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ABSTRACT

Globa dimate change — perhaps even more than other environmental problems — can be
addressed successfully only with a solid understanding of itseconomic dimensions.  This paper, prepared
asanintroductionto the economics section of aforthcoming book fromthe Pew Center on Global Climate
Change, providesa primer for non-economists on how economic andysis can be brought to bear onthree
broad questions. what will be the benefits of globd climate palicies, what will be ther costs; and how can
thisinformationabout dternative policiesbe assmilated inways that are ultimately most useful for decison
makers? Because of the magnitude of the anticipated benefits and costs of addressing the threset of globa
climate change, its greet time horizons, massive uncertainties, and physical and economic irreversibilities,
public palicy in this area presents sgnificant chalenges to economic research. Neverthdess, a firm
foundation is provided by the existing literature from nearly three decades of related theoretica and
empirica economic andyss.



ECONOMIC ANALYSIS
OF GLOBAL CLIMATE CHANGE PoLICY:
A PRIMER

Robert N. Stavins'

For those who have not thought about the economic dimensions of environmenta problems, a
detailed examination of the economics of globd dimate change policy might well seem pointless. Suredly
— the thinking might go — the performance of the economy is largely independent of the quality of the
environment; policy choices regarding environmenta quality should be made without attentionto economic
congderations, and economics cannot shed much light on ways to solve environmenta problems. Quite
to the contrary, of course, there are numerous bi-directiond linkages between economic performanceand
environmenta quality; economic consderations can help inform policy decisions regarding environmental
protection; and economics provides powerful anaytica methodsfor invegtigating environmenta problems,
and hence can provide vauable insghts about those problems’ potential solutions. The reasons for dl of
this are essentidly two-fold: firgt, the causes of environmenta degradation, at least in market economies,
are fundamentaly economic in nature; and second, the consegquences of environmenta problems have
important economic dimensons.

Globa dimate change, perhaps evenmorethan other environmenta problems, can be addressed
successtully only with a solid understanding of its economic dimensions. Firg, the fundamental cause of
anthropogenic emissions of greenhouse gases, dmost by definition, is economic: excessve emissions are
anexample of anexterndity, awel l-understood category of market failure, where marketsleft to ther own
devicestend not to produce socid efficiency.! Second, economic anaysisis clearly necessary to estimate
the coststhat will be incurred when and if nations take actions to reduce the risk of globa dimate change.
Third, because of the large cogts that will be involved in any serious climate change drategy, there is
consderable interest in economic-incentive or market-based policy instruments that can reducethe costs
of addressingthe problem. And fourth, turning to the other side of theledger, the biophysical consequences
of globa dimate change can be evaduated with economic methods in order to identify the benefits or
avoided damages of globd climate policy action.

This part of the book consigts of Sx chapters, five of which examine specific aspects of the
economics of globa dimate policy. This introductory chapter develops the andytica framework within

*Albert Pratt Professor of Business and Government, and Faculty Chair, Environment and Natural Resources Program,
John F. Kennedy School of Government, Harvard University, and University Fellow, Resources for the Future. Helpful
comments by Larry Goulder, Ev Ehrlich, and Michael Scott on a previous version of this chapter are gratefully
acknowledged, but all remaining errors are my own.

1L ooked a somewhat differently, but still well within the framework of conventional economics, the problem is that the
atmosphere istreated as “common property,” and hence a freely-available receptacle for waste products.
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whicheconomic andyses of policiesintended to address the threat of global climate change can be carried
out. Along the way, andytical issues particularly germane to climate policy andysis are highlighted,® and
inacondluding section, the relationships between these issues and the subsequent chapters are described.

Three broad economic questions are raised by the chalenge of addressing the threat of global
climate change* what will be the benefits of reducing the risk of globa dimate change; what will bethe
respective costs; and how can this information about the benefits and costs of dternative policy regimes
be assmilated in ways that are useful to decison makers?

1.1 The Benefits of Global Climate Change Policy

Economicsis fundamentaly anthropocentric; if an environmenta change mattersto any person—
now or inthe future— thenit should, inprinciple, show up inan economic assessment. And environmenta
changes do matter to people in awide variety of ways. The economic concept of environmental benefits
is considerably broader than most non-economists seem to think.> From an economic perspective, the
environment can be viewed as a form of natura asset that provides service flows used by peoplein the
production of goods and services, such as agricultural output, human hedlth, recregtion, and more
amorphous goods such as qudity of life. This is andlogous to the manner in which real physical capita
assets (for example, factories and equipment) provide service flows used in manufacturing. As with real
physical capita, a deterioration in the natura environment (as a productive asset) reduces the flow of
services the environment is capable of providing.

