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Abstract

The paper considers an oligopolistic industry in which pollution is a by-product of production.
Firms are assumed to have emission permits that restrict the amount that they pollute. These permits
are assumed to be tradeable and the paper discussestare inwhich the sameset offirms
operates both in the product marketvesll as inthe pollution permits market. The paper
demonstrates that in such a structure allowing trade in emission permits is not necessarily beneficial.
In particular it may lead to the choice of inferior production and abatement technologies, it may lead
to a marketequilibriumwith lower output ratesand higher prices andmay result in ashift of

production from a low cost to a high cost firm.



Introduction

Imposing an emissiostandard is aeffective instrumenthat guarantees a reduction of
pollution. The advantages of such an instrument, versussiontaxation, has beeaxtensively
discussed by Baumol and Oates (1988) . The mdifitulty facing policy makers, beyond
determining the optimal levels of emission permits, is to find an efficient mechanism of allocating the
permits. The problem resembles any problem of allocating administjativas Since firms may
differ in their production costs and abatement costgeisas intheir emissionbutput ratios, an
efficient allocation of permits must take all this information into account. However, such information
is usually not available for policy makers.

One of the mechanisms, commonly suggested by practitioneedl @s\@cademics, is not just
to impose a pollution standard but also to provide a market for pollution rights as is already done in
the USA (e.g. Foster and Hahn (1995)). In such kehan emission standard is split into a number
of permits which can b#aded amondirms. Tradeablemissionpermits, as an instrument for
environmental policy, was first introduced by Dales (1968¢ idea behind such a mechanism is that
firms that produce more efficiently may buy permits from less efficient firms and thus may be able to
produce a larger share of the output. Such a switch clearly promotes overall productive efficiency as

the more efficient firm produces a larger share of the total output.

! Emission permits realize the standard right away whereas taxation requires a process of lear-
ning before the target is reached. In inflationary markets, for example, policy makers have to
adjust the emission taxes whereas permits need not be adjusted. Policy makers also have more
flexibility in controlling the extra costs for the firms.
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The implication of tradeable emission permits, however, may crucially depend on the industry
market structure. The argument for efficiency is intuitive in perfectly competitive markets which has
been the main focus of the research so far. In such markets théhptickears the market for
emission permits equalizes the marginal abatement costs (e.g. Montgomery, 1972). This argument,
however, cannot be extended to oligopolistic markets. Moreover, one should distinguish between the
market structure of the product market and that of the market for emission permits. As an example
one may consider the SO pollution in the UK. Oweral. (1992)analyzedhe possible market
mechanisms to control this type of pollution. According to their analysis, which is based on the 1989
situation, the electricity industry accounts for 71 % of ajl SO emssind this industry is dominated
by two firms:NationalPowerand PowerGen. Botlirms have emissiopermits but thespermits
were not tradeable. In discussiting introduction of markets for permits tieportrefers to the
American experience. However, this experienagimnecessarily relevant ése US market for
permits is relatively competitive while the U.K. market for permits would be more concentrated. Our
analysis, of an oligopolistic emission permit market, is more relevant for the European markets than
for the American market.

The focus of this paper is dhe effect of tradeable permits on #wiilibrium in an
oligopolistic market iwhich thefirms that compete in the product markeé the same firms that
trade the emission permits. The permits market, in such a case, has a very special structure in which
there are both a few buyers and a few sellers. We therefore assume that the number of permits that
are traded and the terms of the trade are determined by a bargaining process between the firms. The
bargaining involves only the cash sale of permits without allowing to condition the permits transfer

on output in the product market. Thus collusion via the permits market is prohibited but clearly firms



will usethe permits market to arrive at a favorable equilibrium in the product market. In particular,
permits may serve as a precommitment device through which the industnamaylate the product
market equilibrium.

Since firms negotiate the terms of trade of permits and they are free to determine the money
transfer, theynay easily implement asymmetric equilidhat mayenhance their joint profits. The
firm that gets the small share at this equilibrium can be coateehearlier at the permits trade stage.
The paper considers several cases diffarent levels othe emissionstandard. We show that in
some cases thpossibility totrade permits causes a reduction of industgtput and even a
production shift from a low to a high cost firm. In such a case production cost may increase but the
shift of permits to the high cost firm enables the firms to commit to lower output levels and thus to
a higher price. In such cases we stibat merelythe possibility totrade permits causes further
reduction in pollution beyond the level that is imposed by the combined emission permits. The paper
demonstrates that changing pollution permits is sometimes not an effective policy instrument. That
is, we identify cases in which small changes of permits do not affect overall pollution. The paper also
considerghefirms' choice of abatement technology and shthasmerelythe possibility totrade
emission permits may lead the firms to choose inferior technologies.

