phic

series listed above, nor one that is subject

to the same quality control, careful meas-

urement protocols, or subsequentthor-

ough analyses.
Consider, for example, the beacon

light of U.S. environmental monitoring

programs—our national program to col-

lect and analyze air pollution data. T°
begin with, even for the so-called criteria

air pollutants (ubiquitous pollutants for
which the Environmental Protection

Agency [EPA] sets national standards),

the nationwide monitoring program is
inadequate in several ways.
For instance, such data as do exist on

airborne concentrations of lead—a seri"
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ous threat to health—come from a "net-
work" of only fifty-three monitoring sta-
tions intended to represent the whole
country. Similarly, despite cries that
ambient ozone levels be reduced, in part
to alleviate agricultural crop losses, vir-
tually no monitoring is carried out for
ozone in rural areas. Instead, we "inter-
polate" (guess at) rural ozone levels by
taking weighted averages of urban read-
ings often obtained hundreds of miles
away. And as for the national program
that monitors all the toxic air pollutants
causing widespread concern? It doesn't
exist.
The situation is even bleaker for water

quality monitoring and for measure-
ments of pesticides and other substances
in soil, on foodstuffs, and in fish, bird,
and other animal populations. The same
i true for data on the levels of toxic
substances in human body tissues, for
which a small monitoring program was
Just eliminated, and for measurements
related to wetlands and a host of other
sensitive ecosystems.
In short, we are woefully ignorant of

the current state of our environment, of
how that state compares with the past,
and of the role that current policies may
have played in accounting for the differ-
ences between past and present. To make
Matters worse, the data that do exist are
not at all accessible to interested parties.

Present problems

One reason for this poor state of affairs is
the diffusion of effort among many fed-
eral agencies. At present, important envi-
ronmental data are collected by the Envi-
ronmental Protection Agency, the Geo-
logical Survey (in the Department of the
interior), the Forest Service (Department
Of Agriculture), the National Oceanic
and Atmospheric Administration (De-
Partment of Commerce), the Depart-
ments of Defense, Energy, and Health
and Human Services, and even the Na-
tional Aeronautics and Space Admini-
stration, which has been responsible for
recent measurements of stratospheric
ozone depletion.
Even if this far-flung network of data

collectors were well-funded and operat-
ing smoothly, it would still be necessary
to gather the relevant measures and dis-
seminate the most important among them

in a single, accessible source. An excel-
lent model is the annual Economic Re-
port of the President, prepared by the
Council of Economic Advisers (CEA).
To prepare the report, economic data
from many federal agencies are com-
piled, and findings are presented in about
one hundred tables, many of which show
annual statistics going back to 1929.
Despite quibbles about the appropriate-
ness of certain series or about changes in
measurement techniques from one year
to the next, the CEA report makes it
possible to assess a number of important
economic measures. In so doing, it pro-
vides a benchmark against which to
measure the consequences of past poli-
cies and to anticipate the effects of new
ones.

Before its gradual evisceration over
the past seven years, the president's
Council on Environmental Quality
(CEQ) would have been the logical can-
didate for the compilation and dissemi-
nation of environmental data. In fact,
CEQ is directed to perform this function
by the National Environmental Policy
Act of 1969. While CEQ used to take this
responsibility more seriously, even in its
halcyon days it never mustered the re-
sources to present truly comprehensive
and consistent environmental data on an
annual basis. Recently the Conservation
Foundation has stepped bravely into the
breach and attempted to provide regular
data on environmental trends. But this
responsibility is clearly a federal, not a
private, matter.

Unfortunately, current problems with
environmental measurement go far be-
yond the lack of a coordinating body.
First, it is probable that too little is spent
in the aggregate on environmental meas-
urement and analyses. It is difficult to be
more definitive because no recent effort
has been made to tally such spending. A
1978 CEQ report put total spending for
air and water quality monitoring at more
than $300 million per year, which I be-
lieve is implausibly high. Even if correct,
however, it is not large in comparison
with the $70 billion to $90 billion the
United States spends each year to comply
with federal, state, and local environ-
mental regulations. If we are willing to
spend this much money to protect our
environment, we ought to care about
whether the programs we establish make
it better.

Even when adequate monies are ap-
propriated for data collection and analy-
sis, they often get short shrift during the
fiscal year. There are two reasons for this.
First, money for environmental monitor-
ing is seldom earmarked as such; rather,
it is typically part of a more general
allotment for specific regulatory pro-
grams like air quality, groundwater, or
hazardous waste. When Congress then
gives these programs unexpected new
regulatory or other responsibilities, the
money needed to carry them out is invari-
ably withdrawn from data collection and
analysis.
Such a withdrawal would be unlikely if

data collection and analysis had any po-
litical sex appeal. But they do not. No
senator could reap credit for battling to
increase the number of rural ozone moni-
tors in the United States. Similarly, no
congressman could benefit much from
jump-starting the moribund water quality
monitoring program at EPA, even though
such a program is badly needed to help
determine whether the hundreds of bil-
lions of dollars spent on sewage treat-
ment plants and industrial water pollu-
tion controls are having the desired ef-
fects.

Addressing the problems

While no panacea, a Bureau of Environ-
mental Statistics—with a separate line in
the federal budget—would be much
more immune to budgetary triage than
are present programs. Such a bureau
might even attract congressional champi-
ons who are currently unwilling to fight
for separate appropriations for environ-
mental data analysis in a handful of pro-
grams scattered around a dozen different
agencies.
The creation of a strong Bureau of

Environmental Statistics might also
lessen the temptation to "fudge" environ-
mental data. Although it may seem hard
to believe, billion-dollar regulatory deci-
sions can now hang on readings at a few
pollution monitors. Consider, for in-
stance, the difference it makes to a metro-
politan area to be considered an "attain-
ment" area—a region where national air
quality standards are being met—rather
than a "nonattainment" area under the
1970 amendments to the Clean Air Act.
The deadline for meeting the standards of
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the act was December 31, 1987, and,
technically speaking, metropolitan areas
that are not in conformance with these
standards are now subject to hundreds of
millions of dollars each year in nonattain-
ment sanctions. Local officials in these
nonattainment areas face having to notify
local air pollution sources that they must
install costly additional control equip-
ment. Far more important, these areas
face the threat of an EPA-ordered ban on
all new construction, a ban viewed as a
sort of environmental "death penalty."

If nonattainment sanctions were trig-
gered by readings at only one or two
monitors and for only a few hours per
year, the temptation to shut monitors
down at strategic times for maintenance
or to relocate them to more "convenient"
sites could be considerable. Yet these air
quality data are currently collected under
minimal EPA supervision by the same
local governments upon which nonat-
tainment sanctions would fall. While
there is no evidence to suggest that our
national air quality data have been com-
promised because of this, only now—
with the 1987 deadline past—have these
sanctions become a serious possibility. A
credible, independent federal presence is
badly needed to guard against this possi-
bility. A Bureau of Environmental Statis-
tics could be such a force.

Controversy about environmental data
collection and analysis is hardly confined
to the local level. Witness the recent
contretemps over the 1986 annual report
of the federal government's National
Acid Precipitation Assessment Program
(NAPAP). When the report was released
in the fall of 1987, critics charged that the
underlying scientific data and analysis
were, at best, not adequately reflected in
the executive summary or, worse yet,
were irrelevant to the problem at hand.
An independent Bureau of Environ-
mental Statistics would be much better
insulated from political pressure than is
the interagency NAPAP task force for the
job of collecting and presenting informa-
tion on environmental trends.
There is another reason—more sym-

bolic than substantive, but nevertheless
important—that favors the creation of
this bureau. Environmental issues matter
to the public. While they generally rank
below concerns about economic secu-
rity, this is not always the case. In fact, in
a recent public opinion survey by Cam-
bridge Reports, Inc., 58 percent of those
polled agreed with the statement, "We
must sacrifice economic growth in order
to preserve and protect the environment."
Only 19 percent supported the opposite
view. Support for the primacy of environ-
mental protection in this hypothetical

trade-off has grown steadily since 1976

when only 38 percent of those polled by

the same organization agreed with the

assertion quoted above. Thus, the public

is intensely interested in what is happen-
ing to the environment; it deserves better

answers than are now available.

