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INTRODUCTION

It is hard to imagine a policy problem more daunting than glebal warming. To begin
with, we are not sure what we are up against. The problem is shrouded in uncertainties
of the most difficult sort. Actions today to reduce emissions of greenhouse gases will have
their effects on global climate many years down the road, and the magnitude and timing
of these effects are the subject of much dispute. Point estimates of possible changes in
temperature, rainfall, and other dimensions of global climate come with large confidence
intervals, and the estimates are themselves often based on relatively simplistic extrapo-
lations that do not allow for potentially frightening changes in climate should we set off
some nonlinear, self-reinforcing processes of which we are currently unaware. Qur
imperfect knowledge has led to sharply contrasting policy positions: at one extreme are
those suggesting that we wait until we have a firmer understanding of the global
warming process before adopting costly preventive measures; at the other are those
urging rapid action to forestall some possibly catastrophic outcomes.

But uncertainty is not the only aspect of global warming that makes it so difficult to
address in the policy arena. Effective policies to reduce emissions of greenhouse gases
are likely to be very expensive, William Nordhaus [1991], for example, estimates that the
cost of cutting greenhouse gas emissions in half, if done efficiently on a worldwide scale,
would be on the order of 1 percent of world cutput, and could easily cost more. We could
find ourselves in the United States spending as much on such policies as we spend on all
other efforts to control pollution combined! Broad support for such costly policies will be
hard to find.!

Moreover, global warming is an international public good. Emissions from one
country are essentially a perfect substitute for emissions elsewhere. The issue then is
one of total planetary emissions of these gases. And no one country is of sufficient size to
“go it alone.” It has been estimated, for example, that even if the OECD countries (the
source of most of the world’s current emissions of greenhouse gases) were to eliminate all
such discharges over the next 15 years, the effect would be insufficient to obtain a 20
percent reduction in total world emissions by 2005 if the USSR and Eastern Europe only
stabilize their emissions at current levels and if the developing countries undertake no
measures to control their emissions of these gases. Effective policies to address global
warming will have fo be international in scope—-they must enlist widespread participa-
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tion if there is to be any hope of success. We are all-too-familiar with the various public-
goods or free-rider problems that put obstacles in the path of such cooperation.

These obstacles might not seem so formidable if we could assume a broad similarity
in the positions and views of different countries. But this is emphatically not the case.
Global warming is projected to have dramatically different effects on the well-being of
populations in different areas. Some countries are likely to be net beneficiaries from
global warming, as their present cold climates become milder. Others will suffer from
changes that promise agricultural ruin. In addition to differences in projected effects,
there are widely differing perceptions of the seriousness of the problem. There are
important North-South differences here. The push for policies to contain global climate
change is coming largely from the wealthier, industrialized countries. Many developing
countries, in contrast, have what they see as more pressing issues of ecoriomic growth.
They are slow, quite understandably, to consider seriously policies that would impede
development efforts. It thus appears that the industrialized countries are going to be
asked to assist the developing countries with programs to control emissions of green-
house gases if their participation is to be expected. A consensus on global policy is not
going to come easily!

Our purpose in this paper is not to present a blueprint for policy, or even to advocate
a general policy approach. Indeed, the issues here are so formidable and complicated
that we are far from clear in our own minds about the appropriate policy response. Buta
wide ranging and heated debate is underway. More than this, some countries are taking
the lead in introducing policy measures unilaterally as a spur to more widespread
participation. Sweden, Finland, and the Netherlands, for example, have already intro-
duced “Green Taxes” to reduce emissions of carbon dioxide.

Our more modest aim is to try to sort out some of the policy issues in a systematic
way. We begin in the early sections of the paper by returning to the basic literature in
environmental economics and reviewing what we have learned about the properties and
use of various policy instruments in a domestic context. With this as background, we
then venture into a global setting and explore how we must restructure the analysis to
incorporate the additional complexities that “openness” introduces for the design and
implementation of effective policy. Our primary objective is to provide an overview of the
policy debate that will help both to channel the debate in constructive directions and to
suggest a research agenda that poses the questions that we must answer to make

sensible policy decisions.?
A REVIEW OF POLICY INSTRUMENTS

The literature in environmental economics has drawn a sharp distinetion between
the so-called “command-and-control” (CAC) approach to environmental regulation and
the use of economic incentives, or incentive-based (IB) approaches, to pollution control.
Under the CAC rubric are policies where the environmental authority specifies, often in
great detail, the regulations for each of a very large number of sources or group of
sources. These regulations typically go well beyond establishing discharge limits for
individual sources: they often specify the form of pollution-control technology that the
source must employ, the pollutant content of the fuels fo be used, certain features of the
products to be produced, and so on. Such measures are characterized by their inflexibil-
ity: they typically allow little latitude for innovative responses on the part of sources.
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Incentive-based approaches, in contrast, establish a set of penaltie issi
rewards for reductions in discharges) but allow the source Wige scopesfzj'rci?cl)z?;cigngcfgl:
the fom% and magnitude of its response. A central theme in this literature is the large
cost-saving potential of IB as compared to CAC. At a theoretical level, it is straightfor-
ward to. show that various economic-incentive instruments have the cr:;pacity to achieve
any desired level of environmental quality at the least cost to society [Baumol and Oates
19'? 11 Moreover, there now exists a substantial body of empirical work that produces’
estimates of the magnitude of these cost-savings, estimates that range from roughly 50 t
over 90 percent relative to CAC outcomes.? i °

