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I. Introduction

Economigts typicaly take as given that competitive markets allocate licenses efficiently, that is, to the
user with the highest vaue. It has been shown, however, that competitive trading of licenses does not
necessarily yield socid welfare maximization, and that in some cases a bureaucratic mechanism could
be welfare superior. Borenstein (1988) demonstrates that lumpiness of operating licences and the
transfer of production to inefficient entrants due to product market imperfections, inhibits the ability
of competitive markets to efficiently alocate operating licences. Spencer (1997) finds that a
bureaucratic scheme that prohibits resale of quotas for imported capital equipment could dominate
a tradeable quota system by supporting an “infant” domestic capital equipment industry. Malueg
(1990) poaints to the possibility that an emission permit trading program may reduce social welfare
when the product market is not perfectly competitive. Despite these results, the belief that
competitive markets for licenses will guide firmsto welfare maximizing decisions remains widely held
among economists.

This paper examinesthe efficiency of competitive trading of licenses restricting the use of an
input or resource. Our goal is to provide the conditions under which a bureaucratic mechanism is
welfare superior to competitive trading of licenses, and to reveal the intuition underlining this result.
Our andysis abstracts from entry decisions and issues related to lumpiness of licenses, and focuses
on the interactions between a competitive market for input licenses and an oligopolistic product
market. The paper is motivated by the environmental policy makers problem of choosing between
a bureaucratic mechanism and a tradeable emission permits system to control pollution. The
increasing importance of environmenta regulation and the widespread acceptance of tradeable
emission permits systems among policy makers, warrant the focus of our paper. We consider the
environmental policy makers problem of choosing the welfare-maximizing policy instrument in a
second-best environment, that is, without the ability to change firms' contact in the product market.

In order to derive meaningful general conditions for the welfare comparison of policy
instruments, we separate production from abatement technologies. Abatement costs depend on the
level of production and the number of emission licenses available to firms, establishing the link
between emission licenses and output decisions. We show that the conditions for the welfare

comparison can be stated in terms of firms' differences in abatement and production technologies.



If the more efficient in abatement firms are less efficient in production, competitive trading of
emisson permitsis welfare superior to a bureaucratic mechanism. If, however, firms' technological
efficiencies in production and abatement are positively correlated,” prohibiting trade of emission
permits could dominate competitive trading of emission permits. Under the latter assumption about
firms technologies, another, and perhaps more interesting, result is that competitive trading of
emission permits could yield areduction in industry’ s output relative to a bureaucratic mechanism.
Our results are certainly not calls for limiting the interest over tradeable emission permit programs
or other licenses trading programs. They are, however, reasons for considering careful design of these
programs in order to improve their efficiency.

To understand the intuition behind these results we focus on the role of the product market
through which the gains of competitive trading of emission permits are realized. Price taking
behaviour in the emission permit market guarantees that emission permits flow from the low to the
high abatement cost firms. Industry’s marginal cost of abatement decreases, which assures welfare
maximization when the product market is perfectly competitive. However, when the product market
is oligopolistic, profits are not necessarily positively correlated with either industry’s output or
welfare. If riva firms behave a la Cournot, acquisition of emission permits increases the
aggressiveness of the less efficient firms while the more efficient firms react by decreasing production
to preserve a high price.? The reduction of the efficient firms' output decreases their margina cost
of abatement yielding a further release of emission permits to the less efficient firm. This latter
transfer of emission permits does not occur in price-taking markets. Thus, the number of emission
permits traded could exceed the welfare-maximizing number. When the efficiency differences among
firms are more prominent in production rather than abatement, industry’s output may decrease. A
reduction in welfare could come from two sources: an output reduction, or when the excess transfer
of emisson permits effect on profits outweighs the effect of increased output on consumer surplus.

The presentation of these results within a generd modd is undertaken in Section 111, following

1 If the age of capital is considered, it is reasonable to expect that production and abatement technologies are
positively correlated. Newly acquired capital is more productive, less polluting and more likely to be associated
with newer, more productive abatement equipment.

2 In this paper we examine a non-cooperative game. Fershtman and de Zeeuw (1996) and van Long and Soubeyran
(1977) for example, have pointed to the possibility that trading of emissions permits may facilitate cooperation
among oligopolists by allowing credible commitments that bypass antitrust regulation.
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the specification of the model in Section I1. In order to illustrate the mechanics of the trading of
emission permits we proceed in Section 1V to employ a smple example that allows closed form
solutions to be derived. We aso present the results of some simulations providing a visua illustration
as well as some idea of the relative magnitude of the effects of emission permit trading. Section V

concludes the paper.

I1. The model
Assume atwo sector economy; the first is a competitive numeraire sector, the other is a differentiated
duopoly. Production generates a negative externality, emission £ of a pollutant. Consumer

preferences are given by a utility function that is separable in the numeraire good and in emission,

U=ulg*.q?)+m-VE), (1)

where m is expenditure on a competitively supplied numeraire good and ¢ * is the output of firm i
in the differentiated sector.® To avoid unnecessary repetitions, hereafter, i,j=1,2 and i#;.

