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Remote Sensing of Earth from
Space: Economic and Policy Issues
Molly K. Macauley and Michael A. Toman

In the United States, the government has
been the largest supplier and user of
remote-sensing data. The host of uses of
these data by the private sector raises
several questions: What is the size and
urgency of private and public demands
for the data? How large and integrated
should remote-sensing systems be to
meet these demands? How should the
data be priced to public and private
users? To date, government control of
remote sensing has led to inefficient
pricing of data outputs and the specter of
inefficient future investments in data
collection. Private sector involvement
could lower the costs of providing
remote-sensing data and improve the
efficiency of their allocation, while still
meeting public sector needs. Appropriate
policy measures could include data
grants for parties deemed to be acting in
the public interest in using remote-
sensing data and joint investments in
new remote-sensing capacity by public
and private providers.

I
t began by accident in 1963. An as-
tronaut smuggled a simple snapshot
camera aboard a Mercury spacecraft

and brought back the first civilian pho-
tos from space. Tremendous scientific
acclaim was accorded to these synoptic
views of Earth, leading eventually to a
civilian remote-sensing satellite program
in the United States.

A host of countries—including the
United States, Japan, Canada, Europe,
Brazil, India, and the former Soviet
Union—has invested nearly $3 billion to
date in remote sensing of Earth by civil-
ian satellites. Sensors on the satellites use
energy waves to detect numerous fea-
tures of Earth and its atmosphere. The
data collected by the sensors are trans-
mitted to stations on the ground and
either translated into photographs or, in-
creasingly, into digitized tapes for com-
puterized analysis.

Remote-sensing systems are used to
map Earth's topography, identify min-
eral deposits, delineate land uses, moni-
tor soil and climate conditions, assist in
flood control, identify archaeological sites,
and monitor utility rights-of-way to help
ensure safe operation of gas pipelines. In
addition, these systems are a powerful
tool for learning more about the complex
processes governing Earth's oceans and
atmosphere, thus improving man's abil-
ity to understand and respond to poten-
tial climate change and other human
impacts on natural systems.

Because remote-sensing data provide
information about both public goods,
such as environmental quality, and pri-
vate goods, such as oil deposits, substan-
tial controversy has always surrounded
public policy about who should pay for
remote sensing. This controversy was evi-
dent in congressional debate during 1991
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about shortcomings of the Land Remote
Sensing Commercialization Act (LRSCA),
which had been passed by Congress in
1984. LRSCA sought to transfer opera-
tion of Landsat, the civilian remote-sens-
ing system owned, operated, and funded
by the government, to a private contrac-
tor. Under the act the government would
retain ownership of Landsat and, for a
few years, would subsidize the private
firm taking over its operation. Congress
also faced a controversial proposal to
spend $53 billion on the Earth Observ-
ing System (EOS), a set of large satellites
that would monitor climate change.

The policy challenges

Remote-sensing data, like other types of
information, are an unusual commodity.
Information has value only when it influ-
ences a decision. In the case of Earth
observations from space, one public
policy challenge arises from the difficulty
of determining how much and what kind
of remote-sensing information would be
most valuable when information-collect-
ing sensors and the spacecraft that carry
them are still in the design stage. The fact
that remote sensing provides informa-
tion about both private goods and public
goods complicates this determination.
Establishing the value of information
about public goods is problematic be-
cause the valuation of these goods is it-
self uncertain.

Another policy challenge concerns
determination of the appropriate level
and composition of investment in the
supply of remote-sensing information.
Particularly challenging is the question
of what would be the most cost-effective
scale of system in which to invest. The
traditional notion that space technolo-
gies, including remote sensing, must be
large-scale and serve multiple purposes
is being increasingly questioned. Smaller
satellites, each specializing in the collec-
tion of different types of data; photo-
graphs taken from aircraft rather than
from satellites; and conventional ground-
based data collection may provide close

substitutes for large space-based systems.
Analogous technological substitution is
found in the electric utility industry,
where large-scale systems for electricity
generation are giving way to cheaper and
more flexible smaller systems.

Yet another policy challenge concerns
how remote-sensing information should
be priced. Once there is an investment in
infrastructure to obtain remote-sensing
data, copies of the data typically can be
made at little expense. Since it costs so
little to satisfy the demand of additional
users for the data once the data have
been collected, the total benefit to users
is greatest if the information is sold at
prices near zero. But at such prices the
market would not cover infrastructure
costs, provide incentives for technologi-
cal innovation, and protect intellectual
property. The problem also arises in the
manufacture and distribution of software,

Small satellites, each
collecting different types of
data; photographs taken from
aircraft; and ground-based
data collection may provide
close substitutes for large
space-based remote-sensing
systems.

in publishing, in the supply of video
movie rentals, in the provision of stock
market quotations, and in public utility
services. In these activities, the pricing
problem is addressed principally by the
use of customer-differentiated prices,
though debate continues about the effi-
cacy of such pricing policies.

In light of the above challenges, it is not
surprising that public policy has been diffi-
cult to formulate for the nation's Earth-
observation programs. In particular, the
nature of the data makes their provision
the exclusive responsibility of neither the
public nor private sectors—and each sec-
tor would like the other to foot the bill. It is

unclear whether the government has to
be the data producer, or whether it could
be a purchaser of data from private pro-
ducers to satisfy public needs. In ad-
dressing policies related to remote sensing
it is necessary to consider, first, the de-
mand side (how much and what kind of
information are most worthwhile); sec-
ond, the supply side (how large and inte-
grated remote-sensing systems should be);
and third, pricing issues (how much
should be charged to whom).

The demand side

In the United States, broad concerns
about issues such as climate change partly
motivate a desire to expand remote sens-
ing by preserving Landsat and imple-
menting the planned Earth Observing
System. There is no doubt that remote-
sensing data could provide some of the
information needed to formulate policies
concerning public goods such as climate.
Given the host of uses of remote-sensing
data by the private sector, however, a
focus on public goods alone would
illuminate neither the relative sizes of

private versus public demands for infor-
mation nor the relative urgency of differ-
ent demands and the nature of potential

substitutes for data collected via space-
based remote sensing.

Conventional wisdom holds that the

private market for remote-sensing data is
quite small. In fact, the size of demand
depends on the quality, quantity, and

availability of data as well as on ancillary
infrastructure like the availability and

price of computer hardware, software,

and human training. (Even today, space

remote-sensing courses are not routinely

part of curricula in relevant disciplines

such as geology.) As hardware, software,

and training become readily available,

however, private sector demands for re-

mote-sensing data are likely to increase

markedly. This factor is especially im-

portant in the planning of remote-sens-

ing systems to be launched far in the

future (in the case of the Earth Observing

System, nearly a decade from now).
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The supply side

Small scale, redundancy and modularity
of capacity, diversity of production meth-
ods, and capability for quick turnaround
are attributes of a growing number of
industries, including computers, telecom-
munications, and publishing. They are
also becoming attributes of traditionally
large-scale industries like steel and auto
production and electricity generation. In
addition, growth in employment and sales
revenue is increasingly the province of
small- and medium-size businesses and
new entrepreneurial companies, espe-
cially in high technology, software, and
information services industries.

The above attributes and resulting
trends in growth of employment and sales
revenue have not generally been charac-
teristic of space activities and enterprises.
Why is this the case? With respect to
space-based remote sensing, a partial an-
swer is that the provisions of the Land
Remote Sensing Commercialization Act
restrict flexibility in setting market-driven
prices for data. They also create uncer-
tainty about how government will regu-
late system capabilities such as licensing,
data access (for national security or the
conduct of basic science research, for ex-
ample), and operating parameters like
spatial resolution (how much detail the
spacecraft's sensors are permitted to
"see"). In many business plans for new
private sector ventures in Earth observa-
tion, legal costs budgeted to comply with
or challenge LRSCA regulations alone add
some 40 to 80 percent to the expected
costs of establishing the venture.

These regulatory impediments and
costs could be accepted without too much
thought if there was a clear-cut case for
government monopoly in the provision
of Earth-observation information. But
such a case has not been made, and there
is in fact growing evidence that points to
the disadvantages of government mo-
nopoly. For instance, larger-scale, more
comprehensive remote-sensing systems
may well be disproportionately costly to
operate relative to smaller-scale, less com-
prehensive systems that could be oper-

Proposed systems to collect observations of Earth from space

Large-size Medium-size Medium-size
spacecraft, spacecraft, spacecraft,
each with each with each with
many a few a few

instruments instruments instruments

Small-size
spacecraft,
each with

a few
instruments

Number of
spacecraft 6 51 6 57

Number of
instruments 90 72 9 57

Cost of total space
hardware2 18 16 1 4

Cost to instrument
ratio2 0.20 0.20 0.11 0.07

Sources: Based on J. Hansen, W. Rossow, and I. Fung, "The Missing Data on Global Climate
Change," in Issues in Science and Technology, Fall 1990, pp. 62-69; Elchison and Associates, "Evolu-
tionary Lightsat Environmental Program," undated; and unpublished data provided by experts on
space and remote sensing.

'Earth Observing System.
2 Costs are in billions of 1990 U.S. dollars.

ated privately for commercial purposes
or under contract to the government to
satisfy governmental data needs.
A comparison of the cost (in 1990

dollars) of the total space hardware (in-
cluding launch) for the proposed Earth
Observing System with that for each of
three smaller-scale remote-sensing sys-
tems that have been proposed offers some
evidence about this cost difference (see
table, p. 3). For EOS, which involves a
few large-size spacecraft, each with many
instruments, this cost is estimated to be
$18 billion. For a system involving many
medium-size spacecraft, each with a few
instruments, the cost drops to $16 bil-
lion. For a system involving a few me-
dium-size spacecraft, each with a few
instruments, and a system involving many
small-size spacecraft, each with one or
two instruments, the costs are $1 billion
and $4 billion, respectively. The ratio of
the total space hardware cost to the num-
ber of instruments carried by the system
is 0.20 for EOS and the system with
many medium-size spacecraft. This ratio
drops to 0.11 for the system with a few
medium-size spacecraft and to 0.07 for
the system with many small-size space-
craft. (The number of instruments is a

rough proxy for the richness of informa-
tion produced by each system.)

