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James Boyd is a senior fellow at RFF and co-director of the Center 
for the Management of Ecological Wealth. His research lies at the 
intersection of economics, ecology, and law, with a particular 
focus on the measurement and management of ecosystem goods 
and services. 

RFF Darius Gaskins Senior Fellow Dallas Burtraw is one of the 
nation’s foremost experts on environmental regulation in the 
electricity sector. For two decades, he has worked on creating a 
more efficient and politically rational method for controlling air 
pollution. His current areas of research include analysis of the 
distributional and regional consequences of various approaches 
to national climate policy.

RFF Senior Fellow Carolyn Fischer works primarily on policy 
mechanisms and modeling tools that cut across environmental 
issues, from allowance allocation in emissions trading schemes 
to wildlife management in Zimbabwe. A current focus of her 
research is the interplay between international trade and climate 
policy, options for avoiding carbon leakage, and the implications 
for energy-intensive, trade-exposed sectors.

Kristin Hayes is the manager of RFF’s Center for Energy Econom-
ics and Policy, as well as the Center for Climate and Electricity 
Policy. She worked with researchers at RFF and the National Ener-
gy Policy institute to write and produce Toward a New National 
Energy Policy: Assessing the Options.

RFF Senior Fellow Richard Morgenstern’s research focuses on 
the economic analysis of environmental issues with an emphasis 
on the costs, benefits, evaluation, and design of environmen-
tal policies, especially economic incentive measures. Prior to 
joining RFF, Morgenstern was senior economic counselor to the 
undersecretary for global affairs at the US Department of State. 
Previously, he served at the US Environmental Protection Agency, 
where he acted as deputy administrator (1993); assistant adminis-
trator for policy, planning, and evaluation (1991–1993); and direc-
tor of the Office of Policy Analysis (1983–1995).
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in addition to his role at RFF, he is an associate professor at the 
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ing debate. The future of US climate policy 
is murky, with multiple approaches on the 
table. We have rich research programs on 
three different policy paths, commensurate 
with the work we carried out when cap-
and-trade was the leading proposal. 

 » Darius Gaskins Senior Fellow Dallas 
Burtraw looks at the role the Clean Air Act 
plays in meeting US climate commitments, 
while making a salutary point about the 
importance of considering existing institu-
tions when devising policy prescriptions.

 » in two separate articles, RFF scholars 
Carolyn Fischer, Dick Morgenstern, Nathan 
Richardson, and Rob Williams discuss the 
nuances of a tax on carbon emissions. 
When i testified before the Senate Finance 
Committee late last year, i said that a 
carbon tax needed more analysis. Work by 
colleagues at RFF is answering that call.

 » Yet another approach is a clean energy 
standard.  Anthony Paul, a fellow in our 
Center for Climate and Electricity Policy, lays 
out the benefits and costs and discusses 
how this policy would interact with state 
renewable energy portfolio standards.

Whether scanning the horizon or pars-
ing the details of a particular policy, our 
contributors put into action RFF’s primary 
goal—to ensure that policymakers have 
the best information when making crucial 
decisions about how to respond to envi-
ronmental, natural resource, and economic 
challenges.

Looking Ahead to  
Inform Policy

W
e

lc
o

m
e

Phil Sharp, President 
sharp@rff.org

A major challenge to 
fulfilling RFF’s mission of 
improving policymak-
ing through high-quality 
research is the different 
realities of the academic 
and policy worlds. 
Rigorous, high-caliber 
research by its nature 

must be methodical, and that takes time. 
But the policy process often can be chaotic, 
surprising, and extremely fast-moving. How 
do we respond to the needs of policymak-
ers while maintaining quality?

One answer is by taking a broad view. 
By looking at larger issues as well as the 
costs and benefits of different approaches 
to specific policy problems, we position 
ourselves to respond with the right informa-
tion when the time comes. The theme for 
our 60th anniversary year, Resources 2020, 
is a look ahead over the next decade. This 
issue of Resources provides examples of the 
ways we are fulfilling this theme. 

We’ve excerpted remarks given by 
Joseph Stiglitz as part of our Nobel Laure-
ate Lecture Series, laying out how income 
inequality is fundamentally intertwined with 
environmental protection. 

Jim Boyd, a co-director of our Center 
for the Management of Ecological Wealth, 
reframes the old question of whether 
resource limitations ultimately will provide 
limits to economic growth. His approach 
is to differentiate the areas where human 
ingenuity is likely and unlikely to provide 
the innovations we need.

Sometimes the challenge is the bounty of 
competing policy options in a current press-
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Shale Gas: Twelve Pathways  
to Dialogue

As part of RFF’s project, Managing the Risks 
of Shale Gas: identifying a Pathway toward 
Responsible Development, scholars in RFF’s 
Center for Energy Economics and Policy 
conducted the first survey-based, statistical 
analysis of experts from government agen-
cies, industry, academia, and nongovern-
mental organizations to identify the priority 
environmental risks related to shale gas 
development. The survey defined "priority 
risks" as those for which the experts believe 
government regulation and/or voluntary 
industry practices are currently inadequate 
to protect the public or the environment.

Survey respondents were asked to choose 
from 264 possible “risk pathways” that link 
routine shale gas development activities—
from site development to well abandon-
ment—to the environmental burdens (such 

as stormwater flows) that have impacts on 
the environment and local communities 
in various ways (such as lowering surface 
water quality or disrupting habitat). 

A key finding from this analysis is the 
high degree of consensus among experts 
about the specific risks to mitigate. These 
12 “consensus risks” (on the next page) are 
those that survey respondents from all four 
expert groups most frequently identified as 
priorities for further regulatory or voluntary 
action. 

Of the 12 consensus risk pathways:
 » 7 involve potential risks to surface 
water quality, 
 » 2 involve potential risks to air quality, 
 » 2 involve potential risks to  
groundwater quality, and 
 » 1 is related to habitat disruption. 
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Land clearing and

infrastructure construction

Venting of methane

Use of surface water

and groundwater

Storage of fracturing 	uids 

Venting of methane

On-site pit/pond storage

Treatment by municipal

wastewater treatment plants

Treatment by industrial

wastewater treatment plants

Surface water

Habitat 
disruption

Air quality

Storage/Disposal 
of Fracturing Fluids 
and Flowback

Site Preparation

Drilling 

Fracturing and 
Completion

Stormwater 	ows

Habitat fragmentation

Freshwater withdrawals

Fracturing 	uids

Methane

Methane

Flowback and 
produced water

Fracturing 	uids

Flowback and 
produced water 

Flowback and 
produced water 

Activities Environmental Burdens Impacts

Surface water

Groundwater 

Surface water

Air quality

Surface water

Groundwater

Surface water

Surface water

Surface water

12 CONSENSUS RISK PATHWAYS 

fuRtheR ReADiNG 
Krupnick, Alan, Hal Gordon, and Sheila Olmstead. 2013. Pathways to Dialogue: What the Experts Say about the Environmental Risks of 

Shale Gas Development. RFF Report and Overview of Key Findings. Washington, DC: Resources for the Future.  
www.rff.org/shaleexpertsurvey.

RFF Center for Energy Economics and Policy. 2012. Risk Matrix for Shale Gas Development. www.rff.org/shaleriskmatrix.
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Highlights of RFF’s Recent 
Contributions to Shaping  
Environmental Policy  

©
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Inequality and the Environment
October 5
RFF launched its 60th anniversary 
Nobel Laureate lecture series with 
Joseph Stiglitz, who presented on 
inequality and environmental policy. 
Read an excerpt on pages 36–40. 
www.rff.org/resources2020 

Convening ThoughT Leaders
Shale Gas Regulation
July 18
RFF Senior Fellow and Director of the 
Center for Energy Economics and Policy 
Alan Krupnick hosted a webinar to preview 
findings from the center’s expert survey and 
regulatory review of shale gas development 
activities. 

Electricity Sector and Regulation
July 19
RFF co-hosted a workshop with the Electric 
Power Research institute to discuss existing 
and proposed EPA regulations, including 
the Cross-State Air Pollution Rule and the 
Mercury and Air Toxics Standards.  
www.rff.org/electricityregs

Border Measures and Climate Policy
September 5
At the September First Wednesday Seminar, 
moderated by RFF Senior Fellow Carolyn 
Fischer, panelists discussed the efficiency 
and distributional impacts of border 

measures to mitigate international emis-
sions leakage. The seminar was part of a 
two-day workshop on border measures that 
RFF co-hosted with Entwined.  
www.rff.org/bordermeasures

Forest Policy
September 17
RFF hosted a workshop on best practices for 
incorporating ecosystem services into USDA 
Forest Service planning.

Shale Gas
September 17–18
Together with The Howard Baker Forum, RFF 
co-hosted a workshop on the economics of 
shale gas, held at the Newseum in Washing-
ton, DC.

Forest Health Initiative 
October 3
At the October First Wednesday Semi-
nar, panelists examined the Forest Health 
initiative—a broad endeavor to explore new 
tools to address forest health challenges. 
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Discussion focused on the role of modern 
biotechnology in forest health.  
www.rff.org/forestbiotechnology

Trucking Sector
October 10
RFF’s Transportation initiative held a semi-
nar to examine new greenhouse gas emis-
sions standards for trucks and how they 
might affect shippers and carriers.  
www.rff.org/trucking

Socio-Environmental Science
October 10–11
RFF co-hosted a workshop with the Socio-
Environmental Synthesis Center on linking 
socio-environmental science to environ-
mental change. Participants identified 
areas for research that would contribute 
to a robust and rigorous interdisciplinary 
research agenda.

Greenhouse Gas Reporting
October 12
RFF and the US Environmental Protection 
Agency co-hosted a workshop, Greenhouse 
Gas Reporting Program: Opportunities for 
Research and Policy Analysis. Panelists and 
participants discussed EPA’s greenhouse 
gas reporting program and the dataset it 
creates. 

engaging wiTh PoLiCymakers
Regulations and Jobs
July 12
RFF Visiting Scholar Randall Lutter testified 
at the US House Committee on the Judi-
ciary hearing “Clearing the Way for Jobs and 
Growth: Retrospective Review to Reduce 
Red Tape and Regulations.”

Natural Lands and Flood Mitigation
September 27
Margret Walls, RFF research director and 
Thomas J. Klutznick Senior Fellow, presented 

“Natural Lands and Flood Mitigation: Look-
ing through the Lens of Economics” to the 
National Council of Environmental Legis-
lators at its 5th Annual Mississippi River 
Forum.

BuiLding ParTnershiPs 
Carbon Mitigation
August 1
RFF Darius Gaskins Senior Fellow Dallas 
Burtraw presented at the Federal Energy 
Regulatory Commission’s Asia Pacific Energy 
Regulatory Forum. He discussed carbon 
mitigation status in the United States, secu-
lar trends, regional carbon trading, and the 
Clean Air Act.

Fracking
September 18
RFF Fellow Sheila Olmstead presented 
at the Yale School of Forestry & Environ-
mental Studies’ Panel to Debate Hydraulic 
Fracturing. The panel explored whether 
hydraulic fracturing will enhance America’s 
energy security or deter the development of 
renewable energy sources.

