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1. Introduction

One of the questions analyzedthg literatureon mixed oligopoly is the decisionby the
government to privatize a public firm (see De Fraja@etbono,1989, 1990; Barros, 1995;
Matsumura, 1998). This literature does not assumeexplicitly that firms pollute the
environment and, thus, the environmental policy ofgbeernmenis not takeninto account
when deciding whether to privatize the public firm or not. On the other handethtureon
the environment analyzeise environmentapolicy of the governmenbut doesnot consider
that thereare public firms competingwith private firms in the product market (seeBatrret,
1994; Markuseret al, 1995, 1997; Ulph, 1996The purpose othis paperis to analyzethe
decision by the government to privatize a public firm wheaitsaboutthe environmentby

choosing an environmental standard to control pollution.

The literatureon mixed oligopoly (seeDe Frajaand Delbono, 1989, 1990) shows that,
when the cost function is convex, the government privatizepublic firm if the numberof
private firms is high enough; when the number of private firms is low enough, the

governmentalways prefers a mixed oligopoly. On the other hand, when firms have a

constant marginal cost of production and the public firm is less efficient than privaté firms,
can be shown that for any number of private firtims,governmenprivatizesthe public firm

if its inefficiency is high enough; this inefficiency dependsimmarginalcostof the public

firm, on the numberof privatefirms andon marketsize2 We considerthis last caseas a

benchmark case.

1 This assumptionis usually employedin the mixed oligopoly literatureto avoid a trivial solution. If the
public firm is more or equally efficient than the private firrtiss public firm would producea quantity such
that the market price equdts marginalcost, resultingin a public monopoly (seePal, 1998; Estrin andde
Meza, 1995). Empirical evidenceshowsboth the superiorefficiency of privatefirms relativeto comparable
public firms (Mueller, 1989; Vining and Boardman, 1992), and the improvementin efficiency after
privatization (Kikeryet al. 1992; Megginsoret al. 1994).

2 \We show this result in Lemmas 4 and 5.



In orderto take into accountthat the governmentfixes an environmentalstandardand
decides whether to privatize the public firmrat, we extendthe Ulph”s (1996) modelwith
the following assumptions. First, there argrivate firms and one public firm that pollutes
environment. Second, the public firm is less efficient therprivate firms. Eachunit of the
good produced, in both the private and public firms, causes onefyotlutant.In orderto
control environmentallamagethe governmentannouncesan upper limit on emissions(an
environmental standard). The producers hawabtiepollution emissionswhich involvesa

positive cost, to comply with this upper limit.

In this framework, the social welfare function comprisesthe consumersurplus, the
producer surplus and the environmental damage. Given thatilitie firm maximizessocial
welfare, the output of industry in the mixed oligopoly is greater thémeiprivate oligopoly.
Therefore the consumersurplusis greaterandthe producersurplusis lower in the mixed
oligopoly than in the private oligopoly. Wherns high, the environmentadamages greater
in the private oligopoly thanin the mixed oligopoly; when n is low, the environmental

damage may be greater or lower.

Taking intoaccountthe aboveresultswe show that whenthe numberof private firms is

low (n({ 1, Z), the governmenprivatizesthe public firm if the latteris inefficient enough;

this inefficiency dependsn the marginalcostof the public firm, on marketsizeandon the

valuation ofthe environmentby the governmentWhenthe numberof privatefirms is high

(n=3) the government always privatizes the public firm.

In this paper we alsshow that whenthe governmentsetsan environmentaktandardhe
rangeof valuesof the parameterdor which the governmentprivatizesthe public firm is
greater than in the benchmark case. In fact, wherhigh, the government alwapsivatizes
the public firm; in the benchmark case, the government only privatizes it when its inefficienc

is high enough.



The paperis organizedas follows. Section2 presentshe model. Section 3 analyzes
whether the government privatizes the public firm when it chooses an environstantkrd
and there is one private firm. Section 4 analyzes the benchmark case and compesetishe
obtainedin this casewith thoseobtainedin the precedingsection.Section5 extendsthe

model by assuming private firms. Conclusions are drawn in section 6.

