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PRICES vs. QUANTITIES IN MONOPOLISTIC COMPETITION

Arthur C. Pigou’s (1947) study on public finance includes precise suggestions
about the structure of policy measures for protection of the environument: the
first-best tax on pollution equals the marginal environmental damage. Under
a Pigouvian tax the consumers pay the social marginal cost of each item, the
direct cost of resources and, in addition, the indirect cost of poilution. In these
circumstances the market guides economy to its social optimum.

There are, though, other ways of establishing the proper economic incentives
for abatement activities. Two alternative instruments have received extensive
attention: unit subsidies and tradeable pollution quotas. With perfect knowl-
edge the latter type of instrument is in principle a fully equivalent alternative to
a tax, apart from matters relating to distributional issues. Or as Cropper and
Oates (1992) put it: The regulator can, in short, set either ”price” or " quan-
tity” and achieve the desired result. Allocative equivalence and efficiency of the
two types of instruments are established in an otherwise perfectly competitive
economy. Concentrating upon the monopoly case Buchanan (1969) argues that
a tax equal to the marginal external damage can be detrimental to welfare, see
also Barnett (1980). This paper employes the monopolistic competitive model
found in Spence (1976) and Dixit and Stiglitz (1977) to address the question of
equivalence of the two types of instruments in markets with set-up costs.

The individual firm's revenue plays an important role regarding the socially
optimal kinds and quantities of commodities because of the scale econoinies
eflects initiated by the set-up costs. Equality between the price and marginal
coet, a condition for a socially optimal allocation, leaves the firm with negative
profit. Allowing some degree of monopoly each firm can recover also the set-
up costs, but then the price ia above marginal costs. Spence {1976) and Dixit
and Stiglitz (1977) show that product variety can be below the first best level
in such circumstances. This paper examines taxes and quotas in such an eco-
nomic environment. Since the market undersupplies product variety Buchanan’s
(1969) result weakly points to an optimal tax below the Pigouvian tax. And,
and perhaps also more interesting, the relation between taxes and quotas can
be expected to be quite complicated making quotas the preferred instrument.
This is so since the firm’s revenue and the number of firms, and thus product
variety, are affected negatively by a tax withdrawing revenue from the firms. A
quota following the grandfathering principle will not have the same detrimental
effect on firm revenue and product variety. This tenda to make quotas atiractive
relative to taxes showing that important policy conclusions follow the findings
in Spence (1976) and Dixit and Stiglitz (1977).

Ever since the introduction of the Pigouvian tax the normative theory of
environmental regulation has attracted enormous attention; for a survey of cen-
tral results see Cropper and Oates (1992). Pigouvian taxes versus quotas is
discuseed in Weitzman (1974) and Roberts and Spence (1976) with focus on un-
certain pollution control coets. Recently this line of thinking has been extended
by Hoel and Karp (1999) to include asymmetric information. In this paper such
kind of uncertainties is not the issue. Carraro et al. (1996) analyse environ-



mental policy with a focus on taxes in an oligopolistic context. Set-up costs do
not play a role here. This paper's focus on multiple market failures is found
also in the recent discussion of Pigouvian taxes known as the double-dividend
hypothesis; see for example Fullerton (1997}, Bovenberg and de Mooij (1994)
and Bovenberg and Goulder (1996). The idea here is that substitution of fees

for other sources of revenues that carry sizeable excess burdens are probably
socially beneficial.

I Taxation and Externalities in Monopolistic Competition

I.A The Market

The economic environment comprises a group of anonymous consumers, a
monopolistically competitive industry with a total of n different goods. Product
variety, the number of goods, is determined by the profit conditions in the
industry. A numeraire good summarizes the remainder of the economy. Within
the industry firms are characterized by scale economies and they are linked
together by significant cross-elasticities. Following Dixit and Stiglitz (1977)
scale economies are modelled by supposing that production involves a fixed set-
up cost and constant marginal cost. Regarding the firms in the industry there
are external costs in addition to the firms’ private cost. External cost at the firm
level is assumed to be a linear function of firm output. Following the polluters
pay principle taxes against the external effects are levied at the firms. Apart
from regulation and taxation the approach is cloee to Spence (1976) and Dixit
and Stiglitz (1977) and the market in this economy is, thus, known to generate
too little product variety relative to the socially optimum kinds of commodities.

