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Abstract

Protecting ourselves cost-effectively from globd environmentd thregts like climate
change requires a good understanding of the behaviora underpinnings that drive choice
under risk and uncertainty, lead to the design of efficient and effective protocol for
cooperative action across nations, and create incentives for different control srategies
within nations. Researchers can use experimental economic methods to gain ingght into
these micromotives of climate policy by testing the robustness of theoretica predictions,
and by recognizing new patterns of choice. This paper discusses how experiments can be
used to sharpen the best guesses guiding policy by identifying how decison makers can
try to get more environmenta progress a less cost by accounting for the relevant
determinants of behavior.



Do economists who run smal experimentsin the lab have anything to say about
big environmenta policy inthewilds? This question stuck in my mind throughout my
1997 turn as a senior economist for environmental policy at the Council of Economic
Advisers (CEA) in the White House.  After spending a decade using the lab to better
understand the micromotives that underpin the theory of environmental economics, | had
the opportunity to think about the efficiency and fairness of globd environmenta policy.
By micromotives, | mean the desire to avoid risk, to smooth over or creste conflicts, to
cooperate, to control the destructive actions of others, and to evaluate one's actua
demand for environmental protection. | wondered whether the lessons | learned in the
lab about these motives would help me reason through the political economy of the
volatile policy debatesin Washington, D.C. on clean air, endangered species, toxic waste
clean-up, biodiversty, risksto children, and climate change.

Let mefirgt explain what experimenta economists mean by “the lab.”
Economidts run experimentsin alab just like a chemistry or physics [aboratory, except
we subgtitute test tubes and particle accelerators for experimenta ingtructions and
networked computers programmed to create interactive markets, strategic games, and
individual choices. By last count, over 100 labs around the world are dedicated to the
study of experimenta economics. Experimentaists recruit both students and norn+
students to participate to these labs to test the boundaries of theory and to explore new
phenomenon that can arise in human choices made within and outside of exchange
indtitutions like competitive markets.

Joining the CEA, | believed the lessons taught by experimental economists could

help guide globa environmentd policy by providing indgght into how a proposed change



in incentives or benefits might affect behavior, and consequently, the likely success of a
policy. By supplying information on the behaviora link between incentives, vaues, and
choice, experiments might affect, somewhat, how policy was formed and evauated. |
aso knew that since the lab environment differs from the wilds by necessity,
experimental data used to back stated positions of policy should be viewed as support for
or againg a gecific case of amore genera phenomenon or theory. Experimentd
evidence complements theoretica insght, field data, and Smulation modds to improve
our undersgtlanding of the underlying assumptions and incentives that drive behaviord
responses to policy.

| was aso prepared for skeptics who would reject |ab-based counsd with the
complaint that environmenta issues are too complex to be captured in an experiment.
Relying on Smith [1982] and Plott [1987, 1989, 1994] as afoundation, | had two retorts
ready. Firgt, agenerd theory of environmental policy should work in a specific case. If
nat, its generd validity is questionable, which means one should question its gpplicability
to the more complicated world.  One could shift the burden of proof back onto a
proponent of a generd theory of globa policy by arguing that if it did not hold upina
specific case, it might not gpply in other cases. For example, the theory that people will
adopt costly technologies that promote long term energy efficiency without achangein
the relative price of energy is not supported in lab experiments—norma people have a
high discount rate that shrinks future net benefits.

Second, complexity is often argued to hamstring experimental methods because
on cannot capture al the needed interactions and feedback loopsin thelab. But one can

counter that complexity is not an argument againgt experiments as an information



generating toal; it is an argument for thinking about policy in Stuations in which the
complexity of the question gradudly increases to dlow one to isolate and control the
factors that affect the vaidity of thetheory. Theingght from lab experiments comes
from the using control and repetition to understand how additional complications can
affect behavior.

If that reasoning did not work with proponents of economic-lite environmental
policy, | was prepared to offer the technical olive lesf that “1 am redly not so different”
by pointing out that naturd scientists and experimenta economists have alot in common.
While economics has traditionaly devoted most of its effort to theory and empirical work
based on fidd data, it commonly uses controlled experimentation today, just as do such
naturad sciences asbiology and ecology.  We run experiments just like the people on
whom environmentaigts often rely to make their cases for more environmenta protection
[Shogren and Nowdll, 1991].

But none of thiscameto pass. Lab experiments rarely came up. Insteed, | used
the experimentd literature as my collective backbone to help me sort through the daily
grind of macro integrated modeling assessments and wishful thinking of technologica
optimists that dominates globa environmenta policy. | trusted the experimentaists
discipline to identify and explain the many criticd micromotive questions a work within
the nexus of indtitutions, endowments, and behavior. Based on their research, socia
scientists have improved our understanding, for instance, on how people migudge risk
and how ingtitutions can ether atenuate or acceerate these migudgments, how markets
for pollution can redly cut cogts, and how inditutiond friction limits the gains; how

people reved vaues for environmental protection, and how auction mechanisms can



affect the demand for new technologies. Their ingght from four decades of observing
and evauating choice and judgment sharpened my judgments about latent incentives and
subsequent arguments about policy.

Given this foundation and the experience gained in the policy debates, | remain
convinced that big questions do not always need big science. While aware of the perils
of fdse pardldism, | now have grester appreciation for the lab work detailing how and
why the interactions between inditutions and behavior metter.  The lessons from the lab
matter, even if they are less direct than expected. In this paper, | explore how lab
experiments affected my thinking about the behavioral underpinnings of globa
environmenta policy. | believe that micromotives affect globa environmenta policy
because our choices shape nature just as nature shapes our choices. Palicies that
atificialy separate natura from behaviora phenomena often generate biased predictions
and can ultimately be self-defeating. Evidence from the lab helps define the
micromotives the underlie how people react to and protect themselves from risk, cregte
and avoid conflict, search for opportunities to cooperate, codify rules of control, and
vaue environmentd resources—key areas that frame the political economic debatein

environmental policy [Shogren 1993].

