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As parl of his address 1o a joint session of Congress on February 17, 1993, President Clinton proposed
& broad-based energy tax, as a central part of his plan to reduce the size of the U.S. government budget
deficit. [fad this “BTU tax” been enacted, crude oil would eventually have been subject to appraximately
a 21% Lax, coal to & 25.7% tax and natural gas to a 16% tax. Somewhat lower taxes would have npplied
to hydroelectricity and nuclear power. The political resislance to this energy tax was, however, intense, and
when the dust settled, all that was enacted was about a 4% tax on gasoline.

One of the reasons advanced for resislance to the energy tax was concern aboul its impact on production
and employment in U.S. industry. Indeed, existing studies of the effect of carbon taxes (Goulder (1992,
1593a, 1993b), Jorgenson and Wilcoxen (1993)) suggest that the reductions in GDI* caused by these taxes
are comparable Lo the amount of revenue they raise. To demonstrate that this is more onerous than the
losses caused by olher taxes, these authors show thal GDP siill falls substantislly even if the revenues from
the carbon tax are used Lo reduce existing labor income taxes, * That energy taxes are so deleterious may
seem surprising, since energy consumplion is & relatively small fraction of GDP. But the share of energy
costa in total costs does not affect the analysis because Lhe small ahare of spending on energy also reduces
proportionally tixe revenue raised by a given ad valorem tax rate. Neither does our analysia hinge on the
fact Lhat, in practice, other inputs are used to produce energy. Thus the cost of energy taxes we discuss
is unrelated to Damond and Mirtlees’ (1971) prool Lthal it is inefficient to tax intermediate inpuis; energy
is actually a raw material in our model since we neglect extraction costs. Ralher the cost of energy taxes
tesulls from the facl that, unfike other raw materials such as labor, energy is relatively elastically supplied.
As a result, the guantily of the energy input falls substantially in response to a tax, instead of Lhe factor
price simply being lorced down,

Iu this paper, we argue thal the tontractionary effects of energy taxes on energy-using industries are even
larger than is ususlly computed, once due account is teken of imperfect competition in those
industries. 2 The presence of imperfect competition implies that the price of output is abave Lhe marginal

vost of production, Thus the social benefit from increasing outpul by one unit exceeds the social cost of

VOf cowse, an approprialaly struclured evergy ax also has a benefit that other kinds of Laxen do not, which ia the provision
of a dimincentive for activities with harmful external effccts. ‘This, ratker than the search for additional sources of government
retenue, is the main reason for recent discussion of “carbon taxes”. From this point of view, an encrgy Lax can aciually improve
lficiency. Becawse we do nol here nttempt an overall evalualion of the wellare consequences of an energy Lax, we do nos altempi
Lo quantily such effects. For an aitempt Lo do so, sce Goulder [1893b)

2 Judid {1993) shows (hat imperfect campelilion also affects the oplimal lax on capital income. [lis analysis differs from ours
lircAvse capital gouds are intcrmediste inputs whereas we Lreat cnergy &8 & raw material.




doing so. This wedge implies thal a reduction in oulput has more deleterious wellare consequences in the
presence of imperfect competition. Thus, the preexisting distortion due o ihe lack of perfect competition
raises 1he welfare costs of any particular output reduction, whatever its origin. Wellare costs are not ont
main focus here, lowever. We study instead the degree to which output falls and show that this too is larger
with imperfect competition,

The reason is twofold. First of all, imperflect competition implies that the marginal product of any factor,

‘including energy, exceeds ils price. This means ihal the reductions in energy and other inputs that result

from encrgy taxes reduce GNP by more Lhan one would estimale simply based upon these inputs’ measurad
cost sleares.

Secondly, il the tax change increases the degree of market power of firms in their product matkets, they
increase the exlent to which they mark up their prices relalive to their marginal costs, which results in a
contraction of the equilibrium level of production, just as il a tax on inputs had increased those marginal
costs. We show that even a very emall increase in market power can have a large effecl upon the predicted
output decline, because the markup increase is like a tax on all inputs, and not just enefgy. We also show
that a particular model of endogenous markup determination (the model of oligopolistic pricing previously
used in Rolemberg and Woodford (1991, 1592, 1993)) can imply a temporary increase in market power
following an energy tax increase, though the eflect is transilory even in the case of a permanent lax increase.
We also show thai this effect is even stronger if one allows fur uncertainty sbout the permanence of the tax
change.

We also show that allowing [or imperfect competition has important consequences for evaluation of the
relative merits of allernatively structured energy laxes. In particular, we show thal gradual phase-in of an
enefgy tax mitigates the contractionary effecls in the short run, to an even greater extent than revenues are
reduced over that same period; and this eflfect is even more pronounced when imperfect compelition is taken
into account.

Qur method is to numerically solve a calibraled general equilibrivm sirmilation 1ncdel, under alternative
assumiptions about product market structure. Cur model decomposes energy into energy purchased directly
by houselolds and energy boughl indirectly via the purchase of other produced goods. This allows us o

analyze the difference between taxes on all energy use and taxes on direclly consumed energy.



This paper is relaled to Rotemberg and Woodford (1983), where we considered the ability of & similar
range of alternative models to explain the large declines in US. output that followed pre-1980 incteases
in the price of oil. We showed that it was easiest to explain these contractions of output, as well as the
simultaneous declines in real wages, if one viewed firms as not only baving market power but as implicitly
collusive. * The numerical calibration of the “variable markup® model considered here matches that of the
model shown in the previous paper Lo best fit the observed eflects of oif price shoeks. This gives us some
reason to suppose that imperfectly competitive effects of the size assumed in our simulations may actually
be present in the U.S. economy.

Section ! seis Lhe stage by describing the U.S, energy market. Section 2 discusses the behavior of the
firms that use this energy to produce final cutput. In this section, we also give an inluitive explanation for
the importance of imperfect competition in determining the output lasses caused by energy taxes. Section
3 then describes the rest of our simulation model. Sections 4 end 5 then present the model’s numerical
predictions regarding, respectively, the long-run and short-run effects of an unexpected permanent increase
in energy taxes, In section 6 we take up the effect of predicted changes in energy taxes. We thus consider
both the effect oi‘ phesed-in taxes as well as the effecis of taxes that are cxpected to be repealed. Finally,

section 7 concludes.
1 The U.5. Energy Market

Four types of products account for the vast bulk of energy consumption. These include coal, natural gas,
petroleum products and electricily. For our purposes, we wish Lo obtain an energy sggregate. One common
approach is to add together the BTU's contained in all four sources of energy. This would make sense if
the products ;vere perfecl substitutes in the sense that a BTU [rom one source is as useful as a BTU from
another. lowever, in practice, the price per BTU is rather diflerent for different sources of energy. In
particular, it is higher for oil than for coal. For that reason, our aggregate is obtained by adding together
the expenditure on these four products. This oo is strictly appropriate ouly if Lhe products are perfect

substituies. However, it allows the BTU's from one source 1o be less uselul than Lhose from another.

*The snme model of oligopolistic pricing is shown in Rotemberg and Woodford (1991} to be uselul in explaining cyclical
viwialicns in read wages, and in Rotemberg and Weodford {1992) Lo be uselul in explaining the dfects of mililary purchases on
rcal wages.




The aggregation of these four energy sources is complicated by the facl that coal, gas and petroleum
products are used in the generation of electricity (Lhough some electricily is also generated {rom other
sources). It would Lhus be incorrect Lo simply add together Lhe values of coal, natural gas, petroleum
products and electricity sales. What we do instead is to count only the coal, natural gas and petroleum
products that are not sold to electric ulilities.

Table 1 presenis data on the sales of these four products in 1989, Mosl of coal is used for electric
generation, We valued the 300 million metric tons that arc consumed in other sectors at the average CIF
price paid by eleetric utilities, namely $30.43 per ton. To value both domestically produced and imported
crude oi, we used the average import price of $16.54 per barrel. Electric utilities do not use crude oil
directly. Rather, they buy a combination of different petroleum products. Over helf of these are made up
of residual fuels whose Bverage price was $18.65 per barrel. We assigned this price to the entire volume
of petroleum products purchased by electric utililies. Being higher than the price of crude oil, electric
utilities are effectively also purchasing some of the value added of the refining sector. This does not pose
any conceptual difficultics since we add the entire value added of the peiroleum and coal products sector to
our aggregate.

In the case of natural gas, we start with the revenues of the industry. 1 We then subtract the gas
purchased by electric utilities using the average price paid by them for natural gas. 5 Finally, we add the
total revenues by electric utilities to our aggregate. We conclude that energy consumption in 1989 was equal
Lo 365.4 Billion dollars, or about 6.6% of GDP. Qf thia, imported oil accounts for $62.3 billion, or .17 of the
total, and 1.1% of GDP.

