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Abstract
Much of the debate on climate policy in the Uniftdtes focuses on the gain or loss to
the macroeconomy of alternative policies to redyreenhouse gas emissions. However,
the economy is made up of multiple individuals, asépresentative agent. This paper
reports the results of alternative ways of distiiitigiemissions allocations across citizens.
Macroeconomic effects interact with the policy flistribution, but the distributional
weights are more important for the welfare of indiaal agents than the economy-wide
effects of the emissions reductions. Egalitaristritbutions of the emissions allowances
have the potential to increase the welfare of mesple, even if significant emissions
reductions are mandated. Focusing on the distoibaf emissions allowances (or the
revenues generated from an emissions tax) ratharadh aggregate GDP may provide
guidance in identifying and implementing politigalliable solutions to the climate

change mitigation problem.
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Distribution of Emissions Allowances as an Opportuity

l. Introduction

Much of the climate policy debate in the Unitedt&sehas been devoted to the
effect of various emissions-reduction strategiep{and-trade, carbon tax, voluntary
programs) on aggregate output measured by GDBtim&tes of the total economic
burden of various policy proposals are politicaatient, even though these estimates do
not capture the entire range of issues that muatideessed by climate poli¢yThe
value of climate services is ordinarily not incldde net cost estimates, largely because
the benefits of averting climate change are vefficdit to quantify? In addition, it has
been recognized since climate change emerged agoa issue that one of the keys to
rational climate policy is to approach it as theghase of insurance against planetary
disaster, rather than as a more conventional castfii calculation. The United Nations
Framework on Climate Change was set up to avoiddgdeous anthropogenic
interference” in the climate system, and the rélesk management in climate policy
been a theme of growing importance since then (DECEQ97; Hall and Behl 2006;
Weitzman 2007 forthcoming).

Bearing these caveats in mind, the output of pdioyulations is most frequently
presented as a deviation of GDP from its unconstthpatt? This is equivalent to
positing a “representative agent” as a stand-irafiothe consumers in the economy. Yet
the members of any modern nation are highly divevith very different levels of
wealth, income, education, and other charactesistik critical question is how the
emissions-reduction policy might differentially et people up and down the wealth

distribution. By definition, a representative agerodel cannot shed any light on this.



Yet it is the effect of the policies on differenlyasituated agents that is of
greatest interest to the agents themselves, amedatlg, to their political representatives.
To illustrate this, an examination of the 10 gremrde gas cap-and-trade bills under
consideration by the 1{0Congress as of May, 2007, reveals a wide varibgrossions
allocation schemes. Some bills leave the auth@witgetermining the allocation to the
President; some specify auctioning various percestaf the allocations; some of the
bills allocate a fraction of the permits to histaliemitters. Many of the bills require
consideration of “consumer impact,” “competitives@stransition assistance,” etc. (Pew
Center on Global Climate Change 2007). None cdghmpacts can fully be determined

without a disaggregated analysis of the consequenfcalternative allocation plans.

Il. A Conceptual Model

In order to explore how emissions reductions aft@ferent members of the
economy, the model in this paper has five represeetagents corresponding to the
quintiles of the income distribution, but is strggbdown to the simplest kind of
representation in every other respect. As sueptbdel presented here should be
thought of as a “conceptual” model rather than gpemeant to be “descriptive” of the
economy® It has only five commodities and three factorpmafduction, and the agents’
utility functions as well as the commaodities’ pration functions are all of generic
Cobb-Douglas form. Markets are assumed to be g&rfeompetitive, and there are no
distortions of any kind in the economy. Incomes @etermined solely by the agents’
endowments of the three factors of production (taboman and tangible capital, and
energy), and policy is represented by changesaindtal energy endowment and its

allocation across the agents. This avoids all dmajions associated with the interaction



of distortionary taxes (as in the “double dividemt#¥batey. There is no intertemporal
maximization of utility, and the processes of calpgiccumulation and technical progress
take place outside the model. Institutional areangnts for administration of the
emissions allowances are not modeled, so thenecai@nsactions costs associated with
the policy® Population (and thus the pure labor input) islleeinstant so that changes in
aggregate or quintile incomes are the same asgp#iachanges.