In a recent paper Malueg @® analyses an oligopolistic goods market in combination with
a perfectly competitive permits market. Trading emission permits is here characterized as lowering
marginal costs of production. He shows that uneven cost reductions may shift production from low
cost to high cost firms which may be detrimental for industry profits and therefore for welfare, even
though total output and thus consumers' surplus will rise. Von der Fehr (1993) analyses a two-stage

game where two firms first buy permits in an imperfectly competitive permits market and then play



a Cournot game othe goods market. As gimilar type of models, strategic overinvestment in
permits results. Theapermentionsthe possibility of monopolizatiothrough trade ipermits but

does not elaborate much on this issue. Requate (1992) analyses this monopolization on the basis of
a two-stagemodelbut these papers anet consideringthe possibility ofabatement. Sartzetakis

(1995) considers theame situation as Malueg (1990) but models emission ceilings and abatement
costs explicitly. Althouglthe permits market is assumed topeefectly competitive, it is also
assumedhat one duopolisiemands permits artde other onsupplies permits which determines

the equilibriumprice. In thisconstruct it is shown that the market share offithe that is more

efficient in abatement decreases, although under reasonable assumptions welfare still increases. We
differ from this paper by considering a market in which the same set of firms plays in both markets

emphasizing the strategic interaction between the two markets.

1. The Model

Consider a duopolistic market which both firms produce an homogeneogsod. The
demand function is assumed to be linear such thaf p=p -(q +q) where q is the output of firm i and
p is the market price. Productionst isassumed to be linear suitfat ¢ is the constant marginal
cost of firm i.

We assumehatpollution is a by-product of production sutttat the amount gbollution
associated with producing the output level ,a8 We assume that firms have different coefficient
of pollution, e, but thato,<2c;. Furthermore, firms also have the possibility of abatement. We denote

the level of abatement by firm i gs a, and the cost of abatement is assumed to be linear and given by
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vi&. The overall pollution by firm i, denoted hereafter,as d, is therefore

d =0 -a. (1)

In order to reduce pollution, the government adopts a policy of an emission standard e and
a division of this standard between tha firms. Specifically, each firm is givenpermit of &0
which prescribes the upgenit of pollution thatfirm i is allowed to make with,e e = e. Firms that
wish to produce beyond the level p&ehust therefore abate.

Consider now anechanisnthatfirms are allowed to transfer or tell all, orpart, oftheir
emission permitsi.e. to sell their "rights to pollute”. We restrict, however, the sepossible
contracts between tHems to allow onlyfor cashcontracts. Thats, afirm may buy or sell its
emission rightonly for cash. In particular, contracts aret allowed to depend on the quantities
produced or sold by the firms, or on the market price. Clearly allowing firms to contract on quantities
may facilitate collusion irthe product market and, therefore, will be objected by the antitrust
authorities.

We thus consider the following problem. Suppose firms have the emission permits,e and e
respectively and they negotiate a transfer of emission permits. The transfer to firm i is denoted by t
and since there are only two firms t = -t fer. j The transfer of emission permits is accompanied by
a cash transfer, T from frmito firmj,; T =,-T. The mechanism of trade that determines the number
of permits to be transferred and meompanying cash payment is a bargaining bettieetwo
firms. For simplicity we assume the Nash bargaining solution. The final permit that each firm has is
denoted by k and is given by k; = e+t. Giyen (k, thgfirms are engaged in a Cournot type

duopolistic competition in which each firm determines its output and abatement levels.



We consider the subgame perfect equilibrium of the game described above. We first analyze
the duopoly given arbitrary emission permits k. We then analyze the terms of the pollution permits

trade.

1.1 The Duopolistic Game

Consider a Cournot type duopolistic game in which the firms have the emission permits (k,
k). Firm i's objective function is
Max, (p° - (g, + 4,))d — €0 - 7,3
S.t. (2)
o -a <k.
As long asg < k firm i behaves as a regular profits maxangzfirm without the need to abate. The
abatement cost affects the firms's behavior only when its output pollutes beyond its emission permit.
In such a casrm i must abate the surplus ofg - k. In such a range ottput rates the firm's

maximization problem is
Mani(pO—(ql +q2))qi -G _Yi(“iqi _ki) N ()]
The above maximization problem yields the following reaction furfction :

g =(p°-q -¢)/2 if a0 <k
. _ (4)
g =(p —qj—ci—yioci)lz if a.q >k

2This duopolistic interaction is similar to the interaction between firms in which each firm
has a capacity constraint but the capacity may be increased at some cost (see for example Eaton
and Lipsey (1981) and Dixit (1980)).



The reaction functions of the two firms are depictedgnré 1. Given an emission permit for
firm 1, k;, its reaction function is on the uppart of line M M,' as long as,q < k{ At this output
level the reaction function jumps to the lower line as for every larger output level the firm needs to
take into account its abatement cost.

