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EDITOR’S NOTE:

This year, the SAIS Bologna Center Journal of International Affairs editorial
team has had the privilege of putting together a special issue on the environment.
While the BC Journal is traditionally an annual, student-run publication, thanks
to a generous contribution by an alumnus (Karl Homberg, ’BC 67), we were able
to publish a second issue, focusing specifically on environmental policy topics.

At a time when the world is becoming increasingly concerned about environmental
problems with global ramifications, students and scholars around the world have
weighed in and provided keen insight into a wide range of environmental policy
issues. From environmental implications in international trade to the public’s
grasp of environmental change to the interaction between science and technology
and policy, the articles touch on some of the most relevant and often controversial
set of issues we face today. It is our hope that this special issue of the BC Journal
will not only raise awareness of the pressing issues at hand, but also provide a
forum for the debate and discussion of the role of the environment in international
affairs.

Christina Sohn
Editor-in-Chief

DONOR’S NOTE:

With the end of the Cold War, a rather new set of issues—often identified as
global issues—has emerged, and while the US–European dialogue remains
extremely important, its great value now is as a tool for promoting a coordinated,
cooperative approach to the global problems that each of these two major power
centers face.

The environment is no doubt one of the most pressing issues facing the world. I
believe the Bologna Center is the perfect institution to address this issue because
of its interdisciplinary program and its international network. My choice to fund
a Program in Environmental Policy Studies at the Bologna Center was also guided
by the spirit of recognition for the support the school provided me while I was a
student there.

I am truly grateful for the efforts the Center and its students are making in the
field of environmental studies.  I applaud the production of this first issue of the
Bologna Center Journal on the environment, which clearly attests to the excellent
and multi-faceted education offered by the Center.

 Karl Homberg
Bologna Center, Class of 1967
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DIRECTOR’S NOTE:

It’s been just 46 years since the publication of Rachel Carson’s “Silent Spring”
and only 36 years since the United Nations Conference on the Human Environment
in Stockholm, the two signal events that most observers would identify as the
modern beginning of concerns for the environment.  In those intervening years,
science, politics, and technology have converged to teach us much more about the
range and magnitude of environmental threats, to achieve essential consensus
on many of them, to move environmental concerns from the periphery of public
awareness to a relatively central, broad, and international concern, and even to
provide the technologies that could help us deal with the challenges.

On the other hand, we have not yet achieved the political consensus nor found the
diplomatic and domestic policy instruments for doing something— or enough—
about these threats.  So the debate today is very much at the intersection of
science and technology on the one hand and public policy on the other.  It is a
debate complicated by three important considerations.  First, as our scientific
knowledge has advanced, and the closely related field of ecology has matured, our
concepts about what constitutes “the environment” and what threatens it have
broadened considerably, encompassing an increasing number of issues.  Second,
the very fact that we have become so aware of environmental phenomena has
stimulated a vastly broadened discussion of the cultural, ethical, economic, and
security issues that link to the environment.  And, third, as with most broad
issues that society confronts, there are trade-offs between environmental protection
and other societal goods, most particularly those associated with the economy—
development in the less developed regions of the world; energy consumption
throughout the world; and the use of natural resources.

The students at the Bologna Center who, for some ten years, have produced the
SAIS Bologna Center Journal of International Affairs, this year undertook to join
the debate with this special issue of the Journal.  I am delighted that they have
done so.  These students, the leaders of the next generation will, perforce, take on
the responsibility for dealing with the challenges that environmental protection
presents, and this is an appropriate time for them to join the fray.  They have put
together an interesting, informative, and rich set of articles, drawing on the
insights of scholars in the field, the fresh ideas of their own peers, and the thoughtful
work of all of the authors.

This special issue would not have been possible without the generous support of
alumnus Karl Homberg (BC ’67), who recently established the Karl Homberg
Environmental Policy Studies Program at the Bologna Center.  In fact, this is the
first activity supported by the Program and it signals our intention to give
increasing attention to the environment in our course work, in our seminar
programs, and in our policy research.  We share with Karl the conviction that
few issues are more important in international affairs today than the environment
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and we are truly grateful that he has been willing to help the Center and its
present and future students to focus their efforts on meeting the challenges it
presents.

Kenneth H. Keller
Bologna Center Director

INTRODUCTION:

This Special Environmental Issue of the SAIS Bologna Center Journal of
International Affairs is an important step forward in deepening SAIS’s commitment
to addressing the international policy and governance challenges posed by climate
change and other regional and global environmental issues.  The range of subjects
covered in this issue—treaty regimes, religion and the environment, technology,
trade policy, carbon markets, social entrepreneurship, public choice theory, national
security and public health—testifies to the breadth of interests and knowledge of
the faculty and students involved.

A unifying theme of the issue is the importance of public policy and institutional
design in “getting the incentives right” so that both public and private sectorpresent
and future students to focus their efforts on meeting the challenges it presents.
Bologna Center Directoractors will find it in their self-interest to tke actions that
will benefit our broader common interests.  Public policy and institutional design
choices must in turn be informed by a sophisticated understanding of what really
motivates those actors and how they are likely to respond to policy interventions
in different situations.  Creating such an understanding has been one of the foci
of the International Policy Program at SAIS.  U.S. and other leaders must recognize
that markets and technological change will not produce satisfactory solutions to
climate change and other global issues unless they are accompanied by well-
designed policies and institutions.

On a more personal note, I have been involved with energy and environmental
studies at SAIS for more than twenty years as a participant in Dr. Wilfrid Kohl’s
Global Energy and Environment Initiative and as an adjunct faculty member.
Dr. Bill Zartman and I taught the first SAIS course focused on climate change
negotiations as an example of international regime formation in 1993-94.  Since
then I have twice had the privilege of joining Dr. Scott Barrett in teaching the
successor to that course. I feel proud to have witnessed the growing interest in
environmental policy among SAIS students. The launching of the Special
Environmental Issue of the BC Journal is a wonderful expression of that interest
and I hope that you will find it as interesting and helpful as I have.

William A. Nitze
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Scott Barrett is Professor of Environmental Economics and International Political
Economy at the Johns Hopkins University School of Advanced International Studies in
Washington, DC. He has been a lead author for the Intergovernmental Panel on Climate
Change and an advisor on climate change negotiations to several international
organizations. He is the author of Environment and Statecraft: The Strategy of Treaty-
Making and, most recently, Why Cooperate? The Incentive to Supply Global Public
Goods, both published by Oxford University Press.

NEGOTIATING STRATEGIES FOR A
POST-KYOTO REGIME

SCOTT BARRETT

What should we do about climate change? There is disagreement about what we
should do in quantitative terms, but universal agreement about what we should
do in qualitative terms. Our aim should be not only to avoid “dangerous
interference” with the climate system, but to effect a technological revolution.
How can these goals be achieved? The European Union’s favored approach is to
tighten up on the Kyoto emission cuts, possibly supported by the application of
trade restrictions. A better approach would be to break the problem up into its
many parts, using the best means available to enforce each part.

INTRODUCTION

Al Gore and the Intergovernmental Panel on Climate Change received
the Nobel Peace Prize in 2007 “for their efforts to build up and disseminate greater
knowledge about man-made climate change, and to lay the foundations for the
measures that are needed to counteract such change.” Laying the foundations for
taking action is an essential and important contribution, but now comes the
much harder task: deciding what to do and, more importantly, figuring out a way
in which the world can cooperate to address this colossal challenge.

In this paper, I address both of these matters. I explain that the question
of what we should do about climate change is both more complicated and simpler
than most discussions acknowledge. In brief, there is disagreement about what
we should do in quantitative terms, but near universal agreement about what we
should do in qualitative terms. Eventually, addressing climate change will require
a technological revolution.

We have already tried one approach to addressing climate change—the
targets and timetables approach embodied in the Kyoto Protocol. It is often
suggested that we need to continue to rely on this approach but that Kyoto’s
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targets and timetables need to be tightened up (this is the European Union’s
current negotiating position). This thinking misinterprets the reasons for the
current failures. It is true that more needs to be done to address climate change,
but the Kyoto approach is unable to enforce its own obligations. The strategy of
using trade restrictions to enforce Kyoto is fraught with difficulties. A better
approach is to break the problem up into parts, using the best means available to
enforce each part.

WHAT SHOULD WE DO?

You might think that the world cannot agree what to do about this
challenge, and that this is why progress has been blocked; but, actually, the
world agreed in 1992 what to do about climate change. The Framework Convention
on Climate Change says that the world should avoid “dangerous anthropogenic
interference with the climate system,” and do so “within a time frame sufficient
to allow ecosystems to adapt naturally to climate change, to ensure that food
production is not threatened and to enable economic development to proceed in a
sustainable manner.” Nearly every country is a party to this treaty—the only
non-parties today are Andorra, the Holy See, Iraq, and Somalia. So the world
agrees.

There are, however, two problems. First, agreeing what to do is only a
necessary condition for addressing a global challenge; it is not sufficient. In 1959,
a proposal was made to the World Health Assembly that the world should eradicate
smallpox. Nearly every country was represented on this assembly, and every
member country voted in favor of this resolution. Even during the Cold War,
there was global unanimity on this one issue. However, achieving the goal required
resources, and these, countries agreed, should be supplied voluntarily. Analysis
shows that the benefit-cost ratio for smallpox eradication was close to 500:1, making
this perhaps the best public investment the world ever made. The budget for
eradication was $100 million. So, how much money do you think was raised
voluntarily from 1959-1966 to finance the supply of this global public good? The
answer: just $27,345. If anyone tells you that free riding is not a problem, you
might remember this story.1

So the first problem is that agreeing on what to do is a lot easier than
getting countries to do what is required to achieve a collective goal. Indeed, this is
why so many countries signed up to the Framework Convention. The agreement
does not require that these countries do anything.

The second problem with the Framework Convention is this: Who could
be against avoiding “dangerous anthropogenic interference with the climate
system?” No one. And yet the agreement does not explain what “dangerous” means.
Different countries might have different ideas about this.

For example, in a recent analysis of the effects of climate change on
agriculture, William Cline estimates that, by around 2085, “agricultural output
potential” can be expected to fall in many countries. In India, Cline predicts, it
will fall twenty-nine percent; in Mexico, twenty-six percent. In China, however,
agricultural output potential is expected to rise seven percent. It is also expected
to rise in Canada, Europe, Russia, and the United States. Overall, agriculture is
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not affected much—by Cline’s calculations, global output potential declines only
about three percent—but there will be winners as well as losers.2 To India and
Mexico, Cline’s predictions will surely seem dangerous. Other countries may view
his predictions with less alarm.

In 1996, the Council of the European Union declared that mean global
temperature should not be allowed to increase by more than 2º C above the pre-
industrial level. It did so on the basis that, “once global warming exceeds 2ºC,
climate impacts on food production, water supply and ecosystems are projected to
increase significantly and irreversible catastrophic events may occur.”3

Is this the right level to aim for? It would be nice if the answer were a clear yes.
But it isn’t obvious that this level is enough. For example, coral reefs are highly
sensitive to temperature; a 1º C increase is commonly mentioned as a threshold.4

As well, a 2º C warming might trigger positive feedbacks, tipping the world toward
“climate catastrophe.” If this increase were to cause permafrost to melt, releasing
methane, the temperature increase would not stop at 2º C; it would climb higher.

Another problem is that we do not know the concentration level needed to
limit temperature change to 2º C. According to the latest assessment by the
Intergovernmental Panel on Climate Change, a concentration of 450 parts per
million (ppm) of carbon dioxide (CO

2
) equivalent would probably limit temperature

increase to 2.1º C, but the likely range is 1.4-3.1º C.5 Given this uncertainty in
climate sensitivity, limiting concentrations to 450 ppm may mean overshooting
the 2º C goal.

The 2º C target might also be too strong a target. If the consequences of
meeting this target were inconsequential, I would say we should do more—after
all, even a limit this low is much higher than experienced during the whole of
human existence.

But reducing emissions this much, this soon will be consequential. It
will be costly; the money spent reducing emissions could be spent on other
worthwhile causes. Reducing emissions will also introduce additional risks. For
example, the reduction in emissions needed to limit climate change to 2ºC would
almost certainly require a radical expansion in nuclear power worldwide, and
this would pose problems for waste storage—like climate change, a burden for
future generations—and proliferation.

Economists, when they think about this problem, look at both sides of
the climate ledger—the costs and the benefits. As is often the case, however, they
draw different conclusions from their analyses. Many economists, led by the Yale
economist, William Nordhaus, believe we should reduce emissions somewhat today,
and “ramp up” emission reductions over time. Other economists, especially Nicholas
Stern, now of the London School of Economics, believe we should do much more to
reduce emissions now; according to Stern, “the benefits of strong, early action
considerably outweigh the costs.”6 Stern also believes that atmospheric
concentrations should be prevented from exceeding twice the pre-industrial level.7

Nordhaus, by contrast, calculates that the costs of limiting concentrations to
such a level exceed the benefits.

The reasons for these different conclusions have been written about
elsewhere.8 Here I want to emphasize their three points of agreement.
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First, were we to know with certainty that a concentration level above
some threshold would be truly catastrophic, then Nordhaus and Stern would
disagree only about the path of emission reductions that would be best for avoiding
catastrophe. Both economists would agree that catastrophe ought to be avoided.9

Second, both economists agree that virtually nothing is being done to reduce
greenhouse gas emissions today, and that more should be done. Finally, they
agree that concentrations should not be allowed to increase indefinitely. This last
point of agreement is important because the physics of climate change tell us
that if concentrations are to be stabilized at any level, net emissions to the
atmosphere must equal zero. The long run goal must therefore be to reduce net
emissions to zero—a challenge that will require a technological revolution.

Let me now turn to these two imperatives—the imperative to reduce
(net) emissions now, and the imperative to reduce them by much, much more
eventually.

REDUCING EMISSIONS

Because of the free rider problem noted previously, countries will not do
enough to reduce their emissions unilaterally: the global benefit of reducing
emissions exceeds the individual benefit. Making matters worse, should only some
countries reduce emissions, comparative advantage in the carbon-intensive
industries may move to the other countries, causing their emissions to increase—
a phenomenon known as “trade leakage.” It is really for both reasons that so little
action has been undertaken so far.

One proposal for getting around the “collective action problem” is for a
country or group of countries (the European Union) to “take the lead.” The idea is
that, should certain countries lead by reducing emissions, others will follow.

Leadership works for some international issues. For example, as more
countries adopted the Greenwich meridian, yet more countries wanted to do so,
because of the overriding need for countries to coordinate as regards time keeping.
Unfortunately, reducing emissions does not have this same characteristic.10

Another approach is for each country to make its own climate policy contingent
on those of other countries. This approach has also been tried several times,
without success. In 1992, for example, the European Community proposed a mix
of measures, including a carbon/energy tax, to stabilize EC emissions at the 1990
level. This tax was made contingent on other OECD countries adopting the same
tax. The other OECD countries rejected the offer; the EC dropped the tax.

A third approach is to try to “bind” countries to act in a treaty. This, of
course, was the reason so many negotiators traveled to Kyoto in December 1997.

KYOTO PROTOCOL

An effective international agreement for climate change mitigation must
do three things. Kyoto, unfortunately, does none of them.
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First, a treaty must create incentives for broad participation. Kyoto failed
to deter the world’s biggest emitter and only superpower, the United States, from
not participating—reason enough, in my view, to call the agreement a failure.

Why do I blame the agreement rather than George W. Bush? One reason
is that it is very unlikely that the Kyoto Protocol would have been ratified by the
United States even if Al Gore had been selected as president in 2000. In July
1997, the Senate passed a resolution 95 to zero against the United States becoming
a signatory to any international agreement on greenhouse gas emissions that
(among other things) did not also require developing countries to reduce their
emissions. Before this, the Clinton administration had agreed to negotiate on the
basis that the industrialized countries must reduce their emissions first. The
Senate resolution did not change the negotiating stance of the United States. Al
Gore traveled to Kyoto to break a deadlock in the negotiations, but the treaty he
negotiated failed to meet a pre-condition for ratification expressed previously by
the Senate. Treaty ratification requires 66 affirmative votes in the Senate. It is
almost inconceivable that a Gore administration could have orchestrated a turn-
around of this magnitude.

The Senate, in my view, was justified in insisting on broad participation.
It is easy to see this in hindsight. The countries that matter most are the countries
whose emissions are growing the fastest—countries like China and India. They
matter the most not only because of their size (today, China is the world’s largest
emitter) but because they are currently investing in a capital base that will last
a very long time. China is bringing on line at least one coal-fired power plant a
week. (In a single year, China has added more coal-fired capacity than the entire
installed capacity of the United Kingdom.) These plants last 40 years or more.
The challenge was, and still is, to get the fast growing developing countries onto
a new kind of development path as a priority, and for the rich countries to transition
onto this path over time as their capital base depreciates. By design, Kyoto fails
to do this.

Second, a treaty must create incentives for compliance. Canada, unlike
the United States, is a party to the Kyoto Protocol. It is required to reduce its
emissions 6 percent below the 1990 level through 2008-2012. In 2005, however,
Canada’s emissions were 30 percent above this target, and Canada’s current
government has given up on the idea of meeting the Kyoto target. It aims instead
to reduce the rate of growth in emissions, hoping that Canada’s emissions will
peak around 2010, the mid-point of Kyoto’s implementation period. A government-
funded roundtable, however, has concluded that the government’s policies will
not meet even this modest goal.11 Canada’s previous government—the one that
ratified Kyoto but that did not adopt the policies needed to comply with it—predicted
that Canada’s emissions would exceed its Kyoto target by 45 percent by 2010.12

This still remains distinctly possible.13 Canada’s situation is extreme, but it is
not the only Kyoto party in jeopardy of non-compliance. The compliance gap is
significant for many countries, including New Zealand and Japan. The caps for
some members of the European Union are also challenging. Spain has the largest
gap of any country. Denmark is well off its individual target. However, thanks to
the European “bubble,” these countries are not bound by their individual limits
so long as the original fifteen members of the European Union meet their collective
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limit (this is an advantage unique to the European Union). Australia recently
ratified the Kyoto Protocol, but after taking land use, land-use change, and forestry
activities into account, Australia is currently within its Kyoto limit; Australia
will have to do very little to comply.14

Third, an effective agreement must require that countries take real
action. Kyoto asks very little of its parties.  It requires that a relatively small
number of countries reduce their emissions very slightly for a very short period of
time. Even if Kyoto were implemented to the letter, global emissions will keep on
rising. So will atmospheric concentrations of greenhouse gases.

I have heard seasoned negotiators say that the problem with Kyoto is
that it did not ask countries to cut back on their emissions by enough. It is true
that much more needs to be done. But this is not the only problem with Kyoto.
Would the United States have been more inclined to participate if its emission
cap were even tighter? Would Canada have been more likely to comply? I don’t
think so. The real problem with Kyoto is that it does not create incentives for
countries to participate and comply, while at the same time requiring that they
cut back on their emissions substantially. All three of the above requirements
have to be met simultaneously. Meeting only one or two will not do.

MONTREAL PROTOCOL

While the world’s attention has been on Kyoto, another agreement has
been working quietly behind the scenes to make a material difference. This is the
Montreal Protocol—the agreement created to protect the ozone layer, not to limit
climate change.

The connection between climate change and ozone depletion is complicated.
Ozone-depleting substances are greenhouse gases, but so is stratospheric ozone.
In addition, many of the substitutes for ozone-depleting substances are greenhouse
gases, including the so-called HFCs (HFCs are controlled by the Kyoto Protocol).
So the Montreal Protocol has both positive and negative consequences for the
climate.

A recent study has shown that the net effect of the Montreal Protocol on
greenhouse gases is helpful.15 Indeed, the study calculates that the Montreal
Protocol has been, and will continue to be, much more helpful than the Kyoto
Protocol in addressing global climate change, even assuming that Kyoto is
implemented perfectly and with full participation. Already, this study estimates,
the Montreal Protocol has achieved four times as much as the Kyoto Protocol
could ever hope of achieving.

Indeed, in late 2007, the Montreal Protocol was revised again. This time,
the agreement to phase out HCFCs was accelerated. HCFCs are a greenhouse
gas. Moreover, their manufacture produces HFCs, another greenhouse gas, as a
byproduct. Preliminary estimates suggest that the agreement negotiated in
Montreal in September 2007 will do more to limit greenhouse gas concentrations
than the Kyoto Protocol would have done, had it worked as intended. This is on
top of the larger effect (noted above) Montreal has already had in limiting the
concentration of greenhouse gases.
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What is the Montreal Protocol’s secret for success? There are many
differences between Montreal and Kyoto. Here I shall mention just four. First,
Montreal required all countries to cut back on CFCs from the very beginning;
developing countries were given a “grace period,” but they were expected to “catch
up” to the limits borne by industrialized countries. Second, the Montreal limits
apply to production and consumption whereas the Kyoto limits apply only to the
emission of greenhouse gases in production. China’s rapid emissions growth partly
reflects a shift in manufacturing from rich countries to China. Under Kyoto,
China’s emissions are unconstrained. Under Montreal, not only was China subject
to a production limit, but other countries were subject to limits on imports of
CFCs. Consumption limits dampen the leakage problem. Third, the Montreal
caps are permanent, whereas Kyoto’s, as mentioned before, last only five years.
Montreal created an expectation that the market for CFCs would disappear. It
therefore shifted the attention of producers to discovering and manufacturing
substitutes. Kyoto creates no such expectation for any of the greenhouse gases,
and so has stimulated very little innovation. Finally, Montreal created strong
incentives for both participation and compliance. These include “carrots” in the
form of financial payments from rich to poor countries, and “sticks” in the form of
a trade restriction as between parties and non-parties.

The trade restrictions are particularly important, and they have been a
great success despite never being used. The reason for their success is that the
credible threat to use the restrictions has been enough to deter non-participation
and non-compliance.16

TRADE RESTRICTIONS

Why not use trade restrictions to enforce Kyoto? President Nicolas Sarkozy
of France has suggested recently that trade restrictions be considered. So has the
Nobel prize-winning economist, Joseph Stiglitz.17

Kyoto—particularly a strengthened version of Kyoto—can probably only
be enforced using trade restrictions.  However, I have yet to be convinced that
trade restrictions will make Kyoto a more effective agreement or make the world
any better off. My objections are practical rather than ideological. International
trade and global climate change are both collective action problems and they are
interrelated. If trade restrictions could help supply the global public good of climate
mitigation, their use should be considered, even if trade liberalization would be
harmed. We need to consider the two global challenges together rather than
separately.

However, there are problems with the proposal. Three seem especially
important: First, Montreal restricted trade in CFCs and products containing
CFCs. It did not restrict trade in products made using CFCs. The reason: specialists
who looked into this decided it could not be done. Moreover, they decided, correctly
it turns out, that the other restrictions would suffice to enforce the agreement. If
trade restrictions were used to enforce the Kyoto Protocol, they would have to
apply to products that, when produced, resulted in the release of greenhouse
gases. That is, Kyoto would have to limit trade in all products. Calculating the
emissions resulting from the production of every product would be a colossal task



16 THE BOLOGNA CENTER JOURNAL OF INTERNATIONAL AFFAIRS

(two identical products, manufactured in the same country, may have very
different “carbon footprints”).

Second, a choice has to be made as regards the level of the restrictions. A
border tax adjustment could neutralize trade leakage. But cooperating countries
will want to raise the tax to deter free riding. What, then, is the appropriate
penalty? A very high tax (or even a trade ban) could ensure full participation.
However, a high level may not be credible (it would hurt the countries imposing
the penalty as well as those on the receiving end); larger penalties tend to be less
credible.

Third, who should decide what it is that countries should be required to
do? Suppose the agreement were perceived as being unfair by some countries.
Suppose, for example, that the agreement required all countries cut back on their
emissions by 25 percent. We know that such a uniform cut in emissions would
have very different implications for different countries. Some would find the target
much harder to meet than would others. If a country objects, and chooses not to
be a party to the agreement, should the other countries be permitted to impose
trade restrictions against this country? This is a question of legitimacy. It seems
to me very likely that, should trade restrictions be used to enforce an agreement
that lacks legitimacy, the outcome may very well be a trade war.

A NEW APPROACH

How to address the enforcement challenge? One way is for countries to
declare their unilateral goals in a multilateral treaty that deliberately lacks
enforcement. This approach had modest success in addressing acid rain.18 The
idea would be to turn the problem of enforcement over to domestic institutions,
which are designed for this purpose, and to let the agreement serve as a basis for
determining “comparability.”

The Montreal Protocol points to another way to address climate change.
Currently, the Kyoto Protocol combines all greenhouse gases in the same basket,
as it were. This makes sense from the perspective of cost-effectiveness. However,
the ability to enforce a comprehensive agreement depends on the weakest link.
The three industrial gases in the Kyoto Protocol (including HFCs), bear a similarity
to the industrial gases controlled by the Montreal Protocol. With hindsight, it
would have been better to control these in a separate agreement, styled after
Montreal. This agreement could impose obligations on all countries, but
incorporate a mechanism for financing cuts in developing countries (in the
Montreal Protocol, this is accomplished by an Ozone Fund). The offer of financing
would provide a means for addressing the legitimacy problem mentioned previously.
A limited agreement like this could be enforced using trade restrictions. The aim
of these restrictions, like those in Montreal, would be to deter non-participation
and non-compliance.

For the main greenhouse gas, carbon dioxide, reductions in the emissions
of individual sectors may be easier to enforce than economy-wide limits. The
aluminium sector is a prime candidate for a separate agreement.19 It is a
concentrated industry: twelve countries account for 82 percent of global production;
ten companies produce more than half of world output. The industry employs
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just two smelting technologies, and emissions can be reduced substantially by re-
melting aluminium scrap (the former is 95 percent less greenhouse-gas-intensive
than primary aluminium production). Finally, twenty-six companies, making up
80 percent of world output, belong to the International Aluminium Institute,
which has already adopted voluntary intensity targets. There exists a basis here
for negotiating new global standards for the industry, backed by international
enforcement. Other candidates for sectoral agreements include steel and cement.20

As noted earlier, addressing climate change fundamentally requires a
technological revolution—that is, it requires basic research, development, and
diffusion. Kyoto creates very modest “pull” incentives for innovation. Even if these
incentives were stronger, however, pull incentives alone will not be able to stimulate
a technological revolution. To do that will require basic knowledge—the kind that
cannot be patented. Supplying basic knowledge will likely require government
funded R&D—a “push” incentive. The returns to investing in basic knowledge,
however, will depend in turn on the prospects of technologies embodying this new
knowledge being diffused. This is why technology R&D efforts need to be strategic.21

They need to be directed at technologies that will be diffused. Some R&D can be
undertaken unilaterally (when the technology offers national benefits in addition
to those related to climate change mitigation). Some R&D will require international
cooperation. An example of the latter kind, with an uncertain and much delayed
payoff, is the International Thermonuclear Experimental Reactor being built now
in France. One technology that needs to be developed and demonstrated as a
priority is carbon capture and storage.

How to promote technology diffusion? Diffusion depends on certain features
of technologies. Transportation exhibits “network externalities,” making the
incentive for each country to adopt a new technology increase in the number of
other countries that adopt the same technology. It is through network effects that
the combination of a catalytic converter and unleaded gasoline became a global
standard for the automobile.

Though emissions from international marine transport are excluded from
Kyoto, this sector may be an attractive candidate for switching to hydrogen fuel.22

The economics of hydrogen for automobile transportation are less attractive, but
this sector also exhibits strong network effects, particularly as regards refuelling.
Moreover, substituting an alternative fuel for petrol may yield local environmental
benefits—a further inducement for technology spread. Currently, the electric
vehicle seems to be a particularly attractive option, with the plug-in hybrid possibly
acting as a kind of bridge to a full-electric future. Network effects would include
the availability of electrical outlets for recharging and of replacement batteries
for long-haul travel. Of course, a switch to electric vehicles makes it even more
imperative that emissions from electricity generation be cut very substantially.
Unfortunately, electricity production does not exhibit network effects. This is
partly why the economy wide emission limits may be useful, even though they
would need to be enforced domestically.
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CONCLUSION

Climate change is the most difficult collective action challenge the world
has ever faced. It should not surprise us that we have failed to address it thus far.
However, to ignore the lessons of our previous failures would be folly; to repeat
them would be worse. The approach of setting targets and timetables for emission
reductions without putting in place incentives for real changes in behavior has
not worked. Setting even stronger targets and timetables in a post-Kyoto agreement
will not work either. In this paper I have explained the reasons for this. I have
also argued that it is unlikely that a Kyoto-style agreement can be enforced
internationally. By design, a failure of any of its components brings down the
entire structure. I have suggested a different strategy for a future climate regime,
one that unbundles the problem, developing a multiple of linked agreements capable
of addressing different dimensions of the problem. This will not sustain a perfect
outcome, but it will improve upon the current arrangement and provide a platform
upon which more improvements can be added as we learn more about how to
address this critical and complex global challenge.

NOTES:

1 Of course, the free rider problem was corrected in this case; smallpox was eradicated.
I tell this story, and many others like it, in my book, Why Cooperate? The Incentive to Supply
Global Public Goods (Oxford: Oxford University Press, 2007).
2 See William R. Cline Global Warming and Agriculture: Impact Estimates by Country
(Washington, DC: Peterson Institute, 2007). I am relying here on Table 5.9, on page 77 of
this monograph. These estimates include the effect of higher CO2 concentrations in
stimulating phyotsynthesis.
3 “Questions and Answers on the Commission Communication, Limiting Global Climate
Change to 2 ºC,” Memo/07/17.
4 Note that a substantial percentage of corals are already severely damaged and there
are no more “pristine” coral reefs left, mainly as a result of over-fishing and land-based
pollution. Limiting climate change is essential to protecting the coral reefs, but it is not
sufficient.
5 Intergovernmental Panel on Climate Change, Fourth Assessment Report, Working Group
I: The Physical Science Basis of Climate Change, Technical Summary, 2007, Table TS-5;
available at http://ipcc-wg1.ucar.edu/wg1/Report/AR4WG1_Print_TS.pdf.
6 See Nicholas Stern, Stern Review: The Economics of Climate Change (Cambridge: Cambridge
University Press, 2007, p. ii).
7 In particular, Stern recommends that we stabilize atmospheric concentrations at a
level not greater than 550 ppm CO2 equivalent (a target expressed in terms of the
concentration of all greenhouse gases and not only carbon dioxide. Today’s level is
about 430 ppm CO2e; as mentioned before, CO2 concentrations are around 385 ppm
today.) This level mirrors the European Union’s own recommendation for a target
intended to limit temperature rise to 2°C.
8 See, for example, Chapter 3 of my book, Why Cooperate?
9 There is, of course, a risk of abrupt and catastrophic climate change, but we do not
know the level of concentrations that would trigger such change. Nor do we know how
such change will be expressed. This uncertainty is the feature of climate change that
most worries another economist, Martin Weitzman of Harvard University. His analysis
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of climate change urges extra caution. See http://www.economics.harvard.edu/faculty/
weitzman/files/REStatFINAL.pdf.
10 See Chapter 6 of my 2007 book, Why Cooperate? As explained in this chapter and later
in this paper, coordination is relevant to the choice of some technologies for reducing
emissions.
11 For the relevant section of the roundtable’s report, see http://www.nrtee-trnee.ca/
eng/publications/c288-response-2007/section4-c288-response-2007-eng.html.
12 Government of Canada, Moving Forward on Climate Change: A Plan for Honouring Our
Kyoto Commitment (Ottawa: Government of Canada, 2005).
13 The current government’s projections are that Canada will exceed Kyoto’s limits by
around 34 percent; again, see http://www.nrtee-trnee.ca/eng/publications/c288-
response-2007/section4-c288-response-2007-eng.html.
14 Land use, land use change and forestry is normally treated differently because of
various accounting and incentive problems. For example, carbon accumulated in forestry
may later be released.
15 Guus J.M. Velders, Stephen O. Anderson, John S. Daniel, David W. Fahey, and Mack
McFarland, “The Importance of the Montreal Protocol in Protecting Climate.” Proceedings
of the NationalAcademy of Sciences, 104 (2007): 4814-4819.
16 See Scott Barrett, Environment and Statecraft: The Strategy of Environmental Treaty-Making
 (Oxford: Oxford University Press, paperback edition, 2007); see especially Chapter 12.
17 Joseph E. Stiglitz, “A New Agenda for Global Warming,”The Economists’ Voice 3 (2006):
Art. 3; available at: http://www.bepress.com/ev/vol3/iss7/art3.
18 See Marc A. Levy, “European Acid Rain: The Power of Tote-Board Diplomacy,”
 in Peter M. Hass, Robert O. Keohane, and Marc A. Levy (eds.), Institutions for the Earth:
Sources of Effective International Environmental Protection, (Cambridge, MA: MIT Press,
1993): 75-132.
19 I am drawing here from the excellent study by Rob Bradley, Kevin A. Baumert, Britt
Childs, Tim Herzog, and Jonathan Pershing, Slicing the Pie: Sector-Based Approaches to
International Climate Agreements (Washington, DC: World Resources Institute, 2007): 37-
38.
20 Again, see the report by Bradley et al., cited in the previous footnote.
21 Scott Barrett, “Climate Treaties and ‘Breakthrough’ Technologies, “American Economic
Review (Papers and Proceedings), 96 (2006): 22-25.
22 Alex E. Farrell, David W. Keith, and James J. Corbett, “A Strategy for Introducing
Hydrogen into Transportation,” Energy Policy 31 (2003): 1357-1367.
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THE THEOLOGICAL BASES OF ENVIRONMENTAL

INTERESTS: RELIGIOUS MOVEMENTS AND U.S.
SUPPORT FOR ENVIRONMENTAL COOPERATION

GINA BARBONE

While the evangelical community in the United States is often seen as wielding a
great deal of political influence, particularly in opposing U.S. support for
international cooperation to limit climate change, such a view obscures
important—and increasing—differences among evangelicals.  In this paper, I
highlight these emerging differences, arguing specifically that tensions between
“first-generation” and “second-generation” evangelical perspectives on the meaning
of “stewardship” have spurred a widening split.  In the context of a discussion of
theological debates, their policy consequences, and coalitional possibilities, I suggest
that this debate has important implications for the evolution of U.S. support for
international cooperation to limit climate change.