The “energy” input may in this context be thoughas the “energy/emissions”
resourcée. Present ownership of shares in fossil fuel corgsaor stocks of such fuels
can be mapped exactly into emissions allowancesrditg to the energy and carbon
content of the different fuels. Because propadhts are ultimately defined by the
government, it would be straightforward to redefovenership of the company shares or
the physical commodities with the equivalent rigghemit the fuels’ C@content when
they are converted into work. Thus, in the dismrsthat follows, this input will be
referred to as the “energy/emissions” input toghaduction processes.

Details of the model and numerical values of itsapeeters are given in the
Appendix. Two versions were computed, under deifiélassumptions regarding
technological progress and capital accumulatiohar@es in the incomes of members of
the top quintiles could possibly have an effecaggregate capital accumulation, so in
one version of the model all the economic growéimst from augmentations to the
capital assets, while in the other version, thetabpndowment is held fixed and
economic growth arises solely because of increiasesgal factor productivity. Results
not reported here show that at this level of detaratters little whether the utility

functions differ according to the expenditure skarkthe different quintile$.



The initial distribution of the endowments of tlaetors of production was as
follows: The amount of pure labor was equal inheaicthe quintiles. Human capital was
included in the “capital” input, and the initialdgmvments of capital (human plus
physical) and energy/emissions were distribute@mltieg to the average of the shares of
earnings and wealth by quintiles (Castafietial 2003)° The model was solved for
equilibrium'® under six scenarios, two base cases and fouryptaises. The base cases
were the initial period and business as usual (Bgtdyth, in which economic growth
takes place either because capital grows by arfattb5 and energy by a factor of 1.2
(this will be referred to as the “capital accumiglatcase”), or because total factor
productivity in each of the five industrial sectansreases by a factor of 1.3 (this will be
referred to as the “total factor productivity cgseThe policy cases all have capital or
total factor productivity growing by the same fachs under BAU, while
energy/emissions is cut to 0.8 of its initial valmea cap-and-trade emissions permit
system. (This amounts to a 33% reduction from BAlthe capital accumulation case.)
The difference in the policy cases is in how thessmans endowments are distributed,
and whether there is any energy-efficiency enhaecemue to elimination of market,
institutional, and organizational barriers. Tharfpolicy scenarios are: (1)
Grandfathering the energy/emissions permits tcespiwnd to the initial distribution of
energy/emissions across the quintiles; (2) antgin distribution in which the
energy/emissions endowments are equal across thideg) (3) a half-and-half case in
which the energy/emissions endowments are the g@afthe grandfathered
endowments and the egalitarian endowments; anh¢4)alf-and-half case but with the

energy/emissions efficiency parameters in the naotufing and transportation sectors



increased by 20% from their base valtfeg.he distribution of the energy/emissions

endowments under these six scenarios are giveabfeT*?

Table 1 — Energy/Emissions Factor Endowments undeklternative Scenarios

Scenario Quintile 1  Quintile 2 Quintile 3 Quintile 4  Quintile 5
Initial period 0.000 0.250 0.910 1.840 7.000
BAU growth due to

capital accumulation  0.000 0.300 1.092 2.208 8.400
BAU growth due to

total factor 0.000 0.250 0.910 1.840 7.000

productivity
Grandfathering 0.000 0.200 0.728 1.472 5.600
Egalitarian 1.600 1.600 1.600 1.600 1.600
Half-and-Half 0.800 0.900 1.164 1.536 3.600
Half-and-Half + Eff. 0.800 0.900 1.164 1.536 3.600
lll. Results

