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Introduction

Governments worldwide are pursuing many different
types of policies designed to reduce emissions of greenhouse
gases. In particular, the Clinton Administration has proposed
a phased approach to meeting U.S. commitments under the
Kyototreaty, by first using R& D spending, tax incentivesand
voluntary actions, followed by emissionstrading. TheR&D
spending and tax incentives are intended as “carrots’ to
encourage the devel opment and use of new, greenhouse-gas-
emissions-reducing technol ogies. Emissionstrading provides
a“stick” designedtoreduce emissionshby increasing the price
of using high emitting energy technologies.

Such acombined approach of carrotsand sticks seemsto
have a compelling logic. New technologies will likely be
critical to any significant reduction of greenhouse gas emis-
sionsduringthe21st century and “ carrots’ such astechnology
incentive programs may speed their development. In addi-
tion, such incentives may be politically more attractive than
emissions trading because the latter raises costs for many
industries and other stakeholders. On the other hand, eco-
nomic theory impliesthat policy-makers should employ only
“sticks” such as tradable emissions permits or carbon taxes,
which, intheabsence of market failures, arethe most efficient
policies for fostering both technological innovation and re-
ducing emissions. By comparison, technol ogy incentivesmay
distort the market by diverting resources from more to less
productive investments. Finally, technology incentive pro-
grams have had amixed record of achieving practical success
independent of their relative efficiency.

Using an innovative new approach to computer simula-
tionunder conditionsof extremeuncertainty, our recent RAND
Science and Technology Policy Institute study® finds that
technology incentives are likely to be an important part of a
cost-effective climate change strategy. We find that if deci-
sion-makers hold even modest expectations that market fail-
uresarelikely toinhibit new, emissions-reducingtechnologies
or that theimpactsof climate changewill turn out to be serious
then technology incentive programs are a promising hedge
against the threat of climate change.

Approach

Inthepast, it hasbeen difficult to systematically compare
such “carrot” and “stick” policies because of the extreme
uncertainty invol ved withtechnol ogy forecastsand because of
difficulty representing mathematically many of the market
failuresthat might suggest arole for atechnology incentives.
We employ two new analytic innovationsto assessthe condi-
tions under which technology incentives are an important
building block for effective and feasible climate change poli-
cies. First, weusewhat isknownasan* agent-based” model of
technology diffusion. Agent-based models provide aconve-
nient framework for representing several important featuresof
technology diffusion, including information exchangeamong
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economic actorsand the heterogeneity amongdifferent actors,
which are often missed in analytic studies of climate change
policy.

Second, we employ a new method of decisionmaking
under extreme uncertainty — exploratory modeling® — that
allows us to compare alternative policies without requiring
predictions of the future cost and performance of new tech-
nologies. Rather than calcul ate the expected val ue of various
policiesasafunction of projected costs and performance, we
simulatetheperformanceof alternativepoliciesagainstawide
range of potentia climate change scenarios. We then use
search and visualization tools to examine the resulting out-
comes to address questions of interest to policymakers. In
particular, we can search for strategies that are robust across
awide range of expectations about the future.

Intheanalysis, we compareastrategy that only usesonly
“sticks” such astradable permits®tolimit emissionsof carbon
dioxide, which we call the Limits-Only Strategy, to astrategy
that combines such mechanisms with “carrots’ such astech-
nology subsidies, which we call the Combined Srategy.

Both sets are adaptive-decision strategies, * that is, they
evolve over timein response to observations of the emerging
economic and environmental conditions in our simulation
model. Using the exploratory modeling approach, we con-
ducted acomputer search through ahuge number of plausible
scenarios generated by the agent-based model, looking for
those that distinguish one policy choice from another.

Figure 1, atypical result of such comparisons, showsthe
relativeperformanceof thesetwo strategiesasafunction of the
heterogeneity of economic actors, one of the key, uncertain
factors describing the future state of the world. The figure
shows that the Limits-Only Strategy (green dashed line)
performs better than the Combined Strategy (blue solid line)
in aworld where there are no potential early adopters.

Asthe number of potential early adopters increases, the
Combined Strategy quickly becomes more attractive. More
diversity favors the Combined Strategy, because it creates a
number of potential early adoptersthat arewell disposedtouse
the new, low-emitting technol ogy. The incentives encourage
many of these agents to adopt, thus generating learning and
cost reductionsabove and beyond the social benefit gained by
any individual adopting agent.

Findings

We considered alarge number of results such asthosein
Figure 1, and find that under three plausible conditions, a
strategy of technology incentives combined with tradable
permits, or even carbon taxes, isamore effective approach to
climate-change policy than an approach based on “ getting the
pricesright” alone. These three conditions are:

« Theexistenceof atleast modest expectationsamong policy-
makers that the diffusion of new, emissions-reducing
technology will significantly reduce the future costs of
emissions abatement. Such technologies might include
some combination of fuel cells, hydrogen, solar, wind,
biomass, or even new nuclear. Numerous studies suggest
that the emissionsreduction potential of thesetechnologies
may in fact belarge.

< Some economic actors must be more willing to adopt such
technologies than others. While such heterogeneity of

1 See footnotes at end of text.
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preferences is clearly the case in practice, it is often ne-
glected in quantitative policy studies of climate change.
Recently proposed early credit programs may encourage
early adopters.

» Finaly, there must be broad social benefits to the early
adoption of such technologies by a small number of early
users. Such benefitscan arisefrom several sources, includ-
ing cost reductions due to increasing returns to scale and
improvements in the information available to economic
actors about the performance of new technologies.
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If these conditionsaremet, and itislikely that they arein
practice, then technology incentives are animportant compo-
nent of an integrated climate change strategy.

These results are summarized in Figure 2. The figure
shows the expectations about the future that should cause a
decision-maker to prefer theLimits-Only strategy tothe Com-
bined Strategy. The horizontal axis represents the range of
expectations adecision-maker might havefor how likely itis
— fromvery unlikely on theleft to very likely on theright —
that factors such asthe potential number of early adoptersand
the amount of increasing returns to scale will significantly
influencethe diffusion of new technologies. Thevertical axis
represents the range of expectations a decision-maker might
have that there will be significant impacts due to climate
change (greater than 0.3% of the global economic product).
Thefigure showsthat the Combined Strategy dominateseven
if decision-makers have only modest expectations that im-
pactsfromclimatechangewill besignificant andthatinforma-
tion exchange and heterogeneity among economic actorswill
be important to the diffusion of new, emissions-reducing
technologies.

It isimportant to note that our analysis does not justify
technology incentives as a substitute to a perfect market.
Rather, wefind that technology incentives are a complement
to, not asubstitute for, flexible mechanisms designed to limit
emissions. An effectiveresponseto climatechangewill often
reguire both. However, our work suggeststhat policymakers
may not need to implement both at the same time and that a

combined strategy of technol ogy incentives and tradable per-
mits may in fact provide considerable flexibility in choosing
when to introduce each type of policy.
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FutureWork

Significant research steps remain, however, before the
innovative methods and models used in this study can be
translated into more specific policy recommendations. For
instance, our treatment of learning about new technologies
among economic agents neglects the institutional networks
that help transmit information among economic actors. In
addition, our treatment of new technologies is sufficiently
aggregate so that it isdifficult to relate our technol ogy incen-
tivesto specific recommendationsfor spending levels. Thus,
while we argue that technology incentives are likely to be an
important part of any climate change strategy, we have not
answered the question asto whether the subsidiescurrently in
place and proposed by governmentsare sufficient or too much
or toolittle. Webelieve, however, that the methodslaid outin
this paper provide a powerful framework for addressing such
questions.
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