Power Generation
October 1–2
RFF Senior Fellow Carolyn Fischer, Research 
Director and Senior Fellow Karen Palmer, 
and Nonresident Fellow Joseph Aldy 
presented research at the University of 
Wyoming’s Center for Energy Econom-
ics and Public Policy and School of Energy 
Resources symposium on power generation 
and the environment.

US Energy Policy
October 5
RFF Nonresident Fellow Joseph Aldy 
represented President Obama’s reelection 
campaign at the Presidential Energy Debate 
at MiT, where representatives presented 
each candidate’s energy policies and plans.
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Population and Sustainability 

During the past two decades, a dominant 
concern was that rapid global popula-
tion growth, due to falling mortality and 
high fertility, would aggravate poverty, 
cause political instability, and overwhelm 
natural resources. Annual average demo-
graphic growth reached an all-time high 
of 3 percent per annum in 1992, a rate 
that would double world population in 28 
years. But more recently, the global increase 
appears to be slowing thanks to rapid 
declines in fertility. 

Global fertility is approaching replace-
ment (roughly 2.1 births per woman). And 
an overall demographic stabilization-level 
growth rate that would result in a global 
population close to a moderate 1992 United 
Nations (UN) estimate of roughly 12 billion 
seems likely toward the end of this century. 
Public-sector policies and programs to 
reduce fertility have been an important part 
of this success story, although exactly how 
important remains under debate. Social 
attitudes now stress the importance of high, 
costly levels of education for all children, 
and fertility might well have fallen with time 
regardless of policy. The programs have, at 
the very least, sped up the process, and this 
cannot have been a bad thing.

Does this shift mean that analysts and 
policymakers can now view future popula-
tion growth as a benign “non-issue” for the 
questions of economic and environmental 
sustainability? Hardly. in fact, some experts 
find declining future fertility more ominous 
than was past rapid population growth, for 
at least three reasons. 

Population Growth in Poor Countries
First, a discussion or conclusions based on 
the average global fertility rate or even the 

average global population growth rate (birth 
rate minus death rate) is misleading. it does 
not tell us that no growth is occurring, only 
that if fertility remains high—above replace-
ment—in some countries or regions, there 
must be other places around the world that 
have below-replacement fertility so that the 
pluses and minuses average to zero. 

This is indeed the case: roughly one-third 
of the world’s population is reproducing 
above a replacement level and mostly in the 
very poor countries of sub-Saharan Africa, 
South Asia, and pockets elsewhere in Latin 
America and the Caribbean. These areas 
are offset by Europe, North America, Japan, 
and the industrializing nations of Asia, all of 
which have below-replacement fertility. 

As noted, the UN estimates that total 
global population will continue to grow 
until about the end of this century, result-
ing in a more or less stable world popula-
tion at about double the current number. 
But inasmuch as population will continue 
to grow in the developing countries that 
can least afford it, the need will continue 
for programs promoting contraception, low 
fertility, and maternal and child health, as 
well as those that help cope with HiV and 
other sexually transmitted diseases.

Migration
Another powerful demographic force is 
at work reshaping the global economic 
and environmental future: migration, the 
movement of individuals and family units 
within nations and across national frontiers. 
A great deal of the movement is from the 
high-fertility poor regions to the low-fertil-
ity, well-off countries. The declining labor 
force in western European nations makes 
room for new migrant workers from Africa 
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and eastern Europe. (in some cases, this 
process is already in the second generation 
and the migrants have become permanent 
residents.) These shifts may improve or 
worsen future economic and environmental 
issues; either way, the impact will be felt 
and nations are reacting with new policies 
and programs.

Shrinking Labor Force
The countries experiencing sharp declines 
in fertility have already begun to suffer a 
marked effect on the relative proportions 
of their total population entering the labor 
force (“productive” age groups). Births that 
did not occur in the last 15 to 20 years are 
now non-entrants into the labor force. At 
the same time, the retirement age groups 
of 65 and over, which are the survivors of 
the earlier birth cohorts born before the 
rapid decline in fertility, will grow in relative 
importance compared with all the other 
age groups. This effect will be increased as 

new breakthroughs in medical science are 
made, adding to average longevity. Thus, 
in the near future, the economically active 
share of the population will fall, while the 
economically dependent share will increase. 
Each single person active in the labor force 
will be obliged to support two or three 
retirees, reducing their own standard of 
living accordingly. The consequences of 
this shift in the age distribution have been 
highlighted by journalists and commenta-
tors (that is, non-demographers), and this 
“population implosion” is made to appear 
fully as ominous to our future social and 
economic orders as was the “population 
bomb” several decades back. 

Implications for Sustainable  
Development
Let me close with a few comments on these 
demographic issues as they relate to the 
process of sustainable global economic 
development in the decades to come. ©
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Sudden changes in the demographic 
processes—fertility, mortality, and migra-
tion—affect nearly all economic and social 
aspects of a modern society. They disturb 
the preexisting equilibrium and thus appear 

threatening and unique. But “threatening” 
is too strong a word—”complicating” might 
be more appropriate. To be sure, the current 
alarm over the “empty workbench” in the 
factory may be real but is perhaps less 
worrisome than it now appears because this 
line of thought does not take into account 
the short-run adjustments in labor-force 
ages and participation rates. in the longer 
run, if the total population and the age 
distribution stabilize by the end of the 
century, the problem may solve itself. 

Adjustments to large-scale move-
ments—transitions in fertility, mortality, 
and migration—are by no means unique in 
human global history. The visual illustration 
typically employed in such discussions (a 
single, sweeping curve beginning at zero 
in prehistory and ending in the current 
population) is almost certainly a distortion. 
Human population has experienced periods 
of growth, stability, mass movement, and 

decline over the centuries—a series of 
transitions, in fact, centering on the major 
regions. The present demographic transi-
tion may well be the first truly global one, 
representing the cutting edge of the larger 

socioeconomic and political “globalization” 
that the industrial revolution initiated two 
centuries ago. Adjustments now are far 
easier than in earlier times.

Finally, most human populations—like 
all living species—have generally aimed at 
increasing their numbers in order to guar-
antee their perpetuity. People struggled to 
control fertility and mortality, and science 
emerged as part of this struggle. in the last 
few centuries, science has been a powerful 
force indeed, and it seems fair to say that 
humans and their institutions have now 
achieved near-complete control over the 
vital processes when they choose to apply 
it. Population growth, age structure, and 
movement will pose a threat to sustainable 
economic development primarily when 
there is a lack of will to consider and apply 
policies and programs that have already 
been successfully employed.   —Warren c. 
Robinson

The present demographic transition may well be  
the first truly global one, representing the cutting 
edge of the larger socioeconomic and political 
“globalization” that the industrial revolution  
initiated two centuries ago.
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An Interview with Anthony Paul
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in last year’s State of the 
Union address, President 
Obama called for a clean 
energy standard (CES), 
a policy that imposes a 
national minimum level 
of electricity genera-
tion that comes from 
clean energy. The idea 

has been proposed in various forms since 
2010 and is similar to how existing renew-
able performance standards work in many 
states. The difference with a CES is that non-
renewable but relatively clean technolo-
gies—most notably natural gas—can count 
toward the goal. Nathan Richardson, an RFF 
resident scholar and managing editor of 
Common Resources, talked with RFF Center 
for Climate and Electricity Policy Fellow 
Anthony Paul about the mechanics, costs, 
benefits, and viability of such a policy, most 
recently introduced by Senator Jeff Binga-
man (D-NM) in March 2012.

NATHAN RICHARDSON: Can you describe 
the clean energy standard as it was 
proposed by Senator Bingaman?

ANTHONY PAUL: The clean energy stan-
dard, known as the CES, would set a floor on 
the fraction of total electricity production 
that has to come from clean energy. The 
floor would start at 24 percent in 2015 and 
rise by 3 percent per year up to 84 percent 
in 2035. The definition of clean energy is 
contingent upon the emissions rate of each 

generator in the country. The benchmark 
level is 0.82 metric tons of carbon dioxide 
per megawatt hour of electricity produc-
tion. A lower rate is a cleaner generator:  
renewables have a zero emissions rate, and 
coal plants tend to have a rate substan-
tially above 0.82. in fact, 0.82 is a level 
approximately equal to what a brand-new, 
hyperefficient coal boiler would have. That’s 
more efficient than almost or maybe all the 
existing coal plants out there now. 

RICHARDSON: How does it work in practice?

PAUL: The program creates tradable credits. 
The rate at which credits are generated for 
production of electricity is relative to 0.82. 
if you have a rate of emissions of, say, 0.41, 
then you would generate half a credit for 
each megawatt hour of production. if you 
have a rate of 0, you generate a full credit. 
And if you have a rate of 0.82 or above, you 
would generate no credits.

RICHARDSON: Who has to comply, and how 
do they do it?

PAUL: The entities that have to be in 
compliance with this are the electricity 
retailers—local utilities that distribute power 
to customers. in 2015, if you are a local util-
ity and you sell 5 million megawatt hours 
of power to your customers, then you will 
have to acquire credits equal to 24 percent 
of the 5 million hours that you sold. These 
credits are tradable, and they are separate 
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from megawatt hours. You could be a util-
ity that buys all of your power from coal 
generators, and you would then have to buy 
the credits from another utility somewhere 
in the country. You are not required to have 
renewables yourself, you just must have the 
credits.

RICHARDSON: Around 30 states have 
renewable portfolio standards (RPSs) that 
require a fraction of electricity to come 
from renewable sources. Many will be quite 
stringent as they unfold over the next few 
decades. How does the CES compare and 
interact with state RPSs?

PAUL: With an RPS, there is no emissions 
rate threshold; it’s much simpler. it’s just 
technology based—for each megawatt hour 
of production, renewables like wind, solar, 
biomass, and geothermal earn a renewable 
energy credit (REC). There’s a percentage 
target like under the CES, but the credits are 
just generated by renewables.

The two policies might be viewed as 
substitutes, but they are complementary as 
well. The key difference between the two 
is that an RPS doesn’t cover natural gas or 
nuclear power, but a CES does. in this era of 
such low gas prices, an RPS tends to result 
in the displacement of new investment in 
natural gas with renewables. Under a CES, 
natural gas gets some credit, so instead we 
would get a switch from coal to gas as well 
as to renewables. 

The state RPS programs are going to 
cause a significant increase in renewable 
generation over the next decade. if the CES 
is on top of that, it won’t add to renewables, 
but there will be more gas and less coal and 
therefore fewer emissions. 

That’s the first-decade story. Beyond 
that, the CES targets get tighter, and credit 
prices rise. Also, the state RPS programs 
tend to ramp up quite a bit until 2020 and 

not much after 2020. So after 2020, we find 
many more technologies involved in the 
swapping, including nuclear. By 2035 we 
would see substantially less coal, replaced 
by renewables, gas, nuclear, and reduced 
consumption. So through the first decade, 
the whole story is gas. After that, it’s all 
these factors.

RICHARDSON: One criticism of these types 
of policies is that the technology to replace 
coal is just too expensive. Do you see costs 
coming down any time soon?