Note thatanypoint in the area ABCDBnay be an equilibrium dhe duopolistic interaction
depending on k and,k . Ifk and k are sufficiently large, the equilibrium will be at C which is the
Cournotequilibriumpoint when pollution is ignored. When the emissions permits are very low the
equilibrium is atpoint Awhich alsamplies lower quantities and a higher price. In order to assure
that in all the above cases both firms produce in equilibrium, we further assumgthalrz(F +¢ -
2¢) for i,j=1,2 and4j.

For every (k ,k) there is a uniquguilibrium inthe duopolistic game. We denote the
duopolisticequilibrium payoffs of firm i asciN(ki,Ig). These payoffs include cost of production and
abatement but exclude the revenues of the sale of emission permits.

It would be useful to obsentaat whenthe equilibrium is onthe linesCB, CD or in the
interior of the area ABCD then no abatement occurs in equilibrium and both firms pollute either at
or below their emission permits. When the equilibrium is at a poititeoline AB or AD at most one
firm abate. When the equilibrium is on the line AB firm 1 does not abatevhen it is on the line AD

firm 2 does not abate. Only in point A it is possible that both firms abate in equilibrium (unless at least



one of the permits is exactly equaktd.).

1.2. Transfer of Emission Permits

Having in mind the effect of emission permits on the product market equilibrium the firms are
engaging in a bargaining game trying to determine which firm will sell permits and what will be the
cash compensation for this exchange. If firms do not trade their emission permits their final payoffs
would be ,(e,,6),7,'(e,e,)). Therefore in discussing the bargaining game between the firms these
profits may be viewed as their outside alternatives or the threat point. We adopt the Nash bargaining
solution as our solution concept for the bargaining game. We are thus looking fork , k, T, T that

maximize the following expressidn.
!,Tl,TzknT(kl, K,) -7mi(e.e) + Tl)(ﬂ:g' (k;, K,) - m5 (e

(5)
=T,
Grk,=e +e

The ability to transfer cash between trens simplifies the abovébargaining game
considerably. The side payments and the assumption of linear preferences implies that the bargaining
set is linear. In such a case the Nbalgaining solution indicateélkat thesurplus will beequally
divided between the players. Thus the solution of the above bargaining game is a simple procedure
of finding the allocation of permits (k , k ), with k #k = e, which maximizes the firms' joint profits

and then identify the transfer T that equally divides the benefit of the permits transfer.

®Note that since we allow for side payments the bargaining set is convex.
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2. The Equilibrium Trade of Permits

The initial permits define a line along which the firms may trade. That is, in every trade the
constraint is that the resulting total emission permit, k +k , must be equal to the overall standard e.
The firms can neither create permits nor give up on permits. The trade in permits may affect several
aspects of the market interactionmmiay change théotal equilibriumoutputand thus affect price,
revenues and therefore allocateféciency. The permitdrademayalso affect market shares and
consequently productive efficiency. Finally, it may affect total abatement cost and overall pollution
as the equilibrium pollution may be less than the permits allow for.

Our analysis will baccording to théollowing procedure. For every initial emission permits
(e,,& ) we will findthe set opossibleproduct markeequilibriathatcan be achieved by trading
emission permits at the second stage and then playing a Cournot type game on the product market.
Once the feasiblset is recognized by tHiems, they willchoose theemission combinatiothat
maximizes their joint profits. Since side payments, in the form of transfer payments for permits, are
allowed in this procedure, firms will arrange the transfer so that the gain from the permit trade will
be evenly divided between them. Note that the even split results from our assumption that both firms
are risk neutral.

It is useful to distinguish among several cases depending on the total initial emission standard,
i.e. the location of the line,q,+cq, = e with respect to the feasitdquilibriaset ABCD. To
illu strate thedifferent forces we first considére two extreme cases. In the first one @maission
standard is verlow. This isour benchmark case as it covéng basic intuition and rationale for

permits trade, namely that firms use this trade to economize on abatement cost. In the second extreme



case the emissiostandard is sdigh that eachfirm has enough permits fwoduce theaegular

Cournot equilibrium output without the need to abate.

Case 1 (Low emission permit&)e; < A, for i=1,2.

When ef; < A for i=1,2, the permits are so ldat firms cannot use trade Emission

permits to change the equilibrium output levels.

Proposition 1:When both firms get low emission permits such thateA for i=1,2, the firm with

the lower cost of abatement, firm i, sellkits pollution permits to its competitor. The cash transfer

is T, = ef; +v)/2. The permit transfer does not change, in such a case, the market output and the
price but firms economize on abatement cost.