The main concern here is the choice of taxes or quotas and in order to
focus on this matter as simply as possible all commodities in the group have
identical fixed and marginal costs. This symmetry also goes for external costs.
Clearly, this is a somewhat restrictive assumption, for in problems involving
fixed costs one may often encounter a natural asymmetry attributed to gradual
physical differences in commodities. However, despite of this simplification some

interesting results emerge. Owing to the symmetry assumption we can write the
utility of consumption as:

u=G(m)+z9, G'(M)>0 G"(Mm) <0 (1a)

m=naz® 0<B<1 (1b)

with a and T being some constant and the output of a typical firm in the
industry, respectively. As noted above n is the total number of commodities.
With respect to B the assumption makes the industry’s commodities less than
perfect substitutes. Conventionally, G says that consumers’ utility is increasing
but at a decreasing rate in m, to be thought of as an index of congestion in
the industry. Finally xzp is the numeraire good which enters additively. This



follows Spence (1976) and makes the welfare analysis of the industry amenable
to a partial equilibrium approach.

The demand functions for the industry’s commodities follow immediately
from (1): p = G'(m)aBz®!. Denoting by F and c the individual firm’s fixed
and constant marginal cost, respectively, firm profit under a tax, ¢, is: ¥ =
G'(m)aBz®? — (t + c}x — F. Market equilibrium is defined by equality between
marginal revenue and cost and the zero-profit condition:

G'(m}aB*c® 1=t +c (2a)
G'(m)aBx® = (t+ )z + F (2b)

The interaction between the firms in the monopolistically competitive sector
goes through the congestion index m. As the congestion index increases the
inverse demand function of the individual firm shifts down. Implicit in the
above equations is the presumption that dm/8z = 0. Here it is thus assumed
that the industry is large, by the number of firms, in the sense that the manager
of the individual firm does not need to be concerned with the reaction of other
firma. Solving (2a) and (2b) we confirm that dx (t) /dt < 0 and dm(¢t) /dt < 0
(remember G() is a concave function).

BF
z(t) = T-B)(+0)

(3a)

G'(m) = —— _l_ﬂt-l—_c_] (3b)

aBl B

1.B Optimal Product Variety and Taxation

Turn now to the question of the optimum kinds and quantities of commodi-
ties and the optimal tax. There are two sources of market failure present in
the economic environment. Firstly, there are scale economies effects. In rela-
tion to a comparison between the social optimum and the market equilibrium
fixed cost has at least two implications. They restrict commodity variety and
poegibly also the volume of each produced commodity. And they are a source
of non-competitive pricing. In the current model these forces contribute to sub-
optimality in the form of to little product diversity, cf. Spence (1976) and Dixit
and Stiglitz (1977). The second source to market failure is production’s exter-
nal effect. Other things equal this implies that firm output is inefliciently large.



Firm output, however, contributes to the congestion index which is Increasing
with firm output. That is, the two sources of suboptimality in the market point
in opposite directions.

To understand, more precisely, the nature of the bias involved consider the
weifare function. Normalising to unity the price of the numeraire good, con-
sumers spend npz +Zp on the total consumption bundle and net-utility is there-
fore G (m) — npx. Total profits in the industry are npz — n(cx + F). Including
external costs and rewriting n in terms of m and x from (1a) the welfare function
becomen:

W =G (m) - —5 ((y+c)z + F) (4)

where yz is the externality from the individual firm’s production activities.
Muaximizing (4) with respect to z and m the socjal optimum is:

. BF

1T T) (5e)
o _(y+c)z" + F

From (5a) the output of the individual firm is decreasing in marginal external
costs. The effect upon the optimal number of firms, n, is less clear. There
are forces contributing to an increase as well as a decrease in n. A necessary
condition for an optimal resource allocation is obviously that a given market
congestion should be achieved at the least possible costs. Iso-congestion curves
aredeﬁnedbym=m5andmclwlymnmtotheorigin. The isocost
function for the industry is TC = n ((y + c) £ + F), its slope is negative and we
have oL (§2) < 0. That is, the trade off between the number of commodities and
the output of each commodity changee in the favor of increased product variety
as marginal external cost increases. The usual tangency condition, therefore,
suggests that n increases with marginal external cost. Clearly, the increase in
marginal external cost changes m in a downward direction!, and this effect may
dominate so that n decreases. To demonstrate consider the following example.

