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Abstract

This paper analyses the impact of changes in product market competition on the marginal
cost of public funds (MCPF) and public goods supply when distortionary commodity taxes
are used to raise revenue. First, less competition (measured by a switch from Bertrand to
Cournot conduct, or a decrease in the elasticity of demand) does not necessarily raise the
MPCF. Second, even if it does, optimal public good supply does not necessarily fall. The
paper also presents a method for modelling Bertrand and Cournot competition in general
equilibrium that may be of independent interest.
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1. Introduction

Although many product markets are clearly imperfectly competitive, the
implications of imperfect competition for the design of taxation and the level of
public good provision have received relatively little attention. Atkinson and
Stiglitz devote only one page of their textbook to this issue (Atkinson and Stiglitz,
1980, p. 468), and remark; “further development of the (tax structure) requires a
more soundly based general equilibrium theory of imperfect competition,
and...this is at present at a rather early stage”. Subsequently, Kay and Keen
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(1983), Delipalla and Keen (1992), and Myles (1989a,b), have derived modified
Ramsey tax rules characterizing the optimal tax structure in an economy with
imperfect competition in the product market. However, relatively few general
results are available from such an approach, although some robust results have
been established about the relative merits of specific versus ad valorem taxes, and
the desirability of taxes on intermediate godds.

This paper attempts a somewhat different approach, by abstracting from
guestion of taxstructure, focusing instead on the impact of imperfect competition
on thelevel of taxation, or equivalently the level of provision of a public good.
Thus, this paper is similar in approach to Atkinson and Stern (1974), Wilson
(1991a,b), and Gaube (2000). These papers compare the level of provision of a
public good when taxation is lump-sum and when it is distortionary, assuming the
economy is competitive. In this paper, we are concerned with how the level of
provision of public goods financed by distortionary taxation changes as the level of
product market competition changdes.

The initial economic intuition that many might have about the effect of
decreasing product market competition on optimal public goods supply is the
following. With imperfect competition, there is an initial distortion in the
economy:production of all goods is too low, as firms are pricing above marginal
cost. Other things equal, this distortion will raise the marginal cost of public funds
(MCPEF), as reallocation of labor from the production of private to public goods is
more costly when production of private goods is already suboptimally low. In turn,
this will imply a lower optimal public good supply.

The main message of this paper is that this economic intuition is not always
correct, as the interaction between government and firms is more complex than this
simple story would indicate. Our first point is that the connection between changes
in the MCPF and public good supply is not straightforward with imperfect
competition. This is because the profit income of the household is now endogen-
ous. Specifically, a change in a parameter typically will affect both the MCPF and
household disposable income, and thus the marginal utility of income, and these
effects may go in different directions. For example, suppose that the number of

*One set of results that seem quite robust concern the relative merits of specific and ad valorem taxes
with imperfect competition. With a monopoly or homogeneous-products oligopoly with identical firms,
it has been shown that an ad valorem product tax dominates a specific product tax in the sense that a
specific product tax can always be replaced with an ad valorem tax that yields the same revenue and
greater consumer plus producer surplus (Suits and Musgrave, 1953; Delipalla and Keen, 1992).

*Myles (1989b) has shown that non-zero taxes on intermediate goods may be desirable in the
presence of imperfect competition, implying that the Diamond—Mirlees aggregate production efficiency
result does not generalise to economies with imperfect product markets.

®Similar issues have been addressed in a series of papers by Heijdra and co-authors on the Kenyesian
multiplier in general equilibrium models of imperfect competition (Heijdra and van der Ploeg, 1996;
Heijdra and Ligthart, 1997; and especially Heijdra et al., 1998). The relationship of this paper to those
just cited is discussed in the last section.
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firms in the industry increases. This will reduce price—cost margins, and may
reduce the MCPF. But it will also reduce household disposable income, and thus
raise the marginal utility of income. Thus, the willingness to pay for additional
units of the public good will fall. We show that the second effect can outweigh the
first, so that the MCPF and public good supply ntagh fall.

Second, an increase in the degree of imperfect competition need not always
raise the MCPF. To understand why, note that the model we use for our analysis is
a relatively standard one in the literature on general equilibrium models of
imperfect competition (Dixon, 1987; Mankiw, 1988; Heijdra and van der Ploeg,
1996). A representative consumer has preferences over leisure, a public good, and
a CES index ofn varieties of a produced good. Each variety is produced by a
single firm from a labour input. Government can levy commodity and profit faxes.
In our model, we measure ‘degrees’ of imperfect competition in two ways. First, in
terms of the underlying elasticity of demand for the firm’s product (i.e., the
elasticity of substitution between varieties), and second, in terms of conduct of
firms (i.e., either Bertrand or Cournot behaviour). In our base model (see Section
6), the elasticity of demand for the goods index is fiXed, as are the number of
firms; in this case, the MCPF is increasing with the degree of imperfect
competition, measured in either way.

However, suppose we allow the elasticity of demand for the goods aggregate to
vary positively with price, rather than be constant (see Section 8). In this case, the
MCPF may belower with Cournot than with Bertrand behaviour. The reason is
that mark-up is nowendogenous. In particular, an increase in government
expenditure raises the commodity tax, which raises the price of all goods, which
increases the elasticity of demand and lowers both Cournot and Bertrand mark-
ups. The last effect lowers the MCPF, other things being equal. If the sensitivity of
the Cournot mark-up to the tax is sufficiently greater than the Bertrand (which is
possible for some parameter values), then this effect can dominate, making the
Cournot MCPF less than the Bertrand MCPF.

Also, with free entry, is shown that the formula for the MCPF is very different
than it is the case with a fixed number of firms. In the latter case, the MCPF is
increasing in the price-cost margin (or any other measure of the mark-up of price
over cost). In the former, it iglecreasing in the price-cost margin, and also
depends on thelasticity of the price-cost margin with respect to the number of
firms. In this case, it turns out that with Bertrand competition, the MCPF is
independent of the degree of imperfect competition as measured by the elasticity
of substitution between varieties, and with Cournot competition, the MCPF is
decreasing in the degree of imperfect competition measured in this way!

“As is well-known, a general income tax is redundant in this environment, as it is equivalent to a
uniform commodity tax.

Technically, the representative household has Cobb—Douglas preferences over the goods index and
leisure.
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An additional contribution of this paper, which may be of independent interest,
is in our modelling of imperfect competition. The recent general equilibrium
literature on ‘macroeconomic’ models of imperfect competition invariably makes
the assumption of monopolistic competition, i.e., the number of varieties is large,
and so a change in any firm’s price (or quantity) has negligible effect on demand
for the varieties produced by other firms. This ‘monopolistic competition’
assumption has two undesirable consequences for our purposes. First, it implies
that theconduct of firms (i.e., whether they choose prices or quantities) makes no
difference in equilibrium, so the standard model cannot be used to study the effects
of changes in conduct on the MCPF and public goods supply. Second, with free
entry, a large number of varieties in equilibrium requires negligible set-up costs, in
which case the economy is approximately competitive. We avoid these problems
by allowing the number of varieties to be small: we show that, as well as allowing
us to model firm conduct in a non-trivial way, this extension makes a real
qualitative difference to the results in the case of free entry.