Ve have less accurate data for the breakdown of energy use belween direct household use and non-energy
production. In the case of electricily revenue, we know that approximately 1/3 comes from residential sales.
In the case of the gas sectot, we know thal residential sales account for $25.4 billion in 1990, or 40% of
the total revenues counted above, In Office of Technology Assessment (1990), tetal U.S. energy use in 1985
is reported as 74.9 quads (quadrillion BTU's), of which 28 quads are reported for direct househald energy
use. This is 37% of the Lotal. Ilowever, government direct use is also reported as 3 quads, so that uses in

production (assuring Lhat all energy use other than the Lwo calegories jusl menlioned should be counted

4Frotn the Survey of Current Business
% From Lhe 1950 Annual Energy Survey



as such] are only 59% of the total. Assuming that .6 of the costs calculated in the previous paragraph are
energy inpuls inlo non-energy production, we obtain energy costs with a value of 4.0% of GDP. Subtracting
out the 5.5% of GDP representing value added by the domestic energy industry (6.6% minus 1.1% [rom
above), value added in the non-energy sector represents 94.5% of GDP, so that energy costs in ihal sector
are 4.2% of value added, The energy sector is thus not an extremely lacge one. It is thus somewhat surprising

that taxes on the output of this sector have such large effecta on aggregate activity.
2 Why Imperfect Competition Matters

Ve show below that the sffects of energy taxes on aggregale activity are much larger when account is taken
of impetfect competition among the firms that purchase energy. In this section we provide some intuition for
this result by considering a simplified model. Suppose that output is produced with just two inputs, labor

H and energy E. In particular, each firm has 2 Cobb-Douglas production funclion of the form
Y = A(H] - By (E}" (1}

where ¥ is the output of firm i in period t, while H{ and Ei represent its labor and energy inputs respectively.
The parameter A represents a fixed amount of “overhead” labor needed to carry out any production at all.
“The assumption that there are fixed ¢osts ensures that the production funclion exhibits increasing returns to
scale in the sense that avetage costs exceed marginal costs. Our model requires us to assume such increasing
returns to scale. Otherwise, it is impossible to reconcile the gap between price and marginal cost implied by
tlie absence of perfect competlition with the apparent absence of pure profits in U.5. industry.

Given the production function in 1, the marginal product of energy is oY}/ Ef or, equivalently, a A[(H —
1)/ Ei}'==. Under perfect competition, this marginal product is sel equal Lo the real price of energy, i.c.,
to the price of energy divided by the price of output. But, under imperfect competition, Lhe price of output
is higher relative Lo marginal cost. In this case one insiead oblaing

Hi-E\'"Y :
M( 'E: ) = {iPE: 3]

where ;i is the ratio of firm i's price to its marginal cost in period ¢, and pg, is the real price of energy

al b, Equation 2 has two i.mplica.Lions. both of which make energy taxes mote contractionary in the case

of imperfect competition. First, a high i implies a higher marginal product of energy, given any observed




real energy price. The facl that the marginal product of energy is higher implies that any given reduction
in energy inputs lowers output by more under imperfecl. competition.

To see this more formally, note Lhat I implies thal a one percenl reduction In E lowers output by o
percent. The question is what value should be assigned to o. Under per{ect competition, 2 implies that
it equals the encrgy share pgEi/Y/, and this is the usual method of assigning a numerical value to this
parameter. But with & markup different from one, the energy share instead equals o/p. Thus  higher
markup implies a higher value for o, and thua a higher elasticity of output with respect ta energy, given an
observed energy share (as calculaled in the previous section).

This still leaves the question of whether the energy input falls more under perfect or under imperfect
competition. A second implication of 2 is that, holding employment fixed, Lhe energy input falls more
under imperfect competition. Holding employment fixed ia reasonable if one expects labor to be supplied
inelastically in the long run. Then 2 implies that 8 one percent increase in the price of energy will lead to a
1/(1 — o) percent reduction in the demend for energy. This fall is larger the larger is one's estimate of o,
and thus the larger is the departure from perfect competition.

The intuition for this result is the following. Suppose Lhai one abserves that, with a given amount of
employment, an economy produces 7 units of output with 50 units of energy input. Figure 1 d.isplays lwa
possible Cobb-Douglas produclion functions that could have led to this outcome. In the fiest @ is equal to
0.5, while in the second « is equal to 0.7. They diffez in that the marginal product of energy at the observed
level of output is different. The function with o equal to 0.5 might be inferred, given the observed real price
of enezgy, if one believed that firms are perfectly competilive, while the function with a equal to 0.7 might
he inferred under imperfect competition. An important difference between the two functions is that the one
with o equal Lo (.7 is less bowed towards the origin, less concave. The smaller concavity of this function is
dictated by the fact that hoth curves go Lthrough the origin and through point A, while the one with o = 0.7
is steeper al A. The smaller concavity of the & = 0.7 function implics that a given percentage change in
ils slope,s.e., in the marginal producl of energy, must lead to a larger change in the energy input.  Thus

imperfect competition implies a larger change in the energy inpul from a given percentage tax on energy,

The lact thal the curve with & equal to 0.7 has bolh a sizeper slope at paint A and a Ilalter slape at law values of the
energy input implies that the slope of this curve rises by leas in percentage terms a3 one decreases Lz energy inpul from point
A Lo a low positive value.

[}



given obsetved values for output, the energy input, and the real price of energy at point A.

Under impetfect competition, Lhe increase in energy taxes also has the potential of raising the equilibrium
markup . It [oliows immediately from 2 thal an increase in the markup will, with constant employment,
fead to & furlher contraction in energy inputs and thus in cutput. Our simulations below show that in
the case of a model of oligopolistic collusion, an increase in the energy Lax does cause an increase in the

equilibrium markup. In this case, imperfect competition has an even greater eflect on our results.

3 A Simulation Model with Imperfectly Competitive Product
Markets

As was nated above, our simulation model is similar in structure to the one used in Rotemberg and Woodford

"(1993) to analyze the eflects of oil price shocks. Some modifications are required, however, for our present

purposes. In particular, our interest in permanent tax changes requires that we take account of the effects of
entry and exit in the long run. We also distinguish here between the use of energy in production and direct
househaold use of energy.

The production funclion in our simulation model is much more general than the one used in the previous
section for illustrative purposes, Like Gaulder (1982), we assume Lhat each firm in the private non-energy '

sector produces goods each period with a production function of the form
¥ = QUVI(K] = H), G(E, M])) 3)

where A7, and M} represent, respectively, firm i’s capital and materials inputs at time ¢ while 2z, indicates
an exogenously given labot-augmenting technology factor. The aggregator @ for value added V and the

intermediale inpul aggregate & is assumed to exhibit tonstant returns lo scale, as is the aggregator G for

- the intermediate inputs E and M. In the competitive case, we also foilow Goulder in assuming constant

returns Lo scale for the value added production function V. However, in Lhe case of imperfecl competilion,
and henee output prices higher than marginal cost in equilibrium, consiant relurns to scale wouid, again,
imply the existence of pure profits. We do not wish to let such prolils exist, al least not in Lhe long-run
stendy-stale grawth patl. Tence in the case of imperfect competilion, we assume an increasing returns
Leclimology, so that average costs in excess of marginal costs can reconcile markel power with [ree entry, as

in Clansbserlin's celebrated model of monapolistic competition. As in Rotemberg and Woodford (1992}, we




do Lhis by assuming a value added production funetion of the form
V(K,H)=F(K,H)-® (4)

where £ is homogeneous of degree one, and & is a positive constani. (We may assume that 4 applies equally
in the competitive case, but with ¢ = 0.) The constant ¢ indicatw‘ the presence of fixed cosis (overhead),
while the homogeneity of F implies that marginel costs are independent of scale.

We assume Lhal z; grows exogenously at a rate ¢ > (. The tax changes Lhat we consider below wiil
all be analyzed in terms of perturbations of Lthe equilibrium around a steady-state balanced growth path
ihat ihe economy would follow in the absence of the tax changes, Along this balanced-growth path, the
aggregale capital stock, energy inpuis, materials inputs, and non-energy output ail grow at the same rate
g (the exogenous rate of technical progress), while aggregate hours worked remain constant (so that the
eflective labor input z,H, grows al the same rale as the other factors). 7 In order lor fixed costs to remain a
constani [raction of total costs along this balanced growth path, it is necessary for us to assume (in the case of
imperfect compelition) that Lhe namber of firms N, grows at the same rate g, so thal the scale of production
by each firm remains constant. We assume thai entry is through Lhe introduction of new differentiated
goods, so that the degree of market power of each firm remains the same (again, as in Chamberlin’s model).
The details of Lhe process of entry and the condilions needed Lo ensure that our sleady stale with entry has
zero profits are considered in Appendix 1.

