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Neutralizing the Adverse Industry mpacts of
CO, Abatement Policies: What Does |t Cost?

A. Lans Bovenberg and Lawrence H. Goulder

Abstract

The most cost-effective policies for achieving CO, abatement (e.g., carbon taxes) are considered
politically unacceptable because of distributional consequences. This paper explores policies designed to
address distributional concerns. Using an intertemporal, numerical general equilibrium model of the
United States, we examine how efficiency costs change when CO, abatement policiesinclude elements
that neutralize adverse impacts on energy industries.

We find that desirable distributional outcomes can be achieved at relatively low cost in terms of
efficiency. Without substantial added cost to the overall economy, the government can implement carbon
abatement policiesthat protect profits and equity values in fossil-fuel industries. The key to this
conclusion is that CO, abatement policies have the potential to generate rentsthat are very largein
relation to the potential loss of profit. By enabling firms to retain only a very small fraction of these
potential rents, the government can protect firms' profits and equity values. Consequently, the
government needs to grandfather only a small percentage of CO, emissions permits or, similarly, must
exempt only asmall fraction of emissions from the base of a carbon tax. Each of these government
policiesinvolves only a small sacrifice of potential government revenue. Such revenue has an efficiency
value because it can be used to finance cuts in pre-existing distortionary taxes. Because these policies
give up little of this potential revenue, they involve only asmall sacrifice in terms of efficiency.

We also find that there is a very large difference between preserving firms' profits and preserving
their tax payments. Allowing firms to enjoy a dollar-for-dollar offset to their payments of carbon taxes—
for example, through industry-specific cutsin corporate tax rates—substantially overcompensates firms,
raising profits and equity values significantly relative to the unregulated situation. This reflects the fact
that producers can shift onto consumers most of the burden from a carbon tax. The efficiency costs of
such policies are far greater than the costs of policies that do not overcompensate firms.
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Neutralizing the Adverse Industry mpacts of
CO, Abatement Policies: What Does |t Cost?

A. Lans Bovenberg and Lawrence H. Gouldert

1. Introduction

Most studies of U.S. CO, abatement policies have focused on the aggregate costs and benefits
of these initiatives. Y et the desirability and political feasibility of these policies hinge critically on
their distributional impacts. A full assessment of CO, abatement options therefore requires attention
to distributional effects.

Some studies—including Poterba (1991), Bull, Hassett and Metcalf (1994), Schillo et al.
(1996), and Metcalf (1998)—have focused on the distribution of impacts of CO, abatement policies
across household income groups, with a carbon tax being the usual instrument for CO, abatement.
Thistax is generally found to produce a regressive impact, although thisimpact is fairly small,
especially when one ranks households by measures of lifetime income (such as expenditure) rather
than by annual income (which includes transitory shocks and lifetime variations making annual
income a bad indicator of permanent income). Moreover, asindicated by Schillo et al. (1991) and
Metcalf (1998), the government can reduce the regressive effect by lowering personal income tax
rates at the bottom end of the income scale and by raising public transfers.

A second important distributional dimension is the variation in impacts across industries. CO,
abatement policies, such as carbon taxes or carbon quotas, can reduce net output pricesin the fossil-
fuel (carbon-supplying) industries and raise costs in industries that intensively employ fossil fuels as
inputs. These price and cost impacts have the potential to seriously harm profits, employment, and
equity values. The distribution of impacts along these dimensions crucially influences political
feasibility, since representatives of fossil-fuel producers carry significant weight in the political

UThe authors are from Tilburg University; and Stanford University, Resources for the Future, and NBER, respectively.
This paper was prepared in connection with the FEEM-NBER Conference on Behavioral and Distributional Effects of
Environmental Policy, June 10-11, 1999 in Milan, Italy. The authors are grateful to Gib Metcalf, Ruud de Mooij, Peter
Orszag, lan Parry, Jack Pezzey, Robert Stavins, and Roberton Williams 111 for helpful comments, and to Derek Gurney
and Rudolf Schusteritsch for excellent research assistance.
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process.1 CO, abatement policies that pose serious burdens on these industries may stand little chance
of political survival N

This paper explores the distributional impacts of various U.S. CO, abatement policiesin terms
of their effect on profits and equity values for the industries supplying fossil fuels (coal, crude
petroleum, and natural gas) and the industries that rely heavily on fossil fuels as intermediate inputs
(e.g., petroleum refining and electric utilities.) We examine arange of abatement policies, including
those designed to avoid adverse consequences for the regulated industries. As discussed below, some
of the adverse consequences can be avoided through industry-specific corporate tax cuts, direct
transfers, and the government’ s free provision (or grandfatheri ngs) of emissions permitsto firms. A
main purpose of this paper isto assess the efficiency cost of avoiding adverse impacts through such
policies.

