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ABSTRACT

The paper discusses some aspects of the use of economics 1in policy
analyses of Climate Change concerns, i.e., the difficulties ana
limitations of employing Cost-Benefit Analyses (CB3A), the issue of
uncertainty, the use of formal economic models, the inertia of social
and econonic systems, the question of choice of domestic and
international regulatory instruments, and finally, one way of
structuring th~ equity issue. Very broadly, one may conclude that
while no major paradign shift is necessary, the challenge of policy
analysis in the Climate Change context will require a significant
sharpening of existing analytical tools of econqmics, as well as the

establishment of deeper interdisciplinary linkages.



]. Introduction:

The issue of Climate Change has emerged as potentially one of the most significant
policy questions in the current internstions! arena. This is becsuse the risks of possible
Climate Change may be high, and the costs of abatement or adaptation measures also
large, and both are likely to fall varisbly, but uncertainly, on different regions and at

different times. {

Climate Change is also argusbly, one of the most oomplei global policy issues to have
arisen so far. The questions involved relate to numerous disciplines, in the pure and
applied natural sciences, positive social science, and political economy, besides ethics
and morality. Analysis of the divergent facets of the issue is likely to proceed at the
cutting edges of cuwrent human knowledge and understlnding. and indeed may involve

several extensions to the frontiers.

Given the deep and pervasive complexities of the issue, it is a little disconcerting to
find that some of the recent literature in the field bas tended to focus largely on the
technica! aspects of Climate Change, in particular on some of the more alarming
scenarios generated by Globsl Circulation Models (GCMs), and gloss over the key
question of equity in sbatement and adaptation measures. We emphasise at the outset,
that in our view, both positive ("what is”) and normstive ("what ought™) questions need
to be kept in the spotlight at all times. We have attempted to follow this precept in the

present paper.

It is, of course, gratifying that Climate Change has, in fjust a few years, scquired
prominence in both the public mind, as well as that of policy makers throughout the
globe. Further, that the world community has scted with commendable despatch in
sitting down to substantive multilsteral negotiations on regulatory spproaches to the
issue. However, one may as well recognize that the complexity, and the deep equity
implications of approaches to the issue, rule out any quick fixes to the problem. Any
multilaters] approsch which seeks to install a regulatory regime, without allowing for
proper analysis and deliberation, or for periodic review of the substantive provisions of
the regime, in the light of increasing understanding of the myriad dimensions of the
problem, may soon prove to be unworkable, or inequitious, or ineffective.

This paper seeks to summarize some aspects of the current economic understanding of
the regulation of Climate Change, in both positive and normstive aspects. It is
structured in the following manner: Section 2 discusses the application of Cost-benefit
methodologies, which hsve emerged as a msjor analytical tool for pudblic policy in
severa! countries, to policy analysis for Climste Change. Much of our current knowledge
of Climate Change has been revealed by the use of large-scale atmospheric and
macroeconomic models, and Section J discusses the role, and limitations of employing
economic models for predicting greenhouse gases (GHGs) emlissions, and the impacts of
regulstory and sbatement strategies.

.



Section 4 is about the costs associated with economic and social transformazion in
d:fferent countries, if m.it.leteralreg.'as.cn for Climate Change is ‘mplemented. The
choice of policy instrumenis 1s @ crucial element in designing any reg.latory schere,
multilazera! or domestic, and Section 5 addresses this question in the Climaze Cra-ge
context, drawing upon both theoretical and experience based insights. Finally, Se<tion
6 aztempts to furnish a structure for analysing the key question of eguity in Climaze
Charge, drawmng upcn an existing theoretical framework, and attempts to derive scme
rnormacive implicazions from insights gained from severa! ethical schocls.

2. The Developoeat of Cost-Beselit Analyses (CBA): Difficuities asd
‘Limitations:

The need for devising global policies for Climate Change arises from the fact that there
is no reason to suppose tha* Providence would ensure that the costs of Climate Charge
manifestations would be visited exclusively on the polluters, and symmetrically, that
benefits would flow exciusively to the environmentally abstinent. Variants of
Cost-Benefit analysis have been developed for ranking alternative policy options in a
number of situations, inciuding several (local and regional) environmental contexts.
However, CBA techniques need to be developed further in severa! aspects, before they
can be appiied meaningfully to the analysis of Climate Change options.

Very briefly, in CBA, different policy options are rarked with respect to the present
value of the respective streams of benefits and costs over time, reckoned with respect
to increase or decrease respectively in a chosen objective function, subject to the
resource and technica! corstraints faced by society. There are two principal types of
CBA. The first, i.e., Kaldor-Hicks CBA attemipts to rank different policy options on the
basis of their respective pcientials for increase in nationa! income (GDP) in society. An
alterrative procedure which is often empioyed in situations where there is great
uncertainty regarding the future streams of benefits, is "cost-effectiveness analysis”,
in which the policy options are ranked in the order of lower (present va'ue of) resource
costs to achieve a given pclicy goal {for exampie, a specified leve! of environmental
quality). The second, i.e., Social Cos:-Benelit analysis, on the other hand, employs as
aranking criterion the potential increase in a Social Welfare Function (SWF), explicitly
chosen by the analyst or the clieat policy makers, and which incorporases society's
distributive concerns, alorg with efficiency considerations. An exampie of a SAF is a
weighted sum of the aggregate income leveis of different social groups, where the
weights are the (relative) margina! utilities {cardinal, inter-personally comparabie) of
incomes of the respective groups ("Utilitarian SWF™).

CBA methodologies have evolved for poiicy evaluatioans in limited temporal and spatial
contexts, and further, for scales of costs and benefits which are not large in relation
to the concerned national or regional economies.

Policy options for Climate Change present several challenges to the development of
CBA methodologies. First, the "society” is no longer a nationa! or regiona! entity, but
global in @ spatial sense. Second, the time-frames of policy options for Climate Change
may extend over many human generations, while conventional public policy concerns do
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not generally spill-over more than a few decades. Third, the Climate Change issue is
characterized by pervasive uncertainties in the timing and nature of environmer-al
impacts, their regional distribution, besides the economic and socia! effects of the
regulatory mechanisms themselves. Fourth, the likely scales of costs and benefits are
no longer marginal, but large, so that major restructuring of economic patterns might
be involved. Finally, one must confront 8 fundamental ethical question: Is it appropriate
to address det, environmenta! issues from an anthropocentric standpoint, i.e., basing
policy choices on patterns of human preferences? We discuss below, in brief, each of
these aspects: '

2.1. Cost-Benefit Analyses for 8 Globa! Society:

CEA on the Kaldor-Hicks criterion, conducted for policy options for 8 national or
regiona! economy, makes an important, if implicit, assumption. That is, either the
distributive impacts of each of the policy options are negligible, or alternatively, that
the economy has a suite of separate policy instruments which reliably, and costlessly,
ensure that the society's preferred pattern of resource distribution is achieved at each
leve! of aggegate societal income. If these assumptions are valid, in

that case increases in economic efficiency (i.e., national income) are unambiguously
desirable, and candidate policies may be ranked on that basis.

Policy analyses for €limate Change in 8 globa! perspective must, however, contend with
the fact that neither assumption is tenable. Actual manifestations of Climate Change
will almost certainly impose costs, and may confer benefits, unevenly across different
regions. For some, the costs may be of catastrophic dimensions. Further, the control
measures themselves, mey impose highly skewed costs and benefits across different
regions. In addition, no human sgency yet exists which can be trusted to (costlessly)
reassign these costs and benefits, (or indeed any kind of resources), according to any
predetermined pattern.

Clearly an exclusive focus on efficiency ip policy analyses of global Climate Change
options is inappropriate. The analyst has to address the task of devising policies which
incorporate mechanisms for redistributing costs and benefits across

agents, besides efficiency concerns. In other words, a Social CBA approach is
unavoidable in this instance. Conducting 8 Social CBA however requires the explicit
adoption of a SWF at the globa! level. This is the central aspect of the equity dimension
of the Climate Change issue, which is discussed in greater detail below. At this point
one may note that the choice of a global SWF is pot the task or province of the policy
analyst, bu: is inherently 8 politica!l act, in which policy makers from different
counuries, regions, and political and cultura! orientations, are the plavers. At issue is
the very natwe and process of political suthority in the glohe! corntext.