We consider only symmetric equilibria in which the production plans of all firms sre identical, so that
Yi =Yi/Ni, Bi = E/N:, and 50 on, where the variables without i superscripts refer to aggregate quantities
for the private non-energy sector. The maxirnization of profits by these individual firms implies, as belore,
Lthal the marginal product of each factor is equal to the product of ihis factor’s real price and the markup
of price over marginal cost. While there are four conditions of this type, we will mainly be interested in the

one that is analogous to 2. This condition relates to the marginal product of G and requires thal

QG(M-G:) = PGy (5}

where pg; is a price index for the aggregate G, g, is the commen markup of all firms in a symmetric

equilibrium. The price index pgs, depends on the prices of energy and materials relative to the price of

"In asswming a balanced growth palh in which (per capita) hours worked remain constant, we follow numerous papers in
the real business cycle literature; sce, c.g., King, Plosser and Robelo (1988). Sce alse Lhc foolnole un page 10,



son-energy output. In a symmetric equilibrium the price of this output is the same for all firma, even in the
case of imperfect competition. Because each firm's materials are some other non-energy fiem's autput, the
price of materials inputs is identical 1o the price of non-energy output. Energy inpuls are assumed to be in
perfectly elastic supply at a fixed relalive price pg (which we imagine to be fixed on a world market, and
sa independent of changes in tax policy and production plans in the U.S.). Thus, ps; depends only oo the
1ax raie OR energy, Ty, whase effecta we wish to analyze, Because we assume that pg is fixed in all of our
experiments below, there is no distinction beiween Lhe case of an ad valorem tax and a specific tax such as
the BTU tax Lhat was recently proposed.

In our simulations, we consider three different types of product market struciure for the non-energy
producers. In the case of perfect competition, equations 5 holds with uf = 1 st sll times. In our sccond
model (the “constant markup” model), it holds with uf = g, a constant greatér than 1, at all times, This
corresponds 4o o model in which firms are monopolistic competitars, with the equilibrium markup being
determined by each firm's elasticity of demand, which in turn follows [rom the elasticity of substitution
belween the differentiated goods. ®

Finally, in oulr third and mnsi complicated model (the “variable markup” model), we assume that firms
belong te oligopolies that maintain high prices through the threat of reversion Lo low prices if anyone deviates.
Rotemberg and Woodford {1992) show Lhat this implies that the markup #! for each firm in industry § will

b related to the ratio of expected future profits Lo current sales. In particular, the markup- will be given by
= p(Xi1Y7) (6)

where 2{X/Y) is an increasing [unction, ¥/ denoles the cornmon output of each firm in the industry, and xi
denotes the expected present value of future profits gross of fixed costs for each firm in the industry assoming
1hat collusion is maintained, Iigher expected future profits relalive to current sales raise the expected losses
from a breakdown of collusion relalive to the potential gains from undercutting the other firms in one’s
industry at the present time. The result is that collusion is easier to sustain. The formal definition of X{

can be found in Rotemberg and Woodlord (1991) where we explain how X depends on the possibilily that

5 The asswmplion of a constani markup at all Limes does nat actually requite an assumption Lhat the individual firm's
demamd curye has a conslant-elasticity form, as in the familiar model of Dixit and Stiglitz (1977). Given Lhat we consider anly
the symmctric cquilibrium, it suffices that Lhe utility received from the differentiated gaods be & homothetic function, a0 that
the elasticity of substitution between different goods aleng the aymmeiric-consumplion income expansion puth is constant. See
ltotemibarg and Wondford {1991) for further discussion of this modcl.




aligopalies will either be dissolved or renegotiste their collusive arrangements.

\We now describe Lhe rest of our simulation model. To model the supply of labor and capital, we mssume
the existence of a representative household that seeks to maximize

{3 8U(A(CL D, H)}
=0

whete f is a constant positive discount faclor, C; denctes consumption purcheses of non-energy output
{Lhat for simplitity we here treat ms entirely non-durable), E} denotes househcld direct use of energy, and
H? denoles total hours worked (both for the private sector and for Lhe government). The representaiive
household is assumed to be a price-taker in all markets, and to face the wage w; for all hours supplied, and
Lhe after-tax price of pg(l + 7i) for energy. (In some of our simulalions below, we allow the tax on direcl
household energy use to differ [rom the tax on energy inputs to production.} The houseliold also acevmulates
the capital stock (the purchase price of which s the same as the price of consumption goods), and receives
the rental rate r, on its capital holdings; and it owns all firms and receives the profila from both non-energy

and energy production. Capital holdings evolve sccording to
K|,+|, = I| + (1 - 6)K|

where [y are ];eriod t investment purchases of non-energy output, and 0 < & < 1 is a constant rate of
depreciation.

1n order to allow the existence of & balanced growth equilibrium in the case of a conslant level of energy
tax, we require as well certain homogeneity assumptions on household preferences. Specifically, we assume
that the agg;cgator funciion A{C, E) for househeld expendiiure is homogeneous degree one. We also assume
that the utility function U{A, H) satisfies ceriain homogeneily assumptions explained further in Appendix
I1. These imply that if the household is faced wiih a reaj wage that grows at o consiant rate and a constant
rale of return on savings, it will choose to supply a constanl number of hours, and to consume a quantity

that grows in proporiion Lo the resl wage. ®

?These assumplions arc standard it Lhe real businesas cycle literature. See, 2.g., Hing, Plosser and Relelo {1988). Aparl [rem
their analylical convenience, in aliowing us lo analyze & slesly-slale balanced growlh path despite Lhe existence of Lechnical
progress and endogenous labar supply, they are roughly accurate as a docriplion of posi-war U.B. growih. The mosi notable
ical embarrasiment concerns not Lhe growth of per capita private hours Hy, bul per capita hours hired by Lhe govemment,
\ich exhibita a pasitive trend aver the post-war period. contrary to Lhie sssumplion of our moedul Lelow. Needless to say,
adequalely desling with the growth of Lhe governmenl sectar olserved over Lhis period, il Laken Lo represent a genuine long-run
trend, would be incompatible with the existence of balanced growth.
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As noted sbove, we assume that the supply of encrgy is infinilely elastic so that Lhe relative price at
which energy is supplied is fixed exogenously. This is probably not strictly correci. However, the view that
the elasticity of supply is large is justified to some extent by the fact the price of oil is determined in a
world market where the U.5. consumes only a quazter of world output. ' Thus, even assuming that foreign
demand is inelastic, the elasticily of supply faced by the U.5. is four times the world elasticity of supply. In
addition, the foreign elasticity of demand also renders the eflective supply of energy Lo the U.S. more price
clastic. Put diflerently, any reduction in price brought aboul by a reduction in U.S. consumption would raise
consumption elsewhere and thereby dampen the required fall in price. The result ia that, even if the elasticity
of the world supply of oil is zero, the effective elasticity of supply for the U.S. would equal three times the
¢lasticily of demand of all the other nations. On the other hand, we abstract here from considerations of
international trade by supposing that all U.S. energy usage (the sum E; + E}') is supplied by firms that are
owned by the same representative household referred to above. ! We also ignore for simplicity the use of
[actor inputs in energy production, and treat the revenues of the energy sector as pure rents (distributed as
profits to the represeniative household).

We do take n?counl. of the consumption of real resources by the government, although in our simulations,
governmenl demand i assumed Lo simply grow deterministically with the rest of the economy. Specifically,
we assume an exogenously given path for teal governmenl purchases of non-energy output {G,}. In order to
make possible a balanced growth path, we assume that G, grows at the rate g of labor-augmenting technical
progress. We similarly assume an exogenously given path for government purchases of people's time. In
arder 1o make possible a balanced-growlh path of the kind described above, we assume that the hours per
capita purchased by the government are a constant, H¢, at all times. We aiso assume that lump-sum taxes
or transfers make up for any discrepancy in a given period belween the value of government expenditure
& + wJT¢ and the value of energy lax revenues n(E; + £F). This allows us Lo consider the effects of a
change in the level of energy taxes while absiracting from the effects of changing olher distorting taxes or

of chauging government expenditure patierns. Mlarket clearing in the non-cnergy sector then requires that

01 1989, Lthe U.5, consumed 14.84 million barrels of il & day while warld production equaled 59.61 miliion barrels a day.
i\ (do assume in compuling predicied changes in GOP 1hat some of Lhe energy is classified as “foreign” outpul for purpases
uf thie natinnal incone accounts, but this is treated as an accounting convention with nu economic significance. See equation 9

Lelow.
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al each Lime

Ci+li+G =Y, ~ M, 7}

while market clesring in the labor markel requires that
H, o+ HY = H} (8)

In our numerical simulations, we consider the comparative dynamics associated with deterministic pee-
turbations of the expected time path of the energy tax {n}. In the case of perturbations that are amall
enougl, tlie effects are esenlially linear in Lhe percentage lax change. The magnitude of these linear effects
can bhe oblained {rom 2 log-linear approximation to the equilibrium condilions of the model, We carry out
this linearization around the long-run steady-state balanced growth path Lo which the economy eventually
converges. This allews us to state our results in terms of the percentage changes in non-energy output and
s0 on per percent increase in the energy foz. It also means thal the parameter values required in order to
obtain numerical results are simply elasticities of the various functions introduced sbove, and average values
of the varioua qqa.ntities. The parameter values used in our simulations are listed in Table 2. The sources of
these numerical values, as well as the interpretation of the paramelers, are discussed further in Appendix II.