Each duopolist has cost of production Clg ), with strictly positive marginal cost of
production, ¢ “>0. The amount of pollution emitted by each firm ¢/, is an increasing function of its
output level, e =H g ‘) with H(0)=0, h'=0H'/d¢ "> 0. Firms can reduce emissions by either
reducing output or controlling emissions by engaging in abatement. Total abatement Z | isincreasing
in both output and abatement per unit of output z 7, i.e. Zilg’,z), with Z,>0, and Z>0. Cost
of abatement A{Zlg,z)is a drictly increasing function of total abatement efforts,
al(Zilg,z")=04102>0.

We consider two forms of regulatory intervention policy makers could use to limit firms
emission. Thefirg isabureaucratic mechanism in the form of licensing firm-specific emission quota,
and the other is a tradeable emission quota (permits) system. It is reasonable to exclude the possibility
that the welfare maximizing distribution of emission quota can be implemented, because of
information and/or political constraints. Denoting by e, firm i’s emission quota, the aggregate
emission quota for the oligopolistic sector is} -, ¢.=E.

Let duldg'=pilg*,q? befirmisinversedemand, and R ‘(¢,q?)=p ‘g’ thetota revenue.
We assume that ¢* and ¢? are strategic substitutes, that is, R,'<0 and R,/<0. Each firm in the

3 Thus, marginal utility of incomeis constant and equal to one.
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oligopolistic sector sets output on the assumption that the other firm holds its output fixed, arriving
at a Cournot-Nash equilibrium. In the case of emission permits trading we assume that although firms
interact strategicaly in the output market, they are price takers in the emission permits market. Thus,
we rule out strategic interaction between the output and the emission permit market. Output and

abatement per unit of output are determined simultaneoudly.

III.A. Non-tradeable emission quota
Under the bureaucratic mechanism, the regulator allocatese, non-tradeable emission quota licenses
to firmi. Firm i chooses output and abatement per unit of output in order to maximize profits subject

to the emission constraint, Hlg')-2'(q’,z')=e¢,,
max wlg’,q’,z"e)=Rg".q7)-Cllg’)-4(z'g",2"))

a':z! o (2)
subject to H’(q’)—Z’(q’,z’):e_l. :

The first order conditions yield firm i’ s output reaction function,*
=R q".q%)-c'lg’)-a’(zg"e)n g )=0. 3

Firm i’s Cournot-Nash equilibrium output is a function of firms production and abatement

technologies as well as their emission quota,

q'=dles.e). 4)

Assume that there is areallocation of emission quota from firm 1 to firm 2. We are interested
in deriving the output effect of this reallocation. Total differentiation of the first order conditions,
equation (3), with respect to outputs ¢ *, g2, and emission quota e, , e, yields,

nidgten,dg?=—alZoh i de, o dgt+ma,dg®=alZih? de ; (5)

where de =de, = - de, , reflects the assumption of a constant aggregate emission quota. The solution

of the above system yields,

4 Appendix 1 provides some details of the calculations leading to (3).
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2 1,1,1. 1 2,2,2 1 252,22 1,1,1
dql__nzzalze‘h tpay Z; h 2 dg? Ty Z;hT+myaZoh

L - <, 9= <. (6)
de Q ¢ de Q
Since <0, m;=R,;<0, />0 and a,'Z;<0, both numerators are positive, and given that S>0,°

¢z

it follows that, ¢§<O and ¢§>O. Thus, if the dlocation of emisson quotaisdanted in favour of firm
2, its output increases, while of firm 1's output decreases.

An increase in one firm's emission quota, lowers its required abatement per unit of output,
which lowers its marginal cost, shifts its reaction function outward, and increases its output and
market share, holding the other firm's emission quota constant.® Since the aggregate emission quota
is assumed fixed, any increase in one firm's emission quota implies an equal reduction in the other
firm's quota. Thus, the increase in output and market share of the firm whose emission quota
increases, is augmented. The market share of the firm that receives the emission quota transfer
increases more when firms act as Cournot rivals compared to the case that firms are price takers. The
firm whose share of emission quota decreases, reacts to itsrival’ s increased output by reducing its
own output, dlowing itsrival to become more aggressive. Figure 1 illustrates the above discussion.
The equilibrium moves from point A to B as firm 2's emission quota increases while firm 1's
decreases. Thus, under the bureaucratic mechanism market shares depend on the allocation of
emission quota, given firms relative efficiency in production and abatement.

The aggregate output effect of the reallocation of emission quota depends on the production
and abatement cost structure of the industry. Summing up the two expressions in (6) yields the
aggregate output effect,

1 1\ 22,2 (2 2\ 1,1,1
(“11 - 7T12)‘12 Zzh® - (“22 - 7T21)‘11 Z;h

S
O7= bz + ¢; 0

Using (3) note that, n;:2pii+q"pl.f—cl.i—al.iZqihi—aihl.