Setting up shop

Several decisions must first be made if a

Bureau of Environmental Statistics is to

be established. The initial decision con-

cerns its home in the federal government.
In view of the success enjoyed by the
Bureau of Labor Statistics and the Bu-
reau of Economic Analysis, the hest

place for the proposed bureau would he

within an existing agency—probably the

EPA, because the EPA currently con-

ducts, or should conduct, much of the

monitoring and data analysis for which

the bureau would be responsible.
However, the EPA is not the only

possibility. The Interior Department
would also be suitable, in view of the
Geological Survey's water quality moni-

toring work and other department Po-
grams on wetlands, endangered species,

and related issues.
Regardless of its executive branch

"parent," the proposed bureau would

have to be granted more independence

than is generally given programs in cabi-
net departments. Greater independence

could be achieved by ensuring that the

person named as bureau director is a
senior civil servant widely respected for

integrity and experience in environ-
mental measurement and management.

Political appointments to this position
should be avoided. In addition, the bu-
reau chief's term of service should be t ix
to eight years—in other words, long
enough for program strength and conti-

nuity to be developed.
Another issue to be resolved before

establishing a Bureau of Environmental

Statistics is the scope of its activities. For

instance, should it take over all of the
relevant, on-going monitoring progrants
carried out by federal agencies? Of
should it instead concentrate on coordi-
nating these activities, taking on the pri-
mary responsibility for ensuring that the

quality of the data collected is high and
seeing to it that the data are disseminated
in a timely and usable form?
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The latter strategy makes more sense,
Particularly in the early years of the or-
ganization. While the bureau might even-
tually be vested with some data collec-
tion responsibilities—perhaps for gath-
ering data not now collected by any other
group--it would have its hands full in its
start-up years with these functions:
• identifying a comprehensive and
standardized set of environmental
quality measures on which to report,
including traditional indices of air and
water quality as well as measures of
wetland acreage, stratospheric ozone
concentrations, and groundwater pol-
lution;
• determining where, when, and how
these measurements are to be taken;
• establishing quality assurance pro-
cedures for each data series and ensur-
ing timely reporting by the collecting
agencies to the bureau; and
• reporting this information to the
public frequently, by way of annual
reports and other appropriate means
of communication.
A final matter to be resolved is whether

the bureau should concern itself only
With monitoring environmental quality
or whether it should also become in-
volved in what is known as compliance
monitoring. In contrast to monitoring
ambient air levels of pollution, the latter
responsibility would involve the meas-
urement or estimation of pollution emis-
sions by cars, power plants, factories,
wood stoves, sewage treatment plants,
feedlots, and the multiplicity of other
)urces of pollution. Here again, the
more narrow objective seems appropri-
ate, for two reasons. First, taking respon-
sibility for the development and coordi-
nation of a comprehensive ambient
monitoring system is ambitious enough
Without the mission's being expanded
even further. Second, compliance moni-

toring cannot be separated from the en-
forcement of our environmental laws,
and the proposed bureau is not intended
to be a cop.

Is the timing right?

There is some reason to believe that a
proposal to create a Bureau of Environ-
mental Statistics would not fall on deaf
ears. First, Congressman James H.
Scheuer (D-N.Y.) has on several occa-
sions introduced an "Environmental
Monitoring Improvement Act" to create
a temporary national commission that
would investigate this country's efforts
to collect and publish environmental in-
formation and report on ways that these
efforts might be improved. His initiatives
deserve more serious consideration than
they have received. They might be given
more notice if his idea for a temporary
commission were replaced with the pro-
posal of an independent and permanent
Bureau of Environmental Statistics.
There are other indications that the

time may be right for the creation of such
a bureau. First, a new president will be
elected in less than a year, and both par-
ties will have something to gain from
espousing the establishment of this en-
tity. For their part, Republicans have
consistently and justifiably decried the
lack of data on which to base major envi-
ronmental or natural resource policy
decisions. They rightfully claim that
debate on a number of pending issues,
such as acid rain, groundwater pollution,
and stratospheric ozone depletion, suf-
fers from a lack of adequate data. But
Republicans have been singularly un-
willing to remedy this situation by spend-
ing money to fill the information void. If
they wish to be seen as credible partici-
pants in environmental debates rather

than as obstructionists whose excuse is a
lack of data, they have to be willing to
back up their concerns with new pro-
grams to help solve the problem.
Democrats, too, have much to gain

from the creation of this bureau. They are
often portrayed as being too quick to
legislate in the absence of hard evidence
of an environmental problem. No data
collection system—however com-
plete—will ever be able to "prove" de-
finitively that action is required. But such
a system would make it easier to separate
serious from less serious problems and
would provide details to help tailor pro-
grams that effectively address the prob-
lems.
Make no mistake about it: any proposal

entailing new federal spending will—
and should—have hard sledding in future
congressional debates. Nevertheless,
there is growing support for spending
federal money to set up a body such as
this bureau. The public cares greatly
about the quality of the environment and
the condition of the natural resource base.
A great deal of money is spent each year
because of these concerns. Yet there is no
comprehensive and reliable system for
collecting, analyzing, and disseminating
information about how these expendi-
tures are linked to environmental quality.

This state of affairs makes little sense,
and it is hard to see how one could think
otherwise. The creation of a Bureau of
Environmental Statistics, preferably
within the EPA, would not remedy this
situation overnight. But it would be a
sensible and politically feasible step in
the right direction. •

Paul R. Portney is a senior fellow and
director of the Center for Risk Manage-
ment at RFF.
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The IAEA at thirty

Lawrence Scheinman

LAST YEAR THE International Atomic En-
ergy Agency (IAEA) celebrated its thir—
tieth anniversary. How should we evalu-
ate its three decades of international
public service? What should we expect in
the fourth decade? These are entirely ap-
propriate questions in their own right.
But they take on added significance at a
time when concerned nations are scruti-
nizing international organizations gener-
ally, assessing how effectively these in-
stitutions, created to facilitate interna-
tional cooperation, are functioning.

In reflecting on the past, two sectors of
IAEA activity stand out as meriting spe-
cial attention—nuclear safeguards and
nuclear safety. This does not, of course,
detract from the role that the agency has
played more generally in "accelerating
and enlarging the contribution of atomic
energy to peace, health and prosperity
throughout the world," as mandated by
its statute.
Indeed, the IAEA has been prominent

in facilitating the transfer of experience,
information, and technology to a large
number of states. More than 11,000 fel-
lows from all regions of the world have
received training through agency-spon-
sored fellowships in nuclear and basic
sciences. More than 10,000 expert as-
signments have been carried out, their
purpose being to provide member states
with expertise for the application of nu-
clear techniques across a broad spectrum
of fields including food and agriculture,
medicine, hydrology, and industry in
general.

In addition, IAEA has dispensed
nearly $150 million worth of equipment
to advance the introduction of nuclear
applications and to facilitate hands-on
experience in training and application.
The agency has also provided in excess of
$28 million in the form of research con-
tracts with particular emphasis on spon-
soring integrated research programs in-
volving institutes in both developing and
industrial nations. It would not be too
much to say that the organization of sci-

ence in a number of developing nations
has benefited directly from activities of
the IAEA. Even so brief a reference to
some of the agency's assistance and
development programs underscores its
role as a key multilateral organization for
the peaceful use of nuclear technology.