In our basic simulation, we consider the effects of an permanent increase in the energy tax r, that is
announced {unexpectedly) at the eame time that it takea effect. We assume that the economy had previcusly
converged Lo Lhe steady-atale balanced growth path assacjated with the previous level of the energy tax (zero),
and consider the path by which it converges Lo a new long-run steady state [ollowing the change, We also
consider, fer purposes of ca}nparison. an experiment in which only the Lax tate on direct household use of
cnergy is increased, with no change in the tax on uses of energy as an input to non-energy production. In
this case, the relatlive price of energy inputs in production continues to be pg, while the relative price of
cnergy [or household use becomes pg(1 + 7). This comparison is of interest because Lhe gasoline tax that
was eventually passed as part of the 1994 Budget is, eflectively, a tax that falls disproportionately on the
cnergy purchased by households. Tt is thus of interest to compare the elfect of such a tax to those of 8 more
hroad-based Lax, such as the BTY tax originally proposed by President Clinton. As might be expected, we
will show that imperfect competition increases the outpul losses associated with an energy tax only in the

case of a tax on Llie use of energy in production. The reason is that imperfecl compelition affecls the degree



Lo which output falls only by affecting the energy purchases of firms.
4 Long-Run Effects of a Permanent Energy Tax

Table 3 summatrizes the changes in the long-run levels of several variables, for each of four cases. The two
Lypes of tax changes considered are a shilt from zero energy tax to a 1% tax on all energy use, {first two
columns)} ? and a shifl from no energy tax lo & 1% tax on the direct use of energy by houscholds (iast two
columns), assuming no tax on industrial uses of energy. Each tax change is considered for two alternative
assumplions aboui product market etructure. In the “competitive” case (left column of each pair), we
assume perlect competition (f.e., g = 1). In the “market power™ case (right celumn of each pair), we assume
imperlectly competitive product markets, with the typical firm possessing market power sufficient to lead it
ta set prices 20% higher than its marginal cost of production in the steady-state equilibrium (ie., & = 1.2).

As was noted above, our specification of a value for the ateady-state markup u also determines our
specification of the degree of increasing returne in the production technology. In lhe “competitive” case,
we assume conslant returns to acale (& = (). In the “market power” case, we assume the existence of
increasing relurn-s due to the presence of fixed costa (& > 0), and endogenous delermination of the. number
of lirms {and hence varieties of differentiated goods). Thus in this case there exist increasing returns such
that average cost is 20% higher than marginal cost for the typical firm in the steady-state equilibrium. All
ather paramelers are calibrated in the same way in the lwo cases.

One issue thal arises at this point is whether a markup of 1.2 is reasonable. There are essentially two
sources of information on Lhis parameter. The firsi stems from the large literature which attempts Lo messure
the elasticity of demand facing individual products produced by particular firms. This literature is relevant
because it is never profit maximizing for a firm Lo set its markup lower than one over one plus the inverse of
Lhe clasticity of demand for its product. There are many estimates of the elasticity of detand for particular
products i the markeling literature. Tellis (1988) surveys this literature, and reports thal the median
measiced) price elasticity is just under 2. Thus the markup would equal al least 2 if this sample of firms is
representative, In practice, elasticities of demand undoubtedly differ across products and the elasticity of

diemand of those products studied in the marketing literature is probably alypically jow. This is because the

12 A lthough we assumne here an initial ateady atale with no energy Lax, the results would he simjlar in the case of a 1% increase
in the value of (1 + 7}, starting from & positive joitial tax.




marketing liLerature focuses on the demand for branded consumer products which are miore differentiated
than unbranded products so that their demand is probably less price sensitive. Thus, the typical product in
Lhe economy probably has a price elasticity of demand that exceeds 2.

A second approach is to analyze what happena to revenue and costs in response to an exogenous change
in aggregate demand. A particularly simple version of this spproach has been proposed by Hall (1988, 1990).
1le studies the degree to which the increase in GDP generated by increases in exogenous variables such as
changes in military purchases is accompanied by an increase in costs. Insefar GDP increases by more than
costs, the matkup is grealer than one. His estimates indicate that the markup g is between 1.4 and 1.6, 13

There is also a related literature which tries to obtain econometric estim.ates of marginal cost and, in some
cases, combine them with econometric estimates of the elasticity of demand, The aim of this approach is to
obtain shinulianeous, independent estimates of the markup and of the degtee of increasing returns. Morrison
(1990), for example, estimates a flexible funclional form cost function, using data on gross industry output
and materials inputs. Her estimates of that markup g range between 1.2 and 1.4 for 16 out of her 18
industries. One notable feature of these eatimates is that her industry estimates of the ratio of average
to marginal cosr.'c]osely resemble her eslimates of ihe markup itsell. Thus the relation between these two
parameters that we imposed through our zero profit condition appears io be validated.

Because we are considering only long-run effects, the results do not depend on whether the tax inerease is
imm;adiate or phased in over a period of time; only the eventual permanent increase in the tax rate matters.
Similarly the results do not hinge on whether the long-run substitutability of factors of production exceeds
their shorl-run substitutability; only the long-run substitution possibilities matter here.

Furthermore, the "market power™ case reported in Table 2 refers equally to the menopolistically com-
pet.il."wre model and to the oligopolistic collusion model. The reason is that in neither case does the energy
tax change have any eflect on the markup of prices aver marginal cost in the long-run steady state. In
the case of monopalistic competition, the markup is predicted o be a constanl, determined solely by the
elasticily of substilution between altetnative differentiated goods, In the cligopolisiic medel, by contrast,

ithe markup depends upon ihe ratio X/¥, and so can vary in response to policy changes. However, in a

13[{ia reporied eslimates for anarkups are actually even higher. The reason is thal he estimaies “valuc-added” markups as
opposed lo the more standard markups of price aver lotal ¢ | cost. For & discussion of Lhe relalion between Lthe iwa, see
Hotemberg and Woodford (1992).
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steady-state equilibrium, the present discounted value of profits X is proportional to Y. Moreover, while the
steady stale value of X also depends on the steady-state real rale of interest, r, this real rate of interest is
solely determined by preference parameters and the exogenous rate of growih (sce Appendix II). Hence the
steady-state r is unaffecled by the energy tax, as a result of which steady-state y is also unaflected. Thus
the long-run effects are the same in either type of imperfectly competitive model; all that matters is the size
of Lhe steady-state markup pu.

We now turn Lo Lhe numerical resulls reported in Table 3. In each row, the figure reported represents the
perceriage change in the long-run value of that variable resulting from a 1% energy tax. (In onr log-linear
approximation Lo the equilibrium, the effecks of a k% energy tax are obtained by multiplying each of these

munbers by &.) The variables, of course, grow over Lime in the steady-state equilibrium; but the steady-state

growth rate is unaffected by Lhe encrgy tax {as it is determined solely by Lhe exogenous rate of technical
progress}. Thus the figure - 071 for non-energy output means that output is -.071 percent lower at all times

than it otherwise would have been, in the new long-run steady-state growth path, “Non-energy output”

. refers Lo the gross output ¥y of Lthe energy-using (bul not energy-producing) sector. The change is “GDP”

is computed as

AY, = AM, = pgAE; + 0% pe(AE, + AEY) )]

where & indicales the difference (rat percentage difference) in value of the equilibria beiween the perturbed
and unperturbed equilibria, and #9™™ denotes the share of energy used in the U.S. that is domestically
produced. '* Thus the GDP measure aggregates value added in the non-energy sector and the domestic
energy-producing seclor, where for simplicily the total revenues of the latter sector are counted as value
added. “lours worked™ denotes total hours worked Hy; because government hours are assumed to follow an
exogenous palli unaffected by the energy tax, Lthe reported decline in hours is only 83% of the size of the
decline in hours in Lthe private non-energy sector. The “product wage” refers to the wage deflated by the
price of non-energy input (i.e., , the quantity w, in equation {3a)), while the “consumption wage” refers to

the wage deflated instead by the price index pa, of the household consumption basket,

(o) +PE(1+T|)E;"
=E—— 10
P T MG ED 1o

" lnplicitly, we asswme here Lhat U.S. ener, roduction varies in Lhe same proportion as U5, energy use.
phaith &Y P




“Fnetgy use in production”, “capital stock” and “number of firms” refer Lo the variables E,, Ky, and N,
inlroduced in the previous seclion; all refer solely 1o the private non-energy sector. The number of firms is
indeterminate in ithe competitive model.

