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FROM THE PRESIDENT

Paul R. Portney

Ensuring RFF's Independence
Resources for the Future has just begun its 50th year. Our research is on

the cutting edge, and RFF researchers are increasingly visible as trusted sources
of information for all participants in important policy debates. It is difficult to
think of a better way to begin our second half-century

With visibility sometimes comes controversy, however. In the torrent of pub-
licity surrounding the collapse of the energy giant, Enron, attention has been
directed at the company's contributions not only to politicians but also to think

tanks and other nonprofit organizations. Resources for the Future is one of those organizations.
Such scrutiny is appropriate and we welcome it.

Between 1990 and 2001, Enron contributed periodically to RFF, with annual gifts ranging
from $10,000 to $45,000; during this time, Enron's combined contributions amounted to a fraction
of 1% of RFF's operating budget. Overall corporate support accounts for about 14% of the revenues
RFF has available for its operations each year (see p. 29 for a "pie chart" showing the other sources).
The corporate contributions we receive must be unrestricted—that is, they cannot be earmarked for
particular *projects or even general program areas. In addition, former Enron Chairman and CEO
Kenneth Lay was a member of RFF's Board of Directors from April 2000 until February 2002, when
he resigned. The Linda and Ken Lay Family Foundation has supported RFF periodically since 19921
in 2000, the foundation contributed $15,000 to RFE As has been reported in the press, and in an
RFF press release in May 2001, the foundation pledged $2 million to endow an unrestricted research
chair at RFE Finally, between April 1999 and April 2001, I attended five meetings as a paid mem-
ber of an advisory council to the Enron Corp. and shared my views with Enron officials about a range
of environmental and public policy questions, as I have done in many other public and private set-
tings over the years. Robert Grady, vice-chair of the RFF Board of Directors, also participated in
several of these meetings.

All of this is germane to the challenges that face RFF as it begins its 50th year. If asked to
identify RFF's most significant accomplishment over its first half-century, it is tempting to point to
its path-breaking, independent research. After all, RFF researchers have demonstrated that the United
States is not likely to run out of critical natural resources and shown also that the preservation of
wilderness areas often makes better economic sense than developing them. We have shown that
marketable pollution permits or effluent taxes often make it possible to meet environmental goals
more quickly and less expensively than other types of regulation. And we have argued convincingly
that environmental risks must be carefully prioritized and addressed in order of importance. This
work has profoundly influenced real-world policy.

Even more important than its research record, though, is the reputation that RFF has built
since 1952—indeed, it is the coin of our realm. RFF researchers are seen as analytically keen, polit-
ically nonpartisan, and serving the public interest rather than private concerns. This is no mean feat
in Washington, and preserving this reputation requires constant vigilance. As in the past, we recruit
to the research staff only those whose commitments are to do scholarly and independent research,
then let the chips fall where they may. We recruit to the RFF Board of Directors representatives of
diverse interests and backgrounds, including environmental and business leaders, Nobel Prize-win-
ning scholars, and government policymakers. We maintain a diverse base of financial support that
makes us not dependent on any one source of support. And we rigorously hew to our policies regard-
ing the types of contributions RFF will accept and the kinds of consulting activities in which its
officers and staff can engage.

What you'll get from us is what you have every right to expect-50 more years of path-breaking
research in the public interest.

'CA,J1),/-v•AA1
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GOINGS ON

Carbon Mitigation Policies Debated at RFF Seminar
As the debate over how to develop an effec-
tive and viable carbon mitigation policy
continues, experts on the subject gathered

at RFF in December to discuss the finan-

cial and political costs of carbon dioxide

and other greenhouse gas emissions reduc-

tion programs. While great progress has

been made in understanding the aggregate
costs of such policies, not enough attention

has been paid to the distribution of those

costs and the political ramifications thereof.
To this end, four papers were presented in
an effort to determine who is likely to bear
the costs of various reduction policies
under discussion and, as a result, the fea-
sibility of those policies.

The Cost of Political Feasibility
The first presentation was from Stanford

University Professor and RFF University
Fellow Larry Goulder. His research con-

siders the distributional effects of future

carbon mitigation policies. "Standard CO2
policies are cost effective but politically

unrealistic," he explained. "The lion's share

of the economywide costs falls on a few
highly [politically] mobilized industries,
[and) these industries seem to wield effec-
tive veto power." This political power, said

Goulder, is responsible, at least in part, for

the failure of some cost-effective and effi-

cient policies.

Goulder's research suggests that efforts

to preserve fossil-fuel industry profits

would have a very small impact on the effi-

ciency of carbon mitigation programs. If

13% of permits were given rather than sold
to industry, then after-tax profits would be

protected and the increase in the overall

cost to industry would be negligible.

Keeping the Constituents Happy
Where Goulder examined options for com-

pensating the fossil-fuel sector for the

burdens imposed by mitigation policies,

RFF researchers William Pizer, James

Sanchirico, and Michael Batz looked at the

effects of those policies on households in

different parts of the country

According to Pizer, the question driving

Editor's Note
We hope you like the new look of Resources. This issue marks the first phase of the redesign

process, with more changes to come in subsequent issues. We're adding bibliographies to
feature stories so that you can find out more about a given topic. There's also a new sec-
tion — "Reaching Out" — that highlights the work RFF researchers are doing to share their
ideas with a broader audience, such as giving testimony before Congress, appearing on

television and radio, and writing opinion pieces for major newspapers.

We welcome your comments and suggestions. You can contact the editorial staff at

editor@rff.org. To learn more about all that's going on at Resources for the Future, visit our

website, www.rff.org.

Felicia Day
Editor

their research was, "If you take the same
household and plop it down somewhere
else, what happens?" The answer could
help carbon-mitigation decisionmakers
evaluate the effects various plans might

have on their constituents.

Using information based largely on the

Census Bureau's Consumers Expenditure

Survey— specifically, the results from 1984

to 2000—Pizer, Sanchirico, and Batz dis-

covered large discrepancies in energy use in

the different regions of the United States.

Because of these discrepancies, the costs of
carbon mitigation, households in some sec-
tions of the country, notably the Midwest
andTexas, would face heavier burdens than
those in other regions dramatically so when
compared to those in the Pacific Northwest.

Eye on the Bottom Line
The second session focused on the study

of carbon policy impacts on industry RFF's

Richard Morgenstern presented a paper he

wrote with colleagues Mun Ho, Jhih-

Shyang Shih, and Xuehua Zhang, which

poses the question, "If we put a charge on

all the carbon in use now, how would it

affect individual industries in the manu-

facturing sector?" The researchers studied
the effect of two different policies: an econ-
omywide carbon mitigation policy (such as
a carbon tax) and a downstream policy
focused exclusively on the electric-utility
industry. The results varied dramatically,

said Morgenstern. (See Table 1 for an

overview of their results.)

The petroleum-refining industry, the indus-
try that would be hardest hit under an
economywide plan, ranks 145th under the
electricity policy. The eight industries that
would suffer most under an economywide
policy bear more than 50% of the total cost
to manufacturing. Under the electricity pol-

icy, these rankings differ, in many cases,

2 RESOURCES WINTER 2002 / ISSUE 146
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Table 1. Comparison of Economywide and Electricity-Only Policies

Ranked by Economywide Policy Ranked by Electricity-Only Policy

Industry Name
Economywide
Carbon Charge

Electricity-Only
Carbon Charge Industry Name

Economywide
Carbon Charge

Electricity-Only
Carbon Charge

Petroleum refining 145 Primary aluminum 13 1

Products of petroleum and coal 2 191 Electrometallurgical products, except steel 18 2

Lubricating oils and greases 3 154 Cement, hydraulic 9 3

Carbon black 4 36 Aluminum rolling and drawing 49 4

Asphalt paving mixtures and blocks 5 76 Primary smelting and refining of copper 52 5

Lime 6 6 Lime 6 6

Nitrogenous and phosphatic fertilizers 25 Primary nonferrous metals 64

Asphalt felts and coatings 8 196 Blast furnaces and steel mills 10 8

Cement, hydraulic 9 3 Metal cans 48 9

Blast furnaces and steel mills 10 8 Aluminum castings 95 10

Source: Morgenstern et al. 2001

dramatically. The presentation concluded

with the notion that the two policies have very

different effects on the different industries.

Level Playing Field

RFF's Dallas Bunraw cltscussed the effect of

allowance allocation approaches on the cost

of carbon emissions trading, research that

he conducted with colleagues Karen Palmer,

Ranjit Bharvirkar, and Anthony Paul. Bur-

traw told the audience he was concerned

that "efficiency and equity head in opposite

directions," pointing out that the electricity

industry is responsible for one-third of car-

bon emissions but would be responsible for

two-thirds of reduction targets under a cost-

effective economywide policy.

Burtraw and his colleagues compared

three allocation approaches—auction,

grandfathering, and generation perform-

ance standards (by which emissions

allowances are determined by the amount

a firm generates)—as they pertain to the

electricity sector. They concluded that allo-

cation of permits by auction was the most

efficient reduction method, saying such a

program would cost society half as much

as a grandfathering or generation perform-

ance standard.
Looking back at the workshop, Mor-

genstern, who organized the conference,

said, "We engaged the policy community

in discussing these issues and developed

the information base." He described the

workshops as a "critical step in designing

potential policies so as to minimize the

adverse burdens" to industries, thereby cre-

ating a climate in which appropriate and

effective policies can be enacted.

Correction
In the Summer 2001 issue of Resources,

an article about an ongoing project in

Shanxi Province in China did not mention

all of the members of the research team.

They included: Robert Anderson, Resource

Consulting Associates, Inc.; Steinar

Larssen, Norwegian Institute for Air

Research; Wang Jinnan, Yang Jintian, and

Coo Dong of the Chinese Research Acad-

emy of Environmental Science; and

Stephanie Benkovic, Melanie Dean,

Joseph Kruger, and Jeremy Schreifels of the
U.S. Environmental Protection Agency.

WINTER 2002 / ISSUE 146 RESOURCES 3
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Methods for Reforming Permitting Process Explored in New RFF Report
In Reforming Permitting, a new RFF report,
Senior Fellow Terry Davies paints a real-

istic picture of the U.S. pollution control

permitting process, assesses current per-

mitting reforms, and offers policy

recommendations "to improve a system

that is suffering from major defects and

weaknesses."

"Permits are

the pivot on

which much of
the pollution
control system
turns," Davies
says. "If the per-
mitting process is
cumbersome,Terry Davies

costly, and not effective in controlling pol-
lution, then pollution control also will be
inefficient and ineffective. This is,
arguably, the situation in the United States
today"

The permitting system is so fragmented
and complex that even specialists cannot

tell what the rules are, Davies says. A large
portion of permits are outdated, leaving

facilities with time-consuming permit

requirements that may have little rela-
tionship to current operations or
government regulations. Environmental
groups and the public are also handi-
capped by the complexity of the
regulations and the opaqueness of the
permits, he says.