Note that ecologica benefitsare very muchpart of the picture. Here, it isimportant to distinguish
between ecosystem functions (for example, photosynthesis) and the environmenta services produced by
ecosystems that are valued by humans (Freeman 1997). The range of these sarvicesiis greet, including
obvious environmental products such as food and fiber, and services such as flood protection, but aso
induding the qudity of recreational experiences, the aesthetics of the landscape, and such desres (for
whatever reasons) asthe protection of marine mammals. Existence vaue reflects human recognition of the
intringc vaue of anecosystem.  The economic benefits of globa climate change policies range from direct
and specific impacts, such as those onagriculturd yiddsand prices, to lessdirect and more generd effects
on biodiversty.

2A generic, but more detailed treatment of the basic analytical framework can be found in: U.S. Environmental Protection
Agency (1998).

3For amore extensive treatment of some of these issues, see: Kolstad and Toman (2000).

“Although the pace of economic research on globa climate change has accelerated greatly in the past decade, the earliest
work appeared more than 25 years ago. See, for example: Nordhaus (1977, 1982).

SFor a summary of myths that non-economists seem to have regarding economics, and a set of responses thereto, see:
Fullerton and Stavins (1998).



Protecting the environment usudly involves active employment of capitd, labor, and other scarce
resources. Using these resources to protect the environment means that they are not available to be used
for other purposes. The economic concept of the “vaue’ of environmenta goods and servicesis couched
in terms of society's willingness to make trade-offs between competing uses of limited resources, and in
terms of aggregating over individuals willingness to make thesetrade-offs.® Economists toolsof vauation
were origindly developed in amore limited context, one in which policy changes mostly cause changesin
individuds incomes and/or prices faced in the market. Over the lagt thirty years, however, these ideas
have been extended to accommodate changes in the quaities of goods, to public goodsthat are shared by
individuas, and to other non-market services such as environmental qudity and human hedth.”

The economist’ stask of estimating the benefitsor lossof benefits resulting froma policy intervention
iseasiest when the benefits and cogts are reveded explicitly through prices in established markets. When
it comes to measuring enviornmental impacts, however, valuing benefits is more difficult, and requires
indirect methods. With markets, consumers' decisions about how muchof agood to purchase at different
prices reved ussful information regarding the surplus consumers gain. With non-market environmenta
goods, it is necessary to infer thiswillingness to trade off other goods or monetary amountsfor additiona
quantitiesof environmental services using other techniques. Environmental economists have developed a
repertoire of techniquesthat fal broadly into two categories: indirect measurement and direct questioning.
Bothsets of vauation methods are rlevant for assessing the anticipated benefits of globa dimate change
policies.

Economists prefer to measure trade-offs by observing the actua decisons of consumers in real
markets, using so-called revealed preference methods. Sometimes the researcher can observe
rel ationshipsthat exist between the non-marketed (environmenta) good and agood that hasamarket price.
Thus, individuas decisonsto avert or mitigate the consequences of environmenta deterioration canshed
light onhow people vaue other types of changesinenvironmenta qudity (averting behavior estimates).
Inother cases, individuds reved ther preferencesfor environmenta goodsinthe housng market (hedonic
propertyvalue methods), or for avoiding related hedthrisksinlabor markets (hedonic wage methods).
Indill other cases, individudsreveal therr demand for recreationa amenitiesthrough their decisonsto travel
to spedific locations (Hotelling-Clawson-Knetsch and related methods). These various estimation
techniquesare wdl established for measuring the conceptua trade-offs that arethe basis of environmentd
vauation. However, they are applicable only in limited cases.

In many other Stuations, it is Smply not possible to observe behavior that reveals people' s
vaudions of changesin environmenta goods and services. This is particularly true when the vdue is a
passve or non-use value. For example, an individua may value a change in an environmental good
because she wants to preserve the option of consuming it in the future (option value) or because she
desires to preserve the good for her heirs (bequest value). Still other people may envison no current or

SReference is typically made to willingnessto-pay for environmental improvement or willingness-to-accept
compensation for environmental degradation.

"For acomprehensive treatment of the theory and methods of environmental benefit estimation, see: Freeman (1993).
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futureuse by themsdves or ther hairs, but still wish to protect the good because they believe it should be
protected or because they derive satisfaction from smply knowing it exists (existence value). With no
standard market trade-offs to observe, economists mug resort to surveys in which they construct
hypotheticd markets, employing stated preference, as opposed to revea ed preference methods. In the
best known stated preference method, commonly known as contingent val uation, survey respondents
are presented with scenarios that require them to trade-off, hypotheticaly, something for achangein the
environmenta good or sarvice in question.