Proof Since at; < A for i=1,2, any trade in emission rights will not change the equilibrium point in
the product market game that remains to be point A. The firms, however, may benefit from the trade
by economizing on abatement cost. The best thing to do is to shift all emission rights to the firm that
is less efficient irabatement and to let the maféicient firm do allthe abatement. Theaving in
abatement costesulting from such a shift is g{y;), which bythe Nastbargaining solution is

divided equally between the firms. [ |

The case of lovemission permits illustratebe standard argument faltlowing trade in
permits. Firms with high abatement cost buy the permits from the low abatement cost firms and make
the abatement process mefécient. This casavas smplebecause there was no interdependence

between the permit market and the product market.
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Case 2 (High emission permitsg &, > G for i=1,2.

Assume now that both firms are given high emission permits such that@/i=1,2, where
C, is the quantity firm i produces at the Cournot equilibrium when pollutignased. The imposition
of such emission permits itselbes neitheaffect the market equilibrium nor the overall pollution.

If trade is not allowed, the market equilibrium continues to be at point C.

Assume now that the emission permits are tradeable. Because fertnghk are in fact non-
binding constraints with respect to pollution, firms are not abating and therefore saving on abatement
cost cannot be a reason for trade in permits. Thus, the only reason firms may have for trading is the

possible beneficial effect of trading on the product market equilibrium, i.e. quantities and price.

Proposition 2:When both firms get high emission permits such that>eq for i=1,2,

() the possibility to trade emission wallwayscause a reduction of the overall output and a higher
price

(i) the possibility totradeemissiongeducesthe equilibrium pollution level everbelowthelevel

implied by the permits, i.e. below e +e =e.
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Proof Oncefirms aregiventhe permits e they cdrade thepermits along théne ¢; g o, @, = €.

This line passes above the feasible equilibria area ABCD (see Fifjure 2) . By choosing points along
this line the firms can in fact determine the equilibrium of the market game. One can easily observe
that given the location of the trading lieg),+« 0, = e the firms can choose every point on the lines

BC and DC as their equilibrium point by making the appropriate trade in permits.

Note thatanypoint on [D,C) or [B,C) implies lower overall output and a higher price than
at point C.Similarly note thatany such point represents a lower overall pollut®rel than e. It
remains to be shown that indeed firms would prefer to use the trading mechanism to move from point
C to one of the other feasible equilibrium points.

In case ¢> ¢, a small move from point C towards point B raises total profits. First note that
any such shift implies lower overall output. Since at the Cournot equilibrium firms produce beyond
the monopolylevel that maximizestotal profitssuch a reduction increases ttenbined profits.
Moreover moving along CB implies that production shifts from the firm with the higher production
costs to the firm with the lower production cost. Therefore firms will always trade permits to move

away from point C. |

Note that while proposition 2 considensly the case with,ef > G for i=1,2,anycase in
which the firms have permits along the same trading line will yield the same results. Given a level of
the combinegbermits, efirms choose from the outpabmbinationsthatcan be implemented as

equilibrium output, thene that maximizes total profits. Since the allocation of e between the firms

* Here we use our assumption tiyat 2o;; without such an assumption the feasible line
®,0,+e 0, = € may cross the feasible diamond ABCD.
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does not change the feasible set, firms will choose the same point regardless of the initial division of

e between them.

Corollary. The above analysis indicates that when the imposition of restrictive pollution permits is
politically difficult, one can achieve a reduction in pollution by imposing non-restrictive permits and
then allowing firms tarade those permits. Suchcambination of policytools might be more

acceptable than standard restrictive permits.

So far we have showed that firms will not stay at the Cournot equilibrium point C as moving
towards point B is always profitable. Moreover, one can easily observe that along the [C,B] segment,
joint profits are maximized at point B as firms would like to choose a point as close as possible to the
monopolistic point M in which all production is done by the low cost firm. Firms, however, also have
the option of implementing an equilibrium point on the [C,D] line segment. In such a case there are
two conflicting effects. On the one hand restricgput willincrease joint profitsvhile on the
other hand production is shifted from the low cost to the high cost firm, increasing overall costs of
production. Giverthe possibility of such g@roductiveinefficiency it isimportant toexamine the
circumstances under which the firms, as a result of trade in pollution permits, would choose to shift
output from the low cost to the high cost firm.

Because the slopes of th&o reaction functions armverselyproportional asmall shift
towards point B yields the same output reduction as an identical shift towards point D. On the other
hand if ¢ < ¢ movingowards B will loweroverall production cost. Thus, shift towards B is

superior toany identicakhift towards D. However, it is possible that the firms by moving towards
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D can credibly restrict their output even further than by moving in the other direction. In such a case
they will choose to move towards D.