To perform this investigation, we employ an intertemporal general equilibrium model of the
United States. The genera equilibrium framework is especialy useful for ng the incidence of
carbon policies. Nearly all of the studies of distributional impacts of carbon policies have employed a
partial equilibrium framework that ignores behavioral responses to environmental taxes. These
studies impose exogenous incidence assumptions and cannot analyze how behavioral responses affect
pollution, efficiency, and distribution. An applied genera equilibrium analysis, in contrast, derives

"Indeed, the industry-distribution impacts may be more important politically than the househol d-distribution impacts,
since the stakes for each firm from these policies are high, while the impacts of abatement policies on households, though
important in the aggregate, are fairly small for each individual household. Under these circumstances, affected firms may
be more willing to incur the costs of political mobilization than affected households are. This discussion invokes the
notion of political mobilization bias, an idea originated by Olson (1965). For adiscussion of this bias and other political
transactions cost issues, see Williamson (1996, ch. 5). For an analysis of the implications of political mobilization bias for
legislators' choice of environmental policy instruments, see Keohane, Revesz, and Stavins (1998).

“Thiswill be the case irrespective of the efficiency properties of abatement policies. In the real world, winners often
cannot compensate losers through costless, lump-sum transfers. Hence the most efficient policies—those with the largest
net benefits in the aggregate—may not yield actual Pareto improvements: they may only be potentially Pareto-improving.
In such aworld, political feasibility may require designing policies that avoid serious negative impacts on key
stakeholders. This may involve a sacrifice of some of the efficiency gains from the most efficient policy.

*Grandfatheri ngisaspecia case of free provision. It isalegal rule whereby old entities (e.g., firms subject to previous
environmental rules) are waived of new regulatory requirements and remain bound only to the earlier (and perhaps more
lax) regulatory provisions. Under grandfathering, the free provision of permitsis linked to current production factors.
Newly entering firms are not eligible for afree provision, and investmentsin new capital are not rewarded.

*Thisisthe same model as that in Goulder (1995a) and Bovenberg and Goulder (1996, 1997), with some extensionsto
allow for attention to the industry-specific revenue-recycling and tradeable permits provisions described below.

°An exception is Jorgenson, Slesnick, and Wilcoxen (1992).
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tax incidence endogenously from model-generated behavioral responses. An important distributional
consideration is the impact of CO, abatement policies on returns to labor and capital. A general
equilibrium framework is appropriate for this purpose, since it captures important links between
energy markets and factor markets. The model used hereis especially useful in this regard because it
incorporates forward-looking investment behavior and the adjustment costs associated with the
installation or removal of physical capital. These features enable usto consider the capitalization
effects of unanticipated polici es.” Most other genera equilibrium modelstreat capital as perfectly
mobile, and thus cannot successfully examine impacts on profits or equity values. In such models, the
impacts on industries are measured largely in terms of the effects on outputs. Our results show that
output effects are unreliable indicators of distributional effects.

Earlier analyses of CO, abatement policies reveal atension between promoting economic
efficiency, on the one hand, and avoiding serious adverse distributional consequencesto key
industries, on the other. Goulder, Parry, and Burtraw (1997), Farrow (1999), Fullerton and Metcalf
(1998), and Parry, Williams, and Goulder (1999) show that policies that raise revenues and use these
revenues to finance cuts in pre-existing distortionary taxes have lower costs than policies that do not
generate and recycle revenues in this way. The differences in the costs of the two types of policies
can be large enough to determine whether the overall efficiency impact—environment-rel ated
benefits minus economy-wide costs of abatement—is positive or negative.7 Y et the latter, less-
efficient policiesimpose a smaller financial burden on regulated industries because they do not
charge firmsfor every unit of their polluti on.” These considerations suggest a conflict between
efficiency and political feasibility: the efficient policy—the carbon tax—appears less politically
acceptable because it puts too much of a burden on politically mobilized, fossil-fuel industries, while

°Our mode! does not incorporate adjustment costs for industry-specific labor; indeed, labor is perfectly mobile across
industries. To the extent that |abor faces adjustment costs, one should explore capitalization effects on labor along lines
similar to this paper’ s exploration of such effects on capital.

7Parry, Williams, and Goulder (1999) show that while a carbon tax with revenues recycled through cuts in marginal
income tax rates produces efficiency gains, reducing CO, emissions through a system of freely provided (grandfathered)
CO, permits may be an efficiency-reducing proposition: for any level of emissions reduction, the environmental benefits
will fall short of society’ s costs of abatement!