2.2. CBRA ip an Inter-Generstional Context:

Climate Change is characterized by benefits and costs flowing unevenly across several
human generations. Policy analysis employing CBA have encountered few multiple
geoeration situations so far, and accordingly the question of bow different generations
xe to be treated by the present generation, which currently bas the power to
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unilaterally dec.de on long-te~m pelicy options, is 8 fertile area for normative policy
research.

One pessible input to CBA methodologies from inter-gererationa’ corsiderations is the
choice of (one or severai) socia: discourt raze’s), i.e., how benefits and costs, whether
expressed in economic terms, or in reiation to changes in a g.cbal SWF, are to be
discounted over time.

Any strictly positive discount rate appiied to economic costs and bereflits implies a
determination that allocation of resources 20 the current g2neraticn is more imporzant
than to future generations. One a-gument in justification of this pcsition is that because
of capital accumulation {and technoiogical advances) by the curreat generation, future
generations will be richer. A typical member of the future generation will therefore,
value a unit of income (in utility terms) less than would 8 typical member of the current
generation. Further, they will have greater resources for adapting to adverse impacts
of actual Climate Change. On the other hand, arguments have been advanced for zero
discount rates, i.e.,, which would not distinguish between individuals belonging to
different generations.

A large voiume of literature exists on the choice of a social discount rate in the CBA
of conventional policies, i.e., with a time horizon of no more than a few decades. A
major probiem is revealed by the fact that the application of such conventiona! social
discount rates, typically in the range of 8-12% per year, in an inter-generational
context, i.e., with time horizons of, say, 100 years, yields extreme!y low present values
of (postulated) very high future costs. This runs counter to intuitive notions of equity,
because it implies that virtuaily all of the cos:s of adaptation or aba‘ement measures
should be passed on to future gererations, even if they are believed to be very high.

Several attempts have been made to incorporaZe inter-generational concerns in the CBA
framework, which are intuitively appealing. These approaches may be summarized as
follows:

(a) Imposing sustainability constraints: This approach seeks to a'low the maximization
of net benefits to the current generatior, subject to the requirement that {natural and
man-made capital) resources available to future generations would ailow them to artain
at least the welfare level of the current generation. The major thesretical formulation
of the sustainability principle was furnished by Solow (1574), who showed in a simple
two-factor model (i.e., natural resources sand capital), that a cons-ant leve! of
consumption can be maintained as long as any one of the following conditions are
satisfied:

(1) The elasticity of substitution between the factors is greater than unity, or

(2) The substitution elasticity is unity, but the share of capital exceeds that of natural
resources, or

(3) that there is sustained resource sugmenting technical change.
Of course, important questions arise with respect to whether any of these conditions can
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be maintsined very far into the future. Little practical headway has yet been made In
operationalization of this concept, except for tentative attempts at computing GDP,
taking changes in levels of nastural resources into account.

(b} Positive approsches: Some sttempts have been made to show that even from the
perspective of the current generation, socisl discount rates below private discount rates
are appropriate in an inter-generational situstion. An argument for considering only the
preferences of the current generation, furnished by Arrow and Kurz (1970), is that
because the revealed preferences of individuals are accepted in making other social
choices, they should be accepted in the inter-generational context as well. The counter
argument, of course, is that lack of representation to future generations is the real
problem. h

One example of 8 positive approach is that of Marglin (1963). The argument runs that
consumption by future generations is 8 public good to members of the present
generation. Accordingly, all members of the current generation are made better off by
a social choice in favour of greater savings and investment than would have been the
case with individuals acting independently. Such 8 decision would imply 8 social discount
rate below the private rate. This argument, though intuitively appealing, does not hinge
on notions of inter-generational equity, but rests on efficiency considerations.

(c) SWF's embodying inter-generational equity: In this approach, discounting is eschewed
in favour of specifying welfare criteria based on the actual welfare levels of different
generations. One example of this spproach relies on welfare criteria based on the
Rawlsian (Rawls, 1971) ethic. Very briefly, this principle ("maximin") states that the
welfare of society is the welfare of the worst off member, given that basic freedoms
are available equally to all. '

A counterintuitive implication of this principle spplied inter-generationally was noted
by Solow (1974). He locked at the problem of determining the largest sustainable level
of consumption for society, subject to constraints on capital accumulation and the stock
of an exhaustible resource. The maximin principle would require a large initial capital
endowment, and if it is small, then the level of consumption must be small forever,
because capital must not be accumulated by sacrificing the consumption of the first
generation which is poor.

A way out was suggested by Phelps and Riley (1978). If generstions are allowed to
overlap, the earlier generstion which sccumulates capital has 8 claim to more
retirement consumption provided by the labour of the next generation, which has an
obligation to work more in exchange for the gift of capital. Such a program can be
supported by appropriate debt creation, and growth is further encouraged if the earlier
generation derives utility from the consumption of the later generation.

(d) Modifications to the social discount rate: Several examples of this approach exist.
One approach seeks to set discount rstes to zero, on the ground that one should be
impartial with respect to the time st which an individual lives. Such impartislity may
be justified, for example in 8 Raw!sian framework, on the "veil of ignorance™ argument.
That is, individuals who are unaware of their future place in society and meeting to



de -:de on a constituticnal framew«zr«, would be risk averse, and accordingly chocse not
te place any group at an advantage or disadvantage relative to others. Ar argument
aga:nst zero discount rates due to Olscn and Bailey (1981) is that discounting proceeds
from utility discounting ("time preference”) and consumption discounting. They have
shown that if time preference is zero, i.e., compieie equality exists beiween
gorerations, and interest razes are s.ctly positive, individuals should rationaily reduce
present consumption to zero, which s counterintuitive. '

Formulations of consumer discount razes, as well as of producer rates, besides
cormbirazions of these also ex:s: isee Pearce, 1991). These approaches are still not
theoretically satisfying. Empirical results of the first and second of these approaches
remiain counterintuitive, and of the thurd, appear to res: on somie Strong assurnplicns.

The long time-horizon of Chmate Change also leads to some problems in positive
analysis of economic impacts. Long-term predictions are usually based on economic
models, and several assumptions must be incorporated, which may drive the models'
resylts. These assumptions may reiate to technological change, economic structure,
population trends, and other aspects. It is hazardous to assert that any one of the
severa! alternative assumptions will ultimately prove to be valid.

2.3. Uocertainty:

The Climate Change issue is permeated with ubiquitous uncertainties in the types and
regional distribution of environmenta! impacts, besides the economic and socia! impacts
of control or adaptation policies. One way to think about uncertainty in Climate Change
is to consider that at each period in the future, the world could experience different
sets of such impacts or "outcom.es™. These possible outcomes may vary with the actual
control (and/or adaptation) regime that is implemented, but while for each pclicy onily
one of the possibie outcomes wiil be actually realized, there is no way of kacw;irg in
advance, which one it will be. Nonetheless, choices among competing policies must be
made based on incompiete kncwledze.

In an important sense, this notior. of uncertainty in Climate Change differs from
uncerta.nty as understood in conventional CBA. In the latter, it is assumed that
outcorres of policies depend on "stazes of nature®, i.e., unforeseeabdle events, but tha:
for any realized state of na:ure, it is possible to determine unambiguously the outcome
of a given pclicy. For example, whether or not an earthquake occurs is a staze of
nature, but given that one occurs, one may determine with certainty whether a
particular hydroe'ectric dam, embodying 8 particular policy choice, will survive. On the
other hand, uncertainty in Climate Change implies that the outcomes of policies cannot
be determined definitively in any case, because they are insensitive to any intervening
states of nature, all of which may be manifest in the long term over which Climate
Change may occur. In other words, in Climate Change, "God does not play dice with the
world,” but that uncertainty arises from inadequate human know!edge and undesstanding,
which could improve with time and effort. For example, uncertainty exists about the
predictions of Global Circulation Models (GCMs) of the atmosphere, or of economic
models of regulatory policies, on which policies must be based, because they are
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* sensitive to modelling assumptions or parameter valuss, whose validity may be in doubt.
However, further research may reduce these uncertainties.