Before presenting the main results on the effetctsenalternative policy
scenarios on welfare and the income distributibis, worth reviewing the model
equilibrium in the context of other computable gahequilibrium (CGE) exercises.
First, the GDP reductions from emissions restindim the policy cases are similar to the
GDP reductions found in other models for similaersrios® In the initial period
(before any economic growth takes place), if enfemgyssions is cut 20% with the

allocations grandfathered and the other endowntezitsconstant, GDP falls by



approximately 2.4% when measured in initial pricesprices of the initial period, the
emissions-restricted cases show GDP in the finabgabout 4.2% lower than BAU in
the capital accumulation case and 2.4% lower tmaieuBAU in the total factor
productivity casé? If the time period between the initial year ahd final year of the
BAU case is 20 years, then the annual growth ria{pey capita) GDP over that period is
about 1.3-1.4% under business as usual. The imdetber problem associated with the
price changes that occur under different scendFidssel 2007) is just detectable; in the
capital accumulation case, the ratio of final GDfnitial GDP is 1.314 using the prices
of the initial period and 1.311 using the pricesh# final period. As would be expected,
the price of energy/emissions rises substantialigmits supply is constrained by policy
relative to BAU; the average energy/emissions gricesase (relative to its BAU price)
across the four policy scenarios in the capitalaudation case is 47%; in the total
factor productivity case the average energy/enmmsspice increase is 24%.

The model economy looks similar to the actual econm terms of some
standard indicators. The initial and BAU factoas#s of the model economy are: labor,
0.270 (recall that this share does not includdrhaion of wage and salary
compensation due to human capital); human andlibngapital, 0.622;
energy/emissions, 0.108. The Gini index of incongguality in the initial period is
0.456, comparable to the 0.462 recent value o202 Gini index of household income
for the United States (DeNavas-Waealtal 2003, p. 14).

The equilibrium utilities and incomes under eachhef six scenarios are shown in

Tables 2 and 3. The salient features of thesesabike:



(1) In all scenarios and for all agents, both tyfifiand income are substantially
greater at the end of the period than they areeabéginning of the period.

(2) If the energy/emissions endowments are grahdfat, utilities and incomes
of all agents are lower than in the BAU scenario.

(3) However, under each of the other three scesautilities and incomes of the
three agents at the lower end of the income diginh arehigherthan their utilities and
incomes under BAU. For example, in the capitabianglation case utility for the bottom
quintile is increased by 35% and income by 34% wWithegalitarian assignment of
energy/emissions allowances, relative to BAU. hie half-and-half case without
efficiency enhancement of the energy/emissionstjipath the utility and the income of
the bottom quintile increase by 15% relative to BAld the total factor productivity case
utility and income of the bottom quintile incredse37% relative to BAU, and the
income of this quintile increases by 17% relatwyd®AU for the half-and-half case.

(4) In the policy cases (and for both economic dghoscenarios), utility and
income of the four bottom quintiles are higher urtthe non-grandfathered than under
the grandfathered energy/emissions allocationsat iBhif the government decides to
undertake an emissions-reduction policy of this mitage, four-fifths of the population
would be better off if the energy/emissions allcmad were not grandfathered.

(5) The enhancement of energy efficiency increasgsmes and utilities across
the board; both utility and income are higher facleagent in the half-and-half plus
efficiency case relative to the half-and-half ca&DP is slightly more than 1% higher in
the H&H + Efficiency case than in the H&H case, m#leough the energy efficiency

gains are confined to a modest 20% in only twomsatver a 20-year period.
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(6) Tables 2 and 3 are very similar; the resukéskeaing driven by the differences
in the distribution of the energy/emissions alloses) not by differences in the sources

of economic growth.

Table 2 — Utilities and Incomes of Agents/Quintilesinder Alternative Policies,
Capital Accumulation Case

Utilities

Base Cases Policy Cases

Initial Yr. BAU Grndfthr  Egalitarian Half & Half  H&H + Eff.