Nuclear safeguards

This consideration notwithstanding, if
one were to single out the IAEA's most
distinctive international contribution,
pride of place would have to be given to
the safeguards system that it operates.
Not only have safeguards made possible
the extensive international cooperation
and trade in nuclear materials and equip-
ment that have characterized the last
three decades, but as a critical element of
the nonproliferation regime, interna-
tional safeguards have contributed sig-
nificantly to national security and inter-
national stability.
This is not a matter of cursory judg-

ment. The parties to the Non-Prolifera-
tion Treaty (NPT), which designated the
IAEA as the instrument for verifying
non-nuclear-weapon-state obligations
under the treaty, asserted in the Final
Document of the Third NPT Review
Conference (1985) that "IAEA safe-
guards provide assurance that states are
complying with their undertakings and
assist states in demonstrating this com-
pliance. They therefore promote further
confidence among states and help to
strengthen their collective security.
IAEA safeguards play a key role in pre-
venting the proliferation of nuclear
weapons. . . ."
Despite frequent reference to safe-

guards, they are not well understood by
the public. The very word "safeguards" is
misleading, for it evokes the "cop-on-
the-corner" image in which executive
authority and the ability to take preven-
tive measures inhere. Domestic nuclear
safeguards, carried out under the author-

ity of the state, include physical security

measures, pursuit, and restitution. Inter-

national safeguards, however, do not.
Rather they are in the nature of an audit-

ing system in which records and reports

submitted by those subject to the safe-

guards are examined and reviewed and in

which direct physical verification of

inventories is independently conducted

by international civil servants carrying

out on-site inspections.
These on-site inspections, which are

the truly unique feature of IAEA safe-

guards, include a variety of destructive

and nondestructive measurement tech-

niques and the application of contain-

ment and surveillance measures, all of

which help to ascertain the presence,

movement, quality, quantity, and charac-

teristics of the nuclear materials under

safeguards. Safeguards constitute, in
other words, verification of a state of

affairs which confirm, or not, the fulfill-

ment of obligations undertaken by Par-
ties to safeguards agreements concluded

with the IAEA.
In conducting its verification activi-

ties, the IAEA is not authorized to at-
tempt to prevent the diversion of nuclear
materials or to seek out and uncover the

existence of clandestine nuclear materi-

als or facilities. In planning its inspection

activities, however, the agency does

make certain assumptions that take these

possibilities into account.
But if this kind of approach helps the

agency refine its goals and strategies for

verification, it does not give it the power
to conduct intelligence-gathering activi-

ties beyond those required to verify that

material under safeguards can be
adequately accounted for. What the

agency can do is report its inability t°
account adequately for all material under

safeguards, thereby alerting the appro-
priate authorities—i.e., the IAEA Board
of Governors and the international corn'
munity at large—that assurances cannot

be provided and that the possibility of di-
version and nuclear proliferation exists.
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This power to expose, based on the con-
duct of effective and comprehensive
safeguards, is one of the most important
Preventive assets of the IAEA.
The ability of the IAEA to be effective

and to sustain credibility depends on a
number of factors, three of which are
especially significant: (1) comprehen-
siveness of coverage, (2) cooperation of
states under safeguards, and (3)
adequacy of resources. Of course it goes
Without saying that even though safe-
guards may contribute to developing and
maintaining a climate of confidence,
their effectiveness is dependent on the
Political atmosphere in which they func-
tion. A weak or deteriorating political-
Security situation (for example, in the
Middle East) inevitably minimizes reli-
ance on safeguards and diminishes their
°PPortunity to contribute to international
stability.

Ninety-five percent of all nuclear ac-
tivity in non-nuclear-weapon states is
under safeguards today. As impressive as
this figure is, even more striking is the 5
Percent not under safeguards. Unsafe-
guarded nuclear activities in Argentina,
Brazil, India, Israel, Pakistan, and South
Africa account for that 5 percent. These
six principal non-nuclear-weapon-state
holdouts from participation in the NPT or
TI atelolco regimes (the latter treaty es-
tablished a nuclear-weapon-free zone in
Latin America) are the subject of world-
wide concern. For one reason or another,
they have failed to bind themselves in

thilateral instruments to abjure nuclear
Weapons or explosives and to accept
Comprehensive international safeguards.
While even comprehensive safeguards

do not guarantee absolute assurance, the
existence of unsafeguarded nuclear ac-
tivities in such states creates uncertainty
and places distinct limitations on the
ability of an international institution like
the IAEA to provide the requisite degree
of verification. Thus, comprehensive
safeguards in a// non-nuclear-weapon
States would be an important step in
Strengthening the overall effectiveness
and credibility of verification safe-
guards. To say this is not in any way to
ignore the broader issue of achieving
universal nuclear disarmament and
global verification.

State cooperation, another key factor
in safeguards effectiveness and credibil-
ity, entails many complex considera-

tions. At the risk of oversimplification,
suffice it to say that verification is not
direct control. The ability of a verifying
institution to carry out its responsibilities
efficiently and effectively depends on a
well-structured and well-operated na-
tional accounting and control system that
produces the necessary records and re-
ports on a timely basis; it involves coop-
erative nuclear plant operators who help
facilitate inspector access to carry out
safeguards tasks; and it requires national
legislative and executive measures to
ensure that the application of safeguards
techniques and measures and the carry-
ing out of safeguards procedures are not
impeded.

Despite a considerable degree of coop-
eration on the part of most states, prob-
lems do exist. In some instances, opera-
tors refuse to carry out certain requests of

the inspectorate. Or, they may prevent
the introduction of new instrumentation

or procedures—either on the ground that

the changes were not specifically pro-
vided for in the subsidiary arrangements
of the safeguards agreement or because
they do not want to risk, and the agency
cannot assume, liability if damage occurs
as a result of a proposed activity.

In other cases, some states impose
restrictions on the particular agency-
designated inspectors to whom they will
permit access to their territory and facili-
ties. This long-standing problem has af-
fected the rational allocation of IAEA
manpower resources and placed limits on
the ability of the safeguards department

to maximize efficiency—an especially
serious matter in a period of financial
stringency.
These problems of cooperation are

perhaps not surprising in light of the fact
that safeguards are a novel enterprise and
do involve a degree of intrusion on na-
tional privacy. They are not overwhelm-
ing, but they are important enough to
require attention and redress in the name
of effective international verification.
Adequacy of resources is a third sig-

nificant area. For several years, interna-
tional organizations including the IAEA
have labored under the constraint of zero-
growth budget. At the same time, the
agency's safeguards responsibilities
have increased as new facilities have
come on line and the amounts of nuclear
material subject to safeguards have
grown. In the past two years, for ex-
ample, the number of installations in non-
nuclear-weapon states under safeguards
or containing safeguarded nuclear mate-
rial has increased by twenty-five. Despite
the slowdown in the growth of nuclear
power, that pattern will continue for
some time. Furthermore, member states
exhort the agency to continue to improve
the level of attainment of inspection
goals, which is itself in no small measure
resource-dependent.

Meeting new obligations and improv-
ing safeguards performance are incom-
patible with a no-growth budget. Im-
proved efficiency can help ameliorate
this problem. But beyond that, continued
credibility of safeguards activities will
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Growth in number of nuclear facilities under IAEA safeguards or containing safeguarded
nuclear material, 1970-1986. Source: Redrawn from International Atomic Energy Agency, IAEA
Newsbriefs vol. 2, no.13 (Sept. 20, 1987), p.4.