INTRODUCTION

Over the past half century, the United States has maintained a hegemonic
position in world politics, playing a leading role in economic matters and
technological advances, as well as gender, cultural, and religious movements.
However, one important issue that the United States is not addressing as
compellingly as its influence permits is environmental policy and the increasing
danger of climate change.1  In this paper, I address the role of domestic politics—
and the role of the evangelical community, in particular—to explain past hesitation
to global environmental cooperation as well as the emerging potential for
international support. More specifically, I argue that the evangelical community
has been increasingly divided over the climate change issue, and that as this
division widens, it may facilitate increased U.S. support for cooperation to limit
climate change.  On the one hand, I argue that a group of “first-generation
evangelicals” has traditionally opposed environmental cooperation and legislation,
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as it diverts attention away from preferred social issues and suggests a need for
population control and family planning.2  On the other hand, I argue that an
emergent group of “second-generation evangelicals” have developed an
environmental outlook in which environmental stewardship, reframed as “Creation
Care,” is cast not only as a policy priority but also as a biblical imperative.3

Following a brief overview of the environmental shift from the Bill Clinton to the
George W. Bush administrations, I discuss theological differences between the
two perspectives over environmental stewardship and the necessary policy
solutions that should be enacted to deter global climate change.  Then, I explain
why I believe the second-generation approach offers a better policy to deter climate
change and incorporate the United States into a program aimed at global
cooperation. Finally, I address broader coalitional shifts, discussing how the
growing momentum of the Creation Care movement and the increasing awareness
of environmental responsibility may shift the Republican party’s position on climate
change, and facilitate greater U.S. support for multilateral efforts.

THE EVANGELICAL DIVIDE: STEWARDSHIP

Over the past two decades, U.S. support for environmental cooperation
has varied along party lines, with Democratic administrations generally extending
stronger support than Republicans for multilateral efforts aimed at curtailing
climate change.  One prominent explanation for this disparity has been the role
of evangelicals as a key coalitional element in the Republican party.  According to
National Election Studies conducted by the Center for Political Studies at the
University of Michigan, evangelicals are disproportionately opposed to
environmental cooperation compared to the rest of the population.4  Consider
that in the 2000 presidential election, evangelicals voted for Republican George
W. Bush over his Democratic rival Al Gore by a 68-30% margin.  In 2004, this
margin expanded, with the Republican Bush defeating Democratic candidate John
Kerry by 78-21%.5   Given the role of evangelicals in the Republican party, and
their wariness toward environmental issues, one might expect to see policy follow
politics.6

Indeed, through the 1990s, under the Clinton administration, the United
States attended several conferences and moved closer to supporting global efforts
to reduce greenhouse gas emissions.  Most importantly, in 1998, the Clinton
administration signed the Kyoto Protocol, although its ratification was never
endorsed by the Senate.7  Under the Bush administration, these progressive
initiatives have not simply stalled, but have arguably regressed.  For instance,
Bush refused to sign the Kyoto Protocol in 2001, emphasizing the damaging
impacts on the U.S. economy and the unfair burden it placed upon developed
countries to take the lead in reducing greenhouse gas emissions. The
administration opposed the requirement that developed countries must reduce
emissions first and demanded that all nations implement emission reductions at
the same time.  Finally, the Bush administration has continued to assert that
more scientific studies must take place before binding legislation or commitments
to reduce CO

2
 emissions are enforced.  As a result of these objections, the

administration has encouraged voluntary participation to reduce greenhouse gas
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emissions but has failed to impose required reductions, which are essential
according to international law.8

However, this period has also seen signs of change.  Over 2003-2007,
Senators John McCain (R-AZ) and Joseph Lieberman (I-CT) introduced three
versions of a “Climate Stewardship Act” in the Senate.9  Similarly, in the 2008
elections Christian fundamentalist Republican candidate Mike Huckabee affirmed
“I have always been a conservationist. Stewardship of the air and land and soil is
very important to me.”10  More significantly, these shifts are not the result of
political positioning in an attempt to gain moderate voters.  Instead, the language
of “stewardship” itself has a theological significance, reflecting an evolving debate
among evangelicals that may have implications for future U.S. policy.

In recent years, a rift has emerged in the evangelical community as a
“second-generation” movement has proved increasingly supportive of progressive
environmental legislation—even while “first-generation” evangelicals continue to
resist policies that will curtail CO

2
 emissions.  It is important to understand that

the current rift in the evangelical community is not largely based on a disagreement
over the existence of climate change, but rather the degree of human responsibility
and the government policies, if any, that should be introduced to address climate
change.  Additionally, the majority of the evangelical community shares views
regarding the significance of stewardship and the importance of helping the poor
through social justice programs.  However, their interpretations and
understandings of these core beliefs vary, producing the current rift.  As shown
below, their conflicting views regarding stewardship, social justice, and economic
development are driving a wedge within the community.

Stewardship, or the belief that evangelicals have a moral obligation to
care for and preserve God’s creations, is fundamental to Christian belief and
thought.  Richard Cizik, Vice President for Governmental Affairs of the National
Association of Evangelicals, explains, “Stewardship is what we ought to be about
in the first place as Christians.  It’s [the] Bible[’s] mandate.  Stewardship is not
simply a green, political, or scientific issue.”11  The belief encompasses the
understanding that humans, at the top of the ecological system, have dominion
over Earth to care for and to protect nature.  Second-generation evangelicals,
such as Richard Cizik, are actively supporting environmental causes and are
advocating concern for climate change risks.  In an interview, Cizik explains his
views on climate change:

“The climate change crisis that we believe is occurring is not something we can
wait ten years, five years, even a year, to address.  Climate change is real and
human induced.  It calls for action soon.  And we are saying action based upon a
biblical view of the world as God’s world.  And to deplete our resources, to harm
our world by environmental degradation, is an offense against God.  That’s what
the Scriptures say.  Therefore, if we are to be obedient to the Scriptures, there is
no time to wait, no time to stall, no time to deliberate.”12

Through Cizik’s interpretation of Scripture, it is essential for humanity to support
climate change awareness and action in order to save God’s creation.
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The specific theological understanding of Stewardship is derived from
Genesis 1.28.  However, this verse has been translated multiple times from different
languages.  As a result, some of the language has changed significantly, which
has caused various groups to interpret the meaning differently.

Genesis 1.28

Hebrew: God blessed them and God said to them, “Be fertile and increase, fill
the earth and master it; and rule the fish of the sea, the birds of the sky, and all
the living things that creep on the earth.” (Emphasis added)

Greek: And God blessed them saying, “Increase and multiply and fill the earth
and subdue it and rule over the fishes of the sea and the birds of the heaven and
all the domestic animals and the entire earth and all the creeping things which
creep upon the earth.” (Emphasis added)

Old Latin: And God blessed them and said, “Increase and multiply and fill the
earth and subdue it, and have dominion over the fish of the sea, the birds of the
air, all the cattle, all the earth, and all the creatures that crawl on the earth.”
(Emphasis added)

Vulgate: And God blessed them, and God said unto them, “Be fruitful, and
multiply, and replenish the earth, and subdue it: and have dominion over the fish
of the sea, and over the fowl of the air, and over every living thing that moveth
upon the earth.”13 (Emphasis added)

In this passage, God encourages humanity to procreate and maintain dominion
over other life forms, such as plants and animals.  In this sense, God gives
humanity a greater role in life, placing humanity above other creatures by granting
humans the responsibility to preserve and care for creation.  This passage
demonstrates the superiority of humanity over other life forms.  The second
component of the Stewardship understanding is derived from Genesis 2.15:

Genesis 2.15

Hebrew: And Yahweh God took the man, and put him into the Garden of Eden to
dress it and to keep it. (Emphasis added)

Greek: And the Lord God took the man whom he had formed, and placed him
in the paradise, to work and keep it.14 (Emphasis added)

Latin: And the Lord God took the man whom he had formed, and placed him in
the garden of Delight, to cultivate and keep it.15 (Emphasis added)

These passages explain man’s mandate to cultivate the Earth.  However,
in Hebrew, words such as evolve, cultivate, work, and till take on the meaning of
serve when used in reference to a personal object, something one can own, such
as a garden, and do not when used in reference to an impersonal object, something
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one cannot own, such as the Earth.16 The disagreement over these passages occurs
because Genesis 1.28 discusses the Earth which is an impersonal object while
Genesis 2.15 specifically speaks of the garden, which is a personal object.  When
Genesis is read in its entirety, Genesis 1.28 and Genesis 2.15 may be combined
which gives rise to the understanding that humanity has a responsibility to serve
the Earth and nature.  However, if the passages are read independently of each
other, Genesis 1.28 discusses the dominion of humanity and Genesis 2.15 explains
humanity’s ability to cultivate the Earth.   This combination of Genesis 1.28 and
Genesis 2.15 explains second-generation evangelicals’ views on stewardship while
first-generation evangelicals understand the passages independently, eliminating
the understanding that man must “serve” the Earth.  For instance, as Richard
Cizik explains, “…we are commissioned by God the Almighty to be stewards of
the earth. It is rooted not in politics or ideology, but in the scriptures. Genesis
2:15 specifically calls us ‘to watch over and care for’ the bounty of the earth and
its creatures.”17

This interpretation of Scripture offers an explanation as to why some
evangelicals view Creation Care as a movement central to their stewardship
responsibilities.  As a result, the community’s rift is occurring in part because of
selective interpretations of stewardship.

POLICY IMPLICATIONS

In terms of environmental policy, this rift can also be understood with
respect to conceptions of social justice and care for the poor.  In order to protect
the poor, specifically in the communities of developing countries, evangelical groups
are divided over two different methods regarding U.S. legislation.  First-generation
evangelicals call for policies that create economic growth for developing nations
and reject legislation, such as cap-and-trade approaches, which will limit the
emissions of greenhouse gases.  In contrast, second-generation evangelicals call
for policies that will reduce greenhouse gas emissions, deter the advancement of
climate change, and protect the poor from the devastating environmental damage
of climate change.

Consider the cap-and-trade approach, which aims to set a ceiling on the
amount of emissions that corporations are allowed to expend.  If corporations
plan to produce more than the allowance, they must purchase credits from
companies that emit greenhouse gases at a level less than the ceiling.  As a
result, companies can sell their extra credits to produce greenhouse gases to
corporations that produce more than the limit allows.18  However, if this approach
takes place at an international level, first-generation evangelicals fear that
developed societies will purchase credits from developing nations which will deter
economic progress in developing countries.

Also, the cap-and-trade system will raise the cost of energy, which will be
devastating to poorer communities.19 First-generation evangelicals claim that
the increase in energy prices will affect the poor the most, and will further
devastate their societies.20 Concerned Women for America President Wendy Wright
explains, “The programs and policies that are being promoted is that the poor are
unwanted. I am concerned that evangelicals may sign onto policies without
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understanding that the policies will be harmful to people that are the least able to
defend themselves.”21  Since communities in third-world countries continue to
live without sufficient energy sources and face a myriad of health problems due to
a lack of resources, first-generation evangelicals fear that a reduction in available
energy will prove damaging to their economies.  As a result, first-generation
evangelicals encourage social justice programs that aid the poor in their current
strife.

First-generation evangelicals promote the economic development of third-
world countries regardless of the greenhouse gas emissions associated with this
development.  In their defense, they have explained that although developing
nations may produce more pollutants at the start of the development process,
developed societies tend to be more environmentally conscientious.  Dr. E. Calvin
Beisner explains, “First, most long-term environmental trends in developed
economies are toward great improvement.  Second, though developing economies
may be experiencing widespread environmental deterioration, that trend should
reverse as they continue to develop.” 22

Therefore, although both groups value social justice and a commitment
to care for the poor, the factions have adopted different methods to provide aid.
First-generation evangelicals explain that economic development is the only way
to promote the advancement of poor societies in the short run, and to protect
them from potential natural disasters in the long-run.  For instance, if developing
nations are able to advance economically, they will have greater access to resources
and technologies to protect themselves from climate change threats in the future.23

First-generation evangelicals believe that by reducing the amount of energy
available to developing communities, their economic growth will suffer.  As a
result, if climate change poses a large threat to their societies in the future, the
countries will not have the economic means to prepare for or deal with natural
disasters.  Therefore, first-generation evangelicals feel that policies must be
implemented to spur economic progress in developing nations in order to manage
the threats of climate change.24

In contrast, second-generation evangelicals maintain that climate change
will create catastrophic natural disasters that will prove devastating to poor
communities.  In this sense, aid must occur through international cooperation to
hinder the threats of climate change. Second-generation evangelicals desire policies
to reduce greenhouse gas emissions and deter the likelihood of climate change
phenomena.  I believe that this policy offers a better solution to confront climate
change immediately – before its severity increases.  While the first-generation
view continues to doubt the severity of climate change, and dismisses the need for
the United States to play a more crucial role in global cooperation to deter
greenhouse gas emissions, the second-generation understanding addresses the
climate change problem more compellingly, and desires legislation both to reduce
emissions and to include the United States in international cooperation.  Since
the United States is a large contributor of greenhouse gas emissions, it is necessary
for it to uphold its reputation, and to commit to international cooperation.
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COALITIONAL IMPLICATIONS

Since policy cannot be implemented without political support, these
debates will have to evolve and reshape evangelical beliefs if they are to provoke
greater U.S. support for policies addressing climate change. As environmental
stewardship gains influence in the political sphere, many evangelical leaders are
dividing over the severity of climate change and how the threat of climate change
will affect developing societies. Of particular importance to Cizik is a potential
shift among younger voters in the direction of the second-generation approach.
Cizik elaborates, “The movement is given energy by young people. Young people
can challenge the political order.  I happen to think what’s happening today
wouldn’t happen without young people.”25

To be sure, Cizik has also stressed his own concerns regarding the
resistance among evangelicals who view environmentalists with a wary eye,
explaining that “there are those in my community who are concerned that
environmentalists are advocates of population control, of big-government solutions,
or New Age religion.”26 In keeping with the essentially scriptural nature of the
debate, Cizik argues that he has sought “to reason with my community that
we’ve earned our spurs in co-belligerency—collaborating with groups we wouldn’t
otherwise work with, in the name of the common good. I say, if we’ve worked with
Free Tibet on religious freedom, the Congressional Black Caucus on slavery, Gloria
Steinem and feminists on rape, and the gay and lesbian lobby on AIDS, why can’t
we work with environmentalists?”27

As a result of these domestic tensions, Cizik emphasizes the need to frame
issues strategically to reconstruct environmental concerns in accordance with
first-generation beliefs.  As he puts it, the challenge is to “explain it the right
way,” so that it resonates with discussions of other social issues.  Considering the
issue of mercury, he elaborates:

“If you reframe mercury regulations as a pro-life issue—curbing mercury
emissions protects children from learning disabilities and unborn children from
brain damage—that gets people’s attention. Last January, Jim Ball of the
Evangelical Environmental Network and I carried a placard to a pro-life rally
that said,‘Stop Mercury Poisoning of the Unborn.’ I distributed flyers showing
that one in six babies is born with dangerous mercury levels, and urged protestors
to demand improvements in the Clear Skies Act. People were a little perplexed at
first, but they got it.”28

In sum, as the movement gains momentum among a younger generation
of believers, the evangelical commitment to preserving the Earth and caring for
the underprivileged, or those most affected by climate change, may be strengthened.
While environmental stewardship includes biblical references and a moral
obligation from Christians, the movement is demanding a political response as
well, in a manner with implications for policy trends with respect to global
environmental cooperation.
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CONCLUSION

The climate change issue is gaining prominence in the U.S. political
arena as a younger generation of Americans raises environmental concerns and
calls for environmental action.  Among these, the evangelical community has
proven influential in bringing the climate change debate to the forefront of the
political arena.  In this sense, the community has proven that the masses can
produce social movements and change.  As a result, the Creation Care movement
is largely responsible for the environmental transformation that is occurring in
the United States.29  Due to the growing concern about environmental degradation
and the increase of greenhouse gas emissions, the evangelical community has
successfully created a movement that portrayed the consequences of climate change
to the American public.

Additionally, it is important to recognize that the current rift occurring
in the community is a disagreement over the severity of the threats of climate
change and the appropriate environmental policy that the United States should
endorse.  This difference is largely shaped by two varying understandings of
Scripture and two distinct outlooks regarding social justice programs and their
effects on economic development in developing societies.  While first-generation
evangelicals continue to oppose the accuracy of climate science and the importance
of climate change as a political issue requiring the support of the evangelical
community, second-generation evangelicals feel otherwise.  Second-generation
evangelicals are calling for the continued involvement of evangelicals to deter
climate change and are encouraging the United States to implement policies that
will reduce greenhouse gas emissions.  Therefore, it is evident that although
first-generation concerns are valid, the second-generation approach is more pro-
active in addressing climate change directly and diminishing the environmental
threats associated with climate change.

Additionally, given the magnitude of the evangelical community in
American society, it is expected that the Creation Care movement will spill onto
the political stage and influence policy. The current breach within the evangelical
community over climate change has both social and political implications that
may shape environmental practices and policies in the future.  For example, the
rift in the evangelical community could prove damaging to the Republican Party’s
ability to count on evangelical votes in the future, although the evangelical
community typically comprises a large part of the Republican base as the two
groups share views concerning abortion, same-sex marriage, and stem cell
research.  However, as the Creation Care movement gains momentum and
increases in numbers, a new evangelical identity is emerging among a younger
generation of evangelical believers.

As environmental policies and Creation Care become dominant issues for
evangelicals, it is clear that abortion and gay rights are not their only concerns.
This movement witnesses a new age of evangelicalism and hints that Republican
candidates may have to extend support to the second-generation approach and to
programs aimed at reducing greenhouse gases or risk losing votes from the
evangelical community.  Therefore, it is evident that the interpretation of
stewardship is creating a divide in the evangelical community over the climate
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change issue, spurring a moral responsibility for Creation Care, and threatening
to shape environmental policy in the United States.
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GREEN TRADE LIBERALIZATION

ALIREZA NAGHAVI

This paper explores three crucial contemporary issues to reveal the consequence
of tariffs as instruments to overcome environmental concerns. In other words, we
try to find under what circumstances tariffs can be considered green policy
instruments. Starting with conventional trade theory, we study how country
characteristics, including environmental policies, can determine each country’s
comparative advantage. We then study how governments may create “pollution
havens” by setting lax environmental standards in order to maintain international
competitiveness. Finally, we look at the role of multilateral trade organizations
such as the WTO in muddling with international environmental agreements.
Using conventional theory along with contemporary environmental concerns, we
argue the need for a new phase of globalization, namely one accompanied by
‘green’ trade liberalization.

INTRODUCTION

The link between globalization and environment has warranted
considerable attention not only by economists, but also by environmentalists,
multinational enterprises, local governments, and international policy makers.
The contradicting views over the issue have raised much unresolved debate on
the role of trade barriers in attempting to tackle the negative environmental
spillovers of globalization. This study makes an effort to bring together different
perspectives from different groups mentioned above in order to reach a better
understanding of the problem. In particular, we start by showing how the
viewpoints of governments in developing countries with respect to tariffs
paradoxically coincide with that of multinationals, and how the interests of
environmental NGOs could be in harmony with those of governments of
industrialized countries. We then continue by exploring three crucial contemporary
issues in detail to reveal the consequence of tariffs as instruments to overcome
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environmental concerns. In other words, we try to find under what circumstances
tariffs can be considered green policy instruments.

Starting with conventional trade theory, we study how country
characteristics, including environmental policies, can determine each country’s
comparative advantage. We focus on how trade may affect the composition of
industries in each country, and in turn how tariffs can reverse this trend. We
then discuss whether this could have positive consequences on the environment,
i.e. whether tariffs are green.

We then study how governments may purposefully set lax environmental
standards in order to maintain international competitiveness. Theories have
hypothesized that the increased production costs incurred by firms as a result of
stricter environmental standards leads to their escape to “pollution havens”. We
further build a simple model to show how tariffs could be green by blocking
pollution-related delocation, while maintaining foreign investment led by other
motives.

Finally, we turn towards the role of multilateral trade negotiations and
organizations such as the WTO in meddling with international environmental
agreements. In fact, there are about 200 multilateral environmental agreements
(MEA) in place today, of which only 20 contain trade provisions. Loopholes currently
allow non-signatories to use their WTO rights to protest trade restrictions put
against them by a MEA. There have been suggestions to authorize the use of
trade measures against non-compliance, denying a non-signatory of its WTO
rights to exercise countervailing tariffs. We show how allowing rivals of a non-
signatory country to impose tariffs on its imports for having laxer environmental
regulations in the case of non-compliance can clarify this relationship between
WTO rules and specific trade obligations set out in MEAs.

We conclude by a discussion on the policy implication of tariffs with respect
to the environment. Using conventional theory along with contemporary
environmental concerns, the paper brings to light a need for a new phase of
globalization, namely one accompanied by green trade liberalization.

The rest of the paper is as follows. Section 2 provides a brief discussion on
the different viewpoints of governments, NGOs, and multinational enterprises
on the issue of trade and environment. Section 3 looks at trade and environment
in a comparative advantage context using conventional trade theory. Section 4
studies the location of firms and how “pollution havens” may be avoided through
tariffs. Section 5 looks at the present conflicts between international environmental
and multilateral trade agreements. Section 6 concludes by providing policy
implications with respect to green tariffs.

GLOBALIZATION AND THE ENVIRONMENT: A GENERAL PERSPECTIVE

The link between trade liberalization and environmental protection is
increasingly gaining importance with the latter constituting a bigger part of
WTO rounds in recent years. The primary debate led by environmentalist NGOs
is that trade liberalization damages the environment. One argument has been
that in the absence of trade policy instruments, governments may be tempted to
distort their environmental policies to protect their domestic economy. If allowed,
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they can impose a loose regime of environmental regulation for fear that tougher
environmental policies may damage the competitiveness of their firms.
Interestingly this argument is often shared by governments in developed countries,
who tend to continuously push for a cleaner environment. At times such a move
is justified and could be thought of in altruistic terms. However, there is no clear
line to divide such altruism with the intention of some governments to use
environmental arguments for protectionist purposes to their advantage.

Lax environmental policies may also cause domestic firms to relocate
plants abroad to pollution havens, or close down altogether in response to foreign
competition that faces less strict environmental regulation and hence lower
production costs. This has created reluctance by developing countries, at least in
the beginning stages of their development process, to adopt tougher environmental
measures. They see the entry of multinationals, be it clean or dirty, as an
instrument of growth and prosperity. This has created problems in the participation
of many developing countries in international environmental agreements pushed
by the rest of the world. Again, paradoxically, such views are shared by profit-
maximizing multinationals, which base their decisions on productivity. In an era
of rising foreign direct investment and capital mobility, countries with lax
standards can be a useful resource for polluting firms. In addition, trade costs,
for green or protectionist purposes, are viewed negatively by multinationals, which
are involved in inter and intra industry trade to transport intermediate goods to
the production sites, and final goods to the target markets. In the next three
chapters we make an attempt to take a closer look at these contradicting viewpoints
from a theoretical perspective to get a broad picture of the links between tariffs
and the environment. We then hope to use the arguments to find whether there
exists a justification for tariffs on environmental grounds, in a rapidly globalizing
world.

TRADE, ENVIRONMENT, AND COMPARATIVE ADVANTAGE

The link between trade and environment has been widely studied in
general equilibrium models, such as Copeland and Taylor (1994).1 In particular,
their analysis looks at how trade liberalization between two countries could affect
the environment when pollution is not trans-boundary and remains in the region
where it is produced.

An easy way to summarize these effects is to consider two countries, the
North and the South. The countries are assumed to be identical, apart from their
environmental protection laws. The North is assumed to enforce some form of
environmental standards, while the South enjoys the possibility of using
environmentally unfriendly production processes at no extra costs. Finally, to
keep the argument simple, we assume firms to be immobile in this section, i.e.
remain in their country of origin before and after trade liberalization.

 The impact of globalization on the environment is broken into the three
effects: the composition effect, the scale effect, and the technique effect.
The composition effect represents trade-induced specialization in the world, similar
to the familiar comparative advantage argument studied in conventional
international trade theory. Here, the comparative advantage is based on the
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difference in environmental standards in the two countries. When firms in the
North are obliged to pay a cost to produce polluting goods, they have a comparative
disadvantage against firms in the South that can do so without any penalty. This
makes the North specialize in a subset of less polluting goods and import the
dirty goods from the South. The South similarly specializes in the production of
polluting goods and imports clean products from the North. This changes the
composition of the industries in the two countries. The expanding clean export
sector in the North results in a cleaner environment there, while the expanding
dirty export sector in the South results in more pollution in the South. The
composition effect has been summarized in Figure 1.

The scale effect on the other hand simply refers to the market size for
each industry. Its impact on the environment is thought to be negative, as an
expanding demand vis-à-vis globalization requires more production by each firm.
As more production is in one way or another associated with more emission, all
else equal pollution tends to increase in both regions.

Finally, trade liberalization is often associated with growth. Economic
growth and development in turn increases the willingness of citizens in a country
to pay for goods produced according to stricter environmental standards. As
countries develop and the importance of the basic necessities of life turns towards
a better quality of life, the technique effect gains significance. A desire for new
green technologies accompanied by growth hence reduces the pollution per unit,
and given the composition and the scale effect, has a positive effect on the
environment. If trade makes the North grow faster, then the overall pollution in
the world tends to increase as dirty production remains in the underdeveloped
parts of the world. On the other hand, if trade makes the South grow faster so
that the gap between the two regions decreases, overall pollution falls as
environmental regulation is strengthened in regions, where most of polluting
activities are located.

The total effect of trade on environment depends on the combination of
these three effects and the strength of each. Copeland and Taylor (1994) for instance
show that if the demand for environmental quality increases more than
proportionally with income, it is possible for the technique effect to neutralize the
scale effect. However, it could not neutralize both the scale and the composition
effect for the South. Therefore, trade liberalization is known to mitigate
environmental problems of industrialized countries and magnify those in
developing countries. This gives rise to proposals to levy a green tax against the
imports of dirty goods from the South. The direct effect of such action would be on
the demand of dirty goods from the South, therefore creating incentives for an
upgrading of production techniques, which would then go hand in hand with an
expansion of the market via globalization, i.e. green trade liberalization.

POLLUTION HAVENS AND FIRM LOCATION

In this section we move to a partial equilibrium model to study the decision
of firms with regards to the location of their production activities, given
environmental standards in the two countries and trade policy. Theoretical
literature on environmental policy and the location of firms goes as far back as
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Markusen, et al. (1993).2 They look at exogenous trade costs and environmental
policies and show that the latter can have a very strong impact on a firm’s decision
about location when firms are “footloose”. Motta and Thisse (1994)3 consider a
different setting where firms are initially established in their country of origin
and do not incur any fixed cost when operating at home. They also examine the
impact of a country’s exogenous environmental policy on the location and
production choices of the firm. They show that a firm is less likely to relocate as
a response to environmental policies because fixed costs of establishing a domestic
plant are sunk when the game begins. Hoel (1997)4 extends the study to endogenize
environmental policy demonstrating that governments have an incentive to choose
loose environmental standards to attract firms as long as the disutility from
pollution is not high enough to promote a ‘Not in My Back Yard’ policy. Finally,
Ulph and Valentini (2001)5 show on the contrary that environmental dumping is
greater when plants are ‘not’ footloose as this can create strategic rent-shifting
incentives for governments.

We adopt a similar partial equilibrium approach as previous literature
on environmental policy and firm location with two countries: the North and the
South. The regions remain symmetric in all aspects aside from their environmental
regulations. The model assumes two firms with one belonging to each country.
The Northern firm observes environmental policy and tariffs and chooses a location
for its production. It then competes in production with a Southern firm in the
second stage.

THE MODEL

The North is assumed to enforce environmental standards by imposing a
pollution tax on emissions released by firms during production. The South in
contrast can choose whether and to what extent to adopt standards.6 Lower
standards allow local as well as foreign firms operating in the South to produce
without any additional charges for causing pollution. There is however the
possibility of a punishing tariff in this case set by the North against all dirty
imports from the South, including re-exports of the Northern firm.7

The two firms produce one homogeneous good and compete in an
oligopolistic manner à la Cournot. Firms compete in segmented markets and
choose the optimal output for each market separately. The Northern firm is a
multinational and can decide on production location. It can stay at home and
serve both markets from its Northern headquarters. It can also build a subsidiary
in the South to serve the Southern market, but still maintain production in the
North to serve its home interests. Alternatively, it can close down home production
altogether and completely delocate for pollution-related purposes to serve both
markets from the South. The Southern firm on the other hand is assumed to be
a local firm for simplicity and only produces in its domestic country.

Demand is assumed to be linear and takes the familiar form

p
i  

= a - Q
i

for i = N, S, (1)
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where Q is the total consumption in each region, and subscripts N and S represent
the North and the South. Total consumption in each region is
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where the first subscript of q indicates where the good is produced and the second
denotes where it is consumed. Superscript E represents the case where the
Northern firm produces only in the North and exports to the South, F when it
undertakes FDI to serve the Southern market locally, and D when it completely
delocates and re-exports back to the North. The tilde above q denotes a situation
where both firms produce in the South, while a star distinguishes Northern foreign
production from local output by the Southern firm. The costs of production are
divided between non-pollution related costs c and pollution tax Γ paid on emissions
that are released from producing one unit of the good.

Looking at the case of non-compliance in the rest of this section, the profit function
for the Northern firm when all of its production takes place in the North is
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where e
0
 represents the unit emission discharged by each firm. It also denotes the

pollution intensity of the industry at hand. This locational scenario implies that
the Northern firm must pay a pollution tax on its entire production. When it
builds a subsidiary in the South to serve each market locally, it only pays a
pollution tax on the goods it produces in the North for the domestic market:
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G is the fixed cost of setting up a plant abroad which is independent of output.
If the Northern firm completely delocates to serve both markets from the
South, it avoids paying pollution taxes altogether, but is bound to pay tariffs on
its exports back to the North:
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The profit of the Southern firm takes the form
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for each scenario that prevails subsequent to the Northern firm’s decision on
production location. Recall that there is no environmental tax enforced in the
South here, but a tariff is paid on Southern exports to the North.8 Adopting
backward induction, section 4.2 first solves the problem of firms in the final stage
where they compete in output.
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PRODUCTION

In the export case, production by the Northern firm in the North for each
market is

q
NN

 = (1 + t – 2τe
0
 ) / 3 ,   (5)

q
NS

 = (1  – 2τe
0
 ) / 3 ,   (6)

while the Southern firm produces

q
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0
 ) / 3 ,   (7)

q
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0
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Inequality t > 2te
0
 - 1  is a constraint for q

NN
 > 0 to hold so that the Northern firm

continues to serve its home market through local production.9 Also, t < (1 +τe
0
 ) /

2 is a necessary condition for the Southern firm to maintain its exports to the
North, i.e. for q

SN
 > 0. This threshold value of t stops the importation of all dirty

products to the North by blocking trade and gives the Northern firm a monopoly
position in its home market. Such prohibitive tariff rates denote a complete ban
on imports from the South making values of t above this level irrelevant for the
analysis. In the case of FDI, q

NN
 and q

SN
 remain similar to (5) and (8) as the

Northern firm keeps producing for its home market from a local plant. It however
builds a subsidiary in the South to serve the latter locally, making the output
aimed at the South

q~
SS

* = q~
SS 

= 1/3  (7’)

for both firms. When the Northern firm delocates, production for the Southern
market by both firms remains the same as (7’). The Northern firm also produces
for its domestic market in the South and re-exports back to the North, making
production by both firms aimed at the North

q~
SN

* = q~
SN

 = (1 – t) / 3  (7’)

If the Northern firm produces at home for the domestic market, the direct
effect of tariffs is to increase local production in the North and reduce imports
from the South. Stricter standards per se have the reverse effect of reducing
Northern production and encouraging production by the Southern firm. When
the Northern firm exports to the South, τ      affects the entire production by both
firms, whereas with FDI only goods targeted at the Northern market are influenced.
As under FDI both firms produce in the South for the Southern market where no
pollution tax exists, the optimal quantity produced by both firms resembles that
in a typical Cournot case. Finally, if the Northern firm completely closes down
production in the North and establishes a plant in the South to serve both markets,
pollution taxes become irrelevant and tariffs reduce the exports of both firms to
the North.
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LOCATION

In the first stage of the game, the Northern multinational must choose
where to locate to serve each market. By substituting the optimal output back
into the Northern firm’s profit function and comparing the profits for each case,
we can find the locational outcome that yields the most profits. Northern profits
for each scenario are simply

π
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Looking first at profits of keeping all production in the North against establishing
an extra plant in the South, we can see that in the absence of relocation costs Γ,
a firm would always be better off by serving each market through a local subsidiary.

When fixed costs are below this level, costs of relocation are sufficiently
low making FDI the preferable scenario. Otherwise, relocation is too costly and
the Northern firm keeps all production at home anyway leaving no concern about
the supplementary influence of environmental policies on firm location. This
scenario reflects a situation where there is no threat of relocation due to very
high plant-specific fixed costs, or inflexible foreign investment laws and political
instability in the host country. As we are interested in a case where relocation is
at least partly an option, this paper focuses on a situation with sufficiently low
fixed costs of relocation. The export scenario where the Northern firm keeps all
production in the North is therefore ruled out under asymmetric standards.10

We can now concentrate on the comparison between profits under FDI
and delocation to distinguish between the standard form of capital movement and
relocation due to pollution-related reasons. The threshold tariff rate, below which
the Northern firm completely delocates, is the t that makes profits under the two
options equal
( π

N
F = π

N
D

 )

t¯  = τe
0

(11)

Figure 2 shows the locational choice of the Northern firm in the space of ? and t
for an emission level of e

0
=1. It is easy to see that a higher pollution tax in the

North makes delocation to the South more attractive. The shaded area shows the
region where tariffs halt trade. dt¯  / dτ > 0  implies that tougher standards require
a higher tariff on dirty goods from the South to impede delocation. We can also see
that in the case of free trade, profits of completely delocating to the South are
always higher than having local facilities in each country. This reinforces the
complementary nature of economic integration and environmental standards by
showing that without a trade policy, the smallest amount of pollution tax could
result in complete delocation of multinationals to countries with lax environmental
regulations. As tariffs rise, delocation becomes less attractive for a larger range of
Northern pollution tax. As a result, our location model shows another scenario,
where green trade liberalization is called for to avoid the movement of
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multinationals to regions where global nvironmental regulations are not recognized.