In addition to these potentially large savings based on the more effici
of existirfg control technologies in the short run, the literature empha(;iezzz (i;%hizfgfi
term savings that IB approaches provide through continued research and development of
new control technologies. In short, environmental economists have established a power-
ful case for the use of economic incentives to achieve our environmental ohjectives at
muc}?l lowe; cost than the more widely used CAC measures.

_ From the perspective of the containment of global warming, the co i -
ties of .the 1B approach to environmental regulation take on reil signi;;.ii:lr;%rp(r;sp ::e
nqted in the introductory section) it could be a very expensive enterprise. V\’fith this in
fx.nmd% ;vel .turn first to a cgnsideration of the two major economic instruments emerging
axi;?emiségi;ast;;: 3;::lrixte;:.nmrom:r:lent:al regulation: emissions taxes and systems of transfer-

Emissions Taxes

Under the tax approach, the environmental authority would levy a fee on each pound
of carbon (or other greenhouse gas) discharged, and the source would have a tax liabilit
equal to t1'1e _fee times the number of pounds of carbon that it chooses to emit Sincz
carbon emissions are equally damaging irrespective of the particular place Whe:re the
are t'am1tted, there is no need to tailor the tax rate geographically. A gingle tax ratz
apphc‘able to all sources is what is needed. And, if the environmental authority is
c9mm1tted t.o the attainment of some target level of aggregate reductions in car}l;on
d}.scha:rges, it can adjust the tax rate until this target is achieved. Cost-minimizin
behavior by individual sources will ensure that marginal abatement cost is equate(gi
across all sources s0 that the aggregate reduction is achieved at minimum overall cost
Decentralized decisions in the presence of the tax lead to the least-cost outcome.* .

Transferable Emission Permits

T}'le basic alternative to the tax approach is a system of transferable emissions
permits. I.n a simplified setting, it is easy to show that the two are, in a fundamental
sense, equivalent. Under the tax approach, the environmental authority raises the tax to
the level needed to achieve the target level of emissions reductions. Under the permit
app.nro‘ach, the agency simply issues permits that, in total, equal the target level of
emissions. Sources are then free to buy and sell these permits. In the first case, the
:utho:iqty set;:price” and the sources respond by choosing quantities of emissions: 11:1 the
econ i i i i ’
socor m:;s{;_ﬂz ;izci ::113‘3 quantity directly and sources bid the price of permits up to
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While this basic equivalence exists in principle, these two approaches have some
important differences in a policy setting. Three of these differences appear to have
disposed regulators in the United States to the permit, rather than the fee, approach.
They explain to some extent why regulators in the U.S. have chosen the transferable-
permit approach under the Emissions Trading Program rather than a system of effluent
charges, and also why the 1991 Clean Air Act Amendments included such a permit
system to achieve the mandated reductions in national sulfur-dioxide emissions to
address the acid-rain problem.

First, the permit approach gives the environmental regulator direct control over the
quantity of emissions. This is a very important advantage since environmental goals are
typically formulated in quantity terms, e.g., in terms of specified levels of emissions or
pollutant concentrations. The new amendments to the Clean Air Act, for example, call
for a 10 million ton (roughly a 50 percent) reduction in annual sulfur emissions by the end
of the next decade. A regulator will thus prefer having direct control over the quantity of
emissions through the issue of permits, rather than indirect {and uncertain) control
through the manipulation of the tax rate. In contrast, and especially in a changing world,
a regulator would find it necessary periodically to adjust the rate of an effluent tax to
prevent emissions of pollutants from rising with a growing economy. No such problem of
adjustment exists under permits in the sense that quantity will remain fixed. The price
of permits will simply rise to clear the market in the face of increased demand from new
sources wishing to discharge the pollutant.

Second, the permit approach offers a way around some of the political opposition that
has blocked the introduction of emissions taxes. It is true, of course, that permits could
be issued through an auction so that sources would have to pay directly for all their
emissions, much as they do under a system of effluent charges. But there is another way
to set a permit system in motion. The regulator can simply distribute the permits free of
charge to existing sources who can then trade among themselves or sell them to new
sources. The granting of a valuable asset will obviously encounter much less resistance
from polluting firms than will the levying of a tax. This is, in fact, what has been done
under the Emissions Trading Program in the United States for the control of air
pollution.

And third, the permit approach promises much more ready acceptance simply on the
grounds of familiarity. Regulators have experience and are comfortable with the permit
instrument. It seems a much less radical move to make permits transferable than to
replace an existing permit system with a scheme of emission taxes.