A Briefing on Climate Change

Imagine an invisble quilt covering the earth.  Its warmth dlows us to grow food,
build shelter, and clothe oursdlves. But we may face aproblem. Scientists warn that our
dally actions could adversdly affect the globa climate: developing land, raising livestock,
and burning fossi| fues are disrupting the planet's climate—and the consequences are

globa and potentidly devadtating.  They warn of increased flooding, Spreading tropical



diseases, shifting gulf streams, and reduced agriculture productivity [Schelling 1992;
IPCC 1996].

Their argument is based on two observed trends. Firs, the Earth has warmed 0.5
degree Cdsus, or one degree Fahrenheit, over the past 100 years. Second, atmospheric
concentrations of greenhouse gases (GHG) have increased by about 30 percent over the
last 200 years. Concentrations of greenhouse gases depend on the long-term prafile of
emissons— changesin any one year emissons have atrivid effect on overal
concentration levels. Significant reductions in emissons made today would not
substantialy affect concentrations for decades or longer. A connection between these
two trends of higher temperatures and GHG concentrations has been suggested, and the
United Nations' Intergovernmental Panel on Climate Change [IPCC 1996b] concluded
with the now wel-worn quote: “the balance of evidence suggeststhat thereisa
discernible human influence on globd climate” Asaresult, many now scientists
advocate aworldwide reduction in greenhouse gas emissions from fossil fud use.

Climate change isagloba environmenta risk because cumulative GHG
concentrations are a globa public bad—aton of GHG released in Centennid, Wyoming
has the same effect on the climate as aton released in Umed, Sveden.  In addition, risks
are determined by the GHG concentrations that accumulate over the decades rather than
the annud leve of emissons.  Climate protection requires globa participation in long-
run emisson reductions.  Attempts to form an internationd climate change agreement
crested in Kyoto, Japan in 1997 when over 150 nations met at the Third Conference of
the Parties to the United Nations Framework Convention on Climate Change [Schelling

1997).



The Kyoto protocol was important because 55 nations drafted a* binding”
protocol that committed the signatories to hit differentiated, sub-1990-leve targets for
GHG emissions within the next decade. Developed nations essentidly agreed to make
magor changes in energy use, technology, and consumption patterns. To reduce the
potentia costs of meeting these targets, the protocol aso included the option that nations
could use flexible economic incentive schemes. Nations could use tradable emission
markets and bilatera agreements that would alow developed nations to buy “ greenhouse
gas permits’ from developing nations.  Each nation would issue these permitsto private
actorsin an amount equal to some netiona limit on greenhouse gas emissions, like the
target in the Kyoto Protocol. The permits can be freely bought and sold, and their price
cregtes incentives for emissions abatement Smilar to atax on GHG emissons,

Developed nations with their relatively large cost to reduce emissons domesticaly given
their current capital stocks would buy permits that represent emission reductionsin
developing nations.  These permits reflect the GHG savings generated from anew

project relative to an estimated basdline of business as usud [CEA 1998]. Details of how
emissions trading would actualy work were not specified in the Kyoto protocol, and have
yet to be defined.

The Kyoto protocol and the more recent Conference of Parties [COP6] a The
Hague in November 2000 have failed to ddiver severd of the big players. The protocol
did not include such developing nations as Chinaand India, which are predicted to be the
mgor GHG emitters by the middle of this century.  Although nations at Kyoto clearly
recognized that the source of climate change is widespread (fossi| fuels) and that

respongbility to reduce risk should be widdy shared, the incentives do not work in that



direction. But the paradox of internationa agreementsis that a sdlf-enforcing agreement
is easest to make when the stakes are smdl or, at the other extreme, when no other
option exigs. Nations have a common interest in responding to the risk of climate
change, yet many are reluctant to reduce greenhouse gases voluntarily, and no globa
police force exigts to enforce an agreement.  An agreement must be voluntary and self-
enforcing —sovereign nations must have no incentive to devieate unilaterdly [Barrett
1994].

Widespread responsibility increases the difficulty of cresting a stable agreement
because nations have an incentive to take a free ride on the actions of other nations. The
difficulty is compounded by nationd differences in income, vulnerability to dimeate
change, and capacities to respond and adapt to risk [Mendelsohn and Neumann 1999;
Kane and Shogren, 2000]. These national differences aso impact the projected
estimates of the benefits and costs of Kyoto climate based on macro-integrated
asessment modelsvary.  Some researchers suggest the developed nations like the US
could meet itstarget at negligible or modest cost; others, however, call Kyoto an
economic disarmament; and till othersfal in between [Shogren 1999].  The range of
estimates depends on severd key factors—the inclusion of developing netions like China
and India, the ability to use cost-effective economic incentives to reduce costs, and the
diffuson of new energy-€fficient technologies. The codts of climate protection will
ultimately depend on how quickly and broadly a nation revampsits fossil-fud driven
capital stock toward energy sources like nuclear, and solar, which emit fewer GHGs.