CONFLICTS BETWEEN MEAS AND THE WTO

Global enforcement of environmental standards through the WTO is
moving closer to realization with the latter devoting greater attention to
environmental negotiations in recent rounds. A significant part of the Doha
declaration in 2001 for instance dealt with trade and environment. In fact, there
are about 200 MEAs in place today, of which only 20 contain trade provisions.
Examples are the Montreal Protocol on substances that deplete the ozone layer,
the Convention on Biological Diversity, the Convention on International Trade in
Endangered Species, the Basel Convention on the international movement of toxic
waste, and the United Nations Framework Convention on Climate Change and
its Kyoto Protocol aimed at curbing emissions of greenhouse gas.  Loopholes
currently allow non-signatories to use their WTO rights to protest trade restrictions
put against them by an MEA. This has lead to suggestions to eliminate such free
riding opportunities by only allowing WTO members that are also parties to a
MEA to practice their WTO rights. As a first step, ministers have agreed in the
new Article 31 (i) of the Doha text to launch negotiations on the relationship
between existing WTO rules and specific trade obligations set out in MEAs.11 The
WTO in this case could give a signatory country the choice to accept greater
economic integration with another country only if the latter agrees to ratify and
adopt stronger environmental standards. In other words, it allows rivals of a non-
signatory country to impose punishing tariffs on its imports for having laxer
environmental regulations in the case of non-compliance.12

The so called green tariffs in this case simply reflect a possibility for
signatories of MEAs to successfully enforce the measures set out in the agreement.
As it can be seen in Figure 3, the trade rights of a WTO member allow it to
protest any trade sanctions put against it on the basis of production and process
methods. This clearly weakens any environmental agreement between two WTO
members by allowing a non-signatory to ignore the trade obligations of an
agreement or put a countervailing tariff against the imposing country. The
eligibility of green tariffs in this case again proves important for a successful
implementation of globally recognized environmental agreements. An alternative
proposal to resolve such conflicts is to oblige WTO members to also be signatories
of a treaty accepted by a majority of its members. This once again hints at a
process of “green trade liberalization”, where members of a multilateral trade
agreement must also take the environmental into consideration while lowering
their trade barriers.

CONCLUSION

This paper studies the importance of tariffs for a sustainable process of globalization.
It particularly attempts to analyze the issue from a trade perspective, to see when and why
a move towards a more green procedure of trade liberalization is called for.
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(1) Hinting at a general equilibrium model of environment, trade, and competitive
advantage,

(2) building a partial equilibrium to study the location decision of firms based
on tariffs and environmental policy, and

(3) revealing a clear conflict between WTO rules and trade obligations set by
MEA,

we argue that tariffs may not necessarily be taboo as often thought of by trade
economists.  The paper shows that tariffs could be green by blocking specialization
of dirty production in regions with no environmental standards, by deterring the
movement of firms to pollution havens, and by facilitating the implementation of
globally recognized environmental treaties.

We found that unlike conventional environmental policy recommendations,
a successful policy to control pollution could only be optimal when it is a mix of
complementary measures. Since a pollution tax alone may not be an effective
policy tool, its role must be reassessed and trade obligations must be considered
when reaching out for environmental targets.

The arguments in the paper are only a cornerstone to highlight the basic
roles of tariffs and the potential need for them to achieve a green round of
globalization. It is also important to look into more direct measures of improving
the environment such as abatement R&D subsidies to avoid creating a distortion.
It must however be taken into account that such subsidies must be financed from
costly taxation.

As the value of the environment continues to be recognized by a higher
proportion of the world population, the demand for such distortions, even at a
global level, is expected to rise. Globalization is indeed a one-way street, yet it
remains to be studied how to make it sustainable and minimize its potential
externalities. An important step could be to initiate the involvement of
international institutions with credible enforcement power, such as the WTO.

Figure 1: The Composition Effect of Trade Liberalization
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Figure 2: Location of the Northern Firm

Figure 3: The Conflict Between WTO Rules and MEA Trade
Obligations

NOTES:

1 … Copeland, Brian R. and M. Scott Taylor. “North-South Trade and the Global
Environment.” Quarterly Journal of Economics 109 (1994): 755-87.
2 Markusen, James R., Edward R. Morey and Nancy Olewiler. “Environmental
Policy when Market Structure and Plant Location are Endogenous.” Journal of
Environmental Economics and Management 24 (1993): 69-86.
3 Motta, Massimo and Jacques-Francois Thisse. “Does Environmental Dumping Lead
to Delocation?” European Journal of Economics 38 (1994): 563-76.
4 Hoel, Michael. “Environmental Policy with Endogenous Plant Locations.” Scandinavian
Journal of Economics 99 (1997): 241-59.
5 Ulph, Alistair and Laura Valentini. “Is Environmental Dumping Greater When Plants
are Footloose?” Scandinavian Journal of Economics 103 (2001): 673-88.
6 This decision remains exogenous to simplify the model and focus on the location
choice of the multinational.
7 Note that the model only considers goods that are directly related to the environmental
problem.
8 Tariffs and pollution taxes have been normalized to the market size to allow for the
elimination of (a-c) from all upcoming equations.
9 It will be seen that this constraint is never binding as it coincides with the scenario of
complete delocation, where the Northern firm does not produce at home and no
longer pays an emission tax.
10 The dividing line between the export and the FDI case has been studied in Motta and
Thisse (1994). It plays a more important role in their analysis, as they also look at
differences in the market size between regions and changes in fixed costs of
establishing a plant.
11 WTO ministerial conference in Doha originally set Jan. 1, 2005 as the deadline for
negotiations on clarifying the relationship between WTO rules and the trade obligations
established by the MEAs. No consensus has since been reached to produce a new
mandate or reaffirm the existing timeframe.
12 See http://www.wto.org/english/thewto_e/minist_e/ min01_e/mindecl_e.htm.
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BIOFUELS AND THE DEVELOPING WORLD

PETER HUBBARD

This article explores the issues developing countries face in implementing a biofuels
program as a means of growth and security. Biofuel development holds the promise
of significant gains, but at the same time, very challenging problems must be
addressed if the impact is to be positive on balance. A well-designed biofuels program
will stimulate agricultural productivity and green technologies, help to create
rural jobs, and free up precious capital from being spent on fossil fuels. Yet attention
must also be given to the major pitfalls and hurdles—chief among them food
scarcity and climate change—which are changing the calculus for biofuels. It is
concluded that the potential for developing countries to harness biofuels for their
advantage is real, but only if great care is taken to constrain the potential for
adverse consequences.

FUELING THE RACE

Since around 2000 the world has witnessed an extraordinary level of renewed
interest and growth in biofuels.1 Many countries have been compelled to jump-start new
programs or ramp up existing capacity to produce ethanol and biodiesel for a number of
convincing reasons. The impetus ranges from uncertainty about future oil supplies to
acting to mitigate greenhouse gas emissions. The United States and Europe have been
sprinting to boost biofuel production.2 Meanwhile, Brazil—whose ethanol program was
initiated during the oil price shocks of the 1970s—has been setting the pace of a long-
distance runner.

The concerns over steep oil prices and climate change are not, however, limited to
industrialized countries or to forward-thinking nations like Brazil. Indeed, much of the
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developing world stands to suffer disproportionately from global energy constraints. Their
economies, much less diversified and robust, are ill prepared to adapt to shifting
circumstances. The chance to develop alternative sources of energy and income is a welcome
one.

Notwithstanding the many serious challenges that merit a healthy dose of prudence,
biofuels do have the potential to benefit developing countries as a profitable new cash
crop. These nations often are well suited to the production of biofuels, enjoying many
advantages in terms of growing conditions and crop choice. Among developing countries,
Brazil is held up frequently as the gold standard for harnessing biofuels to its advantage
and has built a very substantial ethanol industry based on sugarcane.

The aim here is to examine the potential that other developing countries have to
parlay similar circumstances with respect to biofuels for their overall gain while giving due
consideration to the obstacles—most poignantly that of the food versus fuel debate—that
weigh heavily on their development.

WHAT ROLE FOR BIOFUELS?

At about the same time as biofuels were entering more generally into the public
sphere, the world took a critical look at efforts to tackle the striking global inequities between
the rich and the poor. The spotty progress made in the 20th century evoked a sense that
more must be done to close the gap. This meant delving into the fundamental roots of
poverty by addressing underlying economic insecurities. To keep the world on task, the
United Nations created the Millennium Development Goals3, the first of which has as its aim
“eradicat[ing] extreme poverty and hunger.” Arguably one of the most effective ways to
address material poverty is by eradicating an intimately related type of poverty—that of
energy. In fact, access to affordable and reliable energy is the sine qua non to achieving all
of the UN’s development goals.

To date, developing countries have registered economic and developmental gains
ranging from laudable to lackluster. Population increases are testing the ability of
governments to keep pace with basic economic needs like access to energy. Non-OECD
energy demand is projected to grow 85 percent during the period from 2005 to 2030, compared
to 19 percent in the developed world.4 Meanwhile, probabilities of finding new oil deposits
are diminishing and the exploration and production costs of tapping sources like oil shale
are rising. Meeting this phenomenal increase in demand will require a diverse set of energy
policy options, and biofuels have a part to play.

Generally speaking developing countries possess a number of natural endowments
suitable for growing feedstocks.5 They tend to have favorable climates for the types of
plants used for biofuels, such as the humid and tropical countries like Indonesia where
temperatures remain warm and lingering rainy seasons allow multiple crop rotations. The
cost of labor remains low and large amounts of underutilized or marginal land indicate
untapped capacity.

Moreover, the reality is that neither Europe nor the United States has the territorial
capacity to produce rapeseed or maize on a large enough scale to fully—or even mostly—
replace their petroleum needs. Despite this, industrialized countries continue to push for
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more biofuels, raising global demand for inputs. In the long term this will give rise to
significant arbitrage and the export of inputs from developing countries as their production
and transport capacities mature. More pointedly, these countries can exploit the full economic
potential by making and exporting the biofuels themselves. Engaging the entire production
chain will help create jobs on every scale, from the farmer sowing seeds to the plant manager
to the biodiesel truck driver. As the nascent international trade in biofuels continues to
expand, developing countries stand poised to capture their share of the benefits.

Demand from the United States and Europe will likely remain healthy, but above all
biofuels should answer to domestic energy demands. Astronomical fuel imports are taking
a toll on the balance of payments in poor countries.6 Rather than diverting expenditures
away from infrastructure investments or health spending to meet energy needs, developing
countries could be producing their own fuels. Building the capacity for greater energy self-
sufficiency with biofuels is viable and would help dissociate the reliance many developing
countries have on imported oil, In Africa alone 18 countries are entirely dependent on oil
imports.7

Indeed, Brazil—the archetype of success—has demonstrated that emerging market
economies can stand to gain substantially in the production, refinement, domestic use and
international trade of biofuels. Recognizing this, more governments are turning to biofuels
for rural development and energy independence with national strategies designed to
encourage production. Take for instance South Africa’s Industrial Biofuels Strategy8 or
Malaysia’s National Biofuel Policy.9 In fact, Malaysia is a good example of the economic
possibilities of biofuels. The benefits from growing and producing palm-oil biodiesel in
Malaysia could achieve export levels worth $5 billion and raise GDP per capita by an
impressive 2.34 percent by embracing biofuels.10

The rosy assessment of biofuels given so far does not come without caveats.
Concentrating efforts on biofuels may lead a country to aggravate problems elsewhere and
could put it further from its goals. Biofuels have raised genuine concerns about the balance
between costs and benefits. If they are pursued without an honest reckoning, the balance
can turn negative quickly. Developing countries may be apprehensive of implementing a
potentially nettlesome biofuels program, but a measured approach will lead to broad gains.

A PUNCH IN THE STOMACH

Ethanol’s history as a transport fuel stretches back to the early 19th century.11 Yet
only in recent years have biofuels caught the imagination of the industrialized world. Global
ambitions expanded greatly in 2003 and 2004 when the EU and United States passed bold
energy initiatives designed to displace billions of liters of fossil fuel with biodiesel and
ethanol, respectively. Along the way, a few early critics of biofuels were raising concerns
over the potential for harm from biofuels competing with food, feed and fiber. In 2007 the
world truly grasped the gravity of the problem when Ford Runge and Benjamin Senauer
published their seminal article “How Biofuels Could Starve the Poor.”12 Their vision seemed
to come to life in nightmarish detail in 2008 when food riots erupted in over 30 developing
countries.
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The food versus fuel debate has become perhaps the most visceral argument against
biofuels. Clearly, deciding between filling stomachs and filling automobile tanks is not a
decision anyone should need to make. Yet required blending mandates are making this
decision. The repercussions of rushed biofuel policy have rendered biofuels a potent symbol
of danger in the public eye.

In truth, biofuels—as they are currently produced—are culpable to a certain degree.
Depending on whom you ask, biofuels are responsible for anywhere from three percent to
as much as 75 percent of the run-up in global food prices.13 The true magnitude probably
lies somewhere in between. Critics argue in Hippocratic fashion that biofuels offer a cure
worse than the disease it is trying to heal. Yet it is one factor among many spurring food
inflation. The diverse influences—some structural and others circumstantial—have
converged and amplified the dramatic rise in food prices. The increased demand for meat14

from a rising middle class in China and India, devastating droughts in Australia and Ukraine,
galloping energy prices, chronic underinvestment in technologies to improve yields (for
which developing countries are as guilty as developed ones), and even financial speculators
all played a dynamic part. Whether responsible for a large share or a small one, governments
must be concerned with mitigating the harmful effects that competition among food, fuel
and feedstocks can bring.

The clearest strategy for tempering the food versus fuel argument is to decouple
biofuels from crops used for food or animal feed. In the short run this implies moving away
from food crops like maize towards non-edible oil plants or sugarcane. In the long run this
will require innovations in technology to transition to second- and third-generation biofuels15,
advances that will come from the laboratories of the developed world and from industry
leaders like Brazil. This needs to be a systematic and cautious movement away from direct
competition, meaning biomass grown for energy must compete only minimally with food in
terms of land or water. Numerous examples exist of promising noncompetitive second
generation materials. Products like municipal waste, forest debris and crop residue are
available and should be employed as cellulosic technology filters into developing countries.

More important is achieving higher production yields for food crops through
improved varieties, application of fertilizers and crop rotations. In Africa, where 65 percent
of the population is engaged in agriculture, many crops in the developing world are grown
under suboptimal conditions and poor soil management. Farmers rely on natural fertilizers
like manure and organic compost but could do much more with manufactured fertilizers.16 Of
course, these farmers would likely use better fertilizers if they knew how best to use them
and could afford them. Here, NGOs can step in with knowledge sharing and governments
can facilitate funding for nutrients to boost yields. A candidate crop for such an approach
is cassava—the staple food of nearly one billion people in 105 countries—which in Africa
reaches average yields of only a fifth that reached in countries that employ optimal growing
techniques.17

Given favorable climates and extended growing seasons, farmers in Brazil and
Indonesia for example, can produce two or more crops on the same land during the course
of a year. Carefully rotating plants maintains soil nutrient integrity. In fact, intercropping
and rotating native biofuel feedstocks with native food plants can raise yields, can improve
pest and disease resistance and can give a wider range of products to the farmer to consume
or sell. Additionally, this helps reduce the drawbacks associated with monoculture farming,
which threaten the vast biodiversity of Brazil. It is difficult to quantify the precise value
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biodiversity brings, but the benefits in watershed management, wildlife habitat, pollination,
and most importantly local livelihoods are undoubtedly extensive.

Demographics will maintain pressure to strive for new technologies. Despite the
exponential population growth in developing countries—and the attendant rise in global
food demand—there is not the same level of technical advances the world experienced
during the Green Revolution of the 1970s when agricultural yields increased and prices
declined in real terms. Now, when new crop strains are created, they evoke fear that the
modified strain will irrevocably stain the genetic pool for the worse. These concerns are
legitimate because the science is so new, but if the desire is to meet world energy needs with
energy harvested from organic matter while not harming the poorest of the poor, a new
Green Revolution must take place. Genetically modified organisms have a role to play in
boosting yields, and if employed for nonfood second generation biofuel crops then this
may help assuage environmentalists. At the same time, developing countries themselves
need to allocate funds to invest in their own capacity to improve yields and create
opportunities for farmers.

Finally, when considering the impact of biofuels on food availability, a point
sometimes overlooked is that nutritional poverty comes not only from lack of access but
also from the inability to purchase food available elsewhere in the world.18 A worker gainfully
employed in a biofuel-generated job can buy much more of the food he or she needs. Higher
incomes in turn give greater adaptability to deal with swings in commodity markets.19 The
question of whether relative gains from rising income trump the decreased purchasing
power from higher food prices ends up being one of implementation.

THE DEVIL IS IN THE DETAILS

Climate change—the second major rationale for biofuels—has proven to be more
complicated than was thought originally. This has real implications for developing countries
that will bear the brunt of the hardship from rising global temperatures. Consider the growing
awareness surrounding the impact of biofuels mandates in the West. What appeared on
paper to be a foolproof, win-win strategy for reducing greenhouse gas emissions and
boosting rural agriculture now is increasingly believed to have a negative net effect on
reducing atmospheric carbon levels for what is essentially an accounting error. Only direct
land use effects and competition were considered, while indirect land use change and the
sequestration capacity of land in its present use were ignored.

A recent article in the journal Science illustrates the argument.20 In the absence of
biofuels, cropland is used primarily for producing food, clothing fibers and animal feed.
Introducing biofuels raises demand for bioenergy feedstocks, and productive land is shifted
to nonfood purposes. This lowers the supply of food stocks and raises prices. In turn, this
leads farmers to seek new land on which to plant food crops, potentially by clearing forests
or plowing grasslands. Even if biofuel feedstocks are planted on land that never was forested,
they can be indirectly responsible for very significant amounts of carbon release through
deforestation, conversion of grassland, and from the loss of future stores of carbon due to
growth. It is when this net loss of carbon capture is accounted for that the environmental
rationale for biofuels goes up in smoke.
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The takeaway moral is that the benefits of biofuels should not be obtained by
sacrificing the environment or the needs of local populations dependent on the land, and
governments must take care to avoid indirect land use change. Currently, the global
feedstock market does not differentiate between sustainable and non-sustainable
production. What is needed is a system of verifiable certifications for food, biofuels, fodder,
textiles and all forms of biomass that covers a broad range of acceptable sustainability
criteria. A strong regulatory body put in place to monitor effectiveness will help prevent
carbon leakage within one and across all countries.21 In addition, quantifying the balance of
biofuels through a certification program should allow better performing biofuels to rise to
the top of the pack. Producers of eco-friendly biofuels need not be punished alongside
poor performing biofuels. Certification will require a measure of political and institutional
will on the part of developing countries, but this is within the realm of possibility for many
governments given some assistance.

Perhaps a more feasible—and already somewhat field tested—way to avoid indirect
land use change effects is to target biofuel crop efforts at marginal lands that otherwise
would not be suitable for food production. The West African country of Mali provides a
good example of this potential. Perched on the edge of the Sahara, a large swath of the
population lives in an arid and rocky band called the Sahel. There, the potential for using
marginal lands to produce biodiesel lies with the increasingly popular jatropha bush. It
grows quickly and well in degraded or nutrient-poor soil and even enriches it. Animals
reject the leaves and seeds while humans cannot consume them, leaving jatropha free to
serve uniquely as an oilseed producer.22 In certain test villages, farmers cultivate jatropha to
supply their generators with biodiesel. This prevents journeys of 50 kilometers or more to
purchase fossil diesel, at great expense to themselves and their meager incomes.

That is not to say the jatropha is the perfect solution for all developing countries.
Yields only measure up to a third of sugarcane—the most efficient feedstock (Table 1). It is
also very labor intensive and cannot be harvested until four or five years after planting. But
it is a good example of a country-specific biofuel solution that avoids many of the previously
discussed land problems.23

Table 1 – Five common biofuel feedstocks, displaying energy harvested (gigajoules per
hectare) as well as amount of land needed (in terms of billions of hectares and percentage of
global arable land, or 2.5 billion hectares) to replace just 20% of global energy consumption
(450,000 GJ/year). (Fresco 2006)24
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As a qualification, the definition of marginal land is subject to interpretation. Often,
subsistence farmers use land that might be deemed “marginal” in very productive ways,
such as for harvesting firewood or grazing. Governments must avoid riding roughshod
over the traditional land rights of indigenous peoples by defining exactly what constitutes
non-productive land and protecting against threatening new uses.

Plainly, the choice of biofuel feedstocks, the locale in which they will grow, and the
ability to meet sustainability requirements can make or break the justification for biofuels.
As more complete models of indirect land use change are developed, a clearer understanding
will develop around best-practices. In the meantime, developing countries should implement
programs cautiously on potentially productive areas and perform a cost-benefit analysis to
determine the best biofuel crops given the lay of the land.

FUEL FOR THOUGHT

Given the very real and serious implications of a poorly planned biofuel policy,
one may be tempted to dismiss it altogether. Yet biofuels are likely to compose an important
part of the developed world energy portfolio. As easily accessible oil resources grow scarcer
and the long-term price of oil rises, biofuels will become more competitive to producers.
Africa, the tropical islands of Oceania, and Latin America in particular all are poised to
capture the lion’s share of this bounty. Clearly, it would be best for governments to understand
the consequences of their policy decisions and to guide their biofuel capacity toward
positive outcomes.

For developing countries looking to implement best-practices, collaboration will be
key. One group that can be strengthened is the Pan-African Non-Petroleum Producers
Association (PNPPA), conceived to give institutional support for biofuels production in
Africa.25 The PNPPA is an organization working to help African countries realize their
productive potential and the opportunities for gains from intraregional trade.

Nevertheless, as South-South trade momentum is building, the United States and
Europe remain the largest consumers of biofuels. The trend-setting example of transatlantic
policy in the United States and Europe is strong. A large percentage of world trade either
originates from, or is destined for, these two regions, and their trading partners are generally
compelled to adopt tighter standards. The sooner developing countries embrace biofuel
standards that are simple, trustworthy, transparent, equitable and enforceable, the larger
their trade opportunities. The goal should be a common methodology that meets
internationally accepted standards while protecting local livelihoods and the environment.

Financial mechanisms will inevitably be part of the biofuels development equation.
There are three levels to consider. At the root is the individual farmer who will need access
to very small loans to purchase seed and tools. Microfinance institutions (e.g. Grameen)
could supply these funds, as well as to provide support systems to ensure loans are repaid
and new loans are passed on to the next generation of budding energy entrepreneurs.

At the middle level are biofuel cooperatives (co-ops). Farmers looking for greater
market power can form co-ops to better harness collective buying and selling power and to
share valuable information on growing techniques, prices, and other advice. Governments
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can play a supportive role by providing infrastructure in the form of feeder roads and
assisting fledgling co-ops with subsidies and tax-breaks.

Co-ops may also help to mitigate undesirable socioeconomic effects. When land
tenure begins to concentrate in the hands of a few large agrobusinessmen, the gains from
increased biofuel production flow into a few select hands. Co-ops can help level the playing
field by giving market clout to groups of small farmers. When dealing with weak judicial
systems, perhaps susceptible to corruption, the individual landowner faces an adversary
perhaps too strong for him or her alone. Governments can do their part by putting the rights
of small stakeholders first and guarding against corrupt judiciaries. Without recourse to a
system for fair arbitration when land disputes arise, the door can be opened for large,
foreign-operated investors to purchase land from indigenous peoples at below true value.

Abuses are bound to appear and already some developing countries are
implementing biofuels programs with too little regard for local stakeholder rights. In Kenya’s
Tana River delta, a $350 million government backed sugarcane project elicited a strident
response from nomadic herders concerned their grazing lands and traditional way of life are
under threat.26 The project is catapulting a population with a 42 percent poverty rate into
the 21st century too quickly for them to adapt. The project may well bring economic gains in
the form of jobs, and should drive down prices as supplies increase. But rather than a
massive, top-down approach that muscles out traditional peoples, governments could
contract smaller agribusinesses for pilot projects employing local populations. This would
help demonstrate the potential for direct gains to the people as they grow, refine and sell
their sugarcane and ethanol. Careful management is all too important to make the transition
from pastoral traditions to a modern economy.

Lastly, the money to financially back this and similar projects could come from
international mechanisms such as the Kyoto Protocol’s Clean Development Mechanism
(CDM) or its post-2012 successor.27 The CDM allows industrialized countries to fund projects
with carbon negative outcomes to offset their own emissions. CDM projects generally have
added scrutiny and may bring benefits by way of standardization and adherence to
environmental and socioeconomic guidelines, in addition to ensuring against possible
incursion on food crops. The projects should generally favor co-op arrangements more
than large agribusiness deals to keep benefits diffuse.

CAUTIOUS OPTIMISM

Biofuels have a place in the developing world. As a mechanism for rural
development and poverty reduction, to raise access to vital energy, and to encourage
sustainable environmental stewardship, there is a role for biofuels to play. Whether
the outcome is net positive or net negative will depend on implementation.

The lesson to be learned is that developing countries must begin with a frank
appraisal of their capacities and their limitations, as well as an appraisal of the costs
and benefits, with a sharp eye to the complexity and consequences of biofuel
production. A healthy dose of prudence is warranted. Governments should establish
the framework to gently but firmly guide biofuels down the path of sustainability and
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away from the multiple hazards they could bring. Developing countries should begin
with targeted pilot programs, giving time for the programs to prove themselves and
then allowing those that show promise to expand. In this way indigenous expertise
will follow and good projects will show themselves to be self-propagating and
sustainable. If done wisely, biofuels programs can do much good for the developing
countries of the world.

NOTES:
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2 In the U.S. the Energy Independence and Security Act of 2007 mandated a
Renewable Fuel Standard that requires fuel producers to blend in 36 billion gallons
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ENVIRONMENTAL SCIENCE AND SOCIETY:
AN EVOLVING DIALOGUE

HOLM TIESSEN

Over the past 200 years, science has undergone an evolution from curiosity-driven
exploration to being the engine of development and recently the voice of planetary
sustainability. These changing roles require changes in the skills of scientists
and in the relation between science and society. The issues of mitigation and
adaptation to global change now demand rapid adjustments in the relation between
science and society, which are explored in this article.

INTRODUCTION

The call for contributions to this edition of the BC Journal explains that
great strides have been made to develop scientific solutions to alleviate concerns
about such issues as global warming and energy demand, water quality and
population growth. Yet competing interests and disagreements continue to fuel
delays in the translation of knowledge and theory into effective policy. To understand
the nature of these obstacles one may have to look more broadly at the role of
science, and particularly environmental science, in society. Environmental policy
and decision making must be informed by knowledge on the functioning of the
environment and also by an understanding of the interactions between societies
and the environment. In applying such knowledge, competing demands for natural
resource conservation and for further growth and development must be
accommodated. Such demands are influenced by public awareness and perceptions
of the value and state of the environment which are clearly in a process of change.
How are science and its interactions with society evolving in order to guide decisions
on natural resource use and conservation at a time when stresses on the
environment have accumulated to the level of global change and threaten to
undermine the foundations of traditional development patterns? The “climate” in
which science operates has changed considerably over time. The visibility of science
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and its institutions and the influence of science and technology in everyday life of
the developed countries are so pervasive that it is easy to forget that the history of
modern science and its co-evolution with society is relatively short.

THE CO-EVOLUTION OF SCIENCE AND SOCIETY

When 200 years ago Alexander von Humboldt explored the environment
of the New World, he was driven by curiosity and was funded by his family
fortune and royal sponsorship. His descriptions of the geography, geology and
ecology of the American continent were both scientific and artistic, and his most
significant companion during these explorations was the artist Bonpland, who
illustrated the elaborate books published by the team. Already then, Humboldt
noted the degradation of land in the coastal mountains of Venezuela caused by
land use, describing a landscape much like that of today. He was the first to
record the relationships between the altitude limits of snow and the latitude of
mountains in the American Cordillera. Two hundred years later, the retreating
limits of snow and glaciation throughout the Cordillera have become one of the
most visible indicators of climate change.

The curiosity-driven science of Humboldt’s time and of much of the
following 19th century was very different from science today. In the 1850s, John
Tyndall still wrote that the new influence of science was to challenge with its
“knowledge” the dogmas of religion. While developing such independence of
thought, science was not yet linked to technical progress. Victorians perceived
the “deep thinking” of science to be an impediment to the progress of industry,
engineering and mechanical inventions.1 The modern relationship between public
and publicly funded science and democratic society did not exist in the 19th century.
The first doctorates were conferred in the United States in 1861, and new fields of
sciences and engineering began to develop in institutions such as the
Massachusetts Institute of Technology (founded in 1865), Harvard’s Lawrence
Scientific School (1847) and Yale’s Sheffield Scientific School (1854).2 By 1900,
300 doctoral degrees were conferred in the U.S., a number that increased to over
40,000 in the year 2000. The growing science endeavour was increasingly supported
by public funding, although in the second half of the 19th century Charles Babbage
still complained that the pursuit of science did not constitute a distinct profession,
and depended on the possession of a private fortune. Government expenditure on
science in the U.K. rose from 70,000 pounds in 1869 to 2 million in 1914.3 In
other words, much of what we take for granted today as public science, its
structure, organization and role in society only emerged in the 20th century.

THE 20TH CENTURY

By the early part of the 20th century, science had become disciplinary and
was increasingly linked to technology. Science was viewed as an essential tool to
dominate nature for humanity’s benefit and to drive technological development.
Much of the expansion of agriculture in 20th century and the resulting population
growth became only possible after the invention in 1910 of the industrial process
to produce nitrogen fertilizer, which increased the capacity to grow food manifold.
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Scientific agriculture, industrialization, science-driven health care and improved
transport were the foundations of an explosion of populations and wealth. This
created an almost untrammelled enthusiasm for science and technology and a
widespread belief that science could solve any problem. By the 1960s even space
seemed to be within reach of science and technology, ready to solve any future
resource problems and receive bold colonists. But it also became apparent that
there was an environmental price to be paid for the progress and development
driven by science and technology. Unintended consequences such as air and water
pollution were becoming the hallmark of industrialized regions. The 1960’s
“solution to pollution was dilution”; higher smoke stacks and big rivers alleviated
local problems, but scientists began to report serious “downstream” effects. This
quickly resulted in confrontations between the forces of progress and “ecology”.
The insecticide DDT, that since the 1940s had saved millions of lives in the fight
against malaria-spreading mosquitoes, was banned in most countries in the 70s
and 80s after it was persistently found in most living organisms from arctic fish
to human milk, and implicated in threatening the survival of several species of
birds of prey. The debate over legalizing DDT again for the fight against malaria
continues to this day, and is an example of the differing interests between (largely
malaria-free) developed and developing nations.

Since the 1970s large-scale regional problems such as acid rain emerged
and satellite technology for the first time permitted a look at the whole earth. The
first earth-observing Landsat satellite was launched in 1972 providing
opportunities for global environmental monitoring. The stratospheric ozone hole
over Antarctica was discovered in 1985 and was soon traced to man-made
chlorofluorocarbons. Dilution was no longer a solution as emissions took on global
proportions. The Montreal Protocol of 1987 was the first international treaty
that, on the basis of scientific evidence (on the causes of the ozone hole), restricted
industrial processes globally. Only 10 years later, the Kyoto Protocol incorporated
scientific evidence on the effects of greenhouse gases and resulting predictions on
the future course of global warming into political will. The protocol imposed
restrictions on carbon dioxide emissions, which are due to the use of energy from
fossil carbon, one of the foundations of industrialization. In less than 100 years,
science had run a course from being a tool to dominate Nature to one to monitor
Nature’s threatened functions, and the ecological sciences have introduced the
term “sustainability” into public debate and policy decisions.

CLIMATE CHANGE

Planet earth absorbs a total of 235 watts of solar radiation per square
meter, which warm the atmosphere, lands and oceans. At steady state, without
net warming of the earth and its atmosphere, an equivalent 235 W are being
radiated back into space as long wave radiation. Like the silica (SiO

2
) in the glass

of a greenhouse, the carbon dioxide (CO
2
) of the atmosphere traps some of the long

wave radiation that is re-radiated. If the CO
2
 concentration increases, that

absorption increases and more heat is retained. Carbon dioxide and other
greenhouse gases are being added to the atmosphere by human activities: the
concentration of CO

2
 in the atmosphere has increased by 35 percent during the
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industrial age, that of methane by 151 percent, and that of nitrous oxide by 18
percent. As a result, about 1 percent (some 2.5 W m-2) less radiation is now leaving
the earth than 100 years ago. With a total earth surface of 511 million square
kilometers this is an additional heat retention of some 1300 gigawatts, or the
equivalent of about 10 percent of humanity’s total power consumption. The
combined analysis of surface and satellite measurements of the earth’s temperature
has resulted in a consensus that there has been an average warming of about
0.7°C over the past 150 years. It stands to reason that the additional heat retention
and the observed warming are related. Since the physics is relatively simple,
why is the debate about global change so complex? And how can science contribute
to the evolving debate?

EXPOSURE, RISK AND VULNERABILITY

Humanity is being exposed to the effects of an additional 2.7 W m-2 retained
by the earth system as a result of anthropogenic greenhouse gas emissions. Does
this carry significant risks? In order to prove global warming, scientists had to
work hard to calculate global averages and their trend over the years. Yet few
people have a feel for an “average temperature”, and most don’t know what the
average is in the place they live. A rise of 0.7°C is what most places on earth
experience between 8:00 and 8:15 in the morning. These are not concepts or
numbers with which societies associate risks, so science is called upon to explain.