Davies offers detailed recommendations
for Congress, the U.S. Environmental Pro-
tection Agency, the states, industry, and
environmental groups. The opportunities
for constructive change are many and run
the gamut from minor corrections to rev-
olutionary changes, he says. Small

permitting reforms can have a significant
impact but the bigger challenge "will be to
use permitting as a lever to change the over-
all pollution control system."

RFF's Robert Hersh, Aracely Alicea,
and Ruth Greenspan Bell also contributed
the report.

Reforming Permitting can be found on the RFF website at
www.rflorg/reports/PDF Jiles/reformingpermitting.pdf.

New RFF Report Assesses EPA's On-Line Workshop on Public Participation
In his new report, Democracy On-Line,
RFF Fellow Thomas Beierle evaluates the

U.S. Environmental Protection Agency's
(EPA) on-line experimental workshop on
public participation—the National Dia-
logue on Public Involvement in EPA
Decisions. The Dialogue, which was held
last year, gave more than 1,000 people an

opportunity to discuss public participa-
tion in EPA policies, from rulemaking and
permitting to the drafting of its draft Pub-
lic Information Policy (PIP).

Beierle, with funding from the William

,ind Flora Hewlett Foundation, investigated

participant satisfaction, whether new

voices were introduced into the policy

process, the quality of communication,

and what participants and EPA gained
from the process.

"In undertaking the Dialogue, EPA

broke new ground," writes Beierle. "It was

the first time that the agency had spon-

sored an on-line public dialogue in

conjunction with a formal public com-
ment process."

According to Beierle, the Dialogue was
a great success. He found most partici-

pants were pleased with the results, and
the number and diversity of participants
was far greater than could otherwise be
achieved with an
in-person event;
reaching such a

diverse group was

EPAs goal. For its

part, EPA had more

staff participants

in the Dialogue

than have been

represented at an Thomas Beierle

in-person meeting.

More than half of participants thought
their participation would have some
impact on EPAs PIP and its implementa-
tion; lead agency staff members already
have begun incorporating comments
from the Dialogue into the PIP imple-
mentation plan. More than three-quarters
of participants claimed they learned a
great deal about the views of other par-
ticipants on public participation. None
of this is to say the process was flawless,
but most problems related to the Dia-
logue—such as software issues and
concerns regarding participant access to
computers—can be overcome, says
Beierle.

Democracy On-Line can be found on the RFF website, at
www.rff.org/reports/PDF_files/democracyonline.pdf.
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Global Water Management
Dilemmas
Lessons from China
Baruch Boxer

Policies governing water quality and availability can be a powerful lens for
looking at environmental protection as a whole. As China modernizes its water
infrastructure, with some assistance from international development agencies,
the opportunity arises to evaluate western approaches to water management
in the context of China's much more integrated and detailed approach, which
has evolved over the past two millennia.

WWhat is "water management"? Can we measure itsuccess or failure? And in whose terms and to what

ends? What are the appropriate scales for evaluating man-

agement options and their effects in diverse settings

around the world? China is a good example of a country

seeking to apply international water management strate-

gies and standards in the face of difficult demographic,

economic, and physical circumstances. Much can be

learned from a close look at China's experience in recent

years, because that experience reflects policy adjustment

processes and challenges in many developing countries.

Concern is growing worldwide over the social, eco-

logical, and security implications of water shortages,

along with a widespread decline in water quality In recent

years, several major global strategic planning efforts have

been conducted by multilateral agencies, the United

Nations (UN), nongovernmental organizations, and inter-

national scientific bodies to shape a global water policy

agenda. Several of these initiatives over the past decade

culminated in a December 2001 International Conference

on Freshwater in Bonn, Germany, which sought to defin-

itively clarify water issues and suggest solutions. The

conference was convened specifically to help prepare an

agenda for the August 2002 World Summit on Sustain-

able Development (Rio+10) to be held in Johannesburg.

Relating Global Experiences to Local
Conditions
However, there is little evidence from all of these efforts

that national and international bodies are in a position

to effectively address water problems in an integrated

manner at local, regional, national, and global levels. One

problem is that it is difficult to develop commonly under-

stood and generally applicable management policies,

practices, and interventions at regional or global scale.

Responses to water problems in most countries

mainly involve place-specific application of scientific,

engineering, and institutional knowledge with limited

transferability. A major challenge in achieving sustainable

water resource development and management is relat-

ing global experience and understanding to the specific

requirements of diverse countries and regions with

WINTER 2002 / ISSUE 146 RESOURCES 5
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unique cultural and historical traditions, varied levels of social
and economic development, and distinctive institutions.

China has embarked upon a vigorous campaign over the past
decade to drastically reshape its water development and man-

agement policies in the context of ambitious market reforms and

a major reassessment of the legal and ideological foundations of

its water economy. The magnitude and complexity of this task

are daunting. It represents a concerted effort to integrate long-

standing policies defining government responsibility for

judicious water development, protection, and use with newer

perspectives on modern economic and legal strategies for real-
izing the long-term benefits of water sustainability.

China's water policy initiatives are of universal interest for

several reasons. Most important, they test assumptions as to the

efficacy of modem policy remedies for water conservation, haz-
ard mitigation, and environmental protection in a society where
assurance of adequate water supply and protection from flood
and drought have been the hallmark of successful governance
for over two millennia. Water mythology, water engineering, and

water knowledge have been critical in shaping the distinctive
forms, patterns, values, and cultural ecology of China's unique

civilization. China's water policy experiments also provide insight
into the potential benefits and limitations of foreign models for
combining engineering interventions, economic incentives, and

management strategies to achieve interrelated water quality,

water supply, and water conservation goals.
Given the magnitude of China's water problems and its long

experience in dealing with them, these new ways of thinking

and acting are being closely watched. The issue at stake is

whether the rhetoric of water sustainability can be effectively

translated into workable programs and policies under increas-

ingly stressful conditions of imbalance in water supply, sharp
variations in water surplus and water shortage over time and

geographic distance, and the rapid deterioration of surface and

groundwater quality.

Here I consider four dimensions of this transformation

process, each of which illustrates some of the unique challenges

and contradictions that Chinese water policyrnakers are address-

ing as they confront the task of developing and managing water

resources in support of the country's economic and technolog-

ical modernization. They are:

• building upon a 1988 Water Law to accommodate new

water resource management concepts and challenges;

• implementing a dramatic policy shift in early 1999 from pri-

6 RESOURCES WINTER 2002 / ISSUE 146

mary emphasis on planned structural engineering interven-
tions to address water supply and control problems, to
recognition of the need for a more comprehensive and diffuse
notion of water as a resource (ziyuanshuili) to be developed and
managed in response to changing market criteria;

• accommodating cultural/historical perspectives on water-
state-society interactions, along with more recent and still-

prominent Marxist theoretical frameworks, while simul-

taneously trying to adopt western market-oriented water

policy instruments to improve the efficiency of water engi-

neering, use, and control; and

• meeting the challenges of modifying indigenous water
science and engineering theory and practice to facilitate

the absorption of foreign technical and institutional
approaches to water policy development.

Legal Issues
Key underlying acsumptions of China's water program are that
the landmark 1988 Water Law must: serve as the regulatory
framework for a system that rationalizes and substantiates water

and the water infrastructure as public economic goods in the tran-
sition to a market economy; and support a redefined, but still
preeminent role for the Ministry of Water Resources (MWR) as
the leading government body responsible for overall water plan-
ning, monitoring, research, and development. MWR also oversees
national-level policymaking and interprovincial policy coordina-
tion, and flood and drought protection and control.

From its preliminary drafting stage in the early 1980s, the
Water Law was assumed to be empowered through ancillary
statutes drafted to address planning and regulatory issues asso-
ciated with specific problem areas like water quality, soil erosion
control, inland navigation, and groundwater protection. To this
end, complementary laws have been promulgated. Currently, to
facilitate basinwide water quality regulation and to improve
coordination of water protection and development initiatives
across administrative boundaries, there are strong appeals for a
water basin law, to be implemented in the seven major river basin
systems.

Since the late 1980s, however, efforts to establish a legal
foundation and Water Law-based program to effectively address
technical, institutional, regulatory, and environmental dimen-
sions of the water economy in the context of socialist

modernization have not come to fruition. There are several rea-

sons for this which illustrate some of the fundamental challenges
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China faces in trying to modify its supply-driven water system,

a legacy of the earlier planned economy, to create a law-based,

economically efficient, and ecologically sound water manage-

ment regime.

A major difficulty is that economic, administrative, and

social support dimensions of the Water Law still reflect a per-

vasive Ministry-promoted culture of active state and party social

guidance and definition of responsibility for water management.

The powerful authority of the Ministry on water protection and

infrastructure development was seldom challenged prior to the

late 1970s, and capital and labor support for key projects was

usually made readily available.

Since then, however, modernization efforts have drawn atten-

tion to many previously neglected problems like nonpoint source

pollution, hazardous waste management, wetland loss, biodi-

versity preservation, and adequate and safe urban water supply.

The current practice of drafting supplementary water-related

laws to address pressing issues is not well-suited in a situation

where there is an urgent need to coordinate scientific and engi-

neering research, and regulatory enforcement and adjudication,

in the face of the overwhelming challenges of urban and rural

water supply, pollution control, and environmental preservation.

Finally, China, along with many other countries and inter-

national bodies, gives lip service to the notion of sustainable water

use as a key policy goal. The assumption is that the Water Law,

with its complementary statutes, will help translate and inte-

grate western management models and experience to

accommodate alien concepts like demand management, mar-

ket-responsive economic optimization, rational pricing, and

institutional power-sharing.

The Engineering-to-Resource Transition

A dramatic shift in water policy thinking occurred in early 1999

with the introduction by the MWR of the resource water con-

servancy or ziyuanshuili concept as a major theoretical and

methodological departure. This represents a distinctive Chinese

perspective on water management. It aims to formally recast

longstanding social and economic criteria for justifying and

measuring the economic and social value of hydropower

resources, as well as the infrastructure for water supply, treat-

ment, control, protection, and distribution. More broadly, the

focus shifted to the concept of "water resources" as it applies to

the China of today.

Key Chinese Terms
Several key Chinese water policy terms are defined below.

Evolving modern Chinese water policy concepts and methods

can be understood only in the context of the specific technical

associations of Chinese water-related terms that linguistically

may have diverse meanings and connotations that reflect their

long historical evolution. For a copy of the article with all of

the Chinese water policy terms spelled out in either pinyin

romanization or Chinese characters, contact the author at

boxer@rff.org.

baohu—protect, safeguard

jieyue—economize (water use)

maodun—contradiction (a fundamental concept in Marxist

dialectical philosophy)

peizhi—deployment (of water resources)

shuili—traditional water engineering knowledge, practice,

and cultural values (literally, water benefits)

shuiziyuankaifaliyong—development and use of water

resources

zhili—control, harness (river)

ziyuanshuili—resource policy-defined water management

(in contrast to traditional engineering-focused shuili)

Wider focus on water as resource, moreover, clearly antici-

pates the need for new institutional mechanisms and policy

instruments. Presumably these will ease the transition from long-

standing reliance on plan-driven guidelines for meeting goals

and evaluating performance to greater provincial and local auton-

omy in choosing appropriate market instruments.