Both the Clinton and Bush adminigtrations recognize that the potentia redtrictions

from Kyoto could affect everyone, and the scope of the potentia response — a break from



fossl fudsisimpressve. The unknown magnitude and digtribution of such impacts has
and continues to provide fodder for testy negotiations about who should take action and
when, and who should bear the costs.  As a consequence, the Bush Adminigtration has
recently pulled back from the Kyoto protocol, citing a recommitment to “common sense
and sound economics’ [Hubbard 2001]. The new adminigtration wants to revisit Kyoto
by stressing greater market incentives for technologica innovation, greater globd
participation, and more measured policy changes. The retreat from Kyoto aso
recognizes the politica redlity that the US Senate in 1997 voted 95-0 for the non-binding
Byrd-Hage resolution that the body would not ratify a climate treaty that did not include
the developing nations like China [Shogren and Toman 2000].

This reconsderation by the US about who and how climate protection should
proceed beyond 2001 leaves an opening to use information gleaned from the lab to
inform the policy debate. Although generdizing beyond the lab is dangerous,
experiments that improve our understanding of the micromotives a work in climate
change policy can help policymakers to guessthe likely reactions to aternative protection

options. Consider first how people react to risk from environmenta threats.

Environmental Risk

Questions of risk underlie the climate policy debate, and any policy prescription
will not diminate these risks completdy—they will only cregte a new digtribution or
“environmentd lottery” of gainsand losses. Climate change poses many threats to
society, some minor and some mgor. Climate modelers often presume that the effects of
climate change will come about as temperature or precipitation dowly and steadily

increase. But other researchers, policymakers, and politicians warn that a presumption of



gradua change ignoresthe red risk—the risk of catastrophe and surprise. They raisethe
gpecter of the sudden rupture, such as structura changes in ocean currents as the Gulf
Stream, the melting of the western Antarctic ice sheet, an unraveing of the web of life as
some keystone species die off, or environmenta refugees fleeing sarvation But these
risks are not as clear-cut as the rhetoric suggests. Some point to El Nifio—a disruption of
the ocean-atmosphere system in the tropica Pacific—as an example of the damages one
might expect with climate change [Eizengtat, 1998]. But according to the Federa
Emergency Management Agency (FEMA), the El Nifio winter of 1997-1998 was no
codtlier than the previous two wintersin the US—$289 miillion in 1997-1998 as
compared to $294 million in 1996-1997 and $280 million in 1995-1996 [Shogren, 1999].
Whether founded on science or political scare tactics, fears of catastrophe and our
limits on reaction time ultimately frame the debate over climate protection. Tell norma
people that the stream of warm air that kegps much of North America and northern
Europe habitable may shift, and many become frightened to take climate risks serioudy,
even if the probability of this shift islow or unknown. Thisis because, reldtive to our
standard homo economicus benchmark—expected utility maximization—people are
spooked easily when confronted with risk, epecidly the risk of the these catastrophic,
low- probahility events that surround climate change.

When the outcome is potentidly very bad, experience tells us little about low-
probability risks. Many experimenta studies of risk perception revea that people
overreact to risk, and commonly overestimate the chance that they will suffer from arisk
with low odds and high damage, for example, anuclear power accident [Viscus 1992].

People who have low odds of confronting a catastrophe often seek information to help



them judge the likelihood that a bad evert will actualy occur.  If the source of that
outside information stresses severity without giving some notion of the odds, people tend
to biasther risk perceptions upward. Even policymakers are not immune to this
tendency [Viscus and Hamilton 1999].  Thoughtful people dedling with risk have
tendency to be consarvative. They follow the old saying “plan for the worst, hope for the
best” rather than balancing the costs and benefits of dternative options.

In fact, laboratory experiments reved that behavioral anomalies abound when
people confront risk amilar to climate change. Classic examplesinclude (1) inconsstent
preferences when choosing between gambles [Allais 1953], (2) extraaversion to risks
that have ambiguous probahilities [Ellsberg 1961], and (3) an systematic discrepancy
between choosing and valuing dternative gambles, i.e., the so-called preference reversa
phenomenon [Lichtenstein and Sovic 1971].  These anomdies are relevant to
edtablishing rationa policy on climate risk because they threaten the validity of the cos-
benefit estimates economists use to evaluate aternate protection strategies.  Tversky and
Kahneman [1986], Dawes [1988], Thaer [1992], and Camerer [1995] write about risky

choices and associated anomalies.

Firdt, expected utility theory is the cornersone of modern decison making under

risk, and consequently the cost-benefit andyds of dimate protection. The theory

presumes that people are farly sophigticated such that they can evauate both old an new

gambles consgtently.  Allais [1953], however, reveded people routindy violate this

presumption of rationdity. In particular, people seem to not follow the so-caled

independence axiom used to congruct expected-utility theory. According to the

independence axiom, a person’s choices should not be unduly affected by unrdated
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information. Formdly, if a person prefers lottery A to lottery B, that person prefers the
combination aA + (1 - a)Z to aB+ (1 - a)Z fordl a >0and Z Intuitivey, the
independence axiom says that a person’s choice between two gambles depends only on
the gtates of nature in which those gamblesyidd different results.

Allas provided the fird counterexample to expected utility theory with the

following two pairs of choices:

(A) A 100 percent chance of $1 million
verss
A 10 percent chance of $5 million,

(B) A 89 percent chance of $1 million, and
A 1 percent chanceif zero dollars.

(C) A 10 percent chance of $5 million, and
A 90 percent chance if zero dollars

versus

(D) A 11 percent chance of $1 million, and

A 89 percent chance if zero dollars.