Let £ be the point on the CM line that represents the same industry output (and revenues)
as point B. Ifg falls tothe left of D (and therefore cannot be reached at equilibrium) the firms will
choose point B as itieldsthe highest feasible profits. ffalls tothe right of D thdirms have a
dilemma. By letting the high cost firm have more of the permits the firms can commit to lower total

output than at point B but at the expense of higher production cost. Specifically,

Proposition 3 Allowing permits trade may lead to production inefficiency as it may cause an output
shift from the lowcost to thehigh costfirm. Such a shifoccurs if one of théollowing situations
occurs:

() O<ac< 2y,0,and Z.a,<b-(F-&}

(i) 2y,e;<a and 2e,<b-(F-4efa-ye))?

where a=p +4c -5¢c andb2 p ;5¢c 44c .

Proof See Appendix. B

One can interpret the conditions in proposition 3 in the following way. In order for the firms
to decide to move from C towards D it first must be fhigtto the right of D so that the firms are
able to restrict output even below the level at B (which is implieddoy< vy ,«;). Secondly, it must
be that such a move is more profitable than moving to the other direction, i.e. that the benefits of a
further restriction of output outweigh the difference in production cost. As we discussed before the

profits from movingowards B depend on howuchthe firms can move to this direction and this
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is governed by ,ca,. The conditions in the proposition require an ugipgt on -y, o, . Subcase (i)

refers to the situation where the point with maximal joint profits lies inside the CD segment so that
the uppefimit on y,0., does not depend on how much further output could be restricted by moving
towards D. However, in subcase (ii) the point with maximal joint profits falls to the left of D so that

the upper limit ory ., depends o ,o.,, which governs the position of D.

The twoextreme cases show the mamechanismghat are at workCombiningthese
mechanisms leads to a myriad of possible outcomes. We will now briefly consider these intermediate

cases.

Case 3 (Intermediate level permit®&t:;, > A for i=1, 2 or both, andx,C, +«,C, > e.

There are several types of intermediate cases that one can consider. We describe these cases
in Figure 3a-3d. Note that in all these cases the emission permits present binding constraints as the
Cournot equilibrium cannot be implemented. Weanily outline the analysis of these cases pointing

out the different possible effects of allowing permits' trade.

Figure 3 about here

Case 3a o,B, +aB,<e,aD,+apD,<eandp C,+a C >e.
In case 3a the permits are sufficiently low so that the Cournot equilibrium point C cannot be

implemented. One cagasilycheck that in such a case thguilibrium pointsthat thefirms can
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implement are on B'B, D'D and on the interior line D'B' (see Figure 3a). Note that in all these points
there is no abatement. Thiems will tradepermits tosupport the point ithis set thatyields the
highest joint profits.

The type of equilibrium we will get in this case depends on the positfowith respect to
D' and D. Iff is on the left of D then like in the previous case the firms will choose to be in point B.
If B is between D and D' then like in the previous case the firms will choose point B or a giiint on
If, however, is on the right of D' then tHems mayalso choose an interior point on D'B' with a
lower output than at point B. Note that, like in proposition 2, wheéson the left of D' the permits
constraint will not be binding as firms will choose an equilibrium point with a pollution level below
the permits. Whef is on the right of D', the possibility to be on the D'B' line implies that the firms
might choose an equilibriuthat yields overall pollution identical to the standard. This distinction is

important because of its implican on the effectiveness of a policy that further lowers the standard.

Corollary. In case 3a the overall pollution level might be insensitive to small changes in the pollution
permits. Wherp is on thdeft of D' a relativelysmallchange in the permits does neith#ect the
market equilibrium nor the level pbllution. Hence, in such a case a policy that lowers the standard

will not be effective in lowering overall pollution .

Note, however, that in the symmetric case when the firms are identical they will choose either

point B or point D. In such a case one can observe that the overall equilibrium pollution is less than

® Such an effect might also hold wifieis on the right of D' but when the firms choose an
interior point on the D'B' line small changes in permits will be effective.
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what the permits allow for and a small reduction in the overall standard will not affect the industry's

pollution®

Case 3bA, <eli,<B;,, A,<eb,<D,ande A +c A >e.

In case 3b the overall standard is somewhat higher than in case 1 but it is sufficiently low so
that every second stage equilibritmaolves abatement by at least one firm. The feasible equilibrium
set, depicted in Figure 3b, is D"AB". At the point D" all the permits are given to firm 2 while at point
B" all are given to firm 1. Ithe symmetriccase, inwhich the two firms areidentical, firms will
maximize joint profits by implementing point A. Any other point implies higher output, and since in
such a pointnarginalrevenue is lower with constamarginalcost of productiorand abatement,
profits will belower than at point A. Observe aldmt everwhenfirms have different abatement
cost, joint profits will still be maximized at point A. But in such a case permits will be transferred in
such a way that all the abatement will be done by the firm that is more efficient in abatement. Note
that at theequilibriumpoint A the totabutputlevel islower than in any other feasible equilibrium
point. If theinitial permits donot implementpoint A, thepossibility totrade permits causes a
reduction in overalbutput. Pollution remains athe overall standard sthat abatement is also
reduced.