Agent 1 0.519 0.687 0.658 0.921 0.789 0.800
2 0.664 0.873 0.834 1.052 0.943 0.957
3 1.110 1.458 1.394 1.530 1.462 1.483
4 1.741 2.284 2.183 2.203 2.193 2.225
5 5.427 7.116 6.816 6.166 6.491 6.579

Incomes, in Prices of Initial Year

Base Cases Policy Cases
Initial Yr. BAU Grndfthr  Egalitarian Half & Half  H&H + Eff.
Agent 1 2.729 3.616 3.470 4.856 4.162 4.214
2 3.654 4.812 4.605 5.808 5.206 5.278
3 6.095 8.020 7.677 8.425 8.051 8.161
4 9.535 12.519 11.988 12.098 12.043 12.205
5 28.619 37.577 36.041 32.607 34.325 34.756
GDP| 50.632 66.544 63.781 63.794 63.788 64.614

Source: See text.
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Table 3 — Utilities and Incomes of Agents/Quintilesinder Alternative Policies,

Total Factor Productivity Case

Utilities
Base Cases Policy Cases
Initial Yr. BAU Grndfthr  Egalitarian Half & Half  H&H + Eff.
Agent 1 0.519 0.675 0.659 0.922 0.791 0.801
2 0.664 0.863 0.841 1.061 0.951 0.965
3 1.110 1.443 1.407 1.544 1.476 1.498
4 1.741 2.264 2.209 2.229 2.219 2.251
5 5.427 7.055 6.889 6.233 6.561 6.650
Incomes, in Prices of Initial Year
Base Cases Policy Cases
Initial Yr. BAU Grndfthr  Egalitarian Half & Half  H&H + Eff.
Agent 1 2.729 3.548 3.466 4.850 4.157 4.213
2 3.654 4.750 4.633 5.843 5.238 5.315
3 6.095 7.923 7.730 8.483 8.106 8.224
4 9.535 12.395 12.095 12.206 12.150 12.324
5 28.619 37.205 36.336 32.875 34.607 35.069
GDP| 50.632 65.821 64.260 64.257 64.258 65.145

Source: See text.

Comparison of these results to previous calcuiatia the literature of the

distributional impact of a carbon tax reveals thatmain differences are accounted for

by how the carbon revenues are treated. For exaBplnes and Breslow (2003)

computed the net effect (as % of mean househotumeg by income decile of a cap-and-
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trade system combined with per capita distributbthe carbon charges that would meet
the 2010 U.S. emissions targets of the Kyoto Padto€hey found that seven of the ten
deciles (including the bottom six) would experier@cnet gain in income ranging from
5.1% for the bottom decile to 0.2% for the eightitite. Deciles 7, 9, and 10 would
experience a net loss, the largest in percentagestieeing 0.9% of income for the top
decile’®

More recently, the Congressional Budget Office idgeestimated the effects of
various dispositions of the revenues from a catharthat would achieve a 15% cut in
CO, emissions in 2010 (Dinan 2007). The CBOQO'’s calwoiles show that if the carbon
tax revenues were distributed equally as lump-sayments, the average income of the
bottom quintile would increase by 1.8% and of teeanid quintile by 0.7%. The top
three quintiles would experience small losses,. d¥) 0.6%, and 0.7%, respectively.
GDP would fall by 0.34% under this scenario. Tle hotable differences between the
CBO study and the results shown in Tables 2 anfdti3ecpresent paper are (1) the CBO
cuts occur in the relatively near future, so thatré¢ is no economic growth from capital
accumulation or technological progress to cushienréduction in the energy/emissions
input, and (2) the distribution of the tax revenaesurs as lump-sum rebates which do
not offset any tax distortions. In other calcudas reported by the CBO, if the tax
revenues are used to cut corporate taxes or pagras, the net loss to GDP is lower
although the effect on income distribution is regiee!’

Some earlier studies of the distributional impzfch carbon tax or energy tax
found that such taxes, if enacted without any othereforms, would generally be

regressive (Bull, Hassett, and Metcalf 1984 However, it is relatively straightforward
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to design a tax shift that makes the environmdatas combined with other tax cuts

distributionally neutral or progressive (Metcalfae).

IV. Discussion and Implications for Policy

Several policy implications emerge from this simgbaceptual model. It should
be emphasized that these results are not meantdgdzt predictions; a conceptual
model is intended to outline the underlying grasstdires of the economy with a
particular emphasis — in this case, the effecttefnative allocations of emissions
allowances.