Based on these rough cost estimates,
smaller-scale systems indeed look attrac-
tive, although there is some concern that
the quality of data obtained from these
systems could be lower. This concern
arises from the possibility that data ob-
tained from separate systems might not
be coordinated as well as data obtained
from one large integrated system. How-
ever, there are ways in which this coordi-
nation problem can be overcome in
post-collection data processing.

The only area where there is a fairly
clear-cut argument for central control of
remote sensing is the operation of fixed
facilities for launching and tracking space-
craft. But even here concerns have arisen
about whether government control of ac-
cess to space creates an unnecessary bar-
rier for new, creative applications of space
technology.

Pricing policies

The difficulty of setting a price for an
information commodity like remote sens-
ing has also been at the heart of debate
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about Earth observations from space. Pro-
posed congressional legislation (H.R.

3614) would amend LRSCA to establish
two tiers of pricing, one tier for educa-
tional and other nonprofit users set at
marginal cost, and one tier for for-profit
users set at a higher level to provide op-
portunities for recovering infrastructure
costs. It is not clear how the groups would
be distinguished or how marginal cost
would be defined under this policy, but
if past experience with the pricing of
services of the nation's space shuttle is
any guide, charges to favored users might

be set equal to "additive cost"—the di-
rect out-of-pocket expenses for extend-
ing data availability to another user,
without any provision for recovering capi-

tal depreciation and replacement charges.

A price equal to additive cost likely would
be very low. '

Marginal-cost pricing, particularly

when based on additive costs, is likely to
have several undesirable side effects. Pre-
sumably the capital costs would be re-
covered from other users, especially
commercial users. However, it is not clear
that this approach would provide fiscal
solvency for either a private or a public
remote-sensing program. If the price of
remote-sensing data is set too high, com-
mercial users could turn to foreign ven-
dors of space-based information or to
alternative modes of information acqui-
sition, such as data gathering on the
ground or by airplane. Thus, while mar-
ginal-cost pricing would not thwart ac-
cess to data for important public purposes
(science and education), it could have
the ironic side effect of perpetuating one
of the very problems driving current
policy change: the inability to make re-
mote sensing financially sustainable,
whether or not it is privatized.

Loading capital costs on nonfavored
customers also creates difficulties in en-
forcing limitations on the acquisition of
remote-sensing data by favored users—
difficulties acknowledged by H.R. 3614.
For-profit firms in the Landsat industry
typically use academic or other nonprofit
organizations as consultants, as do most
for-profit firms in the environmental and

resource management industries. A natu-
ral result of the proposed two-tier pricing

system, then, would be "free" data acquisi-
tion by for-profit firms via nonprofit asso-
ciates. If prices to for-profit users were set
high enough to cover Landsat's capital costs,
the attractiveness of data acquisition
through a nonprofit associate would be
especially strong and, like the effect of mar-

ginal-cost pricing, would threaten the fi-

nancial sustainability of the system.
These disadvantages of marginal-cost

pricing for favored customers are even

more serious for potential entrants into
the Landsat industry. They might be less

of a problem if the best design of a re-

mote-sensing system was self-evident.
However, with uncertainty about the best

The pricing of remote-sensing
data at short-run marginal
cost could make remote sensing
from space financially
unsustainable and could limit
the potential of private opera-
tors to profit from the
provision of these data.

design, barriers to entry may prove in-
surmountable. Data prices set at additive
cost also offer little clue as to the value of
different types of information, thus cloud-
ing investment decisions for entrepre-
neurs if the remote-sensing technologies
are supplied by the private sector, and
for taxpayers if these technologies remain
in the public sector.
How might effective pricing rules for

Earth-observation data be constructed?
The discussion above suggests that while
marginal-cost pricing may maximize us-
ers' benefits, it is unlikely to be finan-
cially viable in practice. Moreover, in an
environment of great uncertainty about
the value of information and the techni-
cal possibilities for supplying it, such pric-
ing limits the possibility for profitable
entry by new, innovative operators and

obscures the priorities that users have for
different types of information. To avoid
undue entry limits and provide for cost
recovery, prices should be set so that on
average they recover the long-run cost,
including capital replacement charges, of
the data provision service. Where prices
are set above marginal cost to recover
fixed expenses, users making the least
flexible demands should pay relatively
more in order to minimize distortions on
the demand side. Contrary to conven-
tional wisdom, it may be that on this
basis groups providing public benefits
would shoulder a greater share of the
burden than commercial users if the lat-
ter have more competitive options for
obtaining data.

Such an approach obviously raises the
question of whether public interests can
be adequately served in the absence of
preferential pricing. One strategy that
could meet social goals in the acquisition
of information and retain the possibility
for efficient pricing is the use of informa-
tion vouchers. These vouchers would take
the form of data access grants. The grants
would be given to scientists, nonprofit
organizations, and others deemed to be
acting in the public interest in using re-
mote-sensing data. Because the grants
would subsidize the purchase of data,
they would not require distortions in the
price of data to accommodate the public
interest. It would be much easier to moni-
tor these grants than it would be to en-
sure that below-cost data sales are
restricted to preferred groups.

Data grants might also be used to ac-
commodate foreign policy goals, includ-
ing respect for an "open skies" policy.
This policy, implied by a 1963 resolution
of the United Nations General Assembly,
has been interpreted to mean that access
to civil remote-sensing data should be
permitted for all countries. "Access" has
frequently been interpreted to mean ei-
ther the provision of data without fee or

at the same (low) price to all countries,
even if their demands differ. To reconcile
the goals of accessibility of data and fi-
nancial solvency, special foreign grants
for data access could be made available.
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Institutional concerns

Because privatization of the provision of
remote-sensing data under LRSCA has
thus far been ineffective in resolving de-
mand side, supply side, and pricing is-
sues, it might be tempting to conclude
that ownership and operation of Earth-
observation systems must be largely if
not wholly the province of government.
As noted, however, this belief is not well
substantiated and may indeed be false.
Participation by the private sector in the
provision of remote-sensing data offers
several possible advantages and may well
be feasible if economically sound gov-
ernment policies are pursued.

At least two strategies might offer sig-
nificant opportunities for private sector in-
volvement without risk to the financial
inability of space-based remote sensing. One
strategy is to remove barriers to the use of
small-scale remote-sensing systems. If the
viability of such small-scale systems is in
doubt because ventures involving these sys-
tems are considered too risky, capital costs
still too large, or markets still too small, an
alternative strategy would be to allow
consortia of public and private informa-
tion providers to jointly undertake in-
vestments in new remote-sensing
capacity. These providers would still re-
main competitors in the downstream pro-
vision of different information services to
users. Such competitive joint ventures
(CJVs) have been sanctioned by the U.S.
Department of Justice in cases involving
other industries.

The design of a CJV would be based
on the number and diversity of products
to be provided by a consortium. A neu-
tral party (perhaps a contractor hired by
the consortium) would operate the ven-
ture to avoid favoritism. No party would
be barred from the consortium as long as
it paid a share of the fixed costs of gen-
eral facilities and overhead as well as the
incremental cost that the consortium
would bear in providing an additional
product (for example, the cost of adding
and operating another sensor). Nor would
joining a consortium be obligatory. (A
potential supplier would not want to be-

This image from the Geostationary Operational
bearing down on the North American continent.
public sectors uses of remote-sensing data.

come a member if it thought it could
supply a product at lower cost on its
own.) Pricing of services by consortium
members would be unregulated, assum-
ing there would be sufficient competi-
tion in downstream marketing.

The competitive joint venture seems
to offer several potential advantages. It
provides natural incentives for consor-
tium members to exploit as many system
design economies as are available with-
out overbuilding the data-collection sys-
tem. Competition among members can
promote efficient pricing of information
services. Public information needs can
be met through data grants to consor-
tium members. And any party that can
cost-effectively meet a market demand is
able to enter the industry.

In pursuing a competitive joint ven-
ture for the provision of remote-sensing
data, one important practical challenge is
ensuring that entry is not unduly re-
stricted. Consortium members could mis-
represent the costs of expanding the size
or scope of the their data-collection sys-
tem to deter new entrants from seeking
membership. They could also limit en-

Environmental Satellite shows two hurricanes
Monitoring of weather conditions is one of the

trants' access to overhead facilities like

those for the launch and guidance of
spacecraft by charging them an excessive
share of the cost of maintaining and op-
erating these facilities. Given its multiple
roles as provider of data, user of data,
and arbiter of disputes such as who has
access to data, the government may find
it difficult to oversee entry into CJVs.

Fostering fundamental changes in in-
stitutions and policies is never simple,
especially when large organizations with
entrenched interests are involved. But in
light of the many challenges facing U.S.
remote sensing—serving growing public
and commercial needs and fostering in-
novation while remaining cost-effective—
it seems likely that such changes are
inevitable.

Molly K. Macauley is a fellow in the Energy
and Natural Resources Division at RFF.
Michael A. Toman is a senior fellow in the
division. This article is based on testimony
presented by Macauley before the House
Committee on Science, Space, and Technol-
ogy, on November 26, 1991.