PAUL: Technologically speaking, we are 
going to learn, and it’s going to get cheaper. 
But in the case of renewables like wind and 
solar, there’s a countervailing effect in that 
the cost to build depends on the geogra-
phy—there is a lot of variance between the 
great places and the good places. We will 
tend to build first in the great places, and 
then the cost to build will rise as we move 
to the good places. So you have two effects:  
the improvements in technology and the ©
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After that, prices would rise by about 16 
percent by 2035. Still, this is not a draconian 
bill. it would have limited effects on GDP—
we’re talking about fractions of a percent. 
And the benefit would be a 20 percent 
reduction in carbon emissions from the 
electricity sector through 2035. i would say 
that the costs are not all that great for such 
a meaningful reduction in emissions.

RICHARDSON: How likely do you think it is 
for the CES or a similar policy to become 
law?

PAUL: in the short term, it doesn’t seem 
likely. Regardless, i think it’s important we 
have this discussion now because it might 
be an argument that comes back up in 
this Congress or the next. So it’s useful to 
further the understanding of how a policy 
like this would work.   

Listen to a podcast of the full interview at  
www.rff.org/PaulQA.

increasing cost curve in terms of geography. 
in the case of wind, it turns out that the 
geography dominates, and we get rising 
prices. 

Nuclear is interesting. it’s actually quite 
hard to model new nuclear investments 
because what constrains them is not 
just the economics, it’s the politics. We 
modify our models to reflect that political 
constraints basically make it impossible to 
build new plants right now.

RICHARDSON: How would this policy affect 
electricity prices?

PAUL: There are two different time frames 
in terms of electricity prices. For about the 
next decade or so, a CES would have virtu-
ally no effect. That’s primarily because the 
target, the REC prices, and gas prices all will 
be low, and we won’t be building much 
new infrastructure. For instance, the way 
gas is coming to the market is not through 
building new generators but in running the 
ones we have now. 
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More than 100 years ago, in 1904, Chief 
Forester of the New York Zoological Park 
Herman Merkel grew concerned as the 
American chestnut trees under his watch 
began dying off. Chestnut blight—caused by 
a rapidly spreading airborne fungus—had 
entered the United States, carried here by 
Asian chestnut trees. in just a few decades 
of biological blitzkrieg, the blight decimated 
billions of chestnut trees across eastern 
North America. The American chestnut, an 
iconic tree once essential both ecologically 
and economically, now stands completely 
devastated. Only a few isolated patches of 
full-grown trees remain today, mostly in 
areas outside their historical range.

But the American chestnut is not extinct. 
in many places, former trees keep produc-
ing small sprouts from their stumps. The 
sprouts grow into trees but die off once 
the blight returns. So the challenge is to 
find a blight-resistant American chestnut. 
Many organizations, including the American 
Chestnut Foundation, have taken on this 

challenge. After all, the Asian chestnut, a 
close relative, has a naturally developed 
resistance to the fungus, so breeding a 
blight-resistant variety of the American 
cousin seems feasible at least in principle.

The restoration efforts have relied on 
conventional breeding approaches, but we 
now can add some new heavy weaponry—
genetic bioengineering—to the potential 
arsenal. This option was discussed at the 
inaugural lecture in RFF’s 60th anniversary 
event series by a panel of experts associated 
with the Forest Health initiative (FHi). Over 
the last three years, FHi has scrutinized the 
potential of using genetic bioengineering to 
restore the American chestnut. The primary 
goal of the initiative is to develop a geneti-
cally modified (GM) tree that is resistant to 
blight, socially acceptable, and economically 
feasible—and meets regulatory muster. 
in the world of bioengineering, these may 
come off as lofty goals, but the panelists 
explained that FHi is making substantial 
progress on all fronts.

Will Biotech help 
Bring Back the 

American chestnut?
By Juha Siikamäki
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chestnut but also developed a prototype 
genetically modified, fungus-resistant 
American chestnut that is nearly ready for 
field trials. if successful, the tree could help 
reintroduce American chestnuts where they 
once flourished. Although the ecosystems 
have gone through radical changes since 
then and will never be fully restored, the 
new chestnut could be attractive to many. 
imagine that by genetically tweaking just 
one aspect of the American chestnut, one 
might protect the trees from falling victim 
to an invasive and accidentally imported 
fungus. Unlike conventional breeding 
approaches, genetic bioengineering could 
more easily leave the rest of the tree 
unchanged. The trees also would be able to 
reproduce naturally.

But would the GM American chestnut 
really be like the original, just a bit tougher? 
Would the ecosystems function as they 
once did, or would unexpected and unin-
tended harmful consequences emerge? 
Much work remains ahead to answer these 
questions. And while biological, ecological, 
and regulatory aspects may be possible to 
work out, how would the American public 
react? Would it approve of or fear the new 
tree? This will be an interesting and impor-
tant effort in the years to come.    

Visit www.rff.org/forestbiotechnology to watch presentations 
from this event.

Bioengineering is not entirely new in 
forestry, although it has progressed at a 
slower pace than in agriculture. Although 
the potential is massive, it also creates 
many of the same serious concerns as for 
agriculture and GM crops. The long life cycle 
of trees further amplifies the concerns; 
while GM crops are around for a growing 
season, trees last tens of years and create 
more opportunities for mixing with other 
varieties and species. Economic and social 
considerations of commercialized GM 
forests also can be complex.

The Forest Health initiative prides itself on 
taking a markedly different approach from 
the commercial development of bioen-
gineered trees. For one thing, FHi is non-
commercial and provides information freely 
available in the public domain. The panelists 
also stressed that FHi is working toward 
evaluating, not promoting, the potential use 
of genetic bioengineering in restoring the 
American chestnut—and, more generally, 
protecting American forests. Acknowledging 
that the issue is not only about engineer-
ing, the group uses a “braided” approach, 
seeking to comprehensively combine 
information from analyses and stakeholder 
engagements in all areas critical to the 
effort, including biological, policy, social, 
and environmental areas.

Over the course of three years—light-
ning fast by most standards—FHi has not 
only mapped the genome of the American ©
 A

lle
n 

Br
ee

d/
AP

/C
or

bi
s



18



19

Climate policy was largely absent from the 
2012 presidential campaign, making its 
most notable appearance when Hurricane 
Sandy prompted New York City Mayor 
Michael Bloomberg to endorse President 
Obama based on his climate positions. if 
nothing else, the election results provide 
some clarity about the near-term politi-
cal landscape. Against the backdrop of the 
failed attempt to pass national cap-and-
trade legislation for greenhouse gas emis-
sions, what are the viable options for federal 
climate policy?

There are three major tracks, and RFF has 
robust research programs in all of them.

The Clean Air Act
it is easy to forget that we currently do 
have a federal climate policy, thanks to the 
Supreme Court’s ruling in Massachusetts 
v. EPA that greenhouse gas emissions are 
covered under the Clean Air Act. Although 
not the ideal instrument for curbing emis-
sions cost-effectively from an economist’s 
point of view, the act remains a tool that 

can be employed to make reasonable prog-
ress on emissions reductions.

in fact, as our colleagues Dallas Burtraw 
and Matt Woerman show in an October 
2012 RFF discussion paper, the United States 
is largely on track to meet its pledge at the 
Copenhagen climate meetings to reduce 
emissions by 17 percent from 2005 levels—
provided EPA regulates emissions from 
existing power plants. Burtraw discusses 
some of the surprising ways the act may 
have advantages over a national cap-and-
trade regime on pages 30–35 of this issue.

Carbon Tax
With the political campaigns of 2012 behind 
them, the president and Congress have 
now turned to addressing a very real threat 
to the United States: massive existing and 
future federal budget deficits. Current US 
fiscal policy is characterized by projected 
levels of spending that far outstrip expected 
revenue streams. One often-proposed path 
forward is a package of entitlement and tax 
reforms of sufficient scale to meaningfully 

options for us 
climate Policy

By Pete Nelson and Kristin Hayes
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address the looming deficits and set the US 
economy on a more positive trajectory. 

in this context, deficit reduction, econom-
ic growth, tax reform, and climate change 
intersect in the consideration of a carbon 
tax: a fee levied on every ton of carbon 
dioxide emitted into the atmosphere. A $20 
per-ton carbon dioxide tax has the potential 
to raise more than $100 billion annually that 
could be applied toward deficit reduction, 
refunded to consumers to offset higher 
energy costs, or used in “revenue-neutral” 
tax swaps to reduce other taxes. 

Since mid-2012, scholars at RFF’s Center 
for Climate and Electricity Policy have 
been developing and executing a research 
agenda related to carbon tax policy design, 
considering critical issues:

 » How would various uses of carbon tax 
revenue affect households and the broader 
economy?

 » How would a potential federal carbon 
tax interact with existing state and regional 
climate and renewable energy programs?

 » How would such a tax affect people in 
different income quintiles and regions of 
the country?

 » How might the government deal with 
competitiveness issues for energy-intensive, 
trade-exposed industries in the United 
States, whose international competitors do 
not face a carbon price in other countries? 

Tackling this last question, Carolyn 
Fischer, Dick Morgenstern, and Nathan Rich-
ardson describe several options in the next 
article in this issue.

One centerpiece of this research is the 
development of a new, overlapping-genera-
tions, computable general equilibrium (CGE) 
model that will let RFF researchers look at 
alternative uses of carbon tax revenue—
and the impact those uses would have on 
deficit reduction and economic growth. 
For example, one potential use of carbon 
tax revenue would be to lower distortion-

ary taxes (payroll and corporate income 
taxes), which in turn is predicted to accel-
erate economic growth and job creation. 
This new CGE model and a preview of early 
results are described in Rob Williams’s piece 
on pages 26–29. 

Clean Energy Standard
in the 2011 State of the Union address, 
President Obama discussed moving the 
country toward a goal of 80 percent clean 
electricity by 2035. One approach that has 
been proposed to meet this goal—as well 
as help reduce emissions from the electric-
ity sector—is a clean energy standard (CES). 
A CES sets a minimum threshold on the 
share of generation that must come from 
clean sources, and that threshold grows 
over time.

Senator Bingaman (D-NM) proposed a 
CES policy in the Clean Energy Standard Act 
of 2012, or S. 2146. The bill sets the nominal 
clean electricity requirement at 24 percent 
in 2015, rising by 3 percent per year to 84 
percent in 2035. Senator Bingaman retired 
from the Senate in January, and it remains 
to be seen how aggressively the incoming 
Senate Energy and Commerce chairman 
(and bill co-sponsor), Senator Ron Wyden 
(D-OR), will pursue the proposal.

RFF’s Anthony Paul reviews the ins and 
outs of a CES in this issue’s Q&A, beginning 
on page 13.

it is difficult to predict the specifics of US 
climate policy over the next few years, but 
a menu of options has emerged. Ensuring 
that policymakers have the research they 
need to make informed choices means that 
RFF will continue its energetic research 
program in these and other areas.     

fuRtheR ReADiNG
Burtraw, Dallas, and Matt Woerman. 2012. US Status on 

Climate Change Mitigation. Discussion paper 12-48. 
Washington, DC: Resources for the Future.



