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Abstract 

While it has long been recognized that under imperfect competition ad valorem and specific taxation differ in 
their effects, the optimal combination of the two instruments has received little attention. This paper shows how 
combining the two taxes can eliminate the welfare loss due to imperfect competition by inducing profit-maximizing 
firms to charge the appropriate Ramsey price. 
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1. Introduction 

Many countries subject some commodities to both ad valorem and specific taxation. For 
example, all member states of the European Union levy both a VAT and an excise duty 
on tobacco, alcoholic drinks, and petrol. While the excise duty on petrol and alcohol is 
purely specific, that on cigarettes has both a specific and an ad valorem component. The 
balance between the specific tax and the ad  valorem tax on cigarettes differs between the 
northern countries, l which favor a role for specific taxation, and the southern countries, 2 
which favor ad  valorem taxation. 3 Present European Union legislation restricts the ratio 
of specific to total taxation to be in the range of 5 to 55 percent. In the United States, taxa- 
tion of cigarettes is through specific taxation except for Hawaii, where ad va/orem taxation 
is employed. These differing systems of taxation naturally raise the question of whether 
the choice between ad  valorem and specific taxation affects the equilibrium outcome and, 
if it does, what determines the optimal mix of the instruments. 

In a competitive environment, ad  valorem and specific taxation are entirely equivalent. 
That is, a specific tax can be replaced by an ad valorem tax (and vice versa) that raises 
an equal level of revenue and leads to the same consumer and producer prices. As first 
shown by Wicksell (1896) for the case of constant marginal cost, this equivalence does 
not apply in the presence of monopoly and, for a given level of revenue, an ad  valorem 
tax leads to a lower consumer price and therefore greater output. Since the work of Wicksell, 
a literature has developed that further explores this nonequivalence. Wicksell's result was 
extended by Suits and Musgrave (1955) to general cost functions. More recently, Skeath 
and Trandel (1994) have proved that for any specific tax on a monopolist, there exists an 
ad valorem tax that results in higher consumer surplus, profit, and tax revenue. In an 
oligopolistic environment, Skeath and Trandel show that this result applies, with linear 
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demand and constant marginal cost, only if the number of firms is small and the taxes 
are large. Most important for the present paper, Delipalla and Keen (1992) consider the 
combination ofad valorem and specific taxation that maximizes welfare subject to the con- 
straint that both tax instruments are nonnegative and conclude that the nonnegativity con- 
straint is binding on the specific tax. 4 

The restriction in Delipalla and Keen (1992) that both taxes be nonnegative is clearly arbi- 
trary, so that the existing literature, while recognizing the distinct effects ofad valorem and 
specific taxation with imperfect competition, has not yet answered the question of what can 
be achieved by optimally combining the two instruments. Although ad valorem taxation has 
been shown to dominate specific taxation, this does not preclude the possibility that the 
simultaneous use of both instruments, allowing negativities, may achieve more than either 
instrument can achieve individually. It is this simple idea that is explored in the present paper. 

The nature of the equiibfium outcome obtained by optimally combining ad valorem and 
specific taxation can best be understood as follows. Consider an economy in which some, or 
all, productive processes involve fixed costs. Assume that the government sets prices in each 
industry to maximize social welfare, while collecting a specified level of revenue, subject 
to the constraint that no lump-sum taxes or subsidies can be err~loyed. 5 The prices that 
result from this optimization are known as Ramsey prices 6 and represent the second-best 
given that marginal cost pricing is not feasible in the absence of lump-sum subsidies. The 
results of this paper prove that the optimal combination of specific and ad valorem taxation 
can achieve these same Ramsey prices in a private ownership economy with imperfect com- 
petition. Expressed differently, the use of specific and ad valorem taxation is sufficient 
to eliminate the welfare loss arising from monopolistic behavior, leaving only the welfare 
loss from the existence of increasing returns. 7 The pair of tax instruments therefore have 
a degree of effectiveness far beyond that suggested by any of the existing literature. 8 

In interpreting this result it is important to realize that employing profit taxation in addi- 
tion to the optimal combination of ad valorem and specific taxation would not lead to any 
further gains in welfare. In an imperfectly competitive economy it is not the presence of 
profits per se that leads to allocational distortions but rather the pricing policy that sup- 
ports those profits. Although a profit tax can raise revenue without adding distortions, it 
cannot correct the mispricing. The results below show that given the constraint that lump- 
sum subsidies cannot be given to firms, ad valorem and specific taxation lead to the second- 
best optimal prices. In addition, since profit is zero for each firm at these prices, profit 
taxation is redundant. It must also be noted that the argument that the first-best can be 
achieved by a unit subsidy financed by a profit tax is limited at the best of times 9 and does 
not apply at all with increasing returns, l0 which, of course, is the case of interest with 
imperfect competition. 