In the asymmetric case it is not clear that the firms will indeed choose point A. For example
if c, is sufficientlylarge relative to,c firms mightchoose to move in the direction of B". In such a

case output is shifted towards the firm that is more efficient in production. Because firm 2 must do

® A small change in the parameters will not change this result. It might only determine which of
the corner points B and D the firms will prefer.
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all the abatement on the AB" segment, whereas in point A the firms can have all the abatement done
by the more abatement efficient firm, this move is less likely inygase ,. Note that if production

and abatement costs are Haenebut theemissionoutput ratioc, is larger than,, theanalysis is

similar to the case,c > c . &ach point othe [AB"] line segment total output is larger than in point

A, so it is possible that allowing firms to trade permits implies an increase of overall output. We can

conclude the following.

Proposition 4 Whenthe emissionoutput ratioo is thesamefor thetwo firms and the overall
standard e is such thaf A «ef B, A, < ek <D,, ando(A,+ A) > e, then

() in the symmetric case the possibility to trade pemviltddecrease total industry output, unless the
initial permits already implemepbint A, and lowering theverall standard e witiot affecttotal

industry output but will increase abatement

(i) in case ¢ >¢ ang, < vy, firmswill choose higher total industry output than at point Rif p +

4c, -5G - Fa+ym<O.

(i) in case ¢ >¢ andg, >y, firms will choose higher total industry output than at point A if one

of the following situations occurs:

(@) eA,< 2a(c,-¢)< e, and Ya2(c -£)- &) Y-y )a(A FA)-e)

or

(b) 20(c; - ¢;) > e and Va(e/- A)(4(C,-C) - e - A) > (Y o- v J(a(A + A)-e);

in these cases, depending on the initial permits, the possibility to trade permits may decrease but may
also increase total industry output, and lowering the overall standard may leave total industry output

unaffected but may also decrease output.
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Proof See Appendixa

Example 1

Suppose that’®p =20,¢c =1,¢c =45 1, e = 6.5y, =7.33 andy,= 7.67. It follows that
A = (5,1.67). We are in case iila which means that if the firms are in A they will trade permits such
that output is increased. Maximal joint profits are realized in the feasible equilibrium point (6,1.17).
The firm that is less efficient in abatement, firm 2, is abating now, whereas in point A firm 1 can do
the abatement. By switching abatement to firm 2 in point A the firms loose 1/18 but the joint gain of

moving to point (6,1.17) is 1/4.

It will be clear that similar analysean be carried out for cases 3c and 3d but that the results
will look quite complex. In all these cases the effect of the possibility to trade depends on the initial

distribution of permits as well as on the type of asymmetries. We will only give a numerical example.

Example 2

Suppose that’p =10, ¢ =2, ¢ =y3¢,= 3 andy & ,= 0.1. It follows that C = (3,2), B =
(3.033,1.933), D = (1,3) arftl= (2.933,2.033).
In case the emission standard is high and the firms are in the Cournot equilibrium C then proposition
3i applies which mearthat thefirms will tradepermits suclihatthey end up in @roductmarket
equilibrium point betweefi and D where joint profitaremaximal, namely ipoint (2,2.5).Total
output is lower than in C and the price is higher. Because of our assuampthe relative magnitude

of a; ande, overall pollution is also lower than in C, singe< 2, implies that &, + 2.5x,< 3a,
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+ 20,. Firm 1lowers itsoutput by 1 unit bufirm 2 produces 0.5nit more so that some output is

shifted from the low to the high cost firm. One might expect that the equilibrium will not change when
the emissionstandard is lowered as long as the p(n2.5)remains feasibldyut this isnot true.
Lowering the emission standard might take us to case 3c so that new equilibrium points in the interior
and on the line AB become feasible. In fact the firms make higher joint profits in the point (2.1,2.4),
which yields the same pollution as the point (2,2.5) in case the emission-output ratios are the same.

Note that now some output will be shifted back from the high to the low cost firm.