(7)

i

and n; :pji +q ip; . Thus,
Ty~ =2p, -p;+q’ (p”l - p;) ~¢;'=a;Z}h'-a'h,; . For homogeneous goods, the requirement for
m; -7, < Oreduces to p’ —(cii +a/Zh'+a ”hf) <0, that is, the output effect on price has to be

stronger (more negative) than on marginal costs. Since @ >0, a,Z,>0, h'>0 and 4,/>0, a

5 In Appendix 1 we provide the definition of S and we discuss the meaning and importance of these conditions.

6 Total differentiation of (3) with respectto ¢’ i=1,2 yields the slope of firm i’s reaction function, which is
negative given the second order conditions and strategic substitutability, dq ‘/dq’ = le.jf/ 7,;<0.
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necessary and sufficient condition for =, -7, < O is that the slope of the marginal production cost is
non-negative, cl.i > 0. Under this condition, both terms on the numerator of (7) are positive and given
that S>0, the Sign of the aggregate output effect depends on the magnitude of these terms. Without
specifying firms' technological differences, the aggregate output effect is ambiguous.’

II1.B. Competitive trading of emission quota

firm1's _
reaction functions

Figure 1.
Market share effects of emissions ceilings reallocation

Under the tradeable emission permits system the regulator issues permits, each alowing
emission of one unit of pollutant, and distributes them free of charge to the polluting sources. A total

of e emission permits are distributed to the firms in the differentiated sector, each receiving e, .?

7 In the absence of technological differences, areallocation of emission quota leaves aggregate output unaffected,
while increasing the market share of the firm whose emission quota increases.

8 Theinitia emisson permitsdlocation as well asthe total amount of allowable emission are the same as under the
bureaucratic mechanism.



After theinitial distribution, firms trade emission permits. Firm i's net demand for emission permits
is ND'=H1q)-Z(g",z")-e.. Firm i's net demand for emission permits is solved for z' as a
function of its output and its holdings of emission permits after trading, €'=ND ' +e . Substituting z
into firm i's cost of abatement yields Z ‘(g ;€) and thus, firm i's abatement cost is 4 {Z g ';€/)) .
Firm i chooses output and emission permits in order to maximize profits,
max  wlg*.q%€)=Rg*q%)-Clg)-47z'g":€)-PeND", )
q'.€

where P*® isthe competitive emission permits price.® At the equilibrium, firms marginal costs of
abatement are equalized, and thus, industry’ s abatement costs are minimized. Competitive trading of
emission permits achieves the cost-effective distribution of abatement efforts.

The first order conditions yield firm i’ s output reaction function as function of its emission
permits holdings at the equilibrium, R,{g',q9)-cilg’)-a(Z'lg";€'))h (g )=0. The solution of
firms reaction functions yields the Cournot-Nash equilibrium outputs as functions of firms holdings

of emission permits at the equilibrium,

q'=dle, ). 9)

Hereafter we assume that firm 2 isless efficient in abatement than firm 1. Therefore, firm 2
is a net buyer of emission permits and engages in less abatement effort relative to the non-trading
equilibrium. At the trading equilibrium, firms market shares depend solely on production cost
differences because margina costs of abatement are equalized.

The changein firms emission permit holdings after trading is determined endogenously and
thus, smple comparative satic analysis cannot be used to compare the bureaucratic mechanism with
trading of emission permits. The two equilibria are compared using mean value theorem analysis. For
the relevant version of the mean value theorem and the proofs of propositions see Appendix 2.

Proposition 1 compares firms market shares and industry’ s output under the two regulatory regimes.

Proposition 1. (i) Trading of emisson permits results in output reall ocation towards the less efficient

9 P? isderived from the solution of the permit market clearing condition ?:1 ND'=0.
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in abatement firm. (i) Industry’s output increases as a result of trading emission permits, iff
alZ’h?/ a,Z ht> (n§2 - ngl) / (ﬂil - n12> . (iii) Assuming homogeneous goods, industry’ s output

increasesiiff, p’<0, ciizO and azzZezhz/allZelhlz (022+a222q2h2+a2h22>/ (cll+alqulhl+alhll).

Trading of emission permits affects firms marginal cost of abatement and as a consequence
their output decisions. Proposition 1.(ii) requires that the ratio of changesin firm 2 over firm 1's
margina cost of abatement due to emission permits trading should be greater than the ratio of changes
infirm 2 over firm 1’s marginal profits resulting from the reallocation of market shares. The case of
homogeneous goods with downward doping demand and convex production costs allows for a clear
expogition of the intuition. Proposition 1.(iii) requires that the effect of emission permits trading on
firms margina abatement cost is stronger than the effect of the resulting output changes on marginal
costs. The reductionsin industry’ s abatement costs due to reallocation of abatement efforts from firm
2 tofirm 1 should not be outweighed by increases in industry’ s total production costs due to firm 2's
gainsin market share. Both conditions require that the positive effect of emission permits trading on
abatement costs dominates any adverse effects from the resulting output reallocation.