WINTER 1988 17



I
A
E
A
-
P
F
E
I
F
E
R
 

The headquarters of the International Atomic Energy Agency (IAEA) on the banks of the
Danube River in Vienna.

depend on additional resources—be they
taken from other agency programs or
provided through increased funding.
Drawing resources away from other pro-
grams of principal interest to substantial
segments of agency membership entails
political problems concerning program
priorities, equity, and balance of objec-
tives. This option is not feasible. The only
plausible alternative is increasing re-
sources, which would be fully compat-
ible with the contribution that safeguards
provide to international security and sta-
bility.
Looking to the future, it is difficult to

envisage IAEA safeguards playing a less
critical role in the nonproliferation re-
gime and in international nuclear trade
and cooperation than they play today.
Indeed, everything points to their in-
creasing importance, as virtually no in-
ternational nuclear transactions any
longer occur without safeguards being
required.

It is also of no small significance that as
the issue of verification has gained
prominence in the arms control dialogue
between Washington and Moscow, the
relevance of IAEA and its safeguards
experience have been increasingly re-
ferred to. Soviet officials in particular
have alluded to or specifically invoked
IAEA experience as their country has
shifted toward a more positive view on

the need for effective verification of arms
control agreements. This reflects the
confidence that agency safeguards have
earned and adds to the urgency of ensur-
ing that this faith in the system is not only
sustained but strengthened.

Nuclear safety

The role of the IAEA in nuclear safety
achieved public prominence in the wake
of the accident at the Chernobyl nuclear
plant in the Soviet Union in April 1986.
The recent emphasis on the need for in-
ternational safety measures obscures the
fact that nuclear safety always has been
on the IAEA agenda as a matter of pri-
mary concern. Agency safety-related
activities have paralleled the pattern of
nuclear development in member states.
During IAEA' s first decade, emphasis
was placed on the development of safety
standards, guides, and codes of practice
in the safe handling of radioactive
sources, in radiation protection, and in
transportation of radioactive materials.

In the agency's second decade, when
nuclear power became more widespread,
the focus shifted to the protection of the
general public and the environment. A
program to develop an internationally
accepted frame of reference for safety,
including codes of practice and safety

guides for nuclear power plants, was ini-

tiated in 1974. In the course of eleven

years, five codes covering governmental

organization, siting, design, operation,

and quality assurance and fifty-five sup-

porting safety guides were prepared.

While these are guidelines, not manda-

tory rules of the road, they are applied to

all agency-assisted projects and have

been incorporated in the national legisla-

tion of many countries.
The accident at the U.S. Three Mile

Island (TMI) plant in 1979 led to a review

and further expansion of the IAEA safety

program. The Division of Safety and
Environmental Protection was sup-

planted by a separate Division of Nuclear

Safety, and a number of new activities

were created. These included operational

safety review teams (OSARTs), which

carry out in-depth reviews of operational

practices and procedures at nuclear

power plants and make recommenda-

tions for improvement; radiation protec-

tion advisory teams (RAPATs), which

assess radiation protection needs and
provide advice on strategies for strength-
ening them—a service of particular value

to developing nuclear nations; and the
incident reporting system (IRS), which

receives and disseminates information

on safety-significant events occurring at
nuclear facilities in participating states,

thereby helping to identify and correct

problems that could cause accidents.
The international developments that

followed TMI were, of course, well

known in the nuclear community. But
they were known only slightly, if at all, by
the public at large. It was the Chernobyl

accident that galvanized international
public concern about the safety of nu-
clear energy, for unlike TMI, Chernobyl

involved a spectacular accident with sig-
nificant quantities of radioactive debris

being released (none was released at
TMI) and disseminated over a wide area
involving many countries; furthermore,

as a result of this accident, some people

died and others received substantial ra-
diation exposure (neither of which oc-

curred at TMI). Chernobyl underscored

the irrelevance of national boundaries in
nuclear accidents and, consequently, the

potential vulnerability of anyone w a
nuclear accident anywhere.

After Chernobyl, the focal point for
international action once again was the

IAEA. The agency was seen as the fortify
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to which the international nuclear corn-
Inullity could turn in its effort to deal with
the global implications of nuclear en-
ergy.

Exceptional progress was made in that
forum. Two conventions were negoti-
ated. One relates to early notification
When there has been an uncontrolled re-
lease of radioactive material from any
source that might result in transboundary
effects of potential radiological signifi-
cance. The other convention establishes
an international framework for emer-
gency assistance in the event of a nuclear
accident. Conventions covering these
matters were urged following TMI but
lacked the necessary support among
agency members. By contrast, it took
only four weeks to negotiate both con-
ventions after Chemobyl, and both went
into effect shortly after being opened for
signature.
Also following the Chemobyl acci-

dent, the IAEA 's nuclear safety program
was expanded, with emphasis on meas-
ures to help minimize the consequences
of accidents and, more importantly, on
Preventive measures. In the latter regard,
increased attention is being given to the
incident reporting system and to a new,
related program (ASSET) designed to
analyze abnormal safety-related events
M depth—not only the causes of the event
but also the appropriateness of the cor-
rective measures taken.

Significantly increased use is being
Made of the OSART service, not only by
newer entrants into the field of nuclear

a

11

power but by the most advanced nuclear
states as well, including the Federal
Republic of Germany, France, and the
United States. The knowledge that hu-
man error was a critical element at both
TM! and Chernobyl has focused agency
attention on the question of the interface
between man and machine.
Perhaps the most striking event during

this period, however, was the readiness
of the Soviet Union to provide detailed
information about the Chemobyl acci-
dent at a post-accident review hosted by
the IAEA and attended by more than 500
experts from around the world. The
comprehensiveness and candor of Soviet
participation in this exercise are, more
than a year later, a point of frequent
comment in the nuclear community. It is
difficult to envision such an exchange in
any other arena, which again reflects the
degree of confidence that the IAEA has
earned among its members. It is for this
reason that safety is singled out, along
with safeguards, as meriting special at-
tention in an assessment of the IAEA' s
first thirty years.

In the decade to come it may be antici-
pated that the IAEA will continue to play
a critical role in the field of nuclear
safety. Mandatory international safety
inspection along the lines of nuclear safe-
guards inspection is implausible, and the
agency's nuclear safety standards are
unlikely to achieve mandatory status.
The responsibility for nuclear safety at
this level lies first and foremost in the
hands of national governments, which

have the authority and the power to im-
pose and enforce safety rules.
The IAEA, however, through its pro-

grams and its presence as a forum for
dealing with nuclear safety issues, can
affect what is viewed as an appropriate
standard and what kinds of operational
norms and measures are needed to ensure
safe nuclear power. By focusing atten-
tion on issues of nuclear safety, identify-
ing the areas most in need of attention,
coordinating national nuclear safety ef-
forts, servicing agreements such as those
related to early notification and emer-
gency assistance, and providing a frame-
work and a forum within which states
can, in confidence, harmonize safety
measures and procedures, the IAEA acts
as the linchpin of nuclear safety around
the world. The degree to which it
achieves success in these activities may
bear substantially on the public accep-
tance—and the future—of nuclear
power. With respect to both safety and
safeguards, IAEA' s record of achieve-
ment is an enviable one. Indeed, if the or-
ganization did not exist, it would have to
be invented.•

Lawrence Scheinman is professor of
government at Cornell University. He
has just completed a tour as special ad-
viser to the International Atomic Energy
Agency. He is the author of The Interna-
tional Atomic Energy Agency and World
Nuclear Order, published in 1987 by
RFF.
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Electric utilities face increased
competition

Michael J. Dodman

MAJOR CHANGES WILL confront electric
utilities for the rest of this decade and
probably beyond. Still reeling—both on
the balance sheet and on the public rela-
tions front—from the impact of cost
overruns and construction delays at new
power plants, utilities recently have had
to begin adapting to a more competitive
market in electric power generation.
Within the next few years, companies
which for most of the century have been
generating and distributing power as
"natural" monopolies under relatively
benevolent state regulation may find
themselves operating in an increasingly
deregulated and more fully competitive
marketplace.
Proposals for such an open market in

electric power generation are just now
starting to receive serious attention and
debate among regulators and legislators.
In large part, these proposals are an out-
growth of the Public Utility Regulatory
Policies Act (PURPA) of 1978, which
was passed in reaction to the "energy
crisis" that had occurred several years
earlier. The act was designed primarily to
promote conservation, reduce oil im-
ports, and encourage the use of renew-
able energy sources.
One of PURPA's major impacts has

been the introduction of increased com-
petition in the electric utility industry. In
essence, the act has forced utilities to
accept and work with designated nonutil-
ity suppliers of electricity in two respects.