From the standpoint of theell-being of the individual agentghe manner of
distribution of the energy/emissions allowancesiish more important than the
macroeconomic consequences of the emissions tastricThe distribution of wealth in
the contemporary U.S. economy is quite unequaé-tdp quintile owns approximately
70% of the wealth. The consequence is tiratally any allocation of emissions
allowances that moves in a more egalitarian dir@ctwill improve the material well-
being of a majority of the agents, even withouinigknto account the environmental
benefits of the emissions reduction@his is demonstrated by the result that intedl t
non-grandfathering policy scenarios, the utilitesl incomes of the bottom three
quintiles of the income distribution increase nekto the unconstrained emissions BAU
case. This model shares with other general equititbmodels the property that if one of
the productive factors is restricted by policy, eggte output will fall. Nevertheless, the
allocation of the emissions allowances can overctimsemacroeconomic loss for most
members of the economy. However, if the energygsimins permits are grandfathered,

everyone’s income and utility is reduced relativdtisiness as usual.
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This result is obtained in a first-best equilibrigituation, and does not depend on
the outcome of the so-called “double dividend” debalreatment of the distribution of
the rents/revenues resulting from emissions redastby assigning the allowances
directly as part of the agents’ endowments bypagsestions about the interaction of tax
distortions associated with an emissions tax ahdrdaxes. In the simple conceptual
model developed here, the policy implications fallmansparently from the
distributional characteristics of the assignmerthefemissions allowances because there
are no distortionary taxes in the model and alllbeeks are taken into account.

Overcoming organizational, institutional and coyeitbarriers to efficiency
(sometimes inaccurately referred to as “marketiéat) can partially or wholly offset
the energy/emissions constraint. This is, or aauabnost a truism — these barriers are
the source of the “no regrets” possibilities thavdr been documented many times
before!® and their relaxation has been incorporated irttecastage macroeconomic
framework (with first-order optimizing conditionsgvailing in the first stage and
efficiency improvements in a second stage) befereell (see Sanstaat al. 2001). In
the present model, an increase in energy/emisgificgency of a factor of 1.5 in the
capital accumulation case (this would be exprebgesktting the parameters of Appendix
equations A-1 and A-2 so that= 1.5,i = 1,...5) in all sectors would offset the 20%
reduction in the resource from its baseline valiee, (for the energy/emissions input, 1.5
x 0.8 = 1.2) and result in an equilibrium thatnfrehe point of view of all the agents,
would be equivalent to the BAU scenario.

There are two issues associated with the tranditain the BAU equilibrium to a

policy equilibrium that deserve discussion. Fitsg conceptual model presented here,
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like every other general equilibrium model, is amevhich all resources are fully
employed. However, any climate policy of signifit@mpact would be likely to have
both permanent and transitory effects. The transiffects include job losses — more
properly characterized as the destruction andioreaf jobs as capital and labor are
reallocated in response to the policy. The geremgallibrium framework is not suited to
address the timing or magnitude of these transeffgcts, because equilibrium by
definition is a state in which all resources ailg/famployed. The model abstracts from
transitory effects.

Second, the increase in the energy/emissions as®eciated with its restriction
in the policy scenarios should not be thought dira$ationary,” even though this price
does increase by 47% in the capital accumulatise ead 24% in the total factor
productivity case relative to the baseline. Indlatproperly defined is a monetary
phenomenon, and the model is entirely “real.” Pphee of the numeraire good remains
the same through all the scenarios (and in theb@seline cases as well). If the
government were to embark on a climate policy iava@ energy/emissions reductions, it
would not be appropriate for the Federal Resentglien the money supply in response
to the “inflation” associated with the increase@mgy/emissions price. Instead, the Fed
would fulfill its policy obligations by implementqimonetary policies to minimize the
transition costs. It is beyond the scope of tlesent analysis to discuss what those
policies might be, but it is clear that they woualat entail an automatic tightening of the
money supply to combat the “inflation” associatathvhigher real energy/emissions