“Two revenue-raising policies are an emissions tax and a system of auctioned emissions permits, where the permits are
initially auctioned. Under these policies, firms endure costs of emissions abatement and must either pay atax or purchase
permits, for whatever emissions they continue to produce.. In contrast, under a system of freely provided emissions
permits requiring equivalent emissions reductions, firms endure the same costs of abatement but do not pay for remaining
emissions. Hence the burden on polluting firmsis smaller.
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the politically more acceptable policy of grandfathered carbon (or CO,) permits involves serious
inefficiencies.

Our findings show that the choice between efficiency and insulating profits of key industrial
stakeholders (to enhance political feasibility) may be less problematic than previously thought. We
find that desirable distributional outcomes at the industry level can be achieved at relatively low cost
in terms of efficiency. Without substantial added cost to the overall economy, the government can
implement carbon abatement policies that protect profits and equity valuesin fossil-fuel industries.
The key to this conclusion is that CO, abatement policies have the potential to generate rents that are
very largein relation to the potential loss of profit. Under a standard carbon tax policy, these potential
rents do not materialize: instead they become revenues collected by the government. In contrast,
under a policy involving freely allocated emissions permits, or a policy in which some
(inframarginal) emissions are exempted from a carbon tax, firms realize some of the potential rents.”
Because the potential rents are very largein relation to potential lost profit, the government can
protect firms' profits and equity valuesin fossil-fuel industries by enabling firmsto retain only avery
small fraction of the potential rents. Thus, the government needs to freely allocate (as opposed to
auction) only asmall percentage of CO, emissions permits or, similarly, must exempt only a small
fraction of emissions from the base of a carbon tax." Each of these government policiesinvolves
only asmall sacrifice of potential government revenue. Such revenue has an efficiency value because

* Buchanan and Tullock (1975) pointed out that environmental policies can generate significant rents to firmsto the extent
that such policies cause output to be restricted. They showed that because of such rents, regulated firms can experience
high profits than in the absence of regulation. The findingsin the present paper are consistent with Buchanan and
Tullock’s analysis. Fullerton and Metcalf (1998) emphasize the importance of rents to the overall efficiency costs of
policiesto reduce pollution. They indicate that efficiency costs are substantially higher under policies that produce rents
that are not taxed away, in comparison with policies that do not produce rents that are left in private hands. A paralel line
of investigation was conducted by Goulder, Parry, and Burtraw (1997), who show that policies that fail to tax away rents
are at a disadvantage in terms of efficiency because they fail to generate revenues that can be used to reduce pre-existing
distortionary taxes. Such policies thus fail to exploit an efficiency-enhancing revenue-recycling effect. In the present
study, we examine the extent to which policy-generated rents affect the impacts of CO, abatement policies on the
profitability and equity values of regulated firms.

10Correspondi ngly, if the government were to freely allocate 100% of the emissions permits, or exempt 100% of
inframarginal emissions from the base of a carbon tax, it would generate substantial windfalls to firms. The rents
produced and enjoyed by producers would be many times larger than the income losses otherwise attributable to the
policy. The government does not need to be nearly this generousin order to safeguard firms' profits and equity values.
Our focus on the use of inframarginal exemptions to accomplish distributional objectivesisin the spirit of Farrow (1999),
who employs amodel with one factor of production (labor), along the lines of Bovenberg and de Mooij (1994). Our
analysis differsfrom Farrow’ sinits consideration of imperfectly mobile capital and its attention to the implications of
pollution-abatement policies for firms' profits and equity values.
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it can be used to finance cuts in pre-existing distortionary taxes. Since these policies give up little of
this potential revenue, they involve only asmall sacrifice in terms of efficiency. In suggesting that the
revenue sacrifice is small relative to potential revenues, our findings complement those obtained by
Vollebergh, de Vries, and Koutstaal (1997), who employ a partial equilibrium model to compare the
potential tax revenues and abatement costs that could stem from a carbon tax in the European
Union.”

Because the potentia rents are quite large, it is also possible to devise policies that, with
relatively little loss of efficiency, protect not only the fossil-fuel industries but also certain industries
(such as petroleum refining and electric utilities) that intensively use fossil fuels. These industries
would suffer significant profit losses under a standard carbon tax.

We dso find that there is avery large difference between preserving firms' profits and
preserving their tax payments. Allowing firms to enjoy a dollar-for-dollar offset to their payments of
carbon taxes (through industry-specific cuts in corporate tax rates, for example) substantially
overcompensates firms, by raising profits and equity values significantly relative to the unregulated
situation. This reflects the fact that producers can shift onto consumers most of the burden from a
carbon tax. The efficiency costs of such policies are far greater than the costs of policies that do not
overcompensate firms. To maintain firms' profits, the government needs to offer tax relief
representing only a small fraction of carbon tax palyments.12

The remainder of the paper is organized as follows. Section 2 provides a brief description of
the numerical general equilibrium model employed to evaluate the various policy aternatives.
Section 3 indicates the links in the model between the various policy aternatives and firms' profits
and equity values. Section 4 briefly describes the model’ s data and parameters. Section 5 indicates
the policies under consideration, and Section 6 conveys and discusses the results from numerical
simulations. Section 7 offers conclusions.