21

Debates about the political and 
practical feasibility of a US carbon 
tax have gained traction once 

again as Congress deliberates how to 
encourage economic growth and reduce 
the deficit. An important consideration for 
such a policy—and a possible obstacle—is 
how it affects the competitiveness of US 
industries. This problem is real, though 
probably not as large as some critics 
suggest. Nevertheless, there are tools for 
reducing impacts on vulnerable industries. 
The choice among them has implications 
for the effectiveness of the program, its 
costs, and who pays those costs.

Analysis by Liwayway Adkins, Richard 
Morgenstern, and colleagues (see Further 
Reading) suggests that the output of 

companies in energy-intensive, trade-
exposed (EiTE) sectors may decline about 1 
percent over the long run under a carbon 
tax of $15 per ton of carbon dioxide (CO2). 
Some industries, such as cement, alumi-
num, petroleum refining, chemicals, and 
plastics, could be hit relatively harder, facing 
declines as great as 3 percent or more. 

Additionally, if a carbon tax increases 
the costs for US industries and not their 
international competitors, economic activ-
ity and carbon emissions could “leak” to 
nations with less stringent carbon pricing 
policies or no policies at all. Some produc-
tion may move abroad to avoid the new tax, 
and a decline in US demand for fossil fuels 
would result in cheaper energy in non-
taxed countries without such a tax. Recent 

Ensuring  
Competitiveness 
under a US Carbon Tax

As policymakers express renewed interest in  
a carbon tax, Carolyn Fischer, Richard  

Morgenstern, and Nathan Richardson weigh 
three options for preventing business—and  

accompanying emissions—from simply moving  
to other countries.
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studies by Carolyn Fischer and Alan Fox find 
overall emissions leakage rates from 5 to 20 
percent, depending on various factors, and 
certain sectors may face leakage rates of up 
to 50 percent.

if Congress decides to implement a tax 
on carbon emissions, these effects provide 
a strong case for developing an addi-
tional policy to reduce the impacts on EiTE 
industries. One obvious solution—which 
will likely generate support from affected 
industries—is to simply grant exemp-
tions from the tax. This has the advantage 
of being relatively simple to administer. 
Sweden, for example, has exempted certain 
industries from 80 percent of its carbon tax. 
Beyond simplicity, exemptions do not have 
significant advantages. They are neither as 
efficient nor as effective as other options in 
achieving emissions reductions targets or 
revenue goals. Also, this approach may raise 
equity concerns because some industries 
would be paying taxes and cutting their 
emissions to help reach national goals while 
others would be exempt, placing a greater 
burden on the participating industries.

There are two other options for dealing 
with EiTE concerns: industry rebates and 

border carbon adjustments. Both are prob-
ably better than tax exemption, but neither 
is perfect. Both raise interesting questions 
about program design, institutional setting, 
and international trade policy.

Industry Rebates 
Rather than simply exempting firms from a 
carbon tax, the government could provide 
a rebate tied to the company’s domes-
tic output. Under this policy, EiTE-sector 
firms would get a partial carbon tax rebate 
that would increase if firms increased 
their production (and decrease if firms cut 
production). The Waxman–Markey cap-
and-trade system would have used such an 
output-based rebate program. 

This type of program poses significant 
challenges within a carbon tax regime. First, 
it may face legal challenge in the World 
Trade Organization if it is perceived as a 
discriminatory subsidy. Probably the best 
way to avoid such a perception is to embed 
the subsidy in the tax system. Second, 
developing and managing a rebate system 
can be extremely complex. in addition to 
the challenge of accurately and equitably 
identifying EiTE industries, the government 

What Is an Energy-Intensive, Trade-Exposed (EITE) Industry? 
An EITE industry is one that 

 » consumes large amounts of energy, either as a result of direct combustion of fossil 

fuel or from heavy reliance on electricity for production; and

 » is highly vulnerable to international competition.  

The first characteristic, energy intensity, is measured as the percentage of total costs 

a company spends on energy. The second, trade intensity, is measured as the percent-

age of total shipments that are exports. The American Clean Energy and Security Act 

of 2009—also known as Waxman–Markey—defines EITE sectors as manufacturing 

industries (excluding refining) that are either at least 20 percent energy intensive or 15 

percent trade intensive and 5 percent energy (or CO2) intensive.
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must devise a dynamic rebate system and 
track the output of all the firms.

Unlike carbon tax exemptions, output-
based rebating retains the incentive effects 
of a carbon tax. Firms still have to pay at 
least some carbon tax and can therefore cut 
their tax bills by reducing their emissions. 
it also can help keep product prices from 
rising, thus discouraging emissions leakage 
via substitution to more carbon-intensive 
goods. However, this “subsidy” also discour-
ages energy conservation as a means of 
reducing emissions, resulting in an efficien-
cy trade-off. Thus, output-based rebating 
is recommended only for sectors where a 
large share of reduced output would come 
from import displacement rather than cuts 
in domestic consumption.

Border Carbon Adjustments
Border carbon adjustments are simply 
import taxes on products from countries 
without carbon prices and/or export subsi-
dies for US exports to those countries. in 

principle, they ensure that carbon emissions 
from production of products are taxed, 
regardless of where products are produced, 
leveling the playing field. 

Border carbon adjustments would ideally 
be based on companies’ reported (and 
verified) emissions. But these calcula-
tions—especially for companies in devel-
oping countries—could be complex and 
expensive. Using a narrow definition of EiTE 
industries would help somewhat.

Another, simpler approach is to use an 
emissions benchmark to estimate firms’ 
emissions. But finding an equitable bench-
mark that still gives firms an incentive to 
reduce their emissions is difficult. 

Border carbon adjustments are inter-
nationally controversial, and no country 
currently uses them. Without careful fram-
ing and design, they are likely to be consid-
ered illegal under current trade law.

Border carbon adjustments are the most 
cost-effective option because they not only 
address competitiveness-related leakage 

Source: Fischer and Fox 2012.

Figure 1. Carbon Leakage Rates by Sector and Policy Option
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Addressing EITE Industries in Australia
On July 1, 2012, Australia implemented a tax of A$23 per ton of CO2, which primarily 

impacts the country’s largest polluting companies (largely in the coal, natural gas, and 

petroleum sectors). Industries in those sectors are now required to purchase carbon 

permits equivalent to the CO2 emissions of their facilities.

However, Australia also has recognized the need to provide assistance to its EITE indus-

tries such as steel, aluminum, and cement. It has developed an approximately $9 billion 

Jobs and Competitiveness program to help businesses that cannot completely pass 

along these new costs. Qualifying industries will be issued carbon permits (essentially 

tax credits) free of charge. Similar to an output-based rebate program, the level of assis-

tance for these industries depends on the amount of carbon emitted for every $1 million 

of revenue generated by the company. The tax relief will range from 66 to 94.5 percent 

and will be reduced 1.3 percent each year to help ensure that EITE industries are also 

reducing their carbon emissions.

In addition, the trucking industry in Australia has been granted a two-year exemption 

from the tax, and emissions from agricultural businesses and closed landfill facilities 

are also exempted. Australia is planning to convert its carbon tax to a flexible, market-

based cap-and-trade system in 2015.

but also preserve incentives for consumers 
to find less carbon-intensive products. They 
are also the most controversial and legally 
risky option. Only mitigating carbon leakage 
(not preserving competitiveness) is likely 
to be a legally permissible justification for 
interfering with international trade.

in a 2012 paper in the Journal of Envi-
ronmental Economics and Management, 
economists Carolyn Fischer and Alan Fox 
find that for most US sectors, a full border 
carbon adjustment would be most effective 
at reducing global emissions, but output-
based rebates can be more effective than 
import adjustments at reducing emissions 
leakage and encouraging domestic produc-
tion (see Figure 1).

However, border carbon adjustments 
would also shift the burdens of climate 
regulation toward developing and emerging 
economies, which is hardly ideal. Requir-

ing that the tariff revenues be returned to 
exporting countries can allow developing 
countries overall to enjoy net benefits from 
the carbon tax policy.

While both output-based rebates and 
border carbon adjustments appear to 
offer a viable method for addressing these 
concerns, it’s important to remember that 
the devil is in the details.    

fuRtheR ReADiNG
Adkins, Liwayway, Richard Garbaccio, Mun Ho, Eric Moore, 

and Richard Morgenstern. 2012. Carbon Pricing with 
Output-Based Subsidies. Discussion paper 12-27. Wash-
ington, DC: Resources for the Future. 

Fischer, Carolyn, and Alan K. Fox. 2012. Comparing Policies to 
Combat Emissions Leakage: Border Carbon Adjustments 
versus Rebates. Journal of Environmental Economics and 
Management 64(2): 199–216.

Fischer, Carolyn, Richard Morgenstern, and Nathan Richard-
son. Forthcoming. Options for Mitigating the Impact of 
Carbon Taxes on Energy Intensive Trade Exposed Indus-
tries. Issue brief. Washington, DC: Resources for the Future.
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The idea of incorporating a carbon tax into 
fiscal reform efforts has quietly surfaced 
in recent policy discussions. Policymak-
ers considering a carbon tax have many 
questions. Chief among them: How much 
revenue could a carbon tax raise, and how 

could it affect emissions and long-term 
economic growth?

RFF’s new energy/deficit reduction model 
helps answer these questions. Preliminary 
results suggest that a carbon tax could 
provide a potentially large new source of 

taxing carbon
PoteNtiAL Deficit & 

eMissioNs ReDuctioNs
Roberton C. Williams III previews early results 
from a first-of-its-kind modeling effort to analyze 

the effects of a carbon tax.
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government revenue—enough to play 
an important role in a package of deficit-
reduction measures. But while modest 
emissions reductions can be achieved at 
relatively low cost, that cost rises rapidly as 
emissions reductions get more aggressive. 

Tax Scenarios
Over the past 18 months, i have worked 
with colleagues Jared Carbone—a University 
of Calgary professor and one of RFF’s 2011–
2012 Gilbert White Fellows—and RFF Senior 
Fellow Dick Morgenstern to build a new 
dynamic computable general equilibrium 
(CGE) model. it is designed to look broadly 
at the long-term budgetary, environmental, 
efficiency, and distributional implications of 
including a carbon tax and/or other energy 
taxes in a package of measures to address 
the national budget deficit. 

One of our first modeling exercises aims 
to shed light on the revenue implications of 
a carbon tax over the next 20 years—and 
what level of emissions reductions might 
result from such a tax. This exercise doesn’t 
make full use of the model’s capabili-
ties, but it gives a first illustration of the 
model’s results and will permit comparisons 
between those results and results from 
other models used to analyze carbon taxes.  

The analysis focuses on two carbon tax 
price paths, both of which are designed to 
produce a revenue stream averaging $180 
billion per year (in 2012 dollars) over the first 
10-year budget window, starting in 2013. For 
simplicity, the revenue goal is measured in 
terms of gross revenue from the tax. When 
estimating revenue effects, federal budget 
agencies take into account that taxes on 
goods and services (such as a carbon tax or 

RFF’s New Energy/Deficit Reduction Model
RFF’s new computable general equilibrium model has three features that, taken togeth-

er, set it apart from other models used to address critical questions about a carbon tax: 

 » Overlapping Generations. The model incorporates an “overlapping-generations” 

structure for the economy. Each generation of workers progresses through an economic 

life cycle (working, saving for retirement, and living in retirement until death) that 

overlaps with the lives of earlier and later generations. This approach can examine the 

intergenerational equity implications of environmental and budgetary policy. And it 

allows a more realistic analysis of the economic effects of current and future budget 

deficits and other fiscal policies than other widely used modeling approaches (such as 

assuming that individuals live forever).