This fundamental policy shift is an essential adjustment that

demands new, non-Marxist theoretical perspectives on the his-

torical benefits of traditional water engineering knowledge,

practice, and cultural values (shuili). It also requires the reshap-

ing of public attitudes and responsibilities toward water as a

resource, thereby promoting new ethical values of protection,

conservation, and improved scientific management to reform

the shuili enterprise in support of the modem socialist market

economy Furthermore, new technical vocabulary and scientific

rationales must extend definitions of shuili engineering benefits

to include newly specified nonmaterial benefits, like ecological

support, improved public health, and recreation, which are

implicit in the ziyuanshuili agenda.

WINTER 2002 / ISSUE 146 RESOURCES 7
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Three main theoretical areas must first be developed to facil-

itate and guide a smooth transition from engineering-dominated

water management thinking to the new ziyuanshuili program.

These include: first, systems thinking to probe the interrelated

roles of water, as a distinct natural, human, and ecological

resource; second, how to delimit and measure the connections

between sustainable use ideas and the real-world physical, eco-

nomic, and social processes that can formally substantiate the

ziyuanshuili program through effective policies; and, finally, the

need to recalculate the physical and social asset values of engi-

neering facilities while incorporating new, largely intangible

health, environmental, and welfare values implicit in the ziyuan-

shuili concept.

History, Dialectics, and Markets
China's ambitious efforts to confront water problems though the
introduction of new laws and policies that seek to wean the water

economy from its familiar planned orientation is a Herculean

task that requires revolutionary policy measures. Given China's

size, its variable and uncertain physical endowments, and the

speed with which the economy is being modernized, it is not

surprising that progress is slow.

The main 21st century water challenges and contradictions

result from population growth, the expansion of industry and

agriculture, growing disparity between water supply and demand

in the north, rampant pollution, and fragmented administrative

jurisdictions. Attempts to overcome them must acknowledge

the historical legacy and cultural imprint of two millennia of tra-

ditional water engineering knowledge, practice, and values, as

well as recognizing a still-present Marxist ideological framework.

This broad dialectical framework contributes in two impor-

tant ways in China to the development of a "socialist market

economy" that can support modern water management poli-

cies. There are contradictions that need to be addressed in

undertaking the transition from a planned to a more realistic

resource perspective on balancing water engineering and pol-

icy needs and priorities. Areas of contradiction (maodun) are clear

and salient in the Chinese context, and include water resource

development and use (shuiziyuanhaifahyong), governance (zhili),
deployment (peizhi), economizing (neyue), and protection

(baohu).

Of these contradictions, deployment is the most crucial

because it forces consideration of how governance can serve as

a key policy link for resolving inherent contradictions in water

development, use, and conservation alternatives while setting pri-

orities for water projects primarily as sources of social and

economic benefits (such as wastewater treatment plants, irrigation

works, and reservoirs) or as protection against hazards (includ-

ing sea walls, flood diversion and drainage works, and dikes).

The fundamental challenge of redefining the shuili enterprise

in market terms is a second, more elusive task. Here, the main

issues are: how to resolve contradictions in thinking about shuili

primarily as a productive commodity in itself where value can

be enhanced through private investment and the auctioning of

land and facilities; or whether the shuili enterprise should pri-

marily become a mechanism and vehicle for the spreading of

benefits throughout the wider socialist market economy through

public health improvement, increased energy generation capac-

ity, cleaner water, and better ecological support.

Science, Technology, and Policy
Since the inception of China's environmental program in the early

1970s, indigenous environmental science research has sup-

ported the development of water-related environmental laws,

policies, and regulations. Studies in marine and aquatic ecology

environmental chemistry pollution biology estuarine studies,

soil science, epidemiology, and other fields contributed effec-

tively to early monitoring, standard setting, and enforcement
work that supported China's incipient environmental mission.

Prior to the flood of foreign contacts that began in the early
1980s, self-reliant Chinese investigators studied diverse aspects
of water and other pollution. Their purpose was twofold: first,
to describe, analyze, and recommend solutions for local and
regional air, water, and solid waste pollution problems; and sec-

ond, to use empirical work to explore, refine, and show the

relevance of Marxist thinking about human-environment rela-
tions to policy development and problemsolving in specific
problem areas. This kind of work was especially noteworthy in
areas like fluvial (stream) dynamics and sediment transport,
marine ecology and aquaculture, phytoremediation, and microbial
degradation of pollutants in textile, petroleum, and other industries.

Self-reliant scientists had to develop their own theoretical
perspectives and methodologies in response to local conditions,
problems, and ideological directions. This resulted, in some
problem areas, in creative insights, imaginative methodologies,

and beneficial results for the environment and public health at

local levels despite increasing pollution and environmental

degradation on a national scale.
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For example, to evaluate water quality and the distribution,

movement, and effects of toxic elements in aquatic organisms

and reservoir sediments, environmental chemists, aquatic biol-

ogists, and "chemical geographers" carried out extensive studies

in the 1960s in the Yang and Sanggan watersheds of northern

Shanxi and Hebei provinces. These studies were designed to

support environmental standard setting and regulation in antic-

ipation of intensified industrial and agricultural development.

The question now is whether Chinese environmental scien-

tists and engineers will still be able to contribute to policy

development imperatives that reflect distinctive Chinese social

and environmental circumstances while employing state-of-the-

art standardized foreign technologies and methodologies. One

emerging problem is that Chinese scientific talent can't be most

effectively used because many Chinese firms and municipalities

cannot afford the technologies necessary for their application.

Also, foreign investors in industrial plants and other enterprises

introduce pollution control technologies that conform mainly

to their own profit-making agendas. They are thus sometimes

insensitive to the need to spend more to adapt the best modern

technologies and processes to provide the most effective bene-

fits in face of unusual environmental challenges in specific

Chinese locales.

Conclusion
The challenges of water policy reform in China today can be

thought of in two primary ways. On the one hand, there is the

problem of assimilating a torrent of recent environmental eco-

nomic theories and methods for achieving the greatest benefits,

at least cost, in developing, using, conserving, and maintaining

the quality of surface and groundwater resources. These ideas

are being widely propagated by a new generation of economists

and engineers, many foreign trained, who avidly seek to address

China's water problems by applying internationally accepted

strategies and methods.

On the other hand, these externally generated policy initia-

tives must make sense in Chinese terms. This means that they

must be made workable in the context of an ongoing, self-

directed, and spirited effort by the Chinese water engineering

and science community to redefine conceptual, technological,

and social rationales for environmentally significant water poli-

cies spawned by the economic, political, and ideological conflicts

of the last half-century

Baruch Boxer is professor emeritus of geography at Rutgers, the State University of New
Jersey, and a visiting scholar at Resources for the Future.
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Are PAarket•Based Instruments
the Right First Choice for
Countries in Transition?
Ruth Greenspan Bell

In recent years, international assistance and lending organizations have
strongly pressed central and eastern European countries to adopt market-
based approaches to solve their environmental problems. However, few of the
institutions necessary to carry out such changes existed or were strong enough
to allow economic instruments to work. A better approach might have been to
emphasize incremental improvements that could have been attained with the
existing institutions.

I t has now been more than 10 years since the fall of the

Iron Curtain. Those of us who closely watched the tran-

sition can vividly recall the excitement and sense of

possibility of those early days.

Environmental activism appeared to be an integral part

of the systemic changes occurring throughout Central and

Eastern Europe. Severe environmental degradation

throughout the region had been an early rallying point

for the democratic opposition, which used it to demon-

strate the failures of state socialism. It seemed logical that

these concerns would translate into a commitment by the

new governments to strengthening environmental pro-

tection and cleaning up the mess left behind. In 1989,

President George H.W. Bush gave a famous speech (at

least in the environmental community) in Budapest that

pledged U.S. help for efforts at environmental rebuilding.
Resources were brought to bear on the environment

from a number of sources, including the European Union's
PHARE program (which assists the applicant countries

of central Europe in their preparations for joining the
European Union), western European countries, the inter-
national financial institutions, Japan, and the U.S. Agency

for International Development (AID). William K. Reilly,

then-U.S. Environmental Protection Agency administra-

tor, was instrumental in writing a commitment to protect

the environment into the charter of the European Bank

for Reconstruction and Development. Bedrich Moldan,

board chair of the Regional Environmental Center for

Central and Eastern Europe (REC), an organization orig-

inally set up with AID funding to support regionwide
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environmental reform, characterized these contributions as

efforts to introduce the best environmental practices and ideas

from the West.'

One issue ripe for examination is the quality and impact of

the environmental assistance that started flowing to the countries

of the former Soviet bloc after 1989. Many western observers and

some central European experts apparently envisioned a tabula

rasa that would support leapfrogging over the mistakes commit-

ted in the name of environmental protection in the west. (Their

aspirations were much like those who apparently thought that

markets in all their aspects would magically appear once com-

munism was removed.) This hope was expresF.Pd, in part, through

a push for the development of new ways to control pollution.

Much attention focused on the development of efficient reg-

ulatory instruments and attempts to avoid the mistakes o

environmental regulation in the west. Many donors and advi-

sors—including the Organisation for Economic Co-operation

and Development (OECD), AID, World Bank, and the European

environment ministers themselves—pushed and continue to

push for the development of economic instruments, such as pol-

lution taxes, marketable permits, and the like. Whether deliberate

or not, the language used to discuss these environmental tools

frequently obscured complex issues. The most notable example

is repeatedly characterizing traditional approaches as "command

and control" and contrasting them with "markets," for an audi-

ence reacting to years of hated central planning. Some advisors

flatly promised that economic instruments would have lower

institutional and human resource requirements than command

and control, a glittering and ultimately incorrect promise in coun-

tries with small and underfunded environment ministries.

Ten years offers time for reflection. With a few interesting excep-

tions, the principal environmental improvements in the former

Soviet empire have been not the result of improved regulatory tools,

but a consequence of the collapse of unproductive state-owned

industries and decreased reliance on heavy industry Meanwhile,

overall environmental institutions remain weak and most of the

new ideas proposed after 1989 have not been implemented. Poland's

substantial domestic investment in environmental improvement

and Hungary's gains in energy efficiency are illuminating excep-

tions of gains made without great social costs.

Despite donor enthusiasm, most countries in the region were

not ready to take on the challenge of environmental reform, for

two primary reasons. The environmental movement no longer

played the catalytic role it had before 1989. When Communist

Party dominance ended, opposition leaders did not need envi-

ronmental camouflage and could move into more direct roles

in political life. The smaller number of people and organiza-

tions that continued to focus on environmental issues were

pushed to the margin. The groups that remained tended to be

top-heavy with technical experts and scientists, who were not

very good at communicating with the broader audiences nec-

essary to change policy.

The effort to move directly to market-
based instruments...is a classic case in

which optimism overtook good sense and
little attention was given to institutional

and social constraints.