11\/oIIebergh et a. calculate the tax revenues and abatement costs that would stem from a carbon tax sufficient to reduce
CO, emissions by 13% in the European Union countries. Their results indicate that the revenues from this tax would be
many times the policy-generated abatement costs. This (antecedent unclear-result?) suggests that exempting a small share
of inframargina emissions from the carbon tax (or grandfathering a small share of the permits under a permits policy)
would be sufficient to compensate the fossil-fuel suppliersinvolved.

“Felder and Schiei niger (1999) consider the efficiency costs of meeting the constraint that there be no monetary transfers
(that is, no change in overall tax payments) as aresult of a carbon tax policy. Using anumerical general equilibrium
model of Switzerland, they meet this constraint through industry-specific output subsidies or labor subsidies.



Resources for the Future
Bovenberg and Goulder

2. The Model

This section outlines the structure of the model employed in this study. The model isan
intertemporal general equilibrium model of the U.S. economy with international trade. It generates
paths of equilibrium prices, outputs, and incomes for the U.S. economy and the rest of the world
under specified policy scenarios. All variables are calculated at yearly intervals beginning in the
benchmark year 2000 and usually extending to the year 2075.

The model combines afairly redlistic treatment of the U.S. tax system and a detailed
representation of energy production and demand. It incorporates specific tax instruments and
addresses effects of taxation along a number of important dimensions. These include firms
investment incentives, equity values, and profits,13 and household consumption, savings, and labor
supply decisions. The specification of energy supply incorporates the nonrenewable nature of crude
petroleum and natural gas and the transitions from conventional to synthetic fuels.

U.S. production divides into the 13 industriesindicated in Table 1. The energy industries
consist of coal mining, crude petroleum and natural gas extraction, petroleum refining, synthetic
fuels, electric utilities, and gas utilities. The model also distinguishes the 17 consumer goods shown
in the table.

Producer Behavior

General Specifications. In each industry, a nested production structure accounts for
substitution between different forms of energy as well as between energy and other inputs. Each
industry produces a distinct output (X), which is a function of the inputs of labor (L), capital (K), an
energy composite (E) and a materials composite (M), aswell asthe current level of investment (1):

X=f (LK) hEM]-o/K) «I )

The energy composite is made up of the outputs of the six energy industries, while the
materials composite consists of the outputs of the other industries:

E=E(Xs xs % x40 X6 X6+ X7 ) )

M=M (xi: g - s ) ©)

“Here the model applies the asset price approach to investment developed in Summers (1981).
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Table 1. Industry and Consumer Goods

Industries
Gross Output, Year 2000*
Leve Percent
1 Agriculture and Non-Coal Mining 993.6 6.2
2. Coal Mining 50.5 0.3
3. Crude Petroleum and Natural Gas 193.7 12
4, Synthetic Fuels 0.0 0.0
5. Petroleum Refining 324.6 20
6. Electric Utilities 234.6 15
7. Gas Utilities 2115 1.3
8. Construction 1508.8 9.5
9. Metals and Machinery 799.1 5.0
10. Motor Vehicles 541.2 34
11. Miscellaneous Manufacturing 3365.2 213
12. Services (except housing) 5183.6 32.8
13. Housing Services 2420.8 15.3

where . isacomposite of domestically produced and foreign-made input i M Industry indices

correspond to those in Table 1.

Managers of firms choose input quantities and investment levels to maximize the value of the

firm. The investment decision takes account of the adjustment (or installation) costs represented by
@(I/K) « | inequation (1). @isaconvex function of the rate of investment, K.

Secial Features of the Oil& Gas and Synfuels Industries. The production structure in the ail
and gas industry is somewhat more complex than in other industries to account for the nonrenewable
nature of oil and gas stocks. The production specification is:

X=y2)+ f[o(LK),h(EM)]-@(I/K) « I 4)

where yis a decreasing function of Z, the cumulative extraction of oil and gas up to the beginning of
the current period. This captures the idea that as Z rises (or, equivalently, as reserves are depleted), it

“The functionsf, g, and h, and the aggregation functions for the composites E, M, and x; are CES and exhibit constant
returns to scale. Consumer goods are produced by combining outputs from the 13 industriesin fixed proportions.