To summarize, starting with a very high standard, e, and allowing the firms to trade will lead
to lower output, lower pollution, no abatement and sometimes even a production shift from the low
to the high cost firm. Lowering the standard has initially no effect, which means that existing pollution
cannot be reduced in that way. Further lowering the standard, however, either opens up new feasible
equilibrium points, like on the interior @'D' in case3a, ormakesthe previougquilibrium non-
feasible because the standard becomesrict &t this stage, or after further lowering the standard,
equilibrium points in which at least one of the firms ada¢ée®me feasible. In the symmetric case the
firms will choose either B or D anhen B and D are not feasible anymore they choose either B" or
D" until these points coincide with A. Further lowerithig permitswill not change the industry
equilibrium output. In theasymmetriccase each situation has to be analyzed separately and the
outcome depends on the parameter values. Howethenthe standard becomesry low the
equilibrium point is always in A andirms trade permits sathat thefirm that is lessefficient in

abatement gets all the permits.
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3. The choice of abatement and emission technology

So far we have discussed the interaction betwedmrigeunder the assumption that both
abatement cost;, and emission/output ratia, are given. But if we expand our model to include
also the choices of these technologies, we can consider the effect of the possibility to trade pollution
permits on the technologid¢lsat thefirms adopt.Clearly the directncentive to invest in these
technologies is to lower abatement cost. This can be done by lowering the marginal cost of abatement
or by reducing the need to abate by lowering the emission/output ratio. But as we have previously
showed, abatemenbstand emission/output ratio affect threns' equilibriumprofits even when
there is no abatement at all. The set of possible equilibria as well as the terms of the trade in permits
are affected by; ande;. Thus in examining the firms' choices of these technologies one should take
into account their strategic precommitment values.

In order to illustrate the strategic role of the choice of aleatetachnology we consider case
2 in which ed>C for i=1,2 and assume that the firms are symmetric, such that ¢ =¢,=andlhe
firms have tachoose betweetwo types of abatement technologigsindy,, such that,>y, and
we assumehat this choice is costless. The choice of abatement techntddigg place after
observingthe initial emissionpermits ¢ but before theade in these permit&imilarly we can
consider the case in which instead of choogjrigms need to decide (in the same timing) on their

emission/output ratia; with again a choice between a high valyand a low value,.

Proposition 5When the emission permits are sufficiently high then:

() in the stage where firms choose their abatement techngldgir dominant strategy is to choose

21



Y1, 1.€. the inefficient abatement technology; however, the choice of an inferior abatement technology
leads to a lower equilibrium pollution level.

(i) in the stage where firms choose their emission/outputaatioeir dominant strategy is to choose

the higher one which is more polluting; however, now the choice of an inferior emission/ output ratio

leads to a higher equilibrium pollution level.

Proof (i) The firms' choice of abatement technology affects the feasible equilibrium set. By choosing

the technology, firm 1 causes a shift leftward of its full cost reaction function implying that point

D will shift to the left on firm 2's upper reaction function. Similarly, firm 2 by choogjmguses a

shift down of point B. As was previously analyzed, when the firms have the same production cost,

the point that maximizes joint profits is either point B or point D depending on which is closer to the

monopolistic points M and M . Sindke shift left of point D and theshift down of point B both

reflect higher joint profits both firms are better off with such a shift. Note also that without the trade

in permits theequilibriumcontinues to be at point C. Thus the choice ahafficient abatement

technology does not affect the status quo point in the bargaining between the firms but it simply yields

higher joint profits, which are evenly divided between the firms. Since the choice of inferior abatement

technology leads to an equilibrium in which output is lower, it also implies lower overall pollution.
Becausehigh «¢;'s have similaeffects on the f&sible equilibriunset the proof of part (i)

follows the same steps. However, in this case overall pollution goes upgwbamosen instead of

o,, which can be seen as follows. The difference in pollution is giver,bye,)(2(0° - ¢)/3 -y (¢,

+ «,)/3) and this is always positivell
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In order to illustrate the other aspectsemhnology choice we consider case 3b in whigh A
<elk,, <B,A <ebk, <D,oA + oA >e, and we further assurtteat,ef <A . If the only
asymmetry between the firms is their abatement and emission technology, the equilibrium will be in
point A and all the abatement is done by the firm with the Igwalote however that the equilibrium
point A itself depends ory(,y,) but we assume for simplicity that the properties above hold for the
all possible realizations of A(,y,). Consider now the case in which the initial abatement costs are
givenbut firms mayinvest in reducing these costs. Since in equilibrium only one of the firms does
all the abatement the incentives the two firms have to invest in a better abatement technology are not
symmetric. Firstnote that iffirm 1 lowers its abatemertost, theequilibrium point A moves
rightward on the reaction function of firm 2. Such a shift increases the profits of firm 1 and lowers
the profits of firm 2 regardless of which firm is doing the abatement. So like in the previous example
the first motivation forchangingthe abatement technologynist necessarily to economize on
abatement cost but to manipulate the equilibrium of the product market. It is important to note that
in such a case the direction of the incentives is to invest in a better technology while in the previous
case we showed that firms are better off with an inferior abatement technology. Since in this case the
firms actually abate in equilibrium, economizing on abatement cost serves as another motivation to
reducey;. Butwhile onlyone of theirms does the abatement thevestment othe otherfirm in
abatement technology may be viewed as a waste. Given the mechanism of trade we consider in this
paper, the money transfer in return for any permits trade depends on the abatement cost as it takes
the simple rule of dividing the surplus. In such a case the firm that does not abate has incentives to
invest in abatement technology not necessarily in order to put it to use but in order to be in a better

bargaining position vis a vis the other firm when they negotiate the terms of the trade. That is if the
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firm would have lower abatement cost its payment for the permits will be lower. If we assume, as in
the previous case, thisvestment in abatement technology is costléssincentives tinvest are

always positive. If investments are costly, a positive optimal level of abatement technology will result.