 » Multiple Sectors. The model represents the production side of the economy with 

multiple industries and a particular focus on the energy sector. This disaggregation is 

essential for looking at the effects of policy on the energy sector and on emissions. 

 » Fiscal Detail. The model includes fairly detailed representations of the government 

fiscal system, including various taxes, government spending and transfers, and govern-

ment budget deficits. 

Each of these three features is widely used in economic models, but to our knowledge, 

no other model combines all three.
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a sales tax) affect the revenue from taxes 
on income. These agencies use a stan-
dard approximation that every $1 of gross 
revenue raised by these taxes lowers the 
revenue from taxes on income by 25 cents, 
and thus the net revenue is 25 percent less 
than the gross revenue. This is often infor-
mally referred to as the “CBO haircut.” So 
$180 billion in gross revenue is equivalent to 
$135 billion in net revenue after one applies 
the standard 25 percent “haircut.”

in one version, the carbon tax rate is held 
constant in real terms; in the other, the rate 
rises over time at a real rate of 3 percent per 
year. To achieve the same revenue target, 
the version with the rising real carbon 
tax rate starts with a lower rate than the 
version that stays constant but finishes 
the first 10-year window with a higher 
rate. Moreover, the rate continues to rise, 
producing significantly more revenue than 

the constant tax does in the second 10-year 
budget window.

These carbon tax scenarios are revenue-
neutral. More specifically, any revenue 
raised through the introduction of a carbon 
tax is offset by proportional cuts in tax rates 
on capital and labor income, leaving real 
government revenues and spending (and 
thus also the budget deficit) unchanged 
from the baseline. 

With a constant real tax rate designed to 
meet the $180 billion average annual reve-
nue target, the carbon tax is fixed at a little 
more than $33 per ton (in 2012 dollars) over 
the entire period. For the alternative version 
that ramps up over time, the tax rate starts 
out slightly lower ($31 per ton) and rises 
throughout the period. After the first budget 
period, the rate continues to rise at the 
same 3 percent annual rate, which naturally 
increases the revenues in later years. 

Putting Carbon Tax Revenue in Context
This analysis uses a gross revenue goal of $180 billion per year, which implies net rev-

enue of $135 billion per year. How does this compare to other potential revenue sources 

or spending cuts currently under discussion? The federal Office of Management and 

Budget provides some useful points of comparison:

 » Eliminating the home mortgage interest deduction would raise an average of $120 

billion annually from 2013 to 2017. 

 » Eliminating the tax deduction for employer payments for health insurance would 

raise an average of $337 billion annually from 2013 to 2017. 

 » Forgoing a “fix” to the Alternative Minimum Tax would save an average of $239 bil-

lion from 2013 to 2021. 

 » The Budget Control Act of 2011 imposes automatic cuts of $55 billion annually in 

defense spending and $36 billion in discretionary domestic spending from 2013 to 2021. 

 » Financing the current 2 percent reduction in payroll taxes paid by workers requires 

about $110 billion annually. 

Source: Office of Management and Budget. Budget of the United States Government  

Fiscal Year 2012, Analytical Perspectives, Table 17-1.  

www.whitehouse.gov/sites/default/files/omb/budget/fy2013/assets/teb2013.xls .
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Revenues and Effects  
on Emissions Levels
The alterative tax scenarios we analyzed 
generate significant revenues. The constant 
carbon tax rate initially yields slightly under 
$180 billion per year, and those revenues 
then rise slowly over time. The scenario in 
which rates ramp up over time starts out 
with slightly lower revenues, but revenues 
rise moderately throughout the period, 
surpassing the constant-tax case after a few 
years. While the revenues, over the first 10 
years are equal by design to those of the 
constant-rate case, they rise to nearly $275 
billion per year by 2030.

Emissions fall substantially below the 
baseline as a result of imposing the carbon 
tax. in the constant-tax scenario, emissions 
drop initially to approximately 17 percent 
below baseline but then rise slowly from 
2015 to 2030, driven by economic growth 
over that period (which slightly outweighs a 
fall in the emissions–GDP ratio). This emis-
sions growth leads to a slight increase in 
carbon tax revenues over the 2015 to 2030 
period. 

The rising-tax case results in somewhat 
greater emissions reductions over the entire 
period, although the reductions are slightly 
lower in the early years, reflecting the lower 
tax rate that rises over time. 

For the sake of comparison with other 
climate policies, we also ran a third scenario 
defined by specified emissions reduc-
tion targets rather than revenue targets. 
in particular, we ran a scenario in which 
the carbon tax was designed to meet the 
percentage reductions in domestic energy-
related carbon emissions in the years 
2020 and 2030 that were projected for the 
Waxman–Markey cap-and-trade bill that 
passed the US House of Representatives  
in 2009. 

Reaching the Waxman–Markey levels of 
domestic abatement requires a carbon tax 

rate that starts out substantially lower than 
either scenario at $5 per ton but then rises 
dramatically to more than $100 by 2030 as 
low-cost emissions reduction opportuni-
ties are exhausted. Similarly, revenue starts 
out at $30 billion per year, rising to more 
than $500 billion per year by the end of 
the period. This scenario yields roughly the 
same cumulative emissions reduction over 
20 years as the constant tax, although at a 
significantly higher total cost: a rapidly rising 
carbon tax is less cost-effective than a tax 
that starts higher but rises more slowly.

Policy Implications
Overall, two key results from this analy-
sis stand out. First, the carbon tax could 
provide a potentially large new source of 
government revenue. Our results indicate 
that a tax starting at roughly $30 per ton 
and rising at 3 percent per year in real terms 
would yield average gross revenue of $180 
billion per year over the first 10-year budget 
window, and $250 billion per year over the 
second. That’s not enough revenue to put 
the federal debt on a sustainable long-run 
trajectory by itself, but it is enough to play 
an important role in a package of deficit-
reduction measures. 

Second, although modest emissions 
reductions can be achieved at relatively 
low cost, that cost rises rapidly as emis-
sions reductions get more aggressive. This 
is evident in the emissions-target case, in 
which the 2020 emissions target can be 
met with a very low carbon tax rate, but 
the substantially larger reductions in 2030 
require a much higher rate, more than $100 
per ton. While such rates may be justified 
depending on the expected damage from 
climate change, it is considerably easier to 
make the case for the relatively low carbon 
tax rates needed to achieve modest emis-
sions reductions, at least at the outset.    
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At least among economists, one often-
heard lament is that those who develop 
and implement environmental policy rarely 
follow economic advice. Once a policy goal 
is established, economists typically feel 
confident that economic approaches to 
environmental policy can help achieve the 
goal at less cost, which should be good for 
everyone. Why, then, are economic meth-
ods not the central tools for implementa-
tion of environmental policy? 

One reason is that these tools often have 
been developed in an intellectual labora-
tory that, for the most part, is free from 
consideration of institutions that influence 
how they will be used. Confidence in the 

outcome of any policy approach requires 
full consideration of its broader institu-
tional setting. Economic methods may not 
work exactly as anticipated, in part perhaps 
because institutional influences are not 
addressed in most economic writing. To 
resolve this issue, economic discourse must 
incorporate a more sophisticated under-
standing of institutions (broadly defined) 
than is usually achieved.

i consider three institutional relation-
ships that strongly influence how economic 
tools can be used in environmental policy. 
One such institution is the federalist nature 
of governmental authority, especially with 
respect to issues central to the manage-

The Institutional 
BLiND sPot in  

eNViRoNMeNtAL 
ecoNoMics

Why is it that supposedly cost-effective economic
tools have yet to find widespread application in

environmental policy? Dallas Burtraw says  
economists need to account for institutions. 
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ment of the environment and natural 
resources. A second is how this federalist 
structure interacts with the economic alter-
natives of cap and trade versus emissions 
fees. A national emissions cap on carbon 
dioxide, for example, would undermine 
actions by local and state governments 
that would go above and beyond that cap. 
Third, another core institution is the vener-
able Clean Air Act, which since 1990 has 
outperformed market-based approaches to 
curbing emissions. 

The Federal Structure  
of the US Government
A common dilemma for regulators is how 
to promote the adoption of state-of-the-art 
technology without providing incentives for 
deviant or unintended responses. Econo-
mists have an answer: use prices to provide 
incentives for investors to align their actions 
with social interests. in principle, a set of 
prices that accurately reflects the damage 
from various investment choices, including 

the continued operation of an existing facil-
ity, will accomplish just that. But honestly, 
after providing a recommendation like that, 
economists like me often feel our work is 
done. We offer guidance that is logical and 
compelling. Why is it rarely adopted? 

One obvious answer is that the status quo 
has its own constituency. in any context, a 
change in the rules will create losers who 
will act to obstruct such a change. More 
deeply, though, existing rules and institu-
tions strongly affect our ability to imple-
ment new ideas. Although institutions can 

be painfully recalcitrant, it might be useful 
to think of them as the watchtowers that 
protect the precedents and values of previ-
ous social decisions. 

A relevant core institution is the federal 
structure of governance in the United 
States. Most economic analysis suffers from 
a lack of understanding of how price incen-
tives are transmitted to markets through 
different levels of government. For instance, 
the way in which environmental prices 
would propagate through and provide 
incentives for the consumers and produc-
ers of electricity varies importantly among 
states that have regulated cost-of-service 
versus competitive electricity markets. 

We have even less understanding of how 
price signals under a national policy directly 
affect other layers of government. There 
is evidence that mobile resources, such as 
labor and new capital investment, move to 
jurisdictions that are less expensive and/
or provide better services, which gives an 
economic incentive for efficient govern-

ment. Similarly, when facing a national 
emissions price, a locality has the incentive 
to choose a cost-effective response. But the 
myriad layers of institutional authority mean 
that the response of individual bureaus 
may not be efficient or timely. Generally, 
local regulatory institutions are organized to 
modify the influence of price signals, not to 
transmit or amplify them. 

Furthermore, local governments conduct 
a variety of functions with substantial 
environmental consequences that federal 
authorities could not possibly provide based 

Although institutions can be painfully recalcitrant, it 
might be useful to think of them as the watchtowers 
that protect the precedents and values of previous 
social decisions. 
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on the information available to them. For 
example, local authorities decide the align-
ment of streets and building footprints, they 
implement building standards that affect 
heating and cooling needs, and they deter-
mine land use and transportation systems 
that influence where people live in relation 
to their work. The sum of these subnational 
activities pervasively shapes the long-lived 
infrastructure that will constrain our options 
to address issues such as climate change for 
decades into the future. The influence on 
the global climate, in the aggregate,  
is profound.