2. The modd
2.1. Households

There is a single household (or a number, normalized to unity, of identical
households) which has preferences of the form

U =u(X, 1) + h(g) (1)

where X, I, g are levels of consumption of an aggregate consumption index,
leisure, and the public good, respectively. We assume that the quantity ¥nidex

a symmetric CES function of levels of consumptiap, ...x, of n different
varieties;

0 ol(o—1)
O P @

i=1

with elasticity of substitutionr > 1. Here, the constam’’ "~ ensure§ that there

is no preference for diversity (PFD) per se, i.exiE X, i =1,...nthenX=nx

PFD only makes a qualitative difference in the case of free entry, and we wish to
focus on the case of an endogenous number of firms without the additional
complication of PFD. Also, we assume preferences over aggregate consumption
and leisure to be Cobb—-Douglas:

°In assuming additive separability between the public good on the one han, aruh the other,
we are following Atkinson and Stern (1974), and Wilson (1991a).

"To see this, suppose that, =x,i =1,...n, thenX =n"®" 77 Yy =nx,
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(XU
U(X'I):T‘n’ o<a<xl (3)
where n=0 is the elasticity of the marginal utility of income. Finally is
assumed strictly increasing and concave.

The household is assumed to have a time endowment of unity, and we take
labour to be the numeraire good, so income from labour +isl.1Also, pre-tax
profit is denotedw. We will allow the government to tax consumption, and
income from labour and from profit. Then, the budget constraint of the household

is
(1+ t)zn: px=01-H1-7)+7(1-7) (4)

wherep, is the price of good, t is a tax on consumption, ang,7, are taxes on

wage and profit income, respectively. It is clear from (4) that one of these tax
instruments is redundant, so that our analysis applies if the government has access
to any pair of these taxes. Without loss of generality, we suppose; (a0, 7. =

7, i.e., the government uses a consumption tax and a profit tax. Then, from (4), the
budget constraint is:

(1+t)§, px+1=1+7(1-7)=y

wherey is full disposable (post-tax) income.
In this set-up, the behavior of the household is described by two stage budgeting
(Dixit and Stiglitz, 1977). Leg, = p,(1 + t) be the consumer price of goadand

SN U EFCR)
a— - T
Q=n Z di

i1

be the ideal price index associated wik Note that if g =g, Q=4q. As
preferences oveX, | are Cobb-Douglas, at the first stage, demands for the
consumption aggregate and leisure are:

ay

X=7g» I=0-a)y (5)
At the second stage, individual commodity demands are:
1 qi -
% =14 (6) X (6)

Combining (6), (5), we get

X = (@) "Q"y (7)
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From (7) it is easy to see that goods 1, .. .n are substitutes ifir >1 and we
assume this in what follows.

2.2. Firms

Every good is produced by a single firm, so that therendiems. Each firm can
produce one unit of output with one unit of labour input. The first case is where
firms set prices (Bertrand). In this case, the demand curve facing fanust (7).

With Bertrand competition, firm takes other pricesy;, j #i as given. We will
assume that firms recognize the effectgpbn Q, which is of the order I, i.e.,

we are not restricting ourselves to the limiting case to the case wiltarge. As
explained in the introduction, this is important in the case of free entry. On the
other hand, following most of the literature on imperfect competition, we will
assumé that firms take full disposable incoynas given when choosing. Itis

then easily checked from (7) that when all prices are the saje ¢), the
elasticity of demand for any firm’s product (the elasticity of Chamberlain’s dd
curve) is

g; dx; 1
- ;Id_ql o Const=6’3=a'+ﬁ(1—a') (8)

Note also that as goods become perfect substitutes ¢), the elasticity becomes
infinite.

Now suppose that firms set quantities, rather than prices (Cournot). Then, the
demand functions (7) can be inverted straightforwatdly to yield

@ - o —0)l o,
g =5 0) Xy ©)

wherex, is now the output of firmi =1,...n, and X is the aggregate quantity
index (2). Then from (9), it is straightforward to calculate that, when all quantities
are the same, that the elasticity of demand for any firm’s output, taking the outputs
of other firms as given is

®When firm i changesq, it will have an effect of order 17 on Q, and thus ony. So, one
interpretation of our assumption is simply that the firm irrationally ignores this feedback effect. On the
other hand, this assumption can be justified as follows, using arguments of Hart (1985). Assume that
the economy is divided ints identical ‘islands’. Each island has the economic structure of the model
just outlined. Islands are only connected in that the representative consumer oniistand equal
fractions of the shares aall islands, so his profit income comes fram firms, only n of which are
operating on island So, when a firm on islandchanges its price, this only has an effect of ordersl/
on that consumer’s profit income. $fis assumed large, then, whateverthe firm rationally ignores
this feedback. NN

°From (6), we havey, = (K) Q and also, from (5)Q = ay/X. Combining these two equations
gives (9). '
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9 9 I 10
B Xi dq, X_; const_ac_n+0'_1 ( )

Note that as goods become perfect substitutes. (), the elasticity tends ta.
Note also that with price-setting, the demand curve is more elastic than with
quantity-setting, i.e.f. < 6.

Now, recalling that marginal cost is constant at unity, the profit of fircan be
written

1
m=%P — % =757 (G% — (L+1x) (11)

implying that the firm has an effective marginal cost ofrL Then, in the
Bertrand (resp. Cournot) case, the firm chooses price (resp. quantity) to maximise
(12). All firms behave alike, so profit maximization results in a common price
g, = q which is a mark-up over effective marginal cost, i.e.,

q =<_;>(1+t), k=B,C. (12)
=\ 1= 1/,

Also, we denote equilibrium producer prices py=1/(1—1/6,), k=B, C. We
measure the degree of imperfect competition in the usual way via the price-cost
margin
O — (1 + t) P — 1 1
= = =—, k=B,C 13

M O« Px 6 (13)
so the marginy, is inversely related to the elasticity of demand. It is clear that the
price cost margin depends both enand firms’ conduct, and moreoves, does
not affect any of the equilibrium conditions of the model except thragugo, we
have two possible measures of the degree of imperfect competitiom aiecity
of demand measureo, and theconduct measurek =B, C.