Allasfirg asked people to compare and choose their preferred lottery, either A or
B. Next Allais had each person choose his or her preferred lottery, either C or D.  If the
independence axiom holds, a person who sdlected A—the safer bet, he should then pick
D (or, if hisfirst choice was B, his second choice should be C). To be consstent, a
person who prefers a certain $1 million (A) to a 10 percent chance to win $5 million (B),
should aso prefer the 11 percent chance of $1 million (D) to the 10 percent chance of $5

million (C). But among his subjects, Allais observed most chose A and C.  Peoplelike
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certainty but they are willing to give up one percentage point to go for $5 million prize.
One percentage point appears to be a cheap price for achance at $4 million extradollars.
Many other studies have since replicated Allais findings.

The problem the Allais paradox raises for climate policy is that cost-benefit
andysis basad on expected utility theory might be context-dependent rather than the
unbiased measure researchers presume. This means an estimate of net benefits could
depend more on how the question of climate protection was asked, or “framed” rather
than the question itsdf.  This suggests that one can creete any degree of support for or
antagonism againgt a particular climate protection depending on the gambles considered.
Inconsistent estimates of net benefits based on expected utility theory suggests that either
the behaviora model must be expanded to include likely explanations of the Allais
paradox or one must qualify any estimate as incomplete from abehaviora perspective.

Second, Ellsberg [1961] raised a second challenge to expected utility theory. He
demondtrated that people will irrationaly avoid arisk when it has ambiguous
probabilities. Ellsberg obtain his results by asking people to choose between two
probability distributions in alottery, one of which was known and the other was
ambiguous. People usudly chose the known digtribution even though the ambiguous
distribution had a higher expected utility. The Ellsberg paradox suggests most people
will usudly avoid the ambiguousrisk.

Congder the following example. Two urns contain alarge number of red and
black bals. Urn A is known to contain 50 red balls and 50 black balls. Urn B contains

red and black ballsin unknown proportions. Suppose a person wins $100 if we draw the
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color bal of her choice from of theurns.  Which urn do most people select to draw
from?

Most people prefer Urn A with known odds to Urn B with ambiguous odds, even
though they do not care whether they go for ared bal or ablack bal inUrn B. This
indifference suggests that their subjective odds are 50:50 in the ambiguous Urn B, the
same as the objective odds in Urn B.  This violates expected utility theory in that the
decison weights assigned to different states of the world should be independent of the
origin of the uncertainty. People will pay apremium to avoid participating in such
ambiguous lotteries.

Irrationd averson to ambiguity is especidly rdevant for climate change risk,
which isasvague asrisk gets. Researchers do not have any reasonable estimates of the
odds that potential catastrophes will cometo pass. The most researchers usudly say is
that the odds that severe events will cometo pass are "uncertain” [Barron 1995]. The
basic urge to avoid such ambiguous climate risk puts pressure on policymakers to do
something now, which can be costly because strategies that are more codt- effective may
take longer to implemert. Fear of ambiguous risk, however, makes these cost- effective
plans palitically hard to implement because some people will pay more to reduce the
ambiguity now.

Third, climate change policy uses information on peopl€ s preferences for
reduced risksto life and limb, aso caled the “vaue of satidtical life’ [Shogren et d.
1994]. A rational person makes congstent choices—the lottery he prefersisthe lottery he
vauesthe most. But evidence from the lab suggests that people are not so consstent in

their preferences for risk reduction.  People reverse their preferences when their ranking
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of two lotteries differs from the sdling prices they assign to the otteries. Many
researchers have documented the phenomenon; these studiesinclude tests of red
gamblersin Las Vegas and retests by skeptica economists [Grether and Plott 1979].

To induce preference reversds, researchers commonly present people with some
variation of the following pair of bets and asks them to choose one bet out of the pair:

P-bet: pchanceof $X , and
1-p chance of $x

$-bet: g chanceof $Y, and
1-q chance of $y

whee X >x, Y >y, p>q,and Y > X. They then ask each person to value each bet by
daing the maximum (minimum) he or she was willing to pay (accept) to buy (sdl) the
bet. A specific gambleis

P-bet: 35/36 chancestowin $4 and 1/36 chanceto lose $1
(expected value $3.86)

$-bet: 11/36 chancestowin $16 and 25/36 chancesto lose $1.50
(expected value $3.85)

According to expected utility theory, people will choose the bet with the greatest sated
vaue. But many people violated this prediction by choosing the P-bet and assigning a
greater vaue to the $-bet.

One explanation of preference reversasis that people do not think about odds and
consequences smultaneoudy as expected utility requires. Rather people often seem to
separate the two e ements and make their decision based on the mogt attractive € ement—
either certain odds or abig prize [Machina 1987; Sovic and Lichtenstein 1968; March

and Shapira1987]. People seem to use this heurigtic to smplify their choices. They
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separate probability and consequences, and then focus their attention on one element firgt
and then the other.  When a player fails to frame the choice problem comprehensvely as
expected utility presumes, his or her view on the relative importance of probability and
consequences will affect the decison [Edwards 1953].

People who believe consequences eclipse probabilities focus on avoiding the
severity of the bad state while neglecting or discounting the oddsit will cometo pass. In
other choices, people focus on the odds first and then the outcomes, again leading to
choices different from the rationdity predicted by expected utility theory. Such behavior
forces economists to gppreciated that their presumption that people make rationa choices
could bias climate change policy. If people generally make choices that deviate from
predicted rationd actions, the cost- benefit estimates based on these models are suspect, as
are the choices based on these estimates of net impacts.