6 RESOURCES SPRING 1992

Scenarios of Future U.S. Agricultural
Production and Technology and
Their Environmental Costs
Pierre R. Crosson

What will be the environmental conse-
quences of U.S. agricultural production
between 1991 and 2010? Since the
increase in this production will be
largely driven by export demand, the
contribution of the United States to
world trade in grains and soybeans (the
country's two largest export crops)
should offer a clue to these consequences.
U.S. production of these crops will be
higher than in 1991 even if the United
States loses some of its present shares in
this trade. Damage to the environment
will not be proportional to increases in
production, due to changes in agricul-
tural technologies and environmental
policies that will alter the physical
connection between this damage and
production. Moreover, increases in
demand for environmental resources will
tend to increase the social costs per unit
of physical damage.

T
here is mounting concern about
the long-term impacts of U.S. ag-
riculture on the nation's environ-

ment. The concern centers mainly on the
reduction of soil productivity and water
quality because of soil erosion, the pollu-
tion of ground and surface waters by
pesticides and fertilizers, and the loss of
wildlife habitat through the clearing of
woodlands and the draining of wetlands
for crop production.

It is useful to think of these environ-
mental consequences of agriculture as
the outcome of five sequentially linked
factors: (1) the quantity of production;
(2) the technologies and management
practices used in production; (3) the ef-
fects of these technologies and practices
on the physical productivity of land and

water (such as the number of kilos of
corn produced per hectare per year), on
the quantity and quality of plant and
animal habitat, on concentrations of
wastes (such as sediment and agricul-
tural chemicals) in water runoff from land
and in groundwater; (4) the effects of
these wastes on the quantity and quality
of the receiving media—land, water, and
the atmosphere—and on human health;
and (5) the effects of the third and fourth
factors on the social value of land, water,
and atmospheric resources.

The consequences of the third and
fourth factors are measured in physical
units, such as a hectare of lost habitat on a
unit increase in a measure of water turbid-
ity. The consequences of the fifth factor are
measured in dollars—that is, the dollar
value of the physical damages resulting
from the third and fourth factors.

For environmental policy, it is the so-
cial value of the damages that counts. There
is an implicit philosophical assumption
here—not shared by all—that policy le-
gitimately deals only with damages to re-
sources that humans value. Thus an increase
in the turbidity of water that has no direct
or indirect value to humans, either in the
present or in the future, is not a reason for
policy action to clean up the water.

Many losses of social value are not
reflected in market transactions. Econo-
mists have developed survey and other
techniques to estimate social values, but
comprehensive estimates—for example,
of the social value of annual losses of
wildlife habitat when farmers drain wet-
lands—are not available. In recognition
of this, much environmental policy uses
physical measures to set standards of
maximum acceptable environmental

damage. For example, a concentration of
nitrate-nitrogen in groundwater in ex-
cess of 10 parts per million is considered
a threat to humans consuming the water
and particularly to babies in whom in-
gestion may cause methemoglobinemia
("blue baby syndrome").

The focus in this article is primarily
on physical measures of environmental
damage due to agricultural production.
In this connection it is important to note
that the social value of damage can change
even if the physical measures of damage
do not. Because of rising population and
income in the United States, demand for
the nation's environmental resources in-
creases over time. Consequently, the so-
cial value of a given amount of damage
would tend to rise. For example, with
the demand for recreational uses of water
increasing, the social cost of a given
amount of turbidity in water would tend
to rise. Constancy in physical measures
of environmental damages thus would
likely mask increasing losses of social
value wherever demand for environmen-
tal resources is increasing.

Scenarios of future production
and technology

Scenarios are useful for organizing think-
ing about what the future may hold. They
are not predictions, but sketches of cer-
tain key features of the future situation
based on plausible extensions of existing
trends. The following scenarios project
the state of U.S. agricultural production
and technology and the environmental
consequences of this production and tech-
nology for the year 2010.

Future U.S. agricultural production will
reflect domestic and export demands for
food and fiber. Population growth is the
main driver of domestic demand. Popula-
tion projections by the United Nations in-
dicate about a 13 percent increase in the
U.S. population between 1990 and 2010.
Increases in income can also drive demand
for food, but because most Americans now
are adequately nourished, these increases
will add little to demand.
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Exports reflect both the growth of de-
mand in foreign markets and the ability
of American farmers to compete in those
markets. Foreign demand for food re-
flects population growth outside the
United States and per-capita income
growth in the less developed countries

In the high export demand
scenario, U.S. shares in world
trade of grains and soybeans
are higher than in the baseline
scenario due to the increased
competitive strength of U.S.
farmers.

(LDCs). According to United Nations pro-
jections, 95 percent of global population
growth between 1990 and 2010 will be
in the LDCs. Because millions of people
in these countries are ill-nourished, in-
creases in their incomes would stimulate
increases in demand for food.

Studies conducted at Resources for
the Future indicate that because of popu-
lation and income growth in LDCs, these
countries will account for 75 percent of
the global increase in demand for food
between 1990 and 2010. Globally, de-
mand for wheat, feedgrains (corn and
sorghum fed to animals), and soybeans,
which by weight and use of agricultural
resources account for the bulk of U.S.
agricultural exports, would increase 26
percent over this period.

To understand how this demand might
affect the quantity of U.S. production of
wheat, feedgrains, and soybeans, con-
sider three export scenarios. In the first—
the baseline scenario—the United States
retains its present shares of world trade
in the three crops. In the second—the
high export demand scenario—the
United States increases its shares. In the
third—the low export demand scenario—
it loses some of its present shares.

In the 1980s the United States ac-
counted for 39 percent of world trade in

wheat, 59 percent of the trade in
feedgrains (74 percent of the corn trade),

and 53 percent of the trade in soybeans.

In the baseline scenario these shares re-

main constant. U.S. exports of the three

crops would increase from an annual

average of 114 million metric tons

(mmt) in 1987/1991 to 161 mmt in

2010. Total production of the crops, for

both domestic consumption and export,

would rise from 316 mmt in 1987/1991

to 425 mmt in 2010, an increase of 34
percent. The increase in export demand

would contribute 50 percent more than

the increase in domestic demand to the

total production increase.
In the high export demand scenario,

production of grains and soybeans is 520

mmt in 2010, about 65 percent higher

than in 1987/1991. World trade in these
crops grows faster than in the baseline

scenario due to more rapid growth in

population and per capita income in the
less developed countries. U.S. shares of
the trade are higher than those projected
in the baseline scenario because of the
increased competitive strength of the
United States in the trade. This strength
might result from unexpectedly rapid
breakthroughs by American researchers
working on agricultural biotechnologies,
and from quick adoption of the new tech-
nologies by American farmers. The his-
torical record of diffusion of agricultural
technology indicates that in time farm-
ers in other countries would adopt the
new practices, eroding the increased
competitive edge of the United States. In
the interim, however, the U.S. advan-
tage could permit American farmers to
increase their shares of international
markets.

In the low export demand scenario,
world trade in grains and soybeans grows

In conservation tillage, crop residues are left on the ground to reduce the amount of soil carried
away by wind and rain. Economics and government policy likely will encourage greater use of
this tillage technique.
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more slowly than in the baseline scenario.

This slower growth reflects slower popula-

tion and income growth in the LDCs and a
successful drive by those countries to in-

crease self-sufficiency in food production.

It also reflects the weakened competitive

position of the United States due to re-

duced investment in the development of
new agricultural technology and cost-
increasing constraints on agriculture to
achieve increased environmental protec-
tion. The combination of these factors is
such that in the low export demand sce-

nario production of grains and soybeans in

2010 is 363 mmt, about 15 percent higher

than in 1987/1991.
The differences in production among

the three scenarios, when considered
along with related differences in technol-

ogy and management practices, imply

In the low export demand
scenario, U.S. shares in world
trade of grains and soybeans
are lower than in the baseline
scenario in part because of the
less developed countries' in-
creased self-sufficiency in food
production.

quite different consequences for the en-
vironment. To determine whether these
consequences are likely to be more, less,
or about as severe as they are at present,
a judgment about the present severity of
environmental impacts is needed.

The present situation

The scant evidence available suggests that
the expansion of agricultural production
over the last forty years has resulted in
significant environmental harm. Sediment
from agricultural land has caused dam-
age to the quality of the nation's surface
waters, although the quality of these wa-
ters may have improved due to federal

and state policies to reduce industrial and
municipal sources of water pollution.

The expansion of production also ap-

pears to have caused serious losses of
wildlife habitat. Farmers moved away
from diversified crop-animal production
systems toward more homogeneous crop
production systems and removed fences
and hedgerows to accommodate larger
farm machinery. By reducing vegetative
diversity on the farm, these changes had
unfavorable impacts on wildlife habitat.

From the mid-1950s to the 1980s,
farmers also drained some 12 million to

15 million acres of wetland, primarily in

the Mississippi delta and in the northern
plains states and Minnesota. Wetlands
provide rich habitat for a wide range of

wildlife, but especially for migratory wa-
terfowl. Studies show that the number
of these birds declined from some 44
million in 1972 to about 28 million in
1985. The loss of wetlands could not be
the sole reason for the decline, but it
likely was a major contributor.

It is fair to say that when the Ameri-
can people contemplate the environmen-
tal consequences of agriculture they think
not about damages to the supplies of
land and water, to the quality of water, or
to natural habitats but about threats to
human health from fertilizers and pesti-
cides. The U.S. Environmental Protec-
tion Agency's nationwide survey of
pesticides and nitrates in wells contain-
ing water for human consumption sug-
gests that this may be a misreading of the
relative importance of the various kinds
of environmental damage. The survey re-
vealed that only about 1 percent of the
wells had pesticide concentrations high
enough to pose a threat to human health.