Although great uncertainty exists regarding the magnitude (and — in some cases — even the
direction) of regiond dimate impacts, globa climate change is anticipated to have a variety of impacts
generdly that will affect human welfare, induding:  changes in resource productivity (including, in some
cases, lower agriculturd yidds, and scarcer water resources); damages to human-built environments
(induding coastal flooding due to sea levd rise); human-hedlth impacts (such as increased incidence of
tropical diseases in more temperate dimates); and damages to various ecosystems® The uncertainties
surrounding these various physicd impacts are very great, and those uncertainties are compounded by
imprecise estimates of respective economic consequences.

Whereas impacts onmarketed goods and services (such as agricultura output) can be estimated
with some reasonable degree of precison, monetary estimates for non-marketed goods are notorioudy
imprecise. Furthermore, existing economic estimates in both categories come from indudtriaized nations,
particularly the United States. Much less is known about anticipated economic damages in developing
countries, which is especidly troubling because they are particularly vulnerable to the impacts of globa
climate change.®

1.2 The Costs of Global Climate Change Policy

The task of estimating the costs of globd climate change policies may seem sraightforward
compared with the conceptua problems and empirica difficulties associated with estimating the benefits
of such policies. In arddative sense, thisistrue. But as one moves towards devel oping more precise and
religble cost estimates, Sgnificant conceptua and empirica issues arise. More attention has been given by
economigts to andyzing the costs than the benefits of globa dimate policy action (largely because of
exiging uncertainties regarding regiona biophysical impacts of climate change). Hence, my treatment of
the cost Sde of the ledger is proportionately more extensive.

The economist's notion of cost, or more precisely, opportunity cost, islinked with — but ditinct
from— everyday usage of the word. Opportunity cost isan indication of what must be sacrificed in order
to obtain something. In the environmenta context, it is a measure of the value of whatever must be
sacrificed to prevent or reduce the chances of an environmental impact. These costs typicaly do not

8n assessing these economic damages, economists recognize that humans typically adapt to risk — to some degree —
in order to lower their anticipated |osses.

%A review of the likely economic damages of global climate change is provided by: Pearce et.al. (1996).
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coincide with monetary outlays, the accountant's measure of costs. This may be because out-of-pocket
codsfal to capture dl of the explicit and impliat costs that are incurred, or it may be because the prices
of the resources required to produce environmenta quality may themselves provide inaccurateindications
of the opportunity costs of those resources. Hence, the costs of globa climate policies are the forgone
socid benefits due to employing scarce resources for globa dlimate policy purposes, instead of puiting
these resources to their next best use.'°

A taxonomy of environmenta costs can be devel oped, beginning withthe most obvious and moving
towardsthe least direct (Jaffe, Peterson, Portney, and Stavins 1995). First, many policy makersand much
of the generd public would identify the on-budget costs to government of administering (monitoring and
enforcing) environmentd laws and regulaions as the cost of environmentd regulaion. This meets the
economist’ snotion of (opportunity) cost, Snce administering environmenta rules involves the employment
of resources(labor and capitd) that could otherwise be used elsawhere. But economic andystswould dso
indudeas costs the capital and oper ating expenditur es associated withregulatory compliance. Indeed,
these typicaly represent a substantial portion of the overdl costs of regulation, dthough a considerable
share of compliance costs for some regulations fal on governments rather than private firms!* Additiona
direct costsindudelegd and other transaction costs, the effects of refocused management atention, and
the possbility of disrupted production.

Next, there are what have sometimes been called “negative costs’ of environmenta regulation,
induding the beneficial  productivity impacts of a cleaner ewironment and the potential
innovation-stimulating effects of regulaion.? General equilibrium or multi-market effects associated
withdiscouraged investment® and retarded innovation congtitute another important layer of costs, as
do the transition costs of red-world economies responding over time to regulatory changes.*

©Costs and benefits are thus two sides of the same coin. Environmental benefits are created by taking some
environmental policy action, while other benefits are thereby foregone. Hence, the cost of an environmental-protection
measure may be defined as the gross decrease in benefits (consumer and producer surpluses) associated with the
measure and with any price and/or income changes that may result (Cropper and Oates 1992).

0One example in the United States is the (Federal) regulation of contaminants in drinking water, the cost of which is
borne primarily by municipal governments.

2The notion that environmental regulation can foster economic growth is a controversial one among economists.  For
a debate on this proposition, see: Porter and van der Linde (1995); and Palmer, Oates, and Portney (1995). It is also
important to recognize that good economic analysis can be used (and has been used) to identify circumstances where
policies involve real “negative opportunity costs,” such as policies that increase energy efficiency by reducing
distortionary energy subsidies. In these cases, economic analysis can identify true “win-win” policy options.