“The function @represents adjustment costs per unit of investment. This function expresses the notion that installing new
capital necessitates aloss of current output, as existing inputs (K, L, E and M) are diverted to install new capital.
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becomes increasingly difficult to extract oil and gas resources, so that greater quantities of K, L, E,
and M are required to achieve any given level of extraction (output). Each oil and gas producer
perfectly recognizes the impact of its current production decisions on future extraction costs. °
Increasing production costs ultimately induce oil and gas producers to remove their capital from this
industry.

The model incorporates a synthetic fuel—shale oil—as a backstop resource, a perfect
substitute for oil and gas.17 The technology for producing synthetic fuels on acommercial scaleis
assumed to become known in 2020. Thus, capital formation in the synfuels industry cannot begin
until that year.

All domestic pricesin the model are endogenous, except for the domestic price of oil and gas.
The path of oil and gas prices follows the assumptions of the Stanford Energy Modeling Forum.”
The supply of imported oil and gasis taken to be perfectly elastic at the world price. Solong as
imports are the marginal source of supply to the domestic economy, domestic producers of oil and
gas receive the world price (adjusted for tariffs or taxes) for their own output. However, rising oil and
gas prices stimulate investment in synfuels. Eventually, synfuels production plus domestic oil and gas
supply together satisfy all of domestic demand. Synfuels then become the marginal source of supply,
so that the cost of synfuels production rather than the world oil price dictates the domestic price of
fuels.”

Household Behavior

Consumption, labor supply, and savings result from the decisions of a representative
household maximizing its intertemporal utility, defined as a function of leisure and overall
consumption in each period. The utility function is homothetic and |eisure and consumption are
weakly separable (see Appendix). The household faces an intertemporal budget constraint requiring
the present value of consumption not to exceed potential total wealth (nonhuman wealth plus the
present value of labor and transfer income). In each period, overall consumption of goods and

“We assume representative oil and gas firms; specifically, initial resource stocks, profit-maximizing extraction levels, and
resource-stock effects are identical across producers.

"Thus, inputs 3 (0il& gas) and 4 (synfuels) enter additively in the energy aggregation function shown in equation (2).
“The world price is $19 per barrel in 2000 and risesin real terms by $5.00 per decade. See Gaskins and Weyant (1996).
“For details, see Goulder (1994, 1995a).
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servicesis allocated across the 17 specific categories of consumption goods or services shown in
Table 1. Each of the 17 consumption goods or servicesis a composite of adomestically and
foreign-produced consumption good (or service) of that type. Households substitute between
domestic and foreign goods to minimize the cost of obtaining a given composite.

The Government Sector

The government collects taxes, distributes transfers, and purchases goods and services
(outputs of the 13 industrieslisted in Table 1). The tax instruments include energy taxes, output taxes,
corporate income taxes, property taxes, sales taxes, and taxes on individual labor and capital income.
In the benchmark year, 2000, the government deficit amounts to approximately 2% of the gross
domestic product (GDP). In the reference case (or status quo) simulation, the real deficit grows at the
steady-state growth rate given by the growth of potential labor services. In the policy-change cases,
we require that real government spending and the real deficit follow the same paths asin the
reference case. To make the policy changes revenue-neutral, we accompany the tax rate increases that
define the various policies with reductions in other taxes, either on alump-sum basis (increased
exogenous transfers) or through reductions in marginal tax rates.

Foreign Trade

Except for oil and gas imports, imported intermediate and consumer goods are imperfect
substitutes for their domestic counterparts.20 Import prices are exogenous in foreign currency, but the
domestic-currency price changes with variations in the exchange rate. Export demands are modeled
as functions of the foreign price of U.S. exports and the level of foreign income (in foreign currency).
The exchange rate adjusts to balance trade in every period.

Equilibrium and Growth

The solution of the model is agenera equilibrium in which supplies and demands balancein
all markets at each period of time. The requirements of the general equilibrium are that supply equal
demand for labor inputs and for all produced goods; firms demands for |oanable funds match the
aggregate supply by households; and the government's tax revenues equal its spending less the

“Thus, we adopt the assumption of Armington (1969).
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current deficit. These conditions are met through adjustments in output prices, in the market interest
rate, and in lump-sum taxes or marginal tax rates.”

Economic growth reflects the growth of capital stocks and of potential labor resources. The
growth of capital stocks stems from endogenous saving and investment behavior. Potential labor
resources are specified asincreasing at an exogenous rate.

3. Relationships between Carbon-Abatement Policies, Profits, and Equity Values

An important component of this study is the impact of CO, abatement policies on the
profitability of firmsthat supply fossil fuels. The first part of this section describesin fairly general
terms the model’ s treatment of firms' profits and equity values, while the second part focuses on how
abatement policies affect these elements. In al of this section we concentrate on the fossil-fuel
industries, namely coa and oil&gas.