Transferable permits, for all these reasons, have real appeal. They appear to ghare
all the desirable properties of a system of effluent fees, but to avoid certain administra-
tive and distributive problems that have made fee systems unattractive to environmental
regulators. The experience over the past decade with Emissions Trading does, however,
raise one potentially serious problem with the permit approach: the operation of permit
markets. As we have indicated, it is easy to show in theory that a competitive equilib-
rium in the permit market has all the nice economic properties, including aggregate cost
minimization, that we wish for our system of emissions control. The difficulty is that, in
practice, markets for air pollution permits haven’t worked as smoothly as envisioned. In
particular, these markets have been quite thin, especially on the supply side. Robert
Hahn [1989] contends that this has been largely the result of unfortunate restrictions on

trading that have clouded definitions of property rights and raised serious uncertainties
about the ability to obtain these rights in the marketplace when needed. Even so, the
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number .of poter.ltial participants in these markets is often small with certain lar
sources in a position to exercise monopolistic price-setting powers [Hahn, 1984] Tﬁs
thinness of these markets and infrequency of transactions suggest that sou’rces méi not
obseer\.’e a clear, well defined price signal to indicate the opportunity cost of zhei
5;115;1;);{51; Thte absen;le{ of such a clear price signal is likely to impair the functioning o;
1t system, unlike a regim igsi i i
pormit system, unlike a e E:issei (;)rfl' Se‘miss_lon taxes where the tax itself gives a clear and
While market thinness has been a real problem under Emissi ing, i

unlikely that th:‘is would be a significant problem in a market for ;;:Ijo?lr:zilizgi’oﬁ:e%nﬁs
markets for Ez?nssions Trading relate to specific air pollutants in particular areas‘ The
markets are highly localized, and this limits the number of potential participant-s I
f:ontrast, the market for carbon emissions would presumably be national or intemati;mari
in scope. In such a setting, there should be plenty of active buyers and sellers so that
competitive conditions would prevail. :

POLICY CHOICE IN AN UNCERTAIN WORLD

. The formal equivalence of systems of emission taxes i i

in a world of perfect information. We find in the morznxig?s?is:‘e::tt;lizg e;ﬁzliﬁzzi
knowledge that there are some important asymmetries between these two policy instru-
rgents:. If we are uncertain about the benefits and costs of emission control, then. in
hlnds}ght we will tend to make errors in our choices of values for tax rates or qua;ntitie,s; of
permlt.s. And, as Martin Weitzman [1974] and others have shown, the errors can be of
ve;‘ky d1ﬁ_‘erent magnitude depend.ing on the policy instrument in us’e. If we are going to
2 . :Sgﬁgkes (and we surely will), we want these mistakes {0 involve as little damage

The Weitzman theorem shows that it is the relative steepne i

and margina! abatement cost curves that determines WhiI::h 2?' ({):;zh:\:cl:a;illi? li)r?;;ff
ments, pol}utmn taxes or a system of transferable permits, promises the larger expected
Welfa.re gain. The basicidea is straightforward. Suppose that the marginal beneﬁtp curve
associated with pollution control is quite steep while marginal abatement costs are

- relatively constant over the relevant range. This would represent a case where the

beneﬁ'ts from changes in environmental quality vary dramatically with changes in
poliution 1(?\7818. Such a case might involve crucial threshold effects, where, if pollutant
concent.ratlons exceed some critical level, disastrous consequences,take pl’ace Under
these circumstances, we want to be sure that we have reliable and precise con.trol ove
the qua.nmty of polluting waste emissions. It is clear that in a setting of uncertaintr
concerning true levels of abatement costs and, perhaps, benefits, we would use the ta:{
mstrumel:'lt at our peril. If the environmental authority were to se;: the tax too low (which
could easily happen where we are uncertain of the response of sources to a particular
level of the tax rate), then emissions would.turn out to be higher than planned. Were
they 1{0 exceed the critical level, an environmental catastrophe would result. It is.best in
such instances to employ 2 permit system under which the regulator has éirect control
over the quaptity of emissions and can avoid the threat associated with too low a tax
rate. 'In 'Weltzn‘lan’s words, “Our intuitive feeling, which is confirmed by the formal
analysis, is that it doesn’t pay to ool around’ with prices in such situations” [1974, 489]
In. contrgst, under other circumstances, the marginal damages from addi,tional.
polluting emissions may not vary significantly. The effects from more emissions will, in
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such cases, be fairly constant. There will not exist any serious threshold effects over the
relevant range of emissions. However, it may be that the marginal costs of control vary
dramatically. There exist, in fact, many careful estimates of the marginal costs of
emission control which indicate that, after a relatively constant range, marginal costs
begin to increase sharply. In this setting, the more pressing danger from a policy-making
perspective is one of excessive costs. If, for example, the regulator were to set too tough a
standard for emissions reductions, he might impose enormous costs on sources. The
danger in this case is greater under the permit instrument, for if the supply of permits is
set too low, excessive control costs will be forced upon sources. Under a fee regime, this
danger is avoided, since sources can always opt to pay the fee and avoid the more costly
control activities.