Proposition 6When the emission standard and the cost of investment are sufficiently low, both the

more and the less abatement efficient firm will invest in abatement technology.

Concluding Remarks

Administrative quotas goermits araisually viewed as inefficient poliggstruments. The
common wisdom is thagaome of thanefficiencies may beorrected byallowing trade in those
guotas/permits. The amn point of this paper ishat while this common wisdonmay hold in
competitive markets one cannot automatically extend it to oligopolistic markets. The paper considers
a structure in which both the product market and the permits market are oligopolistic and moreover
both markets have the same players. This structure may also be useful in describing other markets like
the oligopolistic agricultural market in which each producer has productive quotas and these quotas
are tradeable.

Concentrating on oligopolistic markets with tradeable pollution perthigs paper
demonstrates that allowing trade in emission permits is not necessarily beneficial. In particular it may
lead to the choice of inferigsroduction and abatement technologiesndy lead to a market
equilibrium with lower output ankigher prices and it may result in a shift of production from a low

cost to a higltostfirm. This, however, doesotimply that trade irpermits should be banned in
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oligopolistic markets. Onanay combinethe tradeable permits witither policy instruments to
overcome some of the difficulties. For example, a bound on the amount of trade may solve some of

the problems that we have identified.
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Appendix:

The set of feasible equilibria in the product market is given by the diamond ABCD where

C-= (6)

p°-2c,+c, p°+c,-2c,
3 3 '

. ( p0—20l +Cy +Y, 0, po +Cl—202 —2Y2062 ) @)
3 3 '

5 - p®-2c,+c,-2y,a, p°+c, -2c,+y 0, o
= 2 2 . (8)

p°-2c,+C, -2y, 0, +y,0, PO+c -2C,+y, 0, -2y

3 3

(9)

Note that ¢ >¢cimplies C >C, .

Proof of proposition 3

Joint profits on a line through CB are maximized for

o P°-3c, +2c,
O = 5

., G2 =2(c, - ¢C,)

and on a line through CD for
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. p®+2c, - 3c
g =2(c,-¢) , O, = - 2

2

Because £ >c ibllows immediately that B is the best point on the line segment [CB]. On the line
segment [CD], if D< g, < C, the best pointis {q ,q ) and the firms will choose the joint profits at
(g,°,0, ) if these ardnigher than at point BThis situation happens when?(p-c)J4 # (c-c) >
I1(B,,B,), wherdlI(q,,0,) = (8 -(9 +4 ))(9 +g )-G q -¢ gStraightforward calculation proves part (i).

If g,'<D, the best point is D and the firm will choose this point if the joint profits in D are larger than

at B, i.e.Il(D,,D,)>II(B,,B,). Straightforward calculation proves part (il

Proof of proposition 4

Recallthat on AD"firm 1 abates, oMB" firm 2 akates and in A the more abatement efficient firm
abates. Because the emission/output ratgthe same for the two firms, abatement costs are as if
the price is lowered byo.

Joint profits on a line through AD" are maximized for

0
o P -v,o-3c +2c, 0
q; = 3 , G =2(¢ - Cy)
and on a line through AB" for
. p°-vy,a+2c, -3c,

q1*=2(C2—C1) y O = >
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Joint profits on a line through AB" in terms of q are given by -q j4+4(c,-C YtyHpc)74 +y .

In case ¢ >, it follows immediately that A is the Ipesht on the line segment [AD"] but on the line
segment [AB"] it depends. the symmetriccase point A will always be chosen which proves part
(i)

If y,<v,, the same firm abates in A and on (AB"] so that the firms will move towards the right of A
if A .<g, which proves part (ii).

If v,>v,, then firm 1 abates in A whereas firm 2 abates on (AB"].

If A<q, < ek, the maximal joint profits can be reached on (AB"] and the firms will move towards
the right of A if the profit gain (§ - &) /4 outweighs the abatement loss in A given, by Ja(A

+ A, - elr), which proves part (iiia),

If g,> e/, maximal joint profits cannot be reached on (AB"] and then the firms will move towards
the right of A if the profitgain at B"(note that B "=e{) outweighs the abatement loss in A.

Straightforward calculation proves part (iiib)ll
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