BFor example, if a firm chooses to close a plant because of a new regulation (rather than installing expensive control
equipment), this would be counted as zero cost in narrow compliance-cost estimates, but it is obviously areal cost.

1At the heart of the notion of the genera equilibrium costs of dimate change policies (and the general equilibrium
damages of climate change) is the degree to which consumers and producers can substitute new goods and services
for what they buy and sdll when relative prices change. For an analysis of the importance of such substitution in the
assessment of climate change policies, see: Jorgenson, Goettle, Wilcoxen, and Ho (2000).
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Although the task of estimating the cogts of environmenta protection efforts might be somewhat
more draightforward than that of estimating environmental protection benefits, costs seldom can be
estimated with great precison, and producing high-quality cost estimates requires careful andyss.
Conceptudly, thereare four stepsrequired to gppraise empiricaly the cost of an environmental-protection
measure. Firg, itisnecessary to identify the specific policy instrument that is associated with the measure.
For example, isaconventiona instrument, such as a technology standard, or a market-based instrument,
such as an emission charge, to be employed? This can be important because the same target, such asa
given reduction in carbon dioxide (CO,) emissons, may be achieved at very different total costs with
different policy instruments. The second conceptual step is identifying the specific actions that sourceswill
take to comply with the satute or regulation, asimplemented with the given policy indrument. Some of
these actions may involve the adoption of anew piece of equipment, but others may involve a changein
process. Third, it is necessary to identify the true cost of each action, which requires more than assessing
required monetary outlays. Fourth, it is often necessary to aggregate these costs across society and over
the rlevant time frame,

In the case of dimate change, the cost of taking action includes. direct outlays for control (for
example, the incremental cost of employing naturd gas rather than more carbon-intensive cod for energy
generdion); partia equilibrium costs to both producers and consumers (for example, accelerated
depreciation of fixed capital); and generd equilibrium costs that arise in related markets as prices adjust
(Hourcade et.al. 1996). Inthislast regard, it isimportant to keep inmind that the ultimate consequences
of a given environmental policy initiative depend on interactions between the new policy and existing
regulations or tax policies. In particular, additiona costs can arise from interactions between climate
policies and pre-existing distortions in the economy, such asthose due to taxes on labor (Goulder 1995).

The basdlinesutilized for climate policy cost andyses (and, for that matter, for benefit andyses) are
very important. Indeed, agtriking finding fromawiderangeof integrated assessment model s (whichlayer
economic models upon underlying scentific models of climate change relationships) is thet differencesin
welfare impacts®™ across plausible basdine assumptions are greater thanthe welfare impacts attributable
to dimaepolicy itsdf (Goulder 2000). Thesebasdinesare built upon various assumed time paths of future
economic growth, encompassing overal rates of growth plus rdlevant sectoral changes. A particularly
important aspect of dternative basdinesis the assumed rate and direction of technological change.

The cost of achieving any given globd dimate target depends criticaly upon the “physica scope’
of policy action. Does the policy being andyzed affect only emissions, for example, of CO, by
encouraging fud switching? Or does the policy aso provide mechaniamsfor: increased biologica upteke
of carbonthrough carbon sequestration, presumably through changesin land use (Sedjo, Sampson, and
Wisniewski 1997; Stavins 1999); carbon management, that is, remova and storage of CO, inthe deep
oceanor depleted oil and gasreservoirs(Parson and Keith 1998); and/or geoengineering, suchasvarious
means of increasing the earth’ s reflectivity (Nationd Academy of Sciences 1992)? Morebroadly till, do

®This is measured by net benefits: the difference between benefits and costs.
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the cost estimates allow for adaptation policies,*® whichin many cases may be less cogtly than “equivaent”
measures that work through emissions reduction, sequestration, management, or geoengineering (Pieke
1998; Kane and Shogren2000)? Findly, does the policy being assessed focus exdusvdy onCO, or are
alarger set of greenhouse gases being targeted? Thisisa crucid question, sncebroader targets enhance
flexibility, and, insome cases, canreduce costs of achieving agivencdimate goa substantidly (Hansenet.al.
2000).