costs.
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In closing, it should be clear that none of thense®s considered here constitutes
a fundamental overturning of the economic status dio the extent that happiness in a
wealthy country like the United States is basednarterial factors, it depends as much on
relative economic status as on absolute consumfei@ts (see Brekke and Howarth
2002 and the literature they cite from economias @ther fields). Assignment of
energy/emissions allowances along the lines ofddinlye policy scenarios would hardly
affect the relative situation of anyone whose wemltdiversified. Of course, any decent
policy to reduce fossil fuel use drastically woulkeked to incorporate provisions for
compensation to coal miners and a few others wimokestries would be shrunk by the
policies (see Krauset al 2003 for further discussion). Compensation tegtors in
fossil fuels is far less justifiable; it is diffiitto imagine how any rational investor today
would not already have discounted the value ofilféissl assets heavily in anticipation of
future climate policy measuréS.It is important to note that reassignment of
energy/emissions allowances would not constitutérary confiscation of wealth
created through work and investment, because theeatly valuable “right” to dispose of
CO, combustion waste has historically been “ownedtdsgil fuel extractorsnly as a
result of the absence of property rights in the@pheric commons, not because of any
effort or expenditure on their part

In the egalitarian scenario least favorable totdipequintile, utility and income of
this group fall by 12-13% relative to BAU, deperglion which version of the model is
run. However, the utility and income of the toprdgile in this scenario are 14-15%
abovetheir initial values. In the half-and-half pluSiegency case (which is probably the

most politically plausible of the scenariéSxhe utility and income of the top quintile fall
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by 5.7-7.5% relative to BAU (and are 21-23% higtiem their initial values). Utility
and income of the fourth quintile fall by 0.6-2.6%¢ative to BAU, and are 28-29%
higher than their initial values. The classicdiaaales for the more well-to-do members
of society to bear proportionally more of the buradd addressing the climate problem
can be invoked here, especially given that thefsaes that would be asked of the rich
are modest and would neither distort their incergtito save and work nor close off
continuing increases in their wealth and incomglso, if the emissions allowance
assignments were introduced gradually, there wbealdo time at which the incomes of
the top quintiles would actually fall. Economiogith is ongoing in all scenarios, and
the utilities and incomes of the top quintiles significantly higher after the
reassignment of energy/emissions allowances th#reimitial period.

These calculations suggest that two aspects ohtdipolicy deserve greater
prominence than they have received. First, thigilbligion of the emissions allowances is
very important, and its effects for most memberthefeconomy outweigh the
macroeconomic losses that the economy may experenea result of energy/emissions
restrictions’® Second, more attention should be paid to thestiiifig) potential of
enhancements to energy efficiency. These gainsaase about through overcoming the
cognitive, organizational, and institutional barsi¢o full maximization by firms and
consumer$® Gains in efficiency improve outcomes across tt@eincome
distribution, and even modest gains in the enenggrisive sectors have noticeable
effects. Forging a political consensus to underthle actions that are necessary to
stabilize the atmosphere will not be easy, but aness of the potential for judicious

assignment of emissions allowances and stimulati@mergy efficiency to ameliorate or
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actually improve the economic circumstances of leiveome citizens should make

agreement easier to achieve.
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Appendix — Model Details

The basic equations of the model are Cobb-Douglastions with constant
returns to scalé&!
Utility Functions

Uy =X xgxaxt, i=12,..5 (A- 1)
where x; is the consumption of commodify by agenti.?®
Production Functions

X, =B,LYK(gJ,)", j=12..5 (A-2)
whereL;, Kj, andJ; are the factors (labor, capital, energy/emissiatisgated to the
production of commodity. The B; and g are “efficiency parameters” for each industry
as a whole and for the energy/emissions input ecsely.