Example. Assume regarding consumers’ valuation of consumption G (m) =
wm—4 zm?. The first order condition for m reduces tow—zm =az"B ((y +c)z + F)

'We have G'(m) = a-lz-B((y+o)z+F) From (5s) we have
dfdz (a2~ B ((y + ¢}z + F)) = 0 o0 that dm/dy = (G"()) ' a—2z1-¥® <0



so that n = (az)~' 2~8 (v —az=B((y + c) z + F)). From this the precise con-
dition for product variety to increase with y becomes:? w > 2a~1(1 - B‘)E""'1
F1~8 B-B_ An economically meaningful solution (a positive number of firms)
requires’ w > @~ (1~ B} F1-B B-B_ Thus we can have small w values
consistent with a positive n for which n is decreasing in y. But for large w we
have that the optimal number of firms in the industry increases with y.

The remarks on the trade off between the number of goods and their quanti-
ties as well as the example point to a Pigouvian tax strictly less than the external
marginal cost. The explanation for this borrows clearly from the discussion of
externalities in monopoly. Ignoring external effects a monopolist produces at a
point where the price is strictly above marginal cost. Thus, the starting point is
that production should be regulated in the upwards direction. Adding external
effects to this picture may, once the externality is sufficiently important, call for
lower production relative to the monopoly output but the tax will (obviously)
never exceed the marginal external cost.

With monopolistic competition things are slightly more complicated. The
point is mentioned above: In the presence of external effects the trade off be-
tween the number of commodities and the volume of each commodity changes
to the advantage the former. This shows that a tax can be problematic. A tax
clearly accomplishes lower output at the firm level. But the tax also extracts rev-
enue from the industry and this, other things equal, leaves room for fewer firms.
The problem here derives from the zero profit condition in combination with
fixed costs. It is straightforward to understand the problem. Use the expression
for profit-maximizing output under a tax, z(¢) = ((1 - B)(t+¢))"' BF and
notice that the firm's total cost equals F/ (1 —~ B) irrespective of the tax. A
typical firm’s revenue is G’ (m) aBz? and the firm’s adjustment towards lower
production as a result of the tax will lower its revenue. Thus, each firm's de-
mand curve should be shifted up for the zero-profit condition to be met. A
decreasing value of the congestion index is the only way that this can happen.
And the upper limit on the congestion index sets the limit for the number of
commodities in the industry. It is easy to confirm that the best Pigouvian tax
is characterized by ¢t < y, since dW/dt <0 for t = y.4

n= v |- pdi]

dn _( o 1 _ F + Bt F__ \dz
dy ( zazf;z [ (1 —B)u"] zazBx (I—B)uﬂ) dy
Since dz/dy < O the conadition for dn/dy > 0 is w > 2F ((a —B)n::ﬂ) or, using z =
(1-B)y"'(t+c) ' BF, that w > 2a~! (1 — B}~ p1-8g-8

3n > 0 for w > ((1 - B)azB) ™! For (cf. note 2) w > a~!(1 - B)B-1FI-Bg-B
‘Welfare is



11. Taxes versus Quotas

The argument pointing to the role of the zero-profit condition suggests that
taxes and quotas can have fairly different allocative effects. A tax will certainly
extract a revenue from the industry. Depending upon the type of quota system
quotas may have a different effect upon firm profit and, thus, on product variety.
If the quotas, or permits, are auctioned off, then of course firms must pay for
the right to pollute as they would with a tax. But rather than introducing
the quotas by auction they can be initisted with a one time distribution free
of charge. Distribution can follow some form of grandfathering to allocate the
quotas between firms based on historical performance. This is assumed here.
Once a firm has been granted a quota it is marketable. Since firms are identical
here, they are all given the same quota and they will not find it favorable to
engage in selling or buying quotas so this will not be discussed further here.