Just asthe dlowed physical scope of policy response will affect the costs of achieving any given
climate target, the policy insgrument chosen to affect change will have profound impacts on codts, both in
the short term and the long term.  On the domestic front, the portfolio of potential policy instruments
includes conventiond technology and uniform performance sandards (so-caled command-and-contr ol
approaches), aswdl asthe newer breed of economic-incentive or mar ket-based policy instruments, such
as taxes, tradeable permit systems, and various information policies (Stavins 1997).1" At the
internationd levd, the set of instruments that have been subjected to andyssincludeinter national taxes,
harmonized domestic taxes, international tradeable permits, joint implementation, and the Clean
Devel opment Mechanism of the Kyoto Protocol (Fisher, et.al. 1996). These two sets of climate policy
instruments — domestic and internationa — should not be thought of as functioning independently of one
another. Indeed, the relative cost-effectiveness of what may be one of the most promising mechanisms,
the internationd tradeable permit system recognized by Artide 17 of the Kyoto Protocol, will depend
greetly upon the particular set of domestic policy instruments adopted by participating nations (Hahn and
Stavins 1999).

The outcome of any cost comparisonamong greenhouse policy instrumentsa so depends uponthe
sophigtication of the underlying andlyticd models. With many environmenta problems, relatively smple
andyticd modds canbe employed for comparing policy instruments, Since it is reasonable to utilize static
(short-term) cost-effectiveness as a criterion for comparison. But the long-term nature of globa dimeate
change and rel ated policiesmeans that it isimportant to employ adynamic (long-term) cost-effectiveness
criterionfor comparisons. Inthiscontext, theintertempora flexibility provided by some policy instruments,
suchas banking and borrowing inatradeable permit system, canturnout to be very sgnificant (Manne and
Richels 1997).

More importantly, the very long time horizons typicaly employed in globa dimatepolicy andys's
meanthat it is essentid to dlow for the effects of dternative policy indrumentsonthe rate and direction of
relevant (cost-reducing) technologica change (Jaffe, Newdl, and Stavins 1999, 2000). Three stages of
technologica change (Schumpeter 1939) can be andyzed: invention, the development of anew product
or process (Popp 1999); innovation or commercidization, the bringing to market of a new product or

®These are policies that reduce the damages of climate change, but do not reduce the incidence of climate change.
Examples include sea walls to protect coastal areas from sea level rise, and improved pricing structures for water supplies
that would increase the responsiveness of demand to changes in water scarcity.

For a comprehensive review of worldwide experiences with market-based instruments for environmental protection, see:
Stavins (2000).



process (Newell, Jaffe, and Stavins 1999); and diffusion, the gradua adoption of new products and
processes by firms and individuas (Hassett and Metcaf 1995; Jaffe and Savins 1995).1 Most large-scae
andysesof globd climate policy have not alowed for endogenous technologica improvements, but thisis
beginning to change (Goulder and Schneider 1999; Nordhaus 1999; Goulder and Mathai 2000).1°

Since the compliance costs associated with most climate policies are initidly incurred by private
firms, it isimportant to analyze correctly the behaviord response of such firmsto various policy regimes.
Most economic anadyses treat firms as aomidtic, profit-maximizing or cog-minimizing units.  This is
satisfactory for many purposes, but it can lead to distorted estimates of the costs brought about by some
policies. For example, one potentialy important cause of the mixed performance of implemented market-
based indrumentsisthat many firms are smply not well equi ppedinterndly to make the decisons necessary
to fully utilize these instruments.  Since market-based instruments have been used on alimited basis only,
and firms are not certain that these indruments will be alasting component on the regulatory landscape,
most companies have not reorganized ther internd structure to fully exploit the cost savings these
ingrumentsoffer. Rather, most firms continue to have organizations that are experienced inminmizingthe
costs of complying with command-and-control regulations, not in making the strategic decisons alowed
by market-based instruments (Hockenstein, Stavins, and Whitehead 1997).

The focus of environmenta, hedlth, and safety departmentsin private firms has been primarily on
problem avoidance and risk management, rather than on the creetion of opportunities made possible by
market-based indruments. This focus has developed because of the strict rules companies have faced
under command-and-control regulation. In response to these dtrict rules companies have built skills and
developed processes that comply with regulaions, but do not hdp them benefit competitively from
environmenta decisions (Reinhardt 2000). Absent sSgnificant changes in structure and personnel, the full
potentia of market-based instruments will not be redized. Economic modes may thereby underestimate
the relaive costs of employing such ingruments to achieve globd climate targets.

Fndly, the costs of achieving any givengloba dimatetarget, indeed the very feasibilityof achieving
suchtargets, will depend uponthe natureof respective internationd agreements and the inditutions that exist
to support those agreements. Thisisaso an areawhere economic anaysis (dlongwith politica scienceand
legd scholarship) can contribute. A principa issue is the architecture of such agreements and the breadth
of the coalitions that are parties to them (Jacoby, Prinn, and Schmaensee 1998; Schdlling 1998). From
an economic perspective, afundamenta chalenge is the necessity of overcoming the strong incentives for
freeridingthat exist witha globa commons problem (Carraro and Siniscalco 1993; Barrett 1994; Cooper

¥In the give-and-take of policy debates, abatement costs of proposed regulations have sometimes been over-estimated
(Harrington, Morgenstern, and Nelson 2000; Hammitt 2000). This may partly be due to the adversarial nature of the
policy process, but it is also a natural consequence of employing short-term cost analyses that do not take into account
potential, future cost savings due to technological change, some of which may be endogenous to the regulatory regime.