Compound layers of agency exist 
between national-level policy, fuel markets, 
and local decisionmakers. information 
asymmetries between multiple layers of 
government imply that a cost-effective 
outcome is dependent on decentral-
ized policies and behavior such as those 
that occur on a subnational level. Hence, 
state and local governments are uniquely 
positioned to implement many aspects of 
an overall climate strategy. The institutional 
question is whether a price signal would 
provide incentive for these governmental 
actors to do so. One can anticipate that 
economic forces will ultimately influence 
local tastes in planning functions. The 
difficulty is that one may have to wait for 
prices to rise high enough and persist long 
enough to evoke changes in infrastructure 
investment—and then wait decades longer 
for new infrastructure to take shape. if one’s 
concern is climate change, the process may 
feel too long because, in the meantime, 
local decisions using conventional planning 
tools continue to lay the foundation that 
constrains society’s options for decades  
to come.

Subnational Policy under  
an Emissions Cap versus a Tax
A persistent parlor question in economic 

thinking is the relative advantage of cap and 
trade versus an emissions tax. For the most 
part, economic advice considers the two 
approaches fairly equivalent, with nuanced 
issues favoring one or the other policy in 
the face of uncertainty about benefits or 
costs. The answer to this question almost 
never addresses the influence of each 
instrument within a federalist system of 
governance. However, the two approaches 
are dramatically opposed when it comes to 
transmitting incentives to affect behavior by 
subnational levels of government.

Under an emissions cap, because maxi-
mum emissions are fixed at the national 
level, the actions of subnational government 
cannot affect the overall level of emissions. 
Although described as an emissions cap, 
such a policy is also effectively an emissions 
floor because any effort to reduce emis-
sions by one entity, including state and local 
governments or private parties, does not 
affect the overall level of emissions. in effect, 
a cap-and-trade program at the national 
level preempts efforts to achieve additional 
emissions reductions at the local level.

in contrast, the same issues do not arise 
under a national emissions fee. A jurisdic-
tion with a greater willingness to pay for 
emissions reductions could adopt ancil-
lary measures that would result in addi-
tional reductions. Unlike under a quantity 
constraint, net reductions in emissions can 
be achieved. 

Economic advice typically has not 
considered the interaction of policy design 
at the national level with the incentive or 
need for subnational action. if one believes 
that prices are perfectly salient and the 
national government can set the optimal 
policy, there is no role for subnational 
action; one effectively embraces a unitary 
model of government. However, if prices 
are not perfectly salient, the ability of 
policy to provide incentives to subnational 
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levels of government is important. A tax 
instrument at the national level would have 
strong advantages over cap and trade in 
this regard.

This example illustrates that new ideas 
are usually not born fully formed and can 
have their own unanticipated outcomes. 
Few advocates of a cap-and-trade program 
have anticipated that this approach is 
likely to diminish greatly the incentives for 
local innovation in climate policy. Whether 
this characteristic is a disadvantage or not 
depends on one’s point of view, but the 
fact is that it is generally unappreciated in 
economic discourse.

Regulation versus Economic Tools
Traditional approaches to regulation under 
the Clean Air Act are disparaged by many 
economists for their inefficiencies. But 
for environmental advocates, a remark-
able attribute of the act is that it provides 
a safety ratchet promoting incremental 
environmental progress without backslid-
ing. Perhaps surprisingly, this is evident 
even where economic approaches have 
ostensibly had their greatest influence—the 
innovation of emissions allowance trading 
for sulfur dioxide. indeed, the sulfur dioxide 
trading program is trumpeted for provid-
ing a cost-effective implementation of 
substantial reductions in emissions and is 
the leading example of the use of economic 
instruments in environmental policy.

The trading program was statutorily 
created in the Clean Air Act Amendments of 
1990 and led to cost reductions of roughly 
40 percent compared with traditional 
approaches under the Clean Air Act. Howev-
er, the program had what literally became 
a fatal flaw: namely, an inability to adjust 
to new scientific or economic information. 
information current in 1990 suggested that 
benefits of the program would be nearly 
equal to costs; today the Environmen-

tal Protection Agency would argue that 
benefits are more than 30 times the costs. 
Unfortunately, changing the stringency of 
the program requires an act of Congress, at 
least according to the DC Circuit Court. The 
act locked in the emissions cap, and despite 
several legislative initiatives to change the 
stringency of the trading program, none 
have been successful.

The failure to amend the statute is 
emblematic of the limitation of legislative 
actors to finely manage scientific informa-
tion, a role that is usually left to expert 
agencies. if the nation’s fate with respect 
to sulfur dioxide emissions were left to 
Congress, tens of billions of dollars in addi-
tional environmental and public health costs 
would have been incurred in the last few 
years and into the future. Fortunately, the 
inability of Congress to act was backstopped 
by the regulatory ratchet of the Clean Air 
Act that triggers a procession of regulatory 
initiatives based on scientific findings. 

The sulfur dioxide cap-and-trade program 
was intended to reduce emissions from 
power plants from anticipated levels of 16 
million tons per year to 8.95 million tons 
per year by 2010. However, evidence based 
on integrated assessment suggests an 
efficient level would be just over 1 million 
tons per year. in the absence of legislative 
action, regulatory initiatives have taken 
effect and driven emissions from power 
plants to 5.157 million tons, as measured in 
2010. By 2015, the Clean Air interstate Rule 
and the Mercury and Air Toxics Standard 
will further reduce emissions to 2.3 million 
tons per year. The emissions constraint 
under the 1990 Clean Air Act Amendments 
has become irrelevant, and the price of 
those tradable emissions allowances has 
fallen from several hundred dollars a ton to 
near zero.

The sulfur dioxide cap-and-trade program 
is the flagship example of the use of 
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effective. However, for economic advice 
to reach its full influence requires consid-
eration of the role of institutions and their 
complexity that determines how economic 
policies ultimately will function. The success 
of economic prescriptions for environ-
mental policy depends on a new round of 
sophisticated thinking about institutions 
and how they interact with the policy tools 
at our disposal.    

A longer version of this essay appears in Daedalus, the Journal 
of the American Academy of Arts and Sciences (Winter 
2013). It is accompanied by articles by RFF Visiting Scholar 
and former president Bob Fri and RFF University Fellow Jon 
Krosnick and coauthor Bo MacInnis. The articles are part of 
the American Academy’s Alternative Energy Future proj-
ect, which is exploring how the social sciences can help 
overcome behavioral and regulatory obstacles to the 
introduction of clean energy technologies.

economic instruments in environmental 
policy. However, since its adoption in 1990, 
although the sulfur dioxide trading program 
gets most of the credit in textbooks, fully 
half of the emissions reductions that have 
been achieved and will occur are due 
to regulation. Without the Clean Air Act 
in place, the flagship program in emis-
sions trading would have left unrealized 
substantial benefits to public health and the 
environment.

A New Round of Thinking 
Economic advice for the design of environ-
mental policy emphasizes cost-effective-
ness, a criterion that is centrally important 
in facing the most challenging environ-
mental issue of our time, climate change. A 
virtue of economic approaches is that they 
are typically simple and, in principle, cost-
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Environmental degradation is everyone’s 
problem, but it’s especially a problem for 
the poor, and for obvious reasons. Their 
position is more precarious, so when 
things go wrong, whether it’s pollution in a 
neighborhood or rising sea levels swallow-
ing a country, they are less able to respond 
effectively. in this sense, inequality ought 
to be a fundamental consideration when 
fashioning environmental policies. Let me 
give two examples.

The first is in a global context, focusing 
on global warming, which has enormous 
distributional consequences. Pollution 

originates disproportionately from advanced 
industrial countries. Though more recently 
we’ve been in a race between the United 
States and China in which China has finally 
pulled ahead (in aggregate, but not per 
capita terms), the United States has contrib-
uted more than a quarter of the cumulative 
carbon emissions since 1750. Yet it is the 
poorest countries making the least contri-
bution to carbon emissions that are going 
to be the most adversely affected, and the 
reason is quite obvious.

The most deleterious effects of global 
warming are felt in the tropics. Of course, 

inequality & 
environmental 
Policy
In an excerpt from his Resources 2020 lecture,  
Nobel Laureate Joseph E. Stiglitz argues we need 
to view longstanding policy debates through the 
fresh lens of environmental justice.
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even in the far North, there are big environ-
mental costs. But from the point of view of 
people in the tropics, adverse consequences 
are overwhelming—for instance, for agricul-
ture and diseases.

Some dramatic examples: Bangladesh 
is likely to suffer widespread flooding as a 
result of global warming. For some drought-
stricken countries in the Sahel of Africa, 
even their political problems have been 
vastly exacerbated by climate change–
related famine and land shortages. And 
small island nations risk being completely 
submerged by rising seas. Wealthy coun-

tries may not have intended to do them 
any harm, but it’s hard to think even a 
war against them would have done more 
destruction than what we are doing through 
global warming. Over and over, throughout 
the world, the theme is clear: Those with 
the least capacity to respond to environ-
mental crisis are poised to receive the most 
direct and punishing blows, and these are 
the countries that have contributed the 
least to global warming.

Let me give another kind of example 
from the United States. Here as well, those 
with fewer means pay the highest price. My ©
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Severe flooding hits Dhaka, the capital of Bangladesh. 
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colleague Janet Currie has provided compel-
ling evidence that children born to less-
educated minority mothers are more likely 
to be exposed to pollution before they’re 
born. She shows that this exposure affects 
birth weight, with consequences that are 
life-long and reflected in lifetime earnings. 
And even more, the effects continue across 
generations; children of people who have 
been harmed by environmental pollutants, 
their children are also of lower birth weight, 
with lower lifetime prospects.

America has the least equality of oppor-
tunity and the least social mobility of the 
developed countries. Probably the most 
important of the reasons has to do with 
lack of equal  access to good education. 
But clearly these environmental impacts 

are also an important aspect of the inter-
generational transmission mechanism that 
perpetuates inequality.

There is a two-way relationship between 
environment and inequality. So while 
environmental degradation contributes to 
inequality, inequality can also contribute 
to environmental degradation. The mecha-
nism here, very basically, is a political one. 
When you’re poor, your focus is not on 
the complex issues of the environment 
and how the environment affects your 
economic future. Those seem too esoteric. 
You’re focused on survival. You’re focused 
on income and economic growth.

The result is that in democracies, the 
desperately poor tend to have less of an 
interest in pursuing policies designed to 
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A herder walks away from where one of his cows died 
in a drought-stricken village of northeastern Senegal.
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what economists call “social capital” tends 
to break down.

Let me make a few observations about 
this. First, it turns out that small interven-
tions can have very big effects. That’s 
important for those of us who are involved 
in policy because, quite often, we can’t 
solve the big problems. We can’t persuade 
our government to adopt a carbon price, 
but we can make a big difference even 
with some small interventions. An example 
on a national scale that is relevant in 
many developing countries is the adop-
tion of more efficient cook stoves. These 
are cook stoves that use less energy, so 
that the people who use them have to cut 
down fewer forests. it also means they are 
exposed to less indoor air pollution, which is 
a major source of health problems in devel-
oping countries, for lungs and eyes.

interestingly, more efficient cook stoves 
also help alleviate inequality because the 
people who bear the cost of gathering the 
wood and spend a very large fraction of 

their time doing so are women. When you 
have a little innovation like this, it changes 
the well-being of one part of society that 
in many developing countries is very 
oppressed. You might not think of distribut-
ing efficient cook stoves as gender policy 
or even an inequality policy. But a good 
environmental policy like this one can have 
very big effects on inequality.