3. Equilibrium and tax design
3.1. Equilibrium with a fixed number of firms
Given tax parameters 7, define asymmetric equilibrium to be one where all

goods are priced the same, &€q,i=1,...n), and are produced in the same
quantities X, =x, i =1, ...n). In symmetric equilibrium, we take the endogenous

**This inequality reduces to € 1/n(1 — 1/n)(c — 1)?, which certainly holds.
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variables to beg, and full post-tax incomey. First, q is determined’ by the
mark-up Eqg. (12). Next, note thatis the sum ofz defined in (11), so

m=n(p— 1)
=(p—1X
_ (P~ Day

p(1+1)

__pay
(1+1)

(14)

where in the second line we have usée nx, and in the thirdQ = p(1 +t) and
(5), and in the fourth, the definition qf. So, from (14), household full income
satisfies:

pay
y:1+(1—~r)1+t (15)
Solving (15), we get;
1
(16)

Y= 1@ Dpal@+1)

Eq. (16) makes it very clear that a ‘profit multiplier’ is at work: an exogenous
increase in income increases spending, which increases profit, which increases
income (Dixon, 1987; Mankiw, 1988; Heijdra and van der Ploeg, 1996).

3.2. Equilibrium with free entry

Here, we suppose that the number of firmss determined by free entry. We
follow the usual convention of treating as a continuous variable, and we also
assume a fixed set-up cdst- 0. We will also allow government to tax entry. Now,
with free entry, there is no net profit, and so no profit multiplier: consequently,
y=1. Then, using (14), the free-entry condition can be written;

7 (p—Da
FZmIf-ﬁ-T a7

whereT is the entry tax. The other equilibrium conditidn of the model is, as in

the case of a fixed number of firms, the mark-up Eg. (12) determiqiidpte also
that u depends om from (8), (10), and (13).

*From now on, we drop theB’ and ‘C’ subscripts in cases where the relevant variable or equation
applies to both Bertrand and Cournot cases.
"Here, there is no equilibrium condition determiniggas here is no profit sp= 1.
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3.3. Government

The activity of the government in this model is as follows. Tax revenue is used
to purchase the numeraire labour input from which the public good is produced.
One unit of labour produces one unit of the public good. The government chooses
the level of public good provision and the tax structure to maximise the welfare of
the representative househdtd.

This problem can be formalized as follows. First, in the case of a fixed number
of firms, the government budget constraint may be written

g=tpX + 17 (18)

wherepX is the tax base of the ad valorem commodity tax. Using (14) and (5), we
can write (18) in terms of tax parametdrsr and endogenous variables y;

g=ap+ﬂp—l»%¥ (19)

So, equilibrium conditions (12), (16) and (19) uniquely deterrhing y and
public good supplyg given tax instruments, 7.
Next, the utility of the household in equilibrium is

w(q, ¥, 9) = v(q, y) + h(9) (20)

wherev(q, y) is the indirect utility function of the household over goods and
leisure;” which we calprivate indirect utility in what follows. So, thexpenditure
and tax design problem of the government is to choose> — 1, 7 =<7 to maximise
w(q, ¥, g) subject to (12), (16) and (19), wheteis an upper bound on the profit
tax. By the argument in Footnote 14, this problem is well-defined.

In the case of free entry, the expenditure and tax design problem of the
government can be reformulated as follows. The government budget constraint is
as in (19), except that profit income is now zero, i¥s 1, so we have;

g=tpX+nT (21)

0ur results would go through essentially unchanged if we allowed the government to maximise the
weighted sum of tax revenue and welfare, i.e., be a partial Leviathan.

*Note that this equilibrium mapping from 7 is to g, y, g is unique. First (12) and (16) have a
separable structurej is determined uniquely by and thery is determined uniquely b 7. So, for all
t> — 1, 0= r=r, there must be a unique solution, (y) to (12) and (16). It then follows thaj is
uniquely determined via (19).

“*That is,v(q, y) =max, u(X, 1), s.t. Xqg+1=y.



1728 B. Lockwood / Journal of Public Economics 87 (2003) 1719-1746

The problem of tax design is thus to choase — 1, T to maximizew(q,1,9)
subject to equilibrium conditions (12), (17) and budget constraint (21).

4, Benchmark results

It is first helpful to ask what the solution to the government’s expenditure and
tax design problem would be if the government had access to a lump-sum tax on
the households, as well as commodity taXes. Here, the answer is well-known.
The government can use the revenue raised by the lump-sum tax to (i) finance the
first-best level of public good provision; and (ii) finance a Pigouvian consumption
subsidy to the household (or a production subsidy to the firm) that would ‘undo’
the effects of imperfect competition by reducing the consumer prices of goods
down to their marginal cost of unity. This can be achieved by setting a negative
consumption tax equal to minus the price-cost markup, ie.,— w. So, with a
lump-sum tax, imperfect competition is irrelevant to the government.

Now suppose that a lump-sum tax is not available, but 100% profit taxation is
available. The profit tax is similar to a lump-sum tax: the crucial difference is that
the revenue from the profit tax will not be enough to fund the provision of the
public good at its first-best leveland finance the Pigouvian subsidies to
consumers. However, we can show that in this case, imperfect competition is also
‘irrelevant’ in the following sense.

Suppose that firms were perfectly competitive, i,e.=0. Then, asq=1+
t, y=1, the tax design problem for the government would be:

Choose t to maximise v(1 + t,1) + h(g) subject to g = tX(1 + t,1) (R)

where X(q,y) is given in (5). Let the solution to P bg, with corresponding
public good supplyg,. Also, in the government’s expenditure and tax design
problem of Section 3.3, let the solution values of the tax instrumentg Bg,(k =
B,C, in the cases with Bertrand and Cournot conduct. We Have:

Proposition 1. If 7=1 (100%profit taxation is available), then at the solution to
the government’s expenditure and tax design problem, the optimal supply of the
public good is g,, is independent of whether firms set prices or quantities, and of
o. In both cases, the maximum possible profit tax is set (r; = 7. = 1). Also, in both
cases, commodity taxes are set to ensure that the consumer price is the same as

"*Note that commodity taxes are not redundant here when lump-sum taxes are available, as they are
used to deliver Pigouvian subsidies. On the other hand, the profisteedundant in this case.

""The proof of Proposition 1, and proofs of all subsequent propositions (where proof is required) is
in Appendix A.
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with perfect competition (i.e., q,=1+t,), whatever the conduct of firms, i.e,
ts = (Ao — Pg)/Ps: tc = (do — Pc)/Pe.

Proposition 1 is a generalizatibh (to the case of an environment with distortion-
ary taxes) of the well-known result that a monopolist can be induced to behave
competitively by offering him an output subsidy financed out of profit taxation. It
is important to note that Proposition 1nst claiming that a 100% profit tax is the
same as a lump-sum tax: in fact, under our assumptions, the outcomes are quite
different.