In the context of Climate Change, further complexity Is introduced by (a) long-time
periods involved, on account of which uncertainties in the costs and benefits of policies,
and their regional and inter-generational distribution increase; (b) the possibility of
catastrophe, meaning thet under some equity perspectives the costs of some impacts
should be valued as infinite, even If they are remote in time or have 8 very small
probability of occurrence; (c) that knowledge of the uncertasinties may change over
time, because of gains In scientific knowledge or better modelling (including economic
modelling) techniques, meaning that in hindsight, policy.choices may be seen to have
been mistaken; and finally (d) that there is a hierarchy of policy choice situations, i.e.,
global, national, and perhaps, subnational, so that policy choices at one leve!l of the
chain may impact the outcomes of policies at other levels. This may be the case, for
example, with trade and the internationa! division of labour, which may depend on the
interactions of global, national, and local regulatory regimes and economic policies.
Further, in the multilateral context, the issue of the process of policy choice and of
criterion of choosing among alternative policies is reasserted.

Ways of dealing with uncertainty in conventioral CBA ultimately rest on subjective
judgements. These judgements relate, first, to the choice of a decision criterion. For
example, "maximization of expected value”, in-which the mathematical expectation
of net benefits, using subjective probability estimstes, is the decision variable).
Alternatively, the so—alled "maximin returns” rule, in which each candidate policy is
evaluated at the minimal net benefit it assures, with the one with the highest

such guarantee being chosen. Another option is the "minimax risk" principle, in which
the alternative with the smallest "maximum risk", defined for each combination of an
alternative and 8 state of nature, as the excess of the maximum pet benefit available
in the state of nature and that actually resulting from the given decision in that state
of nature, is chosen. Second, judgements of the probabilities of the different outcomes
are also inherently subjective, and cannot be formulated as a strictly technical exercise.
Before or after an even:, po particular probability estimate of the same can be
unambiguously validated, even in principle. h

In conventional CBA, with a clearly designsated policy making authority, the subjective
judgements of that authority must prevail. This remains true, even if the tasks of choice
of decision rule, or estimating probabilities, are delegated to policy analysts or experts,
because it is the decision maker who exercises this choice. In the context of
multilateral decisior making for global Climate Change policies, each party to the
negotiations would make his own subjective choices. In this, there is scope for strategic
behaviour by the negotiators. For example, a country may adopt s negotiating strategy
of asserting a low probability to adverse impacts in its territory, or conversely, high
prodability to favourable impacts, in the expectation that this may reduce pressures on
it to adopt stringent emissions limits. If enough countries behave in this way, the
aggregate global levels of emissions may be negotiated at levels too high to appreciably
impsct the onset or severity of Climate Change.

2.4. Large Scale of kmpacts:



Convertional CBA dea's with policies whcse economic impacts are at the margin, i.e.,
sma'l in relazion to the overall econcmy, and even perhaps to individua!l markets.
Se.era! assurmprtions may be us::fied in such cases. For example, most conventiona!l
CBA rasis on parua! equilibrium aneiysis, so that oniy the markets directiy impacted
need %0 e studied, maintaining the ceteris-paribus ("all eise unchanged”) assumption.

Climate Change impacts, or regu'atory measures, may however, have to be studied in
a more comprehensive manner. For example, since regulation of GHGs emissions will
imparct patterns of energy use, and energy is a significant input in all industries,
reg.!a%ory policies may ne=d to be evaluated in 8 general equilibrium framework, i.e.,
\ocxing at the inter-dependence of and impacts on all marke:s, inciuding the traded
sectors. Additioraily, policies for gicbal GHGs regulation will impact national or
regioral economies differentially, altering their inter-relationships, for example
patterns of comparative advantage and trade.

General equilibrium analyses typically rely on large-scale models of economies, in
contrast to the small scale, project or program level focus of conventional CBA. A
comparison of such micro level ("bottom up”) and model based ("top down") estimates
of abatement costs reveals systematic differences in the results. The top down studies,
which typically rely on the neo-classica! assumption of cost minimizing behaviour by
firms, show na‘ional economies moving away from an initial equilibrium in which all
firms employ resources optimally, so that abatement costs are positive. On the other
hand, bottom up studies, employing the assumption of "unfettered penetratioa of
technologies™, frequently show negative abatement costs, because the benign
techriologies may also be more efficient, at least when no changes in relative prices are
allowed for. While it is clear that because of the large scale of impacts, general
equilibrium effects must be taken into account, one challenge of mode! development is
to realistically incorporate rapid or discrete technological change.

2.5. Is ap Anthropocentric Approach Ethical?

Climate Change may impact the maior ecosystems of the globe, and thus, all life forms.
It may promote speciation through modification of habitats, and for the same reason,
may result in the ex:inction of some species. While severa! other policy questions have
concerned significant locaj or regional ecological impacts, Climate Change is the one
issue in which impacts may be planetary in scope and permanent in duration.

The validity of CBA, or indeed any methodological approach (for example, decision
analysis), based on humanpreferences or valuations, presupposes that an anthropoceatric
world view is appropriate. The issue may be framed in terms of whether mankind has
rights of domination over all Creation {(and may therefore employ all of nature as he
pleases), or is but one species among many (and accordingly, has no right to disturb the
natural order), or has & special responsibility to preserve other living and non-living
entities without regard to his own benefit, {.e., stands in relation to the rest of Creation
as guardian or trustee. Clearly, no analytical answer to these issués is possible, and the
matter {s at the heart of ethical philosophy.

Severa!l serious researchers {(e.g., Tribe, 1987), have sought to define an environmental



ethic not based on hurnan domination over other "modes of being”, including living and
non-living entities. Thus, Tribe suggests that "st 8 minimum, we maust begin to
extricate our natwe regarding impulses from the conceptually oppressive sphere of
humnan want satisfaction, by encouraging the elsboration of perceived obligations to
plant and animzl life and to objects of beauty in terms that do not falsify such
perceptions from the very beginning by “insistent 'reference to human interests'.” Some
specific proposals in this general direction include:

(s) Legal recognition of a principle that the concept of "rights” is not confined to
humans (Stone, 1972). This should not confused with the idea that their "wants”
should be identified and included in a calculus of preferences. Recognizing these rights
may be consistent with acknowledging that there maybe. circumstances in which such
rights may be overridden, as indeed is the case with several "human rights.”

(b) The appointment of guardians or trustees for environmental entities, living and
non-living, as ar embodiment of the recognition of such rights.

(c) Making explicit obligations to nature in environmental surveys and statements, and
allocating resources to improving the technical capacity to incorporate such obligations
in policy analyses. :

The use of CBA, or other analytical techniques based on human preferences, is
ultimately based on the doctrine of human domination over nature. Since Climate
Change bas generated global discourse, it is indeed oppropnate that the issue is Jooked
at frorr alternative cognitive perspectives.

3. " The Use of Formal Economic Models:

Policy analysis of Climate Change has relied extensively on formal modelling exercises.
Two principal categories of such models are, first, global energy-carbon dioxide
rediction models, anc second, national or regional economic models focused on energy
use and regulation. The next two subsections briefly recount these modelling efforts,
and the last subsection considers the possible use of formal models in policy analysis of
Climate Change. '

31.  Global Energy-Carboo Dioxide Models:

‘Numerous attempts have been made at making long-term (i.e., half a century or more)
predictions of stmospheric carbon dicxide, employing formal, quantitstive models.
Heowever, al! such predictions are intrinsically uncertain, with the uncertainty increasing
sharply with the time borizon. The uncertainty arises both from the tentative natre of
economic forecasts of anthropogenic activities which generate GHGs, as wel! as from
inadeguaie scientific understanding of the various natural processes of the carbon cycle.
Tbere are three basic types of such models:

The first type are simple extrapolations of historical trends of energy use, and m:ay be

regarded as summarizations of more detsiled projections. They may be usefu! for
sensitivity analyses of the carbon cycle and the climate system, but have littie intuitive
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'appéa! as svsiems of comprehensive carbon dioxide accounting Examples of this type
of mode! include: Keeling and Barcastow (1977), and Siegenthaler and Oeschger {1978).