Worldwide observations are showing retreating or disappearing glaciers
in mountains. Particularly the tropical Andes are losing their glaciers very rapidly.
The Arctic sea ice is shrinking and the Northwest Passage is opening in the
summers. In the Antarctic, the ice mass may be increasing due to increased
snow fall at higher but still far from melting temperatures. As white snow and
ice disappear, the darker land or sea surface absorbs more heat from the sun (in
scientific terms, its albedo is lower). As permafrost in the Northern wet lands of
Canada and Russia warms, it may release methane. While absolute methane
concentrations in the atmosphere are still very low at 1.7 part per million (ppm)
compared to some 380 ppm of carbon dioxide, methane is 25 times more effective
at retaining outgoing heat radiation in the atmosphere. So the warming that is
already occurring may trigger additional warming in a positive feedback. These
are some of the more predictable effects of the current trends in global
temperatures. When Panama voted in a national referendum to build a second
canal at an investment of billions of dollars, did it factor in the potential effects of
an open Northwest Passage linking the Atlantic and Pacific?

Extreme climate events are much more visible are generating much more
debate than the creeping change of global temperatures. In his book “State of
Fear”, Michael Crichton describes extreme events as a desperate invention by
“environmentalists” to convince the world of an otherwise quite harmless global
change. In the story, storms, calving glaciers and even a tsunami (a geological
event, totally unrelated to climate) are engineered to artificially raise the state of
fear about climate change. Yet an increase in the occurrence of extreme climate
events has relatively simple physical explanations related to the warming that
has already occurred. An atmosphere that retains more energy contains more
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energy. An ocean that is warmer also holds more energy. An atmosphere that is
warmer holds more moisture. Atmospheric energy is released in winds, warmer
tropical oceans energize hurricanes, and more moisture evaporating from the
oceans falls as rain in such events. The risk and experience of more extreme
climate events can therefore be related to current climate change in relatively
simple causal chains. At least in some regions the risks of climate change are
therefore quite real. The analysis of the present and past conditions of the
atmosphere led the Intergovernmental Panel on Climate Change (IPCC) to declare
in 2007: “Most of the observed increase in global average temperatures since the
mid 20th century is very likely due to the observed increase in anthropogenic
greenhouse gas concentrations.” And it is “very likely that it is not due to known
natural causes alone.” The present climate risks are therefore very likely man-
made and related to greenhouse gas emissions.

The foundations of global industrialization and wealth distribution are
being questioned by demands to curb CO

2
 emission, by moving away from the

carbon economy. To justify such a step a prediction of future risks is invoked.
What can be predicted about the climate change of the future? The relationship
between energy retention and temperature contains no time function. What if
there are non-linearities, positive or negative deviations, in future warming as
CO

2
 rises further? To help answer such questions and attempt to predict what

might happen, climate science has developed global circulation models (GCM).
These models are themselves the center of an often polemic debate. In a recent
article in the on-line journal Skeptic (2008, volume 14 number 1,
www.sceptic.com), Patrick Frank makes  a case that, “GCMs cannot discern an
ice age from a hothouse 5 years away, much less 100 years away. Earth may be a
winter wonderland by 2100 or a tropical paradise. No one knows.” And when “it
comes to future climate, no one knows what they’re talking about. No one. Not
the IPCC nor its scientists...not me, not you.” Indeed, no one “knows”, but if
current measured trends are extrapolated they are quite close to the aggregate
mean predictions of GCMs. GCMs are complex, and like all models, they are only
as realistic as the knowledge and assumptions that go into their construction. A
few years back, different GCMs did not even agree on the sign of the temperature
change. One problem for instance is that water vapor that absorbs outgoing
radiation will enhance atmospheric warming, but if that moisture condensates
into cloud it will reflect incoming radiation, thus cooling the system. Cloud
formation remains an intractable problem, together with other difficulties such
as eddy currents and surface exchanges. Some argue that indeterminacies are so
inherent to the climate system that they will always frustrate attempts at long-
term forecasting.4 Modellers often gauge a model’s accuracy by comparing it with
other models. But since models have many equations and assumptions in common,
agreement among them does not provide greater accuracy. In a way, such circular
improvements provide the same uncertainties with greater precision.

Despite these problems, GCMs help to develop an increased understanding
of climate systems. They provide a systematic way in which to explore scenarios,
and they connect components of the climate system, aggregating data and
information into more comprehensive knowledge systems. Even though they are
very useful in these functions, it should not be forgotten that they are not
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deterministic decision tools. GCM outputs are problematic if they are over-
interpreted. “Though modellers lack a conceptual basis for knowing whether the
long-term climate is predictable, their discourse often moves from describing long-
term global climate predictions as being possible in principle, but presently
unrealized and uncertain, to suggesting that their models are in fact predictive.
The increasingly realistic appearance of ever-more comprehensive simulations
may increase the temptation to think of them as truth- machines”.5 On the other
hand, the limitations of GCMs in predictions of the future is often abused in the
climate change debate as an indication that there is no “real” risk, or that disaster
scenarios are fabrications of models. Available measurements provide evidence
for current climate change and mere extrapolation of current trends shows
significant present exposure to climate change. This carries future risks which
are only partly predictable. As with any other risk, decisions of whether or not to
expose oneself to the risk depend on vulnerabilities, real or perceived. Vulnerability
to global change risks is a result of many factors, both biophysical and social.

VULNERABILITIES, COMMUNICATION AND DECISIONS

The uncertainties associated with emerging environmental risks and any
resulting decisions must also be seen in the context of vulnerabilities. Human
effects on the global environment and their feedback to societies are now so
pervasive that resulting environmental dilemmas are inextricably linked to coupled
human and biophysical systems.6 Assessments and decision processes will therefore
involve many actors who may make competing claims about scientific truth. The
debates on climate risks and vulnerabilities will go well beyond individual scientific
disciplines and often beyond the realm of science. It is therefore useful to remember
that in “matters of hazards, no one is an expert - particularly not the expert”.7 In
terms of science and its dialogue with society, the complexity of human-biophysical
systems means that boundaries must be breached: natural and social science
must collaborate, legal frameworks must be considered, and communication with
society and its decision makers must become intelligible and bidirectional. The
needed “boundary work” will have to occur at many levels: between disciplines,
sectors of society, individuals, and organizations.8

The era of global change imposes new demands and rules on science and
its interaction with society. Societies need to understand and use science in their
decision processes. As environmental issues attain global dimensions, the
knowledge and understanding needed for decision-making become more complex.
Interactions between different natural resource functions must be considered and
related to the costs and benefits to societies locally and globally. The resulting
decisions should balance the value of natural resources against development
opportunities that may have to be foregone because of a choice for conservation.
The sciences of the environment that have been called upon to inform this balancing
act, have become more complex under global change as issues attain global
dimensions and complex interactions emerge that go beyond the capabilities of
individual disciplines. One of the most serious impediments to rational decision
making in this context is a lack of knowledge and agreement on the value of
natural resources and their availability in the future. In economic parlance, the
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balance could be achieved if one could rationally “internalize the externalities” of
economic development, i.e. include the natural resource cost in the balance sheet
used to decide on development. But this is rarely achieved.

In addition to changes in the atmosphere, most environments have been
modified by human impacts. Land-use change, deforestation, urbanization, and
pollution of ground and surface waters affect ecosystem function at a global scale.
As a result, resilience not only of individual ecosystems but the entire earth
system, and sustainability of human activities are increasingly interrelated. The
role of science in society is being challenged by this complexity and the urgency to
understand the fundamentals of sustainability.

THE CO-EVOLUTION OF SCIENCE AND SOCIETY

Science- and technology-dependent societies, faced with unpredictable and
potentially catastrophic ecological risk scenarios, need to look beyond science
towards other types of knowledge because many ecological problems today involve
irreducible uncertainties that escape expert awareness, definition, and control.9

Uncertain environmental threats should be assessed by scientists and society
together since science can only play a limited role in the conflict resolution between
conservation and development.

The role of science as a collaborator of society in the resolution of urgent
problems is relatively new. Many scientists are not prepared for this role, and
science education is only beginning to address the multidisciplinarity and
communication skills required. In the context of global change, scientists are
being asked to 1) predict the rate, shape, and extent of global change - a traditional
scientific task; 2) provide decision aids for mitigation - a task linked to modelling
efforts, but requiring additional skills relevant to the decision process; and 3)
provide guidance toward adaptation - an extension task taken on by only few
academic institutions. In democratic societies that are increasingly developing
stringent accountability cultures, these demands are becoming linked to funding
decisions. In response, science is undergoing transformations toward greater
societal and policy relevance, both in its choice of subject matter and in its
communication of results. These transformations do not happen in a linear or
planned process but occur in an undirected manner as scientists and research
institutions respond to changes in science funding, attitudes, and policies.10

Policies for conservation are often difficult to promote because they typically
call attention to what should not be done and therefore often emphasize the negative
side of development and growth. As a result, there is a policy dilemma between
current development demands, and present and future threats. In this difficult
situation, in order for science to succeed in influencing policy and decisions, it
must develop a number of attributes that go beyond its traditional role. These
needed attributes are credibility, acceptability, practicality, usefulness, and
accessibility.

Traditionally, scientific credibility is provided by peer review. Wider
credibility, though, is developed very differently through endorsements by people
or organizations trusted by society or its representatives. Both credibility and
acceptability are enhanced when the research process is transparent and accessible
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and research questions are developed in a broader societal context. This is a long
way from the curiosity-driven research of the past and from the technological
hubris of only a few years ago. Conducting global change research for adaptation
and mitigation requires dialogue. For an effective dialogue, a persistent and patient
engagement with the appropriate audience for the scientific message is required.
Two dangers arise from such engagement: a) Scientists may turn into advocates,
possibly at the expense of good science which is essential to credibility. The
development of advocacy may undermine the neutrality demanded of the scientific
process. b) Participative designs may result in science being entirely determined
by the perceived needs of sections of society, neglecting the need for research to be
proactive, ahead of societies’ preoccupations and demands.

Practicality and usefulness are obviously needed if scientific information
is to guide society in decisions and actions, but these attributes are not highly
valued within academia. Close cooperation between natural and human sciences
is required to establish full causal chains between natural risks and human
vulnerabilities. Such interdisciplinary science is still one of the most difficult
tasks of global change research. But in academia, work involving cooperation
between different science disciplines is often seen as a dilution of scientific rigor.
The typical merit system based on peer-reviewed publications in disciplinary
journals does not value interdisciplinary work to the same degree. As a result,
such work counts less toward promotion and recognition.

Accessibility in the scientific world means open data sources, accessible
metadata, and publications in recognized journals. Accessibility for society and
decision makers implies condensation, synthesis, and translation of scientific
knowledge into different forms of communication. These are tasks for which
scientists are ill-trained and rarely rewarded. Such communication may require
skills that can be better obtained through partnerships between science and non-
governmental or other organizations. In the recent analysis of several years of
international global change research experiences in the Americas, links to NGOs
were often difficult but eventually very successful. In that experience, NGOs
involved in development and resource management had a need for scientific
information and cooperated with researchers. In turn they offered scientists their
own expertise in bringing scientific knowledge or technical solutions back into
the communities, using communication and demonstration tools with which
scientists are less conversant.11

THE WAY FORWARD

Adaptation to and mitigation of global change call for timely decision-
making that take into consideration multiple contexts of environment and society.
The complex decision processes and impact analyses needed for adaptation to
global change require a durable communication and integration between science
and policy sectors. To inform such decisions it is important to link knowledge
from different disciplines and sectors:  scientists need to link across disciplines,
and policy actors across departmental and ministerial divisions.
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There is some progress in developing cooperation between natural and
social sciences through interdisciplinary university programs, often at master’s
degree level, and through collaborations between international research programs
dedicated to natural and human sciences. Adjustments are still needed in award
and career systems that will encourage interdisciplinary work and that give
recognition to a combination of science excellence and policy engagement. New
funding programs are just beginning to create opportunities and challenges in
multidisciplinary science and the outreach needed to bring results to the public
and decision makers. Meeting standards that combine the criteria for both policy
relevance and scientific excellence places greater professional and personal demands
on the researcher. The global change science community is an exponent of the
process of developing policy relevance because its science is increasingly driven
by societal concerns.

Similar to the disciplinary divisions in science, there are divisions between
government departments. In the face of global change issues, governments are
making efforts to bridge these divisions through the creation of global change or
climate change offices that have mandates across departments and ministries.
Such efforts towards interdisciplinary and intersectoral cooperation and governance
could be enhanced by appropriate capacity building. For example, bringing together
experts on climate and health, both scientists and practitioners, has already
resulted in improved prediction of and responses to insect-born diseases in some
countries: the links between El Niño, regional rainfall patterns and insect
populations have provided an opportunity to mobilize public health units in advance
of probable malaria outbreaks. Both knowledge and trust need to be built if
scientific predictions, which always contain uncertainties, are to guide the use of
public funds towards such adaptation strategies.  One example of such cooperation
between science and policy are the joint capacity building programs being developed
by the Inter-American Institute for Global Change Research (IAI) together with
the Scientific Committee on Problems of the Environment (SCOPE) and UNESCO
that allow scientists and decision makers to explore the realms of knowledge and
decision making together. Much remains to be learned, but this process of mutual
learning is only the continuation of an ongoing co-evolution of science in society.

NOTES:

1 T. F. Gieryn, Cultural boundaries of science: credibility on the line. University of Chicago
Press, Chicago, Illinois, USA (1999).
2 L. Thurgood, M. J. Golladay, and S. T. Hill, U.S. Doctorates in the 20th Century, Special
Report, National Science Foundation, Washington, USA (2006).
3 T. F. Gieryn, Cultural boundaries of science: credibility on the line. University of Chicago
Press, Chicago, Illinois, USA (1999).
4 M. Lahsen, Seductive Simulations? Uncertainty Distribution Around Climate Models.
Social Studies of Science 35 (2005): 895–922.
5 Ibid.
6 D. P. MacMynowski, Pausing at the brink of interdisciplinarity: power and knowledge at
the meeting of social and biophysical science. Ecology and Society 12 (2007): 20.

ENVIRONMENTAL SCIENCE AND SOCIETY: AN EVOLVING DIALOGUE



66 THE BOLOGNA CENTER JOURNAL OF INTERNATIONAL AFFAIRS

HOLM TIESSEN

7 Beck 1992 quoted in M. Lahsen, Technocracy, Democracy, and U.S. Climate Politics:
The Need for Demarcations, Science, Technology, & Human Values, Vol. 30 (2005): 137-
169.
8 T. F. Gieryn, Cultural boundaries of science: credibility on the line. University of Chicago
Press, Chicago, Illinois, USA (1999).
9 M. Lahsen, Technocracy, Democracy, and U.S. Climate Politics: The Need for
Demarcations, Science, Technology, & Human Values, Vol. 30 (2005): 137-169.
10 H. Tiessen, M. Brklacich, G. Breulmann and S.C. R.Menezes (editors) SCOPE 68,
Communicating Global Change Science to Society - An Assessment and Case Studies.
Island Press, Washington, Covelo, London. p. 217 (2007)
11 Ibid.



67      FALL 2008 / SPECIAL VOLUME

Ariel T. Méndez is a recent graduate of the Paul H. Nitze School of Advanced International
Studies (SAIS) and, for the time being, a stay-at-home dad. He worked at the Woodrow
Wilson International Center for Scholars for the Environmental Change and Security
Program in Washington, DC from 2001 to 2004. He then worked with community-based
nonprofit organizations at the Center for Volunteer and Nonprofit Leadership of Marin
in San Rafael, CA before attending SAIS. Mr. Méndez holds an M.A. in International
Relations from The Johns Hopkins University School of Advanced International Studies
and received his B.A. in Politics with Highest Honors from the University of California,
Santa Cruz.

QUANTIFYING THE UNQUANTIFIABLE:
WHY REGULATING LEAD (AND OTHER PUBLIC

HEALTH THREATS) IS SO HARD

ARIEL MÉNDEZ

Despite the predictable nature of many threats to public health, safety, and security,
governments around the world struggle to find a successful systematic response
to these dangers. In fact, lawmakers often respond in a knee-jerk, emotional
fashion that all but ensures that the most effective means of protecting the public
from harm are ignored. Frequently, policy responses address only a primary
danger, leaving us still vulnerable to an even greater secondary danger. Although
cost-benefit analysis is not perfect, it carries some clear advantages to other
responses such as the increasingly popular precautionary principle. This paper
uses the example of lead poisoning to examine the question of why regulators
struggle to accept cost-benefit analysis, and opt instead for inferior alternatives
based on irrational, and sometimes unfounded, public fears.

INTRODUCTION

On the front page of The New York Times on August 15, 2007, readers
learned that Mattel, the world’s largest toy company, was announcing the biggest
toy recall in its history.1 Out of the nineteen million toys recalled, fewer than half
a million of them were due to concerns about lead paint, yet it was the potential
for lead poisoning that grabbed people’s attention. Dr. Michael Shannon, a
pediatrician and toxicologist at Children’s Hospital Boston and Harvard Medical
School, called it a “public health disaster” and said “the biggest story is the clear
failure of federal agencies to protect us.”2
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In the months that followed, public fear about lead poisoning rose, state
lawmakers decided to tighten standards governing lead levels in toys, and public
officials amended their statements regarding lead regulations. In one instance,
the San Francisco Chronicle issued a correction after the spokeswoman for the
federal Consumer Product Safety Commission (CPSC) announced that the
government was pursuing a total ban on lead in all children’s products. It turned
out that the CPSC was only taking steps to ban lead in metal children’s jewelry.3

Of course lead is not the only danger that threatens public health, safety,
and security. People learn about new threats every day, but what is most alarming
is that governments have not figured out a good way to systematically respond to
these threats. In fact, some evidence suggests that legislators might be doing just
the opposite: responding in a knee-jerk emotional fashion that makes it easy for
public policy to ignore the most effective means of protecting the public from
harm.

All dangers that threaten public health, safety, and security have at least
three components:

• the magnitude of danger (how prevalent and costly the consequences are);
• the probability of occurrence (how likely something is to happen); and
• the cost of reducing the likelihood and/or magnitude of that danger.

The magnitude of danger, i.e. the estimated cost of the consequences, is measured
from a baseline where the danger is not present. From this perspective, the cost
of the consequences in a safe scenario is equal to the benefit gained if the danger
is prevented in another scenario. Sometimes the danger isn’t from doing something,
like buying lead-contaminated toys, but rather from not doing something, like
deciding not to vaccinate a child, or deciding not to buckle your seatbelt while
driving.

Despite failing to deliver a systematic method of evaluating the risks,
benefits, and costs associated with various policy options, the so-called precautionary
principle seems to be gaining popularity over the last twenty years. Alternative
responses, based primarily on cost-benefit analysis, are not perfect but carry
some clear advantages. They nevertheless have failed to catch on. This paper
uses the example of lead poisoning to examine the question of why regulators
struggle to accept cost-benefit analysis, and opt instead for inferior alternatives
based on irrational, and sometimes unfounded, public fears.

Sometimes those irrational fears turn out to be legitimate: It is possible
to be right without the support of solid evidence. Although cost-benefit analysis
relies on being able to quantify what sometimes proves to be unquantifiable, it
seeks to articulate public fears and clarify the risks and benefits associated with
each policy option. It is a way of asking, “What is the paramount concern, and
what is the most efficient and effective way to address that concern?”

PROBLEMS WITH THE PRECAUTIONARY PRINCIPLE

The New York Times Magazine called the precautionary principle one of
the ideas of the year in its 2001 “The Year in Ideas: A to Z.”4 The following year,
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Domingo Jiménez Beltrán, then the executive director of the European
Environment Agency, noted that the precautionary principle is explicitly cited in
the 1992 Maastricht Treaty on European Union and declared that it “is increasingly
relevant” as a means to provide guidance to policymakers in “situations of scientific
uncertainty.”5

But what exactly is the precautionary principle? The Science &
Environmental Health Network convened the 1998 Wingspread Conference on
the Precautionary Principle and produced the so-called Wingspread Declaration:

When an activity raises threats of harm to human health or the
environment, precautionary measures should be taken even if some cause
and effect relationships are not fully established scientifically.6

The basic premise behind the precautionary principle is that it is “better to be
safe than sorry.” If there is some doubt as to whether a proposed action will harm
human health or the environment, the precautionary principle’s advice is simple:
Do not proceed.

For anyone thinking of ways to actually implement this principle, it
becomes clear that it suffers from incoherence, and as stated, actually prohibits
the actions that it prescribes. One problem is that the world is full of scientific
uncertainty and thus the precautionary principle commands us to take
precautionary measures in just about every situation. Although this reduces the
usefulness of the precautionary principle, uncertainty itself should not be viewed
negatively. Henry Pollack observes that the relationship between science and
uncertainty is a beneficial one. “Far from being an impediment that stalls science,”
Pollack writes, “uncertainty is a stimulus that propels science forward. Science
thrives on uncertainty… Indeed, one might argue that it is certainty, rather
than uncertainty, that impedes science.”7

Cass Sunstein argues that a related problem is that the world is permeated
with certain risks on all sides. Since nothing is ever completely risk-free, Sunstein
explores the notion of “substitute risks.” Substitute risks are secondary risks
that are incurred while attempting to avoid primary risks. Sometimes, the
secondary risks are even greater than the primary risks. This is the “out of the
pan and into the fire” problem.

To illustrate this scenario, Sunstein recalls a train crash that occurred
in Hatfield, UK in 2000. After the crash, which injured dozens and killed several
passengers, fully a third of British rail travelers started using the highway instead
of taking the train. The problem was that driving in the UK is more than ten
times as dangerous as riding the train. In the first thirty days following the train
crash, it was estimated that five additional deaths from automobile accidents
could be attributed to the additional drivers on the road. That figure, Sunstein
notes, was “nearly equal the total number of deaths from train accidents in the
previous thirty years.”8

Since risks are pervasive in the real world, Sunstein believes that the
problem of secondary risks constitutes the biggest defect of the precautionary
principle. If the stated goal of trying to avoid or minimize risks to human health
or the environment is taken at face value, what guidance is there to choose between
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the primary and secondary risks that permeate all options? When it comes to
distinguishing substitute risks, Sunstein writes that “…the [precautionary]
principle offers no guidance   …it forbids all courses of action, including regulation.
It bans the very steps that it requires.”9 What is needed, Sunstein argues, is a
careful comparative assessment of the risks and benefits – and the cost – that
each option entails.

BUSINESS-AS-USUAL: THE PRECAUTIONARY PRINCIPLE AND LEAD POISONING

Cass Sunstein has written extensively on the question of how regulators
should respond to the kinds of typical challenges that the problem of lead poisoning
exemplifies. He argues that the kind of strong, emotional reaction and confusion
that often follow an event like the Mattel toy recall get in the way of taking
measures that could more effectively protect the public from the very dangers of
which it is so afraid. Sunstein advocates cost-benefit analysis as the best way to
achieve this.

But there is a catch: “In democratic nations,” Sunstein writes, “the law
responds to people’s fears. As a result, the law can be led in unfortunate and even
dangerous directions.”10 People’s fears do not always respond in a way consistent
with the measured approach of cost-benefit analysis; the aftermath of the Mattel
toy recall was no exception.

In the months following the Mattel toy recall, Washington state legislators
were unwilling to wait for federal lawmakers to address the problem and pushed
through some of the toughest standards in the nation restricting the amount of
lead and other toxins in children’s toys. As a result, the bill restricted the amount
of allowable lead to 90 parts per million, far below the federal standard of 600
parts per million.11

The measure, called the Children’s Safe Products Act, was overwhelmingly
approved by the state’s House (92–2) and Senate (40–9) before it was signed into
law by Governor Christine Gregoire.12 The Toy Industry Association, along with
industry heavyweights such as Hasbro and Mattel itself, strongly opposed the
measure, saying that the restrictions were unfair and would “cause complete
chaos.”13 In a letter to the editor of the Seattle Post Intelligencer, Rick Locker of
the Juvenile Products Manufacturers Association invoked the problem of substitute
risks. Locker wrote that the bill was “a hastily written law” that would
unintentionally ban car seats, a device responsible for saving thousands of lives.14

When Governor Gregoire signed the bill, she specifically noted that car seats
were likely to meet the standards of the bill, and took steps to ensure that the bill
would not reduce the safety of car seats.15

Was the immediate decision to tighten restrictions on lead in toys the
best response to the public’s fear of lead poisoning? Since there is no known safe
blood lead level, the action by the Washington state legislature is certainly
consistent with the precautionary principle. The U.S. Department of Health and
Human Services considers lead poisoning to be a “wholly preventable disease.”16

Removing lead from children’s toys is an obvious step towards prevention, but
regulators need to know what costs are involved if they are to pursue prevention
in the most efficient way possible. Perhaps most importantly, in order to avoid
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being lulled into a false sense of security by attending to a minor risk while
ignoring a major one, regulators also need to evaluate whether substitute risks
exist.

As it turns out, lead in toys constitutes a relatively small share of lead
exposure to children. The largest source of lead exposure is in lead-based paint in
older homes and lead-contaminated dust from old buildings.17 Even if the
government succeeded in reducing or even eliminating lead in children’s toys,
the most significant sources of lead contamination would still persist. If overall
pediatric lead poisoning is the highest concern, then an effort to identify the
largest sources should be made in order to determine the most cost-effective way
of reducing overall exposure among children. Cost-benefit analysis is a way to
accept the public’s fear about lead poisoning and then determine the least expensive
way of preventing lead poisoning.

COST-BENEFIT ANALYSIS

In Cost-benefit Analysis, Richard Layard and Stephen Glaister describe
cost-benefit analysis as the fairly simple and even intuitive process of summing
the costs and benefits of each option under consideration and then simply choosing
the option with the greatest net benefits. When considering option A, they write
that “the rule becomes: do A if its benefits exceed its costs, and not otherwise.”18

But since this rule overlooks the crucial process of measuring and estimating
that is needed in order to assign values to the costs and benefits of any option,
Layard and Glaister concede that this rule is deceptively simple.

Cost-benefit analysis does not address questions of distribution, timing,
the value of future consumption, the ability to pay, and a host of other issues, but
most opposition is centered on the necessary hurdle of measurement and estimation
that is required in order to assign numerical values to costs and benefits in order
for cost-benefit analysis to work. After all, intangibles cannot be summed; only
numbers can. Some opponents object out of principle, believing that it is impossible
to assign a cash value to something as sacred as human life.19

Others, including proponents of cost-benefit analysis, point out that the
problem of measurement is not a moral one, but a technical one. How can one
measure pain and suffering, benefits for animals, aesthetic and recreational gains,
or overall well-being and health?20 Sunstein, himself an ardent supporter of cost-
benefit analysis, admits that “An adequate cost-benefit analysis would certainly
take those benefits into account.”21 Considering this deficiency, can any cost-benefit
analysis really be “adequate”?

For some, the answer is “no” and the whole idea of cost-benefit analysis
becomes meaningless. For example in 2001, the question of acceptable arsenic
levels in tap water became the focus of public attention. “Americans may disagree
about a lot of things,” said Rep. David Bonior (D-MI), “but drinking arsenic...
isn’t one of them. When we turn on the kitchen sink, we ought to be able to drink
what comes out without worrying about being poisoned or poisoning our family.”22

Since nobody wants to experience lead poisoning, and there are no known benefits
to having even trace amounts of lead in one’s body, Bonior’s statement about
arsenic could just as easily have been about lead.
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By this measure, the question of how much it will cost to eliminate sources
of lead or arsenic, or whatever the particular danger may be, is never raised.
Instead, cost is ignored and the command is to eliminate the risk at whatever
cost. But in the real world, where scarcity of resources is a reality, the next
question must necessarily be what the cost is – including the cost of any substitute
risks and dangers – of eliminating or reducing the primary risk. Only after
examining that question can the decision to eliminate or reduce the risk be properly
made.

COST-BENEFIT ANALYSIS AND LEAD POISONING

In order to appropriately address the problem of lead poisoning using
cost-benefit analysis, the essential question to ask is, “What is the cost of lead
poisoning, and how much are we willing to spend to eliminate or reduce that
cost?” In 1972, Herbert Needleman laid the foundation for the now well-accepted
inverse relationship between blood lead levels and cognitive ability.23 Nearly thirty
years later in 2000, the EPA used that relationship in an in-depth analysis to
compare the lost earning power of lead-poisoned children to the cost of removing
lead paint from homes across the country. 24 The goal of the study was to determine
whether the cost of removing the largest source of lead in children’s environments
could be justified in terms of preventing the lost economic productivity that resulted
from lead poisoning.

Depending on how stringent a standard is applied, the EPA estimated
that it would cost a total of $51.7 billion to $100.6 billion to remove lead from all
the targeted homes where children will be born over the next 50 years.25 The EPA
then estimated that, based on an average lifetime earning potential of $366,021
(1992 $), the average cost for each child in terms of foregone lifetime earning
capacity was about $8,346 per lost IQ point.26 Using a variety of models, the EPA
concluded that net national benefits of preventing lost IQ points through lead
removal and abatement ranged from $173.5 billion to $-5.2 billion.27

In 2002, two years after the EPA study, Philip Landrigan led a team of
pediatric researchers from the Mount Sinai School of Medicine, the New School
for Social Research, and the Harvard School of Public Health to replicate the
EPA’s assessment of how much lead poisoning in children was costing the country.28

One of the goals of the study was specifically to provide a value of the costs of lead
poisoning in order “to counter one-sided and often ill founded claims about the
high costs of controlling pollution.”29 In other words, the researchers saw that
those in opposition to lead regulation had come up with figures about the costs of
that regulation, and Landrigan et al. wanted to counter those figures with numbers
of their own.

Landrigan et al. used the same model to assess lead poisoning’s impact
on lost lifetime earning capacity to find that the total cost of lead poisoning in
U.S. children amounted to a staggering $43.4 billion a year, equal to about 2.2
percent of annual U.S. healthcare costs.30 This study used a reasonable lifetime
earning potential of $881,027 for males and $519,631 for females (1997 $), both
figures higher than that employed by the EPA study. Nevertheless, Landrigan
and his team claimed to have “consistently erred in the direction of conservatism.”
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Since the study omitted such costs as pain and suffering, special education for
children with lead poisoning, and costs for which no quantitative data were readily
available, the researchers believed that the actual cost of lead poisoning in children
was almost certainly greater than the figures they published.

This attempt to affix a dollar value to a problem like lead poisoning received
heavy criticism after the study was published. One critic agreed that there exists
a “well-known effect of lead exposure on neurodevelopment in children,” but
nevertheless charged that “quantification of cost estimates may be overstating
the scientific certainty of the disease-environment relationships,” and as a result,
this particular study might cause researchers in the entire field “to lose credibility
within the larger community of scientific and medical research.”31

Reliance on scientific certainty is a laudable goal, but it should not be
used to discredit an otherwise useful analysis simply because it relies on estimates
to quantify a known effect.  To require absolute scientific certainty before accepting
any estimates is not only unhelpful, it is probably impossible.

Additional criticism of the model used in the EPA and Landrigan studies
argues that lost lifetime earning potential should not be considered. For instance,
Randall Lutter, an economist who is currently a deputy commissioner for the
U.S. Food and Drug Administration, employs a willingness to pay calculation to
find that each IQ point is actually worth between $1,100 and $1,900, about six
times less than the figure cited by the EPA, and nearly twelve times less than
Landrigan’s figure.32 In order for cost-benefit analysis to work, a numerical estimate
is needed, but which one is better?

Lutter believes his figures are superior because they are “based on observed
behavior” of the parents, who are the ones most likely to pay for the lead abatement.
Arguing that “parents may value their children’s welfare less than their own,”33

Lutter concludes that it would be unfair, or “inequitable,” as he puts it, to ask
parents to pay for costly lead abatement because the benefits go almost entirely to
their children. He says that children are not only incapable of offering “credible
commitments to repay such investments,”34 but they are also “likely to live longer
and have much higher incomes than their parents.”35

MAKING COMPLICATED ESTIMATES

Making these kinds of estimates is where some might say things become
interesting. Frank Ackerman and Lisa Heinzerling oppose the monetization of
human life and health from a moral perspective: such values are inherently
“priceless.”36 They further argue that even if one were to accept the moral validity
of such an exercise, valuing lost IQ points (or any illness, for that matter) only in
terms of lost economic productivity sorely undervalues the actual cost. They argue
that there is an additional social cost that is missed by this analysis: “nothing is
included for the change in the child’s quality of life and capabilities outside of
work, nor for the impact on the parents.”37 For these reasons, they say that the
EPA’s $8,346 figure is certainly too low.

Assigning values to these kinds of benefits is complicated even further by
the fact that people value the same item differently depending entirely on context.
One example of this can be found in Richard Thaler and others’ work on the
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“endowment effect.”38 The endowment effect describes the disparity between what
people are willing to pay in order to gain something and what price they are
willing to accept in order to give up that same item. Thaler discovered that the
acceptable price to give up an item was usually higher than the price people were
willing to pay in order to acquire the same item. With respect to valuing IQ
points, this means that parents might be willing to pay different amounts to
prevent the loss of IQ points than they would to recover IQ points already lost (if
such recovery were possible). There is also the possibility that parents would
value the loss of the IQ point from 100 to 99 differently than the loss of the IQ
point from 90 to 89.

Another complication is that people see the same risk differently depending
on how the risk is framed. Redelmeier et al. showed that medical patients respond
differently to the same information depending on how it is presented. For example,
more patients were willing to undergo a procedure when they were told that out
of 400 patients, 350 of them were alive after five years than if they were told that
fifty of them were dead after five years.39 All this throws considerable doubt on
what the dollar value of an IQ point actually is.

These are only a few of the challenges one must overcome to assign values
needed to perform cost-benefit analysis. But there is one other stumbling block in
performing an adequate cost-benefit analysis for lead poisoning. A 2001 study
published in The New England Journal of Medicine found that chelation therapy,
the process of removing lead or other heavy metals from one’s blood stream, is not
effective as a means of regaining lost cognitive ability from lead poisoning.40 This
means that recognizing the major sources of lead exposure and taking preventative
measures are the most important ways to protect healthy children, because once
the neuropsychological damage of lead poisoning occurs, it is not reversible.

Most literature on lead poisoning agrees that old household paint and
dust are the largest sources of lead exposure to children. Unfortunately, identifying
specific sources of lead exposure as responsible for a certain percentage of lead
poisoning is extremely difficult and to date has not been accomplished. This means
that even if the largest sources of lead exposure such as lead paint and dust from
children’s homes are eliminated, it may be impossible to anticipate precisely how
much lower lead poisoning rates would be.41

CONCLUSION

It may very well be that Washington state legislators are correct, and
that tighter restrictions on lead in toys are the most cost-effective way of reducing
children’s exposure to lead. The answer cannot be known for certain unless all
sources of lead poisoning are examined and a cost-benefit analysis is performed to
evaluate all the options on the table. But the process of assigning values to the
sometimes intangible things in order to perform cost-benefit analysis is inherently
quite difficult and not entirely objective.