It also revealed that about 2 percent of
the nation's people (some 4.5 million)
drink well water in which nitrate con-
centrations exceed the U.S. Public Health
Service's standard of 10 parts per mil-
lion. These findings are for numbers of
people exposed to contaminated water;
they say nothing about how many people
may actually have been injured by drink-
ing the water. While the numbers appear
small in relation to the total U.S. popula-

tion, their significance must be carefully
assessed. Are damages, or potential dam-
ages, to human health to be weighed on
the same dollar scale as other environ-
mental damages—for example, an X-mil-
lion-dollar-per-year loss in recreational

bcpansion of U.S. agricultural
production over the last forty
years has resulted in damage to
the nation's water by sediment
from farmlands and in losses of
wildlife habitat through the
draining of wetlands.

uses of water because of sediment dam-
age? Economists, philosophers, and oth-
ers argue about the question. If, however,
the costs of pesticide and nitrate poison-
ings are valued by the costs of treatment
and time lost from work due to illness
and death, they likely would not be large
in relation to the costs of sediment dam-
age and habitat loss.

Environmental impacts:
baseline

If the sequential linkages between agri-
cultural production and the social costs
of the resulting environmental damage
remain the same as they are at present,
then the roughly 34 percent baseline in-
crease in production between 1987/1991
and 2010 would impose a proportional
increase in environmental costs. The link-
ages are not likely to remain the same,
however. Changes in agricultural tech-
nology and in environmental policies will
alter the physical connection between
production and damage, and increases in
demand for environmental resources will
tend to increase the social costs per unit
of damage measured in physical units.

The concern of American people about
environmental protection almost surely
will move the country's agricultural tech-
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nologies in a less environmentally dam-
aging direction. Research already is un-
der way to find weed and insect control
systems less dependent on synthetic in-
organic pesticides, although success in
making these alternative systems eco-
nomically attractive to farmers still is in
doubt. Should the effort fail, the Ameri-
can people may nonetheless place con-
straints on pesticide use, accepting the
higher costs of food as the price for im-
provements in the quality of environ-
mental resources.

Trends in fertilizer prices and in tech-
nologies of fertilizer use suggest that the
amounts of fertilizers used per acre will
slowly increase over the next twenty years.
The possible effects on human health of
the resulting increase of nitrate concen-
trations in groundwater do not appear
seriously threatening, but would bear
watching. However, more nitrogen and
phosphorus carried by runoff into lakes,
reservoirs, and estuaries would stimulate
the growth and subsequent decay of
aquatic plants, with consequent damage
to the quality of these waters. Given con-
tinuing increases in the demand for rec-
reational uses of water, the social cost of
this damage likely will rise faster than the
physical measure of the damage.

For several decades American farmers
have been moving toward greater use of
tillage techniques that reduce soil ero-
sion by keeping more crop residues on
the soil surface. Studies have shown that
on sloping land these techniques can re-
duce erosion by 50 to 90 percent. Both
economics and government policy likely
will encourage even wider adoption of
these techniques, with consequent reduc-
tions in soil erosion. However, less soil
erosion would not directly translate into
less damage from sediments, at least not
in the short run. Much previously eroded
soil is stored in the many nooks and
crannies scattered around the landscape.
Consequently, when erosion on farmers'
fields is reduced, the water runoff from
the fields is free to pick up this stored soil
and carry it downstream. Thus deliveries
of sediment to places where it causes
damage might not be reduced. Even if

the deliveries are reduced, the rising de-
mand for recreational uses of water could
nonetheless increase the social cost of
damage from sediment.

The small increase in cropland in the
baseline scenario may imply more habi-
tat loss, particularly if the increase comes
from land now in forest or in wetlands.
Whether losses in fact are incurred will.

depend in large part on federal and state
policies. The 1985 and 1990 farm bills
contained provisions to withhold gov-
ernment program benefits from farmers
who violate policies to protect wetlands.
And the Bush administration has adopted
a policy of no net loss of wetlands. The

Given continuing increases in
the demand for recreational
uses of water, the social costs of
damage to waterways will rise
faster than the physical mea-
sure of the damage.

effectiveness of these various policies has
been questioned, but they clearly are
aimed in the right direction. As with the
case of sediment damages, however, the
continuing rise in demand for wetland
services could increase the social cost of

habitat loss even if the loss in terms of

acres were reduced.
In summary, the baseline scenario

probably implies some increase in the
social costs of environmental damages,
particularly those resulting from the de-
creased quality of surface water and the
loss of natural habitats.

Environmental impacts:
high and low export demand

In the high export demand scenario, pro-
duction of grains and soybeans is 95 mmt

(22 percent) above the baseline scenario.

This scenario clearly would imply greater
environmental costs than the baseline sce-

nario unless, because of higher costs,
major breakthroughs occurred in pest
management, fertilizer use practices, till-
age techniques to reduce soil erosion,
and measures to improve the productiv-
ity of remaining habitat. Absent such
breakthroughs, either environmental
costs would be greater in the high export
demand scenario than in the baseline
scenario—probably proportionately more
than the difference between production
in the two scenarios—or government
policies for controlling the environmen -
tal costs would push up the economic
costs. Either way, the social costs of the
high export demand scenario would be
sharply higher than those of the baseline
scenario.

In the low export demand scenario,
production of grains and soybeans is 62
mmt (15 percent) below the baseline sce-
nario. The trends in pest management
and in tillage techniques discussed above
suggest that the low export demand sce-
nario would imply reduced physical dam-
age to environmental resources by 2010.
Although the rising demand for these
resources likely would increase the social
cost of damage per unit of physical dam-
age, the low export demand scenario by
and large does not appear to present a
serious threat to the nation's environ-
mental resources.
On balance, the American people are

right to be concerned about the implica-
tions for the environment of future de-
mands for the nation's agricultural output.
The United States is not likely to face a
crisis of economic or environmental costs
in meeting these demands. But alertness
to emerging signs of pressures that would
increase these costs, and readiness to
move to control these pressures, clearly
are called for. Hysteria in misreading the
signs of pressure will only make things
worse. Coolness in assessment and pru-
dence in action should be our bywords.

Pierre R. Crosson is a senior fellow in the
Energy and Natural Resources Division at
RFF. This article is based on a report by
Crosson for the U.S. Environmental Protec-
tion Agency.
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How Certain Is that Environmental
Risk Estimate?
Frederick W. Talcott

Sizable uncertainties are associated with
each element of quantitative environ-
mental risk assessments. They arise
because physical, chemical, and biologi-
cal phenomena are often difficult to
measure and do not function in straight-
forward, predictable, and linear ways.
Although large, ubiquitous, inevitable,
and only partly reducible, these uncer-
tainties need not impede decisions about
how to deal with environmental prob-
lems. Supportable, decisions can be made
if uncertainties in risk estimates are
clearly presented, are reduced where it is
cost-effective to do so, are accounted for

in comparisons among environmental

risks, and are the context for making
conservative assumptions.

M
ost people, and some policy-
makers, do not recognize the
extent of the uncertainties in-

volved in risk assessments that form the

basis of many decisions about environ-

mental pollution. Decisions about envi-

ronmental risks must be made in the face

of uncertainties that are far beyond the

range of people's commonplace experience.

When legislators consider information

about risks to health and the environment

in setting goals for environmental protec-

tion, when agency heads evaluate risks in

setting priorities among risk reduction pro-

grams, and when state and federal regula-

tors weigh risks in setting limits on

emissions or in restricting the use of par-

ticular products or substances, their judg-

ments are never made in an atmosphere of

certainty. The uncertainties they encoun-

ter almost always may be reduced by gath-

ering additional information, but time and

cost constraints and some fundamental lim-

its will always leave a sizable amount of
uncertainty in any risk estimate.

How sizable is "sizable"? A full assess-
ment of how much or how little is known
about the quantities of harmful substances
released from different sources, the con-
centrations of these substances in the en-
vironment, and the toxicity of these
substances would reveal that actual envi-
ronmental risks could be higher or lower
than estimated risks by factors ranging
from tens to hundreds or more. If such
uncertainty were characteristic of an
individual's income over a one-year pe-
riod, that income could plausibly range
between $5,000 and $500,000, or even
between $500 and $5 million.

Evidence shows that the uncertainties
in environmental risk estimates (quanti-
tative assessments of health or other risks
to humans and other organisms in the
environment) are large, ubiquitous, in-
evitable, and only partly reducible. The
magnitude of these uncertainties would
be less if physical, chemical, and biologi-
cal phenomena were easy to understand
and to measure and if these phenomena
functioned in straightforward, predict-
able, and linear ways. However, the real
world operates in complex ways.

First, important physical or biological
relationships are often complicated. For
example, the concentration of a substance
generally increases in a linear way with
the average quantity released. However,
the relationship between concentration
and quantity becomes less predictable
and less linear as situations common in
the real world intervene. Shifting or vari-

able winds, physical objects such as build-
ings, and other factors that affect the
dispersion of a substance in the environ-
ment can make estimates of concentra-
tions relatively uncertain.

Second, phenomena that are easy to
measure, such as average concentrations,

can sometimes lead to over- or under-
estimation of other phenomena that

are not so easy to measure, such as in-
stantaneous or peak concentrations. For
example, wind-tunnel experiments dem-
onstrate that measurements of the aver-
age concentrations of propane within a
propane gas cloud can lead to under-
estimation of the cloud's flammable area
because flammability is affected both by
average and peak concentrations.