The second type of g'cba! carbun dioxide mode's are "uncontrotled” (i.e., no regulatory
mecharism is embedded!, globa' energyv-climate systems mcdels. They include rejatively
de:ailed descriptions of globa! energy supply and demand, and carbon dioxide emissions
are an incidenta! output. Various models of this type vary greatly in design, in the
exzent to which forma! mode!ling techniques are employed, and in the details of fue's,
gecZaphy, and other fazrors. Examples of this approach include: Perry and Larndsherg
(1977}, Edmonds and Re.lly (1883), Rotty end Mariand (16501, Nordhaus {1977 and 1979},
ard I1ASA {1681).

The third type of models incorporate feedbacks from changes in atmospheric carbon
dioxide to the global energy system. They require a basic analysis of a model of the
second type as input, but additionally, take into acount changing levels of carbon
dioxide, or costs of climate change. In other words, the level of atmospheric carbon
dioxide is included as 8 possible externa! constraint on the energy system. Examples of
mode!s of this type include Nordhaus (1980), Perry et. al. (1982), and Edmonds and
Reilly (1983).

The results of all models which are based on reasonably in-depth studies of carbon
dioxide emissions project a growth in energy use over the next 40 to 50 years of 2 to
2.5 times the 1975 leve! (which was 8 Terrawatt-years/year). Whenever such scenarios
do not project a large share of non-fossil fuels, they lead to serious concerns about
climate change in the next 50 to 100 vears.

3.2 Neationa! (Regiona!) Energy Focused Models:

Models of nationa! economies focused on energv supply, demand, and the umpacts of
policy, have been taken sericusly by policy makers from the time of the first oil price
shock of 1973. An example is Hudsor and Jorgeason (1978). Numerous models in this
category have been developed, va~ying widely in leve! of modelling detail, assumptions,
time-frame, and methodology.

The curreat generation of this category includes applied general equilibrium models
designed to simulate the impacts of price shocks with a high leve! of causal de:ail (e.g.,
Despotakis and Fisher, 19893}, or to simulate the impacts of multilateral and domestic
GHGs regulatory insiruments (e.g., Ghosh, 1990), or to evaluate the costs of
environmental quality regulations (e.g., Hazilla and Kopp, 1990). It a!so includes
disaggregated long-term rhodels to evaluate the impacts of pollution regulation on
growth (Jorgenson and Wilcoxen, 1989), and long-term macroeconomic models for
estimating the economic costs of carbon dioxide emissions limits (e.g., Manne and
Richels, 1989). Severa! of these models attempt to estimate the average or marginal
costs of fossil fuel carbon dioxide reductions in the respective countries. The estimates
vary widely, reflecting underlying differences in modelling assumptions, structure, and
abatement scenarios. A representative sample of these estimates is furnished below:



Table 3.1: The Costs of Carbon Dioxide Reductions: Representative Estimates:

Authori{s! Region, Forecast % CO2 Reference Costs 1883 US$. TC
Year Reductions Year Average Margira!

Gerbers Nether. 2020 20 1230 31 31
et.al.
(1939} 2020 70 1990 174 829

ngaji Japan 2005 0 1888 n.a. 281
et al. .
(1920)

Manae & LUSA 2030+ 20 - 1990 210 250
Richels
(1990)

Jorgensor USA 2100 20 1990 n.a. 46
& Wiiccxen
(1990}

CBO Usa 2100 20 1888 n.a. 110-440
(1990;

Morris vsSa 2000 20 1990 28 39
e:.al.
(1990)

Source: Adap:ed from Edmonds and Wuebbles (1991).
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3.3. Toe Use of Formal Models in Policy Ana'ysls of Climate Charge:

Typicaily, the development of formal predictive or pciicy analysis mcdels requires
sigrnificant resources of time and effort. Impiicitly, the expectation of the mode!lers in

ngag ng it such intensive research activity is that the simulation results of the models
wou!d be taken seriously by policy makers and activists, and actually empioyed as inputs
to policy formulation. An imporiant question that arises is: Why and to what extent
shculd pelicy makers and other players in the policy game accept analyses which employ
such modeis as credible inputs to the pclicy making process? The issue of va'idity of
pclicy modelling Is intimately linked to the percejticns of whether these approaches
conszitute "science”. There is general agresment that the scientific methed .nciudes (a)
the domirant roie of empirical testing, (b} the reproducibility of resulss, {c) of being
explicit about uncertainty, (d) of peer review, and {e) of open debate abcut alternative
theories. We discuss below the applicability of each of these attributes of the scientific
method to existing policy analysis practices:

{a) Empirical validation: Differences between validation in the natural scieaces and
policy analysis models are centered on the facts that empirical policy analysis models
are contingeat on place, time and circumstance, rather than universal, and that
validation by the process of controiled experimentation is not possible when the subject
of the experiments is society itself {a difficulty common to all social scieace).

Policy analysis models preseat some further difficulties which are not encountered in
the "hard" sciences. First, policy analysis models often attempt to project the
implications of policy decisions far into the future, and direct testing of predictive
validity cannot be carried out until long after the analysis is required. Second, such
models are frequently designed to simulate the impacts of alternative policies. In such
cases, empirical validation of the models in respect of the policies which are not
adopted is not possible, even in principle. Finally, when the mode!s can be calibrated
against historical data, there is no assurance that past parameter values, or even causal
relatiorships will hold in the future.

It is clear that direct empirical validation is not pessibie for several types of policy
modelling, including those related to long-term Climate Change. This unavoidable
situation places 8 greater burden oo pclicy modeilers to observe the other canons of
scientific procedure, if the results of the models a-e to be relied upon even to a limited
extent. Howevar, it seems that these conveations are rnot yet well established among
policy aralysts, as discussed below:

(b) Reproducibility: Policy analysts have largely neglected the Issue of reproducibility,
as may be seen, for instance in the frequent lack of adequate documentation that would
enable other researchers to reproduce the results. This may be on account of the fact
that standardization of methods and tools is not yet sufficiently advanced in policy
snalysis, so that it Is difficult to convey the detalls of models sdequazely in typical
journa!l length articles.

(c) Uncertainty: Desplite, or perhaps because of, the vast uncertainties Inherent in most
policy analysis models, it Is still not standard practice to treat uncertsinties in an
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explicit, probabilistic fashion. This contrasts with the practice in the experiments!
sciences, in which It is usual to report estimates of :andom or systemsatic error in
measurements or estimastes. It is clearly prudent to conduct sensitivity analyses of
policy analysis models with respect to parameter values or key assumptions, but this
practice, while increasing, is not yet the norm.

(d) Peer review: In conventional science, peer review takes place largely through the
refereeing and publication of research reports. For a large and complex policy mode!,
an adequate review can be time consuming and problematic, even if sdequate
documentation exists. It has also been a:iued that owing to the time urgent nature of
several types of policy snalysis, peer reviews are inappropriate, even for models of
mocest scale. While this may be true in some cases, 8 general failure to focus on peer
reviews has perhaps contributed to the slow development of standards of good analytical
practice, as well as a failure to extract generalizable insights from specific analyses.

(e) Debate: Any model used in policy analysis will, at best, be an approximstion to the
real world. Further, policy analysis slmost always deals with situstions that are
fll-structured. In traditional sciences there are norms about how to conduct
experiments, what kinds of theories are interesting, and what questions are interesting:
These constitute the prevailing "pa-adigm” of the discipline. In policy analysis, on the
other hand, there seems to be no clearly prevailing paradigm, but rather 8 number of
different contending criteria and methodoiogies. This lack of agreement on paradigm,
and on the focus on ill-structured problems makes the criterion for deciding what is
"best” especially difficult. It has been suggested (Mitroff and Mason, 1980) that policy
analysis is & dialectical process in which 8 model is proposed, and counter-models are
offered in response. Debate focuses on the relative failings of the competing models,
and over time, an improved model may be synthesised from the initial ones. Claims to
validity of any policy model, are thus always tentative.

It is likely that the findings of policy research influence policy making, not directly
("instrumental use”), but ip e diffuse and indirect manner, without policy makers being
able to cite specific research findings employed by them ("conceptual use").
Alternatively, such findings may be employed for reinforcing partisan viewpoints, or as
an aid to legitimizing decisions that have already been taken ("symbolic use").