Cost-benefit analysis quantifies the associated benefits and costs of a
proposed action, but the results will only be as good as the estimated values that
go into the analysis. Simply because making those estimates is difficult and
sometimes uncomfortable does not mean that the entire process should be
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abandoned. For example, with respect to the Washington State decision to tighten
lead standards in children’s products, people ought to have some idea of the benefits
of those new standards (How much are lead poisoning rates in children expected
to decrease?) and also what new costs they can expect to bear (By how much will
the performance and cost of toys be affected?).

Cass Sunstein argues that the government should never force people to
pay for something they do not want.42 But does it make sense to favor giving
parents the choice between paying more for a lead-free toy and paying less for a
lead-laden toy that may cause irreparable cognitive harm to their child, simply
because doing so increases parental choice? Increasing personal choice may be
efficient from a market perspective, but is not always morally acceptable.
Opponents and advocates alike raise valid points both against and for cost-benefit
analysis. The trouble is that since both perspectives carry some validity, there is
not any easy way to reconcile them. Opponents are correct to point out things
such as the logical leap it takes to say that the value of a “statistical life” is $6.1
million simply because it can be demonstrated that people will accept $610 in
order to incur a 1/10,000 chance of dying while performing their job. That does
not mean that those same people would be willing to accept $6.1 million in order
to incur a 1/1 chance of dying, but nevertheless that is the figure that the EPA
has used to determine the statistical value of one life when performing cost-benefit
analyses.43

On the other hand, the implication of saying that human life and health
are priceless is that all dangers that threaten human life and health should be
removed no matter what the cost. This is an admirable but clearly impossible
goal which could unintentionally jeopardize additional lives. For instance, people
often oppose nuclear energy because of the potential threat to human lives and
the environment of nuclear waste or a nuclear accident. But these risks ought to
be weighed against other risks such as the potential consequences of climate
change and the estimated 26,000 annual deaths attributed to the emissions of
coal power plants.44 Opponents are right; it is absurd to put a dollar value on
something like a human life. But since policymakers must make these difficult
choices anyway, cost-benefit analysis is a valuable tool that helps establish
regulatory priorities.

Sunstein would like to see the advent of a “cost-benefit state” that would
enable and support democracy by allowing people to make better-informed decisions
about regulating public dangers.45 The executive office in Sunstein’s cost-benefit
state would “publicize risk-related information,”46 but the problem is this kind of
information is routinely buried for political or profit motives. We have already
taken a look at how difficult it is to affix numerical values to costs and benefits,
and these challenges are all compounded when conflicting interests try to push
the result in one direction or the other. It is easy to say that “the government
should provide us with bias-free assessments of costs and benefits,” but such
neutrality is hard to achieve.

This paper has looked at the heightened awareness of lead poisoning that
the August 2007 Mattel toy recall sparked, but the issues it raises are endemic to
a wide array of regulatory challenges. New issues are continually emerging. For
instance, a recent front page Washington Post story exposed the role of certain
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plastics in causing cancer and other serious disorders.47 While the specifics differ,
the issues are the same. The question is how governments will respond to them.
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THE PROMISE OF TECHNOLOGY IN
TACKLING CLIMATE CHANGE:
WHAT WILL IT TAKE TO GET

BEYOND GOOD IDEAS?

TANYA GULNIK

Climate change resulting from anthropogenic activity is posing a serious threat
to the delicate balance of natural systems that sustain life on earth. While humans
are contributing to this grave problem, they also have the potential to find the
solution. Through the rapid development of renewable technology, along with the
promotion of conservation efforts, humans can help address the problems caused
by climate change without damaging the global economy. It is important for
policy efforts on the local, national and international levels to encourage the
development of renewable technologies before the damage from climate change
becomes insurmountable.

INTRODUCTION

“Technologies, at least potentially, can rescue us and the planet yet again. The
science and technology can be harnessed. The harder question is whether we will
be well enough organized and cooperative enough on a global scale to seize the
chance”

Jeffrey Sachs, Common Wealth p. 73-74

“We have a purpose. We are many. For this purpose we will rise, and we will act.”

Al Gore, Nobel Prize Lecture 20071
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Several decades after the start of the environmental movement in the 1960s, the
issue of climate change is finally being acknowledged as a serious problem in the United
States and around the world. Bleak warnings of the Stern Report (2006) and the evolving
scientific consensus published in the series of reports by the Intergovernmental Panel on
Climate Change accelerated this trend. The conclusions in the 2007 version of the latter are
clear: climate change is occurring, causing a rise in average global temperatures, increased
incidence of extreme temperatures and changing wind patterns. Future effects predicted
will be the increased threat of extinction for 20-30% of studied plant and animal species, the
destruction of ecosystems and coastal habitats through rising sea levels due to melting
polar ice caps, and the increased scarcity of water from changes in precipitation patterns.
The effects occurring now, and those projected to occur in the future, are the result of
anthropogenic (human) activity.2

Now it is clear that humans, by emitting greenhouse gasses (GHGs) in their daily
activities, are altering the balance of the system that naturally manages temperature and
sustains life on earth. Humans are causing the problem, but they also have the solution:
technology. Renewable energy sources like wind, solar, hydropower, bioenergy, and
hydrogen, as well as new technologies that improve energy efficiency or capture and store
carbon emissions are the answer. Innovations and ingenuity can move us from dependence
on fossil fuels, which accounted for 56.6 percent of all anthropogenic GHG emissions in
2004, to these new cleaner forms of energy, which will help us to limit our impact without
destroying the global economy.3 This sustainable vision is not idealistic or impossible; on
the contrary, it is feasible. However, due to numerous obstacles, such as existing
infrastructure and the high cost of new technology, action is not likely to be taken
automatically, at least not at the speed necessary to deal with this complex global problem.4

There is an appropriate role to be played by both the private and public sectors, from the
local to the global levels to accelerate this process. The development of these technologies
will indeed require investment, but this will be modest compared to the adjustment costs,
which will go far beyond the monetary aspect, if nothing is done.5

This paper will describe the various technologies available to mitigate anthropogenic
GHG emissions, noting their costs and other limitations to their implementation, and will
address the issue of energy scarcity. It also will outline possible ways both the private and
public sectors could overcome these challenges. Finally, it will look at examples of national
and global plans for development and implementation.

OVERVIEW OF TECHNOLOGY: AVAILABILITY AND POTENTIAL

When looking at the technological solution to the problem of climate change, it is
important to understand that no single technology is a silver bullet. To stabilize GHG
emissions, the international goal presented by the UN Framework Convention on Climate
Change, it is necessary to adopt various approaches which change the way energy is
generated and the way it is used.6 A recent RAND Study found that a policy, which requires
25 percent renewable energy by 2025, would help reduce GHG emissions, but would be
more effective and less costly if combined with other policies such as the reduction of
investment barriers to promote private investment in renewable technology.7 Additionally,
it is important to remember that technology will not automatically develop to limit GHG
emissions. Although technological progress will likely lead to increased efficiency with or
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without policy intervention, more can be achieved with a clear implementation program. As
shown in Figure 1, the most optimistic scenario (the lowest line) is achieved if there is a
focus on developing and implementing improvements in the efficiency of existing power
generation and end-use technologies, widespread use of generation III nuclear reactors,
and greater implementation of wind and solar technologies, as well as the introduction of
hydrogen.8

Figure 1: Reduction in Carbon Emissions and CO
2
 Concentration with

Technological Developments

                                      

Adapted from Graph in GTSP Summary p. 8
Highest curve: 2005 Technology
Middle curve: Technological developments not taking into account climate change
issues
Lowest curve: Technological developments recognizing and responding to climate
change.

It is critical to change the way energy is used by improving the efficiency of
existing technology and infrastructure. This can be done through techniques such as
“green buildings,” which are constructed with attention to resource conservation and
waste reduction, and which feature better insulation and more efficient appliances. In the
United States, most green construction is a result of voluntary initiatives by developers or
community organizations, though several states have mandatory certifications required for
public buildings.9 Another example of increased efficiency is the development of cars with
lighter building materials to increase fuel efficiency.10 Rising power and gasoline costs are
encouraging citizens to demand more efficient homes, appliances and vehicles. Along with
increased end-use efficiency, conservation efforts such as recycling programs that reuse
waste and water are also important and can help reduce carbon emissions in an indirect way
by limiting the resources used to produce new goods. However, although end-use efficiency
and conservation help bring down fossil fuel demand and are important steps in the right
direction, they alone cannot stabilize GHG emissions.11

To solve problems of scarce/expensive energy and GHG emissions reduction, a
technological leap is necessary. In terms of energy generation, the biggest challenge is to
find sources of energy that are more cost competitive with conventional techniques.
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Renewable resources are those that can be replenished in a time period that is short compared
with a human lifetime. The International Energy Agency (IEA) classifies renewable
technology as belonging to one of three generations.12 The first generation was developed
on a mass scale during the industrial revolution and is in widespread use today. This
includes hydropower, biomass combustion (burning natural materials, like wood), and
geothermal power and heat. These technologies are cost-competitive with fossil fuels, but
they are dependent on location, as they require proximity to and/or an abundance of
resources. However, there is potential to increase their use, particularly in electricity
generation, and to improve upon the processes in which they are used to reduce emissions.13

For example, new forms of biomass combustion heat the material so it releases steam instead
of burning it to limit emissions.14

The second generation is a result of the oil crisis in the 1970s and the
resulting increase in public spending on alternative energy sources. This includes
solar heating and cooling, photovoltaics (PVs), wind, and bioenergy. These sources
are currently entering the market and have much potential. Solar energy is the
one with the most promise, as it is the “largest, safest and longest lasting,” and
incoming solar represents 10,000 times the energy we use today.15 However, the
challenge is to harness and store all of this energy, which is being done now
either through PVs or direct solar heating/cooling. Both methods remain expensive
despite cost-reducing improvements, making the potential of solar energy
unrealized.16 Wind is another source with great potential as its costs are
approaching traditional sources of power, but there are still issues of design
improvement and public acceptance of wind farms, which are large and considered
intrusive in appearance by some. In general, more Research and Development
(R&D) is necessary to bring costs down further, and to find ways to implement
second-generation renewables on larger scales.

The third-generation technologies are sources that are currently under
development and are not yet commercially employed, like concentrated solar power
(CSP), ocean and wave power, second-generation biofuels, and integrated bioenergy
systems.17 Although only mentioned in passing in the IEA report, hydrogen fuel
cells are an important technology, especially for transportation due to their portable
nature. A fuel cell works by converting hydrogen and oxygen into water, and in
this process it generates electricity. It must be supplied with hydrogen and oxygen
to keep the process going. This would likely fit into the third-generation
classification because much more R&D is required to improve the process and to
reduce costs and CO

2
 emissions during production, a problem for most of the second- and

third-generation technologies mentioned.18

An additional energy source is synthetic petroleum, produced through the Fischer-
Tropsch Process. This converts fossil fuels (coal and natural gas), as well as renewables
(biomass), into liquid, which can be used as a substitute for petroleum. This process has a
lot of potential because the result is a clean burning fuel that does not require huge overhauls
of standard engines; however, it is currently underused because its price has traditionally
been higher (10 percent) than conventional petroleum. Though the fuel is clean of particulates
that are responsible for traditional air pollution, it still exacerbates the problem of GHG
emissions because large amounts of CO

2
 are released in its production and use.19 So while

this can address the problem of energy scarcity, it will not help reduce GHG emissions
unless technology to capture the released CO

2
 in the process is developed.
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It is clear that first- and second-generation renewables are not enough to solve the
problem. The IEA World Energy Outlook Alternative Policy Scenario assumes that the
share of renewables increases because there is support for existing renewable technology
and policies are adopted to support the development of enhanced technology for electricity
generation and transportation. However, even in this case, fossil fuels would still comprise
77 percent of energy demand.20 Thus, it is evident that the development of third generation
technology, especially advanced bioenergy including cellulosic biofuels, CSP, and hydrogen
fuel cells is crucial.21

BIOFUELS

Cellulosic ethanol is considered an attractive alternative to fossil fuels
because it converts waste and leftover agricultural materials into fuel. This is in
contrast to other biofuels, like corn- or soy-based ethanol, both of which use
nutritious plants and create land-use questions and raise food security concerns.22

However, because the conversion process is tricky and expensive, there is no
commercial production of cellulosic biofuel in the United States today. Researchers
are looking for ways to bring down cost in all steps of the process, which involves
a biochemical or thermochemical conversion. The challenges here are to find
ways to get beyond the protective barrier to the cellulose (pretreatment step); to
find more effective enzymes for breaking down the material (hydrolysis step); to
create “superbugs” that can convert sugars into ethanol and withstand the toxins
released in the process (fermentation step); and to optimize the integration of all
the steps in this process.23

In the thermochemical conversion process, biomass is broken down into
a syngas (synthetic gas) and then reassembled into ethanol. However, since the
syngas is contaminated with sulfur and tar, the conversion to ethanol is difficult.
Researchers are looking for ways to purify syngas to reduce costs. This process is
important because up to a third of biomass is unsuitable for the biochemical
conversion.24 Progress is being made in both processes in the private and public
sector, but much more R&D is necessary to bring down costs and to make cellulosic
fuels a viable commercial alternative to fossil fuels. In 2007, the US Department
of Energy announced that it would invest up to $385 million dollars into six
cellulosic biorefineries around the United States to accomplish this goal.25

A different form of biofuel is biodiesel. This can be produced from a number of
vegetable oils like soybean, rapeseed or even waste oil from restaurant use. Since this type
of fuel does not require an initial conversion into sugar, like other biofuels, it is more energy
efficient and can be used in place of diesel fuel to reduce CO

2
 emissions significantly.26

CONCENTRATED SOLAR POWER (CSP)

Ultimately, all of the energy on earth comes from the sun. Therefore, by harnessing
this energy in the most direct way possible, we can avoid the inefficiencies and byproducts
(like GHG emissions).27 For this reason, the development of CSP technology is very important.
This allows solar energy to be used for indirect heating of buildings by reflecting light
through trough-, dish-, or tower-shaped mirrors to heat water, oil or salt, which in turn runs
a generator. In the case of salt, the heat is retained and can be distributed, even on a cloudy
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day.28 Other advantages of CSP are that once installed it is durable, it has very low operating
costs, and it can be exported to developing countries to produce heat and electricity. It can
be integrated into existing infrastructure and can be used in decentralized systems. However
it is necessary to bring down costs of solar components, to find better ways of storage, and
to develop markets. If storage technology were to be improved, the energy generated could
be transferred from high sun areas to a more widespread scale.29

HYDROGEN

Another fuel source with enormous potential is hydrogen. As a portable
energy carrier it has the potential to be used in transportation as well as stationary
applications. Unlike fossil fuels, its only emission is water.30 However, there are
many challenges to making hydrogen commercially viable, including: decreasing
the cost, decreasing the size of the fuel cell system, emission (water) management,
improving durability and safety of fuel cells, and improving the heat recovery of
systems. Additionally, to make hydrogen feasible on a widespread level as a
transportation fuel, a large-scale infrastructure of refueling stations must be
built.31

CARBON CAPTURE AND SEQUESTRATION (CCS)

Another technology, aimed specifically at reducing GHG emissions is
Carbon Capture and Sequestration (CCS). This process separates CO

2
 from other

emissions and harnesses it in underground reservoirs such as used oil wells and
geological formations. Here, the CO

2
 has the potential to bind with other solid

forms like calcium oxide to form a stable solid. Currently, this binding process
takes a very long time and is not reliable unless technology can be improved to
speed up the reaction32. The capture is most typically done at the source of emission,
like the power plant, which is appropriate because 60 percent of anthropogenic
emissions come from stationary sources. Stationary capture works best with
advanced coal plants, which are not yet the standard, particularly in the developing
world.33

Carbon  dioxide
 
 capture  can  also  occur  directly  from  the  air,  which   would

allow the process to take place near a reservoir instead of near an emission source.
Although  CCS  has  been  performed  on  a  small - scale ,  there  are  many  doubts  about
large - scale  sequestration  because  the  effects  have  not  yet  been  studied  fully.
However,  a  recent  project — a  1.7  megawatt  power  plant  demonstration  in  Pleasant
Prairie, Wisconsin organized by Alstom, We Energies and Electric Power Research Institute
(EPRI)—began running in February 2008. This will demonstrate the potential of using
ammonia as a chemical treatment in a commercial-scale CCS project.34 This is an important
step for CCS technology, but it still needs to be adapted to various emission sources and
storage, to monitoring, and the measurement of CO

2
 needs improvement35. However, there

is great potential, especially in the development of air-capture, to reduce and even to
reverse GHG emissions, particularly if combined with the other aforementioned
technologies.36
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ENERGY TECHNOLOGY INNOVATION AND PUBLIC POLICY

University 
R&D

Financiers 
Parent Companies

Consumers
Users

Direct Cost-Sharing 
R&D Funding 

and Tax Incentives

R&D, 
Prototype,
Pilot Plant

Production

    Regulatory Changes
    Technical Standards

Tax Incentives
Subsidies

Direct Purchases

Government

Other actors

Firms

Supply Push Policies Demand Pull Policies

National Lab
R&D and
Testing

Sales and Marketing

Financial Flows

Knowledge Flows

Figure 2: ETI Process

The technological overview presented shows the tremendous potential of
technology to deal with the problems of climate change and energy scarcity. However, it is
evident that technology must be improved upon before it can compete with existing fossil
fuel methods. The process of Energy Technology Innovation (ETI) is not a linear progression
from research to deployment of the finished product like the technology driven model
developed by the U.S. Department of Defense.37 The ETI process has been key in the
improvement of energy generation technologies through the reduction in various costs
(economic or environmental) and improvements in efficiency throughout the last century.
For ETI to be effective, a market-driven approach is necessary. Such an approach is not
linear, but requires a great deal of interaction between and among steps and sectors, including
the government, industry, and academia. Figure 2 below shows a model of this process.38

The steps of the ETI process are described as Research, Development,
Demonstration and Deployment (RD&D). The public sector is important in funding basic
R&D processes, while private firms tend to be better at developing more advanced
technologies to fit with market demands. The government should step in when there are
barriers to private investment, such as lumpiness of costs (in other words having to make
large investments all at once), externalities (such as environmental benefits that are not
captured in costs of improved technology), and long time horizons needed to develop
technology. It is possible to have partnerships between public and private sectors and this
has proven effective in past cases.39

The demonstration process is very important in the introduction of new technology.
Demonstrations show the real-world feasibility of products for buyers and developers and
allow for the possibility of scaling up.40 The private sector is better equipped for this stage
of the process because it is important to demonstrate projects at market costs. However, the
public sector is often necessary to overcome externality problems. Here, it is important to
strike a balance between public and private cooperation to make sure that government
involvement does not distort price signals for potential investors.41
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The deployment of new technologies can be hampered by factors such as the lack of
information, poor market organization, existing infrastructure and regulations, and slow
capital stock turnover, even if the technology is demonstrated as commercially viable. For
example, the existing infrastructure of gasoline and diesel fuel stations for automobiles is a
major barrier to the implementation of hydrogen fuel cell powered cars. Thus the public
sector can play a big role in enhancing deployment by renovating infrastructure,
disseminating information, and by using labels to certify/explain new technology. One
simple example is the “Energy Star” label, which is a certification of the Department of
Energy and the Environmental Protection Agency that helps consumers identify energy
efficient products. According to the Energy Star website, in 2007, this program helped save
GHG emissions equivalent to those from 27 million cars and saved consumers $16 million on
energy bills.42 The public sector can also create new regulation standards, and introduce
incentives for new markets—including pollution taxes/caps and subsidies for new
technologies.43

Since new technology is often at a cost disadvantage, initial public
investment can help to bring down marginal costs as developers move along the
learning curve, and as more people adopt the technology.44 Through direct
procurement, governments also can insure that there will be a base of customers
for new technology.45

The cooperation between the public and private sector has been effective in Japan
for the development of photovoltaics to harness solar energy. The government initiated the
PV program and funded initial R&D. It then encouraged industry to get involved, which led
to increased private investment. This led to falling prices and allowed for the deployment of
PVs on a large scale. Increased demand led to increased production, which created further
incentives for private and public investment into PV R&D. This cycle of R&D, market
growth, and price reduction, which leads to further investment and R&D, is dubbed a
“virtuous circle.” The success of this model shows that it is possible to reach a balance
between public and private funding of ETI.46

In the context of the ETI model it is possible to look at two proposed plans
to advance technology on both the national and global scale. The general trends
are prevalent in both cases. It is necessary to spur innovation by putting a price
on carbon. This will allow the cost of old technology to reflect the negative
environmental externalities of GHG emissions.47 It is also crucial to ensure that
public support of new technologies will be stable and enduring. In the past, this
has not been the case, as public funding increased after the oil crises of the 1970s, but then
fell drastically in the 1980s.48 Additionally, cooperation and communication between sectors
is necessary both on the national and on the international level to allow for technology
transfer, cost and risk sharing, accelerated learning, and adaptation to different situations.49

AN INTERNATIONAL TECHNOLOGY DEVELOPMENT PLAN

Jeffrey Sachs has presented an international plan looking at the
conclusions of the Global Roundtable on Climate Change.50 This is a three-tiered
process focusing on:

• Mitigation: Putting a price on carbon emissions will decrease the demand
for fossil fuels and spur innovation of low carbon technologies.
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• Adaptation: Technologies will be developed to adapt to existing challenges. For
example, drought resistant crop varieties can be used to cope with severe weather and high-
yield crops can save arable land for the production of biofuels.

• RD&D: This will be done through direct government funding or market-
based incentives mentioned above.

This plan acknowledges the current challenges of climate change and
suggests ways to deal with them now (Adaptation), while at the same time
developing strategies to prevent further GHG emissions (Mitigation and RD&D).
It suggests action on several fronts, which is a crucial facet of any feasible attempt
to address the problem of reducing GHG emissions. As a development expert,
Sachs also underlines the fact that poorer regions are more prone to climate
change related extreme weather patterns that destroy crops and communities
and threaten water supplies. Providing poor communities with different varieties
of crop seeds will allow them to withstand drier conditions and will also allow
these regions to develop crops for biofuel production, which they will be able to
sell on the global market.

The goal is to find large-scale alternatives to existing GHG emitting
technologies. Sachs is optimistic that this is possible but warns that this process
is by no means automatic, and that it requires investment and international
cooperation today. He claims:

The evidence is strong and corroborated by a number of studies that
show that concerted action, begun now and carried out over the course of
several decades could avoid doubling CO

2
 at a cost of less than 1 percent

per year of world income.51

Sachs sees cooperation as progressing from a strong scientific consensus (achieved
in the IPCC reports), to increased public awareness (occurring now), to the
development of new technology and a global framework for action (a post- Kyoto
agreement necessary for the future).52

A NATIONAL STRATEGY

In a recent report, The Center for American Progress, a progressive think tank,
proposed a national RD&D program for the United States. This program advocates sustained
public support for early-stage research and exploratory development in all aspects of energy
from supply to end-use. In later stages of development, and in the demonstration process,
the report asserts that private industry should be the primary player as it is important to
come as close as possible to market costs.53 Emphasis is placed on increased funding
(generated through a tax or cap and trade system) and cooperation and communication
among different government agencies such as the Department of Energy, the U.S. Department
of Agriculture, the Environmental Protection Agency, and others.54 This could aid in the
development of second-generation biofuels as well as a new infrastructure for hydrogen or
electric power cars. Additionally, the report encourages interaction and cooperation among
government agencies, industry, and academia in a clearly delineated manner. More specific
suggestions include the creation of an interagency group to plan energy RD&D strategies
for several years; the creation of a semi-public corporation to manage demonstration projects
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in a commercially credible way; a doubling of RD&D funding; and the creation of a new
technology career path in the civil service to create a cadre of interdisciplinary experts.55

These suggestions restructure the US Government so that it is equipped to advance the
ETI process.

CONCLUSIONS:

Both the global plan (Sachs) and the national plan (Center for American
Progress) touch on policy suggestions mentioned in the 2007 Review of Energy
Technology Innovation published by researchers at the Harvard University Belfer
Center for International Affairs. These plans are valuable because they acknowledge
the necessity for cooperation between people through governments, academic
institutions and businesses. They reject the idea that one policy target will be the
solution but aim to provide a more comprehensive view of the problem and propose
a multifaceted solution. In a post-Kyoto world, what is needed is action on all
fronts, from local to national to global. Local targets and initiatives can help
achieve the so-called “low-hanging fruit” like increased efficiency of existing
technology. Global frameworks can create broad goals like stabilized GHG
emissions and can help attain these goals through international cooperation and
technology transfer, especially to developing countries. Global programs can also
help in dealing with the consequences of climate change, which are a problem
today. One example of this is the increased frequency of severe weather. National
programs can engage industry to foster innovation and development of a new
generation of technologies, such as advanced biofuels, hydrogen fuel cells, CCS,
solar energy (PV and CSP), and more effective wind turbines. These will provide
more progressive, long-term solutions.

Clearly, technology offers many opportunities and combinations of solutions
for cooperative problem solving among national and transnational actors in the
public, private and academic sectors. These possibilities can be achieved only if
climate change is recognized as an urgent problem. Currently, scientific consensus
and public opinion are moving in that direction. Fortunately, there is another
impetus to make people and governments put their focus on alternative energy
technologies: high oil prices. Recent high oil prices have reduced oil demand in
the United States and have forced US Industry and Congress to think about
pursuing projects that will provide energy through non-petroleum means. Energy
efficiency is a priority for consumers and automobile manufacturers. Higher oil prices also
mean that the costs of new technologies mentioned in this paper are becoming more and
more competitive with traditional petroleum. While wind and solar power are becoming
mainstream, new ideas are emerging constantly and receiving a great deal of media attention.
Venture capital investment in renewable technologies increased by 50 percent in 2007 and
is set to grow even more in 2008, despite the weak overall economic conditions.56 Alternative
energy is no longer just a concept embraced by environmentalists and liberals. This means
that the implementation plans described above have a much greater likelihood of being
implemented than they would have in the 1990s, in the era of low gasoline prices. Now
leading countries like the United States and the members of the EU must seize this trend
through effective and consistent policies, which should remain in effect even if gasoline
prices were to fall again. These leading countries must take action not only to tackle the
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problems on their own soil, but also work on a global scale to aid lesser developed countries
in making progress on this front.
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THE SECURITIZATION OF ENVIRONMENTAL POLICIES:
GASPING THE NEXUS? THE DARFUR CASE

MARIA RAQUEL FREIRE, PAULA DUARTE LOPES

 AND DANIELA NASCIMENTO

In light of the political identification of Darfur as the first climate change violent
conflict, this paper analyzes the Darfur case within the environmental
securitization framework, discussing the underlying dynamics of the current
situation. The paper argues that the environment-security nexus has to be
analyzed in the domestic-international border and that the a-securitization of
environmental policies with due regard to Darfur has been a fundamental,
conceptual and operational obstacle to progress towards peace. Therefore, the
internalization of this dialectic relation in politics and action is here understood
as an essential step to address the root causes of violent conflict in Darfur.

“The root of the Darfur conflict is a struggle over controlling an environment
that can no longer support all the people who must live on it.”

Environmentalist Wangari Maathai, 2004 Nobel Peace Prize Winner
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INTRODUCTION

Environmental issues have been increasingly associated with security
issues. From the twenty-first century water wars to issues of national self-
sufficiency to spill-over effects of uncontrolled migration, environmental concerns
became incorporated into security agendas. This process, particularly after the
end of the Cold War, has been discussed and theorized within the framework of
the Copenhagen School on the securitization of issues, which traditionally had
not been thought of as a security concern. Securitizing the environment changes
the national dynamics towards environmental policies, because these same policies
become a matter of security, with all the implications this exceptional categorization
implies. The securitization of the environment, or of any other issue for that
matter, changes not only the policies but also the instruments and the personnel
available to deal with the new “security threat.”

Several, however, such as Daniel Deudney,1 have criticized the linkage
between environment and security. The danger of securitization is the
militarization of all aspects of life. Moreover, the efficiency of the military to
protect and conserve the environment is highly questionable. Since the
environment is a highly complex ecosystem, “guarding” the environment by
controlling access and use may make sense from a theoretical and even
administrative point of view, but from an ecosystemic point of view it is illogical.
There are too many variables and connections for an efficient military approach
to be able to predict and control for all the relevant possibilities. It may bring
relief momentarily, but in the medium- to long-run, the problem will not be solved,
efficiently managed or even its consequences mitigated.

Others, such as Thomas Homer-Dixon,2 have presented evidence
indicating that this link may make sense domestically, but not internationally.
There has been no actual record of international environmental violent conflict.
The environment has been an aggravating factor in some cases, but never the
trigger or root cause for the violence. Domestically, however, one can find examples
of local violence related to access and use of certain environmental resources.
Therefore, in certain circumstances, and for certain issues, the environmental
dynamics do affect traditional security concerns and policies. Furthermore, these
domestic dynamics have the potential to spill over across borders and create
security concerns for neighboring countries, becoming an international security
issue.

Darfur has been identified as the first violent conflict resulting from
climate change.3 Several have acknowledged the link between the Darfur crisis
and environmental stress, including the United Nations Secretary-General.4 The
issue, however, is that the Darfur crisis is not just a result of a typical struggle
for resources. This struggle, which exists in so many other contexts, has been
gravely exacerbated “through a changing climate.”5 The roots of the conflict go
back to the drought in the northern part of the country that has been aggravated
due to climate change,6 and the subsequent migration of northerners to the Darfur
region. With no domestic policy or management of the situation, Darfurians thus
had to share their dwindling environmental resources with an increasing
population. In fragile ecosystems, any increase in the rate of human consumption
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can disrupt their ecosystem’s equilibrium, especially if it is accompanied by
escalating environmental scarcity conditions due to a changing climate.7

Consequently, the absence of an environmental management approach along with
a facilitating migration stance resulted in an over exploitation of the Darfur
environmental resources, namely water and croplands, threatening the livelihoods
of Darfurians, both southern farmers and northern migrants alike. This situation
has been exacerbated by the violent approach the northerners have adopted in
trying to guarantee access and use by force and forcing southern Darfurians’
displacement to facilitate their first strategy.

In this setting, this paper starts by presenting the theoretical framework
for linking environment and security and the criticisms that have ensued from
this approach. It specifically discusses the securitization process of the environment
and the different arguments for and against it. In light of the political identification
of Darfur as the first climate change violent conflict, the paper analyzes the
Darfur case within the environmental securitization framework, discussing the
underlying dynamics of the current situation. The paper argues that the
environment-security nexus has to be analyzed in the domestic-international border
and that the a-securitization of environmental policies with due regard to Darfur
has been a fundamental, conceptual and operational obstacle to progress towards
peace. Therefore, the internalization of this dialectic relation in politics and action
is here understood as an essential step to conveniently address and eventually
overcome the root causes of violent conflict in Darfur.

THE ENVIRONMENT-SECURITY NEXUS

The over-concentration on military security throughout the Cold War
decades excluded other security areas from the political agendas. Despite their
existence, these areas were simply irrelevant in a context where the focus on
militarization prevailed. The end of the bipolar rivalry and the fundamental
systemic changes after the collapse of the Soviet Union allowed these various
security areas to have a different expression in politics and actions. The security
sectors proposal of the Copenhagen School reflects well the broadening and
deepening of the conceptualization of security and the multiple understandings
that are implied in its complex designs.8 By acknowledging a multi-level framework
for analysis, the authors expand explanatory variables to include both systems
and units. In addition, in these differentiated levels of analysis, the security agenda
emerges as a diversified proposal, where mapped sectors allow for an aggregated
look at security. These include military security, political security, economic
security, societal security and environmental security.9 The latter is defined as
concerning “the maintenance of the local and the planetary biosphere as the
essential support system on which all other human enterprises depend.”10 At the
basis of this conceptualization is the acknowledged need to achieve sustainable
development.11

This inclusion of environmental issues in the securitization framework
allows a differentiated look over the implications and consequences of environmental
dynamics on conflicting scenarios, such as the case of Darfur. In addition, it
allows for the analysis of how environmental matters are gradually securitized,
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gaining a renewed expression in the political-security agendas. Thus, advancing
further with the concept of securitization, Buzan, Waever and de Wilde argue
that security is “a self-referential practice, because it is in this practice that [an]
issue becomes a security issue—not necessarily because a real existential threat
exists but because the issue is presented as such a threat.”12 Thus, securitization
occurs when an issue is taken out of the realm of “normal politics.”13 “The exact
definition and criteria of securitization is constituted by intersubjective
establishment of an existential threat with a saliency sufficient to have substantial
political effects.”14

In a process of securitization there are the referent objects, those referred
to by the securitization actor as constituting a threat, and functional actors,
those who influence decisions in the process, but are not securitization actors. In
this formula, it “is always a political choice to securitize or to accept a
securitization.”15 Therefore it implies for its empowerment the recognition of the
securitization actor’s authority, and the general understanding of the issue as a
threat. This underlines the need for a convincing approach able to mobilize an
audience.16

When rules are violated and this violation is tolerated on the basis of a
convincing argument of security urgency regarding an existential threat, we
stand before a case of securitization. This means that the analysis of political
rhetoric and discourse, along with political interactions and the international
context where these take place are relevant elements in the securitization process.
The reversal of the process is the return of the securitized issue to the realm of
“normal politics” defined as the process of desecuritization. And this is “the optimal
long-range option, since it means not to have issues phrased as ‘threats against
which we have countermeasures’ but to move them out of this threat-defense
sequence and into the ordinary public sphere.”17 However, the re-securitization of
an issue might occur whenever it is recapped and brought again into the
exceptional dimension by an act of securitization.