First, utilities are required to accom-
modate selected nonutility generating
facilities, which has entailed establishing
transmission lines between these genera-
tors and the power grid. In addition, and
more disturbing to the utilities, they are
obligated to purchase any excess electric
power from this group of generators at
state-approved, "avoided cost" rates. In
general, these rates are equivalent to the
price that a utility would have to pay for

providing such power, either by generat-
ing the power itself or by purchasing it
from another utility.

Requirements
for special status

Not all nonutility-owned electric gener-
ating facilities are accorded preferential
status under PURPA's provisions. In the
parlance of the act, only "qualifying fa-
cilities" (QFs) receive this and several
other benefits, including tax incentives to
spur their development and a guarantee
that they will not be regulated as "utili-
ties." Thus, they can operate as private-
sector entities with relatively few restric-
tions.

Generating facilities that do not have
QF status can also sell excess power to
electric utilities. A major difference be-
tween this group and QFs, however, is
that non-QF generators sell their power at
market rates rather than at avoided-cost
rates.
Under PURPA provisions, a generat-

ing plant receives QF status from the
Federal Energy Regulatory Commission
(FERC) only if it meets certain operating
and efficiency standards. These stan-
dards were established for each of two
classes of plants. Small power producers,
the first class, run plants fueled primarily
by renewable energy sources (e.g., wind,
sun, water) or by burning such combus-
tible products as municipal trash or waste
products resulting from manufacturing
or agricultural processes.

Cogenerators, the second class, are
facilities designed to produce both elec-
tric and thermal power (steam or heat) for
use in industrial or commercial applica-
tions. Replacing a conventional genera-
tor with one configured to capture both
electric and thermal outputs can result in
substantial fuel savings. Such generators

are common both at large indt stria'

plants that require substantial amounts of

steam or heat for production processes

and at small commercial sites such as

schools and shopping malls where the

steam is generally used for space heating.

A cogeneration plant must meet cer-

tain standards before it receives QF

status: thermal output must equal no less

than 5 percent of total energy output and,

if fueled by oil or gas, the facility must

meet an operating efficiency standard

requiring useful energy output of these

two fuels to be approximately 45 percent

of their energy input.

Slow but significant
reaction

Although PURPA was enacted in 1978,

five years passed before FERC'sguide-

lines for implementing its provisions

were finalized, thus enabling generators

to apply for and receive QF status. In anY
case, being forced to deal with potential

unknowns was a most unwelcome

change for the utilities, which for manY

years had obtained all their power needs

from their own generators or through
purchase from neighboring utilities. Fur-

thermore, they strongly objected to the

avoided-cost principle by which the rates

for the purchase of QF power were set'
particularly since each state was allowed

to use its own method of calculating the

costs that a utility avoided when pui chas-

ing QF power.
PURPA did not fully take effect until

1983 when the Supreme Court responded

to legal objections from the utility i ndus-

try and upheld the validity of both the act
and FERC's guidelines for its impli meg"
tation. Since that time, several thousand

nonutility generators have obtained QF
status.

In the meantime, utilities have contin-
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n-

ued to complain that states, sometimes
intentionally, have set avoided costs too
high, resulting in extremely high pay-
ments from utilities to QFs. In 1986, for
instance, California lowered its avoided-
cost rates after determining that utility
Customers had suffered as the result of
artificially high prices for QF power; this
action, in turn, attracted thousands of
nonutility generators and forced some
Utilities to substitute power from their
Own, lower-cost generating plants with
higher-priced QF power. In other cases,
however, utilities have come to rely on
QFs as a source of generating capacity
that allows them to avoid building costly
new generating stations.
The Edison Electric Institute (EEL), an

association of the nation's major private
electric utilities, conducted a survey of its
members in 1986 to determine the level
of nonutility electric power generation in
the United States. The survey included
not only QFs but also other nonutility
facilities that generate power but do not
meet the standards set under PURPA for
QF status.
The survey findings show that nearly

95,000 gigawatt-hours (GWh)-1 GWh
is equivalent to 1 million kilowatt-
hours—of electricity were generated out-
side the U.S. electric utility industry in
1985 (see table). This figure represents
3.7 percent of the more than 2.5 million
GWh generated in the country. Of the
95,000 GWh, utilities purchased over
27,000 GWh of power from nonutility
sources. Initial EEL data for 1986 indicate
that the amount purchased rose signifi-
cantly above that purchased in 1985,
suggesting progressively greater reliance
by utilities on nonutility generators.
Regional variations in development of

nonutility power are quite striking. Texas
arid California are clearly the leaders
among the states, the former because of
Widespread development of cogenera-
tion facilities in the petroleum refining
and petrochemical industries. In fact,
Much of this capacity in Texas was al-
ready in existence when PURPA was
enacted. California is a leader for two
Other reasons: broad acceptance of alter-
native power sources and the initial cal-
culation of high avoided-cost rates by
state regulators.
New England also has a sizable

amount of nonutility production, much of
Which stems from the region's reliance

on small hydroelectric dams and several
wood-burning facilities. In each of these
areas—Texas, California, and New Eng-
land—between 4 and 10 percent of all
power is generated outside the utility
industry. By contrast, throughout the rest
of the country, the figures range from less
than 1 percent to 3 percent.
Perhaps the most striking figure is

found in the data that the utilities pro-
vided to the North American Electric
Reliability Council in 1985 on their ten-
year plans. Nearly 10 percent of all
planned additions to generating capacity
were expected to come from nonutility
sources through 1995. This figure con-
trasts sharply with the information that
the utilities had supplied only a year or
two earlier, when utilities did not state
that they were planning to meet any fu-
ture demand with nonutility sources—
even though they were already obtaining
approximately 2 percent of their supplies
from such sources.

Changes under debate

During the spring of 1987, prompted in
particular by criticism about the avoided-
cost pricing mechanism, FERC began to
hold hearings on the need for changes in
PURPA. It was generally agreed that the
commission must establish more specific
guidelines regarding avoided costs, since
the states now rely on a wide range of
methods for calculating these costs—
some methods based on rigorous eco-

nomic analysis but others apparently
arbitrarily fixed.

Utilities have also complained about
insufficiently stringent efficiency stan-
dards set for cogenerators. Also, many
utilities object to being obligated to pur-
chase power from so-called PURPA
machines: nonutility generators that pro-
duce only the minimum required thermal
output and thus do little to further the
intent of the law with regard to energy
conservation.

Criticism of PURPA and the existing
system by QFs primarily relates to the
lack of a provision for the mandatory
"wheeling" of their power. Wheeling
customarily refers to the transfer of
power from one utility to another via the
transmission lines of a third utility. Cur-
rently, most utilities are willing to pro-
vide wheeling services over their trans-
mission networks to other utilities but not
to QFs. Most QFs are therefore limited to
one buyer for their excess power.

Clarification is also needed on the role
of nonutility generators that do not qual-
ify either as cogenerators or as small
power producers and therefore do not
receive QF status. This group of facilities
would clearly become a player in a de-
regulated and competitive market for
electric power. Yet PURPA, as enacted,
leaves the status of these non-QFs unde-
fined.