The fact of possible, even probable, symbolic and conceptua! use of research findings,
casts a special responsibility and need for restraint on the part of policy analysts. The
findings of formal models which are not rigorously validated (including those which by
their very nature or time frame do pot lend themselves to empirical validation) and in
which the extent of uncertginty In the results is not determined to specified confidence
levels, should not be employed In proposing actual policy measures. This {s not to
sugzest thet the findings of such unvalidated models should not be disseminated to
policy mekers. Provided that the tbeoretical structure of the models is sound as
determined by peer review, that the data employed is believed to be relisble, and that
the models are robust as demonstrated through sensitivity analyses over key assumptions
and parameter values, the focus of such revelstions should be on the causa! insights
galned. In particular, these Insights may relate to mechanisms which are not transparent
to the intuition, and in identifying promising policies for further analysis.
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4. " The Inertis of Soclal ard Econorulc Systems:

Simple economic models frequently furnish important insights that are difficult-to gain
from pure intuition. These models are "simple” in the sense that they Involve several
abstractions from reality, to reduce the number of interacting variables. The
construction of such models Involve making numerous assumptions, for which economists
are notorious. Indeed it has been asserted that economic models are to be judged not
by the plausibility of

their assumptions, but solely by their predictive power.

A "standard” assumption in economics is that factors of productior are furigible between
economic activities, and accordingly, changes in economic patterns are for the most
part, costléss. Firms may therefore respond smoothly to policy or price changes,
although adjustments of different types of inputs may Involve different time lags. Thus,
in the "very short run”, firms may alter materials (and energy) entering process streams,
and in the "short run”, labour. In the "long-run”, capital employed may be changed, and
firms may enter or exit 8 given industry. "Fixed costs" refer to capital (including
human capital) stocks which are specific to a given plant (or activity, in the case of
human capital), and which cannot be reassigned in any meaningful time frame. Such
costs, once incurred, as treated as "sunk." A major theme of neoclassical economics is
that only variable costs matter for making economic decisions, and that sunk costs are
to be ignored in a rational calculus.

Strategies for reducing GHGs emissions, or in adapting to Climate Change may involve
changes in technology, economic structure, and life-styles. The existing petterns are,
in each country, the result of historica! evolution. Unlike the neo-classica! economic
assumption, changes in technology and economic structure will not be costless, nor will
changes in life-styles be without pain.

Considerable economic and social infrastructure is curreatly built around energy
dependent systems. One example illustrates this assertion. Modes of transport, i.e.,
whether mass or personal transportation systems dominate, and the vehicular mix in
each, determine capital stock and technologies in the sector, besides public
infrastructure: railway lines, airports or highways, and patterns of fuel use. Second
order linkages include compcsition of industrial output and trade, besides occupational
patterns, human settlement modes, and lifestyles. Clearly, limitations or. GHGs use in
the transport sector would have pervasive effects throughout the econcmy. A similar
order of economic and socia! linkages and effects of GHGs regulation may be traced for
other energy intensive sectors, for example power generation, industry, agriculture, etc.

In reality, of course, physical capital stocks are not fungible across sectors, or across
different technologies in 8 given sector. In other words, much investment in physica!
capital is to be regarded as 8 'sunk cost', in any significant change in economic
structure, including technical change. To an extent, this would also be true of human
capital. While some types of workers may be retrained at relatively little cost and
deployed in newer lines of economic activity, several skills may become manifestly
obsolete and/or because of barriers to lebour mobdility, the workers may be unable to
relocate. The human capltal embodied in the skills of such workers must then also be
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reckoned as a8 'sunk cost.'

Since regulation of Ciimate Change, as well as its possible impacts may Involve major
restructuring of the economy, the question of the magnitude of these 'sunk costs'
tecomes important. Analogously, lifestyle changes may also occur, bringing unhappiness
or disutility (and it may be possible to assign monetary values to such disutility, for s
given distribution of resources in society). These magnitudes are closely related to the
time-frame i which regulatory measures are lmp!ememed (or adaptation is necessary).
This is because of several] reasons:

First, if the required changes are implemer‘ted greduslly, it may be possible to run down
existing (physical and human) cepital stocks fully in 8 given sector, before fresh
investments embodying new technology (and skills) are made. A similar situation may
prevail for human capital i.e., workers of 8 given skill may superannuate by the time
that new investments requiring new skills are made. Second, if existing capital is not
in fact fully depreciated (i.e., in an intrinsic, not financial book value sense), but the
period of (premature) replacement is spread out, given positive private discount ra:es,
the present value of 'surk costs' would be relatively low. Further, one may anticipate
that significant technological improvements wouid occur over time, and this fact may
also reduce anticipated adjustment costs if the period of restructuring is spread out.
Finally, one may intuitively accept that rapid lifestyle chenges may bring greater
disutility than gradual charges, and further, if positive time preferences

exist with respect to utility, the mzgnitude of total disutility (perhaps aggregated by
monetary imputations) would be lower still.

Seversal differences exist between industrialized and developing countries with regard
to the current age and composition profiles of (physical and human) capital stock.
Gerierally speaking, in many OECD countries, traditional industrial sectors which are
GHGs intensive have experienced slow or negsative growth in the past several decaces.
On the other hand, several "sunrise” sectors, i.e., those which have shown relatively high
growth rates in recent dé\%ades, for example, information intensive sectors such as
services, pharmaceuticals, entertainment software, etc., are not GHGs intensive. This
means that In industrialized countries, the age of caplte] stock in GHGs intensive
sectors is on the average "high", and that of less GHGs intensive sectors, "low". This
situation contrasts with that {n many "Newly Industrializing Economies" (NIEs). In these
countries industrial capital stock is largely concentrated in GHGs Intensive sectors, for
example, steel, fertilizer, electric power, and are "new”, as compared to similar capital
stocks in industrialized countries. A case is therefore apparent, even on cost
minimization grounds, i.e., without involving equity considerations, for global GHGs
regulatory policies to be focused on the eerlier restructuring of OECD economies away
from GHGs intensive activity. Equity considerations, taking into account the relative
burdern of restructuring costs scross countries, would seem to onl!y reinlforce this
conclusion, which dominates the alternatives of restructuring by all countries at the
same rate, or a policy of earlier restructuring by developing countries.

S. The Issue of Instument Choice:
The environmental economics litersture distinguishes between two broad clesses of
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enviroumental regulatory instruments, l.e., "command and control”™ or fist type
instruments, and market incentive based instruments. An example of the former is
emissions standards (i.e., quantity restrictions on pollution emissions of » given type
e.g., SOX, emitted) imposed by directive, and of the latter, pollution taxes i.e., 8
uniform tax on polluters per unit of pollutant of 8 given type emitted.

In the case of carbon dioxide whose emissions primarily result from fossil fuel use, the
possibility also exists, at least in the context of 8 national economy, of the use of
conventiona! fiscal and tariff instruments on energy sources and energy intensive
sectors. The use of these instruments may, by altering the structure of relative prices
perceived by economic agents, impact patterns of eriergy use by inter-fuel substitution
(e.g., substitution of fossil fuels by hydropower for electricity generation), or of factors
use (i.e., substitution of energy by cepltal and/or labor, e.g., by promoting energy
conservation), or of industria! and trade structure (e.g., shifts in output and/or trade
from energy intensive industrial sectors like stee! to (skilled) labor intensive sectors
such as services). These shifts In energy use patterns may impact the emissions of
carbon dioxide, and perhaps of other GHGs as well.

Some results from the theory of environmental regulation relating to the cheoice of
environmenta! regulatory policy instruments are summarized in the next subsection.

5.1, Standard Theoretica! Results:

In the case of a pollution tax, 8 necessary condition of

economic efficiency in 8 competitive economy is that the rate of tax is set equa!l to the
marginal damage from pollution. However, and this would very likely be true of Ciimate
Change, the information required to reach efficiency (i.e., the marginal damage at the
efficient point to e!! agents exposed to the pollutant) is unlikely to be available. In that
case, 8 pollution tax will still achieve 8 given level of environmental quality (e.g.,
aggregate GHGs emissions leve!ls} at least resource cost, under the assumptions of cost
minimization and price taking by firms, which fiat based instruments are unlikely to
accomplish. Further, 8 rigid standard mey involve unacceptable contro! costs if the
rezulator is misinformed about the magnitude of actual marginal control costs. Another
advantage of a pollution tax over a standard under these assumptions is that 8 tax
provides a continuing incentive to polluters to reduce emissions if cost effective means
are available, no matter how low they are already. This may stimu!ate technica! change
in abatement methods.