A similar equivalence result holds in the case with free entry, if the government
can tax entry. As before, suppose that firms are price-takersuie.0. Now, with
a cost of entry, the government must subsidise entry by amotmtinduce any
firm to enter. Given this subsidy, all firms are indifferent about entering. As entry
is costly, and there is no preference for diversity (PFD), the government will allow
only one firm to enter. Then, the tax design problem for the government wiff be:

Choosetto maximisev(1 +t,1) + h(g) subjectto g + f=tX(1 +t,1). (R)

Let the solution to P be,, with corresponding public good supply,. Also, in

the tax design problem of Section 3.3, in the cases with Bertrand and Cournot
conduct, let the solution values of the tax instrumentstp&,j, k= B,C. Then,

we have:

Proposition 2. If entry taxes are available, then at the solution to the govern-
ment’s expenditure and tax design problem, the optimal supply of the public good
is g;, independent of whether firms set prices or quantities, and of o. In both
cases, commodity taxes are set to ensure that the consumer price is the same as
with perfect competition (i.e., g, =1 +t,), whatever the conduct of firms, i.e,
tz = (0, — Pg)/Ps, tc = (0, — Pc)/Pe- Also, in both cases, Tg, T, are set so that
only one firm enters.

So, the conclusion is that when 100% profit taxation is available, imperfect
competition is irrelevant; whatever form it takes (i.e., Cournot or Bertrand) the
government can always replicate the allocation of resources that it can achieve
with price-taking behaviour by firms.

However, dynamic allocative distortions associated with taxation, or the
presence of institutional or political constraints (e.g., lobbying by producers) may

*®In an earlier version of this paper, Lockwood (1996), | showed that this result also holds in a much
more general setting where households are heterogeneous (in income and preferences), so that the
government may have redistributive, as well as revenue-raising goals.

**Note that in contrast to the previous case, the cost of entry must be subtracted from the tax revenue
available for the public good.
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place constraints on profit taxatioh. Also, entry taxes are rarely observed unless
the industry in question is a natural monopoly, in which case a licence fee may be
charged. So, it is desirable to relax these assumptions. We do so by assuming that
7<1 andT =0 the case oh fixed and free entry, respectively.

5. The MCPF and public good provision

When moving away from the benchmark case, it is helpful to think of the
government solving a two-stage problem. At the first stagmd » are chosen to
maximize private indirect utilitw(q,y), given a revenue requiremegt and this
gives rise to private indirect utility(g), with v, <0. Then, at the second stagg,
is chosen to maximize(g) + h(g), which implies first-order condition- v, = h,.
Dividing though by the marginal utility of income for the househald= A, we
get:

— Ug h/

A A
This is amodified Samuelson rule for public good provision. The right-hand side,
h'/A, is simply the marginal rate of substitution between the public good and
leisure (asu, = A at the solution to the household’s optimization problem). The
left-hand side, —v,/A is the money value of private utility foregone from one
dollar of revenue raised, i.e., thearginal cost of public funds, or MCPF.
Moreover, by assumption, the marginal rate of transformation between leisure and
the public good is unity, as one unit of labour is heeded to make one unit of the
public good. So (22) is of the standard fortRT.MCPF = MRS, bearing in
mind that there is only one household in the economy.

Let z be any parameter of the model, e.g.por 7 (or u in the short run, when
is fixed) that affects)(g) but noth(g). How will a change inz affect the MCPF
and optimal supply ofg? First, from (22), the condition determining can be
written

AMCPF = h'(g) (23)

(22)

Second, from (3), private indirect utility is easily calculated to be

U(q!y) = r’(n —a(l—n)yl—n' K= a,“(l_n)(l _ a)(l—a)(l—n)

—a(l-7)

SO A= k( y ". Consequentlyg is determined by

*Indeed, rates of taxation income from profit (including both personal and corporate taxes) often
low in the OECD countries. For example, the top personal rate of tax on interest and dividend income
in the EU in 1991 was The Netherlands, with a rate of 60%. The corresponding rate in the US is 36%
(Commission of the European Communities, 1992).
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kg ““" "y "MCPF = h'(g) (24)

From (24), we have the following. Leix, denote the elasticity of variablewith
respect to variablg. Then:

Proposition 3.
J
Sgn = sgn 4, A= a(1—7)eq, + ney, — sMCPF, (25)

This result says that the effect afon public good supply is determined not only
by how z affects the MCPF, but also how it affects endogenous variabbesly.

The intuition for this result is clear from (24): if the parameteraffects
endogenous variableg y, as well as the MCPF, it will affect the marginal utility
of incomeA, which measures the household’s willingness to pay for increaggs in
To apply Proposition 3, our first task is to develop a general formula for the
MCPF. We begin with the case of a fixed number of firms.

6. The base case: a fixed number of firms

Consider the tax design problem facing the government given a fixed revenue
requirement. This is to choose,t to maximizev(q,y) subject to the equilibrium
conditions (12), (16), the revenue constraint (19), and the constrait As a
profit tax is non-distortionary, and the revenue from the tax can be used to reduce
commodity taxes, it is alway$ optimal to set=7, whateverg. The Lagrangian
for this problem is therefore:

L=v(p(1+1),y) +pltp +7(p — 1)X(p(1+1),y) — d]

wherey is given by (16). The first-order condition for the optimal choicet is:

<z _
2 MEPX ) + L X (P + (P~ L)A(PX, + Xy)] =0 (26)

where subscripts denote derivatives.
After some manipulation, and using (13), we can rewrite (26) in elasticity form:

(1+t)

&, _
(LH D1+ o)+ B[+t + wn(eX + X, ey, )] = O (27)

As the MCPF is equal t@/A by definition, (27) gives a general formula for the
MCPF, which in fact applies to the case wher&,l) is any homothetic utility
function:

*'To see this, note that even whgn- 0, the government would like to set= 1 in order to subsidise
production so firms produce at marginal cost.
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1% (1+t)(1_ 8y(1+1)/a)
MCPF == = (28)
A Lttt pn)(eX, + X eYaan)

Whenu =1, y=1 from (16), and so Eq. (28) reduces to

MCPF =~ 29
T l+t+teX, (29)

which is the standard formula for the MCPF with one taxed (non-numeraire) good
(see, e.g., Triest 1990). Now note from (16) that

&y =1-y<0 (30)

So, an increase ih reduces income through the mechanism of increasirand

thus reducing demand and profit. Using (30), anq = — 1, X =1 from the
properties of Cobb—Douglas demand, we see from (28) that a more specific
formula for the MCPF is;

A+ +(y—1Dla)
1+t—(t+ uny

MCPF(t,y) = (31)