The endowments of labor, capital, and energy/eonssof agent are given by

iL, ik, and i3, respectively. Each agent maximizes utility sabje the budget

constraint that the agent’s total income equalsrtbeme received from ownership of his
endowment (possibly zero) of each factor of prouct Factor prices (equal to the value
of the marginal products in each industry) are égea across industries. The
equilibrium consists of the four commodity pricps,ps, P4, Ps (commodity #1 is set as
numeraire withp,; = 1), three factor prices, r, ands (of labor, capital, and
energy/emissions, respectively), factor allocatitangroduction for each industry (15
values) and consumption allocations for each a(gvalues), for 47 equilibrium values
in all. There are just this many equations deteeaiby the first-order conditions, the
factor pricing equations, the budget constraintsg, the market-clearing equations, after

eliminating redundancies.
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The five commodities may be thought of as corredpanroughly to “food,”
“shelter,” “manufactured goods,” “transportatioasid “services.” The parameters of the
utility functions for each agent were based on cality expenditure shares for each of
the five quintiles, calculated from the 2005 ConsuiExpenditure Survey (U.S.
Department of Labor, BLS 2005).

For the production functions, the share of wagessataries for each of the five
industries was calculated from the industry inpud autput data prepared by the Current
Industry Analysis Division of the Bureau of Econa@mdinalysis (U.S. Department of
Commerce 2006). Wages and salaries include thenred the human capital of
employees, so to convert them to shares for pateofl power” alone, the wage and
salary shares were cut in half (except in the cslee very low labor share for “shelter”)
so that the average labor share was approxima®&y 2T his is consistent with the pure
labor share calculated by Barro and Sala-i-Ma®0§, p. 38) in their discussion of
what labor and capital shares are consistent widrnational data on income
convergence. The share of energy/emissions wasngieied more or less arbitrarily to
satisfy two requirements: (a) the “manufacturiagt “transportation” sectors were
made the most energy/emissions-intensive, andhéaverage energy/emissions share
was made to be about 10% of GDP. These sharessealedd roughly on expenditure
shares for energy in those sectors, consistent(ajtand (b). The parameters of the

utility and production functions are given in Tabke-1 and A-2.
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Table A-1 — Utility Function Parameters

Commodity
gﬁpendlture Food Shelter Manufacturing Transportation Services
are _ _ . . .
(i=1,2,3,4,5) | ! ! ! !
Agent/Quintile 1 | 0.181 0.234 0.205 0.143 0.237
Agent/Quintile 2 0.161 0.199 0.195 0.184 0.26
Agent/Quintile 3 0.154 0.195 0.183 0.190 0.27
Agent/Quintile 4 0.148 0.179 0.171 0.193 0.30
Agent/Quintile 5 0.123 0.182 0.169 0.173 0.35
Table A-2 — Production Function Parameters
Factor Input Elasticities
Human and Physical
Labor Capital Energy/Emissions
Goods j j j
Food, etc. 0.256 0.694 0.050
Shelter 0.065 0.885 0.050
Manufacturing 0.291 0.518 0.191
Transportation 0.326 0.435 0.239
Services 0.351 0.599 0.050
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Endnotes

! For example, if per capita GDP is projected targad 2% per annum, a permanent drop in per capita
GDP of 1% caused by a carbon tax or cap-and-trgsters has a present value measured in hundreds of
billions of dollars, yet represents only a 6-modétay in achieving any particular future standartiving.
Whether this represents at large or small econeonsequence thus is partly a matter of how thetiqures
is framed.

2 For a recent effort to estimate these benefitstiseStern ReviewHM Treasury 2006).

3 It should be noted that there is uncertainty emeer the sign of the GDP effect of Kyoto-sized GHG
reductions (Barker and Ekins 2004; Krause et d022®epetto and Austin 1997).

* See DeCanio (2005) for further discussion of thgsinction.
® See Repetto (2001) and the references therein.

® For a theoretical treatment of the potential impddransactions costs, see Stavins (1995). Fecent
empirical study of transactions costs in EU emissiwading, see Frasch (2007).

’ Abstracting here from all energy sources thanatefossil fuels, and from the different emissidos-
energy ratios of the different fuels.