A striking feature of the results in Table 3 is that a tax that is levied only on direct household purchases
of energy has no ¢ffect whatsoever on equilibrium activity in the private non-energy sector. Household energy
use Talls, and the consumption wage falls because the price index p, rises. However, the household does not
change its supply of labor or demand for non-energy goods, nor does the equilibrium product wage in the
uow-energy sector change. GDP fails only beceuse of ihe reduction in domestic energy production due to
reduced household use of energy. %

Two [ealures of our model account for this result. The first is that we made asaumpﬁons that ensured the
existence of a steady state where the economy grows but hours worked do not. Since output, consumption,
cnergy purchases and wages all grow al the same rate in such a sleady state, we require that equiproportional
increases in wages and the aggregate A; = A(C,, E"Y be consistent with an unchanged qua-ntily of labor
supplied. 16 A permanent increase in the tax on household energy raises pg(l + r) and thus raises the
consumplion deﬁntor pai while it lowers the consumption wage. As long as A, falls in exact proportion to
the increase in pa4 While the product wage is unaflected, the fall in the real wage and in consumption are
equiproportional so the quantity of iabor supplied does not change.

The second important source of this result is our assumption that the household’s elasticity of substitution
between Mon-energy consumption and ditect energy use is equal to 1. We base Lhis on Lhe unit elasticity of
demand estimates of Houthakker, Verleger, and Sheehan (1974). This means that the shares of household
cxpendilure on energy and non-energy output will remeln constant in the face of a change in the relalive price
of these two kinds of goods. But supposing that the path of p.a,A; is unchanged under the circumstances
just described, it lollows that the paths of C; and of p(1+ ) E} are unchanged, Thus household energy
use {alls in inverse proportion to the Lax increase, while non-energy consumplion demand and labor supply
are unchanged. This means that, if the product wage and Lhe real rate of resurn are unaflected, consumption

demand and labor supply are unchanged so that cutpui in the non-energy seclor can rematn constant as

%Gonlder (1993b) alse reperts smaller losses in GDP for Laxes thal aflecl only houseliold's wae of energy.
16Ty, phlajn Lhis resull we assume Lhat the Frisch conswimplion demand curve and the Frisch labor supply curve satisly certain
howmogentily properties explained in Appendix I1,
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well. This in turn implies that the previous paths of the product wage and Lhe real rate of interest continue
to describe an equilibrium. This argumment applies whether there is perfect competition or not since the two
madels differ only in the way non-energy firms react to changes in their environment. But, a3 we just saw a
Lax on household use of energy does not affect this environment.

Since the tax on household direct use of encrgy has no effect on non-energy output, the effects on output
of & tax on all energy ere due to the tax on the industrial use of energy. The effects would have been just
as large if only the energy used in production were taxed. It is true Lhat the result of exactly zero eflect of
the 1ax on direct household use depends upon particular parameler choicea that might well be challenged.
[lowever, {or any values near ours, the result will still be approximately trae — the effects of a tax on houschold
energy use will be much smaller than the effects of a tax on industrial uses, and indeed the effects of a tax
on household energy use could as easily be expansionary as contractionary. Thus the shift from a “BTU
tax” 1o a gasoline Lax in the budgel that was eventually passed by the U.S, Congress probably resulted in
a lax that places leas of & burden on Lhe economy, per dollar of revenue raised. Another implication is that
in designing a tax intended to reduce carbon dioxide emissions, a tax aimed more at household energy use
is likely to conl.r;ct economic activity less, for any given reduction in emissions that is achieved, than one
Lased simply on the “carbon content” of various fuels.

Now consider Lhe effects of a tax on all types of energy use. Private non-energy production contracts, es
do hours worked, the energy used in production, the capital stock and Lhe real wage deflated by the price of
nen-energy output. The contraction in hours stands in contrast Lo the case of a lax on energy consumption
only. 1t comes about because a Lax on all energy lowers the consumption wage by more than it lowers A,.
The l‘aslc-shows that GDP (alls by slightly more than does non-energy output in this case. The reason is
thal the contraction of the energy sector is even more severe, in percentage terms, than the contraction of
the private non-energy sector. In the imperfectly competitive case, Lhere is also a reduction in the long-run
wumber of firms, due 1o exit in response (o profits no longer large encugh Lo cover the fixed costs.

Even in the competitive case, the output fosL as a resulL of Lhe energy tax is rather significant. Since the
share af tolal energy expenditure in GDP is 0.066, a one percent tax increase raises government revenues

liv only 066 percent of GDYP. On Lhe other hand, GDP is itsell reduced (in the long run) by 071 percent,
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" The ratio of oulpul lass Lo revenue raised is even more severe if one considers the case of a pure tax on
industrial uses of energy. In Lhis case, 8 one percent energy tax raises government revenues by only .040
petcent of GDP, while GDP is reduced by .050 percent. '8

Dut the eontractionary effects of an energy lax are even greater when one allows for imperfect competition.
In the case of market power, the long-run decline in non-energy output is .097 percent, and the long-run
decline in GDP is .098 percent. Thus even a relatively modest degree of market power (prices 20% abaove
martginal cost) significently increases the predicled effect of the energy tax; the long-run non-energy output
decline is increased by a factor of nearly 1.4.

The reason for Lhis can be understood by analyzing equalion § in Lhe same way that we analyzed equalion
2in section 2. It follows from 5 that a value g > 1 implies a higher estimate of ihe elasticity of the aggregator
Q with respect to . Using the shares reported in Table 2, the implied value of this elasticity is increased
from .52 to .624 (a factor of 1.2) by raising u Lo 1.2. The elasticity of @ with respeet to V similarly falls
[rom .48 to .376. Furthermore, as in section 2 the higher value of 4 implies that the fall in & is larger in
response to a change in the price pg. It turns cut that, for fixed V, the fall in G is inversely proportional to
the elasticity ofé with respect Lo V, and thus is lla:ger by a factar of 1.28 when g = 1.2. Thus, suppesing
that the index of primary inputs V' were nol affected by the energy tax, G would have to fall by 1.28 times
as much, and so output would fall by 1.53 (= 1.2 x 1.28) times as much, in the case of market.power. In
fact, Lhe dillerence between the oulput declines in the two cases is not so extreme in our simulations. This
is because V' actually falls more in ihe long run in the competitive case. Nonetheless, the contraction is
significanily larger in the presence of market power,

The energy lax also has significantly grealer adverse eflects in the case of market power iu several cther

respects as well. For example, the real product wage falls by more than 1.5 times as much in percentage

17This ratio of lhe outpul loss to the revenue raised is comparable to what is implied by Lhe results of other suthors. For
example, Gaulder (1992) estimates thal a $25 (in 1980 prices) per ton tax en carbon centent will meduce real GNP in 2020 by an
amount that variea hetween .76 percent and 1.14 percent, depending upan the structnre of the tax (see his Table 7). Using the
figures-in his Table 1 on the percontage tax that thia carrespands to for dilferent types of fuel, one finds that this comrmponds
10 an average tax ratc an energy use of 14.5%, so that the revenues raised should be only approximately .96 percent of GNP,
even ignoring the redustions in the cost share of energy that should follow from such a severe tax, Goulder {1993b}, on the
other hand, reports smaller GNP losses. He considers a Lax of 45 cents per million BT which corresponds roughly 1o a 22%
lax on energy and compuies a reduclion in GNP of only a third of one percent. By contrast our eslimaics would imply that 5
22% Lax would lead to GDP losses of 1.5 percent.

18 Non-energy output still falls by .0T1 percent in this case, but Ihe energy seclor conlracta to a wnuch smaller extent. Total
energy sales are allecied more by a Lax on houschold encrgy wse than by a Lax on industrial uses, because our calibration implies
that energy is more substitutable for other gaods for househalds than for firma.



terms. This indicates a more significant contraction of labor demand; the only reason that hours worked do
not fall more is Lhat househelds are willing Lo acceptl Lhe lower real wage because of their lower wealth in

this case.
5 Short-Run Effects of Changes in Tax Policy

In Lhis section we begin Lhe more complex analysis of the short-run effects of changes in policy. We focus
here on the Lransilion Lo a hew long-run steady state consistent with a new permanent tax rate. During this
transition Lhe effects of Lax rale changes differ depending on whether markups nre consiant or not. We thus
consider separately our two models of imperfect competition.

We consider here an unexpected permanent increase in the energy lax rale T from zero lo .01 that takes
ellecl immediately. Since the tax change is ool anticipated in advance, we suppose the economy sterts out
in the steady-stale balanced growih path associated with zero energy taxation. We imagine that the tax
applies to ail uses of energy, although as explasined in the previous section, the effecis of Lthe tax on ihe
non-encrgy sector follow salely from Lhe taxation of energy used as an input to non-energy production, !*

Figure 2 disﬁ[nys the transitional cﬂ'ectls on non-energy output, under the three alternative specifieations
of product market structure. The vertical axis indicales percentage devialions (rom Lhe previous steady-state
growth path;—10 x 10~ means a reduction of .10 percent. The horizonlal axis indicates the year; year 0
is Lhe year in which the tax change is announced and takes efflect. In the compelitive case, the tax lowers
non-energy oulput by .071 percent in the long-run as we showed in Table 3. We now see the short-run effects
as well. In the first year, non-energy output is already reduced by .058 percent. In subsequent years, output
continues Lo fall Turther below the previous trend path, as the capital stock is eroded; but a large part of the
eventual output decline occurs immediately. In the case of Lthe constant markup model, the general piclure
is similar. But, as the elasticity of output with respect to energy inpuls is larger in this case, the decline in
aulput is larger both in the shott run and in the long run.