Third, the links between the release of

a substance and the consequences of that

release are nonlinear, involve several com-
plicating factors, and are probabilistic.
For example, records of approximately

500 accidental releases of chlorine gas
indicate that the likelihood of human

injuries increases with the quantity re-
leased, but not proportionately; and the
number of persons injured increases, but

only roughly in proportion with the quan-
tity released. Moreover, quantity is only
one of many factors that determine the
ultimate effects of a chemical's release.

Steps in risk estimation

Uncertainty pervades each element of
environmental risk assessments, as an
examination of estimations of the risks to
humans from the release of a harmful
substance into the environment illus-
trates. These estimations all deal (explic-
itly or implicitly) with the following
questions: What is the probability that
release of a substance will occur? What
quantity of this substance will be released?
How will the concentration of this sub-
stance change as it disperses from the
point of release? How many people or
other organisms in the environment will
be exposed to this substance? How much
of the delivered dose of this substance
will be taken up by organisms? And what
will be the relationship between a par-
ticular dose of this substance and an
organism's response—that is, how will
the toxic effects of this substance increase
with increased dose?

The mathematics in a quantitative risk
estimate may become complex, but es-
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Range of uncertainty and variability in environmental risk assessments

Geometric
standard
deviation Descriptive term Examples of interpretive phrases

More than
10.00

Extremely uncertain
Extremely variable There is a 2 1/2 percent chance that the actual

value may be higher than the median by more
10.00 than a factor of 100 and a 2 1/2 percent chance

it will be lower by a factor of .01 or less.
Highly uncertain
Highly variable

The value at the upper end of the 95
5 00 interval is 625percent confidence about

times larger than the value at the lower end.

Fairly uncertain
Fairly variable

The value at the 95th percentile is about 10

3.00 times the value of the median and 100
times the value at the 5th percentile.

Moderately uncertain
Moderately variable

It is 95 percent sure that the value is not
less than one-quarter of the value of the

2 00
median, and not more than 4 times the
value of the median.

Moderately certain

Moderately invariable
There is only 1 chance in 40 that the actual
value may be greater than twice the median,

1 50
and the same chance that it may be less
than half the median.

Fairly certain
Fairly invariable

There is a 5 percent chance that the actual
-) -, higher1 value may be as much as 50 percent

or lower than the value of the median.
Highly certain
Highly invariable

It is 95 percent sure that the actual value is
1 )5 10 thewithin plus or minus percent of

value of the median.
Extremely certain
Extremely invariable

I There.00 is absolute certainty.

Note: A convenient measure of the best estimate of a value is the median; there is a 50-50 chance
that the value is greater than the median, and the same chance that it is less. A convenient measure of
the spread of the distribution—that is, the variability or uncertainty of a distribution—is the
geometric standard deviation (GSD). The GSD is a number that is greater than or equal to 1. If it is 1,
it is certain that the phenomenon being described exactly equals the median. If the GSD is a little
more than 1, there is slight uncertainty about the true value of the phenomenon. As the GSD
increases, there is increasing uncertainty about the value of the phenomenon.

A lognormal distribution seems to adequately describe the uncertainty in many environmental
relationships. When it does, there is a two-thirds chance that the value lies between the median
divided by the GSD and the median times the GSD, and there is a 95 percent chance that the value
lies between the median divided by the GSD squared and the median times the GSD squared.

—

sentially each of the elements enters into

this estimate in a multiplicative way:

Risk = probability x quantity
x (1/dispersion) x population
x uptake x dose vs. response

An increase in any of these six elements
leads to higher estimates of risk levels.

There is always some uncertainty about
each of these elements in the risk estima-

tion process. In the discussion below, the

terms "extreme certainty" and "extreme
uncertainty" denote opposite ends of the
spectrum of how well a particular phe-
nomenon is understood, and the modifi-

ers "high," "fair," and "moderate" depict
gradations of this understanding (see

table, p. 11). These gradations, though
arbitrary, are appropriate to the range of
uncertainties found in environmental risk
analysis.

A gallery of uncertainties

A large body of scientific and engi-
neering studies is available to describe
the extent of current uncertainty about
each of the elements in the formula above.
This information can be summarized as
follows.

Probability of a release of a harmful
substance. Estimating the probability
of a release of a harmful substance may
be unnecessary for many environmental
risk assessments. It may be known with
certainty that a factory is discharging
wastes into a waterway or that farmers
are using a particular pesticide on a crop.
There is no doubt that cars emit pollut-
ants. However, the 1984 release of me-
thyl isocyanate from the Union Carbide
plant in Bhopal, India and the more re-
cent spill of oil from the FIncon Valdez off
the coast of Alaska were accidental. Esti-
mating the probability or frequency of
such accidental releases is the first step in
many environmental risk assessments.

There is sizable uncertainty about es-
timates of the probability of accidental
releases of harmful substances. Historical
data offer some guide to this probability
for frequently occurring accidental re-
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leases, but are less instructive about some

rare kinds of accidents involving certain

substances. Examples of such accidents

are a large release of radioactive sub-

stances from a nuclear power plant or a

large release at a chemical plant. Math-

ematical models developed for estimat-

ing the frequency of accidental releases

of radioactive substances at nuclear power

plants offer a guide to the probability of

accidental releases of harmful substances

at facilities, such as chemical manufac-

turing plants, that carry on activities simi-

lar in complexity to those conducted at

nuclear power plants. Since the models

produce fairly uncertain estimates of the

probability of accidental releases of ra-

dioactive substances, it would appear that

most estimates of the probability of

chemical releases would be no better than

fairly uncertain..

Quantity of a harmful substance

released. Estimates of the quantity of

harmful substances released into the en-

vironment improve with the amount of

information gathered. For example, an

analyst could estimate the quantity of

pollutants emitted into the air by indus-

trial facilities using knowledge of the fa-

cilities' production volume and estimates

by the Environmental Protection Agency

(EPA) of the number of pounds of each

pollutant released in the production of

one ton of each product. The resulting

estimate would be fairly uncertain but

could improve to moderately certain if it

were based on additional input from the
EPA's Toxic Release Inventory, in which

22,000 large manufacturing facilities re-
port estimates of their annual releases of
toxic substances.

Dispersion of a harmful substance

and resulting concentrations of that sub-
stance in the environment. It is pos-

sible to obtain results from mathematical

simulations of air and water dispersion

that correspond well with the results of a

particular test release of a substance into

air or water. However, in practical situa-

tions, estimates of concentrations at par-

ticular points in the dispersion pathway
range from fairly to highly uncertain.

When risk assessors have actual mea-

surements of concentrations to work with,

they can omit estimation of the probabil-

ity of a release of a substance, the quan-

tity of the substance released, and the

dispersion of that substance. However,

actual measurements of concentrations

of particular substances in the environ-

ment reveal that concentrations are highly

variable. For instance, measurements

show that ambient concentrations of some

pollutants are moderately invariable to

moderately variable from day to day in a

particular season. These concentrations

may vary by a factor of 5 to 10 between

warm and cold seasons and among dif-

ferent years. Actual measurements show

that radon concentrations among the

homes in a given locale may be fairly

variable. In addition, they show that hu-

man exposure to some chemicals in the

workplace may be extremely variable

among individual work situations.

Population exposed to release of a

harmful substance. The pattern of the

population of people living in, working

in, and visiting an area near the source of

a release of a harmful substance influ-

ences the degree of risk of adverse effects

from that release and, thus, the degree of

risk of adverse effects among individuals.

In the United States, some industrial sites

may have no residential population within

500 yards, or even 3 miles, while others

may have population densities ranging

from less than 1 to more than 2,000

persons per square mile. In the absence

of site-specific data, any estimate of the

population potentially exposed to the re-

lease of a harmful substance from such

sites would be extremely uncertain.

Uptake of harmful substances by

humans and other organisms. In the

past decade, there has been intense inter-

est in trying to understand the biological

mechanisms at work when a human's

exposure to a harmful substance leads to

harmful concentrations of that substance
in each of the individual's internal or-

gans. Scientists have tried to advance such
understanding by developing pharmaco-

kinetic models that reflect how the physi-

ology of humans differs from that of test

animals with respect to uptake, metabo-
lism, and excretion of particular chemi-

cals. But even the most carefully

constructed of these models must rely on

estimates of a number of variables, such

as how fast a chemical passes from the

blood into an organ, that are either diffi-

cult or impossible to measure directly in

humans and test animals. Pharmaco-

kinetic models may modify risk estimates

in significant ways, but their structure

and the data they contain make these
modifications moderately to extremely

uncertain.

Relationship between dose of a harm-

ful substance and adverse toxicological
response. A number of variables affect

the dose-response relationship—that is
how organisms respond to a particular dose

of a harmful substance and how this re-

sponse changes as the dose increases. The

toxicity of a particular dose of a substana

not only varies across species, but among
individuals of the same species. Sex, age

size, diet, and the route of exposure to a
substance, among other variables, affect

how toxic increased doses of a substance

are to organisms.
Most acute toxicity estimates—for ex-

ample, estimates of the dose of a sub-

stance that would be lethal to half of the

subjects in a laboratory test—are moder

ately uncertain. Estimates of most cancer

potency values are even more uncertain
This is because test animals are given

higher doses of substances suspected to

be carcinogenic than humans would nor
mally receive, and because epidemiologic

data linking the incidence of human can
cer with such substances is often un
available or inconclusive. Thus cancer

potency estimates are fairly to extremely

uncertain.