As mentioned earlier, climate policy instruments can impose additional costs through their interaction with with pre-
existing distortionary taxes. This raises another issue for cost comparisons since some policy instruments, such as taxes
and auctioned permits, generate revenues, which can be used by governments to reduce pre-existing taxes, thereby
reducing what the overall costs of the policy would otherwise be (Goulder 1995).
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1998). More specificdly, there is a pressng need to design internationa policy instruments that can
provide incentives over time for more nations — inparticular, developing countries— to join the codition
and take on binding targets or other respongbilities (Manne and Richels 1995; Rose, Stevens, Edmonds,
and Wise 1998; Frankel 1999; Bohm and Carlén 2000).

1.3 How Can Benefit and Cost | nformation be Assimilated for Decision-Makers?

Thenext anaytica challenge, after the benefitsand costs of proposed globa dimatechange policies
have been assessed, isto assmilaethisinformationinways that areussful for decision-makers. Twomgor
categories of andyssare required: oneisto provideanoveral characterization of apolicy interms of its
likely benefits and costs (aggregate andyss); and another is to describe the distribution of those benefits
and costs across relevant populations, defined, for example, by geographic location, economic sector,
income leve, or time period (didributiond andyss).

1.3.1 Aggregate Analysis

It seems reasonabl e to ask whether the gains (to the gainers) outweigh the losses (to the losers) of
some public policy, and thus determine, on net, whether society as awhole is made better or worse off as
aresult of that policy. Benefit-cost andysisis the standard technique used to carry out this comparison of
the favorable effects of risk reductions (the benefits) with the adverse consequences (the costs). A policy
that achieves maximum aggregate net benefitsis said to be an efficient one. Although efficiencyissurdy
animportant criterionfor sound policy andys's, most economigts think of benefit-cost andysis asno more
than a tool to assist in decison making. Virtudly al would agree, however, that the information in a
well-done benefit-cost andyds can be of great vauein heping to make decisions about risk reduction
policies (Arrow et al. 1996).

Timeisacritica and prominent dimensionof globd dimate change policy. First, greenhouse gases
accumulateinthe atmosphere over very long periods (up to hundreds of years), because of their very dow
natura decay rates. Second, changesin the capital stock that are made in responseto the threet of climate
change have long lives. for example, 50 to 70 years for eectricity generators, and 60 to 100 years for
resdentid buildings (Jaffe, Newell, and Stavins 1999). Third, exogenous and endogenous technological
change are long-term phenomena that have great bearing ongloba dimeate change and policies to address
it. For dl threereasons, benefit-cost andysesof globa climate policiesmust involvethe dimension of time,
and over very long intervals.

When adding the vaue of net benefits over time, it is essentia to recognize that people are not
indifferent between receiving a given economic benefit (or paying a given economic cost) today or ten or
twenty yearsfromnow. For thisreason, dl future net benefitsaretypicaly discounted (expressed interms
equivaent to the time-vaue of today’s net benefits); that is, the present value of net benefitsineachyear
is computed before aggregating net benefits over time.°

Dwhat rate should be used to carry out this discounting? There is a an extensive literature in economics that addresses
this question. A comprehensive summary was provided by Lind (1982), and a more recent exploration was organized
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Whilethe concept of discounting hasasound rationde, it canlead to conclusions that many people,
including economidts, find unpaatable. For long-run policy problems, such as globd dimate change, little
weight will be given in an andlyss to the long-term benefits of taking action, compared with the up-front
costs of those actions. This conundrum has simulated an active area of research (Portney and Weyant
1999), as economists have considered how best to address the gpparent dilemma. One avenue of this
research has suggested a theoretical basis for employing lower discount rates for longer run anayses
(Weitzman 1999). Condderations of time can thus have profound effects on aggregate andysis of the
benefits and codts of dternative climate policies®

Inadditionto time, uncertainty isaprominent feature of globa dimate change, on both the benefit
and the cost side of the ledger. In effect, the risks of premature or unnecessary actions need to be
compared withthe risks of failing to take actions that subsequently prove to be warranted (Goulder 2000).
Because of this, many economic andyses have indicated that dimate change may best be addressed
through sequential decision meking, with policies being modified over time as new information becomes
available and uncertaintiesare reduced. Because such new informationispotentidly of great vaue, flexible
policiesthat adapt to new information have very sgnificant advantages over morerigid policy mechanisms.