Unecertainty and imperfect information thus introduce another set of quite important
considerations in the selection of the preferred policy instrument. In which direction is
this argument likely to cut in the case of carbon emissions and the problem of global
warming? The answer is not entirely clear, but it is worth some thought.

1s the problem of global warming characterized by critical threshold concentrations of
greenhouse gases, the violation of which sets off a catastrophic reaction? Most projec-
tions of the process of global warming involve a gradual, continuous process, but this is
because that is the way in which the problem has been modelled. There are fears that
significant non-linearities might be present in the processes of global change - that at
some point the process of global warming could suddenly become self-reinforcing and
take off [Peck and Teisberg, 1991; Chao, 1991]. But, at this point, such fears are no more
than conjectures about the range of possible courses that global warming might conceiv-
ably take. In truth, we don’t know if there are significant threshold effects, and, if there
are, we don’t know what the critical levels of carbon-dioxide concentrations are. We are
thus not in a position to build our policies around avoiding certain critical concentrations
of atmospheric greenhouse gases.

On the cost side, there are good reasons to believe that the costs of additional
increments of emissions reductions will rise, and probably quite rapidly, after some point.
There are certain measures that can be undertaken relatively inexpensively to reduce
carbon emissions. After these measures are taken, we will have to turn to more
expensive options. If existing studies of abatement cost functions are a guide, we should
expect these rising costs to set in quite sharply as we attempt to decrease carbon
emissions yet more dramatically [Jorgenson and Wilcoxen, forthcoming; Nordhaus, 1991,
forthcoming]l. This suggests that there is a real danger in setting purely quantitative
targets for emissions reductions; such targets could involve enormous costs, much higher
than those envisioned at the outset.

This danger could be avoided by selecting a price rather than a quantity instrument,
that is, by using emissions taxes instead of a system of transferable permits. Taxes could
be set at the level which will call forth those control activities that we can reasonably
afford. Note that such a policy choice implies uncertainty as to just how much emission
reductions we would get. But in return for this uncertainty, we would protect curselves
against the potentially large costs that could be incurred to get some (perhaps guite
small) additional reductions in carbon discharges.

For the case of global warming, the uncertainty argument would thus seem to favar
the use of emissions taxes over transferable permits. But there are some important
qualifications. First, if, as our scientific knowledge concerning global warming expands,
we find that there are, in fact, some critical threshold values of carbon concentrations
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S:;t“;; ntmsjt not viol;te, then the case would swing back to support the policy instru
at gives us a firmer control over Ievels of emissi i i
Seoond, e g & Bt : ( sions, namely, a permit system,
, particular argument for taxes should be seen i
’ . ne; en in the
ﬁzzipfgstgic:t:; tthe use o'f alpermlt system, if it were found that the supply of permiltj‘,zal'?;é
o excessively stringent levels with unjustifiable cost implicati i
ments could be made over time to increase the s and alloviate sy
supply of permits and alleviat,
the cost pressures. However, such adj i e ascommdnts
cos . \ justments take time, are not alwa:
easily in a regulatory system, and involve oth e T e e odated
; , er costs of their own. Butitisi
recognize that these policy instruments, be th , r ton Tt
tha ' \ ey transferable permits or tax
carbon emissions, can be adjusted over time to produce more satisfactory result; at’léliezz

is, in short, some room for the correetion of “mi ?
! \ istakes,
avoid the larger mistakes at the outset. e But we would do well to ry to

POLICY DESIGN IN A GLOBAL SETTING

mstﬁglngshﬁ)\::hzivetexlar?izielc}l {arieféy certain general aspects of the major policy
. ontrol of global carbon emissions, we turn lici i
of policy choice and design in a gl i , o et o e fgeue
global environment. The existing lit, i
mental regulation presumes that there i : i 2 tal anthomtts:
. 1s a central environmental authorit i
empowered to introduce and enforce poli e o 12
. policy measures. In a global setting, things b
more complicated. Most important, there typi i interaational agon
. X ypically does not exist an int ti
with the authority to introduce and e i ldon Sy
nsure compliance with global polici 5
agency can only come into being upon the a vios i o
. greement of all the countries invol
even then its powers are likely to be signifi i ibed than ¢ oy and
Rational or regionat suto s gnificantly more circumscribed than those of a
As we discussed earlier bl i i i
, problems of international coordination loom Ia
. ' rge fi
ggz‘l:;ilinment of gilobal warmlng'becrfxuse of the widely differing positions and pefspeiiiggg
ous countries. The examination of policy alternatives must be seen in this context