Section 2 presents a numerical example of an economy with a monopolistic sector that 
shows how Ramsey pricing can be generated and illustrates the features of the solution 
that form the foundation of the formal analysis. The formal results for the single industry 
case are given in Section 3 with the analysis emphasizing the geometry of the problem. 
Section 4 discusses how the conclusions can be extended to a general equilibrium economy 
with any finite number of competitive and imperfectly competitive industries. Conclusions 
and interpretation are given in Section 5. The appendix contains the proofs of the lemmas 
and propositions. 
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2 .  A n  e x a m p l e  

The purpose of this section is to introduce a numerical example that explores the conse- 
quences of combining ad valorem and specific taxation. The economy of the example has 
one consumer, a government and an industry, consisting of a single firm, that produces 
the consumption good using labor as the only input. The government uses its revenue to 
purchase labor and labor supply is endogenous. This economy is analyzed in two different 
institutional settings. The first considers state ownership of the firm and is introduced to 
characterize the optimal public sector pricing policy when lump-sum tax instruments are 
not available. The economy is then studied under private-ownership with the government 
constrained to levy only specific and ad valorem taxes. In both cases, the labor required 
by the firms and government is supplied by the consumer through a competitive market 
with the wage rate as numeraire, t l As noted in the introduction, the conclusion will be 
that the equilibrium outcome is the same in both cases. 

When production is controlled by the state, it will choose the optimal Ramsey price for 
the consumption good by solving the following maximization 

max{p} V(p ,  I )  subject to R + C ( X )  = p X(p), I = 0, (1) 

where V(p ,  1) is the consumer's indirect utility function, p is the price of the consumption 
good, I is lump-sum income, R represents the government revenue requirement, X ( p )  the 
demand function for the consumption good, and C(X) the cost function. The restriction 
that lump-sum income is zero is a consequence of the assumption that lump-sum taxes 
cannot be employed. The formulation of the maximization in (1) captures Ramsey pricing 
in its simplest setting. The solution to (1), denoted by p*, characterizes the Ramsey price 
that gives the maximum attainable welfare without the use of lure-sum taxation. Due to 
the simple structure of this economy, the maximization is solved by finding the price that 
satisfies the revenue constraint. 

Now consider the same economy under private ownership with the single industry con- 
trolled by a profit maximizing monopolist but with the state controlling the level of ad 
valorem and specific taxation. In this case, the market price is obtained as the solution to 

max{p} lr = [[1 - t o p  - t~]X(p) - C ( X ( p ) ) ,  (2) 

with lr the level of profit, tv the rate of ad valorem taxation, and t s the level of the specific 
tax. The optimal price and the maximized level of profit arising from the maximization 
in (2) will be dependent on the values of t~ and ts. To capture this dependence, the solu- 
tion to (2) is denoted by p = p (tv, ts), the maximized level of profit by r = ~(t~, ts), and 
the level of consumption X ( p ( t  v, t~)) = ~(t v, ts). 

The Ramsey price identified as the solution to (1) and the government revenue target 
will both be obtained 12 in the private ownership economy if there exists a combination of 
ad r~lorem and specific taxes, t*, t* such that the firm's profit is nonnegative, so ~(t*, t*) 
_> 0, and 

(i) p(t*, ts*) p*, (ii) * * * = [ t v p ( t v ,  t * )  + t* ]~(t v, t * )  = R.  (3) 
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Condition (i) requires that the taxes induce the monopolist to charge the Ramsey price and 
(ii) that the taxes raise the required revenue. The requirement that profit be nonnegative 
can be viewed as a participation condition for firms. 

To show that there exist economies for which (3) can be satisfied, let the utility function 
of the consumer be 

b X  2 
U = a X  2 L ,  (4) 

and assume the cost function to have constant marginal cost 

C ( X )  = F + c X .  (5) 

Two distinct possibilities can arise depending on whether F is zero or positive. The case 
of  positive F, which is the simpler of  the two, is treated first. 

(i) F > 0. Choosing parameter  values R = 200, F = 1000, a = 100, b = 1.1, and c = 5, 
the solution to (1) gives p* = 21.902 and a utility level of  2772.408. Eqs. (3.i) and 
(3.ii) are satisfied by t* = 0.8089, t* = - 14.8999. In addition, these tax rates lead 
to zero profit. The existence of this pair of  taxes therefore proves that situations exist 
in which Ramsey pricing can be sustained in imperfectly competitive markets. It is 
important to note that this is an interior solution with t* < 1. 