The dgnificant uncertainties associated with global climate change interact with the intertempora
nature of the problemto yield another important dimenson— irreversibility (Kolstad and Toman2000).
It iswell known that in the presence of uncertainty, combined with long-lived impacts (economic, if not
physcd irrevershility), thereisavdue (caled quasi-option val ue by economists) inddayingthose impeacts
until more information is available (Hanemann 1989). This vadue should, in principle, be indluded in the
cdculaion of benefits and codts. In the globa dimate context, the irreversbilities include both the
accumul ationof greenhousegases inthe atmosphere and the accumulationof capital invesmentsthat cannot
eadly be reversed. These two effects push a stochadtic benefit-cost analyss of globa climate policy in
opposite directions. Which is dominant? Although it has been argued that the second effect is more
important (Kolstad 1996), it is ultimately an empirical question (Ulph and Ulph 1997; Narain and Fisher
2000).

1.3.2 Distributional Analysis

This discussion of benefits and costs, aswell as the way the two are compared, has glossed over
an important point, and one that is exceptionaly important in the context of globd climate change palicy.
Specificdly, benefit-cost andydsis slent about the distributiona implications of policy measures. Although
consderable thought has been given by economists over the years to the posshility of usng weights to
incorporate digtributiona congderations into determinations of efficiency, there is no consensus, nor likdy
to be one, onwhat those weightsought to be. It seems reasonable, instead, to estimate benefits and costs,
and aso provide as much information as possible to decision makers about gainers and losers.

by Portney and Weyant (1999).

ZThe time dimension is aso crucial, of course, in one type of distributional analysis, namely intertemporal distribution,
asis discussed below.
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Assessmentsof nationd, intra-national, and intergenerationa digtributions of the benefits and costs
of dternative policy regimesare necessary for the identification of equitable climate strategies. A number
of criteriamerit condgderation (Goulder 2000). First, the criterion of responsibilitywould suggest that —
other things equa — those nations that are most responsible for the accumulationof greenhouse gasesin
the atmosphere should take on the greatest burden for containing the problem. Second, the criterion of
ability to pay ispremised on the notion that wealthier nations possess greater capacity to respond to the
problem. Third, the criterion of the distribution of benefits suggests that those nations which stand to
benefit most from action taken ought to take on greater shares of the cost burden. The first two
consderations suggest that indudtridized nations should bear the principa burdens for deding with the
prospect of climate change, while the third consideration favors action by developing countries.

Because of the long time-horizon of globa dimae policy anadyss, important issues of
intergenerational equityarise. But it should be noted that the use of discounting in benefit-cost analys's
has ambiguous effects. For example, some have called for not discounting future costs and benefits at dl
whentime-horizons are very great. At fird, thismight seem to beacourse of action that would favor future
generdions. In an important sense, however, it doesnot. If, by using azero or very low discount rete, we
adopt policiesthat do not pay off until the distant future, we are favoring climate policy action over other
policies for which a standard (higher) discount rate isused. As aresult, we may pass up opportunitiesto
employ other, non-climate policies that could benefit future generations. Thus, it isnot clear that we make
future generations better off by usngalow rate of discount. Morebroadly, Schelling (1998) hashighlighted
the trade-off that may exist between policies to address intergenerationd equity and those that address
(current) digtributiona equity: by taking actions to protect future generations (who presumably will be
better off than current ones), we reduce the resources available to help today’s poor in developing
countries.

1.4 The Path Ahead

Globa dimate change — perhaps even more than other environmenta problems — can be
addressed successfully only withasolid understanding of its economic dimensons. A substantia body of
economic literature can be brought to bear on the three broad questions that are raised by the threat of
globa dimate change: what will be the benefits of globd climate policies, what will betheir cogts; and how
can this information about dternaive policies be assmilated in ways that are ulimately most useful for
decisonmakers? Althoughtheexigting literaturefrom decades of economic andysisishdpful in addressng
these questions, the truthisthat global dlimate change policy — because of the magnitude of its anticipated
benefitsand costs, itsgresat time horizons, massve uncertainties, and physical and economicirreversbilities
— presents unprecedented challenges to economic research, as it does to the other social and natural
sciences.

The five chapters that follow this one stake out a number of the frontiers of that research,
addressing inturnfive particularly timely and important aspects of the overdl puzzle. Firgt, inan*“Overview
of Economic Models,” John Weyant provides amuch-needed user’s guide to the large-scae integrated
assessment models that continue to be centra to much of the research and many of the policy debates on
globa climate change. Weyant reviews the structure, data, and findings of fourteen of the most prominent
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large-scde economic modds, and explains how the models differ, how they do not, and how their results
relate to one ancther.