Even more fundamentally, exhilaration was eclipsed by the

enormity of the challenges on every possible front—depressed

economies, badly frayed social safety nets, and widespread con-

cerns about social unrest. The extraordinary difficulty of doing

everything at once (including instituting environmental change)

in a time of intense social and economic change was not the

"most conducive ...to furthering the huge constructive and coop-

erative effort of institution building that society [was] now

challenged to perform."'

Introducing Market Mechanisms
Even as it became apparent that most countries in transition did

not have the resources, motivation or public support to pursue

environmental reform, donors continued, nevertheless, to push

them toward the adoption of sophisticated tools. The effort to

move directly to market-based instruments is worth examining

as an illustration of the disconnect between hopes and expec-

tations and on-the-ground conditions. It is a classic case in

which optimism overtook good sense and little attention was

given to institutional and social constraints.

What was overlooked was that markets do not act in a vac-

uum; institutions do matter for economic instruments, as they

do for all tools of environmental protection. The example of emis-

' Europe After 10 Years of Transition, Speech at the REC on June 18, 2000.
http://www. rec.org/REC/Progra ms/lOth_a nn iversa ry/Speech. htrnl
Elster, Offe, and Preuss, Institutional Design in Post-Communist Societies.
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sions trading, which was pursued in a number of countries and

was the subject of several regionally based efforts, illustrates the

gulf between advice and implementation.

One of the key motivations for industry to want emissions

trading has been the economic pain firms have suffered from

investing in compliance, which in turn is at least partly related

Government transparency was not a hall-
mark of the Soviet bloc governments, nor

is it particularly a European tradition.

to a clear expectation of consistent and reliable enforcement.

When firms have to grapple with the reality—rather than the

theory—of environmental regulation, they develop a good grasp

of what are the real costs to them of regulation, and of what it

takes, at a practical level, to achieve compliance. There is little

evidence of industries theoretically coming to the conclusion

that emissions trading will be a cheaper way of achieving com-

pliance than directed regulation. Why try to save money on

regulation if you are not expending any to begin with and don't

expect to in the future?

However, the environmental regulatory systems of the Soviet

bloc countries were weak institutions. Laws were not the most

important motivator of firm behavior and in any case were rid-

dled with formal and informal exceptions. The state controlled

everything and rewarded production over other values. Indus-

try had not been hit on the head with the hard realities of

environmental compliance. This is beginning to change in a few

of the countries in transition. But even today in most of these

countries, environmental enforcement is no more rigorous than

it was during the Soviet period, and likely weaker because of

the general confusion.

A second institutional requirement for emissions trading to

work is very clear knowledge—not guesses—of what pollution

each plant is discharging to the environment. Believable end-

of-pipe monitoring assures that real, not imaginary, pollution

reductions are being traded. But monitoring throughout the for-

mer Soviet bloc most often emphasized ambient measurements

over end of pipe, and, in any case, was not consistent. In truth,

no one could be sure what particular factories were emitting and

whether they were meeting their discharge requirements. One

could make estimations using the sulfur content of coal, but the

12 RESOURCES WINTER 2002 / ISSUE 146

accuracy of the estimations would depend on a number of

assumptions, including that the control equipment had been

turned on and had been maintained—not a trivial issue in the

countries in question. The environmental equivalent of "trust

but verify" was missing.

Lack of Transparency
A whole series of measures and institutions are necessary to keep

emissions trading honest. One of the most important in the

United States is transparency. Permit requirements, emissions

data, and the transactions themselves are all available for inspec-

tion by the public, including the firm's competitors. In the United

States, where environmental regulation is a very contentious sub-

ject, this has helped to create a level of trust, a necessary predicate
if government regulators, economic competitors, nongovern-

mental organizations, and the public interest community are

going to go along with unconventional programs.

Government transparency was not a hallmark of the Soviet

bloc governments, nor is it particularly a European tradition.

Nine years into the transition, some of the countries in transi-

tion signed the Aarhus Convention in 1998, agreeing to increase
their citizens' opportunities to obtain environmental informa-
tion on demand. These countries are struggling with the nuts

and bolts of implementation. It may be that emissions trading
programs can work without as much transparency as the United
States demands; in many countries, the public is more tolerant
when industry and government sit down to negotiate. But it is
clearly an issue that architects of any trading program must consider.

The connection between transparency and emissions trad-
ing is a particularly sensitive issue in the former Soviet bloc.
Trading is, in some ways, a recognition that one party will be
held to stricter standards than another similarly situated. When
arrangements are made in the sunshine, there are fewer reasons
to be concerned that these differentials will creep toward cor-
ruption. However, given their experience over the past 45 years,
most citizens in the countries in transition are acutely aware how
quickly this can happen.

In the mid-1990s, a project in Poland developed a legal basis
for granting compliance schedules—essentially an alternative
environmental compliance tool that involves grants of discre-

tion. The Polish Ministry participants spent a considerable

amount of time and energy devising safeguards to be sure that

discretion would not be highjacked to serve the purposes of peo-

ple in power, rather than the environment.
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Need for Legal Systems and Institutions
No firm with any degree of sophistication is likely to participate

in emissions trading programs if transactions are not backed up

by disinterested mediating institutions available to act in a timely

manner to protect a wronged party. Emissions rights are com-

plex intangible property rights and sometimes involve future

rights. Buying and selling them is not the same as buying and

selling apples in a local market. Emissions trading and other com-

plex market-based mechanisms need a viable, reliable legal

system or some analogous set of institutions to ensure the

integrity of trades and protect everyone involved.

These certainly did not exist in the early days of the transi-

tion. Some of the westernmost countries in transition were only

beginning to reestablish a European legal system free of the polit-

ical and economic "'safety valves'—the legal means of last resort

by which Party and state authorities could avoid their own

rules"—that existed throughout the period of Soviet dominance.'

Other countries, particularly Russia and the other parts of the

Union of Soviet Socialist Republics had never really been sub-

ject to the reliable rule of law. While some countries have made

progress in this regard, donor advice on emissions trading did

not distinguish between countries with working legal systems

and those without.

Trading systems are based on a real, rather than theoretical,

understanding of how markets work and of how transactions

are constructed, recorded, and policed—the very institutions of

capitalism. Complex market transactions don't just happen; the

actors must have considerable skills. Before 1989, scholars

throughout the bloc studied non-Marxist economics, but the

actual economy was structured under the rules of state socialism.

Industrial managers had been tutored in the old systems. They

were not motivated by profit and loss, not held to western

accounting principles, and not responsive to shareholders or the

stock market. In general, they lacked the kinds of skills normally

applied in complex emissions trading systems. The last 10 years

have introduced masters of business administration programs

and practical market experience, but not without a great deal of

pain. A few countries retained a trading mentality that was

reflected in small businesses, but, in general, industry has faced

a steep learning curve and was not ready, certainly in the early

part of the transition, to take on market-based environmental

responsibilities.

'The phrase is Daniel H. Cole's in Instituting Environmental Protection: From Red b Green in Poland.

In sum, not only was there no tabula rasa, but there also were

considerable although varied histories to overcome and institu-

tions to build throughout the countries of the former Soviet bloc.

The key elements—monitoring, transparency, a working legal

system, and a realistic incentive to trade—were nowhere to be

found. Scholars can debate whether the single-minded push of

some donors to concentrate such intense efforts on developing

sophisticated, market-based environmental regulation was a dis-

service, diverting energy from efforts that might have been more

productive.

Industrial managers.. .were not motivated
by profit and loss, not held to western

accounting principles, and not responsive
to shareholders or the stock market.

In any case, pushing inexperienced governments prema-

turely toward highly sophisticated environmental policy tools

was not the only miscalculation by the donor community.

Another was the emphasis placed on drafting new state-of-the-

art environmental laws without apparently giving much thought

to the existing laws and how they operated, much less to what

the countries could actually manage in terms of the resources

and experience they could bring to bear in implementing the

new laws.

My purpose here is not to argue against the use of market-

based instruments. I don't advocate throwing the baby out with

the bath water. Rather, I am arguing that market-based instru-

ments were done a disservice when the OECD, World Bank, and

others pushed these tools too hard and too fast in countries that

were institutionally unprepared to implement them. The power

of these instruments may have been trivialized when the experts

were less than candid about the total package.

If environmental professionals in the countries in transition

were led to believe that they could make this leap without at the

same time constructing supporting institutions, the cause of

environmental protection itself may have been dealt a blow by

the disappointments that followed.

If the notion of a great environmental leap forward was not

sensible, what approach might have worked better? Certainly

the old system could not be left in place. An emphasis on incre-

mental improvements in pursuit of pragmatic goals might have
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been smarter, particularly one that helped to build a transitional

system that would have taken account of existing capabilities

and institutions. This might have resulted in real, although small,

initial environmental gains, and might have been accomplished

without losing sight of the ultimate goal of developing the most

efficient ways to manage the environment. Another construc-

tive approach would have elevated the importance of institutional

reform in the advice rendered on economic instruments.

The donor community also needs to rethink its way of doing

business. Formulaic advice should be replaced with crafted

responses that explicitly recognize the varied conditions in each

country that would support reform. Donors need to do their

homework, as well, which means getting to know each coun-

try in a very different way than they have in the past.

The importance of examining these issues today is not only

a question of historical review. Many of the same countries that

were the subject of environmental assistance efforts are trying

to enter the European Community. They will be required to

incorporate into their environmental practices many highly

sophisticated tools, layering them on to still-weak, thinly staffed

domestic environmental institutions. Moreover, the same donors

continue to urge countries with weak institutions in other parts

of the world to adopt highly sophisticated tools for environ-

mental protection. It would be wise to consider the lessons of

environmental assistance in the countries in transition, as oth-

ers embark on these new challenges.

Ruth Greenspan Bell is director of RFF's program for International Institutional Development
and Environmental Assistance.
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50 YEARS OF PATH-BREAKING RESEARCH

2002 marks our 50th anniversary. Throughout the year, we'll be taking a look at past achievements, hearing

from special members of the RFF family, and keeping you up to date on upcoming anniversary events.

Reflections
As part of our anniversary celebration, we have asked members of

the RFF family to reflect on their ties to the organization. Joel

Darmstadter joined RFF in 1966. His principal research and writ-

ing has focused on various aspects of energy economics and poli-

cy. He continues to pursue these topics on a part-time basis as a

senior fellow and resident consultant.

My son periodically asks, "Dad, why, at your age do you

bother to go to work?" Along somewhat mischievous lines,

I point out to him that the opportunity

cost of chucking it all — that is, having

to subscribe to the New York Times and

the Economist and invest in a better

home computer — is not to be viewed

lightly. But I know this response does

not convince.

The more reflective — and, I like to

think, honest — answer to his questionJOEL DARMSTADTER

is difficult to render entirely cliché-free: it is hard to imag-

ine being surrounded by a more collegial, bright, able, and

friendly group of people. The work at RFF — whether I'm

involved in it or not — is almost invariably interesting and

often relevant to what I view as important policy issues, no

matter that some of those policies emerge clearly only with

the passage of time.