Tn the case of the variable markup model, the long run effects are the same as for the constant markup

model. As explained in the previous section, bolh models predict a long-run reduction of non-energy output

Che argument made above shows that in the case of an immediale, permanent iax on direct household energy use anly, the
econoiny will imuncdiately jump Lo a new sicady-slate balanced growth path described in Table 3. Thus there is no cffect upon
non-energy culput, Consumplion, and sa on. in either the short Tun or the long run.




by .097 percent. However, the short run effecia are quite different. During the first year of the energy iax
the constant markup model predicts a reduclion by .083 perceni, while the variable markup model predicts
a reduction by .123 percent. The predicted short run effect is almost one and one-half times as large {(and
thus 1s more than twice the size of the effect in Lthe competitive model). This is becanse the variable markup
model predicts that the markup increases when the epergy tax is increased, and then gradually reiurns to
its original level over time. The markup increases because the ratio X/Y increases. This occurs, in the
first instance, because of & decline in real interest rates that results from the reduced returns to capital
{which eventually return Lo normal as the capital stock is reduced). Lower real inlerest rates mean thal the
expected {uture profils from collusion are discounted to a lesser extent, making a greater degree of collusion
possible. Higher markups then themselves contribute to a higher ratio of profits to sales each period, making
X/Y still higher and so helping to raise markups further. Higher markups also further reduce the returns to
existing capital goods. Thus lowers real rates of return further, thus further raising X/Y and further raising
matkups in & self-reinforcing process.

In our simolation, the markup increases by .011 percent during the first year of the lax (1.2., from 1.2000
to 1.2001). Even this small increase in the inefficiency wedge due to firms' matket power has a significant
effect on the predicled equilibrium allocation of resources. To understand this, it is helpful to suppose first
that labor supply is inelastic. Then, V; is entirely As a result, 5 defermines Gy as a (unction of (7, u).
Then, using 3, ¥; depends only on {7y, r). Now let us investigate for a given increase in 7, the quantitative
effect of a an increase in p;. Because energy costs are only about 4% of tolal inlermediate inpul costs,
a one percent increase in the after-iax energy price raises the price index pg by only .04 percent. Thus
a contemporaneous .011 percent increase in the markup means that the right hand side of 5 increases by
1.3 times a8 much (in percenlage terms) as it would in ihe case of a canstant markup. In our log-linear
approximation to Lhe solution, Lhe percentage decline in ¥, is proportional to the percentage increase in the
right hand side of §, and s¢ il should be 1.3 Limes as large in Lhe variable markup case.

In our simulation model, we also allow for endogenous Jabor supply. *® In this case, households reduce

labor supply ralher than accept a real wage cut of the size that would be required to induce firms not to

0 Note that it iy nol essential to our conclusions here that this be interpreled as “voluntary” variation in labor suppiy.
Qualitatively similar conclusions would be obtained in the case of any source of short-run “reat wage rigidity”, due for example
1o pre-exisling wage contracts or Lo cficiency wage considerations.



reduce the labor inputa that they use. Thus non-energy output falls even mare than it would in the case of
inelastic labor supply. This effect is present regardless of product market atructure, llowever, one can essily
see that the real wage decline required to induce firme not to reduce labor inputs is larger if the markup
rises. For it follows from & that if the markup rises, the value of G, falls more, and henee that @v(V;,G,)

for flixed labor and capital inputs falls maore. On the other hand; the same logic that leads to 5 implies that

‘the real wage must equal Qv Vg /p. The fall in the real wage is thus magnified both by the increase in 4

and by the severity in the fall of Qy. Il {hus makes sense that in the cese of endogenous labor aupply, the
effect of the markup increase on oulpul is even greater. IL is Lhe fact that such small changes in the markup
can matter so much for the size of the predicted effects of Lhe tax increase that leads us to insist upon the

importance of preduct matket structure for tax analyses of this kind.
6 The Effect of Expected Changes in Energy Taxes

Up to this point we have considered the effect of unanticipated permanent increases in energy taxes. There
are several reasons, however, for energy taxes to be anticipated. First, there is & time gap between the
moment where ﬁu: policy 18 announced and when it takes effect. In particular, the Clinton proposai called
for a gradual phase-in of the BTU tax, Second, tax changes are nol necessarily permanent. Any particular
tax, such as the energy tax has some probability of being repealed in the [uture.

We start by considering the case of gradual phase-in. We thus report simufations in which the energy
lax is increased by one-half of one percent in the year that it is announced while the (ull one percent tax
applies rom Lhe second year onward. The comparison with the case of an instantaneous increase in the tax
is inleresting in part because a gradual pliase-in was actually propased. Moreover; as we will show, the effect
of this gradual phase-in depends even more crucially on product market structure than the eventual effect
of a permanent tax.

The consequences for non-energy output are shown in Figure 3, for each of the possible market structlures.
A onie might expect, output falls by less in the first year than if Lhe [ull tax were to take immediate effect.
In TacL, in none of the models is the contraction in the first year even hall the size indicated in Figure 1. In
the ease of the competitive model, the first-year decline in non-energy output is only .016 percent; in the

constant markup model, it is only .012 percent; and in the variable markup model, output does not decline
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at all in Lhe first year, bul instead rises by 011 percent.

One reason for the first year eficet to be 0 muted is thal the wealth effect on labor supply, which tends
to increase equilibrivm output, is nearly as large in ihese simulations aa in the previous ones. On the other
hand, the current increase in energy costs, which tends to redute equilibrium output, is only half as large.
The other important factor, in the case of the variable markup model, is that expectalions of future profits
ate reduced nearly as much as in the previous simulations, while corrent sales are reduced by much lesa. Tnis
means that the ratio X/Y falls, 8o that the equilibrium markup is temporarily reduced in the oligopalistic
mnadel. The path of Lhe equilibrium markup in the oligapolistic model is shown in Figure 4, for the cases of
the innned]at'c]y effective tax and the phase-in over a one-vear period. In the case of the gradual phase-in,
the markup falls by about .04 percent (ie., , from 1.2 to 1.19995).

Afler the [irst year, the path of outpul in these simulations is similar to the one we derived for an
immediate tax incrense. The only difference is that the higher output in year 0 is associated with & higher
level of investment. Thus the capital stock in year 1 is higher. In (act the economy now begins year 1 with a
_ slightly larger capital stock than in the original balanced-growth path in all cases. By contrast, the capital
stock was slighll'y lower in each of our previoﬁ simulations. In the case of the compelitive model and the
constant markup model, the higher capilal stock means that ithe output decline in year 1 and later is not
quile as large 25 in the previous simolations. On the other hand, in the case of the variable markup model,
we find that a higher capital stock actually makes the output decline even mare severe. The higher capital
stock implies that real interest rates are even lower. This implies that X/Y is even higher and thus leads to
even higher markups. Figure 4 shows that, indeed, the markups in year 1 and later are actually grealer in
Lhie case of a phiased-in tax.

Finall¥, we report simnulations iz which the lax increase is not expecled Lo pérmanent. We now suppose
that the tax is increased Lo 1% on all uses of cnergy, but Lhat it is anticipated that each year there is a 20%
probahility that the tax rate will be permanently restored to its original value. In our dynamic equilibrium
model tlie effects of a tax increase cannot be analyzed independently of expectations about future policy,
and it is important to realize that economic agents need not expect that a tax change is permanent simply
irecause the bill thal is enacted does not specily a [uture date at which it becomes invalid. llere too we

find that the effects of an expectation of future policy reversal depend greatly upon our assumptions about
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product market struclure.

Figure 5 presents the time path of non-energy oulput in I.h;e case of Lhe Lhree possible market stractures.
Here what is plotted for each year is Lhe level of non-energy oulput in that year relative to the previous
trend growth path assuming that there has been no reversal of the tax up until that Lime. In the case of
both Lhe compelitive model and Lhe constant markup model, the contraction of non-energy output is greater
than it would have been were the tax expecied Lo continue lorever, This is due Lo the wealth effect on laber
supply; oplimism about reversal of the tax makes households expect higher future incomes and thus makes
Lhem less willing o work in Lhe present. This demonatrates that the contractionary effects of energy taxes
may, in praclice, be considerably greater than those indicated in Figure 1. 2! )

In the case of the variable markup model, things are more complex. It is again true that the expectation
ol o possible reversal lowera firat period output because of the wealthl effect on labor supply. However, the
possibility of a policy reversal also raises the equilibrium real rate of return, because higher rental rates on
capilal are expected in the event of repeal of the tax. This higher rate of return lowers the present discounted
value of [uture profits relative to current revenues. The resulting reduction in X/Y lowers equilibrium markup
it the oligopolistic model. While the marknp still rises following enactment of the tax, it does not rise &=
mmch as in the simulation depicled in Figure 1. And, assuming that the tax has not yet been repealed,
Lhe equilibrium markup from year 3 onward in the oligopolistic model is actually lower than that in the
monopolistically competitive model. This occurs because, once the capital stock has fallen sufficiently below
ils initial level, the real rate of return remains consistently above the real rate associated with the initial
sleady state. The consequence is that if, contrary to expectation, the lax continges for many years, output

i< actnally Wigher in the ofigopolistic model than in the monopolistically competitive model.
7 Conclusions