The second general observation i want to 
make is the fact that these two-way rela-
tionships mean that there can exist multiple 
societal equilibria. You get an equilibrium 

protect the environment, because their 
most important concern is doing whatever’s 
necessary to get out of the current situa-
tion. So societies with more inequality will 
get less support for good environmental 
policies.

Partha Dasgupta, whom i’ve worked with 
a great deal, has emphasized the environ-
ment–inequality nexus in the context of 
development. it is the destitute who turn 
to the forest for their energy, but in doing 
so, they destroy their own future well-
being. This behavior is individually rational, 
perhaps, but collectively irrational. The 
interesting thing is that in societies with 
a reasonable degree of social cohesion, 
social-control mechanisms may, and often 
do, actually work. But inequality tends to 
undermine social cohesion.

The importance of social cohesion 
was evident in a recent visit to Bhutan, 
the Himalayan country that has made its 
national objective Gross National Happi-
ness (GNH), rather than the more traditional 

GDP. At the start, everybody was allowed 
to cut down three trees a year. i asked, 
“How do you enforce this?”  The Bhutanese 
answered, “Nobody would disobey.” A few 
years later, the limit was reduced to two 
trees, and the Bhutanese people adapted 
to that. 

The point is that in societies with a high 
degree of social cohesion, people can work 
together and solve some of these problems 
better than they can in societies with less 
social cohesion and more inequality. When 
the tide of inequality becomes too great, 

With a low level of inequality, you have high demand 
for good environmental policies, and those good 
environmental policies then lead to less inequality in 
our society.



40

in which you have a lot of inequality, and 
that leads to weaker environmental policies, 
and those weak environmental policies 
lead to a lot of inequality, and the prob-

lem perpetuates itself. But a much better 
equilibrium can be obtained, where you 
have low levels of inequality. With a low 
level of inequality, you have high demand 
for good environmental policies, and those 
good environmental policies then lead to 
less inequality. This feedback mechanism is 
really important in understanding that one 
cannot just assume the market by itself will 
lead to an efficient outcome. Government 
intervention can nudge the economy to a 
better equilibrium.

Another issue involves the longstanding 
literature on the tragedy of the commons. 
According to the classic thinking behind the 
tragedy of the commons, the real problem 
with overutilization of common resources 
is that we haven’t privatized land. But the 
privatization agenda often leads to high 
levels of inequality. So while private prop-
erty is one mechanism for regulation, there 
are other ways of regulating asset usage. 
Nobel Laureate Elinor Ostrom pointed out 
that in some communities, people were 
able to get together and have social-control 
mechanisms without private property. 

One of the arguments for the enclosure 
movement in the 15th, 16th, and 17th 
centuries in Britain and Scotland was that it 
prevented overgrazing. But in the process 
of limiting access to pastures, the move-
ment created a lot of wealth at the top 
and a lot of misery at the bottom. So the 
enclosure movement had enormous distri-
butional consequences. it was not, i think, 

the best way of solving the problem of the 
commons. 

One of the discussion points that econo-
mists debate forever is the virtues of price 

versus quantity regulation in dealing with 
environmental issues. But we typically 
ignore that these different mechanisms can 
have very different distributional effects and 
that we typically cannot—or in any case do 
not—offset the distributional effects. From a 
practical point of view, one of the things we 
ought to be thinking about very carefully 
as we discuss the merits of one or another 
way of protecting the environment is who 
benefits and who loses. 

What i hope has been evident from these 
brief remarks is that inequality is not just a 
moral issue—it’s an efficiency issue. We pay 
a high price for inequality in terms of how 
our economy performs. if young people at 
the bottom don’t get the education that 
allows them to live up to their potential, we 
are wasting our most valuable resource. if 
children of low-income parents are exposed 
to toxic environmental effects that under-
mine their potential to be fully productive, 
we bear a high cost as a society. 

Distributional concerns need to move 
front and center in environmental and 
resource economics, especially given 
America’s high inequality—both of outcome 
and of opportunity. Doing so will provide 
new perspectives on old policy debates and 
make what we say of greater relevance in 
the policy discourse.     

Visit www.rff.org/resources2020 to watch Dr. Stiglitz’s speech 
and others in our distinguished Nobel Laureate Lecture 
Series.

Inequality is not just a moral issue—it’s an  
efficiency issue.
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raises a question for conservation advo-
cates: is humanity’s ability to substitute 
or innovate its way around environmental 
problems relevant to how we think about 
conservation? 

Our planet has looming resource avail-
ability issues. We have to find food, water, 
and shelter for two billion additional 
humans by 2050. Not only that, the nine 
billion of us in 2050 will be richer than we 
are now. We’ll demand more steaks and 
hamburgers, which means more cows and 

Marine biologists predict the collapse of 
harvested seafood species by 2050. But 
do we really need those species? i ask this 
question to generate ethical discomfort, 
if not outright disgust—and also to trig-
ger another line of thought: that humanity 
might be able to innovate its way around 
part of the problem caused by species 
loss. if seafood is narrowly thought of as a 
source of food protein, it is entirely possible 
that advances in genomics, food science, 
and agriculture will solve the problem. This 

the Limits to ingenuity  
Innovation as a Response 

to Ecological Loss
In the face of looming conservation crises,  

James Boyd asks, can we expect human ingenuity 
to always save the day?
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corn to feed them, which means more land 
and water consumption. Not to mention all 
the iKEAs. 

These concerns aren’t new—they’ve 
been periodically reignited, whether by 
Thomas Malthus, the Club of Rome’s Limits 
to Growth, or the “peak oil” debate. Most 
economists will tell you that Malthus was 
wrong: Malthusian handwringing is just 
that, a lot of worrying about problems that 
never develop. Billions of people live more 
materially rich lives than in Malthus’s time. 
The Green Revolution in agriculture means 
billions more have their nutritional needs 

satisfied than 50 years ago. And don’t 
worry about oil, because we can always drill 
deeper or frack our way out of it. Scarcity 
isn’t a problem, the argument goes, because 
ingenuity yields abundance in response. 

An illustration is the Ehrlich–Simon wager. 
in the 1970s, biologist Paul Ehrlich parlayed 
his book The Population Bomb into a public 
discussion of our effect on the planet. His 
thesis was that population growth drives 
appetites for natural resources that outstrip 
their availability. Contesting this view, 
economist Julian Simon bet Ehrlich $1,000 
that the combined price of five commodity 
metals would fall over the next decade. 

Ehrlich lost the bet. The main reason 
was that he picked commodities for which 
opportunities for demand substitution 
and supply innovation were present. The 
trap Simon laid was obvious to economists 
because for these metals—and for most 
market goods—scarcity increases prices. 
Higher prices lead consumers to seek 

substitutes, and higher prices push produc-
ers to innovate, find, extract, or produce 
more. The metals in the bet had substitutes 
(other metals), and innovations in extrac-
tion technology meant that more could 
be produced in 1990 than in 1980, even as 
population grew. 

Ingenuity Has Limits
But can we expect human ingenuity to 
always save the day? Consider two differ-
ent natural resources: clean drinking water 
and a rare bird species. Can we innovate our 
way around scarce drinking water? it is likely 

we can, at least in the long run. The devel-
oped world already does this to a certain 
extent. We build facilities to treat water, drill 
deeper to access aquifers, and find ways to 
waste less. Should energy become cheap 
enough, we can desalinate all we want. 

But now consider a threatened bird 
species, whose very existence we value. 
How would we innovate our way out of 
the extinction of that species? Just switch 
our affections to some other species? 
it’s also hard to imagine how we would 
innovate our way around the loss of natural 
resources important to our cultural iden-
tity or sense of beauty and wonder. There 
aren’t many substitutes for the relatively 
untouched expanse of Alaska’s North Slope 
if what matters to you is its very wildness. 

These examples suggest that all the 
things we value in nature are not equivalent 
in terms of the ability of innovation to deal 
with their scarcity or loss. in particular, the 
examples relate to environmental features 

There aren’t many substitutes for the relatively 
untouched expanse of Alaska’s North Slope if what 
matters to you is its very wildness. 
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that are culturally, spiritually, and aestheti-
cally rooted in our values, rather than the 
more utilitarian contributions of nature to 
food, shelter, and human health. 

Ehrlich’s wager might have been (tragi-
cally) successful if he had chosen commodi-
ties such as rare species, wilderness, or 
coral reefs. Those are much more likely to 
be a “winning” bet, for two reasons. First, 
because it’s almost impossible to inno-
vate our way around a loss of species and 
wilderness, and it’s relatively hard to inno-
vate our way around a loss of coral reefs—
people wouldn’t be able to find substitutes 
for those things. Second, the combination 
of scarcity and limited substitutes typically 
means that those things will become more 
and more valuable to people. 

When we ask what natural resources our 
growing appetites will threaten, we should 
also ask which of these scarcities will most 
resist our ingenuity. 

Ingenuity Is a Function of Policy
Economics, not just ecology, suggests we 
should focus on the environmental places, 
features, and functions for which there 
really are no substitutes. Economics also 
suggests that we need to think about inge-
nuity as a social process, including the ways 
in which policy can accelerate or thwart 
it. if we return to the bet between Ehrlich 
and Simon, note that the commodities in 
question were all private goods serving the 
private needs of commerce. As a result, the 
incentives to innovate were particularly 
potent. 

innovation thrives when private 
markets—and the incentives and infor-
mation they provide—can be harnessed. 
Unfortunately, ecological features and quali-
ties are often shared, public goods. This can 
be bad news for ingenuity. We can’t sit back 
and expect the market to just do its thing. 
Public problems rarely generate the same ©
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frenzy of entrepreneurial activity as private 
problems.

Consider a simple exercise like knowing 
when something is being lost or becom-
ing more scarce. The beauty of markets is 
that they generate a particularly credible 
signal of scarcity—the market price. But 
what about ecological public goods? How 
do we know when they are getting scarce? 
This is a much harder question to answer 
because we can’t rely on the invisible 
hand to tell us. We have to deploy teams 
of scientists (assuming we have enough of 
them) to measure and track things that are 
not currently measured and tracked, and 
we need to lobby foundations and govern-
ments to support this activity. Not only are 
ecological goods and services public goods, 
information about them is a public good. 
Two public goods in one is a recipe for 
underinvestment and a reason we know far 
too little about our ecological systems. 

Underinvestment in ecological informa-
tion thwarts ingenuity because innovators 

are constantly scanning the horizon for 
information that signals a profitable invest-
ment in new products and techniques. 
Where ecological trends are concerned, that 
horizon is very cloudy. This is one reason 
i and others concerned with ecological 
wealth feel so strongly about the develop-
ment of so-called Green GDP accounts. 
Green GDP accounts would track over 
time, in a systematic and transparent way, 
gains and losses in ecological public goods, 
such as clean available water, open space, 
species, and natural features that protect us 
against disease and hazards. The infor-
mation created by such accounts would 
provide valuable signals to innovators that 
would foster and accelerate ingenuity. The 
fact that the United States resists such 
accounts is a scandal.