Profits, Dividends, and Equity Values

Let a denote the (fixed) ratio of carbon emissions to units of fuel (output) in the industry in
guestion, and let 7. denote the carbon tax rate per unit of emissions. Then the carbon tax 7 requires a
payment of 7. a per unit of output X. The equity value of the firm can be expressed in terms of
dividends and new share issues, which in turn depend on profitsin each period. The firm's profits
during a given period are given by:

m=(1-1,)[(p-1.0)X ~W(l+T,)L - EMCOST-DEBT ~TPROP + LS| + 7, (DEPL + DEPR)

(5)

where 1, isthe corporate tax rate (or tax rate on profits), p isthe output price, w is the wage rate net
of indirect labor taxes, 1, israte of theindirect tax on labor, EMCOST is the cost to the firm of
energy and materialsinputs, i isthe gross-of-tax interest rate paid by the firm, DEBT isthe firm's
current debt, TPRORP is property tax payments, LSis alump-sum receipt (if applicable) by the firm,
DEPL isthe current gross depletion allowance, and DEPR is the current gross depreciation
alowance. TPROP equals 1, pk, s1 Ks , Where 1, is the property tax rate, px isthe purchase price of a
unit of new capital, and sisthe time period. Current depletion allowances, DEPL, are a constant

“Since agents are forward-looking, equilibrium in each period depends not only on current prices and taxes but on future
magnitudes as well.

10



Resources for the Future
Bovenberg and Goulder

fraction 3 of the value of current extraction: DEPL = fpX. Current depreciation alowances, DEPR,
can be expressed as 'K, where K" is the depreciable capital stock basisand &' is the depreciation
rate applied for tax purposes.22

The firm's sources and uses of revenues are linked through the cash-flow identity:
m+ BN +VN = DIV + IEXP (6)

The left-hand side represents the firm's sources of revenues: profits, new debt issue (BN), and new
shareissues (VN). The uses of revenues on the right-hand side are investment expenditure (IEXP)
and dividend payments (DIV). Negative share issues are equivalent to share repurchases, and
represent a use rather than a source of revenue.

Firms pay dividends equal to a constant fraction, a, of profits gross of capital gainson the
existing capital stock and net of economic depreciation. They also maintain debt equal to a constant
fraction, b, of the value of the existing capital stock. Thus:

DIVS = a |.7TS + (PK,S - PK,S—I)KS - 5PK,SKSJ (7)
BNs=DEBT 1~ DEBTs=b( Py s Ks1~ Pe s Ks) 8

Investment expenditure is expressed by:
|Exps:(1'TK )pK,sls (9)

where 1« is the investment tax credit rate. Of the elementsin equation (6), new share issues, VN, are
the residual, making up the difference between 77+ BN and DIV + IEXP.”

Arbitrage possibilities compel the firm to offer its stockholders a rate of return comparable to
the rate of interest on aternative assets.

(l' Te) DIVst (1_Tv )(VS+1_VS_VNS )= ( 1_Tb) isVs (10)

The parameters 7., T, , and 1, are the personal tax rates on dividend income (equity), capital gains,
and interest income (bonds), respectively. The return to stockholders consists of the current after-tax

“For convenience, we assume that the accelerated depreciation schedule can be approximated by a schedule involving a
constant rate of exponential tax depreciation.

“This treatment is consistent with the so-called old view of dividend behavior. For an examination of this and alternative
specifications, see Poterba and Summers (1985).
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dividend plus the after-tax capital gain (accrued or realized) on the equity value (V) of the firm net of
the value of new share issues. This return must be comparable to the after-tax return from an
investment of the same value at the market rate of interest, i.

Recursively applying equation (10) subject to the usual transversality condition ruling out
eternal speculative bubbles yields the following expression for the equity value of the firm:

V, = i = DIV, VN, [ (9) (11)
0

Equation (11) indicates that the equity value of the firm is the discounted sum of after-tax
dividends net of new share issues.

Abatement Policies and Equity Values

Sandard Carbon Tax. Abatement policies affect equity values by altering firms' profits and
the stream of dividends paid by firms. A carbon tax, in particular, will tend to lower the profits of
firmsin the industries on which the tax isimposed. Figure 1 heuristically indicates the carbon tax’s
implications for the coal industry.

Thelinelabeled & in Figure 1 isthe supply curve for coal in the absence of atax. This
diagram accounts for the quasi-fixed nature of capital resulting from capital adjustment costs. The
supply curve S should be regarded as an average of an infinite number of supply curves, beginning
with the curve depicting the marginal cost of changesin supply in the first instant, and culminating
with the marginal cost of changing supply over the very long term, when all factors are mobile. This
curve therefore indicates the average of the discounted marginal costs of expanding production, given
the size of theinitial capital stock. We draw the supply curve as upward sloping, in keeping with the
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Figure 1: CO, Abatement and Profits

Po1

Ps1

fact that in al time frames, except the very long run, capital is not fully mobile and production
P . . . . . . 24
exhibits decreasing returnsin the variable factors—labor and intermediate inputs.