8 The philosophical question of whether individudiler in their “tastes” will not be explored her&ee
Stigler and Becker (1977) for a statement of thatjmn that the starting point for analysis sholbddthat
“tastes” are identical across individuals.

® Using the distribution of tangible wealth only ithskew the distribution in the direction of too chu
inequality; on the other hand, the earnings datebafore-tax labor incomes and do not include guvent
transfers or income from capital. Hence the aveghe two distributions was used. The shardsoti
earnings and wealth for the first quintile wereustipd from their slightly negative values in Castidet
al. to values of zero. The earnings and wealthiligions in Castafieda et al. are based on calonkti
and sources given in Diaz-Giménez et al. (1997).

2 The equations of the model were solved simultasigausing FindRoot in Mathematica (2007). Because
all the utility and production functions are Cobbxiglas, the equilibrium is unique (Kehoe 1998ngjti
Mas-Colell 1991).

n all the scenarios reported here, the otherggrefficiency parameters were set equal to onenitirig
efficiency gains only to the two energy-intensieetsrs is quite conservative. The framework was
designed to allow investigation of the consequenéadowing the other efficiency parameters tdeef
gains.

2 The total labor endowment in all scenarios wasti®total initial capital endowment 100, and il
initial energy/emissions endowment 10. Note thatgcale or units of these endowments do not matter
because all the production functions are Cobb-DasiglChanges in units could be handled by chamges i
the constant terms of the production functionsiarttie units of the factor prices.

13 Of course, computable general equilibrium modalgetthe built-in property that if one of the inptds
the production process (e.g., energy) is restrjata output will fall. This is a consequenceted full
employment of productive resources at any intes@ution of such a model.
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4 This is similar to the 1.4-4.2% range of GDP rditurs estimated by the Energy Information
Administration for the “cost of Kyoto” in the casé domestic emissions reductions with no internslo
permit trading (EIA 1998).

15 Of course, the percentage changes in “utility”dtianot be taken literally, because the equilibrioithe
observable prices and quantities is invariant umg@motonic transformations of the utility functions

% These are their “middle-range” scenario estimates.
" See also Dinan and Rogers (2002) for a similalyaisaincluding more details.

8 Bull et al also cite Poterba (1991) on this point, and stf@mt'the regressivity of such taxes is much
reduced if lifetime incidence is considered. Bayal Uri (1991) found that the incidence of broaddsh
energy taxes would be spread rather evenly ovdiaisehold categories ranked by income.

19 See IPCC, Contribution of Working Group |1l (19%Bhapters 8 and 9), Interlaboratory Working Group
on Energy-Efficient and Clean-Energy TechnologRB00, summarized in Brown et al. 2001), and Brown
(2001).

20 Such compensation to shareholders because obpmssilitical necessity has been discussed by
Bovenberg and Goulder (2000) and Parry (2003).

2L But it should be noted that egalitarian distribnthas been proposed (globally) by EcoEquity
(Athanasiou and Baer, 2001) and (domestically) bynBs (2001). Barnes (2006) expands on the idea of
creating trusts in common assets with the proceele distributed primarily on a per capita basis.

% The centrality of the equity issue in the disttibn of emissions allowances has been recognizeBidey
et al (2000).

% See the treatment of these barriers in DeCani®3)19Conventional CGE models also lack the capacit
to treat in a sophisticated way economies of séedening by doing, and transactions costs as fadtcthe
diffusion of new technologies.

%4 The assumption of constant returns to scale idymtion omits some possibilities for path dependenc
and multiple equilibria. These phenomena are réleddghe barriers to efficiency (and to opportwstfor
removing those barriers in a cost-effective watddiearlier.

% The utility functions have no initial constant bese the prices and quantities in equilibria avariant
to monotonic transformations of the utility funatm

% The “food” category contains food, alcoholic beages, tobacco products and smoking supplies;
manufacturing contains utilities, fuels and pulskevices, housekeeping supplies, household furmgshi
and equipment, and apparel and services; servickglies health care, entertainment, personal care
products and services, reading, education, mistatlas, cash contributions, and personal insuramte a
pensions.