In general, there is little consensus
among affected groups—utilities, QFs,
non-QFs, generating equipment manu-
facturers, regulators, and consumers—

U.S. Electricity Supply, 1985

Net generation % of total Capacity % of total
Source (000 GWh) supply (000 MW) supply

Utilities 2,469.8 96.3 688.7 97.2

Nonutilities 94.9 3.7 20.1 2.8

QFs (82.0) (3.2) (17.1) (2.4)
Cogeneration (70.4) (2.7) (13.4) (1.9)
Small power (11.6) (0.5) (3.7) (0.5)

Other nonutility (12.9) (0.5) (3.0) (0.4)

Total U.S. supply 2,564.8 100.0 708.8 100.0

Notes: GWh = gigawatt-hours; MW = megawatts.Figures in parentheses indicate
breakdown of nonutility generation.
Source: Edison Electric Institute.
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on the impact of PURPA to date beyond
the fact that the development of nonutil-
ity generators has turned out to be much
greater than was anticipated. It is widely
acknowledged that much more informa-
tion is needed to guide modification of
the existing system.
A major stumbling block in assessing

PURPA's impact is the difficulty of iso-
lating changes in the industry resulting
solely from the law's enactment. This is
so in part because QFs are not required to
file reports on their operation or profita-
bility.
Therefore, it is not clear how effec-

tively PURPA has furthered its goals of
energy conservation and security,
whether consumer rates have been posi-
tively or negatively affected by the use of
QF power (although the problems related
to QF pricing in California indicate that
consumers can be hurt by improperly
calculated avoided costs), and whether
the market for electric power is operating
more efficiently as a result of increased
competition from nonutility generators.

Ripple effect

What does appear certain, however, is
that PURPA has produced results that go
well beyond its original goals. It seems to
have taken on a life of its own as a
stepping-stone to what may ultimately
emerge as a fully competitive electric
power generation market. Some utilities,
primarily those with large and costly
nuclear plants soon to come on-line,
appear to wish that PURPA would sim-
ply go away, while other groups, primar-
ily those representing cogenerators' in-
terests, are in favor of keeping PURPA as
it is.

Neither of these extremes is likely to

occur for three reasons. First, partly as a
means of diversification, private utili-
ties' parent companies are themselves
establishing "nonutility subsidiaries"
under the provision of PURPA that al-
lows a utility to own a minority share in a
QF. Of the approximately 175 major
American investor-owned utilities, some
35 already have a nonregulated subsidi-
ary formed to undertake joint QF ven-
tures.
Second, FERC, as well as several of the

larger state public utility commissions,
appears to be convinced of the wisdom of
a more competitive, market-based elec-
tric power industry, though not necessar-
ily under PURPA's existing provisions.
Several states have already put into effect
a system whereby QFs must bid competi-
tively to supply utilities with power, as
opposed to selling their power at rates
calculated by state regulators.

This emphasis on competition reflects
the belief (or bias) of economists at
FERC and elsewhere that only such a
competitive market can efficiently and
"correctly" determine electricity rates,
supply, and demand. Comments during
the past year from FERC officials have
made it clear that while there is a definite
intention to remedy some of the com-
plaints about PURPA, these corrections
will be accompanied by a decisive move-
ment toward a more economically effi-
cient electric power industry.
The third reason, evident throughout

the past decade in the United States and
other Western economies, is the trend
toward deregulation of state or state-
regulated enterprises. Increased deregu-
lation has occurred when technological
advances have begun to render the "natu-
ral monopoly" argument unconvincing
(as in the case of long distance telecom-
munications) or when the regulatory

scheme has proven to be grossly ineffi-
cient, as with natural gas pipelines.
Arguments for deregulating electric

power generation have been made nn
both counts. Recent advances in technol-

ogy, partly spurred by environmental
considerations, have made it clear that
smaller, cleaner, and cost-effective gen-
erating plants can compete with the verY
large scale generating stations operated
by utilities.
Undoubtedly, PURPA already has in-

troduced a dose of competition into the
electric power industry. From a broader
perspective, it is not yet clear just how far
federal and state authorities are willing to

go toward deregulating the market for

electric power generation, particularly in
light of the problems and confusion that

many associate with the deregulation of
other U.S. industries.

Before wide-ranging policy decisions

on these matters can be made, FERC

must decide how to deal with PURPA on
two fronts: that is, how to remedy the
many complaints about the act and how
to reconcile PURPA's energy conserva-
tion and security objectives—for which
special benefits are provided to certain
generating facilities—with the current

objective of a more efficient market-
place. Such efficiency would require
placing all generating facilities, irrespec-
tive of ownership, size, and technology'
on an even and competitive footing. 111

•••••••
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Paley Commission. Resources for Freedom report.
90:7-12

Paley, William S.. 89:16
Penner, Rudolph G.. 87:15
Pesticide use data, agricultural, 89:1-4
Plott. Charles R., 89:7
Pollution, thermal, 87:12
Portney, Paul R., 87:14-15:90:1. 12-15

Price-Anderson Act, 87:17; 88:6
Proceedings volumes from RFF
Economics and Technology in U.S. Space Policy
(Macauley. ed.), 90:26

Public Lands Group. 88:15
Public Utility Regulatory Policies Act. 90:20-22
Puffer, Cynthia. 89:17

Quality of the Environment Discussion Papers
"Agricultural Policy and the Benefits of Ozone

Control" (Kopp and Krupnick). 89:17
"Air Pollution and Acute Health Effects: New

Evidence" (Krupnick, Harrington. and Ostro),
87:18

"The Allen—Uzawa Elasticities of Substitution Are
Dominated by the Morishima Elasticities: A
Theoretical and Empirical Comparison," (Russell,
Kopp, Hazilla, and Blackorby), 89:17

"Benefit Estimation and Environmental Policy:
Setting the NAAQS for Photochemical Oxidants"
(Krupnick), 87:18

"Establishment-Level Data for Econometric,
Engineering, and Policy Analysis: Phase 1"
(Hazilla and Kopp), 87:18

"Evaluating the Validity of Contingent Valuation
Studies" (Mitchell and Carson), 87:18

"The Health Benefits of Reductions in Ambient
Ozone" (Krupnick). 90:26

"How Far Along the Learning Curve Is the
Contingent Valuation Method?" (Mitchell and
Carson), 89:17

"On the Choice of Functional Form for Hedonic
Price Functions" (Cropper, Deck, and
McConnell). 89:17

"Reducing Bay Nutrients: An Economic
Perspective" (Krupnick(, 90:26

"Use of Triazine Herbicides in the Chesapeake Bay
Region and the Local Farm Income Consequences
of Restricting Their Use" (Gianessi, Kopp. Kuch,
Puffer, and Torla), 89:17

Raiffa. Howard, 87:15
Rain forests, tropical, 87:11
Recreation, outdoor. Report of President's

Commission, 88:14-16
Recycling chlorinated methanes and ethanes, 89:9-10
Regulatory oversight

nuclear industry, 89:14-15
pesticide use, 89:2

Reid, Walter V., 88:18
Reilly, William K.. 87:15; 88:14
Renewable Resources Discussion Papers

"Agricultural Trade Model Comparison: A Look at
Agricultural Markets in the Year 2000 With and
Without Trade Liberalization" (Sarko), 87:18

"Measuring the Components of Aggregate
Productivity Growth in U.S. Agriculture"
(Capalbo), 87:18

Renewable resources, productivity and climate, 88:17
Resource depletion, 90:8
Resource economics, 90:1, 2-6
Resources for the Future, 35th anniversary, 89:16;

90:1.2
RFF Reprints

Property Rights, Protest, and the Siting of
Hazardous Waste Facilities (Mitchell and Carson).
87:18