(ii) F = 0. W h e n F  = 0 the parameter  values R = 1000, a = 1000, b = 0.8, and c = 1 
givep* = 1.801 with corresponding welfare level P" = 622750.13. The outcomes arising 
from various combinations of  t v a n d  t s are  reported in Table 1. It is clear by compar-  
ing the Ramsey price p* = 1.801 and resulting welfare level V = 622750.13 to the 
entries in Table 1 that the market outcome is tending toward Ramsc 3, pricing as t v --* 1. 

Hence the combination of specific and ad va/orem taxation is leading, in the limit, 
to Ramsey pricing and zero profit. 

Table 1. 

t v t s V p X ~r 

0.05 -22.86 474219 488.49 639.38 310695 

0.25 - 106.08 507754 429.94 712.57 304652 

0.5 - 166.20 553112 334.80 831.50 276556 

0.75 -150.20 597600 201.60 998.00 199200 

0.9 -82.48 617504 92.62 1134.22 102917 

0.91 -75.83 618415 84.29 1144.64 94334 

0.95 --46.07 621288 49.37 1188.28 56480 

0.98 -20.14 622491 21.39 1223.26 23941 

0.995 -5.93 622730 6.77 1241.54 6165 

0.995 - 1.50 622749 2.30 1247.12 622 

0.99999 -1.01 622750 1.81 1247.73 12 

Parameters: a = 1000, b = 0.8, c = 1, h = 1, R = 1000. 
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The example reveals two forms of solution: one interior and the other found as a limit. 
The common property of these solutions is that the combination of tax instruments is suc- 
ceeding in entirely eliminating the welfare loss due to monopoly power. Geometrically, 
the structure of these solutions can be easily understood. The curves in Figures la and lb 
labeled p = p* and R = const ,  are given by the loci of pairs {tv, ts} that solve p(tv ,  t=) 

= t7" and [tvp(t  v, ts) + ts]X ( p ( t  v, t=)) = R ,  respectively. These are sketched, for the linear 
demand case, in Figure la for F > 0 and in lb for F = 0. The p =/7* curve is upward 
sloping in this case since its gradient is given by a - 2/7* > 0. Point A represents the 
use of specific taxation alone (t v = 0) and point B only ad  valorem taxation (t  s = 0).  A s  

shown in Section 3, a simultaneous solution to (3.i) and (3.ii), which occurs at the intersec- 
tion of the two curves, also implies that profit is zero. The important properties of Figure 1 
are that when F > 0 the two curves intersect at a value of t v less than 1 and that when 
F = 0 the two curves converge as t v ~ 1, the gradient o f p  = p*, in terms o f d t J d t  v, be ing  

greater than that of R = const,  for a given value of tv. The role played by fixed costs in 
distinguishing these two cases is discussed in Section 3. By definition, pairs of taxes on 
the p = p* curve generate the price that maximizes welfare but do not generally achieve 
the required level of revenue. Those on the R = const,  curve satisfy the revenue require- 
ment but, generally, at an inefficient price. However, the closer the R = const,  curve gets 
to the p = t9" curve, the closer the market price becomes to the efficient price. Therefore, 
loosely speaking, welfare is raised by any tax change that moves toward the p = p* curve. 
This observation underlies all the results that follow. 

In summary, when there are fixed costs, the optimal combination of ad valorem and 
specific taxes can generate Ramsey pricing at an interior solution with the curves p = p* 
and R = const,  crossing at a value of t v < 1. When fixed costs are zero, Ramsey pricing 
can be sustained in the limit. The welfare loss due to the imper~.ct competition is eliminated 
in both cases. The intuition behind these results is quite simple. The ad valorem tax  has  
the effect of reducing the gradient of the marginal revenue curve so that the perceived in- 
fluence of the monopoly on price falls. In contrast, the specific tax can be treated as an 
addition to marginal cost (actually a reduction since it is negative at the optima). Together, 

~t. /j 
p=p* 

t= 

p=p* 

Figure 1. (a) F > 0. (b) F = 0. 
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these provide enough fiexib'dity to manipulate the intersection of marginal cost and marginal 
revenue to the point where the desired quantity and price are obtained. That profit is also 
zero at this point is just a consequence of the accounting identities; this is shown below. 
The importance of fixed costs is due to the change from constant returns to scale to in- 
creasing returns that they cause; this will be discussed further below. 

3. A single industry 

Section 2 has shown numerically that Ramsey pricing can be achieved in a monopolistic 
economy by combining at/valorem and specific taxation. The purpose of this section is to 
show this conclusion can be extended to an oligopolistic economy and to demand and cost 
functions more general than those of the example. Sufficient conditions for the existence of 
a pair of taxes that lead to Ramsey pricing are derived and the optimal taxes are characterized. 