Looking back poses challenges — singling out partic-

ular milestones runs a risk similar to identifying your

favorite piece of music or the best book of the year: you

wonder if you have neglected something that deserved

equal, if not, higher billing. Experiencing the presence

and scholarship of seminal — for once, that overused

adjective applies — researchers like Allen Kneese, John

Krutilla, and Marian Clawson was an obvious reward to

working here. Another major reward came in 1978,

when RFF made a successful transition from depending

RFF's Reunion
As part of our anniversary celebrations, we are hosting a

reunion for current and former Board members, staff, University

Fellows, and dissertation and fellowship award winners.

When: Thursday and Friday, April 18 - 19

Where: RFF headquarters in Washington, DC

Events include a conference on public health and the envi-

ronment (held in conjunction with the spring meeting of the

RFF Council), a Washington, DC-area outing, and a reunion

dinner in RFF's beautiful courtyard.

In conjunction with the reunion, we are compiling a directory

of RFF alumni. Please visit www.rff.org/50 and complete the

Alumni Contact Information Update Form, even if you are

unable to attend the reunion. The directory will be distributed

to everyone who responds.

For more information, visit www.rff.org/50 or contact RFF's

Susan Johnson Doyle at 202-328-5038 or doyle@rff.org.

on the Ford Foundation for institutional support to func-

tioning as a viable and independent research organization.

But, in this age of media-hype and sound bites, it's

almost axiomatic that RFF's dispassionate research tends

to produce nuanced findings rather than the black-and-

white results that are the bread-and-butter of TV network

news. At the same time, we can't ignore the necessity of

news coverage and dissemination. We have to, and we

are, finding effective media avenues that do justice to

RFF scholarship, such as the Washington Post, C-SPAN,

and NPR, to name just a few. I find myself pleased by the

strides we're making in getting our message to those who

ought to hear it.
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The Best of

RESOURCES
IN EACH ISSUE, WE'LL BE HIGHLIGHTING ARTICLES FROM

RESOURCES THAT HAVE STOOD THE TEST OF TIME.

A DISPOSABLE FEAST
Hans H. Landsberg

More than 30 years ago, our esteemed colleague Hans Landsberg

(who passed away in October 2001) shared, with his trademark

eloquence, his perspective on environmental problems and the role

of economic incentives in their alleviation. Since then, society has

made some progress in implementing the reforms that Hans saw

as necessary but his analysis remains apropos.

Like most of the problems confronting

modern man, environmental pollution as a

whole resists swift and simple solutions.

There is no single cause lending itself to a

single cure. Rather, each separate problem,

such as air pollution, is a synthesis of several

others, all springing from multiple causes.

Much of the current discussion on the envi-

ronment, however, reveals little or no under-

standing of those complexities.

The desire to ferret out causes and to

swiftly apply remedies has led to speculation

about several isolated factors as single deter-

minants of environmental deterioration.

Rapid population growth has been placed at the head of

the list — an assignment that deflects attention from fac-

tors of more immediate bearing further down the list or

absent from it altogether.

While population growth is likely to aggravate envi-

ronmental problems in the long run, to consider the

reduction of fertility as the sole response to present prob-

lems is to consider a woefully inadequate solution.

Effective national measures for enhancing environmen-

tal quality must be based on knowledge of the complex

and interacting processes that actually cause pollution.

These combined processes — the major determinants

of environmental pollution in the United States today —

can be stated simply: high per-capita consumption based

HANS H. LANDSBERG
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on high per-capita income, combined with sophisticated

and powerful technologies. Some elements of this com-

bination have been recognized and singled out as villains,

but as a formula it is incompletely understood.

Electric power generation — a favorite contemporary

villain — illustrates the point. Ninety percent of the

growth in power generation in the last 30 years has been

caused by higher per capita consumption and only 10%

by population growth. Were we to consider anything

above the 1940 level of electric power generation incom-

patible with sound environment, we would be unable to

tolerate a U.S. population today of more than 20 million,

assuming current per-capita consumption. Or, taking the

present population for granted, we would have to slash

per-capita consumption by 90%.

Technology-induced problems pose far more complex

challenges. They form a spectrum, extending from nui-

sances, inconveniences, and insults to our aesthetic sen-

sibilities all the way to potential threats to the

life-supporting capacity of the earth. Similarly,

the remedies range from fairly simple and

cheap technological and institutional modifi-

cations to exceedingly costly ones involving a

wholesale revamping of our way of life.

A given technology takes on "good" or

"bad" characteristics according to its time,

place, and purpose. The internal combustion

engine, for example, did not come under

indictment as a polluter of air until recently,

but preoccupation with the motor vehicle as a

safety hazard goes back to its very beginnings.

Our economic structure is based on a market system

using costs, prices, and profits as guides to resource allo-

cation. Few would contend that it is free of defects. But

there has been no other system in history — nor is there

one on the horizon — that has managed so well, at the

least cost, to allocate resources among myriads of possi-

ble and competing end-uses.

THE CHALLENGE OF WASTE DISPOSAL

When it comes to disposing of wastes, however, we have

no semi-automatic controls analogous to those regulating

production and consumption. Indeed, here the system

often works in reverse. Striving for the least cost for them-

selves, producer and consumer both tend to dispose of

1
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waste in ways that impose the greatest cost on society. In

short, the market economy is a reasonably satisfactory

organizing principle for allocating resources in produc-

tion, but it does not help us and often hinders us in

organizing the handling of wastes at the least cost to society.

Until recently this deficiency was of little significance.

In earlier times, the capacity of the environment to assim-

ilate waste was adequate for the then-prevailing levels of

population, income, and technology. Consequently, the

environment could legitimately be treated as a "free

good," and limitations on its use were not necessary.

Any organizing principle of production — other than

one that explicitly assigns a value to environmental fac-

tors — will tend to use these cost-free aids of production

so intensively that eventually symptoms of excessive use

appear — namely, pollution. Pollution will tend to occur

sooner where incomes are high (and per-capita produc-

tion and consumption are also high) and later where

incomes are low. Any economic system, however, can be

made to respond to environmental considerations, and

that is the real challenge.

Economic growth need not consist of extras, frills, and

planned obsolescence. It can also consist of public goods,

including improved environmental quality. Economic

growth should stand for increased options for everybody.

In principle, therefore, it is something to embrace. It

means moving from spending 70% of the household

budget on food, as in much of Asia, to spending less than

20%, as in this country.

Then there is the corporation. Since it lives by the

profit motive, it obviously exploits any cost-cutting oppor-

tunity, especially free use of the environment. But this

opportunism is not unique to the private corporation.

The Soviet Steel Trust behaves exactly as U.S. Steel does.

In both instances, only the imposition of specific con-

straints on the producer brings about consideration for

the environment.

The imposition of charges high enough to compen-

sate for environmental damage would stimulate a search

for a technology that would help the corporation reduce

these charges or escape from them totally. But air, water,

and land pollution are alternative ways of managing

waste disposal; hence the charges must be structured to

prevent the air polluter from turning around and becom-

ing a water polluter, or vice versa.

3
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With this qualification, there is no reason to believe

that competition cannot become a help rather than an

obstacle to environmental enhancement. In the search

for new policies we have barely scratched the surface.

The corporation, after all, has come to terms with indus-

trial safety, with minimum wages, with the end of child

labor, and with many other institutions that are not in its

short-run interest but that society has imposed an it.

It is a perfectly valid contention that the corporation

can be made responsive to policies designed to protect

the natural environment. The real difficulty lies in trans-

lating concepts into a working system.

This article was condensed from the original, which ran in the June 1970

edition of Resources.
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The five-year study by Resources for the Future applies
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THE ECONOMIST (2/14/02)

"The RFF approach seems best; it forces politicians to

say what prices society should be willing to pay to
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Discounting the Benefits of
Climate Change Policies Using
Uncertain Rates
Richard Newell and William Pizer

Evaluating environmental policies, such as the mitigation of greenhouse gases,
frequently requires balancing near-term mitigation costs against long-term
environmental benefits. Conventional approaches to valuing such investments
hold interest rates constant, but the authors contend that there is a real degree
of uncertainty in future interest rates. This leads to a higher valuation of future
benefits relative to conventional methods that ignore interest rate uncertainty

Most environmental policies involve a trade-off

between short-term costs and longer-term benefits.
Investments in cleaner technologies, for example, require
up-front expenditures that lead to future environmental
improvements. Climate change presents a dramatic need
for balancing costs and benefits over time because the

benefits of mitigation measures are linked to the lifespan

of greenhouse gases (GHGs), which may remain in the

atmosphere for centuries.

How do we compare costs and benefits that are sep-

arated by many decades or even centuries? When an

individual saves for retirement, or a business invests in

new equipment, the market interest rate allows us to con-

vert costs and benefits at different points in time into

comparable costs and benefits at a single point in time.

This procedure is known as discounting.
But few markets exist for assets with maturities

exceeding 30 years, making the interest rate beyond that

horizon highly uncertain. This uncertainty has impor-

tant consequences for the valuation of distant benefits

from current policies, yet it has been virtually ignored.
We start by using one of several available models that

estimate the time-profile of the benefits associated with
reducing one ton of carbon emissions in the year 2000
see Figure 1. Regardless of any disagreement about the
magnitude of climate consequences, the figure depicts a
sensible pattern of mitigation benefits—a delayed, then

an increasing, and finally a declining effect, as the climate

adjusts first to the increase in carbon dioxide (CO2) and

then to its gradual decay. It turns out that only the over-

all shape of the path of benefits, not the magnitude,

matters for our analysis of the effect of interest rate uncer-

tainty.

The standard approach is to convert the model's path
of benefits into equivalent discounted values in 2000,

based on a single interest rate, and add them up. Applying
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Figure 1: Time Profile of Benefits from Reducing 1 Ton of Carbon Emissions in 2000
Nob: Based on William Nordhaus' Dynamic Integrated Climate Economy (DICE) Mode/

an interest rate of 4%—the average rate of return to government

bonds over the past 200 years—one obtains a discounted value

of about $6 per ton. This value can be balanced against mar-

ginal mitigation costs to determine optimal reductions or directly

interpreted as the optimal tax on CO2 emissions.

Despite the appealing simplicity of that approach, no one

knows whether the interest rate will be 4% for the next 400 years.

How, then, can we calculate the value of tomorrow's benefits in

today's dollars?

Discount Rates
The term discounting arises because individuals typically value

future consumption less than present consumption—they dis-

count the future. Discounting is tied to the interest rate, which

reflects the rate at which wealth can be traded across time. For

example, investing $100 at 7% yields $107 at the end of the

year. That $100 today can be traded for $107 next year indi-

cates equivalence between these values. One would say that the

future (next year) is discounted at 7%.

The investment criterion used in business provides another

way of looking at the rationale behind discounting. Here's an

example. Let's say private firms can borrow funds at 7% inter-

est. If $100 invested in research or equipment yields a net pay-off

of more than $7 every year, they can repay creditors and have

something left over. Otherwise, they lose money. This is the net

present value rule: if the net benefits from a project discounted

at 7% are greater than zero, the project is desirable.