Rockefeller, Laurance S., 88:14
Roderick, David M.. 87:15
Rogovin, Mitchell, 88:6

Rosenberg, Norman J., 87:8-14; 88:17
Rossmiller, George E.. 87:15
Ruckelshaus, William D.. 87:15
Rural development problems, 88:9-10
Russell, R. Robert, 89:17

Saliba, Bonnie C., 88:18
Sarko, Rachel Nugent. 87:18
Scheinman, Lawrence, 89:18:90:1. 16-19
Scheuer, James H., 90:15
Schwab, Robert M.. 88:18
Sedjo, Roger A., 87:11
Sergin, V. Y., 87:13
Simpson, Alan K., 88:6
Small Grants Program, 88:18; 89:19
Smith, V. Kerry, 89:16:90:1, 2-6
Solar energy, 90:11-12
Solar radiation, 87:11
Solvents, chlorine-containing, 87:6-8; 89:8-10
Space station, resource allocation on, 89:5-7
Strategic and Critical Materials Stockpiling Revision

Act of 1979. 87:4
Strategic materials stockpile. 87:1
Strategic Petroleum Reserve, 87:3, 16
Superfund program. 87:6-7

Tennessee, nuclear waste storage in, 88:4
Thermal pollution. 87:12
Thompson, Paul B.. 89:17
Three Mile Island nuclear accident, 88:5, 7, 8; 89:14;

90:18, 19
Toman, Michael A., 87:16: 90:26
Torte, Robert, 89:17
Trade liberalization. U.S.-Canadian, 89:10-13
Transportation. energy conservation in, 87:3

Udall, Morris K., 88:6
United States

agricultural trade with Canada, 89:10-13
materials policy, 87:4-6; 90:1. 7-12
oil imports, 87:1-3
pesticide use, 89:1-4
wildlife protection, 88:11-13

U.S. Department of Agriculture, 88:9, 10; 89:2-4
U.S. Department of Defense. 89:6
U.S. Department of Energy, 88:1-4, 5, 7
U.S. Department of the Interior, 90:14
U.S. Environmental Protection Agency, 87:6-7, 15:

89:2-3; 90:12-15
U.S. Fish and Wildlife Service, 88:11; 89:2
U.S. Geological Survey, 89:3; 90:14

Volcanism, 87:8, 9, 12
Vucanovich, Barbara F., 88:16

Wahl, Richard W., 89:17
Wallop, Malcolm, 88:16
Walls, Margaret A., 89:17; 90:26
Waste disposal
new technologies, 87:6-8; 88:3
nuclear, repository siting, 87:17; 88:1-4
source reduction, 89:8-10

White, Robert M., 87:15
Whiting, Macauley, 88:18
Wildlife, controlled harvesting of. 88:11-13
Wolman, M. Gordon, 89:17

Yucca Mountain. 88:3-4
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Inside RFF
news and publications

RFF research aired in public affairs
radio series

Research carried out at Resources for the
Future on patterns of food consumption
In the United States and on risk manage-
ment was the subject of two recent radio
programs heard by thousands of listeners
across the nation. RFF staff members and
their guests discussed the topics on a
Weekly public affairs radio series called
FOCUS. The series is sponsored by a
Consortium of four nonprofit organiza-
tions located in Washington, D.C.

Each FOCUS program features staff
members from one of the four sponsoring
organizations and their guests in a half-
hour interview-and-discussion format.
Topics span the spectrum of interests rep-
resented by RFF, the coordinating or-
ganization, and the other three mem-
bers—the American Association for the
Advancement of Science, the National
Health Policy Forum, and the Interna-
tional Law Institute.

Weekly programs are produced
throughout the year and are distributed
through two outlets. The first is the Long-
horn Radio Network that operates out of
the University of Texas at Austin; the
network distributes FOCUS programs to
some 100 stations—mostly public radio

station—across the country. Combined,
these stations have an estimated 5 million
listeners. The second means of distribu-
tion is via satellite from National Public
Radio (NPR) in Washington, D.C., to
300 of its member stations through
NPR's extended program service.
FOCUS moderators are media veter-

ans including Cokie Roberts, Mara Lias-
son, and Alex Chadwick of National
Public Radio and Henry Trewhitt of U.S.
News and World Report.

The producer is Robert Montiegel, a
Peabody-award-winning audio docu-
mentarian with twenty years of radio
production experience. Montiegel is an
NPR veteran and is also currently pro-
ducing a radio program sponsored by the
Woodrow Wilson International Center
for Scholars.

Over the past several years, RFF has
contributed FOCUS programs on fisher-
ies, oil and energy policy, nutrition pol-
icy, climate forecasting, Antarctica, wa-
ter scarcity, the Chernobyl reactor acci-
dent, the International Atomic Energy
Agency, world hunger, South African
minerals, agricultural and trade policy,
climate change, and pesticides.

New report
Impacts of World Development on
Selected Characteristics of the Atmos—
phere, a two-volume report by Pierre R.
Crosson and Joel Darmstadter of Re-
sources for the Future and collaborators
from several other institutions, has been
published by Oak Ridge National Labo-
ratory. Crosson is a senior fellow in
RFF's Renewable Resources Division,
and Darmstadter is senior fellow and
director of the Energy and Materials
Division.

The report presents information on
atmospheric emissions associated both
with global development and with re-
gional development in four selected
areas: the northeastern United States, the
Gangetic Basin of India, Europe (exclud-
ing the USSR), and the Amazonian Basin
of Brazil.

For each of these areas, the authors
assess the relationship between emis-
sions resulting from developmental ac-
tivities and selected environmental prob-
lems—photochemical smog, acid pre-
cipitation, and atmospheric corrosion.
They examine emissions from energy
production and combustion, industrial
processes, and agricultural practices, as
well as from natural processes. The re-
port also discusses the global effect of
these emissions on the depletion of
stratospheric ozone.

For information about the report's
availability, write or telephone Joel
Darmstadter, Director, Energy and
Materials Division, Resources for the
Future, 1616 P Street, N.W., Wash-
ington, D.C. 20036. Telephone: (202)
328-5050.

NCFAP invites applications for resident fellowships
The National Center for Food and Agricultural Policy
(NCFAP) is inviting applications for resident fellowships in
food and agricultural policy during the 1988-89 academic
year. Up to three fellowships will be awarded, each for a
period of six to twelve months, to young professionals who
wish to pursue scholarly work on current or emerging na-
tional issues related to food and agricultural policy.

The award is open to individuals in any discipline who
will have completed their doctoral requirements by the be-
ginning of the 1988-89 academic year. Individuals from
universities, government, and the private sector are eligible.

Professionals who will be on sabbatical leave during the
fellowship period are encouraged to apply.

The deadline for receiving applications is April 4, 1988.
Awards will be announced in May 1988; an earlier decision
may be made in the case of an applicant interested in begin-
ning the fellowship during the summer.

For further information and application forms, contact
George E. Rossmiller, Director, National Center for Food
and Agricultural Policy, Resources for the Future, 1616 P
Street, N.W., Washington, D.C. 20036. Telephone: (202)
328-5117.
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RFF publishes proceedings of symposium
on U.S. space policy

Economics and Technology in U.S.
Space Policy, the proceedings of a sym-
posium held in June 1986 by Resources
for the Future and the National Academy
of Engineering, was published recently
by RFF. The volume editor is RFF fellow
Molly K. Macauley.

The volume is based on the premise
that a better understanding of the rela-
tionship between technology and eco-
nomics is necessary if the United States is
to realize further technical and scientific
achievements in space. It contains sug-
gestions for improving the management
of space resources and discussions of the
political and economic benefits of col-
laboration versus competition in earth
observations and space transportation.
The contributors make a number of sig-
nificant points that in some cases repre-
sent departures from traditional views on
U.S. space policy.