Although the market shares reallocation effect is well understood (see for example Maueg
(1990)), the possibility that industry’ s output might decrease as a result of emission permits trading
has, to the best of our knowledge, never been raised before. The literature unanimously assumes that
emisson permitstrading yields an increase in industry’ s output as long as firms are price takersin the
emission permits market. This is attributed to the fact that the interaction between production
decisons and permits trading have not been fully developed in previous works. Neglecting the effect
that emission permits trading has on production costs, and given that industry’s abatement costs
decrease (for a given level of output), one is led to assume that industry’s output necessarily
increases. Under the general model employed in the present paper, additional conditions must be
satisfied for the output effect of emission permits trading to be positive. These conditions establish
the appropriate connections between the effects of emission permits trading on production and
abatement costs. In Section IV we illustrate some situations in which these conditions are violated.

Within the partial equilibrium framework of our analysis we examine the effect of emission

permits trading on welfare, defined as the sum of consumer and producer surplus



Wle'e’)=ulg',q")-371 Cla )-301 412 g ")), (10)

where ¢ =¢ile’,e’) and e’ isfirm i's level of allowable emission, which under the bureaucratic
mechanismisfixed & e, and under emission permitstrading is €' =e, + ND '. Differentiating (10) with

respect to the changein firms' allowable emission due to emission permits trading, yields,*
—= i—ci—aiZqi>¢i+(pj—cj—ajZ;)¢i—a iz -a'z!, (11)

whered, =’ , + ¢! , isthetotd effectof emissionpermitstradingonfirmi’ soutput, gvenin(6),and Z, =2 ', + Z |,
is the total effect of emission permits trading on firm i’s abatement efforts. For homogeneous
products, expression (11) reduces to

ow i ir7 I\ i iz J\1J izl iz ]
E:er—(c +a Zq>¢e—(c/+aqu’)¢’e—a Z, —afZej, (12)

whereQ, isgivenin (11). Proposition 2 compares welfare under the two regulatory regimes.

Proposition 2. Assuming homogeneous goods, emission permits trading yields higher welfare
relative to a bureauicratic mechanism, iff pQ, >(c oy +cjd)£>+ (a Z, . +alZl P +a fZei+aij) .

The condition in Proposition 2 could be violated in a variety of Situations. For example, recall
that the output of the less efficient in abatement firm 2 increases as a result of emission permits
trading, ¢,2)>O, while the output of firm 1 decreases, d>,1)<0. If firm 2 is dso less efficient in
production, that is, ¢2>c?, then ¢2d>+cdp.>0. Assume further that industry’s output increases
asaresult of emission permitstrading. Since p>c’ and 0, =Y. ¢, thenpQ_ >c ‘¢. +c /¢, and thus,
itis the effect of emission permits trading on industry’ s abatement costs that determines the sign of
the wdfare effect. If the output reallocation effect is large, the increase in industry’ s output is small
while the increase in industry’ s abatement costs could be substantial and therefore, the value of the
right hand side could exceed the value of the left hand side. If the benefits from the more efficient
allocation of abatement efforts are mainly absorbed in redistributing output and profits to the less

10 Assuming that the aggregate emission quota remains the same under both regulatory systems, the effect of
emissions on welfare isidentical under both regulatory systems.

9



efficient firm rather than increasing industry’s output, emission permits trading is clearly welfare
inferior to the bureaucratic mechanism.

The intuition underlying results of this nature is easier understood in the context of the second
best problem. On the one hand, oligopolistic behaviour in the product market yields a higher market
sharefor the less efficient firm relative to the cost-minimizing allocation of production. On the other
hand, bureaucratic mechanisms of dlocating emisson quota yield inefficient distributions of abatement
efforts, that is, the firm with the less efficient abatement technology engages in more than the efficient
abatement effort.™ Allowing firmsto transfer emission quota through a competitive market, corrects
the abatement misallocation problem but could aggravate the production misallocation problem.
Removing only one distortion could adversaly affect both output and welfare. Emission permits trading
aggravates the output misallocation problem when firms' technological efficiency in production and
abatement are positively correlated. Price taking behaviour in the emission permits market assures that
the less efficient in abatement firm acquires emission permits, reducing industry’ s marginal abatement
cost (for given output), but increasing industry’ s production costs. If firms' technological differences
are more prominent in production rather than abatement, industry’ s output may decrease. Furthermore,
welfare may decrease even if industry’ s output increases as long as the increase in output is achieved

by aggravating the output missalocation problem.