Measurement error. Measurement

error increases the uncertainty associated

with each of the above elements in an
environmental risk assessment. Given

clearly specified protocols and well-cali

brated equipment, measurements of
physical quantities—such as the concen
trations of substances in air, water, food
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Typical ranges of uncertainty in the elements of some environmental risk assessments
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Extremely

uncertain

Fairly

uncertain

Extremely
certain

20

10

Risk = probability x quantity x (1/dispersion) x population x uptake x dose vs. response

Measure-
ment error

Note: Measurement error is an element of any environmental risk assessment. The other elements in the figure are specific to quantitative assessments of

health or other risks to humans and other organisms due to the release of a harmful substance into the environment (see formula, p. 11).

and the tissues of organisms—may be
highly certain or even extremely certain.
But practical constraints, including lack
of training and supervision in the use of
measurement devices and variability in
the precision of these devices, may limit
the accuracy of some measurements to
the moderately certain range.

Of all the elements of a risk assess-
ment, measurement error generally in-
troduces the least uncertainty. Since the
range of uncertainty for dose-response
relationships often extends to the ex-
tremely uncertain, these relationships are
generally the most uncertain element of a
risk assessment, followed, in rough order
of increasing certainty, by uptake by or-
ganisms of a harmful substance, popula-
tion exposed to the release of a hazardous
substance, probability of a release of a
hazardous substance, dispersion of a haz-
ardous substance, and quantity of a haz-
ardous substance released (see figure,
p. 13). However, this ordering varies with
the circumstances in which a particular
risk assessment is made. For example, if
a wealth of definitive toxicity data are
available but other phenomena, such as
dispersion patterns, are poorly under-

stood, estimates of dose-response rela-
tionships may not be the most uncertain
element of the risk assessment.

Overall uncertainty. Uncertainty in
each of the elements of a quantitative risk
assessment combines to produce an over-
all uncertainty in the estimate of a par-
ticular risk. To date, only a few studies
have carefully integrated the uncertainty
associated with individual elements of a
risk estimation into an overall estimate of
a risk and its overall uncertainty. In these
studies, estimates of human cancer risks
due to exposure to chemicals have been
shown to be moderately to extremely
uncertain.

Policy implications

Uncertainties in environmental risk as-
sessments are present in all elements of
the assessment process, are large, and are
inevitable because of practical limitations
on the ability to perform enough precise
measurements to capture the sizable
amount of natural variation and random-
ness in physical and biological systems.
These uncertainties make decisions about

environmental problems difficult, but
there are several approaches to deal with
them.

In order to make supportable, robust,
and sound decisions, risk assessors should
present the particular level of uncertainty
in the risks they are estimating. Risk man-
agers should reduce uncertainty when the
reductions would be cost-effective and
would affect the choice of risk manage-
ment option. They should make compari-
sons among risks and comparisons among
actions to manage risks with uncertainties
in mind. And, if they must apply conserva-
tive assumptions, they should do so in the
context of the particular uncertainties of
the risk being addressed.

Current environmental risk assess-
ments rarely present estimates of uncer-
tainties in a clear and consistent manner.
Competent engineering, toxicological,
and other scientific studies routinely in-
dicate the precision of the measurements
they use and the confidence with which
they estimate relationships, but they
present this information in a variety of
ways. The Environmental Protection
Agency could exercise leadership in this
regard by developing standards for the
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presentation of its own quantitative in-
formation so that variability and uncer-
tainty would be prominently and
unambiguously displayed. Ideally, EPA
would present this information in both
numerical and graphic ways, would use
graphic displays and statistical distribu-
tions that reflect the wide variation rou-
tinely found in environmental data, would
seek a definitive system of terms and
measurements of variability, and would
adopt consistent approaches to some re-
curring problems in the presentation of
data. Risk analysts confront these prob-
lems when they have to make sense of
concentration measurements from sev-
eral different studies. To do so, they might
need to combine some point estimates,
some measurements presented in high-
low ranges, and some observations that
were below the detection limits of mea-
surement devices.

Concerning the reduction of uncer-
tainties encountered in risk estimations,
risk managers should be selective. Re-
ducing the uncertainty in any one or
more of the elements of a risk assessment
will reduce the overall uncertainty of a
risk estimate, but not all such reductions
are equally cost-effective. In a particular
risk assessment, for example, it may be
possible to improve estimates of the quan-
tity of a particular substance released from
a particular kind of facility from moder-
ately uncertain to fairly certain. How-
ever, improving estimates of the
population potentially exposed to such a
release from extremely uncertain to mod-
erately uncertain would reduce the over-
all uncertainty more and might also cost
much less to accomplish. Risk managers
can use the economic concept of the effi-
cient frontier to determine which reduc-
tions in uncertainty are likely to reduce
overall uncertainty the most and at the
lowest cost.

Risk managers should not consider
cost-effectiveness to be the only criteria
for making an investment in a reduction
of uncertainty. Such an investment is
worthwhile only if the reduction would
be cost-effective and would affect the
choice of risk management option.

With respect to making comparisons
among environmental risks and among
potential actions to manage them, risk
managers should consider how the un-
certainty of the risks in question increases
or diminishes the significance of these
comparisons. For instance, it may be ap-
propriate to consider the magnitude of
risk A and of risk B in deciding which
risk should be managed first, but a com-
parison of these magnitudes may be mis-
leading when estimates of the magnitudes
are highly uncertain. Similarly, it may be
appropriate to consider costs and ben-
efits in deciding whether to take action X

To help end debate over the
application of conservative
assumptions, uncertainties in
each element of a risk assess-
ment must be explicitly acknowl-
edged and approximated.

or action Y to manage a particular risk,
but a comparison of the average costs
with the average benefits of these actions
can be misleading when the uncertain-
ties associated with the risk are large.

To make more meaningful compari-
sons and better decisions, risk managers
can make use of conceptual tools from
the field of decision analysis. For ex-
ample, Monte Carlo simulations take ad-
vantage of the ability of desktop
computers to quickly calculate a risk
thousands of times. By randomly "draw-
ing" a value for each uncertain variable
(using estimates of the uncertainty of
each variable to determine how likely
each draw should be), these simulations
construct a distribution of the overall
uncertainty of the risk out of repeated
combinations of the random draws from
each element in the risk formula.

With regard to making conservative
assumptions in the context of uncertainty,
risk managers should consider when and
how to apply these assumptions. The

timing and appropriateness of their ap-
plication have been a central argument in
environmental risk assessment for twenty
years. Some critics of environmental regu-
lation, as currently formulated, assert that
conservative assumptions have resulted
in grossly inflated risk estimates and, thus,
in regulations that are too stringent. Oth-
ers assert that these assumptions are
needed in one or two of the elements of
environmental risk assessments, most of-
ten in estimates of dose-response relation-
ships and the population potentially
exposed to a risk, in order to compensate
for various uncertainties in other elements
of the assessments or for elements that may
have been omitted in the assPssments.

Three actions are required to end this
fruitless debate. They all involve delay-
ing the application of conservative as-
sumptions until the overall risk is
estimated and the uncertainty of the risk
estimate is assessed, because preemptive
safety factors obscure the extent of what
is known and what is not about the risk
in question. The first action is to explicitly
acknowledge and to approximate the un-
certainties in each element of the risk esti-
mation process. The second is to carry the
uncertainties through the calculation pro-
cess and to calculate not only the median
or mean risk, but its overall uncertainty as
well. In its recently releaced "Guidance on
Risk Characterization for Risk Managers
and Risk Assessors," EPA appears to en-
dorse these actions in whole or in part.

The third action to end the debate
over conservative assumptions is to de-
velop and apply decision criteria that ex-
plicitly address acceptable risk levels for
individuals and the overall population. If
risk managers decide that public policy
requires the extra protection that conser-
vative assumptions provide, these as-
sumptions should be reflected in the
criteria on which risk management deci-
sions are based and not enmeshed in the
risk assessment, where they are hidden
from view. Moreover, these criteria must
reflect the uncertainties inherent in risk
estimations. Risk managers may judge it
publicly acceptable for a maximally ex-
posed individual to have a risk of 1 in
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10,000 for suffering serious adverse ef-
fects from a harmful substance if the risk
estimate is at least moderately certain. If,
however, the risk estimate is highly or
extremely uncertain, the risk might have
to be lower—say 1 in 100,000—to be
considered acceptable. Similarly, risk
managers may judge a risk management
policy satisfactory if there is a 75 percent
chance that its benefits exceed its costs,
but if there is a greater than 25 percent
chance that its costs may actually exceed

its benefits, they may seek additional in-
formation to determine whether a differ-
ent policy would make a better choice
for managing the risk in question. It
should be noted that the criteria used in
these examples are illustrative. At EPA
and other government agencies, criteria
for acceptable risk are still evolving.

It is the job of government risk man-
agers to represent the views and interests
of the public in setting and applying these
criteria. Risk assessors have the obliga-

tion and the ability to provide what the
risk managers need to do that job—that
is, a description of the nature and the
magnitude of risks, including the uncer-
tainty of these risks.

Frederick W. Talcott has recently been a
visiting scholar in the Center for Risk Man-
agement at RFF. He is an operations re-
search analyst in the Office of Policy Analysis
at EPA. The views in this article do not
necessarily represent those of EPA.

Questions that Seem Important
Robert W. Fri

At a workshop on defining sustainable
forestry earlier this year, Resources for
the Future (RFF) president Robert W.
Fri pondered the implications of a small
but diverse collection of research results
and commentary plausibly connected
with the theme of sustainable develop-
ment. Citing the work of several RFF
researchers, an encyclical by Pope John
Paul II, a speech by Russell Train, an
article by Mark Sagoff and a book by
Robert Reich, Fri poses three questions.
Is sustainable development more likely
to thrive under some particular set of
political and economic institutions than
under others? Should the values that
underpin this development become part
of mainstream ethical systems? And, if
the answer to these questions is yes, are
we prepared to live with the results? He
concludes that the political, economic,
and ethical setting in which sustainable
development is pursued will importantly
determine whether this development
comes about.