Economic Incentives for the Containment of Global Warming

The discussion in this pa i
per has focused on two primary i i i
Hiscussi ry incentive-b
?;izsl:r;si: en;}slm?:ﬁ taxes and transferable permits. In view of their tremeiiiiispgcl);cty
{ potential, they are strong candidates to pla; i inj |
War%ing and deserve careful consideration. lay & penral role in containing global
e debate over the relative merits of th icy i
bat : ese two policy instruments for the control
fsasrfgisgnisﬁ;gl;ess? allready u}?derway. Several thoughtful studies have addressegotlfef
. ingly, reach quite different conclusions. Darius Gaski
. ns and
ii‘ﬁ:enl\%fl?;)ii fgr e;gr{r;ggeé]congegld that carbon taxes are the more promising ;;)pr)l.;::;e
TH and Josh i i ’
ransforatl sy shua Eps_tem and Raj Gupta [1990] opt for systems of
o tg‘si :i:)ntggli éssgestin this :holi)ce do not revolve around the basic economic properties
th y instruments, but around their feasibilit d effecti i
existing international setting. In order to achi et alloction of chytoane
. ieve the least-cost allocation of
efforts under the tax approach, cost-minimizi el o ement
: ax . - mizing sources must all face a single t
unit of carbon emissions. This will result i isi et s
. in the requisite equating of i
ment cost across all sources. This would reguire. i ot & S et oy o bt
acr . quire, in a strict sense, that
carbon emissions on the planet face the same tax per unit of emissionsa every souree of
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Designing, instituting, and managing such a regime is a tall order to put it mildly.
The problems of determining the rate and administering the tax are formidable. Would a
single international agency manage the system and collect the revenues? This would
seem highly unlikely: the potential revenues from such taxes are enormous, and as
Thomas Schelling has observed [1991], no country is likely to give over control of such a
major revenue source to an international agency. Moreover, there are other tricky issues
to be resolved: How would tax rates be adjusted over time in response to changing
exchange rates? Should the taxes be levied at the point of production or consumption of
fossil fuels? Do all countries have the “administrative capacity” to operate such a tax
system effectively? Finally, there is the troublesome issue of widespread distortions in
existing price structures in many countries, notably the developing countries, such thata
single, uniform earbon tax would not, in fact, result in equating the true marginal
abatement costs across nations. We will return to these last two issues shortly.

The obstacles to the introduction of a “pure” global emissions tax may well be
insurmountable. But this certainly does not mean that the tax approach should be
abandoned at this point. There are various compromises that deserve careful study. The
use of carbon taxes that are designed and administered by each of many countries
(perhaps with some coordination) has real appeal. While such a system admittedly would
forgo some of the cost-saving potential of the tax approach in terms of intercountry
pollution “quotas,” it would promote a cost-effective pattern of abatement within indi-
vidual countries and would provide a powerful incentive for R&D efforts to find new ways
to reduce carbon discharges. As James Poterba [1991] finds, such taxes are likely to be
regressive in their pattern of incidence, but this regressivity can, if desired, be offset by
adjustments in the rest of the tax system and/or with transfers. We need to investigate
carefully the ways in which such taxes could be introduced on a national scale with,
perhaps, some degree of coordination across countries. Such studies are already under-
way in many countries, e.g., for the United States, the study by the Congressional
Budget Office [1990].

One potential peril in the design of such tax measures and their management
concerns their enormous revenue potential. Not only can they be a source of considerable
macroeconomic disturbance [Jorgenson and Wilcoxen, 1990; Poterba, 1991], but it will be
easy to lose sight of their primary objective of environmental regulation: as they become
a significant element in the revenue system, there will be pressures to use them for other
purposes such as reducing the federal deficit. Interestingly, it is unclear whether an
attempt to maximize revenues from this source would involve higher or lower tax rates
than would be appropriate for purposes of environmental management. This depends on
the elasticity of the carbon tax base [Oates, 1991]. But what is clear is that the attempt to
achieve two objectives - regulating carbon emissions and raising additional tax revenues
- with a single policy instrument can pose conflicts. The revenues from carbon taxes can
provide a welcome addition to the public treasury, one that can be used to replace
revenues from other distorting taxes that impair the functioning of the economy [Terkla,

1984]. But these revenues are best regarded as a kind of bonus, a serendipitous inflow
into the treasury, whose level is determined independently by the need to control
emissions of greenhouse gases.®