Denoting by n the number of active firms, the Ramsey price/7* is defined, by analogy 
to (1), as the solution to 

p*  X ( p * )  = R + n O ( n - I X ( p * ) ) .  (6) 

As above, this is the price that a central planner, who was unable to emplay lump-sum 
transfers, would adopt. It should be noted that the price/7* is optimal given that the exist- 
hag number of firms is maintained; changes in the number of firms are not considered. 13 

To define the equilibrium in the private ownership economy, the firms are indexed by 
i = 1 . . . . .  n. Letting x i be  the  output of firm i, the inverse demand function facing the 

= = ~ i = l  Xi ,  industry is given by p p(X), X " with first derivative Px  < 0. Each firm has 
the cost function C = C(xi)  where C(0) •. F >_. 0 and Cx > 0. The assumption of iden- 
tical cost functions imposes symmetry between firms and is employed for simplicity. To 
give the model the widest possible interpretation, the conjectural framework of Seade (1985) 
is employed. The common conjecture of the firms on the value of dX/dx  i is denoted by X, 
with 0 < X ~ n, so that X = 1 leads to the Cournot equilibrium and the Bertrand equi- 
librium is approached as X tends to 0. 

The first-order condition for profit maximization of a typical oligopolistic firm is 

[1 - tv] p - Cx - ts + [1 - tv]3"pxX = O, (7) 

where 3' = ) , /n ,  0 < 3' < 1. Since the symmetry implies that x i = x = X/n ,  all i = 1, 
. . . .  n, equation (7) can be solved to express the equilibrium level of output as a function 
of the tax rates. As in Section 2, the output function is denoted 

X = ~(t v, t~). (8) 

Substituting (8) into the inverse demand function then determines the equilibrium price 
conditional on the taxes. Hence 

p = p(~(tv,  ts)) = o(tv, t~). (9) 
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Finally, using (9) and the profit identity 

r i  = [ [ 1 -  t v l p ( X )  _ ts] X ( X ~  n - C  , i = 1  . . . . .  n, (10) 

determines the equilibrium profit level as 

7r i = r = ~(t v, ts), a l l i  = 1 . . . . .  n. (11) 

It is assumed that t ( t v ,  ts), P(tv,  ts) and ~(t v, ts) are continuously differentiable. 
Following the discussion in Section 2, Ramsey pricing can be sustained if the tax rates 

satisfy (3) and give each firm a nonnegative profit. In fact, the latter condition is redundant 
since if (3.i) and (3.ii) are satisfied each firm actually makes zero profit. To see this, note that 

X 
r i  = [[1 - tvl p - ts] n - C, 

Ip R ] t C, using (3.ii) 
-- n -  

1 
- n [ P t  - R - n C ] ,  

= 0 using (3.i) and (6). 

Therefore, as noted above Figure 1, the satisfaction of (3.i) and (3.ii) implies zero profit 
so that in the analysis of the optimal tax scheme the participation condition need not be 
explicitly considered. 

The formal results now establish conditions that determine when the optimal taxes will 
be an interior solution that generates Ramsey pricing or a limit solution. Defining, as above, 
the  p = t 7* and R = const ,  curves as the loci of solutions to p ( t  v, ts) = t7" and [ tvp( t  v, ts) 
+ ts]~(tv,  ts) = R ,  14 respectively, Lemma 1 relates the relative positions of the curves to 
the profit levels of the firms and Lemma 2 determines the change in profit along the 
p = p* curve. Proposition 1 then characterizes the conditions under which there is an in- 
terior solution. 

The following assumptions are maintained throughout. 

Assumption 1. 7here  ex i s t  t o a n d  t o such  that  [ t~  ~ 0)]t(t ~ 0) > R and t~ t ~ > R. 

Assumption 2. For  a l l  p a i r s  o f  taxes  {tv, ts} tha t  s o l v e  (3.i), [tvC x + ts]/[1 - tO < - 

[1 - ~ ] p x X .  

The interpretation of Assumption 1 is that the revenue requirement is sufficiently small 
that it can be achieved by use of either of the tax instruments alone and is adopted in order 
to give the problem some content. Assumption 2 is also very weak since the right side 
of the inequality is always positive, whereas only values of tv satisfying t v < 1 need be 
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considered and t s is generally negative. 15 An alternative interpretation of Assumption 2 
can be obtained by using (7) to write the inequality as p + Xpx < (1 - t o p  + (1 - tv) 
~/Xpx - t s. This requirement is equivalent to true marginal revenue being below perceived 
marginal revenue. Since the aim of the policy is to reduce the equilibrium price to the 
Ramsey level, this will be achieved by encouraging an expansion in output that is exactly 
what follows from raising perceived marginal revenue above actual marginal revenue. 