In the case of Darfur it is possible to identify all these elements in the
securitization equation—referent objects, securitization actors, functional actors—
though the political actors in the country have remained uncommitted to the
process of securitization of environmental matters. Looking at environmental
resources in particular, this sidelining of what has become a central security
issue from the security agenda has been an enormous obstacle to addressing the
root causes of the conflict in Darfur. The implication arising from this distancing
is the treatment of environmental issues as “normal politics” and therefore an
absence of these matters from the country’s high level political agenda. As such,
the political establishment remains focused on ethnic-political and factional factors
as explanatory variables for the conflict. This treatment of the conflict keeps the
instability at a high level with “the streets of Khartoum (…) pervaded by a
combination of fear and anger—fear of what might happen if war resumes and
anger over alleged intrigues and broken commitments.”18 Factional political
disagreements clearly overplay environmental concerns.

However, the linkage of security and the environment is not a linear one.
Daniel Deudney draws attention to the abusive appropriation that might result
from a securitization process, with a militarized response.19 This is an extreme
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case response, though. In the case of Darfur this could mean a distortion of the
problem – scarce environmental resources—to a politicized use and abuse of power.
Again, the environmental problematique would remain secondary to power control
clan-based arguments. Moreover, with regard to the nature of environmental
matters, in general these cross borders and require a joint-shared approach. This
transnational character adds to the relevance of environmental security, as not
only having domestic impact, but also international consequences. In this regard,
Homer-Dixon advances with a proposal over examples of local violence related to
access and use of certain environmental resources.20

ENVIRONMENTAL SCARCITY AND VIOLENCE

Thomas Homer-Dixon21 has researched the nexus between environmental
scarcity and violent conflicts, to conclude it was positive. He and his team argue
that environmental scarcity may result in or exacerbate existing violent
situations.22 Homer-Dixon defines environmental scarcity as “scarcity of renewable
resources, such as cropland, forests, river water, and fish stocks.”23 This scarcity
is a result of an increase in demand and/or a decrease in supply of these resources
and/or their unequal distribution. These changes can lead to endemic poverty,
large scale migrations, growing social tensions and, consequently, to a weakening
of social and political institutions, rendering them institutionally fragile and
therefore more conducive to instability. And it is this instability that can result in
violence or exacerbate an existing violent conflict. In Darfur, one can easily identify
these dynamics. First, in the North, there was a decrease in food supply due to
persistent drought as a result of climate change, which determined mass migration
to the southern part of Darfur. There, supply had also diminished as a result of
changing climate and this situation was aggravated by an increased demand
coming from the northern migrants. This situation was further exacerbated by
the resort to violence to guarantee access and use of the diminishing resources,
creating an unequal distribution system based solely on sheer violent force.

Thomas Homer-Dixon clarifies that the relation between environmental
scarcity and violence is not direct, i.e., environmental scarcity is neither a necessary
nor even a sufficient condition to trigger organized armed violence. The relation
between environmental scarcity and violent conflict is a two-step causal relation.24

Environmental scarcity interacts with economic, social and political conditions,
which in turn determine the peaceful or violent development of the conflict in
question. The author identifies five types of violent conflicts,25 although he concludes
that the most likely types of conflict due to environmental scarcity are “ethnic
clashes arising from population migration and deepened social cleavages due to
environmental scarcity,” which again sheds light on the Darfur crisis, and “civil
strife (including insurgency, banditry, and coups d’état) caused by environmental
scarcity that affects economic productivity and, in turn, people’s livelihoods, the
behavior of elite groups, and the ability of states to meet these changing demands.”26

He further specifies that these types of dynamics will take place primarily in
developing countries, since these are the least ready to face these changes and
overcome them in a peaceful manner.
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It is also crucial to diagnose the other end of this process: the causes of
environmental scarcity. What are the factors that can result in an increase in
demand or decrease in supply of environmental resources or exacerbate the unequal
distribution of those resources? These factors include increasing population, either
by birth or by migration; decreasing availability of resources due to environmental
degradation and natural or human-induced dynamics, such as climate change;
and resource allocation regimes that may determine or facilitate an unequal
distribution of those resources.27 The most updated reports on climate change
provide us with scenarios that include these factors, further reinforcing the
probabilities of the nexus between environmental scarcity and violent conflicts.
The 2007/2008 Human Development Report recognizes that it will be impossible
to directly attribute any specific event to climate change, identifying, however,
“transmission mechanisms” through which climate change can contribute
indirectly to exacerbating and creating violent conflicts.28 Climate change can
result in a decrease in agricultural production and/or water availability creating
environmental scarcity. This process can lead to increased pressure on the existing
resources, challenging their allocations systems, and/or trigger mass migration
to other regions, which, in turn, will also increase pressure on that region’s
resources. These dynamics lead clearly to situations of environmental scarcity as
identified by Homer-Dixon. The Report recognizes, just like Homer-Dixon, that
“none of [the] separate drivers will operate in isolation. They will interact with
wider social, economic and ecological processes.”29 Analyzing the Darfur crisis
through these lenses contributes to “untangling the knots of a complex crisis,” as
stated by the United Nations Secretary-General.30

One of the most vulnerable regions exposed to environmental scarcity
identified in all reports on this topic is Africa, more precisely, Sub-Saharan Africa.
The causes of these complex situations are clearly identified by the
Intergovernmental Panel on Climate Change (IPCC) Assessment Reports as
including “structural inequalities, resource mismanagement, predatory States,”
“land distribution and land scarcity.”31 Sudan is explicitly mentioned in both the
Human Development and IPCC reports. The Human Development Report
specifically includes Sudan in the group of countries where it is considered that
“changed climate patterns will become drivers for conflict,” but that this is
occurring already “against the backdrop of a long-term decline in rainfall” for the
last 40 years.32

THE DARFUR CASE

As seen before, environmental scarcity is increasingly being seen as
contributing to violent conflicts in many parts of the developing world. These
conflicts are probably signs of an upsurge of violence in the coming decades that
may be induced or aggravated by scarcity.33 As we shall see below, Darfur can be
considered a very clear example of such a trend.

THE ORIGINS OF THE DARFUR CONFLICT
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The human tragedy in Darfur is no longer new. Since it started in 2003
until today, the dramatic situation in the region has not changed significantly.
After some euphoria motivated by the recent acceptance of a hybrid military force
(composed of United Nations and African Union soldiers),34 responsible for keeping
peace in the region, the promises of peace and the true commitment by the
belligerent parties seem increasingly void. In fact, with a significant deterioration
of the humanitarian situation in Darfur and the many stalemates in a complex
peace process involving the main belligerent parties and the highest representatives
of the international community, with several peace agreements signed and violated,
the crisis seems far from being solved. Violence in Darfur worsened when rebel
groups in the region tried to get some peace dividends from the peace negotiations
between the government and the southern rebels related to power and wealth
sharing,35 with reports from humanitarian organizations drawing attention to
massacres and forced displacements being committed against Darfur populations,
and perpetrated by government-supported armed militias, janjaweed. There were
also reports of confrontations between the two main rebel groups in the region—
Sudan Liberation Movement/Army (SLM/A) and the Justice and Equality
Movement (JEM)—contesting decades of political and socio-economic
marginalization by the central government.36

In a broader framework, the current crisis has part of its roots in historical
conflicts and disputes over resources and power that have been persistent in
Darfur. At times one of the most prosperous regions of Sudan, Darfur was
progressively subject to political and economic neglect by the successive
governments and regimes, but in particular by the dictatorial and sectarian
government of Beshir, in power since 1989.

During the colonial period, the British sought to rule the territory by co-
opting the traditional leadership, one ethnic group at a time, by awarding a
tribal homeland to each group and giving them jurisdiction over the civil affairs
of the territory. It was administration on the cheap, with only minimal health
and education services provided,37 mostly limited to privileged elite members.
This led to the replacement of fluid social relations and ethnic boundaries, which
had been traditional and common in the territory, with a strict and rigid form of
“native administration.” Sudan’s formal independence in 1956 did not change the
situation significantly and the ruling elites were replaced only to continue a
strategy of neglect of the Darfur region. With the 1972 Addis Ababa peace
agreement,38 the central government delegated responsibility for basic services to
the region, but not the revenues or revenue raising capacity: resources were still
retained and redistributed by the central government.39 During this time, the
central government continued failing to provide Darfur with the necessary financial
and material resources to deal with displacement and famine relief. It had also
previously abolished the structures of tribal administrations, whose authorities
had routinely negotiated and regulated seasonal and temporary movements of
persons and livestock.

Against the backdrop of environmental degradation, government
weaknesses and manipulation of the ethnic fabric of the region gradually produced
an alarming shift in the nature of conflict, with ethnicity becoming a major
mobilizing factor.40 By labeling this conflict as tribal and, therefore, inevitable,
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the various Sudanese governments (especially the current one) reinforced this
view and were able to continue a policy of total political and socioeconomic neglect
of one of Africa’s poorest and driest regions through a violent military strategy
against the rebels. The problem is that besides being a markedly multi-ethnic
and multi-religious country, Sudan is also one of the most racist countries in
Africa, with social relations being based on deeply discriminatory laws. This
geographic, ethnic and religious complexity also contributes to political complexity
fed by a current central government clearly favoring pro-governmental Arab groups
and simply interested in maintaining power and the status quo. Therefore, the
divide-and-rule governmental strategy, repression, political and socio-economic
marginalization of large sectors of the Sudanese population and a deeply
fundamentalist vision of Islam applied blindly in the whole territory, have all
created instability and deep discontent of many groups who found in armed rebellion
the only way to contest and resist the government policies. As a result, dominant
interpretations and justifications of the Darfur conflict have tended to focus on
the opposition between Arabs and Africans competing for scarce resources and
political and economic power.

In our view, however, this is a very simplified interpretation which distorts
attention from the multiple and much more complex causes and variables at the
root of this conflict. In fact, although Darfur (and Sudan as a whole) is in reality
home to a great variety of distinct ethnic groups, it is also true that these
distinctions have also been made less clear or important as a result of centuries
of inter-group marriages and fluid relations. In this sense, it is our assumption
that the current conflict must be read and interpreted in a much broader
framework of violence and instability that has been affecting Sudan (and Darfur)
at least since its independence. As Prunier wisely states:
“as we dig through the layers of causation of this complicated war, we will come
to see it as a deeply sad story about the struggles of resilient people, poor even by
Sudanese standards, who have been pitted against each other by a forbidding
environment, a long history of political neglect and a ruthless national
government.”41

THE ENVIRONMENTAL FACTOR

Besides this political and economic marginalization and neglect, Darfur
has also been frequently affected by intense and recurrent droughts that have
destroyed, in certain areas irreversibly, an important part of its agricultural and
cattle grazing activity. According to some recent computer modeling, it is suggested
that “rain patterns over Africa are influenced not by the over-grazing practices of
the people who lived in the region, but rather by rising ocean temperatures,
which reflect global warming and the rise of greenhouse gases in the atmosphere.”42

The implications of global warming are thus far-reaching. Besides the economic
and ecological consequences, there is the prospect that as global warming’s effects
become more severe and widespread, it will lead to more conflicts, as groups who
have coexisted until now begin to feel a sense of urgency over the diminishing
resources of water and land.43
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Adding to the political and geographical complexity of Sudan in general
and Darfur in particular, the sharp decline in rainfall throughout the 1970s led
to the erosion of soil and the depletion of croplands in the region of Darfur.44 This
desertification process affected northern Darfur at first, but moved progressively
southwards. The northern nomadic herders fled to the southern areas in huge
numbers, intensifying the ongoing process of desertification and causing inter-
tribal discord. Due to the deteriorating environmental conditions, the cattle
movements from South to North were limited and the animal grazing areas have
been increasingly turned over to cultivation as alternative sources of income for
farmers.45 This was further complicated by the refugee movement from Chad in
the West,46 as many armed nomadic people resettled in Darfur during the Chadian
clashes.47

The threats to peaceful coexistence and the social cohesion of the entire
community and the subsequent competition between settled pastoralist farmers
and nomads ended up inciting local tensions and the emergence of relatively
violent resource-based conflicts in Darfur. In fact, an International Crisis Group
report states that over the last three decades, “traditional” conflicts over resources
or livestock have occurred both within the major Arab and non-Arab groups as
well as between them.48 Again, this escalation of violence is usually attributed to
the region’s underdevelopment and the deliberate strategy of the Sudanese
government to weaken the traditional administration systems that had always
helped Darfur’s tribes regulate their affairs and conflicts.49

It seems, however, that scarcity of water, deforestation, claimed inequality
in the distribution of available resources, and the lack of domestic securitization
of these issues have increasingly been contributing to the Darfur conflict. According
to a United Nation Environmental Program Report, after an 18 month study of
Sudan, it was concluded that the conflict in Darfur has been driven by climate
change and environmental degradation, which threaten to trigger a succession of
new wars across Africa unless more is done to contain the damage.50

THE SECURITIZATION OF ENVIRONMENTAL POLICIES IN DARFUR: AN ASSESSMENT

The ongoing drought in the north of Sudan has had two main direct
consequences, which have contributed to the conflict in Darfur. First, the drought
forced people to move south, changing the demographics in Darfur. Currently,
there are about 2.4 million internally displaced persons51 in Darfur, exacerbating
the pressure over already scarce resources. Second, this drought determined a
change in the livelihoods of northern people, who were forced to switch from
nomadic to sedentary life, in search of better living conditions. This change led to
an increased pressure over cropland. These dynamics interacted with the already
unequal distribution of resources mainly due to mismanagement, poor governance,
corruption and armed militias, further aggravating scarcity and poverty. The
combination of increased population, decreased available resources and their
unequal distribution constitute “transmission mechanisms” clearly aggravating
and contributing to Darfur’s violent conflict.

Despite the existence of an identifiable threat—environmental scarcity—
the potential securitization actors, namely at the decision-making level, as well
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as functional agents with the capacity to influence the securitization process,
have not yet taken steps accordingly. This means that the environmental-security
nexus is neither recognized nor acted upon, constituting a fundamental obstacle
towards addressing the root causes of the Darfur conflict. In addition, and following
the Copenhagen securitization framework, there is no audience in Sudan
consciously aware of this connection either ready to mobilize or be mobilized.
Nevertheless, there are international actors who acknowledge this link. For
instance, the European Union recognizes in its Report on Climate change and
international security that “[c]limate change is best viewed as a threat multiplier
which exacerbates existing trends, tensions and instability. The core challenge is
that climate change threatens to overburden states and regions which are already
fragile and conflict prone.”52 This conclusion reflects the need for internalizing
environmental threats as security issues. Although international securitization
actors do exist on this matter, and despite all the dynamics already explained,
environmental scarcity is still not considered a vital element of the security
equation in Sudan. The situation in Darfur is still very much driven and
approached from a power politics perspective. Security concerns as a result of
environmental scarcity seem to be a non-issue for political authorities in the
country.

CONCLUSION

In this scenario, the future of Darfur remains uncertain. It seems clear,
however, that a durable and sustainable resolution of the armed conflict will have
to involve a capacity to recognize and respond to the deeper and multiple causes of
violence and, at the same time, to guarantee that all parties are truly willing and
committed to putting an end to the conflict. The recognition of and response to
the deeper and multiple causes of violence in Darfur rest with the acknowledgement
of the role environmental scarcity has in this context, implying the widening and
deepening of the identified causes beyond the usual narrative of ethnic conflict.
This is not to say that the ethnic dimension is to be disregarded. It just means
that the ethnic clashes and power politics are only a part of the explanation for
violence. In Darfur, environmental scarcity exacerbates ethnic fractures, which
has added to unequal access to resources, and increased pressure over these has
led to an aggravation of tensions and outbreaks of violence. In order to break this
vicious cycle, the internalization of the security-environment nexus in politics
and actions is fundamental. This would mean that the securitization of
environmental scarcity seems to be an essential piece in the incomplete Sudanese
peace puzzle.
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SOCIAL ENTREPRENEURSHIP:
A FOR-PROFIT APPROACH TO

FILLING THE GAP IN INTERNATIONAL

ENVIRONMENTAL POLICY

NICOLE MARQUEZ

As environmental issues become a growing concern for policy makers, the difficulty
of creating international policy becomes evident.  With the rise of renewable
energies and advances in technology, there exists the potential for using social
entrepreneurship as a means of addressing environmental issues while meeting
the energy demands and needs of many countries.  For-profit businesses create
appropriate incentives and benefits while at the same time avoid the issue of
state sovereignty and bridge the divide between developed and developing
countries.  At the same time, social entrepreneurship has its own limitations and
has the potential to fill only part of the gap that international and domestic
environmental policy is unable to accomplish.

INTRODUCTION

Through social innovation, organizations can take a for-profit approach
towards addressing environmental concerns. Businesses could focus, for example,
on providing clean energy and in the process fill some of the gaps that government
policy along with non-governmental organizations are incapable of tackling. This
approach has been successful in addressing other social issues, as seen in San
Francisco’s SOMA neighborhood where there is a popular restaurant called the
Delancey Street whose history is even more popular than its menu. Normally,
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being listed in Zagats is a good enough reason to visit a restaurant in this “foodie”
city. But the purpose Delancey Street serves offers another compelling reason. In
1971, Mimi Silbert founded Delancey Street with the help of a thousand dollar
loan and initially took in four residents.1 Silbert’s idea was to create a place
where those who had hit rock bottom could receive an opportunity to re-enter
society. The result of this innovative business model was a famous restaurant as
well as a foundation meeting the needs of those who had slipped through society’s
safety nets. Her “extended family” model meant that everyone contributed to the
success of the business venture, thereby instilling a sense of ownership and pride
in the workers for the prosperity of the business.2 This example of social
entrepreneurship demonstrates how a for-profit business can address the social
needs of society more efficiently and effectively than many government policies
and programs. The same spirit and model of dealing with social concerns at
Delancey Street can be successfully applied to addressing international
environmental concerns.

SOCIAL INNOVATION AND THE ENVIRONMENT

Social innovation or entrepreneurship addresses social problems through
entrepreneurial means. By creating a restaurant for the residents to run, the
Delancey Street Foundation created a self-sustaining foundation. Similarly,
environmental entrepreneurship is gaining ground amongst businesses.
Environmental entrepreneurship is defined as “the practice of creating a healthier
environment by making wise business choices.”3 This can be seen in many of the
small changes that businesses are making to reduce their ecological impact—
from universities using biodegradable utensils in their cafeterias to businesses
installing compact fluorescent light bulbs in their buildings to reduce electricity
use. In this way, companies and organizations are adapting their everyday business
practices to address growing environmental concerns, often in a cost-reducing
manner. Social and environmental entrepreneurship are seen as two separate
things. But there is the possibility for social innovation to focus on environmental
issues, and the environmental needs of society have created an opportunity for
businesses to profit from environmentally focused entrepreneurship.

As new technologies are being developed in the field of renewable energy,
there is the opportunity to utilize these new tools through a for-profit business
model. One example is Google.org’s RechargeIT project, which is an “initiative
that aims to reduce CO

2
 emissions, cut oil use and stabilize the electrical grid by

accelerating the adoption of plug-in hybrid electric vehicles and vehicle-to-grid
technology.”4 The main ideas behind this Google.org project are the Smart Grid
and the Vehicle to Grid (V2G) concepts. A Smart Grid is a power grid that is able
to send power in multiple directions based on supply and demand.5 The current
grid system allows energy to move in only one direction—from the power company
to the consumer. A Smart Grid would allow the consumer to send energy back to
the power company, where it could then be redistributed based on demand
elsewhere.6 This technology would be able to pull power from different sources,
allowing for cleaner energy to be used over traditional coal fired power plants.
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The Vehicle to Grid (V2G) component of the RechargeIT project deals
with the supply side of the Smart Grid. V2G is “a concept where electricity that is
stored or generated from a vehicle could be transmitted to the grid if the vehicle
is plugged in.”7 Technology such as this, once fully developed, can be utilized in a
for-profit manner. During periods of low demand, electric companies supply
consumers with clean power first. But during peak consumption periods, those
sources of clean energy become exhausted and power companies rely on electricity
produced from burning coal. By making V2G technology feasible, “you could create
a system that had enough cars that were not being used during peak times, were
connected to the grid, and had the capability to send this excess energy back into
the grid, or into another source that might use the energy, you would prevent the
need to use less clean energy sources.”8 Plug-in hybrid car owners thus have an
incentive to sell their electricity back to the grid. Power companies would buy
their cleaner electricity in the same manner that they purchase electricity produced
from coal burning plants. These hybrid cars essentially act as batteries for the
power grid, able to buy cheap, clean power during low demand periods, and sell
back that same clean power during high demand at substantial profit. The higher
cost of hybrids cars over traditional gas consuming cars is further mitigated by
this opportunity to sell electricity. And in the end, carbon emissions and oil
consumption are reduced.

Another manner in which social innovation can be applied towards
environmental concerns can be seen in the emergence of ecotourism. As a growing
number of people are becoming more aware of conservation issues, there is a
greater draw to participate in tourist programs that allow you to carry out
conservation projects. On the Caribbean coast of Costa Rica there are volunteer
organizations that supply volunteers with home stays or cabins, provide meals,
and allow participants to work on projects that are geared towards protecting
turtle nests and eggs. A search on the volunteer job placement site Idealist.org
using the term “turtle” returns forty results, most of which are located in Costa
Rica and Mexico and are programs similar to that described above.9

This type of business combines conservation with tourism. The
conservation efforts are funded and carried out by the tourists. The travelers pay
for their experiences as well as donate their time to make these projects work.
Compared to a non-governmental organization that spends a large portion of time
fundraising and soliciting donors, this model removes the funding problem because
the volunteers and tourists who come to work at the organization are the ones
who finance it through participation fees.  These participation fees are minimal
compared to ordinary hotel stays and meals, giving the benefit of a good deal to
the traveler and free labor and profit to the organizations. While these organizations
may not be appeal to all travelers, many find the experience to be rewarding as
can be seen through the Web sites that are being created by former volunteers in
support of their experience.10

INTERNATIONAL IMPACT OF ENVIRONMENTALLY FOCUSED SOCIAL ENTREPRENEURSHIP

Social innovation, as seen with Delancey Street, can tackle certain social
problems more effectively than government programs. In this manner, for-profit
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businesses aimed at addressing environmental problems may be able to address
these issues more effectively than the traditional means of international treaties
and non-governmental organizations. There are three distinct advantages that
social innovation has over international law and non-governmental organizations.
First, the business approach deals with the issue of state sovereignty that plagues
many international treaties. Second, by creating the proper incentives, the cost
of conserving and protecting the environment is mitigated. And last, the common
problem faced by many non-government organizations of securing funding is
removed. This eliminates the problem of dependency on a few, large donors that
some groups face.

One of the greatest difficulties that the international community faces
when dealing with environmental issues is a problem that plagues international
law in general. International law is a system that is based on the idea of state
sovereignty. Under Article 1 of the Montevideo Convention on the Rights and
Duties of States, “the state as a person of international law should possess the
following qualifications: a) a permanent population; b) a defined territory; c)
government; and d) capacity to enter into relations with the other states.”11  State
sovereignty is further emphasized in Article 8, which states that “no state has
the right to intervene in the internal or external affairs of another.”12 While the
idea of absolute state sovereignty is beginning to wane with increased levels of
interdependence brought about by globalization as well as the growing focus on
human rights by the international community, the autonomy of nations is still
respected to a certain degree. As a result, some states are reluctant to ratify
international treaties, as they would restrict some of the country’s sovereignty.
The United States, for example, has refused to ratify a number of treaties, from
the Kyoto Protocol13 to the United Nations Convention on the Rights of the Child.14

While the United States may not have ratified certain treaties such as the Kyoto
Protocol because of particular aspects with which U.S. government and
policymakers disagreed, the refusal to ratify the UN Convention on the Rights of
the Child raises a more complicated issue of state sovereignty.

By ratifying an international treaty, a commitment to uphold the treaty
is put into place. With the United States, ratifying an international treaty creates
a conflict between the hierarchy of the Constitution and domestic law and
international law. In the U.S. legal system, the Constitution is considered the
highest law. By ratifying an international treaty, either international law will
have to take precedence or it will be below the Constitution, in which case the
United States would not be able or willing to adhere to the treaty. With the
Convention on the Rights of the Child this can be seen as a conflict between
protecting the child and the parents’ right to raise and educate their child as they
see fit. As a result, the United States has been unwilling to ratify this treaty. The
United States has maintained its sovereignty and the independence of its domestic
law from international law. For many industrialized and powerful countries this
is a common issue. By ratifying these treaties, they partially cede control over
their country. As such, international treaties need to take a neutral stance in
order to gain support. If the change is too radical or large, the countries will
either refuse to ratify the treaty, or will ratify it but then simply ignore it. As a
result, state sovereignty greatly complicates the issue of international treaties.
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Social innovation, on the other hand, is a business that addresses environmental
concerns. Under this paradigm, there is no threat to state sovereignty as the
business operates under domestic laws. International agreement is not necessary
as each business operates under the laws of the country in which it is located.
Social enterprises can be run like a multinational corporation or a model can be
exported to other countries to be followed locally. Eve Ensler coined the approach
of exporting a model internationally with the “Vagina Monologues.”15 On her Web
site, she provides a toolkit for groups to produce performances of her play. In
order to download the toolkit certain guidelines must be agreed upon, and then
after the play a certain percentage of the proceeds are donated back to Ensler’s
charity, V-Day.16 The remainder of the profit is then donated to the organizing
group’s charity of choice, so long as it works towards the goal of ending violence
against women and girls.17

For an international treaty to be ratified, many countries must agree on
an issue. Factors that can complicate negotiations are not only the number of
countries involved, but also the issues at stake. With a social innovation, the
state maintains authority in this situation as the business is subject to the already
established rules and laws of the state. In this scenario, law is not being created,
as with international treaties, but rather domestic law is being obeyed.

While sovereignty is the main issue for industrialized countries with
regards to international treaties, the cost of complying is often a hindering factor
for developing countries, especially with environmental treaties. When a consensus
is attempted in terms of new levels of carbon emissions, industrialized countries
push for stricter standards. Developing countries, on the other hand, push for
looser restrictions for themselves. They see harsh restrictions as a double standard
that would keep them from industrializing as fast as if environmental standards
were more lenient. Because industrialized countries were able to industrialize
without limitations, they were able to develop faster, and that is a freedom that
environmental treaties would in some ways deny developing countries. Poorer
countries also arguably have more to lose with strict standards; while an
industrialized country might have to pay more for clean electricity, an
unindustrialized country might have to forgo electricity altogether for large
segments of the population. As a result, developing countries push and are granted
a different set of standards to follow. While industrialized countries are the largest
polluters of carbon emissions, China and India are increasing their production of
greenhouse gases.18 It is estimated that in a few years China will be the largest
polluter of greenhouse gases, if it is not already.19 This indicates that while
industrialized countries may be doing the greatest harm at the moment, this will
not always be the case, and while industrialized nations may have had an advantage
in their ability to industrialize quickly, developing countries still need to be held
accountable if meaningful reductions are to be agreed upon.

While international treaties implement restrictions, social entrepreneurs
can instead create businesses that are self-sustaining, profitable, and remove
the cost issue that developing countries are fighting so strongly against. Social
innovation creates innovative solutions to the problems at hand while international
treaties on the environment focus more on restrictions. Ecotourism is one way in
which revenue could be generated in developing countries instead of exploiting
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their natural resources. The business that is created provides a sustainable source
of revenue. Tourism would generate profit as well as bring in volunteers to help
maintain the natural resources and wildlife.  The Ocean Rider Seahorse Farm in
Hawaii provides another model in which revenue can be generated.  In an attempt
to reduce the aquarium market for seahorses, this business sells farm-raised
seahorses.20 The sale of farm-raised seahorses sustains the company in addition
to reducing the demand for wild seahorses, which have been over-fished and are
now endangered.21

This model also addresses the final problem that faces organizations
working in both industrialized and developing countries. Many non-governmental
organizations (NGOs) spend a large portion of their time and energy on securing
financial support from donors. This creates several problems for the organizations
themselves as well as the communities they are trying to serve. The need to find
backers takes up a large portion of the NGO’s time and resources that could
otherwise be spent on the projects it is trying to implement. Another problem
that this dependency creates is that certain donors will provide money to
organizations that are working only towards goals that are in line with the donor’s
objectives. As a result, NGOs may be forced to alter their goals to be more aligned
with their sponsor’s aims. While this readjustment may be necessary for the
NGO’s survival, the new purpose may not be what the community needs or it
may focus on short-term, measurable goals, as opposed to long-term, structural
goals whose success is harder to measure.22 The effect on the community could be
that either the NGO is generating little to no change or that it is in fact harming
the community.

The Ocean Rider Seahorse Farm is not reliant upon a few donors who
could then dictate or alter the foundation’s programs and methods. This funding
problem affecting many NGOs is removed when an organization is following a
for-profit model. Similarly, the SunEnergy Power Corporation (SEPC) is able to
generate its own revenues and not rely on the government or other sponsors for
support. It is a “for-profit corporation organized to develop commercial-scale solar
electric projects in the U.S. The after-tax earnings of SEPC are used to partially
fund SunEnergy Power International (SEPI), its nonprofit 501(c)(3) sister
organization which designs and implements sustainable renewable energy projects
around the world.”23 This financial freedom ensures that the organizations are
able to accomplish what they set out to do and are able to meet the demands of the
community, and not the demands of their donors. Social innovation allows
organizations to run a business, and through the actual process of running a
business create social change. With both the example of the Vehicle to Grid (V2G)
system being researched by Google.org’s RechargeIT and ecotourism in Costa
Rica, the product that is being sold is what is targeted at helping the environment.
With the V2G system, consumers are able to sell clean energy back to the grid,
and with ecotourism, volunteers are paying to work and protect the environment
and wildlife. In both situations, the business is able to sustain itself through this
system of generating funds while at the same time address environmental issues.
In each of these three ways, social innovation targeted at environmental problems
is able to overcome some of the serious problems that face both international
treaties and non-governmental organizations focused on the same issues. As
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businesses, social enterprises create the proper incentives, making the organization
self-sustaining, while working within the laws and authority of the host country.

LIMITATIONS OF SOCIAL INNOVATION AIMED AT ENVIRONMENTAL ISSUES

While there are difficulties that social entrepreneurship is better at
overcoming than the government, this is not true for all issues. The Delancey
Street foundation is adept at helping convicts transition back into society, but
this for-profit model is not an effective way to address all of society’s issues. Rather
it is a supplement to various social policies and programs in place. Social innovation
targeted at environmental issues face three main limitations to addressing
environmental problems in this manner that international treaties and non-
governmental organizations are more capable of handling. The first constraint is
that social innovation has limitations in the scope of issues that it can address.
The second constraint is that the model cannot be applied to all countries, because
each country is at a different stage of development and possesses different
technologies. The final way in which social innovation may not be as effective as
international treaties and NGOs is that there is no monitoring body to ensure
that the organizations and companies are providing the services they claim. In
each of these situations, there are different means by which environmental issues
could be addressed more effectively through international treaties and the work
of NGOs than with social innovation.

The first area in which social innovation faces a constraint is in terms of
the scale of the issues that it can address. There are two ways in which this issue
arises. As a business, a product is being sold, whereas with an international
treaty an issue is being addressed. An international treaty can require a reduction
of carbon emissions by a certain percentage. In order to reach that goal a variety
of methods can be utilized. In contrast, a social enterprise is providing a product
or service that in the process is aiding environmental efforts. The Vehicle to Grid
technology being explored by Google.org is looking for a way in which power can
be sent back to the grid. The business in itself does not address or fix the
environmental problem of greenhouse gas emissions. It is simply creating the
incentives for environmentally focused entrepreneurship.

In addition, the actions that are taking place focus on a specific issue in a
specific location. With ecotourism, the product being sold is in fact conservation.
The limitation that this business faces is that conservation occurs only in the
area where the business is operating. An ecotourism organization operating in
Costa Rica is able to protect only the animals that inhabit its plot of land in Costa
Rica. Other animals in other countries are not protected by this enterprise’s
actions, as would be the case with changes in policy and international treaties.
The same is true for Ocean Rider Seahorse Farm. It is providing an alternative to
endangered seahorses for aquarium owners, but it does not address the medicinal
market for sea horses. As a result, social innovation in this sense is able to create
change only at the local level. While it might raise awareness locally as well as
abroad, the company itself does not create changes at the policy level through its
everyday business practices. These companies are one of many means to an end.
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Social innovation is limited in other ways by the organization’s physical
presence. As each country has different technologies and is at different stages of
development, these factors place restrictions on which social entrepreneurship
models will be successful. The Vehicle to Grid technology being explored by
Google.org would not create a successful business in all countries. There are
certain basic features of a country that are necessary in order for this technology
to be implemented. If a country lacks a highway infrastructure and paved roads,
then the Vehicle to Grid concept would not be useful in terms of reducing this
country’s carbon emissions and dependency on oil. However, if this country also
had a limited electricity grid, an off-grid solar water heating business might be
lucrative. As advances are made in renewable energy, new technologies may not
be useful to countries that have no use for those technologies, but that does not
mean there are not opportunities for entrepreneurship.

Another way in which social innovation needs to be country specific is in
terms of the level of development of each country. A politically unstable state may
make it unfeasible to operate and run a business. In this situation, a business
would be no more effective than an international treaty or an NGO. Or in some
situations where there appears to be stability, there may be corruption. Here, the
country laws in which the enterprise is located may not actually protect the
company. With corruption, inefficiencies run rampant and the effectiveness of
the social innovation is reduced. As a result, the incentives in place are skewed
and the profits that would be used to run the organization are instead used to
work within a corrupted system through bribes and pay-offs. These inefficiencies
can reduce the effectiveness of social innovation.