0
 ne of the joys of being an ordi-
nary mortal at a scholarly place
of business like Resources for

the Future is trying to make some sense
out of the flood of research and analysis
that crosses my desk. Part of the material

has clear and immediate application to
pressing policy issues. The rest adds, I
hope, to the intellectual capital on which
we can later draw to resolve future is-

sues. Whatever their nature, I value all of

these contributions to my education.
In some ways, however, I prize most a

small and eclectic stack of research and

commentary that I keep in reserve on my

desk—a stack I add to only rarely. If it

had a label, I suppose this stack would be
called "things that seem really important

but I don't know why." From time to

time, I refer to the papers in it to engage

in my own version of desktop publish-

ing—which is to say, I "publish" whatever

happens to be on my desk at the time.
The remarks that follow offer an ex-

ample of my desktop publishing. It may

be that what I have to say is plausibly
connected with the theme of sustainable

forestry that is the focus of this confer-
ence and is even important to the broader
question of sustainable development it-

self. I begin by simply outlining the main
points of six of the papers I found in my
"they must be important" file.

In 1991, Pope John Paul II published
an encyclical called Centesimus Annus.
Papal encyclicals may not be on your
usual reading list, but this one should be.
In it the pope concludes that politically
open, capitalist societies are more likely
to promote human dignity and well-
being than any other form of social orga-
nization. He warns that this is not neces-
sarily the result of open, capitalistic
societies and that vigilance is required to
make it so. Still, his views are not very
different from those Winston Churchill
expressed in his famous dictum about
democracy—that democracy is far from
perfect, but is better than all the other
systems—and I can only observe that
getting Churchill and the pope on the
same side of an issue seems a pretty po-
tent combination. Maybe that's how this
encyclical wound up in my pile of things
that seem important.

The next document moves us from
Paul to Peter, although the Peter in ques-
tion is Peter M. Morrisette, a fellow at
RFF. In a recently released RFF discus-
sion paper, Morrisette poses the question



16 RESOURCES SPRING 1992

of whether one form of political and eco-
nomic organization is better than others
in protecting the environment—an obvi-
ous extension of the ground covered by
John Paul. Morrisette's analysis is care-
fully hedged with scholarly caveats, as it
should be for such exploratory work. In-
terestingly, however, he found that coun-
tries with open political systems and
capitalist economies tend to have low
rates of deforestation. Conversely, nations
that lack these characteristics tend to have
more rapid deforestation.
My next contributor is the noted con-

servationist Russell Train, one of nature's
aristocrats—a characterization that can
be taken any way one likes. In 1990
Russell gave a speech called "Caring for
Creation," and he tells me that he got
more responses to it than to anything
else he ever said. 'It is a speech about the
role of organized religion in environmen-
tal matters, a role that so far has been
pretty much a walk-on. Russell's thesis
is straightforward. He says that "our
churches, synagogues, temples, and
mosques should be a principal vehicle
for instilling environmental values in our
planet's people. And believe me, it is very
much a matter of values."

Mark Sagoff, a philosopher at the Uni-
versity of Maryland, is also interested in
values. His tone is more secular than
Train's, but I suppose that goes with the
philosophical territory. In an article in
the newsletter of the Institute for Phi-
losophy and Public Affairs, Sagoff argues
that the traditional preservationist ethic
is inadequate to the needs and realities of
the twenty-first century. At the same time,
he rejects the "gospel of efficiency" on
the grounds that it won't work. Even if
he thought that it did, I suspect that he
would find it too anthropocentric. But
that is another matter.

The gospel of efficiency got a couple
of RFF scholars into hot water last year,
but that should surprise no one. RFF vice
president Paul R. Portney and RFF senior
fellow Alan J. Krupnick opined in Science
(April 26, 1991) that the new smog con-
trol plan set for Southern California will
cost more than it is worth—or, in defer-

Min

ence to their careful scholarship, it will
cost more than the benefits Portney and
Krupnick could quantify. This brave en-
deavor attracted all of the controversy
that you would expect in a subsequent
letters to the editor column, giving rise to
one of the more entertaining issues of
Science in recent memory.
My last witness is Robert Reich, whose

book The Work of Nations should be read
by anyone who plans to survive into the
twenty-first century. His argument is too
complex for easy summarization, so I
will only note that he foresees a global
economy quite unlike anything we have
experienced before. His main point, as I
understand it, is that decisions affecting
the economic—and, by extension, the
environmental—quality of life in any
given nation will not be entirely in the
hands of that nation. In other words,
what's good for General Motors is good
for someone, but not necessarily for
Americans.

Some provocative questions

It is probably an act of suicidal generali-
zation to make something out of these
anecdotal observations, but it may be
amusing to watch me try. And it is en-
tirely in that spirit that I will suggest that
they may in fact raise some useful ques-
tions to ponder.

The first question is this: Is sustain-
able development more likely to thrive
under some particular set of political and
economic institutions than under others?
The pope seems to think that human
dignity is best served by open, capitalis-
tic societies. He is not, so far as I can tell,
speaking about the environment, though
the parallel is attractive. Peter Morrisette
finds tantalizing evidence about social
organization and deforestation that at least
invites further investigation. And certainly
the breakup of the Soviet bloc has re-
vealed that central planning is not espe-
cially helpful for environmental quality.

Although this question of the preferred
social organization is meant to be a seri-
ous one, I should note that it may already

have been answered. Open, capitalistic
societies are rapidly becoming the world's
dominant form of social organization,
although not necessarily for environ-
mental reasons. In its year-end issue,
Newsweek (December 30, 1991) reported
that, "over the last three years, roughly
one-third of the countries on the planet
have decided to transform their political
systems into more democratic ones. For
the first time, democracies represented
an absolute majority of the world's na-
tions." And I suspect that Reich is also
right in believing that global economic
institutions are changing both quickly
and profoundly toward decentralization.
Given these trends, there is something to
be said for those of us who are concerned
with environmental issues to pay close
attention to their consequences.

The second question is not unrelated:
Should the values that underpin sustain-
able development become part of main-
stream ethical systems? Note that this
question does not ask whether we need
better or more widely accepted environ-
mental values. I suspect that we do and
that Sagoff is right in maintaining that
neither the preservationist nor conserva-
tionist values of this century should per-
sist unexamined into the next century.
But one could imagine a set of new and
improved values attached to sustainable
development that are independent of the
world's major ethical systems, religious
or secular. The more important question,
and the one I pose here, is whether envi-
ronmental values should become a part
of these mainstream systems.

This question is the one that Russell
Train addresses, and his answer is clearly
yes. Further, I would submit that the
concept of sustainable development,
which couples economic development
and environmental quality, comes very
close to requiring an affirmative answer.
If that were in fact the case, then it would
mean that hard choices among alterna-
tive human aspirations would be decided
within an inclusive ethical system. Envi-
ronmental values would contend with
truth, justice, faith, and compassion. It's
a tough league.
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In passing, I will say that it is difficult to
get even as far as first base in this league. I
have followed the attempt of my own Pres-
byterian denomination to deal with envi-
ronmental values, and I regard it at best as
a soft ground ball. The tendency, one that I
suspect is not confined to our reformed
tradition, is simply to choose sides in on-
going environmental disputes. The result
is to add some political heat, but not much
ethical light, to the debate.

To set the stage for my last question,
suppose for the sake of argument that the
answers to both of the previous ones is yes.

A global, open, market-driven
society confers primacy on
individual choice; if the result
of such choice is some degree of
environmental degradation,
this is hardly reason to prefer
an alternate form of social
organization.

Imagine that the world is one of open and
democratic political institutions, free and
global markets, and inclusive value sys-
tems. Then the question is this: Are we
prepared to live with the results? By "we,"
in this case, I mean anyone who thinks that
sustainable development is important.

Before rushing to judgment on this
one, consider the reaction to Paul Portney
and Alan Krupnick's analysis of South-
ern California's new smog control plan.
They were roundly attacked as immoral
by folks who sincerely believe that the
benefits of clean air are precious indeed.
That these folks are self-selected from a
limited set of the population that writes
letters to the editor of Science may, of
course, skew the responses somewhat,
but let that pass. In any case, Portney and
Krupnick responded by pointing out that
there are other benefits that all this money
could buy—neonatal care, nurture of the
homeless, and accelerated AIDS research,
to name a few. In other words, in a

broader view of the human condition—
one set in a more inclusive value system,
if you will—buying the maximum
amount of environmental protection may
not strike the right balance among the
needs of humanity.

This specific case is intended to illus-
trate the implications for the environmen-
tal community that the questions I have
asked seem to present. That is to say, the
very nature of a global, open, market-driven
society confers primacy on individual
choice, and this may discomfort persons
who particularly prize environmental val-
ues. Should we, for example, simply grin
and bear it when, say, a developing nation
chooses priorities different from our own?
Individual choice means that a nation can
determine for itself the value of its endow-
ment of natural and environmental re-
sources. And a poor or newly free nation
may be willing to trade a bit of environ-
mental quality for enhanced economic
growth or the accelerated development of
democratic political institutions.

Even more uncomfortable is the pos-
sibility that the developing country in
question may put an issue like climate
change at the bottom of its priority list.
This complication extends the discom-
fort beyond the "grin-and-bear-it" level,
because we—that is, we rich folks—worry
a lot about climate change. And since we
will foot most of the bill to do something
about it, we face a choice between im-
posing our values as a condition of our
financial assistance, or, in the alternative,
acceding to the recipient's priorities. In
fact, it is precisely this choice that is
plaguing the preparations for the United
Nations Conference on Environment and
Development in Rio de Janeiro in June.