Lemmas 1 and 2 are now given. 

Lemma 1. l f  f o r  tv = tv, is and  ~ are def ined by p(tv, is) = P*, [tvp(t~, "is) + ts]~(t~, ts) 
= R,  then 

(i) i s < [s i f  ~(tv, "is) > O, 

and 

(ii) i s > ~s i f  ~(tv, ~s) < O. 

Lemma 2.  Profi t  is monotonical ly  decreasing along the p = p* curve as t v increases.  

The implication of Lemma 1 is that the p = p* curve lies outside the R = const, curve 
whenever the firms earn positive profits on the R = const, curve. Hence if there are points 
on the R = const, curve such that the firms earn negative profits then the two curves must 
cross at some point prior to this and, from Lemma 2, they must only cross once. From 
these observations follows Proposition 1. 

Proposition 1. I f  there exist t'~, t n such that t~ < 1, [ tvp(t  v, " " t~) + ts]~(t v, " " t~) = R and  
~(t'~, t'/) < O, then there exists a unique pa ir  {t*,  t* } with t* < 1 that generates  Ramsey  
pricing.  

Proposition 1 has demonstrated that Ramsey pricing can be generated when the firms 
become unprofitable at some combinations of taxes that satisfy the revenue requirement. 
This provides the first possible form of optimal tax policy. The economic reasoning lying 
behind this result is that the use of an ad valorem tax reduces the perceived market power 
of the imperfectly competitive firms by reducing the effect of output changes on marginal 
revenue while the specific tax can be targeted as a subsidy towards covering fixed costs. 

The requirement of the proposition, that profit become negative at some point on the 
R = const, curve, was seen in the example of  Section 2 to occur when F, ~- C(0), was 
positive. In the general case it has not proved possible to isolate a sufficient condition. 
A perspective on the role of  fixed costs 16 can be obtained by substituting from (7) into 
(10) to write maximized profits as 

lr = - [1 - tv] 'ypxnx 2 - [C - Cxx]. (13) 
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As the first term on the right of (13) in nonnegative, profit can only become negative when 
C - C~ > 0. With increasing (C,= > 0) or constant marginal cost (C~ = 0), this can 
only occur if fixed costs are positive. With decreasing marginal cost (Cxx < 0), fixed costs 
are not strictly necessary. Furthermore, (13) also shows that with constant returns to scale 
profit tends to zero as t v -~ 1. This is what lies behind the findings of the numerical results. 
For the case of constant marginal cost the necessity of positive F for an interior solution 
can also be seen by solving (7) and (10) for t s and t v. Doing this, the level of t s and tv 
are characterized implicitly by 

[1 _ tv ]  = Fn I F + cX /n  F ] 
~/pxX2 , ts = - n X + ~/pxX2 , (14) 

where X and P x  are evaluated at the Ramsey price and quantity. From (14), t v can only 
be less than 1 when F is positive. 

The optimal policy when there is no pair of tax rates on the R = const, curve  that lead 
to negative profits is described in proposition 2. To prove this, it is first necessary to establish 
a third lemma. 

I_emma 3. Tax revenue is monotonical ly  increasing along the p = p* curve as t v increases. 

Application of this lemma now gives Proposition 2. 

Proposition 2. I f  there does  not  exist  any  p a i r  t n, t n such  that  t n < 1, [ t vp (~ ,  t n) + 
n n n ts]~(tv,  t n) = R a n d  ~(tv, t n) < O, then the opt imal  po l icy  is to let t v ~ 1 with ts deter-  

mined  by the R = const, curve. I f  lira x = 0 as  tv ~ 1 along R = const, then Ramsey  

pr ic ing  is generated  in the limit. 

The general superiority o f ad  valorem over specific taxation demonstrated by Delipalla 
and Keen (1992) follows from noting that assumption 1 implies that the R = const, must 
pass through points A and B as shown in Figure 1. The relative positions of A and B, in 
conjunction with Lemma 1, then provides a simple illustration of the Delipalla-Keen result 
for imperfect competition since B is closer to p = p* than A. 

4. Generafization 

The previous section has demonstrated the conditions under which Ramsey pricing can 
be generated in a single imperfectly competitive market. The purpose of this section is 
to indicate how this argument can be generalized to a general equilibrium economy with 
M final goods. As in Section 2, the economy will first be analyzed under state control 
in order to defme the optimal set of Ramsey prices. This will be followed by an analysis 
of the private ownership equivalent. 