The thesis on quotas’ superiority is easily validated in the case of B =
(y + ) / (2y + ¢). In this particular case the first best solution for output per
firm can be used as a quota and the market will subsequently guide the economy

cx{t)+yx(t)+ F

w=0CG(m —-m
(m{t)) —m(t) porry

(1

Dropping "t" we have

daw _a=+E+F dm 8 cx+yz+ F\ dz
= [c'o = ].u m )a )

Now, from

BF
“-B)(t+c) (3)

we have

8 fext+yz+ F
re “E )::0 (4)
for t = g. Thus,
dW cx+yz+ F\ dm
Te=(00-=5) % ®)
Now, we have from the zero profit condition that
cx+tz+ F
G'(m) = —0—F (6)
Using ¢t = ¥ snd G’ in (5} we have
dW H cz+yzs+ F\ dm
=555 )& <0 ™

since dm/dt < 0.



to the optimal degree of market congestion.® As seen above this is impossible
with a tax. A positive result on quotas relating only to a specific parameter
configuration cannot, of course, command profound interest. Addressing the
problems relating to tax revenue and product variety the first proposition com-
pares a tax to a quota under the assumption that the two instruments implement
identical firm output. The difference between the two instruments is, thus, the
number of firma left in the regulated industry.

Proposition 1.

If1>B(+¢t/(c+t)+By—t)/(c+1)) a quota T=z(t), where x(t)} is
firm output under a tax, is to prefer to a tax.

The proof is found in the appendix. Now, it is a problem to proposi-
tion 1 that the optimal tax rate is dependent on y, B and c. This raises
the question of the existence of the situation described in the proposition.
To see whether the condition can be satisfied at all assume that G(m) =
m*, 0 < 8 < 1. This allows us to solve for the optimal tax and give nu-
merical examples. In the appendix the welfare maximizing tax is found to:

B? +{(1-B)B(l1 — 3a)

=T a-BBl-ar0-B VI )

Using this Table 1 lists the condition in proposition 1 for y =0.1¢, y = 0.5¢,
y=cmdsumevnluasofBandsmdconﬁrmsthatthemisindeedparmeter

ERix the quota st T = (1 — B)~! (y +c)~! BF. With this scheme the market supports a
m-value given by

G (m)= S5k
Since ¥ = z*, called z for now, optimal congestion is
G/ (m) = Lttt

The quota, thus, implemonts the social optimum if

cx+F (y+c)z+F
aBx8 azB

withz=(1-8y"(y+ c)~! BF. Using this in the above equation we have

B c B
1—By+c+1_8(__l-ﬂ+l) or

B=(2+c/y)"t (1+c/y)



configurations making a quota the preferred option relative to taxes.®

Table 1
y=0lc y = 0.5¢ y=-=c

B\s 0.25 0.50 0.75 0.25 0.50 0.75 025 035 075
0.25 0.28 0.38 0.74 0.35 0.73 0.34 040 096 098
0.50 0.60 0.61 0.62 0.86 0.88 0.93 104 108 115
0.75 0.84 0.84 0.85 1.09 1.10 1.10 126 127 1.28

The table shows that high y and s values makes it less likely that the suf-
ficient condition in the proposition is satisfied. To understand the sufficient

condition and the result in table 1 consider the welfare implications of changes
in the congestion index:

dW

Eﬂ.:,m--' az? - ((y+c)z+ F) (7

The quota on z is set at z = z(t) = (1— B) ' (¢ +¢)”' BF. Using this
and the expression for the optimal tax inspection shows that the higher is y the
lower is the optimal value of the congestion index and this clearly lessens the

8 Write the optimal tax as

with

1 B+ (1-B)B(1-3)
A Bl+(1-B)B(1-2+(1-B)

The necessary condition in proposition 1 is then

1>B[1+3;;c+"'$“]

or

1}9[1“-_“_“..1]
y+c

ar

1:»5[1+ Y A]
y+e

This is the expression listed in table 1.
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tax's detrimental effect upon the number of firms.”?