Wi have found that allowing for imperfect competition in product markets has an important quantitative
¢llecl on estimates of the eflects of energy taxes on ihe level of economic aclivily. Allowing for even a modest

avernge Inarkup ol prices over marginal cost increases the predicied decline in cutput which is caused by an

2 There are other reasons why one might expect the stimulus Lo fabor supply from the expeciation of low future incomes
L lu be as large as in the simulaijons depicled in Figure 1. For example, one might suppose thal same suppliers of labor are
unable to borrow against fulure income in any event. In such & case, the contractionary elfects of an energy tax are likely o
Lo larger than Lhase incdicated in those simulations.
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inerense in the afler-tax relative price of energy inputs, And allowing for even a small increase in equilibrium
markups, due Lo increased sustainability of collusion among members of an oligapoly, can greally increase
the predicled oulput decline,

We have paid particular attention o a specific model of oligopolistic coilusion that we have elsewhere
argied helps to explain the responses of the U.5. economy to & variety of kinds of macroeconomic shocks. This
model implies that an increase in energy taxes may well temporarily raise equilibrium markups., especiaily
wlien it is both unexpected and expected to be reversed soon with significant probabilily. In this case, the
shorl-tin contractionary impacl of an energy tax is especiafly large. This effect is, however, sensitive to the
precise dynamic specification of the proposed taxes. Markupa in the oligopalistic model may fall rather than
rising immediately following announcement of an energy tex increase if there is & delay in Lhe implementation
of the tax.

In general, our results suggest an even less (avorable relation between the revenues raised by an coergy tax
and the reduction of economic aclivily than earlier studies (assuming competitive markets) have indicated.
For example, in Lhe case of immedjale implementation of & 1% energy tax Lhat is expected to be reversed
each year with a; 20% probability, the revenues raised in the first year of the tax will be .066 percenl of
GDi’, while GDP is itselfl reduced by .110 percent in the first yoar according to the constant markup model,
el by 142 percent according 1o the variable markup model. The GDP reduclion five years later is enly
008 percent in the variable markup model if, contrary to expectalion, the tax increase has not yet been
reversed; but il is by that time .134 percent in the constant markup model. Althougl we do not here analyze
alternative reventie sources, we believe thal an energy tex is relatively unaltractive on Lhis dimension.

Our results also suggest ways in which an energy tax might be struclured to minimize the contractionary
elfects. Qur most important finding in this respect is that a tax solely on direct houseliald use of energy
need not contract non-energy production at all. Insofar as allowing for imperlect competition increases
lhe predicted conlraclionary effects of a Lax on industrial uses of energy, but does not aflect the predicted
consequeness of a lax on direct houscliold use, it makes the case for targeting lousehold energy use even
bLl'UIIgUl'.

The shorl-run conlracliouary impacl of an energy Lax is also reduced if the tax is phased in gradually,

and our simulations indicate that the outpul gained in the Lransition period is much larger Lhan the revenue
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loases due to the gradusl phase-in. In the case that we analyze here, for example, gredual phase-in involves a
revenue loss of .033 percent of GDP in the first year relalive to the revenues [rom immediate implementation.
But e result is that GDP [alls by .070 percent lesa in the case of constant markups equal Lo 1.2, and by
109 percent less in the case of the variable markup model. In the case of the constant markup model, the
cutpal loss is also somewhal miligaied in later years although it is made slightly worse in the case of the

variable markup model.
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Appendix I

Entry and the Elimination of Profils

We have slaled above that in the long run, entry and exit are assumed 1o maintain pure profits at zero.
1t is straightforward to show that the first order conditions for profit maximization imply that pure profits

are zero in a symmetric equilibricm if and only if
(1 — 1}Y: = Qv (Ve, GLE, M))N ] (11)

where j7; denotes the common markup of ali irms. Equation 11 would thus determine the equilibrium number
of Arms each period in the case of instantaneous entry and exit. This equation refers only to the case of
imperfect competition and increasing returns where p exceeds one and @ is strictly positive, Otherwise, as
usual with constant feturlns. the number of firms is indeterminate,

We do not, however, suppose that entry and exit occur so quickly. Because entry and exit are peripheral
Lo our main inletesls here (and because, as long as they are slow, the exact dynamics do not matter much

for our regults) we adopt a simple ad koc specification rather than explicitly modeling the entry and exit

decisions. Let us define

- s _ — DY
R, = & lim, . ey (#r4k i 12
' tmae (149 B o e, Gl Buse, Miat)) 2

Thus N, denotes the number of firms needed at date ¢, il a constanl rate of growlh g of ithe number of
firms ever alter is to result in zero profits in the long run. We then assume that the number of firms grows
exogenoisly al the rate g, except lor a slow tendency to correct any discrepancy between the current number

ul firnos wnd .{'.,_SpuciﬁcaII}', we assume dynamics for Lhe number of firms given by
Ne=pli+(1-p)(1+g)Noy (13)

where §} < p < 1 is a conslanl partial-adjusiment raie. This specificalion inlroduces an additional predeter-
mined state variable, in additicn Lo the aggregate capital stock iy, and Lhal is the previous number of firms
X,_,. Nole that cuce there ceases (o be new informalicn aboul future policy, &, grows at the constant rate
¥, 50 that 13 implies thal the percenlage discrepancy between Ay and My is eliminated at an exponential rate.
Substitution of 12 and comparison with 11 indicales then that Lhe share ol pure profits in total revenues

sk asviplotically approaclt zero, as desired.
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Appendix II
Parameter Values Used in Simulations

llere we explain the numerical values reported in Tahle 1. The stendy-siate balanced growth path of
the economy is described by a set of growth rates and shares, that we calibrale using the U.S. national
income accounts. According to our model, the exogenous rate g of labor-sugmenting technical progress is
alsa Lhie steady-state rate of growth of real GDP, which is why we assign the value 03/yesar. The parameter
r represents Lhe real rate of return in the steady-state equilibrium. This is nol a primitive of the model,
but the model predicts that it should equal 8-(1 + g)°, so that calibration of r is equivaleni to calibration
of the rate of time preference of Lhe representative household. Following King, Plosser and Rebelo (1988),
we calibrate = to match the average real return on the U.S. stock market. The parameter § represcnts the
exogenous rate of depreciation of the capital stock of the private non-energy sector. ‘The model implies thai
in a sieady-state equilibrium, the share of investment in final uses and the share of capital in total costs

must be linked, through the relation

8 2K
gt - {r+6)Y1 =~ sar)

Nence the values assumned for g and r, and ihe share parameters discussed below, imply a value for §, which
is the one given. These parameters imply a steady-state capilal-output ratic in the private non-energy sector
of 7.5 quarLers, which is reasonably consistent with the national income accounts as weli.

The parameters sg, sy, 5 represent the steady-state shares of private consumption expenditure, private
investment expenditure, and government purchases of private non-energy output, respectively, in total final
uses 1 — A of private non-energy output. e calibrate these shares Lo equal he average shares of these
three kinds of expenditure in U.S. private value added (GDP minus value added by the federal, state and
local governments). Tlie paramelets sg,5ar, Si, 5k represent the steady-state shares of energy, materials,
tabor and capital costs, respeclively, in the total costs of the private non-energy sector.

;;.s we explained in section 1, energy tosts in the non-energy sector are A1.2% of value added. Hence we

must have
SE

—_— = 042
1 -sg—3ar

\We asenunie, somewhat arbitrarily, a share of materials costs ol 5. This is somewhat smaller than the average
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materials share indicated in the Commerce Department daia for U.S, manufacluring seclors, but we suppose
that malerials are a smaller fraction of costs oulside of manufacturing. The above equation then impliea
g = .02 This leaves 45 of Lotal costs for labor and capital costs. Insolar as wagea account for about 75%
of value added In the national income accounls, we set sy = 36, 55 = 12,

As is explained in the text, we assume thal in the long run, the oumber of firms is such that equation 11
is satisfied. This implies that in the steady state, ¢, the share of fixed costs in total costs, must equal

N up-1l
F{K,:H)

(1-sg—8m)
Ilence our calibration of Lhis parameler follows from our choice of p, discussed below. {Note that 24 does
not refer to costs in addition Lo the four categories previously listed. The fixed costs are a subset of the costa
already counted once as labor and capital costs.)

The calculaiions just explained imply that the share #9°™ of total energy use that is domestically produced
is .83, They also explain why we set #*, the share of total energy use that is direct household use, equal to
4. The parameler ¥, indicating the steady-state value of H¥/H' is set equal lo .17, Lhe average ratis of
government employment (sumniming employment by lederal, state and local governments) to Lotal employment
over Uhe postwar pertod.