The set of available final goods is partitioned into two subsets. The goods in the first 
subset, indexedj = 1, . . . ,  ml, are produced with constant returns to scale. In the private 
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ownership economy, these will represent the goods produced by competitive industries. 
The remaining goods, j = mt + 1 . . . . .  M, are those that will be produced by imper- 
fectly competitive industries and the production technology for these is not restricted to 
be constant returns to scale. All productive processes employ only labor and the wage rate 
is taken as numeraire. 

With all productive processes under state control, the Rarnsey pricing problem for this 
economy is t7 

maX{P1 . . . . .  PM} V(PI' "" "' PM, l),  (15) 

subject to 

1 = 0 ,  

and 

" [XJ(p , . .  P', ') 'I 
~_j Pj XJ(Pt . . . . .  PM) = R + ~ n j C j "' .) (17) 
i l l  L t i ;  ' 

where xJ(.)  is the demand function of industry j ,  n j the number of firms in the industry 
and C J(.) the cost function for each firm in that industry. The solution to this problem 
is denoted by the Ramsey price vector/7* = p~ . . . . .  p ~  

In the private ownership economy, the first ml goods are produced by competitive in- 
dustries. The constant returns to scale assumption with labor as the only input implies 
that the pretax price of each of these goods is just a multiple of the wage rate. The theory 
of optimal commodity taxation (for example, Diamond and Mirrlees, 1971) then shows 
that the Ramsey prices p~, . . . ,  p*~ can be sustained in these industries by the use of 
either specific or ad valorem taxation regardless of the behavior of the rest of the economy 
(although these prices will only be optimal when the prices determined by the imperfectly 
competitive industries are also set at the Ramsey level). 

In the imperfectly competitive industries, the comtmction in Myles (1989) shows that 
for each industry, j ,  the first-order conditions for profit maximization and the profit iden- 
tities for the firms in that industry can be used to express the market clearing price, output 
level, and the profit level of firms in industryj as functions of the tax rates facing industry 
j and the prices, p_j, on other markets. This argument is a simple extension of that follow- 
ing (7) above. Given the vector of Ramsey prices p*, define for each j = 1 . . . . .  m i the 
revenue level of Rj* that is collected from industry j by the optimal set of Ramsey prices, ts 
Obtaining Ramsey pricing is then equivalent to showing that (3.i) and (3.ii) can be solved 
for all industries simultaneously for price p* and level of revenue R*. 

To show that this can be done, t9 Assumptions 1 and 2 are adopted ~~ and it is also as- 
sumed for each industry that there exists the pair of taxes defined in Proposition 1 that yield 
negative profit. The proof then proceeds as follows. Fix all taxes and prices in industries 
other thanj. For industry j this gives a situation equivalent to Section 3 and Proposition 1 
shows that (3) can be solved. It is then argued that the tax rates that solve (3) for industry 
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j are continuously dependent on the tax rates levied on other industries. The tax rates for 
industryj solving (3) can therefore be treated as arising from a continuous reaction func- 
tion which has as its arguments the tax rates on other industries. Moreover, the reaction 
function takes values in a compact, convex set. Application of Brouwer's theorem then 
proves that there is at lest one fixed point where the reaction functions are satisfied 
simultaneously and the tax rates solve (3) for all industries. 

The formal theorem can be summarized as follows. 

Theorem 1. 1here exists a tax system {t2*, . . . .  stY, tv t* . . . . .  vt~} such that Ramseypric-  
ing is generated in all industries. 

Theorem 1 assumes that, whatever prices rule elsewhere in the economy, there exists 
a set of tax rates on the R = const, locus for each imperfectly competitive industry that 
make profit negative. When this does not hold but, as in Proposition 2, profit can be driven 
to zero in the limit, the following theorem can be given. 

Theorem 2. 1here exists a tax system {t2 + . . . . .  ~t~ + } such that (i) for  j = 1, . . . ,  ml ,  
PJ(') - P7 < e for  any ~ > O, ai) pj = pT f o r j  = ml + 1 . . . . .  n and (iiO [tJv+ p j + 
t~+l~ j = RT for  j = 1 . . . . .  M. 

As a final consideration, in the case in which Ramsey pricing cannot be achieved at an 
interior point nor approached in the limit, it will not necessarily be optimal in the many- 
good case to let the ad va/orem tax tend to 1 in contrast to the single-good result. Although 
doing so would lead each price to be as close as possible to its Ramsey level, standard 
considerations of second-best theory show that if one price does not attain the Ramsey 
level, it may not be optimal to try and attain Ramsey pricing on other markets. 