The use of transferable permits for the containment of global warming must also
involve compromises relative to a pure system that would have sources around the globe
trading entitlements to carbon emissions in a single international market. There are
various ways that this could work [Grubb, 1989; Epstein and Gupta, 1990]. At one level,
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pe?rrmts cc?uld k.)e used basically as a mechanism to allocate entitlements across countri
with trading limited to transactions between national governments, Countries Whi:]:
found abatement (at the margin) especially difficult and expensive could then negotiat
for 'purchases of permits from other countries for whom abatement efforts comg more
E::ii ar;)d cheaply: ‘Withi?1 eac}lll country, national authorities would institute systems t(e)
arbon emissions within the nation i
noe ot oxcma e i e 11 no;tl allowance. Such national systems could make
Inst}tutIng a transferable permit system requires agreement on an initial allocation
of perpnts among countries, potentially a very contentious matter. Grubb [1989] and
Epst.em and Gupta [1990] suggest that some kind of per-capita allocation (perhaps
fI‘HOdlhﬁ'ed by pol.)ulation' age structure) could serve as a reasonable and acceptable baslzs
1;:; dt1 nl; allocation. With the initial alIocation in place, countries could proceed with
Epstein and Gup_ta regard the explicit quantity restriction associated with a permit
system as a compelling advantage over a tax regime; taxes, they fear, could have little
effect on levels of emissions, resulting in “toying with basic paramei,:ers of a complex
system v?hose sensitivities are not fully understood” [1991, 17]. While this is a danp er
we remain uneasy with the potential cost “errors” under a permit system, Jorgenson gnci
Wilcoxen {forthcoming], along with others, find that, after some point, marginal abate-
zlen;::'ostls for contz_'olling carbon emissions rise quite rapidly. This mak’es the selection of
cols)gy :sda;ig:uzrgig target a delicate matter. Too stringent a target could prove very
- Gaskins and Stram [1990] raise important issues related to the visibility and flexibil-
ity of the regulatory instrument. They contend that the tax approach has important
advar}t_ages on these counts. Once permits are issued and traded, they argue, the cost of
curte'nhng cgrbon emissions becomes hidden in product prices and is less appérent to the
pub}w and its representatives than a tax that is paid over and over again. Moreove
entltllemel}ts tend to create vested interests, making adjustments in th.e suppl I‘%
permits difficult to bring about. For example, if after some time we learned t}sla)tytlfe
atmosph.ere could accommodate significantly more greenhouse gases than earlier had
been behe:ved, we would want to increase the number of permits. But existing permit
holders (like those owning taxi medallions in New York City) would object sinfe thi
would devaiue. their permits for which they may have paid a sizeable sum. For thes:
reasons, Gasknfs and Stram contend that “political-economy” considerations favor the
tax regime. While there may well be some force to their contention, we point out that it i
not always that easy to change tax rates either! , e

Abatement Versus Adaptation

The literature in environmental economics demonstrates tha i

to a ‘fdetrimgntal externality” is a unit tax on the source of th: fe}::e(;'flzﬂi;l I:;i:{liﬁ
margu'{al socla}l 'damage, accompanied by no payments {compensation) to victi’ms of the
damag:'mg activity [Baumol and Oates, 1988, chs. 3 and 4]. The latter part of thi

prescr?ptmn addresses the need for appropriate levels of defensive activities. Victims oi‘
pollution of'ten' have at their disposal various kinds of defensive measures th£0u h which
they can alleviate to some degree the damages they suffer. They may, for exail le, be
ablfa ‘t(.) locate away from the sources of the pollution or alter their’daily pattlt)arr; of
activities to avoid harm. If, however, victims are compensated for whatever damages
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they absorb, they will not have the proper inducement to engage in such defensive
activities. Compensation of victims thus results in distortions: too little in the way of
defensive activities by victims and too much in the way of abatement by sources. This
analysis, we stress, assumes that all defensive activities are private in nature. They

provide benefits only to the individual that undertakes them. In such a setting the

damages that victims experience provide precisely the correct incentive to engage in

defensive activities. No additional incentives in the form of payments or taxes are
appropriate.

It is important in finding the least-cost response to environmental externalities to get
the appropriate balance of abatement and defensive efforts. In the context of global
warming, these defensive efforts, or “gdaptation” as they are called in the emerging
literature, are likely to play an important role in addressing the global warming problem
[Rosenberg et al., 1989]. Many forms of adaptive response are private in nature,
involving relocation decisions or changing patterns of tillage, irrigation, and crop selec-
tion. For them, we can presumably rely on individual decigions over time to make the
appropriate adjustments.

But there are potential forms of adaptation to gl
purely private benefits. To cite only a few:

1) The construction of sea walls to prevent inundation with rising levels of
the sea;

2) The protection of natural ecosystems;

3) Agricultural research to identify, for instance, new plant cultivars
suitable for expected alterations in climate.

Adaptation to global warming thus involves some important activities that have
dimensions of publicness and will presumably require public programs. It is important
that such forms of adaptation be identified and provided for.

obal warming that do not involve

Administrative Capacity and Distorted Prices

The cost-saving properties of the two IB policy measures considered above depend in
fundamental ways on the presence of two conditions: the “administrative capacity” of
governments to introduce and manage these policy measures effectively, and the opera-
tion of reasonably competitive markets that are not characterized by serious price
distortions. If the latter condition is not satisfied, then existing prices obviously will not
provide accurate signals to users of the true opportunity costs of resources.

While the assumption of roughly efficient markets may be a reasonable one for the
advanced industrialized economies, it is far from clear that it is legitimate for many of the
developing countries. Quite pervasive and sizeable price distortions appear to exist in
many developing economies, and they are frequently present in the energy sector where
prices are often maintained at well below free-market levels. Kosmo [1989], for example,
cites petroleum and natural gas prices in Egypt of, respectively, one-third and from ten to
twenty percent of world levels. In China, a two-tiered structure of prices for coal exists
with “in-plan” coal in Beijing selling for about $50 per ton in the late 1980s, while the
“out-plan,” or negotiated, coal price was over double this figure [Wang, 1988]. More
generally, the developing countries tend to make much wider use of excise taxes and
subsidies that distort prices across broad classes of commodities.