IV. Example
In this Section, we examine a simple example of the economy described in Section Il with the
following characterigtics: utility isquadratic u(Q) =aQ - (1/2)bQ?, yielding alinear demand function
p =a-bQ; both firms have common, constant rate of emission p, that is, e'=H '=pg'; constant
marginal cost of production ¢ /; and quadratic cost of abatement 4 '=e(Z'F , where Z'=zq".
Under these specifications firm i’s and industry’s output under the bureaucratic mechanism that
prohibits trading of emission quota are

ie_a-2c'+c/-pl2Ai - ¥) o= 2a-c'-c’ - p(\ + ) |

2b 3b

q (13)

11 This result is independent of theinitial allocation of emission quota.
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where the superscript ¢ indicates equilibrium vaues under the bureaucratic mechanism and A’ isfirms
i’s shadow value of emission quota, which at the equilibrium equals firm i’s margina cost of
abatement.

Using the same demand and technological specifications, we derive firm i’s and industry’s
output under trading of emission permits

. _ i J_ € N S €
i_a—-2c'+c’-pP , Q,:Za c'-c’/-2pP , (14)

3b 3b

where the superscript ¢ indicates emission permits trading equilibrium values. The equilibrium price
of emission permits lies between firms evaluation of emission quota before trade, that is, A1<Pt<A?.
Under the specifications of our example, the permit price can be expressed as a weighted sum of
firms shadow values of their emission quotas under command and control
e e[3b+2e,pI\ +e[3b + 2 p? |
3b(el. + ej) + 4el.ejp2
The relationship between firms' evaluation of emission quota in the two regulatory equilibria

(15)

facilitates output comparison. From equations (13), (14) and (15) we derive

o ble. +2e)+2e.e p?|(A' - N _
. L o il BT R YT} )
b[3b(el. +ej)+4el.ejp]

Trading of emission permits increases the output of the firm with the higher evaluation of its emission
quota, that is, the higher marginal cost of abatement at the bureaucratic equilibrium. Industry’ s output
increases as aresult of permits trading if e, >e = A'>)/ . Thus, alowing trading of emission quota
yiddsan increase in industry’s output if and only if the less efficient in abatement firm, that isfirm 2
e,>e,), has the higher marginal cost of abatement at the bureaucratic equilibrium  A>>A* . The
difference of firms shadow vaue of emission quotais,

3%, - ej)(pQ -9~ [3tfe; e+ deep?] ole '~ )+ bfe, -

b4
where® =352 + 4p2[el.ejp2 +hle,+e )] ,and O denotes the Cournot-Nash output in the absence of any

A =N = a7)

i
restriction in emission. Industry’s emission quota cannot exceed unregulated emission, that is, pQ>E :

Thus, firm 2 has higher evaluation of emission quota at the equilibrium, that is A2>A1, if it isnot less
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efficient than firm 1in production c¢?<c? , and does not receive a higher share of emission quotas

e,<e; . Result 1isa specialized version of Propositionl.

Result 1. Assuming linear demand, constant marginal cost of production, constant emission rate per

unit of output and quadratic abatement costs, a bureaucratic mechanism yields higher output iff e;>e
and 3b z(el. - ej)(pQ - E) < [3b(el. + ej> + 4el.ejp2][p(c e+ b(e_l. - e_j)] :

The possibility that the bureaucratic mechanism dominates competitive trading of emission
permitsis higher, the more redtrictive is the aggregate quota, that is, the smaller the value of pQ -e.
It isaso worth noticing that a bureaucratic mechanism allocating emission quota according to firms
unregulated level of emissions, that is e, =£pg’," assuresthat ¢ '>c/—e <e;. Therefore, such an
allocation of emission quota, makes the second term in the numerator of (17) smaller and thus, it
weakens the possibility that a positive correlation in firms abatement and production efficiency will
result in the dominance of the bureaucratic mechanism.

To provide agraphical illustration of Result 1 we present simulations of the model. The initial
values of parameters are chosen so as to satisfy all nonegativity and other necessary conditions.
Figure 2 illugtrates the difference in industry’ s output between the two regulatory regimes (z axis) as
afunction of firms' difference in abatement (denoted as Ae =e, -, on they axis) and production
technology (denoted as Ac=c?-c¢?! on the x axis). To facilitate clear exposition of the results, we
focus on the region in which firm 2 is less efficient in both abatement and production, that is, when
production and abatement technologies are positively correlated. At Ae=0 and Ac =0 firms have
the same abatement and production technologies and as Ae and Ac increase, firm 1 becomes more
efficient in both abatement and production. To improve presentation, Figure 2 includes the plane
corresponding to zero difference in output, which is presented in solid black colour. Figure 2
illustrates that the difference in industry’s output is negative Q' - Q <0, for arange of parameter
vauesin the areain which firm 2's inefficiency is much more prominent in production rather than in
abatement.