2. The Model

We consider a single industry made up of two firms producing a homogeneousgeod:
firm is publicly owned, 0, andthe otherfirm is private, 1. If the public firm is privatized
therearetwo private firms competingin the market. The inversedemandfunction for the

homogeneous good is:

p=A-0p- 0y,

wherep is the price of the good amnglis the amount of the good produced by fignx0, 1

We assumethat the private firm hasa constantmarginal cost of productionwhich is
normalized to zero. We also assume that the public firm igfésgnt thanthe private firm;

therefore, if the public firm is privatized theisean improvementn efficiency. The marginal

cost of production of the public firm is constant and eque)where O<c<c = A/4.3

We considerthat eachunit of the good produced,n both the private and public firms,

causes one unif pollutant4 The governmenthasthe environmentaktandardas a decision

variable to control pollution. Thus, to control environmental damage the government

3 In order to eliminate irrelevant cases we assume, without loss of generalits that



announces an upper limit on emissiand;he environmental standard is identical for the two
firms since they produce a homogeneous gaitld the samepolluting technology.The two
producershave technologyavailablefor abatingthis pollutant, and that technologyis the
samefor both firms. If the governmentsetsthe environmentalstandarde and produceri

chooseghe outputlevel gj, produceri hasto abateemissionsy (qg; - €) andthus the total

cost of pollution abatement for firivis: CA = (q; - €$/2,i= 0, 15

When the government sets an environmental stanglgt profit function of firm is:
1 . .
= (A-Gi-¢-a)Gi- 5(Gi-ep i =0 Li#j e =00co=c. 1)

The social welfare function consideredby the governmentcomprisesthe consumer
surplus, CS, the producerssurplus, PS and the environmentaldamagecausedby the

production proces&D. Thus, the social welfare function can be expressed as:
W =CS + PS - ED. (2)

We use a quadratic functional form to measure the environmental damage gendreted

country by the production activity dfie two firms: ED = d(e+e)2/2, d>16 The parameted

measureshe valuationof the environmentby the governmeniand canbe interpretedas the

4 We extendthe Ulph’s (1996) model by consideringone public firm andone private firm insteadof two
private firms.

S The abatement cost function considered in this papepaticularcaseof the more generalfunction: CA;

=k(q; - e)/2. For the sake of simplicity, we assume in the modelkthkbut it can be shown that thesults
of this paper are robust to changes in paranketer

6 We assume that>1 to assure that the pollution abatemlentl is positive. This type of damagefunction
is commonly used in literature and assurteg the environmentaldamageds a convexfunction of the total

pollution level andthat this damages exogenougor consumersSee, for example,Falk and Mendelsohn
(1993), van der Ploeg and Zeeuw (1992) and Ulph (1996).



willingnessto pay to decreasenvironmentadamageby oneunit. As usual, the consumer

surplus isCS= (qg + q1)2/2, and the producer surplus BS=rg+75.

The timing of the gameis the following. In the first stage,the governmentdecides

whetherto privatize the public firm. In the secondstage,the governmentchoosesthe

environmentaktandard. Lastly, in the third stage,eachfirm choosesits output level. We
solvethe gameby backwardinductionfrom the last stageof the gameto obtaina subgame

perfect Nash equilibrium.
3. Environmental standard and the decision whether to privatize

In this sectionwe analyzethe decisionby the governmentto privatize the public firm
when it sets an environmental standard to control pollution. Given thptitiie firm canbe
privatized, there are two possiblecasesin the first stage:a mixed duopoly (denotedby

superscripiM) and a private duopoly (denoted by supersét)pt
3.1. Mixed duopoly

In the third stageof the game, fora given environmentalstandard,the private firm

chooseghe outputlevel, q;, that maximizesits profit function; the public firm choosesthe
output level, qo, that maximizes thesocial welfare function. Solving these problems

simultaneously, we get:

Qo= % (2A—3c + 2e), qlzé(A+c+e)_

7 Given that the emission abatement cost is a convex function, the emission leaehfafim is exactlythe
maximum permitted by the government; that is, the environmental stamdard



It is easy to see thaty/0e=2/5 anddq,/de=1/5. Thus, all else beinggual,an increaseof

the environmental standard raises dggilibrium outputof both firms, but the outputof the
public firm rises more than that of the private filbecausehe formeris more aggressiven
the product market than the latter since its objective function is social welfathasndakes

consumer surplus into account.