In the sufficient condition above the difference between a tax and a quota
is the number of firms left in the industry (the effect on output is by definition
identical}. The results in table 1 can be interpreted as saying that a quota leaves
to many firms in the industry for high y and s values. This effect lowers welfare
under the quota relative to the tax. Turning attention to the proposition’s
proof this point is illustrated. The parameter restrictions in proposition 1 are
equivalent to the requirement that optimal product variety for a given output is
higher than the quota’s product variety for the same output. When this is the
case the quota is obviously better than a tax: they implement the same output
at the firm level but the quota brings the number of firms closer to the optimal
number than a tax does.

The effect of a change in 8 is somewhat complicated. Qutput under the tax
and the quota is by definition the same, ¥ = z(t) = (1 — B) ' (t+c)” BF.
Thus, whether one or the other instrument is preferred depends upon the devi-
ation from optimal product variety (for the given output). Denoting by m* ()
optimal market congestion given that output is z(t) and by M (t) and m (¢)
market congestion under a quota, and a tax, respectively, we have (cf.(7)):

sm” (t)l—l _ (ll +:ift()tn) +F (3)
(i)t = Ty ©

-1 _(e+t)z()+ F
sm(t) " = 2Bz (0 (10)

Assume that we have an s value 8o that i (t) = m* (t) > m (¢) and consider
an increase in 5. The increase in s, since it is followed by a decreasing tax
rate and increasing output, increases the right-hand side of (8) since z (t) is

"Notice first from the derivation of the optima! tax that (y +¢) /(¢ + ¢} is » function of
only B and 5. From the text

aw (y+c)z+ F
dm = m uﬁ

withz = (1 — B)"' (¢ +c)~! BF. Thu,,

Ay HEF+ F Hep 4+ F
%=ml—-l_ =2 o + F:l‘l‘l’l.*l-(ﬂ'f'{:)ﬂ—'ﬂu ’
L4
o (er=Hffrray) o (5 42)
which clearly makes dW/dm o decreasing function of y as (¥ + ¢) / (¢ + ¢) depends only on

B and ».
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-1
strictly lower than that minimizing (aa: (t)B) ((y + )z (t) + F).* But the
right-hand side of (9) decreases since z (t) is strictly larger than the output
minimizing (aB?EB)-l (E+ F)? Thus, a8 s increases ¥ (t) tends to increase
whereas m* () tends to fall. Considering the right-hand side of (10) this is
affected only through the tax. Since the tax falls, an increase in 8 tends to
give a higher m(t}, thus, the difference between optimal and actual market
congestion lowers making the tax, relatively speaking, move attractive.
Coming back to the expression for the optimal tax it cannot be expected
that quotas will prove superior to taxes in all circumstances. In the case of
B — 1 the optimal tax, with G(m)=m*,0<a < 1 converges to y why firm
output converges to the optimal output. As B — 1 the number of firms with a
tax converges towards the socially optimal number of firms showing that quota
cannot do better than the tax. B =1 is the case of perfect competition.
Quotas are not given their best chance in Proposition 1 (and table 1) since
they are fixed by the output obtaining under a tax. Such a quota may be
rather far away from the optimal quota. The following result allows the out-
put with a tax and a quota to be different. Defining T by T B(cZ+F) =
z(0) P (c+t)z(t)+ F),z(®) =1~ B) ™ (t+ ¢)~! BF (see figure 1) the next
proposition is:

Proposition 2.
3> z°, 2* = (1— B)" (y +¢)”! BF then a quota ¥ = Z is better than a
tax.