The supply curve represents the marginal costs associated with increments in the use of
variable factors to increase supply. Capital is the fixed factor underlying the upward-sloping supply
curve. Thereturn to thisfactor is the producer surplusin the diagram. With an upward sloping supply
curve, this producer surplusis positive. The existence of producer surplus does not necessarily imply
supernormal profits. Indeed, in an initial long-run equilibrium, the producer surplusisjust large
enough to yield anormal return on the capital stock. To illustrate, at the initial equilibrium with a
market price po and aggregate quantity supplied Qo, the producer surplus amounts to the triangular
area bhd. On a balanced growth path, this producer surplus yields anormal (market) return on the

“In the long run, in contrast, capital is fully mobile, production exhibits constant returns to scale, and the supply curveis
infinitely elastic.
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initial capital stock so that the value of theinitia capital stock equals the price of investment (and
thus Tobin’s g is unity).

Now consider the impact of an unanticipated carbon (coal) tax. The introduction of this tax
shifts the supply curve upward to S;. As adirect consequence, the output price paid by coal
consumers increases from po to pp1. However, since supply is not infinitely elastic, the suppliers of
coa are not able to shift the entire burden of the tax onto demanders. Indeed, the producer price of
coal declinesto ps;, This causes producer surplusto shrink to the areacgd. Sincethistriangleis
smaller than theinitial producer surplus, the return on the initial capital stock (valued at the price of
investment goods) falls short of the market rate of return. Hence, to satisfy the arbitrage condition,
Tobin’s q falls below unity and the owners of the capital stock suffer a capital loss.

Thisanalysisis complicated by the fact that the carbon tax can finance reductions in other
taxes, which may imply reductions in costs to firms. This cost-reduction will tend to offset the
carbon-tax-induced losses in profits and the associated reductions in equity values. To the extent that
the carbon-tax revenues finance genera (economy-wide) reductionsin personal or corporate income
taxes, the reductionsin tax rates will be small and thus will exert only a small impact on coststo the
fossil- fuel industries. If the revenues are recycled through tax cuts targeted for the fossil-fuel
industries, however, the changes in marginal rates can be significant and the beneficial offsetting
impact on profits and equity values may be more pronounced.

Effects of Rent-generating Policies. In the diagram, the shaded rectangle R (with area aegc)
represents the firms' payments of the carbon tax. If the government forgoes some of the carbon tax
revenue, and allows producersto retain this potential revenue as arent, the impact on profits,
dividends, and equity values can be fundamentally different. Consider for example, the case in which
the government restricts CO, emissions through a system of carbon permits. Because such emissions
are proportional to coal combustion, the government can accomplish a given percentage reduction in
emissions from coal by restricting coa output by that same percentage through the sale of alimited
number of coal-supply permits. For comparability, suppose that the number of permits restricts
supply to the level Q inthefigure. If the permits are auctioned competitively, then the government
(ideally) collects the revenue R from sale of the permits and the effects on firms are the same as under
the carbon tax. In contrast, if the permits are given out free (or “grandfathered”), then the area R
represents arent to firms. The government-mandated restriction in output causes prices to rise, but
thereis no increase in costs of production (indeed, marginal production costs are lower).
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As suggested by the figure, this rent can be quite large and, indeed, can imply substantial
increases in profits and equity valuesto the regulated industries. In the figure, the post-regulation
profits enjoyed by the firm are given by the sum of areas R and area cgd. Here post-regulation profits
are many times higher than the profit prior to regulation (bhd). Owners of industry-specific capital
enjoy acapital gain as Tobin's g jumps above unity. Intuitively, by restricting output, government
policy allows producers as a group to exploit their market power and reap part of the original
consumer surplus.

Using comparable diagrams, it is easy to verify that the magnitude of the profit increase under
a system of grandfathered emissions permits depends on:

The extent of abatement (or number of permitsissued relativeto business-as-
usual emissions). The regulation-induced increase in profit is represented by the
difference between the areas of the rectangular area aefb and the triangle fhg. For
incremental restrictions in supply, the former will be larger than the latter (if demand
islessthan infinitely elastic); thus producers must gain. However, thisis not
necessarily the case as the magnitude of the required reduction in supply gets larger. If
the demand curve has a choke price (a price above which demand is strictly zero), then
the potential rent will shrink to zero as the extent of abatement approaches 100%.