So, by inspection of (28) or (31), we see that at a given tax trattee effect of
imperfect competition on the MCPF comes from f%o souréésst, the term in
the price-cost margip captures the fact that in the imperfectly competitive case,
there is an initial distortion in the economy: production of all goods is too low, as
firms are pricing above marginal cost. Other things equal, this distortion will raise
the MCPF, as reallocation of labor from the production of private to public goods
is more costly when production of private goods is already suboptimally low.
Second, from (16), an increase ip will increasey. Then, an increase in will
raise ey, ., (in absolute value), and in turn, the increasesyp, ., will raise the
MCPF from (28). So, a change in the price-cost marginalso impacts on the
MCPF though its effect on incomg
The fact that both these effects work in the same direction indicates that we
should find that an increase in the mark-ppwill raise the MCPF. Of course,
from Proposition 3, we are interested in the effect of changes imhen thetax
revenue requiremeny is fixed, not when théax rate is fixed. Note that the MCPF
in (31) depends org though the endogenous variabley. But, as shown in
Appendix A.3, we can solve fat, y from Eqgs. (16) and (19) to get:

*Note that athird difference arises from the fact that the elasticity of demand for the consumption
goods aggregatX will generally vary withqg, the price of consumption relative to leisure. We have
closed this third effect down by assuming unit-elastic aggregate demaxg=(—1), but we
investigate this further in Section 8 below.
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(9 a7 7 )
a—g

_1-mu—(1-7ug

T l-tu— (1-Dpa

(33)

Note that if g=0,7=1, thent= — u <0, which is the Pigouvian subsidy
needed to ensure that the non-competitive firms price at marginal cost. Now, it is
straightforward to substitute (32) and (33) into (31) and rearrange to get:

@ (1-—7u
(-9 1-(T+(1Q-7Da)u

This is our final formula for the MCPF. It is clear from (34) that wher< 1,
MCPF is increasing inu, as expected. Also, note that the MCPF at the solution to
the benchmark problem with perfect competitiog, P Mi€PF(g,0) = a/(a — Q).

So we have proved:

MCPF(g,u) =

(34)

Proposition 4. If 7<1, MCPF(g,u.) > MCPF(g,us) > MCPF(g,0), i.e, the
MCPF is higher with Cournot Competition than with Bertrand competition, and
higher with Bertrand competition than in the competitive benchmark case. It is
also decreasing in o, the demand elasticity measure of imperfect competition.

To get a feel for the effect of imperfect competition on the MCPF in practice, first
note that there are a number of estimates of the price-cost margirthe industry

level for the UK and other countries (e.g., Haskel and Martin, 1992; Lukacs,
2000). The average (across industries) mark-up that emerges from this kind of
study is in the range 0.2—0.4. Second, note that statutory rates of corporation tax
are for OECD countries are in the range of 0.3 to 0.6 (excluding Ireland with a rate
of 0.1), so we might take 037 =0.6 (Devereux et al., 2001). Finally, is the
marginal propensity to consume out of full disposable income, and a simple
calibration exercise in a companion paper, Lockwood (2001) gives a range of
0.3-0.4 fora. These ranges combine to give a range of values for the second term
in (34) of 0.094-0.337. So, fay small, as the competitive MCPF is approximate-

ly unity, imperfect competition (in this model) may plausibly raise the MCPF by
10-30% or so.

We now turn to consider the effects of an increase in the degree of imperfect
competition. This can be thought of as an increase in the exogenous producer price
p. Recalling thatg = p(1 +t), and takingz = p, we see from the general formula
(25) that

A=a(l-n)(1+&1+1),)+ ney, — eMCPF,

Now, we know that ap = 1/(1— w), from (34),sMCPF, <0. So, if the effect of
a change irp though the MCPF dominated,< 0 and therg will be decreasing in
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Table 1

Values of 4

7 0 0.5 1 15
g=0.1 0.026 -0.179 —0.386 —0.592
g=0.2 0.147 —0.078 —0.303 —0.529
g=0.3 0.277 0.032 -0.213 —0.458
g=0.4 0.420 0.154 —-0.112 —-0.378

Values of the other parameter@=0.5, 7=0.5, u=1/3.

p. It is a routine exercise to use (33)—(34) to calculate the elasticitiets which
results in a formul® ford in terms of parameters, p,g,7. The above simulation
results in Table 1 show that in fact >0 when the household is not too
risk-averse (i.e., indirect utility is not too concave in income). So, for these
parameter valuesg/op > 0, i.e., public good supply ikigher when the degree of
imperfect competition is higher.

7. Free entry

To keep things simple, we will assume that the government cannot levy entry
taxes at all, i.e.,T =0. We proceed by first deriving a formula for the MCPF.
Recall that the tax design problem, given fixed revenue requiregiénto choose
t to maximizev(q,y) subject to equilibrium conditions (12), (17) and revenue
requirement (21). Recalling thgt= 1, the Lagrangian for this problem is:

ZL=v(p(1+1),1)+ pltpX(p(1 +1),1) — g

Bear in mind thatn is now endogenous and dependstahrough the free-entry
condition (17), and that consequently which depends on though the elasticity
of demandg, is also endogenous. Then, the first-order conditiont for this tax
design problem is:

KA
— = —AX(p+(1+1t)p,n)+ p[pX +tp,n X+ tpX(p+ (1 + t)pnnt)] =0

ot
(35)

where as before, subscripts denote derivatives. Manipulation of (35) gives the
first-order condition in elasticity form:

p
—(1+ 01+ ep,engyyy) + x[l 1+ tep,eng ., T teX (1 + gpngn(lﬂ))] =0
(36)

*This formula is available on request. It is not included as it is rather long.
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So, asMCPF = p/A, and of courseeX, = — 1, we have from (36) that
MCPF = (1 + t)(1 + &p,&n(y.+y) (37)

To proceed, note that the relationship betweeandt is given by (17). Totally
differentiating this condition, and recalling that depends om, we obtain (as
shown in Appendix A.2):

p—1

My =517 ep, (38)

Note that it is possible to show thgt— 1+ ¢p, <0, so there is a negative
relationship between andt in equilibrium®* Next, note that + EPEN(y 4y IS N
fact the elasticity of the consumer price with respect to the 4gx,. ,,, taking into
account the endogeneity of So, using this fact, plus (38), we can reformulate
(37) is a more intuitive way as

(39)

1-p+
CPE = (L5 g = 140 S

1- p +|‘9pn|

where we now expresgp, in absolute value form to avoid carrying negative
variables. Note that ag> 1, it is clear from (39) thatq, ,, >1, i.e., we have
more than 100% shifting of the tax to the consumer (overshitfing ). So, we
conclude that at a given tavate, t, the MCPF is higher than it would be in a
competitive economy, i.e., tt, due to the overshifting of taxes.