12 Where <1, isthe rate by which the government wishes to decrease emissions.

13 Theinitia values of the parameters used for the simulations are: a=1,500; b=0.20; ¢'=200; e,=0.10; p=0.60; and
£=0.40. Figures 2, 3 and 4 present simulations for the following range of values: 200<c?<500 and 0.10<e,<0.70.
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As noted above the initia distribution of emission quota affects the range of parameters within
which the bureaucratic mechanism results in higher output. In the case presented in Figure 2, the

allocation of emission quotaisinversely related to firms marginal cost of production. When Ac is

Figure 2
Difference in industry s output

large, firm 2's share of emission quotais very small and its marginal abatement cost very high, and
thus its output very low at the bureaucratic equilibrium. When trade of emission permitsis allowed,
acquisition of additional emission permitsleadsto arapid expansion of firm 2's output, which is faster
than the reduction in firm 1's output. However, if emission quotas are allocated equiproportionaly,
transfer of quotas would not have the same effect. In the latter case there is an increase in the range
of parameters for which the bureaucratic regulation results in higher output. Thus, the initial
distribution of emission quotas determines the range of parameter values for which a bureaucratic
mechanism yields higher output than emission permits trading.

We now proceed with the discussion of the welfare effect of emission permits trading. Under
the demand and technology specifications of this section, the welfare difference between the two
regulatory regimesis

Wi-we=(Up pNO'-0)-clg"-q)-clg"-¢")- D7, U"-4%), (18)
where p * andp ¢ denote output prices under the two regulatory regimes. Welfare increases as a result
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of emisson permits trading when industry’ s output increases and the resulting increase in consumer
surplus™ exceeds industry’ s costs incurred in achieving this increase. Substituting the equilibrium

valuesin (18) and making the appropriate simplifications, the welfare differenceis

W’—WC:[A)LZ(OJer +(,)3>+A)L((,)4Ae—m5Ac)]/ml , (19)

whereAx =1'- ¥ and w,, i=1,5 are all positive parameters.” Not surprisingly, the same parameters
that determine the sign of industry’s output difference, are present in expression (19) albeit in one
order higher. Result 2, which isa specid verson of Proposition 2, summarizes the conditions resulting

from expression (19).

Result 2. Assuming linear demand, constant marginal cost of production, constant emission rate per
unit of output and quadratic abatement costs, a bureaucratic mechanism yields higher welfare iff
AX[(&)ZAA +m4)Ae + 5 AN —mSAc]<O.

Although the possibility that output and welfare decrease as a result of emission permits
trading arises in the same region, it is not at all necessary that welfare decreases when output
decreases. Figure 3 presents the smulations of the welfare difference. Welfare increases when
industry’s output decreases, while it decreases for a range of parameters that yield an increase in
industry’ s output (compare Figure 2 to 3).%® This result is explained with the aid of Figure 4 that
reports the difference in industry’s abatement costs, Y -, (4% -4 ).

14 The first term in (18) corresponds to the area under the linear demand p ’(Q -0 ”) +(1/2) (p ‘-p ’)(Q -0 ”).

15  The vdues ae o -36beex?,  w,-3H27b%/e, + 2e)+ 2e,epJ3b(3e, + Be) - 2e,e07,
;=185 ej2[4ei3p4 +9b%e, +6ble; +e)e, pZJ, W, =12beepxla-c;-ph), wg= 4el.ejpx[2(2x + eiejpz) + 3bejJ and
x= 3b(el. + ej) +4e,ep?. Detailed calculations leading to (19) are available by the author upon request.

16 Welfareincreases as aresult of emission permitstrading, when the more efficient in abatement firm isless efficient
in production. This caseis nhot shown in Figure 3.
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Figure 3
Welfare difference

Industry’ s abatement costs increase with industry’ s output. However, the rate of changein
industry’ s abatement costs is greater than the rate of change in industry’s output around the curve
tracing zero valuesin the respective surfaces. As output starts increasing, industry’ s abatement costs
arerisng fast enough to accelerate the decrease in industry’ s profits to alevel higher than the rate of
increase in consumer surplus. After a point, the increase in industry’ s abatement costs smoothens,

inducing asimilar effect on the decrease in industry’ s profits and thus, welfare increases.

E(A it_A ic)

Figure 4
Difference in industry s abatement costs
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VI. Conclusions

We have demonstrated that competitive markets cannot assure the efficient allocation of emission
permits. We have aso showed that a bureaucratic mechanism can be welfare superior to competitive
trading of emission permits in a number of situations. Furthermore, we have proved that a
bureaucratic mechanism could yield higher output relative to competitive emission permits trading.
In deriving these results we focussed on clarifying the intuition behind the excess-trading bias resulting
from oligopolistic behaviour in the product market.

Our results should be seen as cautioning policy makers not to presume that competitive trading
of licenses assures socia efficiency. Our result should not be perceived as arguments against the use
of marketable quota licenses. As the simulations in Section 1V indicate, allowing trade of emission
permits generates, in the mgority of situations, great output and welfare gains. However, policy
makers should be aware of the potential problems so as to reserve some flexibility for their response
when welfare decreasing situations arise. One possible direction of policy makers response is to
restrict the amount of trades based on firms' production efficiency. Clearly, this solution requires a
great deal of information and could have a great cost in forgone welfare-maximizing trades in case
of error. That iswhy we believe that more effort, both theoretical and empirical, should be devoted
in evduating modifications to the unrestricted trading, taking into account the characteristics of the
environment in which the market for quota licenses operates.