Issues discussed in the volume in-
clude the following: (1) Unresolved

Discussion papers
RFF discussion papers convey the early
results of research for the purpose of
comment and evaluation. They are avail-
able at modest cost to interested members
of the research and policy communities.
Price includes postage and handling. The
following discussion papers have re-
cently been released.

Energy and Materials Division

• "Making a Market: A New Ap-
proach to Gas Pipeline Regulation,"
by Dan Alger,Richard P .0' Neill,and
Michael A. Toman. EM87-02 ($5.00)

• "Petroleum Supply Modeling in a
Dynamic Optimization Framework:
Forecasting the Effects of the 1986 Oil
Price Decline," by Margaret A.Walls.
EM87-03 ($5.00)

• "A Comparison of Nuclear Power
Regulation in Canada and the United
States," by John F. Ahearne. EM87-
04 ($5.00)

problems of resource allocation now
impede virtually every space activity,
from space transportation and planning
for the space station to use of the geosta-
tionary orbit. (2) The pursuit of econo-
mies of scale and scope offers the best
opportunity for affordable earth observa-
tions data and the conduct of associated
research. (3) Leadership in space is best
viewed as a means to an end rather than as
an end in itself.

Molly K. Macauley, ed. Economics and Tech-
nology in U.S. Space Policy. 1987. 270 pages.
$16.50 paperback (includes postage).

To order a copy of the proceedings
volume, send a written request ac-
companied by a check (payable to
Resources for the Future) for $16.50
to Book Marketing, Resources for the
Future, 1616 P Street, N.W., Wash-
ington, D.C. 20036.

• "How Natural Is Monopoly? The
Case of Bypass in Natural Gas Distri-
bution Markets," by Harry G. Broad-
man and Joseph P. Kalt. EM87-05
($5.00)

Quality of the
Environment Division

• "Reducing Bay Nutrients: An Eco-
nomic Perspective," by Alan J.
Krupnick. QE87-12 ($2.50)

• "The Health Benefits of Reductions
in Ambient Ozone," by Alan J.
Krupnick. QE88-01 ($2.50)

To order discussion papers, please
send written request, accompanied by
check made out to Resources for the
Future in the amount of the order, to
Publications and Communication,
Resources for the Future, 1616 P
Street, N.W., Washington, D.C.
20036.

Harold J. Barnett,

1917-1987

No account of the events of 1987

would be complete for those who

have followed the fortunes of Re-

sources for the Future since its found-

ing thirty-five years earlier without

noting with great sadness the death

early in the year of Harold J. Barnett,

or Barney as he was known to his

friends and colleagues. While he

served on the research staff for only a

few years—from 1955 to 1959—his

association with RFF endured long

after he had moved first to a professor-

ship at Wayne State University and

then to Washington University in St.

Louis.
His signal written contribution,

Scarcity and Growth: The Economics

of Natural Resource Availability,

which he coauthored with Chandler

Morse, was published in 1963 and has

become a classic. As then-president

of RFF Joseph L. Fisher said in the

book's foreword, "It is not inaccurate

to say this book is a reformulation of

the theories of Malthus and his imme-

diate associates and successors in the

nineteenth-century stream of English

classical economics."
In the quarter century since its pub-

lication, it has steadfastly held its

place as a seminal work in the re-

source economics literature and a

place of honor in the RFF publications

list even as it has stimulated a wide-

ranging and sustained debate on the

important issues raised in the book.

Indeed, the study served as the spring-
board for a major RFF follow-on

inquiry, Scarcity and Growth Recon-

sidered, edited by V. Kerry Smith and
published in 1979.

The topic never lost interest to Bar-

ney, and during his prolonged illness

he was hard at work in extending the

1963 approach to other countries. His

colleagues will long remember him
for the spirited stimulus he provided

for their own research, for his deep
interest in RFF's future path, and for

his warm and enduring friendship. He
has left his mark and he will be
missed.

••••
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Special offer! Selected RFF books, $3.00 each
Check each title you wish.

U Water Rights and Energy Development in the
Yellowstone River Basin: An Integrated Analysis
Constance M. Boris and John V. Krutilla. 1980. Cloth,
$21:15

U Regulation of the Natural Gas Producing Industry
Keith C. Brown, ed. 1972. Paper, $4013V

:a Planning and Urban Growth: An Anglo-American
Comparison
Marion Clawson and Peter Hall. 1973. Cloth, Sr26:53

U Energy in the World Economy:
A Statistical Review of Trends in Output, Trade,
and Consumption Since 1925
Joel Darmstadter with Perry D. Teitelbaum and Jaroslav
G. Polach. 1972. Cloth, $4000

U International Comparisons of Energy Consumption
Joy Dunkerley, ed. 1978. Paper, $-F5tC1
Trends in Energy Use in Industrial Societies:
An Overview
Joy Dunkerley, ed. 1980. Paper, $4-I-:01

U Waterfowl and Wetlands: Toward Bioeconomic
Analysis
Judd Hammack and Gardner Mallard Brown, Jr., 1974.
Cloth, $413700-

U Natural Resource Information for Economic
Development
Orris C. Herfindahl. 1969. Cloth, $41:515—

ZIA Policy Approach to Political Representation:
Lessons from the Four Corners States
Helen M. Ingram, Nancy K. Laney, and John R.
McCain. 1980. Cloth, 5,23,ocr

LI Water Pollution:
Economic Aspects and Research Needs
Allen V. Kneese. 1962. Paper, i6.9-5

U Environmental Quality Analysis:
Theory and Method in the Social Sciences
Allen V. Kneese and Blair T. Bower, eds. 1972. Cloth,
$491)0

•••••••

0 Policy Aspects of Climate Forecasting
Richard Krasnow, ed. 1986. Paper, $÷07011

CI Natural Environments:
Studies in Theoretical and Applied Analysis
John V. Krutilla, ed. 1972. Cloth, $•?-7750

0 Economic and Fiscal Impacts of Coal Development:
Northern Great Plains
John V. Krutilla, Anthony C. Fisher, with Richard E.
Rice. 1978. Cloth, $4-8-:1ff

0 The Invisible Resource:
Use and Regulation of the Radio Spectrum
Harvey J. Levin. 1971. Cloth, $.38:05

CI Oil Prices and the Future of OPEC: The Political
Economy of Tension and Stability in the Organiza-
tion of Petroleum Exporting Countries
Theodore H. Moran. 1978. Paper, $4.005

0 Economic Issues in Metropolitan Growth
Paul R. Portney, ed. 1976. Cloth, $4-5-:00

0 Annual Policy Review 1985:
The Dilemmas of Choice
Kent A. Price, ed. 1985. Paper, $4431115

0 Economic Equality and Fertility in Developing
Countries
Robert G. Repetto. 1979. Cloth, $1.6-.111

0 Residuals Management in Industry: A Case Study
of Petroleum Refining
Clifford S. Russell. 1973. Cloth, $48-.013.-

0 Energy, Economic Growth, and the Environment
Sam H. Schurr, ed. 1973. Paper, $9-.95-
Simulation of Recreational Use for Park and
Wilderness Management
Mordechai Shechter and Robert C. Lucas. 1978.
Cloth, $2-5-.130

0 Public Economics and the Quality of Life
Lowdon Wingo and Alan Evans, eds. 1977. Cloth,
4$2-3750

Check or complete credit card information must accompany order. Add $3.00 for shipping and handling.
U Enclosed is check or money order payable to Resources for the Future.

Bill my U MasterCard CI Visa acct. #   exp.date 

SIGNATURE  DAYTIME TELEPHONE #  

NAME 

ADDRESS  

CITY STATE ZIP 

Return this entire form to: Book Marketing
Resources for the Future
1616 P Street, N.W.
Washington, D.C. 20036
(202) 328-5086
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