It is convenient, for purposes of comparison to the case fifed, to have the
formula (39) in terms of the price-cost margin rather than the pricey. From the
definition of the price-cost margingp, = u,(p — 1). Substituting in (39), and
rearranging, we have;

(40)

MCPF(g,n)=(1+t)< w1t o) )

m—14 (pn—1)eu,

Note two crucial facts from (40) as compared to (3iyst, unlike in the case of

fixed n, the MCPF depends not only in thevel of the price—cost margim, but

also on the (absolute value of) tlekasticity of w with respect ton. Specifically,
treating u, eu,, as parameters, as1u >0, it is easy to check from (40) that the
MCPF is increasing irjew,|. The intuition is clear: the higher {su,|, the bigger is

the degree of overshifting of the price in response to the tax, and hence the bigger
the burden of a given taxgecond, the MCPF is nowdecreasing in the price—cost
margin u, in contrast to the case of fixad

*This fact follows from the formulae (42), (43) derived below.

*The intuition for overshifting is simple. An increase incauses the pricq to rise one-for-one
given p fixed, i.e., 100% shifting. But then there is a second-round effect: a higlesvers profit per
firm, so firms exit the industry. This raises the producer ppcas ¢p, <0, and this further raises.
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Next, from Proposition 3, we are of course interested in the MCPF at a given
level of tax revenue, g, and how for fixedg, the MCPF changes following a
change in firm conduct. Alsgp, is endogenous, as it dependsmnlTo compute
&p,, we proceed as follows. First, we can write the producer prices in the Bertrand
and Cournot cases, i.epg,p; in terms ofn,o using (8) and (10) as follows:

_ nhotl-o _ no 41
P -1 -1) P T -1 1) 40
Then, from (41) it is straightforward to calculate that
.- —< ! ) n 42
o= "\n-1 ((n—l)a+1> (42)
1
&Py = _(n—1> (43)

both of which are clearly negative. This is intuitive: the larger the number of
firms, the smaller the producer price. Also, note that épf > gpf, aso>1. So,
at this stage, we can substitute (41)—(43) into (39) as appropriate, to obtain the
MCPF in terms ofnit and the parameters.

To proceed further, we next substitute adutFrom the government budget
constraint (21), and using (5), we hage= tpX = ta/(1 + t), so solving fort, we
obtain

Ttt= (44)
(@—9)
Then, from (41)—(44) and (39), we have:
MCPF2(g,n) = —— (ngﬂ_'f) 45
(60 =55y (45)
MCPES o« <2na'+n2—2n—(r+1> 46
OGN = "9\ o —2+nn-1) (46)

Finally (45) and (46) still depend on the endogenous variablBut, combining
(41) and the free entry condition (21), and eliminattngsing (44), we see that in
the Bertrand and Cournot cases, the free entry conditions determmiacg,
respectively;

a-g nc  a-g
f "n+o—-1 f

no+1—o= (47)

Let the values ofn that solve (47) in the Bertrand and Cournot cases be
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ng(9), nc(9), respectively® Note that in the Cournot case, there are multiple
(two) solutions, but only one is positive, so there is a unique economically
meaningful solutiom(g) in (47). We see that in either case, there is a negative
relationship betweerg and n. This is intuitive; an increase iy requires an
increase irt from the government budget constraint, which increasand lowers
demand, s@ must rise to allow firms to cover their fixed costs, sonust fall.
Finally, our MCPFs in the two cases aWCPF,(g) = MCPF,(g,n.(9)), k=B,C.
Now let MCPF,(g) be the MCPF in problem,P above, i.e., where there is only
one perfectly competitive firm in the economy. The MCPF in problem P at a
given tax ratet is MCPF, =1+t. But from (B ), the government budget
constraint in this case isx(1+1t) '=g+f, so 1+t=al/(a —g—f) " So, we
see that

MCPF, (g) = — (48)

_*
We now have some results on how the MCPF may vary with the degree of
imperfect competition:

Proposition 5. For all 0=g<1, MCPF.(g) > MCPF;(g) = MCPF,(g). Conse-
quently at any given level of expenditure on public goods, the MCPF is higher
with Cournot conduct than with Bertrand conduct. Also, MCPF;(g) is in-
dependent of o, and MCPF.(g) may be increasing in o.

The first result, thaMCPF.(g) > MCPF(g), partially extends Proposition 4 to
the case of free entry, i.e., we see that according to the conduct measure, more
imperfect competition raises the MCPF, in line with simple economic intuition.
However, we now see that the MCPF behaves in a very counter-intuitive way in
response to an increase in the degree of imperfect competition, as measured by a
fall in o; it may either be unchanged or actuafigll, depending on whether firm
conduct is Bertrand or Cournot. This is counter-intuitive as the highére lower
the firm-specific demand elasticitix and so the lower the mark-ups over marginal
cost (and from the case of fixed number of firms, we know from Proposition 4 that
a lower mark-up reduces the MCPF). This is explained by the fact that the MCPF
depends not just on the mark-up, but also on étasticity of the mark-up with
respect ton.

Second, from Proposition 5 a striking finding is thaa matter what f, and
therefore no matter what, the Bertrand MCPF is equal to the MCPF of the
benchmark competitive economy. This is the case even though in Bertrand

630, the two solutions are:

-1 1
ne(0) =2 + T, n(9) = 5 (e — g+ Vi@ — 9 + 4la — 9o — 1)Y).

o g
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equilibrium, the number of firms will usually be greater than one, whereas there is
always one firm operating in the benchmark competitive economy with free entry
costs.

All of Proposition 5 is proved in the Appendix A, except for the result that
MCPF.(g) may be increasing inr. The latter is established by the simulation
results reported in Table 2, which also indicate that as expected, both MCPFs rise
with g andf.

A final remark can be made at this stage. First, the standard ‘monopolistic
competition’ modelling of imperfect competition in general equilibrium, as
discussed in Section 1, effectively assumes a limit case wher®, andn - «. It
is easily established from (40) and (48) that @as. 0, all of MCPF;(0g),
MCPF.(g), MCPF,(g) converge tow/(a — g). That is, under standard monopolis-
tic competition assumptiod, the MCPF is just equal to its competitive level,
whatever is (i) firm conduct, or (ii) the elasticity of substitution,So, making the
limit assumption (as do Heijdra et al. (1998)) effectively rules out a priori any
analysis of the MCPF under imperfect competition!

We now turn to consider the effects of a change in the degree of imperfect
competition on public good supply with free entry. This is difficult, as in the case
of a fixed number of firms, for reasons explained in Section 5. However, there is a
special case in which we can make a statement. Recall from Section 5 that
generally, optimal public goods supply satisfies (2AMCPF = h’(g), and that
A=kq P Py 7 With free entry, asy =1, soA=«q “* ™. So, ifn=1, the
marginal utility of income is constant at But then, from Proposition 3, the effect

Table 2

The MCPF and number of firms with free entry

o g=0.1 g=0.1 g=0.2 g=0.2
f=0.005 f=0.01 f=0.005 f=0.01

2 1.265(40) 1.282(20) 1.694(30) 1.724(15)
1.281(40) 1.312(20) 1.722(30) 1.778(15)

5 1.265(16) 1.282(8) 1.694(12) 1.724(6)
1.309(19) 1.358(10) 1.765(15) 1.845(8)

10 1.265(8) 1.282(4) 1.694(6) 1.724(3)
1.323(13) 1.366(8) 1.792(10) 1.875(6)

Note: @ = 0.5 throughout. For each combination of parameters, the number in the upper (lower)
panel of the box is the MCPF with Bertrand (Cournot) competition. The integers in brackets are the
equilibrium numbers of firms with Bertrand and Cournot competition. In each case, the number of firms
is the largest integer smaller than the real number which solves (47), as this is the largest number of
firms that can make non-negative profit, given the parameters.