‘I'iis compleles our specification of the parameters desceibing balanced growth. We turn next to the
remaining parameters of the production technelogy of ihe private non-energy sector. As ihe functions
Q, F,G are all assumed to be homogeneous of degree one, the only parameters that occur in the log-linear
approximalion to our equilibrinm conditions are, in Lhe case of each function, the elasticity of the function
wilh respect to cach factor {only one {ree parameter per function as they must sum to 1) and the elasticity of
subslitution between the two factors. The elasticities of substitution enter the log-linear approximations to
thiose equilibrinm conditions involving marginal products. All of these elaslicilies are evaluated at the [actor
mix Lhat cceurs in the steady-state equilibrium. The elasticities wilh respect to the individual factors are
implied by the steady-state share parameters already discussed; for example, the elasticity of G with respect
to £ must equal sg/(sg + 551, and the elasticily of 2 with respect 1o V must equal 1 — p{sg+ sar). (It will
he observed Lhat for both of the values of g that we use, each of these clasticities is positive.) It thus remains
only to specily Lhe elasticities of substitution. The values given in Table 1 for ;v and g are based upon

Uhet cewnainetric estimates reported in the Appendix of Rotemberg and Waodford (1993). The value of 1 for
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ey (which would follow from & Cobb-Douglas production function for value added) is standard in the real
lsusiness cycle lilerature and in a grteat many other computational general equilibrium studies.

\We next consider the parameters of household preferences. As nated above, the rate of lime preference is
implicitly determined by our specification of r. It is useful to discuss the utility function U(A, #) in terms
of the Frisch demand functions A%(w*,A), H*(w*,)) Lhat it implies, where w* denotes the “consumption
wage” defined in section 2, and X denotes the representative household’s marginat utility of wealth (with
wealth in units of the composite good A). ¥ In order for a steady-state balanced growth path to be possible,
it is necessary to make a homogeneity assumption on the Frisch demands. 2! Specifically, we assume that
there exists a ¢ > 0 such that H*(wA, ) is homogeneous of degree zern in (w*, A=1/), while A%(w* )} is
homogeneous of degres one in (u, A=17¢)_ (This is the homogeneity assumption referred to in sections 1 and
2, thal is important [or the result thal a tax on direct household use of energy has no eflect on non-energy
output.) In our numerical work we [urthermore spetily the value of 2 for o. As is noted in Table 1, this
value impliés that the elasticity of consumption growth (specifically, growth in consumption of the aggregate
A) between iwo periods, with respect to the real rale of return between those periods (also measured in
terms of the cor.npm'll.e good A), holding hours worked constant, is equal Lo .5. This value (which follows
Rolemberg and Woodford (1993)) is within the range of values consistent with a variety of atudies of the
relalion between intertemporal substitution in consumption and asset prices. (A value of 1 is commeon in
the real business cycle literature.)

The only features of the Frisch demands that matter for the log-linear approximation Lo the equilibrium
conditions are the elasticities of the functions with respect to their two arguments, ag§in evaluated at the
steady-state equilibrium. However, the homogeneity assumption atated above implies Lhat all four elasticities
arc uniquely determined once we specily values for & and any one of the elasticities. We choose to calibrate
the model in terms of a specified value for ey w, the elasticity of the Frisch labor supply funclion with respect
Lo the comsumption wage, because this particular elasticity (sometimes called the “intertemporal elasticily of

labor supply") is both familiar and the subject of a large number of economettic studies. The value that we

2 Fyr demanstration of how the equilibrium conditions can conveniently be writlen in terma af the Frisch demand functions,
sre Rolemberg and Woodford (1993). The discussion below of Lhe parameterization of the Frisch demand functians follows
Netemhberg and Woodlord (1992).

TYis is equivalent to » homogencity assumption on the funciion U/, Far further discussion of the class of functions U
satisfying ¢his condition, see King, Plosser and Rebelo {1988) or Rotemberg and Woadford {1992).

31



assune {again following Rotemberg and Woodlord (1993)) is at the high end ol the range of values obtained
from panel data studies, though it is considerably smaller than the values most olten assumed in the real
business cyele literature (oflen 4 or more).

‘The remaining feature of household preferences to specily is Lhe aggregator function A(C, E*). Again,
because we assume that the function is homogeneous degtee one, the only parameters for which numerical
values are needed are Lhe elasticities of A wilh respect to its Lwo arguments, and the elasticity of substitution
between the two arguments, again evaluated at the steady-slate equilibrium consumption bundle. The
elasticities with respect to the arguments are again implied by the share parameters specified above. For
oxample, the elaslicity of 4 with respect Lo C is given by

C _ Sc(l—SM)
C+pek* SC(I—SM)-I-ﬁrsE

‘U'hus it remains only to specify ecg, Our value is taken from the econometric study by Houthakker, Verleger
and Shechan (1974).

We finally describe the parameters that specily the product markel siructure. As nated in the text, all of
the models that we consider amount to different specifications of the markup function p(X/Y) in equation
6. The features of this funciion that mailer for the log-linear approximation to the equilibrium conditions
are its value g in the steady-stale equilibrium, and the elasticity of the function with respect Lo its argument
X/Y, also evaluated at the steady-state value of that argument. In the case of the competitive model, we
specily g = 1 and ¢, = 0. In the case of the monopolistically competitive (or “constant markup”) model,
we specily ¢ = 1.2 and €, = 0. In the case of the oligopolistic (or "variable markup®) model, we specily
= 1.2 and ¢, = .15. As we discuss lurther in Rolemberg and Woodlord (1992), the amount of market
poawer as;unled i;1 the steady state tn the case of Lhe imperfecily competilive specifications (prices 20% in
-xeess of marginal cost) is within Lhe range of estimates obtained by a number of studies of U.S. industries.
I that same paper we show that the implicit collusion model implies thecretical bounds upon Lhe value of

e, namely, that 0 < ¢, < g — 1. The value thal we assume here satisfies the Lheoretical bound. These

il
parameter values for the implicit collusion model also coincide witli those that are shown in Roternberg and
Woadford {1993) 1o predict cffects of oil price shocks thal are similar to Lhose observed during Lhe period

1947-1980.

In the case of the aligopclistic model, it is also necessary to speeify a value for the parameter o which



appears in the definition ¢f X provided in Rotemberg and Woodford (1992). This parameter indicates Lhe
cxpected rale of growth of a given oligopaly's share in total expenditure. \We assume o = .9, because, as is
discussed in the Appendix of Rolemberg and Woodlord (1992), this value is consistent with the existence of an
equilibrium wiLh imperfect collusion (a binding incentive compatibility constraint) in the case of aligopolies
with no more than ten firms. 7

Finally, in the case of cilher of the imperfectly competitive models, we must specify the parameter p in
equation 13. We set this arbitrazily at .2. This parameter does not seem to have an important qualitative

offect on our resulls as long as it is relatively small (adjusiment of number of firms is not too [ast).
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Total Purchases

Table 1

Energy Use in the U.S. Economy
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36.70
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6.10
52.93
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Table 2

The Calibrated Parametors

Parameter Values Description

¢ 03 Rale of Lechnical progress (per year)

r .06 Steady state real rate of return (per year)

] 073 Rate of depreciation of capital stock (per year)

s 697  Share of private consumplion in final uses

st 186 Share of private investment in final uses

I 117 Share of government purchases in final uses

g .02 Share of enetgy coats in total costs

sar .5 Share of materials costs in total costs

sy .36 Share of labor coats in total costs

SK .12 Share of capital costs in total costs

ETY 0, .167 Share of fixed costs in total costs

gdem 83 Share of domestically produced energy in total energy use

gk .4 Share of direct household use in total energy use

W .17 Share of hours hired by the government

tvg .69 Elasticity of substilution between value added and intermediate inputs
EEA .18 Elasticity of substitution between energy and malerials

K 1 Elaslicity of substitution between capiial and hours

Ifa .5 Elasticity of intertemporal substitution of houseliold expenditure
iw 1.3 Intertemporal elasticity of labar supply

" 1, 1.2 Steady state markup (ratio of price to marginal cost)

L. 0, .15 Elasticity of the markup with respect to X/Y

o .9 Expected rate of growth of individual oligepoly's expendilure share
r .2 Rate of partial adjustment of number of firms
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Table 3

Long-Run Effects of an Energy Tax

[TAX ON ALL ENERGY USE]

[HOUSEHOLD USE ONLY]

Competitive Market Power Competitive Market Power
Non-Energy Qutpui -071 -.097 0 0
GDP -072 -.098 =022 -022
Hours Worked -024 -.021 0 0
Product Wage -.058 -.085 0 0
Consumplion Wage -.092 -.122 =037 -.037
Energy Use in Prod. =071 -.297 0 0
Household Energy -1.052 -1.082 -1.000 -1.000
Clapital Stock -.084 -.110 0 0
Number of Firms —_ -.033 — 0
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Markup: log deviation from steady stale
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Dynamics of markup in variable mu model
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Figure 5

« 10 Tax increase with 20 percent chance of reversal each period
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