Enter taxes. Because individuals pay up to 50% in federal,

state, and local income taxes on their 7% pretax return, their

actual return is closer to 4%. This consumption rate of interest

is a measure of the rate at which people trade off their spend-

ing over time. Individuals can forgo consumption today, invest

the money, and consume the after-tax proceeds from the invest-

ment at some future date.

The type of investment raises another complication, because

riskier assets compensate investors by paying a higher rate of

return. Thus, while equities have had an average return of about

7%, bonds have had an average return of only 4% before and

2% after taxes. To separate risk from discounting, we need to

identify low-risk investments. Government bonds are consid-

ered very safe and a benchmark for the consumer interest rate

absent any risk premium.

Applied 400 years into the future, however, the 2%-7%

range of plausible discount rates has a corresponding difference

in discounted values of 200 million-to-1. On top of this enor-

mous variation depending on the choice of rate, we must

consider how these rates may change in the future.

Consider the history of interest rates on long-term U.S. gov-

ernment bonds (Figure 2). Treasury bonds represent the

highest-quality, lowest-risk market investment consistently avail-

able in the United States over the past 200 years. There have

been persistent fluctuations in the real interest rate over the past
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Figure 2: Market Interest Rate on U.S. Long-Term Government Bonds (1798-1999) (adjusted for inflation)

200 years, and it should not be surprising if interest rates con-
tinue to change by 3% or more—up or down. We need to
evaluate the impact of this behavior on future valuations.

The Effect of Uncertainty on Future Valuations
Suppose we all agree that the current discount rate should be
about 4%, based on the average market return to government
bonds. Arguably, future rates might decline to as little as 1% over
the next 100 years—or rise to 7%. If they fall to 1%, $100 dollars
in 2100 is worth $20.28 today. But if they rise to 7%, $100 in
2100 is worth only $0.20 today. Placing equal weight on these two
outcomes, the expected value of $100 in 2100 would be $10.24.

Now consider the same analysis for the present value of
$100 in 2101—just one year later. Based on a rate of 1% in 2100,
the $20.28 would be worth only $20.08 (20.28 ÷ 1.01 = 20.08).
Similarly, at 7% in 2100, the $0.20 would decline to $0.19 (0.20
÷ 1.07 = 0.19). Averaging these results, the expected value of
$100 delivered in the year 2101 would be $10.13. The expected
value thus declines by 1% (10.24 ÷ 10.13 = 1.01).

That is, with equal probability on 1% and 7%, the effective
discount rate is very close to the lower value, not the average of
the two values. As it turns out, it is discount factors, not dis-
count rates, that one should average—and this distinction makes
a big difference for long time horizons. (Discount factors mul-
tiply future values to convert them into today's dollars.)

Why does one effectively use the low rate rather than the

average? Intuitively, discounting benefits 100 years hence
depends only on the lower rate because the higher rate discounts
future benefits to such an extent that they add very little to the
expected value. The expected value of $10.24 almost equals the
value when the rate falls to 1%, $20.28, multiplied by the prob-
ability of that outcome, 50%. In fact, the expected value would
be virtually the same if the high-value interest rate were 10%
or 110%—instead of 7%. In this way, the change in value
between periods comes to depend solely on the lower rate.

Next we need to model the fluctuations in interest rates. Do
they take "random walks"? That is, just as when a drunk mean-
ders down the street, his movement is random, and wherever
he is now, that is the best guess about where he will be in the
future. We might therefore assume that current rates represent
the best estimate of future rates. Or do interest rates, whatever
their short-term random movement, tend to revert to a long-
run average or "mean"?

Unfortunately, the statistics neither confirm nor reject either
model, and yet the choice makes an enormous difference. Under
the mean-reverting model, which assumes that interest rates can-
not remain high or low indefinitely, uncertainty about future interest
rates has a much smaller effect on future valuation. Although the
random walk model is more compelling to us, we report results
for both models because subjective opinions could differ.

Based on statistical estimation of historical interest rates, we
can simulate future interest rate paths. We repeat this process
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Table 1. Value Today of $100 in the Future

Years in future Discounted rate model

Constant 4%

0 S100.00
20 45.64
40 20.83
60 9.51
80 4.34
100 1.98
120 0.90
140 0.41
160 0.19
180 0.09
200 0.04
220 0.02
240 0.01
260 0.00
280 0.00
300 0.00
320 0.00
340 0.00
360 0.00
380 0.00
400 0.00

Value relative to constant discounting

Mean reverting Random walk Mean Reverting Random walk

S100.00
46.17
21.90
10.61
5.23
2.61
1.33
0.68
0.36
0.19
0.10
0.06
0.03
0.02
0.01
0.01
0.01
0.00
0.00
0.00
0.00

tens of thousands of times, each time drawing a different ran-

dom path. Finally, we can make future benefits comparable with

current costs by using a discount factor that translates future

dollars into today's dollars. From the simulations, we have tens

of thousands of equally plausible values for the discount factor

at a particular point in the future. Common sense-and indeed

economic theory-would tell us to average them to find an

expected discount factor and, multiplied by the valuation in the

future, an expected present value.

Table 1 presents our estimates, under both models, of discount

factors over the next 400 years based on a 4% return in 2000 and

using historical data on long-term government bonds to quan-

tify interest rate uncertainty. For comparison, we present discount

factors from a constant 4% rate. Discount factors are expressed

in terms of the value today of $100 provided at various points

in the future-that is, the discount factor multiplied by 100.

After only 100 years, conventional discounting at a constant
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S100.00
46.24
22.88
12.54
7.63
5.09
3.64
2.77
2.20
1.81
1.54
1.33
1.18
1.06
0.97
0.89
0.83
0.78
0.73
0.69
0.66

2
2
2
3
3
4
5
7
11
16
26
43
74
131

2
3
4
7
12
21
39
75
145
285
568

1,147
2,336
4,796
9,915

20,618
43,102

4% undervalues the future by a factor of 3 compared with the

random walk model of interest rate behavior. After 200 years,

conventional discounting is off by a factor of about 40. After 400

years, it is off by a factor of more than 40,000. The mean-revert-

ing model produces less dramatic yet still significant results,

raising the discount factor by a factor of about 130 after 400 years.

We also run the numbers starting from initial interest rates

of 2% and 7%-our upper and lower bounds-in the random

walk model and find that the relative effect of interest rate uncer-

tainty rises as the initial rate rises. For example, the effect after

400 years raises the valuation by a factor of 530 million based

on an initial 7% rate, but the factor is a little over 100 based on

an initial 2% rate. Intuitively, the effect must be smaller for low

discount rates because the range of possible lower rates (0-2%)

is narrower.

The difference between valuations using different initial rates

is generally smaller when uncertainty about future rates is incor-
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porated. The ratio of discount factors using a 2% versus a 7%

initial rate (based on the random walk model) becomes about

40 after 400 years. Though still substantial, that compares favor-

ably with a factor of 200 million based on constant discount

rates. In other words, the effect of uncertainty renders the choice

of discount rate less important

Valuing Future Climate Change Consequences
We can now apply our uncertainty-adjusted discount factors to

the consequences of climate change caused by CO2 emissions.

Take the estimated benefits every year in the future due to a one-

ton reduction in CO2 emissions in the year 2000, multiply by

the discount factor for that year, and sum. The results are shown

in Table 2.

Based on a random walk model and an initial rate of 4%,

uncertainty about future interest rates raises the estimated pres-

ent value of reducing carbon emissions from about $6 per ton

to $10—an increase of more than 80%. Using the mean-revert-

ing model, we find a more modest effect of about 14%. An initial

rate of 7% yields a 95% increase, and an initial rate of 2% yields

an increase of about 55%. This result—that the relative effect of

uncertainty is larger when the initial rate is higher—reflects the

greater opportunity for uncertainty to lower rates (versus a low

initial rate that simply cannot go much lower).

Because we focus on a 400-year horizon, our results are con-

servative; extending the horizon further into the future intro-

duces damages that are counted more heavily in the presence
of uncertainty. Applying the uncertainty-adjusted discount fac-

tors to longer-lived GHGs (such as methane or sulfur

hexafluoride) or including catastrophic or permanent events

(including species loss) also generates larger increases in dis-

counted climate damages because the consequences would be

more heavily concentrated in the future. In general, the greater

the proportion of benefit flows occurring in the distant future,

the greater will be the error introduced through discounting that

ignores uncertainty in the discount rate itself.

Conclusion
The evaluation of environmental policies frequently requires bal-

ancing near-term mitigation costs against long-term environmental

benefits. To make these costs and benefits comparable, economic

theory suggests discounting future consequences based on the

market rate of return to investment. In this way, one gains assur-

ance that environmental policies provide welfare improvements

that are at least as good as other productive activities.

Here, we have considered the effect of uncertain future interest

rates on the valuation of future benefits. Because unexpectedly low

discount rates raise valuations by a much larger amount than unex-

pectedly high discount rates reduce them, uncertainty raises future

valuations relative to analyses that assume a fixed discount rate.

Table 2. Expected Discounted Value of Climate Mitigation Benefits (per ton Carbon)

Benefits from 1 ton of
carbon mitigation

Relative to
constant rate

Government bond rate Constant 4% rate S5.74
(4%) Random walk model S10.44 +82%

Mean-reverting model S6.52 +14%

2% rate Constant 2% rate S21.73
Random walk model S33.84 +56%
Mean-reverting model 523.32 +7%

7% rate Constant 7% rate 51 .48
Random walk model S2.88 +95%
Mean-reverting model SI 79 +21%
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After studying past interest rate behavior, simulating uncer-

tain rates in the future, and computing discount factors for

various time horizons and alternative base rates, we have found

that valuations rise and the effect of uncertainty is larger for higher

base interest rates. Comparing the discount factors directly, we

conclude that the valuation of future benefits is less sensitive to

the choice of initial discount rate when uncertainty is taken into

account.

Because today's environmental decisions affect future gen-

erations, many economists have argued that it is unethical to

discount the well-being of future generations. Others have

argued that the intergenerational discount rate need not equal

the rate used by individuals within their own generation. These

arguments have led to a tendency to simplify the problem by

applying lower rates over longer horizons. Long horizons, how-

ever, eventually become short.

We find that using market rates between 2% and 7% and

accounting for uncertainty lowers the effective discount rate

such that all generations are essentially treated the same after a

certain horizon. In that sense, our findings can be viewed as an

argument for intergenerational equity that originates from con-

ventional economics.

Using conventional discounting techniques to value bene-

fits over hundreds of years renders future benefits insignificant

and, to many people, that somehow seems "wrong." Our results

show that constant discount rates do in fact undervalue the ben-

efits of GHG abatement measures. We can at least partially

address that problem—without abandoning conventional eco-

nomic theory—by viewing future interest rates as uncertain.