Preference reversds should matter to those setting climate change policy. If
researchers who want to estimate the benefits of climate protection ask people what they
are willing to pay to decrease the risk of climate change, and people sate vauesfor this
risk reduction that are inconsistent with their underlying preferences, researchers obtain
no useful information with which to judge the benefits of dternate climate policies. If
vaues are context specific such that they change with the policy, we cannot compare two
climate policies usng risk-benefit analys's because it would be like comparing apples and
oranges. Economists cannot rely on standard risk-benefit andysisto guide policy if
peopl€ s vaues aways depend on the context [Irwin et d. 1993].

These three anomaies are powerful reminders that people sometimes behavein

ways rationd choice theory does not predict. While one might conclude thet rationd
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climate protection policy might just be a pipedream, we have to remember that the
concept of rationality in economicsisasocid congruct not an individua phenomenon
[Smith 1991]. Markets create rationdity in the population by putting acos onirrationd
behavior [Arrow 1987; Becker 1962; Gode and Sunder 1993]. Evidence from the lab
shows that behaviord anomadies often fade away when people make smilar choices
within active exchange inditutions that punish inconsistent behavior through arbitrage.
People in markets have areason to be rationa because rationdity pays, people outside
markets can afford to be irrational because others do not exploit their choices [Baik et al.
1999; Camerer 1987; Chu and Chu 1990; Cox and Grether 1996; Evans 1997; Shogren
1997; Van Huyck et a. 1994].

In evaluating climate risks, people confront choices affected by market arbitrage,
and other choicesthat are not. An interesting question that researchers can address in the
lab is whether the rationdity induced by arbitrage in amarket spills over to choicesin a
nonmarket setting? If so, rationa choice theory is areasonable guide for climate policy.
Cherry, Crocker, and Shogren [2000] design alaboratory experiment and showed that
rationdity spillovers exig—the rationdity induced in a market can transfer to decisons
outside the market. These spillovers remained robust even when people faced
hypothetical and environmenta choices.  In addition, people did not change their
preference ordering; rather they revised their stated values downward for low- probability,
high-severity lotteries.  The observation that preferences remain stable and stated values
drop with market experience suggests that rationa choice theory is not undercut by

eratic firg principles. Rationd people start by trying to sdll high and buy low.
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In sum, these findings from lab experiments about rationa choice under risk
within dternative indtitutiona arrangements helped me to prepare for the debate over
climate protection. First, expected utility theory might be too thin to explain many
agpects of behavior under risk. For ingtance, people seem to smplify their decisons by
separating the probability of risk from the outcomes, which goes againgt the presumption
that people can ded with both odds and outcomes smultaneoudy. Economigts can
inform people that politicians and policymakers who stress severity over the odds of
climate catastrophe generdly endorse costly immediate protection measures.  Second,
expected utility does better within amarket context. And if one views preserving the
exiding climate as a hedge againgt uncertainty (that is, planet insurance), markets serves
two roles for understanding risky choices—the more wdl-known role of providing the
flexibility to hit atarget at fewer cogts, and the less appreciated role of modifying
overreactions to low-probability risks. Third, snce dedling with risks from dimate
threats requires choices in both insde and outside markets, rationaity spillovers suggest
that the presumption of rationdity in nonmarket questions might till be areasonable
guide for policy decisons.

Findly, understanding the degree of darmist reaction to ambiguous probabilities
of catastrophe remains an important area for future research. Researcherswill need to
continue to explore and redefine the boundaries of rationality under unclear odds. Ther
ingghts into whether market and nonmarket choices affect each other, how they do so,
and when can help us to develop sound modelsto guide climate policy.  The results of

future laboratory experiments will further refine our thinking about when we should
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presume that rationdity works in heping us to manage risk and when we should presume

that it does not.

Environmental Cooperation

Good climate palicy isonly as effective as the coverage and sability of an
internationa agreement that unites nations with common purposes.  While the nations
that negotiated the Kyoto protocol made progress in many aress (for example, emisson
targets and emission trading), they failed in one key task, persuading developing nations
tosgnon. Deveoping naions have many pressing needs now other than dlimate
protection, such as supplying potable water and stable food supplies, and they have fewer
financia and technical resources to mitigate and adapt to climate change. They have
little incentive to Sgn an agreement they see as imposing unacceptable costs on them. A
Chinese delegate captured the sentiment underlying the opposition: "Whet they
(developed nations) are doing is luxury emissions, what we are doing is surviva
emissons.”

Deveoping nations are unwilling to negotiate if they think they will end up
committed to abad ded. Rather their motivation to engage in negotiations could be
affect by protocol that alows them to invent ideas that will improve everyone s well-
being, such asthe promise of sde-payments through financia or low-cost technical
assgance [Susskind, Levy, and Thomas-Larmer 2000].  Until nations jointly define
such protocols, the establishment of an internationa climate policy remains shaky and
emissons will continue to flow a what many see as unacceptable levels.

When ddlay is codtly, understanding the behaviora foundations of effective

bargaining protocol seemsworthwhile. The bargaining literature, both the theoretical
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and experimentd, is enormous—maybe the most explored arealin experimenta
economics [Roth 1995].  Many researchers have documented the inner workings of the
collaborative process by exploring how people make decisions and reach compromises
[Raiffa1995]. Decison makers can and have employed information gleaned from
experiments to select an appropriate and cost effective collaborative process to resolve a
particular environmental management dispute. Raiffa[1982], for instance, gives many
examples of informa in-class bargaining experiments designed as teaching tools.