On the other hand, while -pollution taxes may involve substantial expenditures on
monitoring and enforcement, these may be significantly lower for stancdards if they are
imposed by the device of mandated technologies {e.g., 8 "best available abatement
technology” policy). Another disadvantage of 8 pollution tax is that the level of
environmental quality attained cannot be chosen in advarnce, as it results from the
decentralized actions of numerous (and diverse) agents. To achieve a given level of
sggregate emissions, tinkering with the pollution tax rate over time may be necessary.
However, if an initial leve!l of pollution tax leads to Investments in abatement, the costs
of adjustment in response to 8 change in tax rate may be high.
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~ An slternative to pollution taxes that Is sometimes suggested is » subsidy to reduce
poliution. The argument goes that resource allocetion, including the emissions of
pollutants, does not depend on the assignment of environmental property rights (i.e.,
whether agents are taxed or rewarded for sbatements does not affect the outcomes,
except for the distribution of incomes). Typically such subsidies take the form of
psyment, st least in part, of the costs of pollution control. Three major problems arise
in this spproech. First, it Is difficult to establish benchmarks for emissions levels
(reduction below which will merit Jump sum subsidy payments) for each agent without
creating incentives for them to misrepresent their actual emissions levels. Second,
subsidy may bias the choice of abatement(echno!og'y. For example, if capital costs are
subsidized, but operating costs are not,’ capital Intensive control methods may be
adopted even if they are not efficient (economic). Third, because the subsidy payments
can impact agents' profits, while each existing polluter may reduce emissions, an
incentive Is created to other agents to enter the polluting activity, and

in the long-run, the sggregate level of pollution will tend to increase.

In addition, tradeable permits have been proposed by economists as 8 means of achieving
aggregate pollution emissions levels at potentially lower costs than standards imposed
on each polluter. Further, tradeable permits aiso eliminate uncertainty about aggregate
emissions levels (or ambjent qusality, if so desired). However, the monitoring and
enforcement costs of tradeable permits may be higher than for pollution tax, because
of the need to keep track of trades in permits after the initial assignments. Additional
administrative costs may be incurred in operating a scheme for the initial ass{gnments.
In the theoretica! analysis of tradesble permits, it is assumed that once assigned, a
competitive market operates among agents owning these permits.

Two principal ways of assigning these permits are as follcws. First, the permits may be
distributed among agents on the basis of 8 political determination of entitlements. In
this case, uneque! political power of agents may result in "inequitious” distributions of
these rights among sgents. Second, they may be suctioned by the regulator. In the latter
case, if some sgents are "large”, they may form (buyers' and seliers’) cartels and the
outcome may differ from that which would be realized if the bidding were perfectly
competitive.

A widely shared view among economists is that which of these Iinstruments sccomplishes
a desired level of control at least cost, including monitoring and enforcement costs, is
essentially an empirical one. The following subsection briefly surveys the experience so
far with the actua! operstion of incentive based environmental regulstory inst.rurrents
at the leve! of national (and subrational) economies:

5.2 Actual Experience with Enviroomental R.egu}atdry Instruments:

Poliution taxes (emissions charges), and other sim!lar fee based systems have been
operated in Ewocpe, Jepan, and the U.S, for at least two decades. These include
effluent charges on water pollutants (France, Italy, Germany,Netherlands and U.S.), air
pollution charges (France and Jspan), taxes on polluting vehicles (Sweden), and on
bazardous solid waste (U.S.). Some insights which may bear generalization are as

follows:
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(1) Charges have been typically designed to raise revenue, rather than to schieve
efficient levels of pollution control, or even minimize costs of achieving given
environmenta! standards. The level of improvements appear to be positively related to
the level of charges. However, the impacts are low when the revenues are returried to
the polluters.

(2) Typically the revenues from cha-ges are used for specific environmental purposes,
rather than for reducing reliance on conventional taxes (which may involve greater
distortions in resource allocation than pollution taxes).

" (3) Where charges have been successful, they have been introduced graduaily and
increased over time (at rates exceeding the inflation rate).

Tradeable permits schemes have not yet been employed as widely as pollution taxes.
Three examples are from the U.S,, i.e, trading emissions rights under the Clean Air
Act, trading of lead in gasoline, and control of water pollution in 8 river. A fourth
example involves air pollution trading in Germany (for which only very limited
information is available). Once again, some insights which might be relevant in other
contexts, are as follows:

(1) The market structure and the behavioral norms of the regulated agents are
important. In the case of the Wisconsin Fox River, the disappointing results of a scheme
of trading discharge permits are traced to (at least) two reasons. First, several of the
polluters (pulp and paper plants) are oligopolistic, and may not behave as competitive
firms in the permits market. Second, another set of polluters are municipal waste plants
subject to public utility regulation, and perhaps insensitive to market incentives.

(2) Where 8 trading scheme has resulted in large numbers of trades (e.g., as allowed
under the "netting" component of the emissions trading program of the U.S. Clean Air
Act), significant cost reductions in compliance have resulted (exceeding $ 10 billion in
accumulated capital savings under all components of the program). Further, while
environmental quality has certainly improved under the scheme, since the emissions
trading program is additiona! to, and not in replacement of the traditiona! command and
control reguletory epproach, it is not possible to say how much of the improvement is
attributable to the emissions trading scheme.

(3) Effective monitoring and widespread agreement on environmental objectives are
important for the success of tradeable permits schemes. This appears to be the case
with the lead trading program among refineries in the U.S., which also conforms closely
to the notion of 8 competitive market {n permits.

In the next subsection we identify some implications of the sbove discussion for the
choice of multilateral and nations! leve! policy Insiruments for regulation of GHGs
emissions.

5.3. Cholice of Policy Instruments for GHGs Regulation:

Multilateral leve! policy instruments which have been suggested for regulation of GHGs
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emissions by different countries or regions Include variants of standards ("commiuments
on sources”), as well of pollution taxes ("carbon taxes”), and wadeable permits. While
there has been some debste, both in

policy forums as well as In the academic literature, on instrument choice, the question
of monitoring and enforcement (M&E) mechanisms has recelved comparatively little
attention. This omission Is surprising, both because regulatory schemes are critically
dependent on effective M&E, and because the M&E costs of different regulatory
strategies may vary widely, impacting the choice of policy instruments.

In the multilateral arena, several political considerations, for example, national
sovereignty, may dominate strictly economic criteria (i.e., costs or efficiency), in the
choice of regulatory schemes. In addition, the choice of policy Instruments may have
important distributive (or equity) implications both across and within the regulated
agents (countries or regions). Thus, for example, considerations of national sovereignty
may preclude the use of emissions standards based on technologies mandated by external
suthorities. Considerations of scvereignty would also dictate that the choice of
domestic regulatory instruments, in fulfiiment of multilateral obligations, must be left
to national policy makers. However, the feasibility of effective national level regulation
would constitute an input into the fixing of multilateral obligations. Equity issues within
regulated entities (countries) may, for example, involve changes in relative factor
rewards (i.e., interest rates, wage levels, and land rentals), impacting the incomes of
different social classes.

If one assumes that any scheme of multilateral regulation of GHGs will be focused on
sovereign States, the first question which arises in the context of instrument choice is
whether the standard theoretical results would continue to bold in the multilateral
context. In particular, we need to enquire whether the assumption of cost minimization
by firms has a8 clearly identifiable counterpart in the case of States. Further, when
considering internstional tradeable permits, whether there is good reason to believe that
the resulting permits markets would be competitive.