#It is also worth noting that if we assumedarge at the stage of defining the price-cost margin, i.e.,
if we made the approximationn =1/0, then we would obtain misleading results. With this
approximation,u is independent ofi, so eu, = 0, and so from (40), we would obtain an MCPF with
imperfect competition ofx/(a — g), below what it is in the benchmark case!
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of any parameter change any is signed by its effect on the MCPF. So, as
MCPF.(g) > MCPFg(g), whenn =1, a switch from Bertrand to Cournot will
always lower the supply of public goods. Also, the supply of public goods will be
independent ofs, our other measure of imperfect competition, when conduct is
Bertrand, and may be decreasingdnwhen conduct is Cournot.

8. A variable elasticity of demand

By assumingu(X,l) to be Cobb—Douglas, we have implicitly assumeq, the
elasticity of demand for the aggregate consumption index, to be constant at unity,
i.e., X, = — 1. Suppose thgeX | were instead (say) increasing in price. Then, as
an increase i requires an increase tnwhich from (12) increaseg, an increase
in g would now increasgsX |. Then from (8) and (10), the firm specific elasticities
of demandd,,6. would be increased, and thus the margigs u. reduced. It turns
out that this endogeneity of the margins gagaries may, under some conditions,
make the MCPHower with Cournot than with Bertrand. This implies, of course,
that Proposition 4 above does not generally extend to the case vedgres
endogenous.

To demonstrate this, we will assume that

2

1. X
u(Xl) =S (X = 5) +1

i.e., quasi-linear utility: it is convenient to abstract from income effects to simplify
the analysis. Then, it is easily checked that deman&Xf@ linear, i.e. X(q) =1—
ag. We will denote the absolute value eK, by e, so we have;

X, ag a(l+t)p

X ~1-aq 1-al+tp (49)

e:

i.e., e is increasing in price as required.

Now, in this new setting, firm behaviour is as before: the only difference is that
£X, is now endogenous, rather than fixed-at. We will consider the limiting case
whereo - . In this case, from (8) and (12), the Bertrand producer price is fixed
at the perfectly competitive levgl = 1. So, the Bertrand MCPF is the perfectly
competitive MCPF defined in (29). Using (49) in (29), we see that;

1+t
MCPFs = T @ + /a1 + 1) (50)

So, in the Bertrand case, given a government revenue requiren®CPF;, t,

are simultaneously determined by (50), and the government budget constraint (18)
which in this case, igg=t(1—a(1+t)). Table 3 reports values dfICPF; for
different values of parametes We see thaMCPF; is increasing ing.
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Table 3

The MCPF wheneX; is endogenous

g 0.1 0.2 0.3 0.4

n=2 mc 0.1820 0.197 0.21399 0.23333
mb 1.0128 1.0267 1.0417 1.0582

n=5 mc 0.3743 0.41175 0.45292 0.49788
mb 1.0128 0.0128 1.0417 1.0582

Note: mb, me=MCPF with Bertrand, Cournot competition. Other parameters are€0.1, 7=0.5.
The Cournot system of equations has three solutions, and the Bertrand system two, for the parameter
values chosen. We eliminate solutions that are not economically feasible, i.e., we ré(mirel —
ag>0, andt> — 1. If more than one such solution is economically feasible, the one corresponding to
the true MCPF is the one for which private consumptK{(m) is highest, giverg.

In the Cournot case, as - =, the elasticity of demand tends & - ne in the
general case whee# 1. So, from (12), the producer price is

_ne naq _ nap(1l +t) 51

P=he—1 " (n+lag—1 (+Lap(l+t)—1 (51)
using (49). Solving (51) fop, we get

an(1+t)+1 (52)

P=an+ 1)1+

From (52), it is important to note that an increase in tax watluce the Cournot
producer price:

1

Pan= “anrf 1 0 (53)

It is this effect that may reduce the Cournot MCPF below the Bertrand.

Now, the MCPF can be derived exactly as in Section 6, subject to the additional
complication thap now depends on the tax through (52). First, note that now full
disposable income is simply=1+ (1-7)(p—1)X as there are no income
effects in demand. The Lagrangian for the government’s tax design problem is
therefore

L=v(p(1+1), 1+ 1 -7)(p—1X)+pl(tp+7(p— L)X —d]

Recalling thatp is now endogenous, the first-order condition for the optimal
choice oft in this problem is therefore

(=X+ @ =7)(p — X)) + p[pX +(tp +7(p — 1)X,0 + pX(t + 7] =0
(54)

whereg,=p+ (1 +t)p,. So, after some rearrangement of (54), noting that the
MCPF is just p, we get:
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[1+t+eu(l—-7])1+ ‘9p(1+t))
MCPF. = = = (55)
1+t—=(t+pne(l+ 3p(1+t)) + 3p(1+t)(t +7)

So, in the Cournot case, given a government revenue requirebt€PF_,t,e,p
are simultaneously determined by (55), (52) and (49) and the government budget
constraint (18) which in this case, is

g=[tp+7(p — 1)](1— aq).

The simulations in Table 3 show that for a rangegpfvhenn is low, it is possible

that MCPF. < MCPFg, even though the Cournot mark-yg. > 1. The mecha-

nism by which this occurs is clear from (53): an increasg nequires an increase
in t, which from (53), lowers the Cournot mark-up.

So, for the parameter values in Table 3, the MCPF is lower with imperfect
(Cournot) competition than it is with perfect competition. In fact, it can be below
unity. Note also that in the Cournot case, the MCPHéseasing in the number of
firms in the industry! Finally, note that in this case, as utility is quasi-lingar,1
and so following the analysis of Section 5, it is possible to show that an increase
(decrease) in the MCPF must always increase (decrease) public good provision.
So, we can conclude from the above simulation results that optimal public good
supply can also béigher with imperfect competition than with perfect competi-
tion.