One gpproach to understanding questions of bargaining under dternative
indtitutional protocolsisto condder the experimental work on Coasean bargaining.
Based on the semind article by Coase [1960], thisline of bargaining research explores
how cooperative inditutions can be used to resolve environmenta disputes in an efficient
and rational manner. Researchers design experiments to test the robustness of the so-
caled Coasetheorem. Thetheorem datesthat if aregulator could implement an
efficient tax on pollution—a green tax such that a polluter must account for the socid
damages it causes with its production, then the costs of collecting information must be
extremdy smdl. Costs must be low because figuring out an efficient green tax would
require information on the costs and benefits of pollution. But if these cogsareredly
that low, Coase argued that the disputing parties could solve the problem themselves.
They should be able to bargain to an efficient outcome, provided the government either
gives one party the right to pollute or the other the right to clean air. If costs are low, the
two parties would bargain to the same leve of pollution—the only differenceisin which
party pays the other one for some of hisrights. Clearly, thisis not the polluter pays

principle—the theorem saysit does not matter who has the rights, it just matters that
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someone have the rights. The regulator’ s role switches from optima tax assessor to one
who assigns and enforce property rights, and may even help design or facilitate the
bargaining protocol.

Coasean bargaining can provide some indght into the reaive efficiency of
dternaive forms of bargaining protocol. Some might be more effective than othersin
removing barriers to negotiations, for example, power imbal ances and asymmetric
information. Efficiency and rationdity can be used to measure the performance of
dterndive protocol in improving decison making concerning the environment and
natura resources. By using a structured evaluative method allows, one can measure the
performance of collaborative decis on-making processes with some consistency, and
create the foundation for making meaningful policy judgments. Early researchers found
that the Coase theorem could be an efficient tool, and it held up reasonably well to large
bargaining groups and uncertain payoff sreams. Efficiency fell, however, as economic
friction in the form of imperfect contract enforcement and delay costs [Hoffman and
Spitzer 1982; Hoffman and Spitzer 1985; Shogren 1992].

The climate negotiations a Kyoto were more subtle and complex and had more
levels and nuances than could be mimicked in the lab. Even so, experimentd tests of
environmenta cooperation can hdp usto identify what eements of wesk bargaining
protocols reduce efficiency. Experimenters have considered the casein which a
profitable opportunity not taken now is logt, a reasonable assumption in climate change in
which a ddlayed agreement affects the stream of benefitsto al nations. Delay costs
accrue from the opportunity costs of delayed profits or delayed climate protection.

Concern over this logt efficiency has prompted experts to recommend usng more
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structured protocol in negotiations [Crowfoot and Wondelleck, 1990]. Some clam that a
structured bargaining protocol might substitute for experience when people are
negotiating over ashrinking pie.

In an experiment, Shogren [1998] considered how delay cogts affected Coasean
bargaining, examining how different specifications of discrete and continuous delay costs
affect bargaining efficiency and the didtribution of wedlth. The results suggest that
Coasean bargaining remained relatively robugt to discrete and increasing margind delay
costs, but efficiency dropped with constant or decreasing margina delay costs.
Bargainers seemed to consider probability and consequences separately rather thanin
combination, as expected utility theory would predict. But they become more efficient
asthey gained experience.  Additiona research seems useful on how blending more
intense experience and more detailed negotiation protocol into a bargaining inditution
might recapture efficiency gainslog.

Although experience helps bargainers, it may not help them enough in one-time
events. Can new protocols help bargainers address the expected outcomes better than
experience? Spencer and Shogren [2000] considered whether structured protocols could
mitigate the losses in efficiency suffered by inexperienced bargainers.  They examined
the performance of two communication protocols commonly discussed in the theoretica
bargaining literature: alter nating offers in writing, and cheap talk—the costless, nor+
binding messages sent prior to actua bargaining used to coordinate expectations. In
game theory, the term chegp talk reflects the notion of brainstorming without any

commitments before bargainers make any binding agreements or sign any contracts.
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Spencer and Shogren’s results suggest that the communication mode mattersin
bargaining. When successful, chesp talk dramaticaly increased efficiency, but
dternating offersdo not.  To test the view that an dternating offersis areasonable
gpproximation of free form bargaining, Spencer and Shogren aso compared verba and
written offers. One might think that verba exchanges should increase efficiency because
of the ease in communication, but one could argue equaly that written forms should
increase efficiency for exactly the same reason—ease of communication. Controlling
information exchange might increase efficiency because limiting bargainers
communication options increases the opportunity costs of time spent sending frivolous
messages. Spencer and Shogren found that informa communication outperforms formal
communication [Bolton and Chatterjee 1996].

Work on climate policy might well benefit from lab experiments that explore the
pros and cons of bargaining protocol. Obvioudy experience negotiators like those at
Kyoto know theins and outs of diplomacy better than experimental economists, but that
does not necessarily mean that both cannot learn something from each other. Researchers
can capture the essential eements of different case sudiesin such experiments. They
can then design indtitutions that reflect the basic types of collaborative decison-making
protocol—choosing between mgority and consensus decision making, selecting the
number of sakeholdersin abargain rdative to the number of interested parties, asking
for an explicit commitment to resolve the environmental problem in question, impartia
facilitators or mediators who help the group identify when they agree to disagree and
when they are close to finding consensus, and asking for the voluntary participation of

stakeholders who otherwise would not participate; evauate the performance of the
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dterndive inditutions based efficiency and rationdity; and design anew, refined
inditution that can improve on the process that works the best for each case sudy. This
srategy can help people better understand the behaviord underpinnings of the
collaborative protocol, by comparing relative effectiveness of the processes with the odds
of achieving success for current and proposed decision-making modes.