Proof: The quota is given by ¥ = Z with (EBEB)-I (ez+ F)=

(uB:l: (t)B)B ((t 4+ ¢) z (t) + F) . From this two things are observed. Firstly,
G’ () = G’ (m(t)) so that M =m (t). Secondly, 2= < z(t). By assumption
£ > z* where z* minimizes (az?) -1 ((y + )z + F). Notice that x (t) minimizes
(uB:t:‘i')'_l ((c+t) z + F) 1t, thus, follows that:

(y+c)Z+F < y+o=((t) + F)
= az (t)]

as ¥ = Z, and from this

_ (Y4 )E+F (y+c)z(t)+F
G () - ——p~ > G (m(t) - m(t) —F

*Now z = (1 - B)~! (y + ¢) ~* BF minimizes the right-hand side of (8). Sincez < 2(f) =
{1 - B)-'(t +¢)"! BF as t < y it must be the case that the right-hand side of (8) increases
with z at z(t).

9The right-hand side of (10) is minimized for z = (1~ B) ~'c"1BF > z{t). Thus, the
right-hand side of (10) is decreasing in = at x ().

12
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q.ed.
Figure 1 about here

The idea of the proof can be said to reverse the reasoning of proposition 1.
In that proposition the quota and the tax implement the same output at the
firm level but market congestion differs between the two instruments. Here the
quota and the tax involve identical market congestion but firm output is lower
under the quota. This is the same as there being more firms under the quota
compared to the tax illustrating once again the important role of the zero-profit
condition. As for proposition 2 it is unclear whether the basic assumption,
T > z*, can be satisfied. To show this, use once again G(m) =m*, 0 < s < !
for which the optimal tax is derived explicitly (equation (6)). The requirement
of proposition 2 is:

cx+ F
aBzx

(c+t)x+ F
T=z® aBzB

(11)

zez(t)

forz* = ((1- B)(y+c¢c)) "' BF and z (t) = ((1 - B) (t + ¢))~! BF. Manip-
ulations show this inequality to be satisfied for!®

(’::E)B(l—syf_c) > 1 (12)

Using the optimal tax, table 2 shows that the condition in proposition 2 can
be met. Table 2 shows the condition in proposition 2 is more likely to be satisfied

Vyusing z* = ((1 - B)(y+¢)) "' BFand z(t) = ({1 - B){t + c))"! BF:

(Favsr+ ) (mmmwa) > () (rema)

or
B
(y+c) ( B c +1)} 1
t+c l1-By+ec 1-8

or

13



ag 3 increases. An increase in 8 lowers the tax rate and this increases the right-
hand side of (10). Alternatively, as the tax goes down Z goes up making it more
likely that the condition is satisfied, cf. figure 1. The reason that the condition
is less likely to be satisfied as y increases is that the tax increases with y. This
forces & down and eventually it will reach and pass z° so that the assumption
in the proposition is no longer satisfied.

Table 2
y = {.lc y=c y =2

B\s 0.25 0.50 0.75 025 050 0.75 025 050 0.75
0.25 1.03 1.52 1.52 092 136 136 088 120 130
0.50 1.40 1.46 1.50 128 134 141 098 102 108
0.75 1.17 1.19 1.21 1.10 11l 113 073 074 0.5

The discussion centered around proposition 1 and 2, and the examples em-
ploying the utility function G (m) = sm” illustrate some aspects of the role of
the zero-profit condition in relation to the regulation of firms’ detrimental en-
vironmental effects. Proposition 3 (proved in the appendix) is the paper’s most
general conclusion in the sense that it does not rely on a specific utility function.

Proposition 3.

If B <{(1+2 p/c)"l (1+ y/c) a quota implements higher welfare than a
tax.

The condition in proposition 3 is sufficient for a quota to be preferable to a
tax. Asnmatt.eroffnct,mrpmviousmalysishnaidentiﬁedamlike3=
0.75 and y = ¢ violating the condition of the propoeition but with quotas giving
higher social welfare than a tax (cf. table 2). On the other hand, and as noted
already: for B — 1 the best tax support the social optimum so that one cannot
hope to establish that quotas are in all circumstances better than taxes. This
would also be remarkable, since, to follow Spence’s (1976) opening remarks on
his paper on set-up costs and product variety: a paper can have a simply stated
goal where the pursuit of it is less eagy than the stating of the goal.