In attempting to answer the first question we initially proceed in 8 normative, rather
than a positive manner: The minimization of (domestic resource) costs of compliance
with a multilatera! regulatory regime would result in 8 gain in efficiency. Public
authorities of States "should” however, seek to maximize societal welfare, which has
components of both efficiency and distribution across societal classes.
Characteristically, policy choices involve tradeoffs between efficiency and distribution.
For this reason, gains in economic efficiency may not be unambiguously desirable.
Because different (multilatersal) regvlstory approaches may have varying impacts on
efficiency and distribution, it follcws that quite rationally, policy makers may not

isplay cost minimizing responses to multilsteral regulstion. Switching to a positive
approach, we pote that 8 sizable literature on the theory of public choice suggests that
the maximization of a societs] welfare function may conflict with the incentive
structure of public officisls, and for that reason, is unllkely to occur.

The second question, i.e., whether we may expect an internstional tradesble permits
market to be competitive, may be ancwered intuitively by looking st the existing
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distribution of resources across countries. The facts of vast disparities in the wealth of
nations, concentration of wealth in s relatively small number of nations, and great
heterogeneity and political differences among 8 much larger number of poor nations,
would suggest that formation of emissions permits cartels by rich nations would be easy.
No effective device can be visualized to counter this reality. :

The limited experience with operating market based regulatory schemes (discussed
above) suggest that deviations from the assumptions on which the theoretical results are
based would tend to make these instruments ineffective. Two key theoretical
assumptions indeed seemn to be violated in the case of market bzsed multilateral
instruments. Further, as we have seen, in the case of emissions standards, the option
of basing them on mandated technoiogies, which may reduce M&E costs in their case,
may violate notions of national sovereignty. Having said this, one may recognize one
advantage of international carbon taxes and (auctioned) tradeable permits over several
alternative schemes. These instruments may yield significant net revenues to the
multilateral regulatory agency, which may be important in devising practical schemes
for financial transfers to developing countries, as may be mandated by a determination
of the equity question. '

Any multilateral GHGs regulatory regime focused on sovereign States has to be
translated by natioral public suthorities to a domestic regulatory framework for
domestic emitters, designied to ensure national level compliance with the multilateral
responsibilities. In the case of developing countries generally, an important
consideration is that a major part of economic activity is in the "unorganized"” sector,
with little possibility of access by regulatory instruments, including market based
instruments. This is because such activity is typically tiny in scale, widely dispersed, and
may have little market nexus. It would be unrealistic, accordingly, to subject developing
countries to stringent application of multilateral regulatory instruments, and at least
in the near term, expect that they would be effective.

Energy is a ubiquitous input in all economic activity, and different energy sources are
(partly) substituteble with each other, and in the aggregate are substitutes (or
complements) for other inputs to production, i.e., capita!l, labor, land, and materials.
Accordingly, the effects of any domestic policy instrument impacting GHGs emissions
through inducing cherges In energy use, appiied to a single sector (e.g., electricity
generation), or a category of economic agents (e.g., consumers) carry over, through
changes in relative prices and factor rewzrds to all aspects of the economy. These
include changes in patterns of production, trade, aggregate income and its distribution,
consumer welfare, government revenues and expenditures, inflation, savings and
investment, and the externial balance of payments. Further, global regulation of GHGs
may be expected to alter comparative advantage across nations, and relative prices of
tradeables, besides financial and investment flows.

It is not likely that all these diverse impacts of GHGs regulation can be predicted
intuitively. Some insights may be gained through forme! economic mode!ling techniques.
While severa! limited modelling efforts have Indeed been made, we are still far away
from an adequate understanding of the impacts of globa! and nationa! level regulation
of GHGs emissions. Clearly there is need for further research on the question of
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Instrument choice in the multilstersl and domestic GHGs regulatory context. Given the
present state of kncwledge, one would hesitate to unreservedly recommend any
particular regulatory arrangement for adoption in the near term.

6. Structuring the Equity Issue:

The key to an eventual international instrugnent for regulation of Climate Charge is the
issue of equity or fairness. Equity is involved not only in the distribution of possible
benefits of control, but 8lso, importantly, in the costs of abatement responsibilities. A
gestalt view of the latter aspect Is that since a Protocol would have to limit global
emissions, and 8lso spportion entitlements to emissions (or the share of net revenues
that might be yielded by the use of internationsl regulatory instruments, such as carbon
taxes or tradeadble permits), real resource transfers are involved In such schemes.
Further, since the sharing of burdens, entitlements, and benefits would occur

not only among countries or regions, but also across human generations, equity in the
context of Climate Change has both spatial and temporal dimensions. The fssue is
complex, and in this paper we do not attempt anything more than providing an outline
of 8 framework for analysis of the problem.

Notions of fairness are deeply intertwined with the idea of "equality.” The term
‘equality' is used in different senses. It may refer to "equality before the law", i.e.,
equality of treatment by suthorities. Alternatively, it may refer to "equality of
opportunity”, fi.e., equality of chances in an economic system. A third meaning is

"equality of result”, i.e., equal distribution of goods or productive resources. Coleman
(1987) seeks to distinguish between these different meanings in the following manner:

Suppose that a system consists of:
(a) & set of positions which have two properties:

(i) when occupied by persons, they generate activities producing valued goo& and
services; .

(ii) the persons in these positions are rewarded for these sctivities, both materially and
symbolically;

(b) a set of adults who occupy positions;
(c) children of these adults;
(8) 8 set of normative or legal constraints on certain actions.

Equality under lew concerns (b), (c), and (d): l.e., the normative or legal constraints on
sctions depend only on the nature of the action, and not on the identity of the actor.
That is, the law trez.s persons in similar positions similarly. Equality of opportunity
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concerns (a8), (b), and {(c), i.e., that the process through which persons come to occupy
positions give an equa! chance to all. Ordinarily this means that 8 child’s opportunities
to occupy one of the positions (8) does not depend on which particular adults from set
(b) are her parents. Finally, equality of result has to do with (a ii), i.e., the rewards
given to the position occupied by each person are the sarme, independent of the activity.
These three concepts can also be seen as involving different relations of the "State” to
inequalities that exist, or arise in society. Equality before the law means that laws do
not recognize distinctions between persons that are irrelevant to the activities of the
positions they occupy, but that otherwise policies do not attempt to eliminate
inequelities as they arise. Equality of gpportunity means that the State intervenes to
ensure that inequalities do not cross generations. EqQuality of result implies that the
State periodically or continuously intervenes to ensure that inequalities arising from
activities are not accumulated.

In applying these concepts to Climate Change, the first key question is that of the
"identification of agents". Ordinary notions of equity involve fairness among human
individuals as agents, although often phrased in terms of equity between different
groups, or classes. An intuitively appealing notion of "agent” in the Climate Change
context would be human beings, irrespective of where or when they happen to live.
Alternative notions of 'agent', for example, countries, regions, or defined communities
are unappealing, if for no other reason than that they are susceptible to fundamental
change in character and composition in the time frame of Climate Change. In that case,
(i.e., with agents as individuals as defined above), soverelgn States may assume the role
of trustees with respect to their citizens in the matter of equity in Climate Change, and
an attribute of sovereignty would be that such a claim of trusteeship is not open to
challenge.

In the context of multilatera! regulation of Climate Change, given that this definition
of 'agents’ is accepted, how may we identify the other elements of the system described
above? 'Lega! constraints on actions' may be interpreted as limitations on GHGs
emissions. Further, the ‘'set of positions’ would include wvarious occupations
(consumption) resulting in GHGs emissions and resulting In economic reward (utility),
no matter where or when located. Finally, 'children', would, at any given generation,
mean the members of the succeeding generations.

What would 'equality under the law' imply, given these definitions? Since under this
principle, no note must be taken of distinctions which are irrelevant to the activities
of the agents, & multilateral regulatory fr_a.mework cannot distinguish between
individuals on the basis of natlonality, temporal generation, or other attributes, such as
race, religion, or colour. Equality under law is generally considered the weakest equity
principle, to which even an minimalist State may be expected to adhere, and almost
coincident with the notion of "rule of law." It would be difficult to a~gue sgainst
following this principle, in any multilateral context, including of course, Climate
Change.