One useful set of experiments is to determine whether a protocol that breaks
complex climate negotiations into more manageable parts could increase efficiency
[Sebenius 1995]. The research can help identify how separate or combined eements of

climate policy might increase or decrease the efficiency of bargaining with delay cods.

Environmental Control

In establishing good environmentd policy, policy makers address both the
gringency of targets for, say CO, emissons, and what flexibility to permit participantsin
mesting these goals. Different policy tools to control behavior can inflate or attenuate the
cogs of hitting any given target.  Inflexible policies would be more costly than flexible
policies that achieve the same reductionsin climate risk. Well-designed policies can
achieve targets a the least possible cost and thereby make stringent targets affordable.
Economigts have long argued for cogt-effective policy tools that create market-like
incentives for organizations to reduce emissions [Crocker 1966].

The Clinton Adminigration pushed for a broad-based domestic and internationa
emission trading system in the Kyoto protocol based on the success of the acid rain
emisson-trading program.  The Acid rain program set the standard for tradable emisson
permits. The program achieved twice the level of emission reductions of sulfur dioxide

fear to cause acid rain at hdf the projected cogts, saving nearly $1 billion in costs by one
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edimate. Briefly consider some specifics about the program. The Clean Air Act
amendments of 1990 aimed to reduce sulfur dioxide emissons by ten million tons from
1980 levels. The Environmenta Protection Agency assigned emissons limits and
dlocated allowances to over one hundred eectric utility plants based on their share of
hest input for abasdine time period [Stavins 1998].  These plants could now emit sulfur
dioxide only if they had enough alowances to cover their emissions. The trading
program promotes cost- effectiveness by alowing plants to trade alowances: plants with
high abatement costs could purchase alowances from plants with low abatement costs.
Both plants gain from the exchange, so society captures extra benefits at no extra codt.
The government aso ran an annud auction of alowances, in which plants could buy or
sl extradlowances, which we discuss in more detail below.

Idedlly, emissons trading would work the same way for climate change.
Internationa and domedtic trading systems could be used to reduce the cost of reducing
GHG emissons—perhaps having the codts of meeting an emissionstarget.  The Kyoto
protocol alowed for trading among the nations to help them fulfill their commitments
cost-effectively.  Each nation can issue greenhouse-gas-emisson permitsto firmsin the
private sector that equa the target set in the protocol. The firms can then fredy buy and
&l the permits among themsalves; the protocol does not specify whether firms can trade
fredy across nationd borders. By establishing a cost for emissions, the trading price
forces firms to reduce their greenhouse-gas-emissonsiif they can do so a lesscost. This
would simulate fossil-fud usersto improve their energy efficiency to use less GHG-
intensive fuels, and to consume fewer goods and services that rely on GHG-intensve

fudsinther production. Findly, internationd GHG emissons trading makes sense
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because GHGs are what are called a uniformly mixed pollutant, which means that aton of
GHG can be treated the same irrespective of who and where the ton was emitted.

We need to work through the details of the trading system is designed before we
can evduate dternative policies. Although trading could make reducing emissonsless
costly for developed countries and provide benefits to less-devel oped nations sdlling
these emissonsrights as they are eventudly defined will determine the transaction costs
that may limit the scope of such trading. Transaction cogtsinclude the time, effort, and
other resources firms must expend to search out, negotiate, consummate, and obtain
governmental gpprovas for these trades. The promoters of emissons trading have yet to
define and test the indtitutiond, adminidrative, and financid arrangements needed to
make trades, the guiddines for establishing criteriafor digibility and certification, and
methods of verifying and monitoring emission reductions

Curioudy, the biggest supporters of GHG-emisson trading in the US have been
environmentd interest groups—not economigts. Many US environmenta groups prefer
trading to taxes because with trading the governments can fix the quantity of GHG
flowing into the aamosphere.  Using a fixed quantity of permits, the governments can
shift risk from the environment to the economy in the form of price uncertainty. Many
economists, however, question whether an internationd GHG trading system would even
befeasble. They argue that the market for permitsislikely to be thin because most
nations have shown little interest in the system, and the costs of monitoring and enforcing
the sysem are likely to be high.

Experimenta economists can play arole by examining and comparing the

efficiency of proposed trading systems. Researchers can use the lab to address many of
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the questions that persst about emissionstrading: Will it work? How well? How flexible
isit? How can we monitor and enforce trading rules? What liability rule covers anation
sling permits it does not own? How do other flexibility mechanisms, such asthe clean
development mechanism, affect the efficiency of trading? If a proposed trading scheme
seems worth pursuing in around the globe, researchers can firgt turn to the [ab to
determine the details [Bjornstad, Elliot, and Hae 1999]. They can dso use lab
experiments to explore the efficacy of other control mechanisms like GHG taxes [Plott
1983], and the voluntary provision of public goods [Coursey and Smith 1984; Ledyard
1995].

For example, Cason’s lab work on the trading of emissonsthat form acid
depostion reveded aflaw in the origind design of the permit auction run by the
Environmental Protection Agency [Cason 1995; Cason and Plott 1996]. Thelab results
showed that changing how permits dlocated would improve the efficiency of the auction.
Origindly, buyers and sdllers submitted bids and offers for emisson permits, and the
EPA st the market price discriminatively off the demand curve by first matching the
sdler with the lowest offer to the buyer with the highest bid. It then continued by
matching the second lowest offer to the second highest bid, and so on, until it reached the
equilibrium quantity. Rationd sdlers should see through this auction quickly, and begin
capturing rents by understating their true offers so they would be matched with ahigh
bidder. The lab results confirmed thisintuition: sellers undercut each other to get into the
high end of the market. The end result was an inefficient auction. The lessonslearned in
the lab can prove profitable, but regulators should learn these lessons before they put a

regulatory tool in place, and before they waste resources because of inefficient design.
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Using the lab to test new regulations firgt is no different than engineers testing out a
system on the computer before putting into practice.  Testing the details on policy before
implementation is especialy important for climate change—a problem that dwarfs acid
deposition in scope and impact.