Our analysisis close in spirit to Maueg (1990). In his paper, Maueg presumes that trading
of emission permits dways increasesindustry’ s output and explores the possibility that welfare might
decrease as aresult of emisson permits trading. Our paper provides clear proofs supporting Malueg's
intuition. Furthermore, our analysis provides a ssimple, yet thorough, exposition of the workings of
emissions permits trading through the product market, by separating abatement from production costs.
The specific example dong with the smulations provide evidence of the likelihood that welfare might
be adversely affected by competitive trading.

Although our analyss builds around emission permits, the genera forma model we use admits
severd interpretations, and thus, our results have broader consegquences for public policy since they
apply to awide range of government licencing. Consider for example the case that a government uses

quotasto restrict imports of afactor used as an intermediate input in a domestic oligopolistic industry.
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Import quotas are imposed to support domestic production of this factor that is undertaken by
subsidiaries of the final product oligopolists, which exhibit technological differences. Competitive
trading of import quotas will result in transferring quotas towards the less efficient firms. Assuming
Cournot reactions in the fina product market, firms with higher opportunity cost of quotas will
acquire more than the welfare-maximizing number of quotas. If less efficient oligopolists are
associated with less efficient subsidiaries, the possibility arises that competitive trading of import

guotas is welfare inferior to a bureaucratic allocation of input quotas.
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Appendix 1
For positive values of output and abatement per unit of output, the first order conditions of the

constrained profit maximization problem in (2) are,
thERl.i(q iq)-cilg)-a iZqi—)uih i+)uiZqi:O, (A.11)

~a'Z +NZ!=0=M\=a’, (A.12)

along with the regulatory constraint that is binding assuming A'>0. Where A’, the Lagrange
multiplier of the constrained maximization problem, should be seen as the shadow value of firmi’s
emission quota, which at the equilibrium equals firm i’ smargina cost of abatement. The second order
conditions with respect to output require, njl.<0. We aso assume that own effects of output on

marginal profit exceed cross effects,

Q=(Rf ¢ ~aiz h - a h} RS -cf - afz2h?-a®h2)-RHRE> 0. (A.1.3)

This assumption isrelated to conditions for uniqueness of the equilibrium and to reaction
function stability. To avoid complicating the presentation unnecessarily, we consider situations in
which the values of the parameters yield unique and stable equilibria.*’

The regulatory constraint is solved for firm i’ s abatement per unit of output z* as afunction
of ¢ and e,,

z! :g(q i,e_l.). (A.1.4)

The required abatement per unit of output is decreasing in the level of emission quota e, and is
increasing in output ¢ ', i.e.z;<0 and z,>0. Total abatement is also decreasing in the level of
allowable emissions, Z;'<0. Substituting Z (g ;) into firm i’stotal and marginal abatement cost,
yidds 4 "(Z i (q ;e_l.» and a "(Z i (q ;e_l.» . Thus, assuming that the slope of the marginal cost of abatement
is positive @,'>0, anincreasein firm i’ salowable emissions yields a decrease in margina abatement

cost, a,'Z.<0.

17 For aufficient conditions for the existence, uniqueness and stability of Cournot equilibrium see Friedman (1977),
Nishimura and Friedman (1981) and Gaudet and Salant (1991).
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Substituting A’ from (A.1.2) and z’ from (A.1.4) into (A.1.1), firm i's output reaction

function is expressed as afunction of firm i's emission quota,

n=RYg*.q)-c'lg?)-a i(Z i(q i;e_l.))h lgH=0. (A.15)

Appendix 2

Mean value theorem *®

Let f(e) be a continuoudy differentiable real-valued function defined on a convex subset of
Euclidean n-space. Let e and ¢ be two vectorsin this subset. Then, there exists a point e such that,

Af=fle’)-fle)=Ve )e'-¢9), (A.2.1)

where Lf(e’) isthe gradient of fevauated at €, and e"=e“+2(e-¢°) for some 20(0, ). The two vectors
we are interested in are firms holdings of emission quotas at the bureaucratic and the emission
permits trading equilibria, i.e. e =(e;,e,) and e '=(e,+ND*,e,+ND?). The difference in emission
quotafor firmiis Ae, =, -, = ND . Competition in the permits market requires Y -, ND /=0 and
thus, ND?=-ND". It follows that Ae=Ae,=-Ae,. Assuming that firm 2 is less efficient in
abatement than firm 1, implies that the effect on cost and marginal cost of abatement due to the
change in permit holdingsis stronger for firm 2 than firm 1, between e and e/, i.e. a 2Zf<a 1281
and a/Z’<a,Z}. Thus, firm 2 will be a net buyer of emission permits, ND2>0 and firm 1 will be

anet sdler of emission permits, ND1<0.%

Proof of Proposition 1.