Another issue is that not everyone has 
the same access to innovation and substi-
tutes. Because many of the world’s poor 
are particularly vulnerable to ecological 
problems, it’s important to note that access 
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to innovation (including the ability to pay 
for it) can place additional limits on ingenu-
ity’s impact.

To be clear, ecological threats and losses 
can be dealt with even in the absence of 
formal markets and governance structures. 
Elinor Ostrom’s Nobel Prize–winning work 

documented this possibility. But governance 
failures are also a huge part of the ingenuity 
story. The conservation community has long 
been sensitive to governance failures and 
their impact on ecological conditions—aris-
ing, for example, from unfettered access to 
common property resources. After all, the 
main reason our marine species are in such 
precipitous decline is because we ineffec-
tively govern fisheries.

But governance also relates to policies 
that affect incentives for innovation. As 
noted already, such policies include the 
provision of information through ecologi-
cal accounts, for example, that would send 
important signals to innovators. They also 
include intellectual property laws and 
safety and environmental regulations that, 
if poorly designed and implemented, can 
weaken incentives to innovate. 

Conservation Advocates Should Take 
Ingenuity More Seriously
A gentle recommendation for those 
concerned about ecological losses is to 
become as sensitive to the effect of policy 
on ingenuity as they are to the effect of 
policy on resource governance. As empha-
sized earlier, not all ecological problems 
have a technological solution. But many 

will. As a very broad generalization, envi-
ronmentalists are too averse to technology 
discussions for their own good. 

Here’s another set of questions designed 
to trigger discomfort: How do you feel 
about genomic manipulation? Are you 
opposed to it? Always? Why? Could it be 

good for conservation? Experts at RFF are 
confronting such questions head-on for 
several reasons. First, genomic innovation 
is already happening, like it or not—Brazil 
and China are unlikely to be as squeamish 
about genetic engineering as are Europe 
and the United States. Second, along with 
the risks, genomic innovation presents 
opportunities to reduce agricultural stresses 
and offers a variety of ecological mitigation, 
remediation, and restoration innovations. 
Third, our reflexive anxieties about this kind 
of technology marginalize conservation’s 
voice in these matters. The environmen-
tal community rightly prides itself on the 
scientific basis for its concerns and prescrip-
tions. Avoiding scientific discussion around 
technological solutions damages that brand.

The Limits to Growth debate has become 
stale. Too often it’s reduced to two simplis-
tic arguments: “markets will solve every-
thing” versus “we are killing the planet.” A 
much more productive middle ground is 
getting lost. When is ingenuity likely to help 
solve ecological problems? What can we do 
to spur that ingenuity? And what are the 
limits to that ingenuity? To move forward, 
we must understand how conservationists 
can better prioritize their efforts and better 
engage around those questions.     

The environmental community rightly prides itself 
on the scientific basis for its concerns and  
prescriptions. Avoiding scientific discussion around 
technological solutions damages that brand.
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The 2011 Gilbert White Fellow Jintao Xu 
returned to his work at Peking University, 
where he will lead the launch of the new 
China Center for Energy and Development. 

RFF Research Director and Senior Fellow 
Karen Palmer was elected to the Council 
of the United States Association of Energy 
Economics.

The intergovernmental Panel on Climate 
Change Fifth Assessment Report, Working 
Group iii, recently added RFF Fellow Sheila 
Olmstead as a contributing author.

RFF Senior Fellow Dick Morgenstern 
accepted an invitation to serve on the 
advisory board for the institute for Policy 
integrity at the New York University School 
of Law.

RFF Senior Fellow Allen Blackman was 
appointed to the Applied Sciences Team for 
NASA’s “SERViR” centers, which use NASA’s 
Earth observation data to improve environ-
mental management, disaster prevention 
and relief, and economic development in 
developing countries. in his role as princi-
pal investigator, Blackman is responsible 
for responding to short-term requests 
for advice from the centers and leading 
a research project that also involves RFF 
Associate Research Director and Fellow Juha 
Siikamäki. 

RFF Senior Fellow Timothy Brennan was 
appointed as associate center faculty at the 
Rutgers Center for Research of Regulated 
industries.

Lynn Scarlett, an RFF visiting scholar and 
co-director of the Center for the Manage-
ment of Ecological Wealth, has been 
appointed to the National Research Council 
Board on infrastructure in the Constructed 
Environment.

RFF University Fellow Jim Sanchirico 
received the 2012 Rosenstiel Award from 
the University of Miami for his research 
on the economics and ecology of spatial 
dynamic processes in renewable resources 
management and design of marine protect-
ed areas.

Meet RFF’s Newest Fellows 
Two of RFF’s newest research fellows—
Yusuke Kuwayama and Anthony Liu—
describe their past, present, and future 
research interests.

Yusuke Kuwayama
Addressing Water  
Management Problems
i first became interested 
in environmental issues at 
Amherst College. Although 
i was an economics major, 
i took several geology 
classes that introduced me 
to a wide variety of environmental issues 
and scientific approaches. i decided that i 
wanted to use economics to help under-
stand how human behavior interacts with 
the environment. i followed up by taking 
my first environmental economics course at 
Smith College, and then i went on to study 
agricultural and applied economics at the 
graduate level at the University of illinois.

My dissertation was on the econom-
ics of environmental regulation, with an 
emphasis on water resources and ecosys-
tems—focused on agricultural water use 
and groundwater pollution. i showed that 
accounting for the complexity of environ-
mental processes in economic optimization 
problems yields policy recommendations 

A Look at What’s Happening
Inside RFF
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that are different from those currently 
offered in the literature, and that manage-
ment practices reflecting these differences 
lead to better economic and environmental 
outcomes. 

A new area of research for me since join-
ing RFF is the costs and benefits of water 
resource impacts from unconventional 
fossil fuel development. Looking forward, i 
hope to continue addressing water resource 
management problems in a variety of 
contexts, particularly those that involve 
uncertainty and physical complexity.

Anthony Liu
Examining Environmental 
Economics in Developing 
Countries
Environmental and 
natural resource issues 
have a real and signifi-
cant bearing on people 
in developing coun-

tries. Low-income people have minimal 
opportunities to mitigate the impacts of 
pollution and growing resource scarcity. At 
the same time, developing countries have 
some of the fastest growing environmen-
tal problems. i am interested in studying 
the economics at the intersection of these 
areas, focusing on issues relevant to the 
welfare of developing countries.

My dissertation focuses on environmen-
tal policy in the unique policy setting that 
developing countries provide. For example, 
developing countries have high levels of 
tax evasion. At the same time, they have 
rejected carbon taxes on the grounds that 
these taxes are expensive and unaffordable. 
i point out that carbon and energy taxes 
are known to be very difficult to evade, 
and i show how tax systems in developing 
countries can benefit by considering carbon 
taxes as a policy instrument.

i am currently located in Beijing on a 
joint appointment with the Cheung Kong 
Graduate School of Business. i would like to 
grow my portfolio of China-specific research 
topics and develop my expertise in China’s 
economy.

RFF Welcomes a  
New Board Member  
C. Boyden Gray recently 
joined RFF’s Board of Direc-
tors, bringing significant 
expertise in international 
affairs and environmental 
issues to RFF’s leadership. 

Gray is the founding 
partner of Boyden Gray & Associates, a law 
and regulatory strategy firm in Washing-
ton, DC, following many years of service 
to his nation in both domestic and diplo-
matic posts. As White House counsel to 
President George H.W. Bush, he assisted 
the president’s enactment of the Clean 
Air Act Amendments of 1990, develop-
ment of a cap-and-trade system for acid 
rain emissions, and enactment of the 
Energy Policy Act of 1992, which aimed to 
decrease American dependence on foreign 
oil, protect our environment, and promote 
economic growth. He previously had served 
as counsel to President Ronald Reagan’s 
Task Force on Regulatory Relief, and as 
counsel to Vice President Bush. Later, under 
President George W. Bush, he served as US 
Ambassador to the European Union, Special 
Envoy for Eurasian Energy Diplomacy, and 
Special Envoy for European Union Affairs. 
in addition to his public service and private 
legal work, he also serves on a number of 
boards dedicated to public health, regula-
tory reform, constitutional law, and other 
civic and charitable causes.
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RFF relies on those who have the vision to see the role rigorous, objective research plays 
in formulating sound public policies. Contributors to RFF receive a wide variety of benefits, 
including invitations to special events, targeted research reports, and briefings with RFF 
experts. For a complete listing of these benefits, visit www.rff.org/support.

There are many ways to contribute:

Send your gift directly to RFF 
Resources for the Future
Attn: Development Office

1616 P St. NW • Washington, DC 20036

Donate online through the secure Network for Good website. 

increase your donation through your employer’s matching gift program. Contact your 
personnel office for more information. RFF’s Tax iD number is 53-0220900.

Participate in the Combined Federal Campaign  
and support RFF using CFC code 19241. 

Give gifts of stocks, bonds, or mutual funds. 

Consider planned gifts through bequests or deferred giving.

Contact Us
The RFF Development Office can tailor opportunities to meet your needs. Please feel free to 
contact the appropriate individual listed below.

For individual giving, contact Barbara Bush at 202.328.5030 or bush@rff.org. 
For foundation and corporation support, contact Key Hill at 202.328.5042 or hill@rff.org. 
All other inquiries should be directed to Lea Harvey at 202.328.5016 or harvey@rff.org.

www.rff.org/support

Opportunities to Support RFF
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Washington, DC 20036-1400

RetuRN seRVice RequesteD

Water Diplomacy
A Negotiated Approach to 
Managing Complex Water 
Networks

Shafiqul islam and  
Lawrence E. Susskind

Water is the resource that will 
determine the wealth, welfare, 
and stability of many countries 
in the twenty-first century. This 
book offers a new approach 
to managing water that will 

overcome the conflicts that emerge when the interactions 
among natural, societal, and political forces are overlooked. 
Solutions will only emerge if a negotiated or diplomatic 
approach—that blends science, policy, and politics—is used 
to manage water networks. The authors show how open 
and constantly changing water networks can be managed 
successfully using collaborative adaptive techniques to build 
informed agreements among experts, users with conflicting 
interests, and governmental bodies.
June 2012 
Paperback: 978-1-61726-103-9
Hardback: 978-1-61726-102-2 
www.routledge.com/9781617261039

to place an order, please visit www.routledge.com/rffpress or call 1-800-634-7064

NEW from RFF PRESS

Carbon Capture and  
Sequestration
M. Granger Morgan and  
Sean T. McCoy

This book identifies current law 
and regulation that apply to 
geologic sequestration in the US, 
the regulatory needs to ensure 
that geologic sequestration is 
carried out safely and effectively, 
and barriers that current law 
and regulation present to timely 
deployment of CCS. The authors 

operationalize their recommendations in legislative language, 
which is of particular use to policymakers faced with the chal-
lenge of addressing climate change and energy.
 “This volume carefully explains why old models won’t work, 
and more important, how to do it right. it’s an essential start-
ing point for realizing the promise of this technology.”
—Robert W. Fri, RFF visiting scholar 

June 2012 
Hardback: 978-1-61726-101-5 
www.routledge.com/9781617261015

RFF Press is an imprint of Routledge/Taylor & Francis, a global publisher of quality academic books, journals and online reference.
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