9. Conclusions and related literature
9.1. Related literature

Broadly related literature has been discussed in the introduction. The papers
closest to this one are a series by Heijdra and co-authors (Heijdra and van der
Ploeg, 1996; Heijdra and Ligthart, 1997; Heijdra et al.,, 1998). These papers
analyse a general equilibrium model of imperfect competition similar to that of
ours, except that utilityu(X,1) is CES. Their main focus is on the Keynesian
multiplier, but they also calculate formulae for the MCPF. Heijdra and van der
Ploeg (1996) and Heijdra and Ligthart (1997) only consider the case of lump-sum
taxation, but Heijdra et al. (1998) allow for distortionary taxation in the form of an
a uniform income tax, i.e., profit and labour income taxed at the same rate. In
terms of our model, this is equivalent to a commodity tax and a zero profit tax
(r=0). They derive formulae for the MCPF with a fixed number of firms and with
free entry, but these formulae are conditional on the (endogenous) tax rate and
wage. Because their MCPF formulae are not evaluated at §ixéoey cannot be
used to make inferences about levels of public good provision. Moreover, as they
make the ‘monopolistic competition’ assumption, with free entry, the MCPF and
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public good supply is only different from the competitive case when there is PFD.
This is in contrast to this paper, where imperfect competition can have complex
effects on the MCPF though the endogeneitynpkeven in the absence of PFD.

9.2. Conclusions

In this paper, we have examined the impact of imperfect competition on the
marginal cost of public funds and optimal public good provision. The conventional
wisdom — that more imperfect competition will raise the MCPF and lower the
optimal supply of public goods — is shown to be only partially true. Except in the
special case when there the marginal utility of income is constant, the connection
between changes in the MCPF and public good supply is not straightforward, due
to the endogeneity of the marginal utility of income. with imperfect competition.
Also, non-isoelastic demand for consumption, and endogenous firm numbers
through free entry can both (for different reasons) cause an increase in some
plausible measure of the degree of imperfect competition to leadfatl @ the
MCPF. So, the main message of this paper is that simple economic intuition about
the effect of imperfect competition on the MCPF and public good supply is not an
infallible guide, and each case must be judged on its merits.
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Appendix A
A.1. Proofs of propositions

Proof of Proposition 1. Let (q,,Y,, d,) be the be the consumer price, income, and
level of public good at the solution to problery P . Note that 1. It is sufficient

to show that we can findy(t,) which will replicate the solution to problem, P . For
then, the government can achieve the second-best efficient outcome via choice of
(7.t,), so this choice would surely be optimal in its design problem.

Let (9., Y« 9.) be the consumer price, income, and level of public good at the
solution to the tax and expenditure design problem with Bertrand or Cournot
competition k=B,C). First, to ensureq, = 0, pJ(l+t)=0d, is required,
implying
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=2 Py _pe (A1)
Px
Next, asy, = 1, to achievey, =y =1+ (1— 7)(p, — 1)X(q,.y) =1, clearlys, =1
is needed. The final step is to show that this choicergt, f will yield tax revenue
g, i.e., thatg, = g,. From (19), we have

O = (tk P+ P — 1)X(Qk-1)
= (0o — 1)nX(d,1)
=0

where the second line follows from (A.1) agd= q,, and the third from the fact
thatq,=1+t, O

Proof of Proposition 2. Let (q,,y,.9,) be the be the price index, income, and
level of public good at the solution to the problem P . It is sufficient to show that
we can find {,T,) which will replicate the solution to the problem P . For then,
the government can achieve the second-best efficient outcome via choice of

(T Th)-

Let (a,,Y. 9,) be the price index, income, and level of public good at the solution
to the tax and expenditure design problem with Bertrand or Cournot competition
(k=B,C). Denote byp,(1) the equilibrium producer price with one firm. Given
that only one firm enters in problem P to ensgge= q,, p(1)(1+t)=q, is
required, implying

t = Qo — pk(l)
< pd(1)

Next, we require that only one firm does enter, i.e., the free-entry condition (17)
holds withn=1 atq,, i.e.,

(p(1) — DX(a,, )= + T, (A-3)

k=B,C (A.2)

which determined,. The final step is to show that this choice gfT,) will yield
tax revenueg,, i.e., thatg, = g;. From (21) we have:

g = tpX(G,1) + N, Ty
=t P(DX(0 1) + [(p(1) — 1)X(0, 1) — f]
= ([t Pe(1) + pe(1) — DX(q, 1) — f
=(a, — DX(a,,1) — f
=0,
where the second line follows from (A.3) and the fact that 1, and the fourth
by (A.2), and the fifth byq, =1+t,. O
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Proof of Proposition 3. Total differentiation of (23) gives

3g _ A(AMCPF)/az

9z D (A-4)

whereD < 0 by the second-order condition for the optimal choicey.oforeover,

9(AMCPF) _ AMCPF [Eﬂ z aMCPF]

e 7 + (A.5)

A 0z MCPF 0z

Now, asA = «kq “* ™

ZOA_ 1 z9q zoy A
Aoz~ o _77)<q 62) _77<y az) (A-6)

So, combining (A.4)—(A.6) we see that

y ", we have:

39 AMCPF
0z z(—D)

A

where A is defined in the Proposition. AAMCPF/z(—D) >0, we have the
result. [

Proof of Proposition 5. From (45), using (47), we get,

o Ng(g)o +1—o
@ —g< o(ng(9) — 1) )
al@an-1) A1)

a—g-—f

MCPF;(9) =

and from (48), (A.7), the resuMCPF;(g) = MCPF,(g) follows. Next, from (A.7)
and (46), we can rewrite

o f
MCPFy(9) = 551+ 75—

o n+o-—1
MCPFc(g) = a—g(1+ (20—2+n)(n—1))

so that we haveMICPF.(g) > MCPF;(g) as required if

n+o-1 f
20—2+min—-1) 1-g—f

(A.8)

But from (47), we have
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f _ n+o—-1
1-g-f ne—-n-o+1
So from (A.8) and (A.9), we require only 02— 2+ n)(n—1)<n’c—n—o+1,
which in turn is equivalent tor2— 1< n°. But this last inequality holds for all
n=2, andn=1 is impossible in equilibrium as then from (10, =1, so the
mark-up is not defined.]

(A.9)

A.2. Calculation of en, .,

Totally differentiating (17), and rearranging, we get

dn &p, a
F(l-l—m) —m—o (A.10)

whereep, is the elasticity of the mark-up with respect to the number of firms. So,
from (A.10) we get;

dnl+t  p-1

Mo =gt n  p—1+ep, (A.11)
But this is the formula in (38).
A.3. Calculation of t,y in the Cobb—Douglas Case
From (19), usingg = p(1 +t), and the definition ofu, we get;
_ (t+7u)ay
BN (A.12)
Solving (A.12) fort, we get
g —Tnay
t=—-—"7- A.13
ay—4g ( )
Substituting (A.13) in (16), we get after some rearrangement
1-7u—(1-7
T — (1 —7)ng (A14)

Y=1 —Tu— (1 —7)pa
which is (33). To get (32), substitute (A.14) back in (A.13) and rearrahge.
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