(i) Applying (A.2.1) to 4 =®'le*.e?) yiads

Ag'=diAe, +PsAe, (A.2.2)

where d)"l and ¢; are evauated at some point between the vectors of emission quotas holdings under

18 We adopt the version of the theorem from Brander and Spencer (1983), p. 233.

19 Firm 2 buys emission permitsfor aslong asthe cost reduction generated by the additional emission permits exceeds
the permit price.
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the two regulatory regimes, e ¢ and e . Then, Ag ' =¢. Ae, whered! isthetota changein firmi's
output resulting from changes in both firms' emission quotas due to emission permits trading. The
vaue of d)i isgivenin (6). Assuming that firm 2 isless efficient in abatement relatively to firm 1, it
followsthat firm 2's market share increases, while firm 1's decreases as aresult of emission permits
trading.
(i) Applying (A.2.1) to industry’ s output 0= Z’zl d)i(e he 2> yieds
AQ=0,Ae, +0,Ae, , (A.2.3)
where O, and Q, are evaluated a some point between the vectors of emission quotas holdings under
the two regulatory regimes, e © and e ‘. Then, AQ = Q_Ae, where O, isthetota change inindustry’s
output resulting from changes in both firms' emissions quotas due to emission permits trading. The
value of Q6 is given by (7). The sufficient condition in Proposition 1.(ii),
(nll Tc12>a22 h?> (7522 Tc21>alZ = 0, >0 isderived directly from expression (7). Substituting
for the differences in parentheses yields, (Zpl Py tq (pll —p12>—cl —alzth—alhl>azzeh2
(2172 Pl q (Pzz le) Cz azZ h?-a’h )alz ht.
(i)  For  homogeneous goods, the above condition smplifies to
plasz?h?-a{z!nY) -t +aiztht + a*h})agzh? +[c? v afzlh? +a?h)alZ h >0. Since we
evauateQ, at some point e prior to the completion of emission permits trading, the effect of
emission permits trading on marginal cost of abatement is stronger for firm 2 than firm 1, that is,
af7’<a, 7). Assuming that firm 2's rate of emission is not lower than firm 1's #2>h*, yidds
272h% - a7z h'<0. Assuming that p’<0, the first term is positive and thus, it suffices that
(c22 ra;Zih?+a 2h§>allzel > (cll ra,Z,ht+a 1h11>a22282. Assuming further that marginal cost of
production is nondecreasing, a  sufficient condition for 0,>0, is
2202/ alzth = (v azh? < a?hl) /et + alZht va'hy). QE.D.

Proof of Proposition 2.
Applying (A.2.1) to welfare wiet,e?) yields

AW =W, Ae +W,Ae, , (A.2.4)
where W, and ¥, are evaluated at some point between the vectors of emission quotas holdings

under the two regulatory regimes, e and e ‘. Then, AW =W _Ae, where W, =0W /de isthetota
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change in welfare resulting from emission permits trading. W, is evaluated at some point
e =e“+0(’'-¢*), for some 0¢(0,1). Thus, welfare increases as a result of emission permits
trading, if We(e *)>O. Thevaueof 7, isgivenin (18). Expression (18) yields the sufficient condition

in Proposition 2, that is, pQ, > (c "+a "Zq’)dﬁ +(cj +aquj)¢£ .Q.E.D.

References

Borenstein S. (1988) “On the efficiency of competitive markets for operating licences.” Quarterly
Journal of Economics, 103: 357-385.

Brander J. A. and B. J. Spencer (1983) “ Strategic Commitment with R&D: The Symmetric Case.”
The Bell Journal of Economics, 14: 225-235.

Fershtman, C. and A. de Zeeuw (1996) “ Transferable Emission Permits in Oligopoly.” Manuscript,
CentER, Tilburg University, Netherlands.

Friedman JW. (1977) “Oligopoly and the Theory of Games.” Amsterdam: North Holland Publishing
Company.

Gaudet G. and S. Sdant (1991) “Uniqueness of Cournot equilibrium: New results from old
methods.” Review of Economic Studies, 58: 399-404.

NishimuraK. and JW. Friedman (1981) “Existence of Nash equilibrium in n person games without
quasi-concavity.” International Economic Review, 22 637-48.

Long Ngo van and A. Soubeyran. 1997. “Cost Manipulation in Oligopoly: A Duality Approach.”
Manuscript, Department of Economics, McGill University, Canada

Malueg D. A. (1990) “Welfare consequences of emission credit trading programs.” Journal of
Environmental Economics and Management, 19, 66-77.

Spencer, Barbara J., "Quota Licenses for Imported Capital Equipment: Could Bureaucrats Ever Do
Better than the Market?', Journal of International Economics, 43(1/2), 1-29.

21