5. Conclusions 

The paper has taken as its starting point the literature contrasting ad valorem and specific 
taxation. Although this literature has investigated the differing effects of the two tax in- 
struments in the presence of imperfect competition, it has not provided a satisfactory analysis 
of their optimal combination. The results obtained in the present paper show that ad va/orem 
and specific taxation can achieve the same outcome as a central planner who controls pro- 
duction but cannot make lump-sum transfers. Since this outcome eliminates all welfare 
losses due to imperfect competition, the combination of instruments have an effectiveness 
far in excess of what can be achieved by the use of either instrument alone. 

The mechanism at work behind this striking result is easily explained. Consider the case 
of a zero revenue requirement for which the optimal combination of instruments will con- 
sist of a positive ad valorem tax and a negative specific tax. 21 The role of the ad valorem 
tax is to reduce the perceived market power of the In:ms, and it achieves this by reducing 
the firm's influence upon marginal revenue. In contrast, the negative specific tax can be 
interpreted as a constant price per unit that cannot be influenced by the firm. To see the 
role of these two factors most clearly, let fixed costs be zero. The optimal policy is then 
an ad ~a/orem tax rate of 100 percent and a specific subsidy equal to marginal cost. Marginal 
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revenue for a f irm faced with this tax system is given by the specific subsidy, which, of  
course, cannot be  affected by changes in the firm's level of  output. The firm therefore sees 
itself as facing a fixed price that is independent of  output. This results in it producing at 
the competitive output level with price at marginal cost. The same general reasoning is 
also correct when fixed costs are positive, though in this case the firm must be permitted 
to generate a surplus in order to cover fixed costs. In consequence, the optimal ad  valorem 
tax rate is less than 100 percent in order to leave the firm with some limited monopoly power. 

Appendix  

Proof  o f  L e m m a  1 

Since p* is derived as the solution to (6), define 

G ( t ,  ; tv) - P ( ~ ( t v ,  t , ) )  ~Gv,  t , )  - R - n C ( n - t ~ C t v ,  ts)) .  

The first point to establish is that OG/Ot s > 0. By definition, 

aG 0~ i9~ w 
aT = [" - cxl ~ + Xpx aT = aT [p - Cx + X px]. 

Since O~/Ot s < 0, it is only necessary to show that [p - Cx + X Px] < 0. From (7) 

[p - Cx] + Xpx  = ts + tv Cx + [1 - "y]pxX. 
1 - tv 

The restrictionthat [tvCx + ts]/[1 - tv] < - (1 - "r)pxXthen implies [p - Cx + X px] < 0 
and hence OG/Ot s > O. 

Since 3GIOt_s > 0 it is clear that if G(t, ; 7v) evaluated at _{7,, ?r) is positive then the 
solution to G(t  s ; tv) = 0 is reached by reducing t~ and hence t s < t s. The converse holds 
if  G(t  s ; tO is negative. Now note that i f  [tvp + t,]X = R,  then 

G = p X -  R - n C  = p X -  n C  - X[ tvp  + ts] = [ [ 1 - t v ]  p - t ~ ] X -  n C  = n r .  

Therefore, G(t  s ; tO > 0 if  [[1 - t d p  - ts]X - n C  = n x  = n~(t~, t~) > 0 and G(ts; tv) 
< 0 if n r  = n ~ t  v, ts) < 0. This proves lemma 1. []  

~ o o f  of Lemma 2 

Writing profit as 

~r = [1 - tv]p(~(tv, ts))~(t v, ts) - C(~(tv, ts)) - ts~(tv, ts), 
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the envelope theorem gives 

d r  p=p* P=P* --dt v = - p~( tv ,  ts) - ~(tv, ts) ~ dts , 

or  

dt-'-v p=p* -~v p=p" J 

From (6) 

dtv P=P* [p C x ] ~  

The inverse demalad function, p = p(X) ,  implies Op/Ot i = px(O~/Oti), i = v, s .  In addi- 
tion, total differentiation of  (7) provides the expressions 

O_pp = 1 C ~  + px~ X 

Ors [1 - tv][1 + W / ] '  ~/ = 1 X[1 - tv]p~ Px ' 

Op Op C~ + t, 

Using these gives 

dtv p=p, 

Oo 
atv 
Op 
at, 

Cx + t, 
i t •  " 

Hence 

dTr =p, Ip Cx + t, ] x 

dt--~v = - x  1 - ~v = 1 - t v 
[[I - tv] p -  C x + t s] < 0 

from (7). [ ]  