What of 'equality of opportunity’'? This principle requires that inequsalities (in wealth,

welfare) arising from differential levels of GHGs emissions by agents do not carry over
across generations. Specifically, at 8 minimum this principle would seem to requlire that
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the sccess to GHGs emissions cannot be hereditary, (ruling out "Grandfathering” as s
basis for emissions entitlements), and that the incremental wealth accruing to
individusls from higher, unentitled GHGs emissions by them, cannot be bequeathed to
their offspring. This principle furnishes the basis for the assertion that societies with
higher historical per-capita emissions, should compensate socleties with lower past
per-capita emissions. Ensuring equality of opportunity is a central concern of the
welfare State, and (to varying degrees) is sought to be reslized In all but avowed legally

" minimalist States. Little support may be found In international public documents, or

current instruments, for abrogating this principle.

Finally, 'equality of result’. Different ethical schools have evolved to address this
question, albeit in the context of distribution of the national income between different
social classes or groups. In the Climate Change context, this principle should be
interpreted as equsal per—capits rights to GHGs emissions (which may be voluntarily
transferable) across all

agents.

Several philosophical positions take equality of result as 'natural’, in the sense that
while it needs no justification, deviations from the principle would require it. Rewls
(1971), accordingly seeks to address the question: "When can inequalities of result be
justified?” The ancwer, summarized in 8 sentence, is that "only those inequalities are
just, which would make the least well off person in society better off than that person
would be, (given ceterus-paribus and that basic human rights are equally assigned to all),
in the absence of the {nequalities." Rawls' theory of justice would thus cast a strong
onus on advocates of differential per-capita GHGs emissions entitlements to
demonstrate that any scheme of unequa! entitlements would be of greater benefit to the
poorest of mankind, than equal entitlements.

Traditional welfare economics based on Utilitarianism, would support the idea of
equality of result in Income, since declining margina! utility of income would mean that
social welfare, an sggregstion of Individual utilities (cardinal, inter-personally
comparable), is maximized when incomes are equal (Pigou, 1932). A progressive
per-capits distribution of GHGs emission rights (i.e., emlssions rights for the poor are
higher than for the rich) might have the effect of equalizing incomes, and thereby,
increasing global social welfare. Of course, the underlying assumptions for existence of
such a social welfare function are strong. However, there is another objection to the
Pigouvian result. That is, if individual welfare is inter-dependent, or in other words, if
one person's ectivities benefit or harm others, even if such external effects are
unintended, meaximization of social welfare over time would require such external
effects to be taken into account. This would mean an allocation of resources {(emissions
rights) to persons In line with the value of these external effects, justifying some

~ Inequalities. Of course, the spplication of this' principle must be comprehensive, i.e., all

external contributions of all persons over all time must be accounted for, and it is
difficult to see that practical ways of implementing this principle can be devised.

Libertarianism (Nozick, 1973) points out that a preferred (say, equal) societal
distribution of resources st one point In time will lead, by the very process by which
persons pursue thelr own welfare, to less preferred (unequal) distributions at later times.
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The three ways to prevent this, i.e., preventing economic exchange, or banning
economlic activities which lead to Ineguality, or progressive taxation, can each be
shown, in the limit, to reduce societa! welfare. In other words, continuous interventions
by the State to restore the preferred resource distribution may lead to reduction in
societal welfare. The Libertarian premise is thus, thaet interventions by public
suthorities to promote equality of result cannot increase societal welfare and is thus
unjustified. Nozick further asserts thet distribution of resources cannot be seen in
isolation from the process by which wealth is created. "Whomever makes something,
having bought or contracted for all other held resources used in the process (transferring
some of his holdings for these cooperating factors), is entitled to it. The situation is not
one of somethings getting made, and there being an open question of who is to get it.
Things come into the world elready attached to people having entitlements over them.”

This "historical entitlement theory” would seem, as applied to goods which come into
being with pre-existing claims to them, arising for example, from initial property rights
over the factors of production, or from the application of one's skill, to deny that equa!l
rights to these goods is natural. However, this would not be the case with resources
which are virginal in nature, and Nozick has difficulty in specifying which of several
possible methods, for example, through labour, first occupancy, possession, declaration,
or some other historical means is appropriate. Steiner {(1977) has pointed out that since
the process of acquisition of natural resources (which would clearly include
environmental resources) creates nothing new, but involves the extraction of
pre-existent resources from nature, differential entitlements to virginal resources
should be proscribed by the Libertarian. Moreover, the equal right to liberty to which
Nozick (apparently) subscribes should imply an initia! equal distribution of natural
resources. It is thus possible, even from the premises of Libertarianism, to derive the
principle of equa! per-capita rights to GHGs emissions.

Developing countries assert that their levels of past, current, and (foreseeable) future
per-capita GHGs emissions would not aggregatively induce Climate Change. On the
other hand, just continuing with the past rates of emissions of industrialized States
suffice to ensure increasing concentrations of GHGs in the atmosphere. Further,
because of the apparent close linkages between economic growth and GHGs emissions,
developing countries cannot sccept any commitment with regard to their emissions
levels in the foreseeable future. In addition, equity principies, as argued above, would
justify compensatory transfers to them for the historice!ly high levels of emissions by
industrialized countries, besides equal per-capita emissions entitlements in the future.
The arguments of the developing countries cannot easily be dismissed, even if one urges
that in their own self-interest, because of likely sdverse environmental impacts,
developing countries should eschew GHGs intensive growth paths. However, @
determination of the equity issues in Climate Charge befare the current multilateral
efforts to finalize & Framework Convention for reguleting Climate Change are
concluded, is unlikely. Two pcssible operative aspects of such 8 Framework Convention
are commitments by industrislized countries to stabilize and then reduce GHGs
emissions, within 8 specified time-frame, and second, financial flows to developing
countries to adopt strategies to reduce future growth of GHGs emissions by them. The
first aspect is unexceptionable from the point of view of developing countries, as long
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as “similar commiuments are not sought from developing countries before a
determination of equity principles. Regarding the second, two considerations are
important. One, that such flows must be additiona! to, and not competitive with, normal
aid flows for growth. Second, that financial (and technology) flows, without an equity
determiration (when these might sccrue as of right), must be considered as
paternalistic, and no obligation can be cast on anyone to accept such transfers.
Accordingly, it would be inappropriate to prescribe binding norms for such financial or
technology transfers, and it should be open to individual developing countries to state
the conditions under which they would accept such transfers.

Concluding comment: ‘

The past two decades have witnessed a tremendous surge In public concern with the
environment. Over time, attention has moved from local environmental quality {ssues
impacting hezith, recreational amenities, anc sesthetics, to global issues which involve
the life-support systems of mankind and other living species.

- The discipline of economics had, in the earlier phases of environmental awareness, an
ambivalent relstionship with the policy msaking process. One view which had some
currency earlier, is that economics can contribute little to the resolution of natural
resowrce depletion and environmentsl quality. This is because the origins of the
problems are to be traced in the insensitivity of economic systems to these concerns.
Economics was seen as guiding these systems, and the discipline was urged to undergo
fundamental restructuring if environmental concerns were to be incorporated into
economic policy.

While little paradigm shift occurred in economics in response to this criticism,
economists did seek to develop a body of theorems, models and concepts for analysis of
resource and environmental Issues. Important insights were obtained regarding patterns
of depletion or pollution emissions under different market and institutional
arrangements. The role of identifying the incentives faced by agents, and their likely
responses to these incentives, was identified as a crucial input in designing regulatory
policy. Nove! policy instruments were devised and to an increasing extent, employed in
regulatory frameworks. Policy analysts gradually accepied that economics can indeed
furnish usefu! insights in devising enviroamental policy.

One conclusion is bowever, Inescapable from the present survey. That is, the challenges
of global policy analysis for Climate Change will require 8 significant sharpening of
existing analytical tools of economics. These chellenges arise from the very fong time
frame, extending to the past as we!l as the future, besides the pervasive uncertainties,
both scientific, as well as relating to economic and social impacts, involved in the
Climate Change issue. While the basic approach of the discipline, l.e., a8 behavicral
assumption that egents maximize some objective subject to their perceived constraints,
remsains valid, the global environmental arena calls into question many of the existing
formulations of this theme. It is not easy to furnish & listing of the areas where
sdvances of a rather fundamental rnature will be required, suffice it to say that they will
be over 8 very broad range, including both positive and normative aspects. It is also
clear that the evolving discipline of environmenta! economics will have to establish
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deeper linkages with the theo
= ry of social ch - .
theory. choice, formal ethics, and positive political
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