Richard Newell and William Pizer are fellows at Resources for the Future (RFF). Greater techni-
cal detail on the approach and results described in this paper are given in RFF Discussion Paper
00-45 and in a report published by the Pew Center on Global Climate Change (see For more
information").
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Weitzman, M.L. 1998. Why the Far-Distant Future Should Be Discounted at Its Lowest Possible Rate. Journal of Environmental Eco-

nomics and Management 36(3): 201-208.

20 RESOURCES WINTER 2002 / ISSUE 146

 JIM



INSIDE RFF

RFF Welcomes Three New Members of the Research Staff:
Spencer Banzhaf, Majid Ezzati, and Michael Margolis
Spencer Banzhaf comes to RFF with a
Ph.D. and master's in economics, both
from Duke University. He's worked as a
consultant-in-residence and an economist
for Triangle Economic Research.

Banzhaf's work focuses on the eco-

nomic valuation

of environmental

quality and the

potential for

introducing such

values into eco-
nomic accounts,
such as the Con-

sumer Price

Index. "Over the
next year I plan to continue this work," says
Banzhaf, "while also studying how the ben-
efits from environmental improvements are
distributed across society"

Majid Ezzati holds Ph.D. and M.A.

degrees in science, technology and envi-
ronmental policy from Princeton
University and a master's degree in electri-
cal engineering and a bachelor's degree in

electrical and computer engineering from

McGill University.
Before joining RFF, he held a Global

Health Leadership post-doctoral fellow-
ship in the World Health Organization's
Epidemiology and Burden of Disease Unit,
where he con-

ducted research on

the contributions

of socioeconomic,

environmental,

behavioral, and

physiological risk

factors to global

and regional bur-

den of disease. Majid Ezzati

Spencer Banzhaf

While at RFF, Ezzati will conduct
research on the health effects of indoor air
pollution from household energy use, the
role of energy and other household level

technologies in reducing disease burden,

strategies for successful technology trans-

fer, and quantifying the disease burden

associated with different risk factors and the

benefits of intervention programs.

Michael Margolis holds a Ph.D. in eco-
nomics from the University of Wyoming.
He also served as a post-doctoral research
associate at the university. Before begin-
ning his post-graduate studies, Margolis
worked as a reporter for the Del Rio News
Herald.

Of his work at RFF, Margolis says, "I'll

be looking at several reasons people worry
about the economic

integration of the

planet—food safety,

invasive pests, and

poor control of

pollution and nat-

ural resource use.

These and other

factors give rise to
real costs of trade,

and we have only a very sketchy idea
of how those costs compare to the benefits

of trade."

Michael Margolis

All photos: Sylvia Johnson Photography

Correction
In the Fall 2001 issue of Resources, the bio
for RFF board member Lawrence H. Lin-
den incorrectly stated certain facts. He has

been a managing director at Goldman

Sachs and Co. since 1996, where he is
co-chairman and chief operating officer of
the firm's Global Compliance and Control
Committee. He was a general partner of
Goldman Sachs from 1992 to 1999. Linden
worked at McKinsey & Co. from 1983 to
1992, rising to tile rank of partner in 1988.

Summer Internships
RFF is now accepting applications for its
2002 summer internships. Approximately
a dozen students will be selected to work
directly with RFF researchers on a variety
of ongoing projects or assist in developing
new areas of research and policy analysis.
A modest stipend will be offered for an
average 10-week assignment.

RFF seeks candidates in the social or
natural sciences with policy analysis expe-
rience, excellent writing skills, and an

interest in complex policy problems that
lend themselves to interdisciplinary analy-
sis. Two of RFF's research divisions, Energy

and Natural Resources (ENR) and Quality
of the Environment (QE), additionally

require a strong background and an inter-
est in economics and quantitative methods.
The Risk, Resource, and Environmental
Management (RREM) division, RFF's third
research division, seeks students with a
strong interest in public policy

Applicants may apply to one or more
RFF division by submitting the following
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materials: cover letter describing interests,

resume, photocopy of a recent transcript,

and letter of recommendation sent directly

to RFF by a faculty member. Applicants

should specify which division they are

applying to in the cover letter. Students

applying to RREM should also send a brief

writing sample.

Internships begin in June and run

through mid-August. All materials can be

faxed to 202-939-3460 or mailed to:

Reaching Out
RFF's researchers continue to bring their

work to the world at large. The following is
just a sampling of RFF outreach efforts over
the last few months.

Molly Macauley attended meetings of

the NASA Administrator's Space Science

Advisory Committee and led discussions on

measuring performance, public and private

sector roles in technology development, and

the role of the government in basic research.

She was recently inducted into the Interna-

tional Academy of Astronautics.

Howard Gruenspecht talked about why

the United States is unlikely to reduce its

dependence on Saudi oil in interviews with

ABC's Nig htline and the Weekly Standard.

He also was quoted in "Driven Mad by

SUVs" in Reason.

The Christian Science Monitor published an

op-ed by Thomas Beierle and Ruth

Greenspan Bell on how environmental

"right to know" programs have become a

casualty of the war on terrorism. Bell also

gave an invited presentation to the Envi-

ronment Division of the InterAmerican

Development Bank.

RFF
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Resources for the Future, Summer Intern-

ship Program, 1616 P Street, NW,

Washington, DC 20036. Applications to

the ENR and QE divisions should be sent

to the attention of John Mankin; applica-

tions to the RREM division should sent to

the attention of Marilyn Alano. All materi-

als must be postmarked or faxed by 5:00

p.m. on March 15, 2002.

For more information, see our website:
http://www.rff.org/about_rff/internships.htm.

Kenneth Frederick testified on national

water supply issues at a hearing before the

Fisheries, Wildlife, and Water Subcommit-

tee of the Senate Environment and Public

Works Committee.

James Sanchirico gave a lecture on fish-

ery economics and policy at the U.S. State

Department's Foreign Service Institute.

Michael Taylor has written op-eds for The

Christian Science Monitor and the St. Louis

Post-Dispatch on the U.S. role in achieving

global food security and the safety of our

domestic food supply system, respectively.

Karen Palmer and Dallas Burtraw

discussed their work on market solutions to

climate change at a conference sponsored

by Redefining Progress, a California think

tank that focuses on environmental, social

justice, and sustainability issues

Margaret Walls attended an Organisa-

tion for Economic Co-operation and

Development conference in Paris and pre-

sented a paper on solid waste management.



DEVELOPMENT

The RFF Council
Through the generous support of corpo-
rations, individuals, and foundations,
Resources for the Future is able to fulfill its
mission to do scholarly research and pol-
icy analysis on the most important energy
environmental, and natural resource issues
we as a society face. The unrestricted gifts
and grants we receive help us maintain our
ability to do scrupulously independent
work, as well as our reputation as the only
objective source for unbiased information
on often difficult and divisive issues. We
are grateful for the generous support of our
2001 benefactors and are honored to rec-
ognize them in this publication.

The RFF Council recognizes those cor-
porations and individuals that provide
significant annual financial support to the
institution. Corporations give a minimum
of $25,000 annually and individuals,
$5,000 annually. In 2001, Council members
provided more than $2.5 million to RFF to
help ensure that we continue to influence
the development of sound public policies
by injecting new knowledge and reason
into the political debate. More importantly,
Council members provided valuable intel-
lectual leadership to RFF scholars—
providing insight and "real-world" per-
spective on current and emerging research.
We appreciate the support and involve-
ment of all of our Council members.

RFF Council Members
Ernest B. and Catherine Good Abbott
McLean, Virginia

Christopher C. Aitken
Senior Vice President
Consulting Group Director
Salomon Smith Barney

Braden R. Allenby
Vice President
Environment, Health and Safety
AT&T Corp.

Patrick R. Atkins
Director
Environmental Affairs
Aluminum Company of America

Timothy Bent
Director
Environmental Affairs
Bridgestone/Firestone, Inc.

Leslie Carothers

Vice President
Environment, Health and Safety
United Technologies Corporation

George D. Carpenter
Director
Worldwide Health, Safety
and Environment

The Procter & Gamble Company

Emery N. Castle
Director

Rural Studies Program, and
Professor Emeritus
Department of Agricultural
and Resource Economics
Oregon State University
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W A. Collins

Director

Health, Environment and Safety

Occidental Petroleum Corporation

Ged R. Davis

Vice President

Global Business Environment

Shell International Limited

Robert A. Day

Chairman and Chief Executive Officer
The TCW Group, Inc.

John M. Deutch

Institute Professor

Department of Chemistry

Massachusetts Institute of Technology

Martin Durbin

Director

Federal and International Affairs

American Plastics Council

Margaret W Fisher

Falls Church, Virginia

Dod A. Fraser

Sackett Partners Incorporated

White Plains, New York

Robert W and Jill Fri

Bethesda, Maryland

William Frick

Vice President

Health and Environment

American Petroleum Institute

Mary A. Gade

Partner

Sonnenschein Nath & Rosenthal

Darius W Gaskins, Jr.

Senior Partner

High Street Associates, Inc.

Charles H. Goodman
Senior Vice President

Research and Environmental Affairs

Southern Company Generation

Edward E and Ann Hand

Oakton, Virginia

James R. Hendricks

Vice President

Environment, Health and Safety
Duke Energy Corporation

John W Henry

President

John W Henry & Company, Inc.

Dale E. Heydlauff

Senior Vice President

Environmental Affairs

American Electric Power Company, Inc.

Jane M. Hutterly

Senior Vice President

Worldwide Corporate Affairs

S.C. Johnson & Son, Inc.

Thomas C. Jorling

Vice President

Environmental Affairs

International Paper Company

Steven J. Kean

Executive Vice President and Chief of Staff
Enron Corp.

Thomas J. Klutznick

President

Thomas J. Klutznick Company

Raymond J. Kopp

Vice President for Programs
Resources for the Future

W. Mitchell LaMotte

Winnetka, Illinois
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Elliott P Laws
President

Safety, Health and Environment
Texaco, Inc.

Linda and Ken Lay Family
Houston, Texas

James C. Lime

Vice President

Environment, Health and Safety
Pfizer Inc

Lawrence H. Linden
New York, New York

Frank E. Loy
Rome, Italy

Charles E Luce

Bronxville, New York

Daniel Luchini
Littleton, Colorado

Lawrence U. Luchini

Partner and Portfolio Manager
ITS Investments LLC

Steven Luchini
Littleton, Colorado

Paul G. McNulty
Director

Environmental Affairs, Americas
Philip Morris Management Corporation

Joseph Mayhew

Vice President

Technical and Regulatory Affairs
American Chemistry Council

James R. Olson

Senior Vice President
External and Regulatory Affairs
Toyota Motor North America, Inc.

Steven W. Percy

Akron, Ohio

Cassie L. Phillips

Vice President

Sustainable Forestry
Weyerhaeuser Company — Timberlands

Ross Pillari

Vice President

BP Corporation North America Inc.