Still, if all of these choices are fully
informed and freely made, it is hard to
quibble with the outcome. In particular,
that the result may be a degree of envi-
ronmental degradation that some would
deplore seems to me hardly reason
enough to prefer an alternate form of
social organization. Others might dis-
agree. Barry Commoner, in his book Mak-
ing Peace with the Planet, argues that
capitalism should not be entrusted with

selecting socially acceptable means of pro-
duction. And Pat Buchanan was recently
quoted as being "slightly skeptical of de-
mocracy as a solution to all our prob-
lems." (I can't help but reflect that getting
Commoner and Buchanan on the same
side of an issue is at least as interesting as
pairing Churchill and the pope.)

So much for my exercise in desktop
publishing. I don't pretend to have the
answers to the questions I have posed,
even if I have the questions themselves
right. Yet it is hard to escape the feeling
that the political, economic, and ethical
setting in which we pursue sustainable de-
velopment will importantly determine
whether we can succeed. Maybe that's why
I have long suspected that the special stack
of papers on my desk really are important.

Robert W. Fri is president of and a senior
fellow at RFF. The preceding remarks were
made at the Defining Sustainable Forestry
Workshop in Reston, Virginia, on January
14, 1992.

Correction
An error appears in the article en-
titled "Environmental costing and
electric utility planning and invest-
ment," by Karen L. Palmer and Alan
J. Krupnick, in the Fall 1991 issue
of Resources. The ratios of social
cost to private cost reported in the
last full paragraph on page 3 of the
article are incorrect due to a calcu-
lation error. These ratios should be
changed to read, in the order in
which they appear in the text, 1.2,
1.3, 1.8, 2.6 (for damage-based
costs) and 1.7, 1.9, 2.4, 8.4 (for
abatement-based costs).
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INSIDE RFF NEWS AND PUBLICATIONS

Joseph L. Fisher, 1914-1992

Joseph L. Fisher, president of Resources
for the Future from 1959 to 1974, died
on February 19. An economist, he served
on the staff of the Council of Economic
Advisers in the Truman administration
before coming to RFF. He left RFF after
his election to the U.S. House of Repre-
sentatives from Northern Virginia's Tenth
Congressional District in 1974. Soon af-
ter entering Congress, Fisher was named
to the House Ways and Means Commit-
tee, where he made a reputation for his
work on taxation, energy, and budget
policy. In 1982 he joined the cabinet of
Governor Charles S. Robb as Virginia's

secretary of human resources. After
leaving that post, he taught political
economy at George Mason University
until his death.

Fisher was recently honored by RFF
for his leadership in initiating RFF's
longstanding interest in the support of
graduate training in resource and envi-
ronmental economics. On January 13,
RFF president Robert W. Fri announced
the inauguration of the Joseph L. Fisher
Dissertation Award. Formerly known as
RFF's Dissertation Prize in Environmen-
tal and Resource Economics, the award
will be given annually.

Edward S. Mason,
1899-1992

Edward S. Mason, a member of the board
of directors of Resources for the Future
from 1964 to 1969 and an honorary
member since 1969, died on February
29. A professor of economics, he taught
at Harvard University from 1923 to 1969
and was an assistant secretary of state for
economic affairs in 1945. Over the years,
he served as an adviser to the World
Bank and many government agencies,
including the Agency for International
Development.

Joseph L. Fisher and Edward

The deaths of Joseph Fisher and Ed-
ward Mason in late February have re-
moved two men who were intimately
connected with Resources for the Fu-
ture. Joseph Fisher became associate
director of RFF in late 1953. Edward
Mason joined RFF's board of directors
in 1964 and served on it until he be-
came an honorary director in 1969.
When RFF's first president, Reuben

Gustayson, retired in 1959, Joe Fisher
was the obvious choice to take on the
presidency, a position he occupied un-
til he resigned in 1973 to seek election
to Congress for the Tenth Congres-
sional District of Virginia—an office he
held for three consecutive terms. Pub-
lic service was Joe Fisher's hallmark.
Whether on the local or federal levels,
or in academia, religious pursuits, or
environmental organizations, he found
fulfillment in joining others to further

S. Mason: an appreciation

the public good as he saw it. RFF can
be proud that he chose to stay with it
for fifteen years and made it his pri-
mary intellectual home. His knack for
spotting and attracting talent, and hold-
ing it, combined with the genuine
warmth in his relations with the staff,
were major factors in putting RFF on
the map, and the sharpness of his mind
and sense of equity helped RFF gain
its persistent reputation for excellence
and objectivity. We mourn his passing
as that of a leader, teacher, and friend.

Ed Mason's affiliation with RFF was
a "natural," and the wonder is that it
didn't happen sooner. He had been
one of the five members who consti-
tuted President Truman's Materials
Policy Commission (the Paley Com-
mission), a body whose work estab-
lished the charter and set the course
for Resources for the Future as an or-

ganization. At that time he was also
dean of Harvard's Graduate School of
Public Administration, later to become
the John F. Kennedy's School of Gov-
ernment. A Harvard-trained economist,
like Fisher, Mason's term with the Paley
Commission had given him an endur-
ing interest in resource problems and
especially their policy aspects. It is no
exaggeration to say that once on the
board of directors at RFF, RFF's staff,
officers, and directors looked to him for
guidance in matters of economics. They
never came away empty-handed. Even
after his retirement he rarely missed a
board meeting, and his presence could
always guarantee a sober assessment of
RFF's research activities. Ageing only
sharpened his insights. He was one year
older than the century when he died.

Hans H. Landsberg
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New books

Global Development and the Environ-
ment: Perspectives on Sustainability,
edited by Joel Darmstadter

This collection of essays brings to bear
past and current research from Resources
for the Future on issues under consider-
ation at the United Nations Conference
on Environment and Development
(UNCED) in Rio de Janeiro in June 1992.
The conference is the outcome of a UN
resolution that identifies a number of glo-
bal problems—among them threats to
atmospheric integrity, biodiversity, and
human health—whose solutions require
strengthened international attention and
cooperation. The essays in this book ex-
amine some of the enduring questions
that cannot be ignored in any interna-
tional endeavors to resolve these prob-
lems. They are united under the theme of
sustainable development in an introduc-
tory essay by RFF president Robert W.
Fri, who observes that UNCED explicitly
recognizes the link between environmen-
tal protection and economic development.
To set the stage for considering the

conditions for sustainable development,
the first essay considers the issue of popu-
lation growth and the second explores
salient elements of the concept of
sustainability. Subsequent essays exam-
ine specific themes of concern at UNCED.
These are the role of natural assets in
economic development; the use of ben-
efit-cost analysis in prioritizing environ-
mental problems; sustainability in
agriculture; the management of water for
economic, environmental, and human
health; energy transitions; climate vari-
ability and development; and the preser-
vation of biodiversity as a resource.

These essays initially appeared as ar-
ticles in the Winter 1992 issue of Re-
sources, from which the foreword and
Preface have also been adapted. All but
One were written by researchers at RFF.

February 1992. 92 pages. $9.95 paper.
0-915707-63-2

Mineral Wealth and Economic
Development,
edited by John E. Tilton

This collection of papers—originally pre-
pared for the 1989 John M. Olin Distin-
guished Lectureship Series on Mineral
Wealth and Economic Development at
the Colorado School of Mines—together
with an overview by editor John E. Tilton,
explores why domestic mineral wealth
has not led to economic development in
low-income mineral-exporting countries,
many of which have suffered a drastic
decline in per capita income over the
past several decades.

As Tilton notes in his overview, three
critical considerations influence the ex-
tent to which mineral resources promote
or inhibit economic development. First,
mineral wealth that remains in the ground
is a dormant asset. Second, rents from
mining and mineral processing must be
invested, and invested wisely, to enhance
the future flow of goods and services in
the mining country. Third, nonrent ef-
fects from mining and mineral process-
ing—for example, job creation and
worker training—are not always benefi-
cial to a mining country's economy and
under some circumstances can inhibit
economic growth.

Concluding that domestic mineral
wealth need not retard growth and de-
velopment in low-income mineral-export-

ing countries, contributors to the volume,
all of whom are recognized experts in
minerals economics, offer advice to pub-

lic officials striving to turn their coun-
tries' mineral resources into assets. They
recommend that these resources be ex-

ploited rather than held in reserve, that
public policy be created to maximize min-

eral rents flowing to the host country,

and that the adverse effects of mineral
exploitation caused by the instability of
commodity markets be minimized and
the benefits be maximized.

February 1992. 129 pages. $22.50 pa-

per. 0-915707-62-4

To order books, add $3.00 for postage
and handling per order to the price of
books and send a check made out to
Resources for the Future to:

Resources for the Future
Customer Service
P.O. Box 4852, Hampden Station
Baltimore, MD 21211
Telephone (410) 516-6955

Mastercard and VISA charges are avail-
able on telephone orders.

About contributions to RFF

Resources for the Future sustains its
programs through its endowment and
through income from foundations,
government agencies, corporations,
and individuals. RFF accepts grants

on the condition that it is solely re-
sponsible for the conduct of its re-
search and the dissemination of its

work to the public. RFF does not per-
form proprietary research.

All contributions to RFF, a pub-
licly funded organization under Sec-
tion 501(c)(3) of the Internal Revenue
Code, are tax deductible. For more
information, please contact Debra
Montanino, Director of External Af-
fairs, Resources for the Future, 1616
P Street, N.W., Washington, D.C.
20036-1400. Telephone: (202) 328-
5016. Fax: (202) 939-3460.
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