Even if price distortions were not such a widespread phenomenon, it is not clear that
the administrative capacity always exists in the developing countries to operate a system
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of effluent taxes or trfmsferable permits. Such policy regimes require a substantial level
of regulatlory sophistication and experience. (Of course, most forms of CAC regul :_Ve
?lso require some administrative sophistication for both their design and eﬁei?v: (la(x)ﬁ
tzz:(e}mgnt.) fOtl1r concern here is that certain institutional realities must be faced up to in
i esign of g obal 1_)ohcy measures. And the problems of price distortions and adminis-
trative cgpaczty are important ones that will require careful study in the analysis of th
international response to global warming.” yRs e
Recognition of these kinds of constraints on feasible policy suggests a somewhat
brqa@er fraz}le of reference in terms of the most effective mix of policies on a global s lﬁl
This is adm.lttedly a formidable problem of the “second-best.” But it may well be thaf i}? .
mpst effecf:wc_a global policy strategy will be one that involves the introduction of s :
fairly sophisticated IB policies in the industrialized countries alongside the use of va fous
mor:ﬂil }Iilw;t ncaieasures in some of the developing countries, nem
_ This leads to one further observation. We noted in the i i
d'lstmctlon that thet e'nvironmental economics literature makesebgtlzzgg: Z%gﬁogi iillz:?e;p
iclves .and CAC ‘I‘Johcleis. Wl}ile pseful, perhaps, for certain pedagogical purposes, this
umping of all “other” policies into the CAC class is quite misleading. In fact, it i
somgtnnes un.clear just where this dividing line is. A program under Whi(;h the re ’ 11 t -
specifies precisely what treatment technology is to be used clearly falls in the CAg‘l::lz;sor
B.uf: wl}at about a program under which the regulator assigns an overall emissio .
hml_ta.t%on, but Jeaves the source to find the most effective method of compliance? S nl?
flexibility clearly allows some scope for cost-saving efforts on the part of the ('Jilultlf(:
il?ﬁoreov%? some studi'es have found that cost-sensitive CAC measures can sl?ﬁack u;;
1(;:;9;)(31.13 y well relative to their IB counterparts [Oates, Portney, and MecGartland,
This is not to suggest that IB policies will not have a central role to play in an efficient
system for the co_n}:amment of global warming. They surely will. But at the same time
:;Z :é;l:itn lge sex;flzt}ve to .the wide array -of potential policy instruments and the existiné
constral Wsa §n eir use if we are to fashion a policy mix that addresses the problem in an

On the Need for Global Participation

We stressed in the introduction the need for widespread icipation i

.eﬁ'orts to reduce emissions of greenhouse gases. This reﬂeclzls largltjala; ?&P;;O;elgilgl::z
in the future .no.country (or even select group of countries) will account for the vast bulk
of carbon emissions. Nations in all parts of the world and in varying stages of develu

ment ml.lst become partners in this effort if we are to have any realistic hope of effecti oIy
contéollmg emissions of these gases. pe ot eftectively

rubb [1989] and others have argued that in the a i

agreement, much can still be done through regional or seIZSf I;iu%f(gr; ef(g%:g;)e) ?Oha}
ments, or even t!nrough unilateral action. Such efforts can provide Ie:;uil.:arshi creiee-
co-operatwe environment conducive to broader participation at a later time I:1’nd 8 te'a
motion efforts to c%e\felop substitute technologies. While there is surely sor’ae mer?t zn
'.these ar-guments, it is important to recognize their limitations. One especially seri':m0
issue arises. Suppose, for example, that the OECD countries were to form an effecti .
alliance t9 reduce carbon emissions, One result of such an effort is likely to be a dr. 1; .
decrease in the world demand for fossil fuels with a consequent fall in fuel pricesan‘:'ll?hil;
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fall in price would encourage other countries to increase their consumption of fossil fuels.
To some extent, then, the efforts of the co-operating countries would be offset by natural
market responses elsewhere. The extent of this “displacement” would depend on the
relative price elasticities of demand, but it could be a substantial offsetting effect. This is
a troublesome obstacle to effective action by a limited number of countries. And how fo
avoid it is not entirely clear. Perhaps the co-operating countries could use some of the
revenues from their emission taxes to bolster the demand for fossil fuels and simply build
up reserves of these fuels. This issue requires further attention [Bohm, 1991].