P r o o f  o f  Propos i t ion  1 

The statements in the proposition imply, by Lemma 1, that the p =/7* curve must lie to 
n n Therefore, since Assumption 1 implies 7r > 0 the right of  the R = const,  curve at t s ,  t v. 

at B, the point where the R = const,  curve crosses the t v - axis, there must be some point 
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at which they cross and at this point t v < 1. The crossing point therefore determines the 
taxes that generate Ramsey pricing. The crossing point is also unique since if the curves 
intersected more than once Lemma 2 would be violated. [] 

Proof of Lemma 3 

Since revenue is given by [tvO(tv, ts) + tsl~(tv, ts), it follows that a long t h e p  = p* curve 

+ [ t v p + t s ]  ~ v  + - ~ s - ~ v  

Using the results of Lemma 2 to simplify gives 

-~v = O + tv-~v - t v '~-~v  e -  e ~ + [tvP + ts] px Otv 
Px Ots ~ ' 

or 

d R [  = [p - ~]~ > 0. 
-~v pfp* 

using the first-order condition (7). [] 

Proof o f  Proposition 2 

Lemma 1 has shown that when profit is positive, for any level o fad  valorem tax the specific 
tax on the p =/7* curve is less than that on the R = const, curve. Tax revenue is therefore 
less on the p =/7* curve than the R = const, curve for a given level of the art va/orem 
tax. Since Lemma 3 shows that tax revenue is increasing along the p = p* curve, the two 
curves must converge as the ad va/orem tax increases. Hence the optimal policy is always 
to let t v tend to 1 with t s determined by the R = const, curve. The second part of the prop- 
osition follows from lemma 1. [] 
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3. Further discussion of these issues can be found in Delipalla (1994). 
4. Some of these issues have also been investigated in the context of international trade theory (see Helpman 

and Krugman, 1989). 
5. This implies that each industry must, at least, break-even. 
6. B6s (1985) clearly elucidates the major principles of Ramsey pricing and provides a number of alternative 

characterizations of the relevant optimality cond~iom. For a discussion from an industrial organization perspec- 
tive see Waterson (1988). 

7. Guesnerie and Laffont (1978) show that a similar outcome can be adaieved when lump-sum taxation is employed. 
Given the difficulties inherent in the implementation of lump-sum taxes (see Mirrlees, 1986; Myles, 1995), 
the present result can claim greater applicability. 

8. A partial exception is DillOn (1994), who approaches a similar problem from a different perspective but 
considers only the case of zero fixed costs. 

9. f f the  monopoly price when the subsidy is equal to marginal cost (so net marginal cost is zero) is greater 
than marginal cost (which may arise when marginal cost is low), the subsidy that supports marginal cost 
pricing must lead to the firm facing a negative net marginal cost for each unit of output. If demand is un- 
bounded at a price of zero and marginal cost is constant, it will then be optimal for the firm to give the 
product away rather than charge marginal cost. 

10. With increasing returm, profa is negative at the marginal cost pricing outcome. The scheme cannot, then, 
be self-fmancing. 

11. This could be formally justified by introducing additional competitive industries into the example. These 
would not alter the conclusions (see Section 4) but would simply lead to an increase in complexity. 

12. Given the instruments under its control, the government cannot do better than to obtain the Ramsey price. 
13. Free-entry oligopoly is also not considered. This is for two reasons. First, given the number of active firms 

the free-entry equilibrium achieves average cost pricing without any intervention (given n, it solves (1) for 
R = 0). Second, when variation in the number of firms is incorporated the free-entry model is of more in- 
terest in conjunction w~.h an analysis of product differentiation. Optimization of the tax system in this con- 
text has been analyzed elsewhere (see Kay and Keen, 1987; Delipalla, 1994). 

14. If this equation has multiple solutions, the solution with the lowest value of the specific tax (for a given 
value o f a d  valorem tax) is chosen. This ensures maximal welfare and, given contiouity, that the outcome 
is on the "right" side of the I_after curve with tax revenue being an increasing function of the specific tax. 

15. Recall that the inequality is evaluated at pairs of taxes that generate the Ramsey price. This requires a positive 
a d  valorem tax (to reduce perceived market power) and a specific subsidy to reduce the posttax price. In 
addition, when t v is close to zero, t s must be large (in absolute value) in order to achieve the reduction of 
price to 17". 

16. This argument was suggested by Mick Keen. 
17. This is the direct generalization of the optimization in (1). The interpretation given there applies again here. 
18. It follows that E M R* Jffil j = R. 
19. The formal proof is available from the author on request. 
20. Both being defined for the revenue level Rf.  
21. Since [tvp + ts]X = 0 when R = 0, it follows that t s = - t vp  < O. 
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