I11. Conclusions

According to Cropper and Oates (1992) regulators prefer environmental reg-
ulation in the form of quotas rather than that of taxes. If the two types of
instruments are allocatively alike, as they are under perfect competition, the
explanation for this can appeal to the nature of the policy making process, for
example that direct control is liked over indirect measures like a tax. This
paper's result offers the simple expianation that quotas are better in some cir-
curnstances. And if they are then this can be a much more straightforward
explanation for regulators liking for quotas.

The basic explanation for quotas’ superiority is that a market solution con-
siders profit at the appropriate margin, while the social optimutn reflects the

14



consumer’s surplus. When product variety is explicitly valued this gives a bias
towards quotas since they leave more revenue in the industry compared to a tax.
In this way more firms survive under quota regulation and this enhances prod-
uct variety. This result is novel since the comparison of prices and quantities
along the lines of Weitzman (1974) has entirely different focus.

Of course, due to the nature of the model, there are several obvious exten-
sions to be pointed to. Firstly one can note that quotas follow the grandfar-
thering principle. The conclusions would surely be changed if firms were to buy
quotas. It is clearly also of interest o investigate the possibilities of recycling
the tax revenue to the industry. At least in theory this removes an important
drawback of taxes. Whether competition legislation allow for such action is
another matter.

A further important extension, following Spence (1976), is to study the bi-
ases against particular kinds of commodities allowing firms’ cost and role to
consumers to differ. The bias is against commodities whose revenues capture
smaller fractions of the contributed (social) surplus. Such an approach natu-
rally allows for a richer discussion of taxes versus tradeable quotas. If the two
instruments affects the difference between the commodities’ gross benefits and
revenue then they would have different impact.

As a final conclusion attention is directed to proposition 1 showing that a
quota restricting firm output to the level implemented by a tax is preferable to
the tax in a range of circumstances. This result will possibly extend the policy
oriented result of Oates and Strassman (1984). With reference to the literature
on envircnmental tax in monopoly markets Qates and Strassman (1984) shows
that it is relatively safe to ignore the monopoly effects and go for simple compet-
itive Pigouvian tax. An approach like this is relevant when the regulator fails to
have the information or the authority needed to correct for the monopoly effects.
Future research can examine the conditions for which the regulator should opt

for some simple quota not demanding precise knowledge about demand and cost
conditions.
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Appendix

I. Proof of Proposition 1:

The quota is given as £ = 2(t) = (1 - B)~' (t + ¢) "' BF. The congestion
index for a quota and a tax are:

x+ F

G' (M) = —F (A.1A)
G'(m(t)) = L +ﬂ‘g;((:}); d (A.1B)

The aim is to demonstrate that
Gom-m BT > come) -mo LELGEE - ag

Since Z==z(t) = (1 — B)"' (t + ¢) " BF, we will write simply z for now.
Due to concavity of &7(): T > m(t). Also, from concavity of G():

G(m) - G(m())
m—m(t)

> G () (A.3)

or

C(m) -G(m(t)  E+F

- m(t) aBzB (A4)
If it is possible to show
c:B;FZ(c+:5+F (A.5)
then the quota ¥ = z (t) is better than a tax since:
GM) -G(m(t)) (c+y)z+F
m—m(t) > azB (A.6)
or
G(ﬁ)-m(c+2:+F > G (m(t)) - m(t) “’*:l‘;*F (A.7)
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with z = x (t).

Notice that (A.5) implies G’ (fii) 2 G’ (m* (Z)) or M < m* (Z) where m* (T)
is optimal produced variety given the output .

Now (A.5) reduces to

E+F>B{c-y)T+F (A.8)

or, using the expression for z:

cBF (c+y)BF -
F>B A9
(l—B)(c+t)+ ((1_3)(c+¢)+F) (A.9)
cBF B c+t B y-t
(I—B)(C'l"t)+F)B(1—Bc+tF+F+I_Bc+tF) (A.10)
Cancelling F
cB 1 B y-t
(I—B)(c-l-t)-l—l}B(]_B"-1_Bc+t) (A.11)
or
B c 1-2B B y-—t
T—Be+i 18 > PT-Be+t (A-12)
or
Be gy—-t
—__c+t+l_2B>B "y (A.13)
or
2]}'—‘_ e
1>28+B" 5 - Bo (A.14)
or
c y—1t
1>3[1+1 c+t+Bc+t] (A.15)
This reduces to
1> B 1+-t—+B”—'—-t- (A.16)
c+t¢ c+1t ’
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This proves proposition 1.