One of the key determinants identified by Weyant — the role played in respective models by
technologica change — becomesthe sole focus of the second chapter, “ Technologicd Change and Globa
Climate Change Mitigation,” by Jae Edmonds, Joseph Roop, and Michaegl Scott. Theseauthorsemphasize
that underganding the way technologies evolve and penetrate the market is essential to understanding
methods of addressing globa dimate change. Their focus, then, is on the ways in which technologica
change is captured by cdimae change policy modeers, with particular attention to two idealized
approaches. top-down and bottom-up. Their conclusionisconsistent with Weyant's, namely that in order
to understand the implications of large-scale economic modds of the climate change problem, it is essential
to understand first the assumptions that have been made regarding the path of technological progress.

Much of the andysis of technologica change in the globa climate policy context has focused
directly on products and processesrelated to the generationand use of energy, because of the prominence
of fossI-fud combustion and consequent CO, emissons as a mgor contributor to the accumulation of
greenhouse gasesinthe atmosphere. Theareaof technologica change which has been most drameatic over
the past decade, however, hassurdy beeninformationtechnology. What effects, if any, will the emergence
of the related “new economy” have on the cogts of achieving globd climate targets?

This question is the topic of the third chapter in this part of the book, “The *New Economy’ and
Globa Climate Change Policy,” by Everett Ehrlich and Anthony Brundlo. Drawing uponboth economic
theory and empirical evidence, they firs argue that asthe margind cost of processing informationfals, there
will be subgtitution of information and information-related activities for energy in the production of goods
and services. Second, they find that thiswill lead to more specidizationand greater outsourcing of energy
service management.  Third, empirical andys's suggests that consequent changes in the capita stock will
mean that given policies intended to reduce CO, emissons will have more benign effects on the economy
thanotherwise. Their overal concluson isthat the information revolution will cause the economic cogts of
climate change policies to be less than previoudy thought.

If there is one lesson that has been learned from the 30 years of environmentd policy experience
that began with the first Earth Day, it is that flexible environmenta policies cost less than more rigid ones.
In particular, market-based indruments, such as taxes and tradesble permit systems, can enable
governments to achieve thar environmentd targets at lower aggregate costs than via conventiond,
command-and-control approaches. Given the magnitude of the globd climate change problem, the
potentia for cost savings with such insrumentsis enormous, and this is documented inthe fourth chapter,
“Internationd Emissons Trading and Globd Climate Change,” by Jae Edmonds, Michagl Scott, Joseph
Roop, and Christopher MacCracken.

With some smple, but powerful numerical examples, and with areview of the results from eight
models of carbon trading, the authors are able to document the degree to which international greenhouse
gasemissons trading would lower overdl mitigation costs. They highlight the fact that the cost savings will
increase if greater flexibility is provided in trading mechaniams, suchas by alowing trade among the mgor
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greenhouse gases, acrosstypesof sources, and over time. But the authors aso note that the full economic
potentia of these trading regimes will be reached only if crucid issues of program design and inditutiona
structure are successfully addressed.

Findly, as| emphasized above, because climate policy compliance cogts are initidly incurred by
private firms, it is essentia to andyze the behaviora response of such firms to various palicy regimes.
Nearly dl economic andysestreat firms as aomistic, profit-maximizing or cost-minimizing units, but firms
are vadtly more complex. Although such smplifying assumptions are stisfactory for many purposes, it is
ussful to go indde the black box of the firm to understand private industry’s approach to the climate
problem and potentiad solutions. Thisis precisdy the purpose of the fifth and find chapter in this part of
the book, “A Busness Manager’s Approach to Climate Change,” by Kimberly Packard and Forest
Reinharat.

The authors address a key question: how can managers reconcile the goas of improving both
shareholder vaue and environmenta performance? Thisis a question that has generated consderable
debatein the past, but that debate has all too often been dominated by extreme and mideading views. on
the one hand, by widhful thinkers who see “win-win opportunities’ even where there are severe tradeoffs
between environmenta and private financia gods, and, on the other hand, by ided ogues who portray dl
environmenta regulations as crippling for business. Packard and Reinhardt make sense of this confused
and confusng debate, and thus describe a more sensible path for business managers in the face of red
concerns about globa climate change and the new policies that such concerns may bring forth.

Ovedl, the five chapters that follow provide ingructive examples of how economics can offer

powerful andyticad methods for investigating the problem of globa climate change, and how economic
andysis can thereby provide vauable insghts about potentid solutions to this very chdlenging problem.
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