A COMPREHENSIVE APPROACH TO REGULATION OF GREENHOUSE GASES

The discussion throughout the paper has run primarily in terms of the control of

carbon emissions. Carbon dioxide, however, is but one, albeit the most important, of
several greenhouse gases. Others include chlorofiuorocarbons (CFCs), methane, nitrous
oxides, and ozone. The control of carbon dioxide will likely be the centerpiece of any
policy to regulate greenhouse gas emissions, but the other gases are far from insignifi-
cant. As Richard Stewart and Jonathan Wiener [1990] emphasize, a comprehensive
program to address global warming must incorporate the whole class of greenhouse
gases.
The extension of the basic IB instruments to encompass these other gases does not, in
principle, create any serious problems [Morgenstern, 1991]. The contribution to global
warming of the different greenhouse gases varies quite dramatically. Methane, for
example, is estimated to have twenty-one times the “radiative-forcing” effect (i.e., capac-
ity to trap heat in the atmosphere) of an equivalent amount of carbon dioxide. The
Intergovernmental Panel on Climate Change [1990] has estimated the global warming
potential for numerous gases, and from these estimates we can express the warming
effects of different gases in terms of a common metric: “carbon equivalents.”

Systems of effluent taxes or transferable permits can address this issue by tailoring
tax rates or trading ratios to reflect the carbon equivalents of the various gases. The tax,
for instance, per unit of methane emissions would, under this approach, be twenty-one
times that on discharges of carbon dioxide. This is admittedly a further complication in
such systems, but it will be important to build these distinctions into any IB policy
measures.

To conclude, we return to the theme of identifying regulatory instruments that can
achieve our global environmental objectives in a cost-effective way. To this end, we
should look to policies that allow wide flexibility on the part of sources to seek out and
adopt the most inexpensive means of reducing their greenhouse gas emissions. Incen-
tive-based measures are obviocusly strong candidates, and ways of structuring them to
function effectively in the global arena rank high on the policy-research agenda. But
where we find it necessary to turn to the command-and-control class of policy instru-
ments, it is essential to keep this theme before us. As we emphasized, there exists a wide
range of CAC approaches to regulation, and some are much superior to others. In
particular, regulatory approaches that involve government officials specifying the precise
ways in which sources are to comply with emissions limitations are likely to be extremely
inefficient. They provide no flexibility in the short run to adopt less expensive means of
compliance and little incentive over the longer haul for research and development
activities for new and less costly technologies. A sensible mix of policies should allow
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wide flexibility in the response of sources and ide i i
\ provide incentives for the d
improved methods for controlling emissions. © development of
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NOTES

1. There is, incidentally, some controvers i i i
s , SO y over the likely costs of reducing emissions of -
house gases. Some studies find that the costs cited above are greatly exaggerated. Igi:eal;

) excellent survey and assessment of these cost studies, see Joel Darmstadter [1991].

. i}:sr ?‘f us:ful t;eatn}ent of fg‘rtlalenhom-:e warming, including both a description of the process and
effects and ana i i
A yses of the various econognc aspects of the problem, see Rosenberg et al.

3. See 'Itietenberg (1985, ch. 3] for a useful survey of these empirical studies.

4. The htera?;ure has also_e}‘{plored unit subsidies for emissions reductions as an alternative to
tgcylces. While such sgbsadms can establish the same incentives for pollution control by indi-
yzdual sources as m_ut taxes, t%iey have the serious problem of encouraging entry into polluting
:lrixs ;ﬁ:;gs byt maln.x;% these industries more, rather than less, profitable. Subsidies thus

e eniry-exit decisions of polluting firms. On thi
Hoa g n this, see, for example, Baumol and Qates

5. %‘he United I\_’ations occasio.nally tries to play this role, and did so with some success for the

Crotocol Ifaadlng to the phasing-out of CFC use among the signatories. Likewise, the European
ommunity has some powers to enforce environmental and other agreements in the member
countm?s. But the ma}ny—natmn character of these programs makes them much more complex

. ?nd c}ehcalte than national measures for environmental management P

- In principle, under an optimal-taxation approach, we can determine E; ge
le, tim , cond-best tax rate

was_te emissions that optimizes the tradeoff between environmental gains and the gains ﬁ'oi;l
ig 1mprov¢?d tax system that places reduced reliance on distorting taxes [Lee and Misiolek
- 861, W_hﬂe such.a result;.may be unimpeachable in principle, it makes enormous demands ir;
rms of 1nf0rma1‘:1on and in terms of institutions. It would require a public decision-maker
who is not only informed but is in a position to transcend competing environmental and
re;enue needs and 1"each the proper compromise. The dangers here, since there are many
ot er tax bases avaﬂal?le, would seem to lie largely on the side of reduced effectiveness in
environmental regulation. For this reason, it seems to us that the determination and
management of taxes on polluting waste emissions should fall under the aegis of an environ-

mental regulator, rather than the tax authority [QOates, 1991].
7. V{e do _not mean to imply 'that rez'gulatory structures for environmental management are
: ::;E 1{1.1 de\éelo.p{nfe cg_)untnes. China, for example, has an extensive and fairly sophisticated

or & - : . - gy :

n?i,sms), ministering its environmental laws (even including economic 1pcennve mecha-
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