I1. The optimal tax where G(m)=m*", 0 < s < 1.
With a tax, ¢, the equilibrium is

BF
BRI il
sm*~1 = (¢ +;3:ﬁ-—" F (A.18)
Welfare is
W=m—m¥ +2: +F (A.19)
From (A.19):
id":'- - [m'-' _ ("J':i:*F] ‘:t" -m;; (”+2§+F] i’ (A.20)
From (A.17):
dx BF
@ (1-B)(ttop (A21)
Using (A.17) in (A.18):
_mB B
=g - B :B . '2 F(;; ) (A.22)
From (A.22):
dm m B
'Et_=a—1t+c (A.23)
Finally
_ _ BF
ai (y+:i:+F]= (1 B)E:;c) r (A.24)

Using (A.18) for sm*~!, (A.23) for dW/dt, (A.24) for 8/6z (((y + ¢) = + F) JazB),
and (A.21) for dx/dt:
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iW__[(t+c):|:+F_(y+c)x+F] m_ B . (1-B)(y+c) - £E BF
i | BazP azB s—1ttc azP (1-B)(t+0)
(A.25)

Setting dW/dt = 0 (A.25) comes down to
— B c) — 8E
sil[(t+c):l:+F—B((y+c):r+F)]+ & (l—)(;)-i(-t—i-c)_LBon
(A.26)

Using the definition of x:

1 [BF +F-B( B y+c+F)]+(l—B)(y+0)—(1—B)(t+c)BF=O

s-1|1-B 1-Bt+e Q- B)(t+0)
(A.27)
or
1 1 B2 y+c y+e¢ _
a—1[1—3_1—3t+c" ]+Bt+c“3'n (A.28)
Solving:
y+c 1-B
t+c_1+B2+(l-B)(l-—a) (A-29)
or
_ B2+(1-B)B(1-3)
"B=+(1-B)B(1-s)+(1-—3)(”“‘)"" (4-30)

Proof of proposition 3: For B = (1 + 2 y/c)_l (1 + y/c) the first best solu-
tion can be achieved, (cf. note 5). To prove that a quota is better than a tax
in the remainder of cases, let:

. BF
T=12 HEGITS (A.31)

From proposition 2 we concentrate on z* > Z. Notice that since ¢ < y (cf.
note 4) we have z(t) > z* and then from figure 1 that G’ (/) < GC'(m(t)) o
m > m(t). 71 and m(t) are defined by:
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c‘.‘E-}-F

¢ m =ty (A.32)
& (m(t) = & tg:((:));' z (A.33)

If

G (M) — m(ﬂ_’“:gif > G (m () - m(t) X2 Tt()t) LT

a quota is preferable to a tax. Since £* minimizes, (m:ﬂ) ((y+c)z+ F),
we have:

+e)z*+ F +c)Z4+ F
¢ om -m al__ﬁ zccﬁn-mﬁ—%g—— (A.35A)

Of course, we also have

G(m(t) -m(t) ¥ +:lf# >G(m() -m(t) ¥ +:lz()‘gi—5 (A.35B)

Thus, the proposition follows if we prove

G (m) — wa—ﬂ}(}(m(t)) mey LTI HE 4 36a)

I.B

or

G (M) — G (m(t)) S y+o)x*+ F

2 s (A.36B)
From concavity
G(m) —G(m(t))
T —m O > G’ (W) (A.37)
But G’ (M) = (GBJ':"B)#I (cx* + F). Thus, we must show
cx* + F (y+c)1: + F
aBz*B 2 az*B (A.384)

21



Oor

or

or

or

cx*+F2B{{yt+e)z* +F)

cBF BF
F > e
I-Ba+o " -B(I—B+F)

B c B
T-Byte '2T-B

B<(1+2y/c)"' (1 +y/c)

(A.38B)

(A.38C)

(A.38D)

(A.38E)

q.e.d.