Researchers can design atest GHG-emissonttrading system and evaduateit in
laboratory markets that include the inditutiona factors that will influence the
effectiveness of GHG trading. They can design experiments to examine how flexibility
in trading, imperfect information, multi-gas trading, links between domestic and
internationd trading, and other factors affect the potentid efficiency of trading.
Experimenta work could prove useful to policymakers trying to understand what
elements of emission trading can reduce the costs of climate change policy.

Experimentdigts should begin by designing and parameterizing a market that
reflects the costs and productivity of the countries or regions expected to participate in an
internationd emissons-trading initiative. They can then use these parameters to design
an Internet market experiment that links traders from around the globe. These
internationd traders would then test the efficiency of various proposed trading proposas
(eg., buyer versus sdler lighility) given potentid impediments to efficient, cost-
minimizing market outcomes, and the likely sze of the market.

Given potentid impediments within markets, researchers can use thelab to
explore how an emissons-trading system might draw in new buyers and sdllers, or how
trades might be self-enforcing under different penalty schemes. They can seek dternate
exchange indtitutions that would increase nations' ability to buy and sdll low-cost

reductionsin GHG emissons from around the world. Researchers can examine what
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conditions are necessary to create adomestic or an internationd emission trading system
and what conditions are need to evauate such systems [Godby et a. 1997].

Unlike the acid deposition trading program, a program for internationd trading
environment cannot be redidticaly expected to include a central enforcement agency to
ensure that emissions created by countries will be within the levels alowed by the permit
they hold. Without enforcement, it is unclear how internationa trade could occur and
how the emissions targets agreed to in Kyoto could be met.  One possible solution isto
make buyers of permitsligble for the excess emissons of the sdllers of those permits. A
country that purchases permits and commits funds to limiting its emissonsto the level
for which it has permits has demondrated its willingness to meet the emisson targets.
But a country selling permitsin the absence of an enforcement agency cheat by sdling
permits and producing emissions that exceed its remaining permits.

This could cause global trading to unravel because those spending money to meet
their agreed-upon emission obligations would recognize thet total emissons were not
declining, a least not as much as they intended when they purchased permits. Such firms
might be willing to buy permits only at very low prices or stop trading or abandon their
efforts to control emissons dtogether. Making buyers liable for sdllers emissons might
avoid this problem by holding them responsgible for any excess emissions released by the
sler after thesde.  Although the idea of holding buyers lidble for ensuring that
emissons declineis not nove to emisson trading, it remains to be shown that a market
based on such obligations will actualy result in trades, and what the consequences are of

imposing these costs on amarket.  We can use the lab to test how buyer ligbility affects
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market trading and how liability influences trade volume, prices, and market efficiency
[Muller and Mestelman 1994].

The few experiments that specifically concern GHG-emisson trading [Bohm and
Carlén, 1999] and the many that concern genera market design show that we should be
wary of seemingly innocuous design choices that reduce the efficacy of any exchange
inditution.  The evidence from market experiments suggests that efficiency suffersfrom
the market friction created by the checks and balances that policymakers find irresistible.
Researchers can develop experiments to help policymakers understand how different

trading rules might affect trading behavior and cogt- effectiveness.

Concluding comments

Globa environmentd risks such as climate change have motivated many people
to reconsder society’ s relationship with nature. They note the complex union between
economic and ecologica systems and see that traditiond markets and regulatory policies
often mishandle this dliance by sending mideading sgnds or by polarizing public debate
[Vitousek et a. 1997]. They ask environmenta policymakers to concentrate on building
new inditutions that can accommodate the uncertain future in away that maintains
human and environmenta hedlth. It is unclear, however, how these new ingtitutions will
work, what incentives they will create, how these incentives will affect human behavior,
and how policymakers and laypersons will evauate performance.

Before people establish and attempt to enforce globa environmenta policiesin
societies, they probably should test their new rules of organization in the lab.
Researchers can use experiments to flesh out the big ideas of resource efficiency and

equity of wedlth that often emerge in debates over globa environmental policy. |If the
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changes promoted in the name of globd environmenta policy are worth pursuing in
detail, researchers can use the lab to assess the likelihood of success. They can gtrip
down the big questions and address them systematically, as experimental economists
have now done for the last three decades. Researchers can use the lab to test how new
ingtitutions affect choice to help policymakers understand the potentid implications
before they implement structure change on a grand scde.

We need additional research in the |ab to address the micromotives at work in
climate protection. Researchers should continue to explore how people make choices
faced with the ambiguous odds of climate catastrophe and surprise. We would benefit
from more work on markets for trading emissons to help use design effective and
efficient inditutions. We can congtruct scenarios that will help us understand how
building institutions might succeed or fail to work given different levels and digtributions
of wedth. We can condder the incentives for technologica progress that would be
created by different climate policies over the long term, and the cost of inducing
innovation in climate protection in lost opportunities to pursue other deserving goas.
Finaly, we should make sure that the economists who run these climate-policy
experiments communicate effectively with those making policy as dimate negotiations
continue. Helping find the means to reduce climate risk cost-effectively through a better
understanding of human motivation—that remains the ongoing objective of applying

experimental economicsto global environmental policy.
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