The final problem with using social entrepreneurship to address social
issues is related to the lack of monitoring that goes on in regards to the business.
While the company itself is required to follow the country’s laws, it is difficult to
tell how much monitoring is actually occurring in terms of the benefits being
derived from the business. In 2005, Nestle began marketing a line of coffee under
a fair trade label called Partner’s Blend.24 This line of coffee is more expensive,
but the market for fair trade goods is more inelastic than goods that do not fall
under this label.25 The requirements to be considered fair trade are not clearly
defined, and as a result consumers purchase these goods without really
understanding the implications. It is estimated that “only 10% of the premium
paid for Fairtrade coffee in a coffee bar trickles down to the producer.”26 This
exemplifies how businesses can abuse the label of fair trade because what is
considered or labeled fair trade is not closely monitored. Here consumers are the
victims of big businesses, while farm workers receive only a small portion of the
gains. This example demonstrates how a profit driven approach can abuse and
exploit an indicator, such as the fair trade label, in an effort to raise revenues.
Conversely, a company that is motivated by environmental issues may find it
difficult to compete against larger corporations. To offset this imbalance and
readjust the incentive system, stricter regulations and enforcement are required.
In addition, the government can encourage the proper use of indicators with
incentives such as tax cuts. This could reward companies that are motivated by
environmental issues as well as encourage companies that are motivated by profit.
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The fair trade label requirements can also create other problems. One is
that in order to qualify, the produce needs to come from small, independent farms.
By focusing only on this group, workers at large farms, while just as poor, are
hurt by these requirements.27 Demand shifts to these small farm goods, driving
down prices and thus demand for goods produced at larger farms. The farm
workers are the ones who suffer in these situations as the farm owners pass on
the lower prices through lower wages. The same lack of monitoring can occur
with companies aimed at environmental issues. The requirements for ecotourism
are not easily defined, nor is it easy to determine what makes ecotourism different
than ordinary tourism aside from the self-designation. As with fair trade, the
same ambiguity exists over the designation and definition of a label.

In addition, as new technologies are being developed to deal with energy
concerns, there is also a lack of information and data confirming that a new
technology is better for the environment than what it is replacing, especially in
the long run. For example, biofuel was hailed as the answer to oil, but it too
creates waste and has its own set of drawbacks.28 New types of waste are created
with new sources of energy as was the case with biofuel, when the technology was
being hailed as the answer to oil. Over time, the effects of biofuel on the
environment are being better understood and this technology is not as clean as
originally thought.

CONCLUSION

As demonstrated, social innovation has the potential to address
environmental issues in new ways that would overcome some of the hurdles faced
by international treaties and non-governmental organizations. At the same time
there are problems that all of these methods face, as well as new problems that
arise for social entrepreneurs. As a result, social innovation can help bridge the
gap in places where international policy may be unable to, but it is not a panacea
nor is it a replacement for the methods already in place to address environmental
concerns. Rather, it is another tool that governments and environmentalists should
consider in dealing with issues that concern the environment.
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RATIONAL IRRATIONALITY AND THE ‘PARADOX’ OF

CLIMATE CHANGE

MATHEW HUMPHREY

In 2006 Dale Jamieson published a paper in Climatic Change entitled “An
American Paradox.” The paradox in question concerned the attitudes of the
American public to global warming. Most Americans, it seemed, self-reported as
environmentalists, believed that climate change was an environmental bad, and
said that they were willing to pay to mitigate it. When, however, specific policies
with definite costs were placed before them, their support for mitigation faded
away.1

INTRODUCTION

I agree with Jamieson that this is, on the surface, a paradox. The
propositions that citizens are (a) willing to pay to mitigate climate change and (b)
not willing to pay for any specific measure to mitigate climate change cannot
both be true simultaneously. The paradox may be resolvable if citizens favor
some other, unspoken policy to tackle climate change that has not been presented
to them in survey questions. For the reasons we will see below, however, this
seems unlikely.

As Jamieson notes, this paradox is not confined to America; similar
findings have been reported in the UK,2 with one commentator describing the
phenomenon as “cheap talk environmentalism”3 Lieserowitz reports that
Americans seem concerned about global warming but, “paradoxically,” seem also
to view it as less important than almost any other issue. Sterman and Sweezey
also find that there is a “contradiction” in people’s attitudes to climate change:
they express concern but then oppose policies designed to mitigate its effects.
Pidgeon et al. report a UK survey in which 69 percent of respondents thought
climate change best managed through behavioral change, but where only 8 percent
thought that responsibility for this change lies with “individuals and families.”
Lorenzone et al. report wide awareness of climate change in the UK, although it
is being given a low priority by the public, and Bazerman notes that whilst climate
change is almost impossible to ignore, given its media profile, both politicians
and the public are failing to respond.4

Mathew Humphrey is Reader in Political Philosophy at the University of Nottingham.
Publications include Preservation versus the People? Nature, Humanity, and Political
Philosophy (Oxford, Oxford University Press, 2002) and Ecological Politics and
Democratic Theory (London: Routledge, 2007).
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A common thread connects the views being put forward here. Climate change
now has a high public profile, being featured in many media stories, and highlighted
by films such as Al Gore’s An Inconvenient Truth and Hollywood’s The Day After
Tomorrow. Populations report awareness of it, and tend to express concern about
it in the abstract. Nonetheless, in terms of behavioral change, or in their
willingness to pay for specific mitigating policies, most people are reluctant to
make concrete commitments.

How can we explain this? The existing literature has a number of
sophisticated explanations that stress the kinds of cognitive and judgemental
errors people make when they rely on rough and ready heuristics in order to
make decisions. There are what Bazerman calls “predictable errors” in the way
that people process information.5 People make mistakes, and what renders climate
change particularly difficult to deal with is that the problem-structure involved
tends to bring multiple sources of error into play simultaneously. The systematic
biases that people make will almost ensure that people demand the wrong amount
of climate change mitigation. The existing literature focuses on the associative
and affective side of human motivation, which is distinguished from the analytical/
rational abilities that we have. The latter are to some extent channelled by our
initial affective response in making calculations about climate change.

In this paper I will explore the argument that people make errors about
climate change mitigation because of irrationality and systematic bias. The next
section offers an account of the systematic bias explanation. Rather than seek to
challenge that explanation, my argument will be that it can be placed upon a
rational foundation. Ignorance about climate change, coupled with strong views
that “something should be done” and a contrary unwillingness to pay for mitigation,
is in fact a good example of rational irrationality.6 That is, if we can accept the
notion that irrationality can itself have a rational basis, we can at least partially
explain the “paradox” of climate change using a rational actor model.

THE ASSOCIATIVE/AFFECTIVE ACCOUNT

Explanations of public attitudes to climate change tend to focus on the
way in which people process information, and the “down and dirty” heuristics
that we tend to use in order to save time and mental effort. Our responses to
phenomena are often intuitive, and Jonathan Baron makes the point that “people’s
intuitions about matters of public policy often lead them to favor policies that are
sub-optimal due to systematic biases in turn caused by our common heuristics.”7

These include “naturalism” (we will tolerate bad outcomes from natural causes
but not from human causes, even when the costs are the same), “the polluter
pays” (people prefer that a company clean up its own waste, even if the same
resources could be spent cleaning up more dangerous waste from a now defunct
company), “undoing” (a related but different principle: undo damage done rather
than spend those resources on doing something else, even where that “something
else” brings more benefit), and “parochialism” (the tendency to favor a group that
people see as including themselves over helping strangers). Experimental results,
on Baron’s account, show that with respect to global warming, people prefer
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undoing, are parochial, and show some degree of naturalism. People may also be
prone to wishful thinking when estimating the future effects of climate change.8

Max Bazerman has a different list of cognitive heuristics leading to
predictable error with respect to climate change: a predilection for “single cause”
frames (we look to identify and treat a single root to what are likely multi-causal
problems), our “positive illusions” (which lead us to underestimate problem
severity), egocentrism (meaning we interpret events in a self-serving manner),
operating with a status quo bias, and our tendency to respond only to problems
that are experienced directly or through vivid data.9 Furthermore, we operate
with excessively high discount rates for future harms, many politicians have
incentives to ignore climate change, and those with entrenched fossil-fuel interests
have incentives to obfuscate the issues. 10

Accounts of other defective heuristics abound in the literature. For
example, fatalism (what will be, will be); blame shifting and scapegoating; “pattern
matching” (this lies behind the finding that people often believe, falsely, that
stabilizing emissions will quickly stabilize the climate); initial evidence effects
(initial evidence gathered either for or against something then biases the reception
of evidence pointing in the other direction); and “single-action bias” (people are
excessively reassured by taking a single action against a problem, however complex
that problem may be).11 Furthermore people do not update their beliefs in the
light of new information (violating Bayesian rationality), and they hold strong
beliefs on the basis of scant evidence.12

The overall message of this research is clear. Our thinking about climate
change is distorted, in that we do not make a rational and analytic assessment of
its likely costs (especially to distant others), its long-term effects, the most cost-
effective way of counter-acting it, the extent to which we should effectively “insure”
ourselves against non-linear environmental change, or the relevant balance
between mitigation and adaptation. It seems then, that we are doomed to respond
irrationally to climate change, which entails that the position of the median voter
on this issue is likely to be far from the optimal point. The systematic nature of
the biases we show are important here. If the biases were random, we might
expect the median voter to be close to the well-informed position. This is the
“wisdom of crowds,”13 a large group of people asked to guess the weight of an
object tend to be close to accurate at the median point, with a normal distribution
around that point. We don’t tend to systematically under- or over-estimate this,
unless there is some kind of optical illusion involved.

RATIONAL IRRATIONALITY AND CLIMATE CHANGE

Economists, in particular, do not like to attribute social outcomes to
irrationality, and, similarly do not like the idea that biases are systematic. This
is especially true of the “rational expectations” school of economic thought. One
problem is that the assumption of irrationality appears as a kind of Deus ex
Machina of social explanation, and potentially it could be used to “explain” many
suboptimal social outcomes; deviations from the optimum are simply explained
by deviations from rationality. Isn’t it better if you can explain outcomes without
this assumption, given that we know that most people are rational (i.e., hold
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beliefs for adequate reasons) most of the time? Every time someone drives his car
he puts his life in the hands of the rationality of many other people; we don’t
expect others to have the wrong belief about which side of the road to drive upon.
As Caplan points out, rational expectations, as another kind of heuristic device,
“makes a lot of sense.” “Who has not said something like ‘As price goes up, sellers
increase their production?’ Yet this elementary claim assumes that objective facts
and subjective beliefs about price move in the same direction.’14 A claim of
irrationality suggests, alternatively, that the objective facts and subjective beliefs
come apart, such that sellers would interpret rising prices as falling prices. Perhaps
one seller might do that, but would many? If so, it would pay you to enter this
market .

We should not, however, be too quick to assume that all informational
examples mirror that available to sellers in markets, this information is both (on
certain assumptions) immediate and directly relevant to the interests of the seller.
Information about climatic change is not directly relevant to the interests of the
citizen in the same way. This is true even if, ultimately, climate change proved to
have utterly disastrous consequences for the citizen. That would only show that
the effects of climate change were directly relevant, not information about it. The
problem here is that even in the light of accurate information no individual citizen
can make any difference to the outcome, as no single citizen can alter the path of
climate change through his vote, or by changing his pattern of consumption. The
collective action problem applies here, in that the effects of n-people and n-1 people
on the progress of climate change are indistinguishable.

This lack of individual efficacy relates to a phenomenon slightly more
familiar than rational irrationality, that of rational ignorance. Perhaps the
foremost exponents of the rational ignorance hypothesis were Joseph Schumpeter
and Anthony Downs.15 A succinct account is offered in Capitalism, Socialism, and
Democracy in relation to politics: “…the typical citizen drops down to a lower
level of performance as soon as he enters the political field. He argues and analyzes
in a way which he would readily recognize as infantile within the sphere of his
real interests. He becomes a primitive again. His thinking becomes associative
and affective.”16

Schumpeter goes on to assert that this low level of performance is all the
more shocking when observed amongst the well-educated, professional class, which
it will be even when good information is plentifully available. We should not be
shocked when even these people are ignorant of events which do not directly
affect them (his favored example is foreign policy), as the incentives for them to
gain good information are simply lacking.17 Rational ignorance is a marginal
phenomenon, for any additional unit of time, there is (almost) always a better use
of it than in gaining information that will be of no consequence to one’s direct
interests. Climate change fits very well as the kind of problem about which we
should expect rational ignorance. Although it may have profound consequences,
it is relatively long-term, with widely dispersed and myriad points of emission,
often deeply embedded into the socio-economic structure of societies (e.g., power
generation) and with global and unevenly distributed consequences. No individual
can expect to affect the outcome by changing his behavior, and so all are embedded
in a “tragedy of the commons” type collective action problem.
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Rational ignorance cannot however, on its own do the work required in
order to explain the “paradox” of attitudes of climate change. We might predict
from rational ignorance that people would be poorly informed about climate change,
and this expectation seems to be confirmed by a number of surveys. To take one
example, many (though not all) surveys show that significant numbers of people
believe that a major driver of climate change is the hole in the ozone layer.18 The
rational ignorance hypothesis would not, however, lead you to expect the additional
finding that people express such a strong view that we should “do something”
about climate change in the abstract, but then not be willing to back it up when
offered specific, and to varying degrees costly, policy proposals. To put this another
way, we should not expect systematic bias about climate change as a result of
rational ignorance, but rather some random distribution of views, some holding
it to be a serious problem, and some not.19

Caplan notes that if ignorance was the only problem, then “sufficiently
large doses of information would be a cognitive panacea.”20 This has to be finessed
somewhat; even freely available information may not be absorbed by the rationally
ignorant, as the assimilation of it would require mental energy that might be
better spent elsewhere. That quibble aside, rational ignorance in and of itself
gives us no reason to anticipate any particular shape to people’s biases or views
on a topic. It may be that people will hold no definite view, or have strong views
one way or another on any given topic. What we can expect is that whatever
views people do have, they are likely to be ill-informed, but we can deduce no
more than that.

For Caplan, in order to understand whether a systematic bias, such as
we have seen with respect to beliefs about climate change, is rationally irrational,
we have to consider the costs of being mistaken. Individuals are taken to have a
standard demand curve for irrationality, so when it is cheap they will demand
more of it, and when it is expensive they will demand less. How expensive
irrationality can be expected to be is a function of the nature of the decision being
taken and the expected impact of the outcome on the agent. Rational irrationality
and rational ignorance map onto each other here, as generally it is over a subset
of the problems for which we can expect rational ignorance that we can also
expect rational irrationality, although they remain distinct phenomena. We can,
recall, expect rational ignorance where the pay-off for getting good information
(or carefully processing information that is freely available) is very small. We
should not, however, necessarily expect this to translate into not having a view,
possibly a very strong and passionately held belief, on the topic at hand. There is
no necessary correlation between information and opinion, and Caplan’s insight
is that when the costs of being wrong about something are zero or close to it, then
there is also little to prevent the articulation of strong but ill-informed views.
This is all “irrationality” means in this context, the holding of definite beliefs
with inadequate justification. If one believes that one’s life-threatening illness is
best cured by sitting under a crystal and chanting, one can expect to pay a high
cost for the belief. If, however, one is convinced that climate change is caused by
the thinning of stratospheric ozone, or indeed that the science of climate change
is part of some elaborate anti-American hoax, such a belief is unlikely to impact
negatively upon day-to-day life, at least for most people.

RATIONAL IRRATIONALITY AND THE PARADOX OF CLIMATE CHANGE
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Even if, however, irrationality is cheap, why believe something rather
than nothing? Why say anything at all, or hold beliefs and preferences, about an
issue that has no direct impact on one’s life?21 This is a reasonable question, to
which there are two possible responses, one of which concedes more than the
other to the implied objection. On the concessionary side, much of the “evidence”
with regard to public attitudes to climate change is gathered in response to direct
questions via surveys. It may be, as Sunstein and Jamieson both suggest,22 that
many people actually have no stable or well-thought-through preferences in these
areas in the absence of being asked such a direct question. When faced with a
question from the lips of a surveyor, they might feel that some sort of response is
appropriate, and so articulate a view that may be more-or-less made up on the
spot. Empirically this information about unformed preferences is pretty
inaccessible, although questions relating to problem salience may get some traction
on whether people actually think about an issue prior to being asked about it.

The non-concessionary answer is that people have preferences over the
content and intensity of their own beliefs.23 We want certain statements about
the world to be true, and when error costs are low irrationality is cheap, and it
would only take a small pay-off to encourage citizens to ‘consume’ some. If there
is any further reward in terms of social interaction in having views on political
matters, or in particular kudos to having “strong” views, then this may be
sufficient to give irrationally held beliefs a warrant of rationality. 24 It is intuitively
plausible to think that this is often the case. Big political questions are often the
subject of heated discussion, and in the field of social interaction, having a view
on climate change, immigration, or the wars in Iraq and Afghanistan will,
presumably, often lead to exchanges that participants find enjoyable. The level of
enjoyment, it is worth remembering, would not have to be far above zero to pay
off. This social interaction may even act as a constraint of sorts on the degree of
irrationality that can be expressed without loss. A view that climate change is
caused by aliens may get short shrift in most settings, and so irrationality may
be bounded by some notion of plausibility if it is to be rewarded.

When it comes to the paradox of climate change, the notion of rational
irrationality provides a potential explanation. When asked in the abstract if climate
change is important and whether “something should be done” about it, the question
operates in the costless sphere in which it is rational (or at least not irrational) to
be irrational. Therefore many people will feel comfortable answering in strong
terms, and this may involve demanding costly action, as the majority seem to,25

or taking an extreme opposing view, denying the existence of climate change in
the face of the scientific evidence. The systematic nature of the biases expressed
come from the kind of heuristic short-cuts discussed in the cognitive literature on
attitudes to climate change. When, however, respondents are presented with specific
and costed policy options, the question frame ceases to be in the realm of costless
abstraction and comes down to the concrete field where costs matter and where
the price of irrationality increases significantly. Will you give up your car? Will
you cut down on the number of flights you take? Would you pay more for your
petrol? Would you install a solar panel and wind generator? These specific questions
have direct consequences, and although it would still be costless to answer “yes,
I would give my car up” and simply be insincere, people actually appear to take
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the costs on board and offer different answers to this kind of relatively concrete
question.26 At this point the rationality of irrationality fades away, and the costs
and benefits of any action become much more salient. What is not clear, at least
from the evidence I have seen, is what specific reasoning might underpin the
refusal to accept costs. It may be that people appreciate the scale of the coordination
problem here, and resist becoming “suckers” in the language of game theory.
Why give up my car, or take fewer flights myself, if this will make no difference
to the overall pattern of climate change? Even die-hard campaigners such as
George Monbiot recognize this logic: “What is the point of cycling into town when
the rest of the world is thundering past in monster trucks? By refusing to own a
car, I have simply given up my road space to someone who drives a hungrier
model than I would have bought. Why pay for double-glazing when the
supermarkets are heating the pavement with the hot air blowers above their
doors?”27

Alternatively, it may be that people are following what Ingolfur Blühdorn
calls “ecological correctness”28 in suggesting that climate change is serious and
worthy of immediate costly action. This could be a form of words they feel duty-
bound to espouse, although with little enthusiasm or commitment, but that’s
fine when the articulation of the view is costless. Again, however, when costs
become clearer and the pay-off matrix changes, then we might expect people to
express a different view. An appropriately designed survey may give us some
indication as to why those who respond positively to taking action against climate
change are reluctant to accept specific costs, but that is beyond the scope of this
essay. What I am trying to establish is a possible explanation for this phenomenon
that turns on the “price” of irrationality.

THE IMPLICATIONS OF RATIONAL IRRATIONALITY WITH RESPECT TO CLIMATE CHANGE

It is important to note that nothing in this analysis impinges on the
question of whether governments should take preventative action with respect to
climate change. This is a question about collective rationality at the global level,
about how best to balance competing demands on scarce resources and in particular
the extent to which we should effectively “insure” ourselves and future generations
against non-linear catastrophic environmental change.29 The question under
discussion here is one of individual rationality, and one of the particular problems
for individuals with respect to climate change is that they are trapped in a nested
tragedy of the commons (it operates at the level of the individual, the institution,
and the nation-state. All can have strong incentives to defect on cooperative
solutions). Thus the claim about irrationality is not a claim that it would be
irrational for society as a whole to invest large amounts in climate change
abatement. For the purposes of this paper I remain agnostic on that question.
What would be irrational, on a standard game-theoretic account of rationality, is
for any individual to accept a cost when that cost would have no impact on the
process of global warming because other people cannot reasonably be expected to
also play their part. There can be exceptions to this, if one can reasonably expect
“exemplar” effects, in which others will eventually follow the role of a moral leader.
Then, accepting costs might be rational, or necessary in order to avoid accusations
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of hypocrisy for those trying to get others to change their ways. As Monbiot’s plea
above implies, however, moral leadership effects do not seem to be strong with
respect to climate change.

This distinction between social and individual levels may also help to
explain the paradox in some cases. As Sagoff noted some time ago,30 people may
switch between citizen-thinking and consumer-thinking in response to different
problems. Perhaps when asked about climate change in the abstract, people frame
their responses in a collective manner. It would make sense for us to pay a high
price to mitigate climate change. Asked, however, if one would give up one’s car,
the response switches to the individual level. Why make my life harder? What
benefits would that bring?

This putative solution, however, could only work for some types of
questions. On others, people are clearly asked about the impact of taxes designed
to deliver the collective level good. If they understand the question correctly, they
should see it in terms of their contribution to a collective outcome that they have
already strongly endorsed. The respondent does not now have to fear the free-
riding of others. In these cases the paradox appears to remain, and here rational
irrationality provides a possible explanation. When the cost of the initial response
becomes apparent, the price of irrationality goes up, and people want less of it.

Again, it is important not to over-simplify. We have hypothesised a degree
of rational ignorance with respect to climate change31 and this entails that people
are unlikely to be well-informed about its consequences. A number of the features
we have noted come together here, in particular the apparently distant nature of
the effects of climate change, the complex causal processes intervening between
CO

2
 emissions, climate, and weather events, disagreements amongst “experts”32

and the incentives of vested interests to send out confusing signals.33 This entails
that, even if systematic biases are leading to skewed demands for climate change
abatement, inserting costs into the equation may change the outcome but not
necessarily improve its rationality, as a known cost is now being set against
unknown benefits. People may balk at an additional $1,000 dollars a year in
taxes to abate climate change, having previously endorsed strong action, but this
may well be just a function of the change in the question frame, rather than any
rational cost-benefit analysis. Here a definite $1,000 cost is being set against
what is likely to be completely unquantified—the benefits to that individual of
climate change mitigation. The insertion of concrete costs does add to the amount
of information available to the respondent, but in an asymmetrical fashion. It
does not show that the changed response is in itself more appropriate to the
problem, as the respondent is very unlikely to know what benefits that $1,000
climate change tax would confer.

The notion of rational irrationality may then offer an explanation for the
“simulative politics” of climate change,34 in that it leads us to expect people to
hold strong and systematically biased views on the basis of inadequate justification
when the cost of being wrong is low, and to expect a more measured view when
the cost of being irrational is higher. Thus people demand “strong” action against
climate change in the abstract, but shun concrete policy proposals that have
costs attached. What we cannot deduce, however, is that the answer that is no
longer infected by rational irrationality is itself more rational. Rational irrationality
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operates under the shadow of rational ignorance, and so the extent to which the
changed response could be said to be more rational is dependent upon the total
change in the stock of information drawn on by the respondent. Merely adding a
concrete cost to mitigation, without exploring the costs of climate change itself,
just adds a different form of asymmetry to the calculation.

Furthermore, whether the initial response is skewed in favor of demanding
“too much” climate change mitigation will depend upon the effects of the systematic
biases listed above. Many of these (such as status quo bias, over-optimism,
parochialism, pattern-matching and single action bias) suggest that too little will
be demanded, and this may also help to explain the low costs that people are
actually willing to incur. On the other hand, if Caplan is right and people are
systematically over-pessimistic (one assumes the claims of systematic optimism
and pessimism cannot both be true simultaneously) then we might well demand
too much.

Rational irrationality may then offer a partial explanation of the paradox
of climate change, in that it offers an account of why responses change when up-
front costs are included in the information given to respondents, without assuming
that people are just irrational per se. People may have good reasons for bad
reasoning. What it does not show is that the initial responses with regard to
climate change abatement are themselves wrong (I may hold a true belief for bad
reasons) or that the “with costs” responses are more rational. This, however,
offers an interesting avenue for further research.
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CARBON MARKETS: RISING OUT OF THIN AIR

A REVIEW OF THE CREATION AND RISE OF GLOBAL

CARBON MARKETS AND THEIR FUTURE PROSPECTS

POST-2012

ADAM DEROSIER

This paper will focus on international climate change policy tools, cap-and-trade
and the creation of the global carbon market. Additionally, I will review post-
Kyoto agreement scenarios.

INTRODUCTION

At the start of the 2008 Carbon Market Insights Conference in
Copenhagen, I was struck by the contrasting sentiments of policymakers and
private sector carbon market players. The bankers, renewable energy companies,
and consultants appeared already to have proclaimed victory. When the value of
your market doubled the previous year from $32 billion to $64 billion1, wouldn’t
you? If one were oblivious to the time and location, it could very well have been
1849 with these market participants having gone up to the Yukon and back to
stake their claim. In fact, they may have accomplished a far greater feat —
shifting society’s value of clean air from worthless or priceless to a tangible cost.
As we awaited the keynote speakers, Point Carbon, the conference organizer, was
blasting Enya’s Orinoco Flow over the speakers without any sense of the irony in
the song’s title. (The Orinoco is a South American river with deposits containing
extensive oil sands in the Orinoco oil belt.) Nobel Peace Prize winner Dr. Rajendra
Pachauri, Head of the Intergovernmental Panel on Climate Change (IPCC), and
Yvo de Boer, Executive Secretary of the United Nations Framework Convention
on Climate Change (UNFCCC), would soon paint a picture of the fierce
international battles fought in recent years, and of the oncoming surge in 2009 to
prevent catastrophic global disasters caused by climate change. In 2009, at the
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very same conference hall in Copenhagen, international policymakers will attempt
to create a post-2012 treaty to replace the Kyoto Protocol. While the private sector
remains bullish, the tone from scientists and policymakers is far more alarming.
Investors have an existential requirement to maintain an optimistic stance on
the future of carbon markets. The higher the likelihood of continued international
and national regulation of GHG emissions, the larger the investment pie becomes.
Conversely, scientists and policymakers need to emphasize that nothing in the
future is guaranteed and the time to act is now.

The progress made to date is noteworthy, but the current and potential
future absence of emitting giants like the United States, China, and India from
the agreement leaves much to be decided. Despite Al Gore and other climate
change activists crusading to convince the masses that climate change is a moral
and spiritual challenge, the solution lies in the ability of all countries to combat
this challenge collectively. The world witnessed this international political deadlock
firsthand when de Boer was reduced to tears, as international negotiating, or
lack thereof, brought the 2007 Bali climate conference to a temporary halt.
To date, there does not appear to be one magic bullet to prevent global warming.
Shifting consumer behaviors, government regulation, improved energy efficiency,
alternative energy sources, and ingenuity are all essential. This paper will focus
on one of the tools, cap-and-trade. I will analyze the creation and the rise of the
global carbon market and its future prospects post-2012.

THE BIRTH OF CARBON MARKETS: THE KYOTO PROTOCOL

The Kyoto Protocol, adopted in December 1997 and enacted in February
2005, proposed targets and timelines for most industrialized countries to reduce
greenhouse gases by 5.2 percent from 1990 levels. The reduction must be reached
by the end of the 2008-2012 five-year commitment period. Logistically, the Kyoto
Protocol outlines three specific structures for reducing emissions. The first option
is cap-and-trade emissions trading among industrialized countries. A second option,
Joint Implementation (JI), originates emission reduction units (ERUs) vis-à-vis
emission reduction projects in industrialized countries. The third, and most
controversial, option is the Clean Development Mechanism (CDM) which allows
emission reduction projects in developing countries (typically funded by developed
country public and private institutions) to obtain Certified Emission Reductions
(CER). Ultimately, the end-user purpose of obtaining ERUs and CERs is to meet
the binding reduction targets set forth in the Protocol.

To achieve the Kyoto goals, member countries can implement domestic
non-market policies (e.g. carbon tax), domestic greenhouse gas cap-and-trade
schemes, and/or join an international carbon market. The crux of all three options
is their aim to reward companies that take the lead by mitigating their own
emissions—thereby developing lower emission products—and to penalize companies
that lag behind leading environmental standards. While a carbon tax may be
straightforward, the cap-and-trade method is a fairly new concept that the United
States first experimented with during the early 1990s to curb sulfur oxide (SO

x
)

and nitrogen oxide (NO
x
) emissions that were causing acid rain.
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Structurally, the cap-and-trade market consists of emissions credits or
permits. The primary supply of these credits is from government allowances, e.g.
EUAs, or European Union Allowances. The secondary supply is sourced from
CDM and JI. The U.N.-governed Clean Development Mechanism gives companies
an alternative to cutting their own emissions by acquiring additional credits via
clean-air projects in China and other developing countries that would not otherwise
be financially viable. However, Each CDM/JI project must be approved by the
UNFCCC.

Figure 12: Leading types of carbon-credit projects in the developing
world

         

�

The permits carry the right to emit one ton of carbon dioxide or an equivalent
level of other greenhouse gases. The other greenhouse gases include: methane
(CH

4
), e.g. decomposing landfill, nitrous oxide (N

2
0), e.g. vehicle exhaust fumes,

hydrofluorocarbons (HFCs) used for refrigeration, perfluorocarbons (PFCs)
produced in the making of semi-conductors, and sulphur hexafluoride (SF

6
) which

is a by-product of aluminum manufacturing and the electronics industry. The
global warming potential (GWP) of greenhouse gases like hydrofluorocarbons is
more severe, and thus abatement projects for these yield substantially more carbon
credits. Figure 1 demonstrates that with 1 percent of the total projects, HFC
projects have produced 20 percent of the carbon credits in the developing world.
The efficient race to GHG abatement project quality is mutually shared by financiers
and environmentalists. However, the low-hanging fruit of abatement projects are
disappearing.

The right to pollute is linked to production levels. Essentially, the more a
company wants to produce, the more permits it requires. Conversely, the ability
of a company to implement more energy efficient production methods and
technologies lessens their permit demand. This overage and shortage of permits
linked to the opportunity cost of producing/not producing monetizes the cap-and-
trade market. The higher the cost, the more pressure producers will feel to use
energy more efficiently and to research and instigate the development of alternative
sources of energy that have low emissions. Buyers and sellers of the carbon permits
can range from governments, private companies, and speculators. To date, the
majority of the current buyers of CDM credits are in Japan and Europe. In the
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event that other large industrialized nations, i.e. the United States, China, and
India, approve a post-Kyoto climate treaty, they could leapfrog to the top. Figure
2 demonstrates that the overwhelming majority of CDM projects are physically
located in China, India, and Brazil. This supply-demand relationship between G-
8 countries and the fast emerging markets of the developing world will be the
most difficult relationship to manage when “Kyoto II” is negotiated in Copenhagen
in 2009.

Figure 23: Registered Projects per Country

�

The CDM mechanism has become popular because carbon credits can be
obtained at a lower cost than EUAs. The increasing dependence on CDM projects
to meet emissions targets has left the UNFCCC overwhelmed trying to approve
the projects. This has caused a slowdown in growth in clean-energy projects in
the developing world and a decrease in project quality.4

LEGITIMIZATION OF CARBON TRADING: THE EUROPEAN EMISSIONS TRADING SCHEME

The European Emissions Trading Scheme (ETS) officially entered into
effect in October 2003. Three compliance periods were established by the European
Union: 2005-2007, 2008-2012, and 2012-2020. All 27 member states are subject to
meet the compliance levels of the ETS and four non-EU members have also signed
up: Iceland, Liechtenstein, Norway, and Switzerland. Notably, not all industries
are subject to comply. The industries initially included are power and heat,
refineries, metals, minerals, as well as pulp and paper, with the aviation industry
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expected to join in 2010. With some 12,000 installations and 4,000 companies
included, the ETS is by far the largest existing cap-and-trade scheme, and is the
global guinea pig for other countries to observe.

Each industrial installation is allotted EU Allowances (EUAs) from their
host country’s pool of credits. Emissions are then verified annually, at which
time installations must deliver EUAs and CERs (no more than 10 percent of the
total) for their verified emissions. The scheme sets an absolute limit on emissions
by member countries and thereby forces participants to meet their cap either
through abatement or through trading. If the target is missed, 100 is fined per
CO

2
 ton, plus companies are required to purchase the shortfall in the market.

Market trading is similar to other commodity markets with spots, futures, options,
and swaps. Another feature of the ETS is that the second phase of the ETS has
been designed to support the Kyoto mechanisms and compliance period.
Consequently, any organization trading through the ETS should also meet the
international trading obligations under Kyoto.

Figure 35: EU Allowance Distribution

�

Pundits are quick to point out the faults of Phase I of the EU ETS. From
2005-2007, consumers observed higher power prices because of an embedded
expected price of carbon. However, an over allocation of EUA credits quickly led to
a price crash in 2007. With the price nearing zero, utility companies that passed
on higher prices to customers were now achieving windfall profits. The over
allocation of credits was also detrimental in achieving any real emissions
reductions.

Opponents of cap-and-trade will stop there and lead their audience to
believe that cap-and-trade has failed. What often gets lost is that the EU ETS is
a three phase program with built-in measures to rectify design issues. In an
attempt to prevent windfall profits during Phase II, EUAs are now auctioned off
instead of being given away for free. The amount of credits allocated has been
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ratcheted down and the price of EUAs due for December 2008 is now trading over
20 per Mt CO

2
e.

A GLOBAL CARBON MARKET ON THE HORIZON: U.S. NEARING CAP-AND-TRADE POLICY

While the Lieberman-Warner Climate Security Act failed to gain Senate
approval in June 2008, both 2008 presidential candidates have expressed their
support for a cap-and-trade scheme. Senator Barack Obama supports a plan to
lower emissions 80 percent by 2050 from 1990 levels. On the other side, Republican
John McCain, who previously introduced a similar bill with Senator Lieberman
calling for a 60 percent reduction, also supports mandatory emission caps. Sadly,
there has been little debate between the candidates on the merits of their respective
climate change proposals. In three dozen presidential debates, the subject of climate
change rarely appeared. As one of Senator Clinton’s advisors indicated, “It’s too
complicated to talk about on the stump.”6

Although it may be a new paradigm for U.S. citizens, they need to be
better informed on how a cap-and-trade scheme will impact them. Half of the
United State’s electricity and a third of its CO

2
 pollution come from coal-fired

power plants in 25 states. Coal producing states are reluctant to support a cap-
and-trade scheme that will adversely affect their business models and encourage
consumers to shift to cleaner natural gas. Rather than the typical divide of red
and blue states that we see in U.S. politics, we are beginning to see a new
classification of states — green and brown. The energy exporting (interstate and
international) brown states are taking economic stances against regulation and
the green states are taking moral stances in favor of regulation and innovation.
The green states are also using the economic argument that the creation of “green
jobs” and new innovation can actually drive the economy and reduce U.S.
dependency on foreign oil. Energy producing interest groups point out that the
U.S. needs to use more of its own coal, natural gas, and oil (e.g. offshore drilling)
to reduce U.S. dependency on foreign oil.