Paul R Portney
President and Senior Fellow
Resources for the Future

James W. Ragland
Director

Economic Research Group
Aramco Services Company

Stephen D. Ramsey
Vice President
Corporate Environmental Programs
General Electric Company

David Raney
Senior Manager

Environmental and Energy Affairs
American Honda Motor Company, Inc.

R. A. Ridge

Vice President
Health, Environment and Safety
Phillips Petroleum Company

Bernard I. Robertson
Manager

Truck Operations
DaimlerChrysler Corporation

Ernest S. Rosenberg
President

The Soap and Detergent Association

Roger W Sant

Chairman

The Summit Foundation
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Richard Stout

President

Stout & Teague Companies

Edward L. Strohbehn Jr.

Attorney-at-Law

McCutchen, Doyle, Brown & Enersen

Victoria J. Tschinkel

Senior Consultant

Landers and Parsons, PA.

William E Tyndall

Vice President

Environmental Services and Federal Affairs

Cinergy Corporation

Susan Voigt

Vice President

Environment, Health and Safety, and

Corporate Product Quality

Bristol-Myers Squibb Company

Thomas E Walton

Director

Economic Policy Analysis

General Motors Corporation

Lawrence J. Washington, Jr.

Corporate Vice President

Environment, Health and Safety,

Human Resources, and Public Affairs

The Dow Chemical Company

James E. Wolf

Vice President

Government Affairs

American Standard Companies

Martin B. Zimmerman

Chief Economist

Ford Motor Company

Individual donors
Resources for the Future is pleased to rec-

ognize our annual fund donors, whose gifts

help to underwrite the many important

research and public education activities that

constitute the intellectual life of the organ-

ization.

Individual Donors
$100 or more

Anonymous (6)

Mark Aldrich

Robert C. Anderson

Steven C. Anderson

Kenneth J. Arrow

John A. Baden

William T. Battin

Robert P Bedell

Lawrence R. Beebe

Jonathan S. Benjamin

E. Peter Benzing

Joan Z. Bernstein

David Biltchik

Louise and Guthrie Birkhead

Glenn C. Blomquist

John J. Boland

Tim Brennan

Arnold Brooks

Harold Brown

Richard V. Butler

William A. Butler

Daniel Byrd

Shirley R. Caldwell

Frederick W Camp

John M. Campbell

Julia Carabias Lillo

Frank C. Carlucci

Richard T. Carson

Norman L. Christensen

Mark A. Cohen

R. H. Colby

John C. Colman

Elinor Constable

Rebecca A. Craft

Daniel and Lesli Creedon

Pierre R. Crosson

Ralph C. D'Arge

Joel Darmstadter

Joseph and Britt David

W. Kenneth Davis

Robert T. Deacon

Alfred P Dennis

John M. Deutch

Robert Dorfman

Susan J. and Christopher L. Doyle
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Joseph M. Dukert

George C. Eads

Kelly Eakin

Anthony S. Earl

Charles Phillips Eddy III

James R. Ellis

Bernard Eydt

Y. H. Fan

Warren Fisher

A. M. Freeman

William J. Frey

Jeffri H. Frontz

William Fulkerson

Barin N. Ganguli

Jerry D. Geist

William D. George

Richard Goodenough

Lincoln Gordon

John D. Graham

Wayne B. Gray

Bob and Debbie Groberg

Elias P Gyftopoulos

E Henry Habicht

Patrick T. Hagan

Robert I. Hanfling

David Harrison

Kenzo Hemmi

John E. Herbert
Russel H. Herman

William W. Hogan

Oswald Honkalehto

Robert L. Horst

Charles W Howe

Fisher Howe

Harold M. Hubbard

Maynard M. Hufschmidt

Helen Hunt

Leonard S. Hyman

Tohru Ishimitsu

Robert & Ardis James Foundation

Richard W. Johnson

Thomas C. Jorling

Yoshiaki Kaoru

David and Clare Kennell

Donald M. Kerr

James M. Kiefer

Norman V Kinsey

Julia E. Klee

Robert Kling

H. Felix Kloman

Jeff Kolb

Richard Kosobud

Jeffrey A. Krautkraemer

Fumiaki Kubo

Robert C. Lind
Franklin A. Lindsay

Robert E. Litan

Thomas E. Lovejoy

Charles E Luce

Ralph A. Luken

Jim Maddy

Jan W. Mares

Nobuhiko Masuda

Jonathan McBride

Roger 0. McClellan

Charles B. McGuire

John R. McGuire

Mary E. McWilliams

Fredrick C. Menz

Knute M. Miller

Robert C. Mitchell

William Moffat

Herbert C. Morton

Earl Finbar Murphy
William D. Nordhaus

James F O'Grady

Donald Paarlberg

Bruce H. Parker

Edward L. Phillips and Laurel Murphy
Mark A. Pisano

William Pizer

Gregory L. Poe

Neal Potter

Philip M. Raup

Russell M. Ray

William C. Rense

Richard Ridge

Eirik Romstad

Carol M. Rose

William D. Ruckelshaus

Milton Russell

Robert L. Sansom

Theodore M. Schad

John and Jean Schanz

Thomas C. Schelling

Richard Schmalensee

Gunter Schramm

Sam H. Schurr
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Kurt A. Schwabe

Charles Sercu

Sally A. Skillings

V Kerry Smith

Leopoldo Solis

Robert M. Solow

Christopher N. Sonnesyn

Pamela Spofford

Robert N. Stavins

Wilbur A. Steger

Julius Stem

Thomas N. Sterner

Calvin W Stillman

Richard Strombotne

Joseph Swierzbinski

G. Neel Teague

Thomas H. Tietenberg

John E. Tilton

Russell E. Train

Charles L. Trozzo

Aime Trudel

Pan-Long Tsai

Henry Tulkens

Betty Van Der Smissen

CharIs E. Walker

Thomas F. Walton

William D. Watson

David and Vivian Watts

Peter E Watzek

Henry W. Wedaa

Thomas C. Wegge

David L. Weimer

David B. Weinberg

J. Fred Weston

Gilbert F White

John J. Wise

Nathaniel Wollman

Shue Tuck Wong

Edgar P Young
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Corporate Donors

Corporations from across the country and

around the world turn to Resources for the

Future for independent analyses and

recomendations on issues of relevance to

their businesses. Their generous contri-

butions in 2001 are evidence of the growing

need for scholarly, nonpartisan research—

a need RFF will continue to fill in the future.

Corporate Donors

under $25,000

ALLETE

Alliance of Automobile Manufacturers

American Forest & Paper Association

Amtrak

Anheuser-Busch Companies, Inc.

Ashland Inc.

The Cargill Foundation

CF Industries, Inc.

Chevron Corporation

Constellation Energy Group, Inc.

CMS Energy and Consumers Energy

CSX Corporation

Dayton Power & Light Company

E. I. du Pont de Nemours & Company

Eastman Kodak Company

Exelon Corporation

FMC Corporation

Georgia-Pacific Corporation

Kennecott Utah Copper Corporation

Mitchell Energy & Development Corp.

Monsanto Corporation

NiSource Inc.

Novartis Corporation

Potlatch Foundation II

Potomac Electric Power Company

TXU Corp.

Uniroyal Chemical Company, Inc.

Unocal Corporation

U.S. Steel

Verizon Communications, Inc.

Westvaco

Wisconsin Energy Corporation

Xcel Energy Inc.

Foundation Donors
Private foundations comprise a growing

source of support for Resources for the

Future. Over the last three years, grants

from philanthropic foundations for REF

research projects have increased more than

eight-fold. We appreciate this strong vote

of confidence in our agenda.

2001 Foundations

Better World Fund

Energy Foundation

The William and Flora Hewlett Foundation

Charles G. Koch Charitable Foundation

The Andrew W Mellon Foundation

Montgomery Street Foundation

Pew Center on Global Climate Change

Pew Initiative on Food and Biotechnology

The Rockefeller Foundation

Smith Richardson Foundation
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Sales 3%
Investment income 2%

Rental income 13%

Grants from
other institutions 7%

Corporate contributions 14%

Foundation grants 18%

Individual contributions 23%

Cost of goods sold 1%

Development 6%

Building operations 8%

Management and
Administration 13%

Government grants 20%

GIFTS AND
GRANTS 82%

Programs 72%

Revenue
In fiscal year 2001, RFF's operating rev-
enue was $11.3 million, more than 80% of
which came from individual contributions,
foundation grants, unrestricted corporate
contributions, and government grants.
This income includes two $1 million con-

tributions toward two $2 million endowed

chairs at RFF. RFF augments its income by

an annual withdrawal from its reserve fund

to support operations. At the end of fiscal

year 2001, the reserve fund was valued at

$32 million.

Expenses
RFF research and education programs con-

tinued to grow in 2001, representing

almost three quarters of total expenses.

Management and administration and

development expenses combined were

only 19% of the total. The balance is made

up of the cost of goods sold and building

operations related to facilities rented to

other nonprofit organizations.
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New and forthcoming titles

Alternating Currents:
Electricity Markets and
Public Policy
Timothy J. Brennan, Karen L. Palmer,

and Salvador A. Martinez
242 pages (index)
Cloth, ISBN 1-891853-52-X / $55.00
Paper, ISBN 1-891853-07-4 / $22.95

"Well written and accessible for students,
the general public, and members of the

policy community. lie coverage of market power is sophisticated
and balanced. It is one of the best summaries I have seen on the
subject. The discussion of current debates, particularly the response
to what happened in California, is timely and well balanced."
—William W. Hogan, Harvard University

Democracy
in Practice 
Public Participation in
Environmental
Decisions

Democracy in Practice:
Public Participation in
Environmental Decisions
Thomas C. Beierle and Jerry Cayford

160 pages (index)
Cloth, ISBN 1-891853-53-8 / $50.00
Paper, ISBN 1-891853-54-6 / $18.95

"An ambitious and timely topic. Beierle
and Cayford identify important patterns in
our growing case study research about
citizen participation."
-Tomas Koontz, The Ohio State University
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FORTHCOMING!

The Economics of Waste
Richard C. Porter

April 2002 / approx. 336 pages (index)
Cloth, 1-891853-42-2 / $65.00
Paper, 1-891853-43-0 / $27.95

An introduction to the economic tools that
can be applied to the problems involved
in handling a diverse range of waste
products from business and household,'

"Informative and thought-provoking.
Porter challenges mu wader to think about the issues, making clear
that the 'right' answer may not be set in stone."
—Amy W. Ando, University of Illinois

FORTHCOMING!
Technological Change and
the Environment
Arnulf GrUbler, Neboja

and William D. Nordhaus, editors

April 2002 / approx. 464 pages (index)
Cloth, 1-891853-46-5 / $49.00

Provides history, theory, analysis, and case
studies, paying particular attention to what
technological innovation means for
effidency, productivity, and reduced
environmental impacts.

Call and request a copy of the RFF Press Spring 2002 Catalog!
RFF Customer Service: To order, call 800-537-5487 or fax 410-516-6998 For more information: www.rff.org

RESOURCES FOR THE FUTURE
1616 P Street, NW
Washington, DC 20036-1400
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