The elasticity of supply. The potential to enjoy significant additional profits from
restrictions on output is larger, the higher the elasticity of supply. In this case, most of
the burden associated with reductions in output is borne by consumers, and a large
share of the rent rectangle R represents an increase in producer surplus—that is, most
of Rwill lie above po. In contrast, if supply isinelastic (asin the case where
adjustment costs are substantial), very little of the rent rectangle R represents an
increase in producer surplus because much of it extends below the initial output price
Po. In this case, restrictions in output do not enable producers to expropriate much of
the consumer surplus. Thus, the rectangle aefb will be smaller than the triangle fhg,
and profitswill fall.

A small income share of the fixed factor (capital in our model) contributesto a
large supply elasticity. A large supply elasticity (or flat supply curve) implies that the
producer surplus bhd (i.e., the income to the fixed factor) is small while most of the
area R will lie above po. Hence the additional profits will be large compared to the
initial producer surplus.
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The elagticity of demand. If demand is highly elastic, the policy-induced reduction
in output givesfirmsrelatively little market power—only asmall part of Rwill lie
above po. In contrast, if demand isinelastic, the abatement policy enables firmsto
exercise substantial market power. In this case, much of Rwill lie above po, and firms
will be able to expropriate a considerable amount of the consumer surplus. The
aggregate elasticity of demand for agiven fossil fuel will reflect the elasticities of
substitution inherent in the production functions of domestic users of coal. In addition,
the response of demand will reflect the degree to which the government insul ates
domestic fossil fuel producers from foreign competition. In particular, the elasticity of
demand will be smaller, and the potential to enjoy large rents larger, to the extent that
the government accompanies taxes on domestic production with levies on imports of
fossil fuels and subsidies to exports of such fuels. Carbon taxes or auctioned emissions
permits applicable to imported fuels cause the imported fuel pricesto rise in tandem
with the prices of domestic fuels, thus preventing domestic consumers from shifting
demands to imported fuels. Export subsidies ensure that the prices of exported fuels do
not rise relative to foreign fuel prices, and thus they help to sustain foreign demand for
domestically produced fuels.

Under rent-generating policies, the rectangle R corresponds in a dynamic context to:

[

Z (1_ V)(l_ T, )(PDl,t ~ Psuy )Ql,t K, (S) (12)

s=t

The factors 1-v and 1-1, respectively address the fact that the rents are subject to persona and
corporate income taxes. Here Q; ; represents gross output (under the policy change) at timet.

A system of grandfathered permitsis not the only form of regulation that would enable firms
to capture much of R. Firms could capture some of R under a carbon tax policy in which
inframarginal  emissions (emissions below some trigger level) are exempt from the tax, while al
emissions beyond that level face the tax.”

In sum, the impact on firms' profits and equity values can be fundamentally different,
depending on how much of the area R is retained by firms, rather than collected by the government. It
also depends on how much of the area R lies above the initia equilibrium price. This, in turn, will

“Farrow (1999) describes and evaluates a policy of this sort. See also Pezzey (1992).
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depend on the extent of abatement and on elasticities of supply and demand. We will return to these
issues in the discussion of policy resultsin Section 6.

4. Data and Parameters

Our data are documented in Cruz and Goulder (1992), which is available on request. Industry
input and output flows (used to establish share parameters for production functions) were obtained
from the 1988 input-output table developed by the Bureau of Economic Analysis of the U.S.
Department of Commerce. Thistable is also the source for consumption, investment, government
spending, import, and export values by industry. Data on industry capital stocks derive from Bureau
of Economic Analysis (1991). Employment by industry was obtained from the October 1990 Survey
of Current Business. To form the benchmark data set, these data are projected to the year 2000 based
on the average growth of real GDP from the relevant historical period to 1998. Data on the carbon
content of fossil fuels were obtained from the 1998 U.S. Department of Energy Annual Energy
Outlook.

Elasticities of substitution determine the industry and household price elasticities of demand.
We derive the production function elasticities by transforming parameters of translog production
functions estimated by Dale Jorgenson and Peter Wilcoxen. The capital adjustment cost parameters
are based on Summers (1981).

Other important parameters apply to the household side of the model. The elasticity of
substitution in consumption between goods and leisure, v, is set to yield a compensated elasticity of
labor supply of 0.4.”° The intertemporal elasticity of substitution in consumption, g, equals 57 The
intensity parameter ac is set to generate aratio of labor time to the total time endowment equal to
44. These parametersimply avaue of 0.19 for the interest elasticity of savings between the current
period and the next.

5. Abatement Policies Investigated

In nearly all simulations, the tool for abatement is the carbon tax (although we also consider
CO, quotas or tradeable permits, as discussed below). All policies are unanticipated and phased in

“Thislies mi dway in the range of estimates displayed in the recent survey by Russek (1996