A recent study by New Carbon Finance, a low-carbon economy primary
research group, indicated that the U.S. carbon market could be valued at $1
trillion by 2020, dwarfing the size of the EU cap-and-trade carbon market7. Their
study also estimates a carbon price of $40 per ton. At this price, consumers would
observe price increases of 20% for electricity, 12% for gasoline, and 10% for natural
gas.

After taking a backseat during Kyoto, entering into a cap-and-trade
scheme may catapult the United States into the driver’s seat of international
environmental policy. However, despite having the potential for a large domestic
carbon market in the future, the United States cannot take a familiar “either
you’re with us, or you’re against us” tone. “There is now, I believe, a global consensus
that cap-and-trade is the way to go,” said Yvo de Boer in a recent interview with
the Financial Times8. As the heir apparent of climate change leadership, the
United States must figure out a way to engage China and India in the next round
of climate negotiations.
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POST-KYOTO SCENARIOS

The European Union has demonstrated commitment to carbon markets
regardless of other country actions. It is safe to assume that the European Union
will ratify a Post-Kyoto treaty. Another safe bet is Australia, one of the largest
per-capita emitters. In December 2007, newly-elected Prime Minister Kevin Rudd
signed the Kyoto Protocol hours after being sworn-in. After these major emitters,
we find ourselves in a crap-shoot chain of events.

The biggest stumbling blocks lie with the United States and China. The
United States will be hesitant to take on internationally binding targets unless
China does the same. Canada, another large per capita emitter, signed the Kyoto
Protocol but did very little to support the agreement. International environmental
policy experts expect Canada to follow the United States. Japan, an active Kyoto
I participant, has indicated that its commitment is dependent on U.S. and Chinese
actions. This leads us to China. Currently, China (and other G77 countries) desire
lesser or non-binding emission targets because of their developing status9.

Figure 410: International Climate Change Politics

         

�

If there is anything to be taken from the projected domino of events above,
it is that developed countries are dependent on the actions of China and other
developing countries, whereas developing countries appear independently to be
assessing their participation in a post-Kyoto treaty. These battle lines go hand-in-
hand with the so-called developed-developing divide. This divide asserts that
developed countries emit more per capita, but developing countries have cheaper
options to reduce emissions. The largest abatement opportunity lies in forests,
which account for approximately 20% of global GHG emissions. The world will
look primarily to Indonesia and Brazil to halt the rapid their deforestation.
Additional abatement cost savings in developing countries are found in retrofitting
archaic manufacturing plants to capture GHG emissions or using clean
technologies (wind, solar, hydro, geothermal, etc.) to generate energy that otherwise

CARBON MARKETS: RISING OUT OF THIN AIR



134 THE BOLOGNA CENTER JOURNAL OF INTERNATIONAL AFFAIRS

would not have been feasible without the revenue stream from carbon credit
generation.

To even the playing field and increase the credibility of developing country
participation, the United States, the EU, Japan, Australia, and Canada must
figure out how to persuade China to participate in binding targets after 2012. A
scenario where all countries, except China, reduce their emissions may be a futile
effort to stem the adverse effects of climate change.

THE CHINA EMISSIONS CHALLENGE

In 2007, China overtook the United States as the largest producer of CO
2
.

This occurred a few years earlier than expected, but it should not be surprising
given China’s exponentially growing energy demand. With oil prices skyrocketing,
they have focused elsewhere for energy—coal. With 38.1 percent of worldwide
coal production, double the next closest producer (the United States); China is
burning the least environmentally friendly fossil fuel. China is sitting on an
environmental disaster with its abundance of coal deposits and increasing energy
demand.

China, along with other developing countries like India and Brazil, are
facing requests from the industrialized world to cut back on their emissions.
However, we cannot lose sight of the fact that the industrial revolution and rapid
post-World War II growth of developed countries played the largest role in the
current climate crisis. During Kyoto, China was given a free pass and no binding
emissions reductions were required of it. This was one of the main reasons the
U.S. government cited for its decision to abstain from the Kyoto Protocol. The
showdown that occurred during Kyoto I has yet to be resolved, and the issues
likely will resurface in Post-Kyoto negotiations in Copenhagen.

SOLUTIONS FOR THE DEVELOPED-DEVELOPING WORLD CLIMATE CHANGE DIVIDE

How do developed countries engage China and the G-77? One utopian
scenario is that they won’t have to. China may choose to participate because it
may determine that such a course is the best option economically and politically.
Realistically, the developed world must determine the best stick and carrot
combination to deter China from freeloading on their climate change abatement
measures. Given China’s status as one of the top five exporters in the world,
developed countries, with the help of the World Trade Organization, should
categorize China’s abstaining behavior as anti-competitive and apply a carbon-
based import tariff on Chinese goods. The tariff must be substantial enough to
shift consumer behavior.

Perhaps the easiest way to persuade dissenters is to demonstrate to
international policy makers that the costs of inaction far outweigh the cost of
action. Just as the USSR and the United States understood the scenarios of
Mutually Assured Destruction, we may be witnessing American and Chinese
policymakers entering another game. The outcome of this strategic game,
assuming that the cost of inactivity of either participant is insurmountably high,
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would guarantee each country’s participation in a post-Kyoto treaty (see Figure
5).

A sample normal form game, using hypothetical cost values of a post-
Kyoto treaty to the United States and China, is one method for predicting their
actions. Because of the sheer magnitude of the economies and, in turn, greenhouse
gas emissions, we can estimate that both countries will want the other to act.
One country’s payoff values of entering into a climate agreement are dependent
on the other countries’ actions (strategic interdependence), i.e. CO

2
 released into

the air is not cognizant of national borders. The values in Figure 5 list U.S.
payoffs first and China payoffs second. The asterisk denotes the optimal solution,
given the other parties available choices.
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International policymakers will be preparing similar cost-benefit analyses (albeit
analytically rigorous and with real data) for the Copenhagen 2009 negotiations.

CONCLUSION

The global interdependence of energy scarcity and climate change are
two of the most important issues facing our generation. The tipping point has
occurred where society now understands the implications of these challenges. If
we define our success solely on these points, we have yet to succeed in solving
either crisis. A successful global carbon market will concurrently address both of
these issues by putting a cap on GHG emissions (instead of a tax without a
ceiling) and redirect government proceeds to fund research & development in
alternative energy. Its rapid growth gives the appearance of rising out of thin air;
however, effort to put a price on carbon has been in the works for over a decade.
U.S. policymakers should look to their friends to the east, the EU, to observe that
this dream is now a reality. The EU’s cap-and-trade scheme is not without its
faults so far, but like any good political institution, built-in checks and balances
have allowed opportunities to make modifications thereby increasing the likelihood
of achieving emission reduction goals. The U.S. should follow suit and develop a
national regulatory scheme and establish short-term and mid-term GHG reduction
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goals prior to the Copenhagen conference in late 2009. This aggressive approach
will leave China with no choice but to accept binding emissions targets. This will
be a tremendous domestic political challenge for the next U.S. president, but it is
the first step into improving public opinion around the world.

NOTES:
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Environmental impact assessments of trade agreements have gained prominence
since the 1990s as tools to identify environmental effects resulting from trade
liberalization. The European Union and the United States have taken similar,
but different, approaches to developing assessment methods: Sustainability Impact
Assessments (SIAs) in the EU and Environmental Reviews (ERs) in the United
States.  Given that knowledge on both the EU and the U.S. side about what the
other is doing in this regard is fairly limited, we seek to provide a basis for a more
informed and in-depth discussion of the features, experiences, and potential
advantages or disadvantages of the two approaches. This article is based on a
comprehensive report on the topic, in which we discuss the underlying legal
guidelines of trade impact assessments and examine two case studies on each
side—for the EU, the agreement with the Gulf Cooperation Council and Ukraine,
and for the United States, the Free Trade Agreement with Chile and CAFTA-DR.
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INTRODUCTION: ENVIRONMENTAL IMPACT ASSESSMENTS OF TRADE AGREEMENTS

The notion that trade can have a significant impact on the environment
is a relatively new one, ranging from direct impacts like shifts in polluting
production and increased CO

2
 emissions from transport, to more indirect effects

from shifts in consumption patterns and changes in environmental regulation.
Since the 1990s, interest in impact assessments as a tool to assess the effects of
trade agreements on the environment and sustainable development has grown
strongly: In 1993, the Ministerial Council of the Organization for Economic
Cooperation and Development (OECD) recommended that governments “examine
or review trade and environmental policies and agreements with potentially
significant effects on other policy areas early in their development to assess the
implications for the other policy area and to identify alternative policy options for
addressing concerns.”1 The World Trade Organization’s (WTO) Doha Ministerial
Declaration of 2001 encouraged that “expertise and experience be shared with
members wishing to perform environmental reviews at the national level.”2 The
Johannesburg World Summit on Sustainable Development’s Plan of
Implementation in 2002 encouraged countries to include efforts for the environment
in their trade policies.

Both the United States and the European Union introduced forms of
environmental impact assessments into their trade negotiations in the 1990s:
Sustainability Impact Assessments (SIAs) in the European Union and
Environmental Reviews (ERs) in the United States. While high-level political
EU-U.S. meetings have touched on environmental impact assessments and
declared interest in the issue, an in-depth dialogue and a comparison of
corresponding practices have not proceeded yet. The “Assessment Guidelines on
the Analysis of Impacts on International Trade and Investment” by the
Transatlantic Economic Council—the only joint document subsequently
published—shows that impact assessments regarding the effects of other legislative
proposals on trade and investment have been discussed, but not the impacts of
trade on the environment.3 As far as currently available information suggests,
and as interview partners confirmed, SIAs and ERs have not yet been subject to
transatlantic consultations.

Understanding the different approaches, however, is important in order
to identify best practices in mitigating negative effects arising from trade
liberalization. Thus, we seek to lay out the features of the United States’ and the
EU’s approaches to environmental impact assessments of trade agreements, and
to discuss and critically compare them. This comparative assessment can benefit
the discussion of U.S.-EU economic relations, especially in light of increased public
interest in how trade and economic growth have an impact on the environment,
in how sustainability considerations can be balanced with other policy goals, and
in how far the assessments have fostered the consideration of environmental
issues in both parties’ trade relationships.

Our analysis is based on the respective EU and U.S. guidelines for
conducting environmental impact assessments of trade agreements, assessment
studies, texts of trade agreements, and public comments by non-governmental
groups. In addition to these primary documents, we conducted fifteen interviews
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with policymakers involved in carrying out impact assessments, negotiating trade
agreements, and implementing sustainable development capacity building
programs in partner countries, as well as with civil society representatives who
hold critical opinions on the policies and processes. Institutions with which we
conducted interviews include the EU Commission’s Directorate Generals (DGs)
Trade and Environment, the Office of the United States Trade Representative
(USTR), the U.S. Environmental Protection Agency (EPA), and the U.S.
Department of State.4

We first present and discuss the most important findings of our research,
shedding light on which particular approaches were chosen and their implications.
We also seek to analyze the extent to which the results of environmental impact
assessments find their way into negotiation objectives, the text of the actual trade
agreement, and mitigation measures. Finally, we give a brief outlook on the value
of a transatlantic dialogue about experiences in assessing trade agreements’ impact
on the environment in the EU and the United States.

COMPARATIVE ASSESSMENT OF U.S. AND EU APPROACHES

In the following, we lay out how the EU and U.S. approaches have
developed over time and analyze the most important differences between them
regarding the scope of impacts assessed, the geographic coverage and length of
studies, the responsibilities for conducting impact assessments, the methodologies
applied, and the level of public involvement.

CHARACTERISTICS AND TRADE-OFFS OF APPROACHES TO ENVIRONMENTAL IMPACT ASSESSMENTS

OF TRADE AGREEMENTS IN THE EU AND THE UNITED STATES

HISTORICAL OVERVIEW AND DEVELOPMENTS

The introduction of environmental impact assessment methods has to be
seen against the background of the WTO ministerial meeting in Seattle in 1999,
when environmental groups harshly criticized trade policy. The introduction of
Sustainability Impact Assessments and Environmental Reviews was a reaction
to claims that trade liberalization can have negative effects on the environment,
and aimed to make trade negotiations more transparent, as well as to involve
critics in evaluating environmental effects.

In the EU, member states had agreed they would pursue the objective of
sustainable development and integrate environmental considerations in all other
policy areas in the Amsterdam Treaty of 1997. The European Commission decided
in 1999 to integrate sustainable development into trade negotiations by developing
Trade Sustainability Impact Assessments (SIAs). Initially, the methodology of
Trade SIAs was supposed to be used in assessing the impacts of the Doha Round
negotiations, but has been applied to all major regional and bilateral trade
negotiations ever since.5 Several political statements mentioned Trade SIAs, but
none of these provides a binding legal basis or an obligation for the Commission to
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conduct SIAs. However, SIAs of trade agreements have become established policy
tools.6

The 2006 “Global Europe” Communication reinforced the importance of
SIAs as a tool to assess the impacts of trade liberalization, stating that new Free
Trade Agreements (FTAs) “could include incorporating new cooperative provisions
in areas relating to labor standards and environmental protection.”7 Inside the
European Commission, the Communication is perceived as proclaiming a “new
generation” of FTAs that include a chapter on sustainable development.8

In the United States, the North American Free Trade Agreement (NAFTA)
of 1994 is widely perceived as an important precedent for identifying environmental
impacts of trade liberalization. The U.S. administration saw itself under fierce
pressure from environmental groups and public opinion, both of which feared
negative effects of trade liberalization and globalization on the environment.
Consequently, environmental concerns were made subject to an assessment of
expected effects and a side agreement to NAFTA. This ad hoc process of
environmental reviews applied during the NAFTA negotiations was formalized
with the Presidential Executive Order 13,141 of 1999.9 The Order was published
along with a “Declaration on Environmental Trade Policy” just before the beginning
of the WTO negotiations in Seattle.10 Implementation guidelines followed in
December 2000, extending and supplementing the provisions made in Executive
Order 13,141.11

The Trade Act of 2002,12 granting fast track trade promotion authority to
the executive,13 made explicit reference to Executive Order 13,141, and established
Environmental Reviews of trade agreements as an indispensable part of the
information that the administration had to provide to Congress. Notably, since
the passing of the Trade Act, each of the United States’ trade agreements has
included a separate environmental chapter, which is negotiated by the USTR’s
Office for Environment and Natural Resources, and covers specific aspects related
to enforcement of environmental laws and dispute settlement procedures directly
linked to the trade flows under the agreement. The U.S. Department of State, in
turn, leads the negotiation and implementation of environmental side agreements
between the United States and the partner country, which lay out possible capacity
building programs and environmental cooperation efforts not necessarily directly
related to the FTA itself.14 The Trade Act of 2002 expired in 2007, but the bipartisan
trade deal of May 2007 reinforced Congress’ mandate for the promotion of
environmental considerations in trade agreements.15  Executive Order 13,141
continues to provide the legal framework for conducting the reviews.

Both in the EU and the United States there seems to have been initial
skepticism within the agencies responsible for trade negotiations about whether
environmental impact assessments were actually useful, or whether they would
just add a layer of complexity to negotiations. Some of our interviewees then
perceived clashes of interest between free trade minded negotiators and
environmentalist and consequently pointed to possible problems. However, our
discussions with policymakers have shown that impact assessments are considered
useful, and that there is a commitment to further improve the respective
assessment methods. Today, in both the EU and the United States, they have
become an established and essential part of the negotiating and public consultation
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processes, and are well accepted and recognized as providing crucial information
to negotiators and trade policymakers.

SCOPE OF IMPACTS ASSESSED:  BEYOND ENVIRONMENTAL IMPACTS?

While similar in objectives, the actual designs of policies in the EU and
the United States show marked differences. Concerning the scope of impacts
assessed, the EU integrates economic, social, and environmental impacts in one
assessment, whereas the United States  focuses exclusively on environmental
impacts. In the EU, recognizing interdependencies among impacts, economic
impacts are usually identified first, from which environmental and social impacts
are deducted. Early SIAs included an extremely broad analysis of impacts. The
refinement of the complex methodology and improvements in the mandate for
external consultants have made recent SIAs more focused on affected sectors
instead of having an excessively broad discussion of effects.16

On the U.S. side, Environmental Reviews cover only environmental issues
and considerations. The assessment of trade impacts on labor rights and
employment, as mandated by the Trade Act of 2002, is conducted in a separate
process.17 Capacity building programs—such as the program in the context of the
trade agreement with the Central American countries (CAFTA-DR), the
environmental part of which funded the U.S. Agency for International Development
(USAID), nongovernmental organizations (NGOs), and other partners for projects
to achieve goals such as strengthening institutions for environmental protection,
improvement and enforcements of environmental laws, and local biodiversity
conservation—might allocate funding for both issues, but several U.S. officials
confirmed that the interaction of those responsible for either process is very limited.
Overall, there seems to be a trade-off between an integrated, but often overly
complicated analysis that takes into consideration a broad scope of impacts, and
a more concise, but less integrated assessment.

GEOGRAPHIC COVERAGE:  INCLUDE IMPACTS IN PARTNER COUNTRIES?

The U.S. and EU approaches have a different focus in terms of the
geographic coverage of their assessments. The EU’s SIAs feature a very elaborate
analysis of impacts in partner countries, which is an explicit objective of the
European Commission. Opinions on SIAs assessing the impacts on third countries
are mixed, however. On the one hand, some trading partners might interpret
SIAs as a means to justify protective measures favoring EU interests.18 On the
other hand, some governments could be particularly willing to cooperate when
they feel that outcomes could work to their advantage, e.g., receiving foreign aid.
The involvement of stakeholders in partner countries can reduce the impression
of imposing assessment results on the partner country. A step into this direction
has for instance been made in the SIA process for the EU’s agreements with
Ukraine, when local stakeholders were involved in a workshop in Kiev and could
provide inputs for the impact assessment. Including an assessment of partner
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countries has made SIAs very complex and lengthy processes, in which it is very
difficult and costly to obtain the necessary data.19

The mandate for the USTR, in turn, limits the assessments to impacts
within the United States, and transboundary and global impacts. In practice this
second clause opened the back door to assessing impacts on the environment of
the partner country. The more recent review documents only briefly discuss U.S.
domestic impacts and concentrate to a large extent on transboundary and global
impacts.20  These typically concern the extent to which multilateral environmental
protection agreements are implemented with regard to specific issues, and the
quality of laws for environmental protection in the partner country. However, the
analysis of impacts in partner countries is by far not as extensive and in-depth as
the EU’s.

There is a trade-off between committing substantial resources for assessing
impacts in partner countries, which might be particularly desirable in the case of
developing countries lacking the resources to assess impacts themselves, and
focusing on domestic impacts, thus reducing costs and complexity of the assessment
and avoiding the impression of condescension.

LENGTH OF STUDIES:  COMPREHENSIVENESS VS. ACCESSIBILITY?

Related to the scope of impacts assessed, and the extent to which impacts
in partner countries are taken into consideration, is the sheer number and length
of the respective reports.  European Union SIA documents are published during
distinct phases, and often extend over several hundred pages. Critics of the EU
process have pointed to the fact that SIA studies establish only weak links to the
negotiations themselves and rather present more general discussions of
environmental problems in the respective countries. The length of studies poses a
challenge for interested readers to find the relevant information. The Commission
has recognized the problem, but has pointed to the consultants’ responsibility to
provide concise reports that clearly identify the main findings and
recommendations.21

United States Environmental Reviews typically do not exceed fifty pages,
and there are only interim and final review documents. Different from the EU
SIAs, the U.S. Environmental Reviews explicitly aim at focusing on impacts
expected to arise from the specific provisions negotiated, and have been criticized
for not going sufficiently in depth on certain issues, and for disregarding
interdependencies with other economic effects, such as the effects on employment,
for which a separate review is conducted.

The obvious trade-off is between having a very broad and comprehensive
assessment of environmental problems, but facing an extremely lengthy document,
and restricting the assessment to direct effects, but leaving out possibly relevant
information.
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RESPONSIBILITY FOR CONDUCTING IMPACT ASSESSMENTS:  INDEPENDENCE VS. INSIDE

KNOWLEDGE?

A main difference between the U.S. and the EU approaches is that ERs
are prepared by USTR officials while EU SIAs are conducted by external
consultants. By outsourcing the study to external consultants, the EU’s DG Trade
claims to achieve a more neutral view on trade negotiations, thus resulting in
higher accountability and transparency.22 The consultants both conduct the
analysis and provide policy recommendations to the EU Commission for taking
the results into account. The Commission is not bound to agree with the suggestions
and proposals made by consultants; whenever recommendations are not considered
appropriate, they are stated in a corresponding position paper by the Commission.23

One problem mentioned by interviewees in this regard was that certain findings
become known only once the consultants’ report is published, and that
recommendations sometimes miss the political realities of negotiations, as external
consultants might be lacking an understanding of the complexities of trade policy
making. In the past, the EU Commission has criticized consultants’ studies for
lack of focus, resulting in a change of the methodology and mandate to consultants.
Thus, outsourcing can impact the study’s quality and the usefulness of its results.24

In the United States, under the oversight of the Trade Policy Staff
Committee (TPSC), the USTR prepares the Environmental Review in cooperation
with other departments, so that those responsible for trade negotiations are
providing at the same time the review of environmental impacts. United States
officials underlined that Environmental Reviews have strengthened the
Environmental Office’s standing within USTR. In their view, external consultants
would add another layer of complexity. They stated that it is useful to have a
constant discussion and information exchange about identified issues, thus also
making it possible to address issues immediately in the negotiations of
environmental chapters of FTAs. However, the USTR’s double responsibility for
conducting Environmental Reviews and negotiating the trade agreements
themselves potentially creates conflicts of interest in the preparation and further
use of the results of Environmental Reviews. 

Obviously, there is a trade-off between the independence of an outside
view, which might mean less accurate information about institutional realities
and less timely provision of results, on the one hand, and an inside assessment,
on the other hand. The latter is less independent and might be perceived as
merely justifying what was to be done anyway, but closer to the reality of
negotiations and policy options.  While negotiators of trade agreements in the EU
perceive the SIA as one external report among various others helping them in
establishing their negotiation position, their U.S. colleagues were strongly involved
in the actual analysis of the environmental impacts.

METHODOLOGICAL APPROACHES:  VALUE OF MODELING FOR RESULTS?

There are marked differences between the methodological approaches of
the EU and the United States.  The EU’s SIA methodology is a mix of quantitative
and qualitative analysis that has been repeatedly refined and amended with inputs
from the EU Commission, consultants conducting SIAs, and academics. The
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studies are based on complex economic and scenario modeling techniques, which
within the Commission are considered to be rigorous and quantifiable approaches
to impacts. At the same time however, as an NGO representative noted, such
models can be rather opaque and difficult to understand for outside observers.
Also, some critics have questioned what value econometric modeling actually
adds to assessing impacts.  For example, insufficient data availability in many
cases limits the reliability of quantitative analysis, and certain models capture
only the effects resulting from tariff reductions, and largely ignore the effects of
other measures included in FTAs, such as investment provisions or trade in
services.

In the United States, when starting to conduct Environmental Reviews,
the assessments were rather generic descriptions of environmental issues in the
United States and the partner country. The methodology has been refined and
formalized by creating an interagency committee chaired by USTR officials. The
review of possible environmental effects now mostly relies on expert opinions
from different departments, internal experts, USAID and diplomatic missions in
the partner countries, and public comments to identify the most important sectors
and issues.25 United States officials interviewed noted that the limited use of
economic modeling techniques had been due initially to a lack of resources, but
highlighted the continued persuasion within USTR and other departments that
the robustness of the assessment did not depend on the sophistication of the
modeling. Instead, they considered it crucial to identify issues affected by the
particular trade agreement, and to address them and to allow for a variety of
inputs. Academics in the United States have applauded this approach as pragmatic
and useful.26 

There seems to be a trade-off between the desire to base the impact
assessment on quantifiable “evidence,” which is constrained by lack of data and
the need for assumptions in many cases, and a more narrative and pragmatic,
but less quantifiable, approach.

GETTING THE PUBLIC INVOLVED

The involvement of civil society actors and public comments is a well
established process in both the EU and the United States. In the EU, external
consultants as well as the Commission itself are responsible for stakeholder
analyses and organizing workshops, during which results of different stages of
the process are presented, and NGOs and other civil society groups can engage in
discussions with the consultants and Commission officials. More efforts have
been made recently to involve civil society groups in partner countries, and to
make them aware of sustainability impacts, which has proven successful for
instance in the case of the SIA for the Ukraine agreement.27 Concerning the
stakeholder process, NGOs have criticized limited possibilities of stakeholder input
into SIAs, especially when formulating the SIA terms of reference.28 While being
largely content with the efforts of the EU in engaging stakeholders in trade and
environment, discussions with NGO representatives also revealed challenges in
allocating resources to commenting on the complex and lengthy process of SIAs,
and a consequent decrease in interest, attention, and resources devoted to SIAs.
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With other environmental policy areas such as climate change receiving
substantially more attention, NGOs have found it difficult or not worthwhile to
continue to engage very actively in the SIA process, which includes large amounts
of information and a high number of subsequent reports. Along with this shift in
the NGOs’ areas of interest, there has been a decline in attendance and in the
number of comments on the substance of SIAs.

In the United States, requests for public comments are published in the
Federal Register, and NGOs and think tanks have in the past had the opportunity
to raise their concerns and criticism during hearings before the responsible
Congressional committee. Similar to the EU, there have been increasing efforts
to hear opinions of groups within partner countries about environmental concerns,
e.g. when meeting local groups in Central America.29  Also, NGO representatives,
along with U.S. government and business representatives, are members of the
Trade and Environment Policy Advisory Committee (TEPAC), which is part of
the trade advisory committee system providing advice and guidance on environment
and trade issues to the USTR and the Environmental Protection Agency.  Similar
to those of the EU, U.S. officials mentioned somewhat decreased NGO interest in
Environmental Reviews.

Both in the EU and United States, non-governmental groups seem
generally pleased with the opportunity to comment, however they have claimed
that efforts are not sufficient to ensure environmental protection. We assume
that this is one of the reasons for a decline in interest in commenting on
environmental impact assessments, as general concerns about the methods have
been raised before. In addition, the complex assessment process can be difficult to
follow for smaller environmental groups, which also have other priorities.

ASSESSING THE IMPACT OF IMPACT ASSESSMENTS:  THE ROLE OF ENVIRONMENTAL

CONSIDERATIONS IN TRADE NEGOTIATIONS AND IMPLEMENTATION

It is crucial to consider what role environmental considerations play in
negotiations, the extent to which environmental issues are considered in the
implementation of a trade agreement, and how strongly efforts are made to mitigate
possible negative effects on the environment. Mitigation measures are of particular
interest in the context of negotiations with developing countries, which might
lack the capacity and resources to take action themselves. Three aspects are
important in this respect:

First, an analysis of the influence on negotiations can be only a qualitative
discussion and is almost impossible, as neither the EU nor the United States
have a legal provision forcing negotiators to make assessment results a basis for
a change in policy. The use of results in negotiations eventually is at the discretion
of negotiators and consequently is rather opaque. However, it should be noted
that public pressure can potentially be high. NGO representatives stated that
the assessment documents make potential impacts public, and can serve as an
information basis of civil society groups’ advocacy work. The dismissal of concerns
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identified in SIAs or Environmental Reviews by policymakers would consequently
be subject to public scrutiny and opposition.

Second, programs directly aimed at mitigating effects identified in impact
assessments are not easily found. We found that the link from the EU’s SIA
results to projects supporting environmental protection and capacity in partner
countries tends to be rather weak.30 Programs might be introduced if specific
corresponding priorities are included in the agreement itself, which, however, is
at the discretion of the trade negotiators. As a result, projects directly addressing
problems identified in the SIA almost cannot be traced back to the SIA. This
differs from the U.S. approach, where project proposals and/or priorities for
capacity building programs are laid out in the environmental side agreement to
the trade agreement. The State Department has the responsibility for both the
negotiation and implementation of these, so that quite direct links can be made
between the issues identified as important in the Environmental Review and the
programs for capacity building.31  In the case of CAFTA-DR, Central American
partner countries were asked to prepare action plans, including their own
assessment of their need for outside support and capacity building to address
environmental problems that were expected to be exacerbated by international
trade. The action plans were a starting point for discussions and cooperation
during the negotiations, the Environmental Review process, and the subsequent
funding for capacity building programs. Many of our U.S. interviewees considered
the dialogue a success, feeling that partner countries had felt part of the process
rather than just being subject to an assessment from the outside. This engagement
of partner countries in formulating their own priorities is a commendable approach
that should be continued and expanded in the future.

Third, a direct influence on changes in negotiating positions actually
might not be the most important aspect about the assessments. Instead, the
necessity of dealing with environmental issues, the sheer obligation to conduct
an assessment, and the mandate to engage the public for a discussion about
results have brought about changes in the mindsets of trade negotiators.  Also,
institutional changes can be found in both the EU and the United States, where
units dealing with environmental issues have been established or expanded within
the agencies responsible for trade policy and negotiations. The SIA coordinator
within the EU’s DG Trade regularly interacts with negotiators. Within the USTR,
the Office for Environment and Natural Resources has an important role in
preparing the Environmental Reviews and negotiating the environmental chapters
of U.S. trade agreements. The experiences with negotiating these environmental
chapters have been very positive with respect to engaging environmental experts
not only in the United States, but also on the partner country side. A number of
U.S. officials vividly highlighted that they considered it a huge success that the
Environmental Review and the negotiations on the environmental chapter and
side agreements encouraged an interagency exchange between trade negotiators
and environmental experts within the partner countries, opportunities that had
not existed before. With the U.S. experience being positive, we see the fact that
environmental provisions have been made part of the trade chapter of the EU’s
recent Economic Partnership Agreement with the Caribbean countries as a
commendable step. Making these provisions part of the FTA text itself not only
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gives an indication of increased emphasis that is put on environmental issues,
but also encourages partner countries to form their own negotiating position in
this realm and to bring environmental experts to the trade negotiation table.

CONCLUSIONS AND OUTLOOK:  FUTURE PROSPECTS AND OPPORTUNITIES FOR TRANSATLANTIC

DIALOGUE

Our discussion has revealed the characteristics of the environmental
impact assessment methodologies of the EU and the United States. We also pointed
to the trade-offs and potential conflicts in making certain methodological choices.
To understand these choices, ways of thinking about environmental impact
assessments of trade agreements, and the emphasis that is being put on certain
aspects, the institutional characteristics and corresponding needs of the EU
Commission and the USTR, respectively, are important to consider.

The EU is institutionally complex, consisting of 27 member countries,
and often is perceived as a bureaucratic giant, with the Commission in particular
lacking direct democratic legitimacy. The emphasis the EU thus puts on the
independence of the assessment and the width and depth of the analysis can be
interpreted against the background of the desire to seek justification and legitimate
backing for its policies. Providing transparency about assessment results and
involving civil society groups is given very high importance in this context. The
United States, in turn, is a single sovereign state, and the USTR is directly
responsible to the President and is mandated to provide information on its trade
negotiations to Congress, which might mean that it is less in need to be concerned
with additional legitimacy. United States officials stressed that the intertwined
interagency process including experts from various departments is understood as
providing high credibility to the Environmental Review process.  Not spreading
responsibilities even further beyond the interagency committee was perceived as
an advantage and an efficient approach.

Officials on both sides seem generally pleased with the development of
their own approach. However, the knowledge in both the EU and the United
States about what the other is doing with regard to environmental impact
assessments of trade agreements is fairly limited, as has become clear during our
discussions with EU and U.S. policy makers. Developments and improvements
to their own approaches to environmental impact assessments of trade agreements
were largely internal processes, with very little regard of the experiences made
with a particular aspect on the other side of the Atlantic. Given the established
differing institutional settings and goals in the EU and the United States, there
seems to be some reluctance to comparing the two different approaches and
assessing their advantages and disadvantages. Not the least, we noticed that
policymakers distanced themselves from the other side’s policies with regard to
environment and trade without knowing the details about them, which might
indicate that certain clichés and transatlantic animosities exist.

We think that this reluctance should be overcome and an open dialogue
and exchange should be fostered. An improved understanding and information
exchange about experiences—what “works” and what doesn’t—can benefit both
the EU and the United States. Policymakers need to be aware of what possibilities
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other than their established processes exist and take on ideas for improving and
adapting their own. Both sides pursue the same goal with their assessment
methods – including environmental considerations into trade agreements. Learning
from each other’s experiences will create synergies and benefits across the Atlantic
and help achieve this objective more quickly.

So far, the WTO Doha round is the only round of negotiations in which
both the EU and the United States were involved and for which both conducted
their own SIA and Environmental Review. The other side’s approach or results
were not known in the EU or the United States, while a cooperation and exchange
might have led to a more comprehensive assessment and understanding of
environmental impacts to be expected—and thus more meaningful steps and
measures to enhance environmental protection. Especially since the underlying
guidelines to conducting impact assessments are constantly changing and
adapting, both methods just represent a snapshot of the current development of
the approach. This process of constant change is an opportunity to take up best
practices and incorporate them.

The EU’s Stocktaking Conference on Trade SIAs in May 2006, during
which the USTR’s Director for Environmental Reviews presented the U.S.
experience, was a commendable step toward a more meaningful exchange and
fostering a dialogue about different methods. In the future, such an exchange
should be put on the agenda of transatlantic consultations and encouraged at a
high level. However, given the complexity and technicalities of the assessments,
the actual exchange needs to take place between officials actually involved in
assessing impacts and mitigating them. We think that both sides can benefit
substantially from this exchange.

Finally, one should not only look at what kind of approach works well
institutionally for each administration. Rather, it is fundamentally important to
assess which means have succesfully fostered environmental protection and
adaptation to the effects of changing trade flows. With the discussion about
environmental impact assessments often concerned with technicalities of the
process, this ultimate goal should not be forgotten.
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