In the second stage of tigame,the governmenthooseghe environmentaktandardhat

maximizes social welfare. Solving this problem we obtain the following result.

Lemmal. In the mixed duopoly,in equilibrium, the environmentalstandard, the output
levels of the firms, thprofit of the firms, the environmentadlamage the consumeisurplus

and social welfare are, respectively:

16A-9 .\ 2(5A(1+2d) — 30(2 + 5d)) 5(2A(1+2d) + c(1 + 4d))

e Lo =
=34+ 10a W 17 + 50 1 2(17 + 50l) !
= (16A%(9 + 100 + 100d%) — 96AC(7 + 45d + 50d?) + 45¢2(11 + 64 + 80d2))
8(17 + 5@)2
o (2A%(11 + 30@ + 300d?) + 6AC(49 + 15@ + 2000?) — 3c2(1 — 100G — 20012))
1 4(17 + 5@1)2
oM = 20(16A - a%)? _ (30A(L +2d) - c(19+4ad))2
4(17 +5@)?’ 8(17 + 5@l)2 '

(32A%(1 + 2d) — 36AC(1 + 2d) + c2(25+ 641))

M _—
w 4(17 + 5a)

All else being equal, the government sets a higher standard theth@mearginalcost of

the public firm feM/0c<0) and the lower the valuation of the environment bygtiernment
(0eM/ad<0). On the other hand, social welfare decreasesvith d (0WM/dd<0) and with ¢

(0WM/oc<0). If parameted increaseghe governmensetsa lower standardto protectthe



environment;this reducessocial welfare given that the total output of industry and the
consumersurplusdecreaself parametec increasesthe inefficiency of the public firm is
greater,which implies that the output of industry andthe consumeirsurplusdecreaseAs a
result, the environmental damage (and, thus, the environmental standartigtouwstredto
offset this reductionin the consumersurplus. Given the strong weight of the consumer

surplus in social welfare, social welfare decreases with parameter

3.2. Private duopoly

In the third stageof the game, fora given environmentalstandard firm i chooseghe

outputlevel, g;, that maximizesits profit function. Solving theseproblemssimultaneously,

we get:

qi:AZe,i:O, 1.

In the second stage of tigame,the governmenthooseghe environmentaktandardhat

maximizes social welfare. Solving this problem we obtain the following result.

Lemma 2. In the private duopoly, in equilibrium, the environmental standard, the output leve
of the firms, the profit of the firms, the environmental damage, the consurpéssand the

social welfare are, respectively:

b 5A p_ p_ AALYA) P e A%(23 + 192 + 1929
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All else being equal, social welfare decreases a/{fhWF/0d<0) and the government sets

a higher standard tHewer the willingnessto pay to decrease¢he environmentadamageby

one unit §eP/0d<0).

3.3. Comparison of the results and the decision whether to privatize

In this sectionwe have to solve stageone, i. e. we have to analyze whether the
governmenprivatizesthe public firm or not. By comparinglemmasl and2 we obtain the
following result, which is useful to study the decisionby the governmenton whetherto

privatize.

Lemma3. In equilibrium: ggM>qoP=q4P>qM, qoM +q4M >qoP +q4P, C>CS® and
PS>PSM,

By comparingthe equilibrium outputlevels obtainedn the mixed and private duopolies,
we get thatiyM>qoP=q,P>q4M andggM+q;M>qP+qyP. This is the usualresultobtainedin
the literature on mixed duopoly (see De Fraja and Delbono, 1989, 1990). Given that the
public firm chooses the output level that maximizes social welfare (and, thuscoaisesner
surplusinto account),it is moreaggressiven the product marketthan private firms. As a
result, the public firm produces the higher output level, the private fitheimixed duopoly
produces the lower output levalndthe outputof industryis greaterin the mixed duopoly.

This resultis obtainedalthoughthe abatementostis a convexfunction, which implies that

the total cost of abating pollution paid by the public firrhigher (it is easyto seethat qgM-

eM>qOP-eP).



In equilibrium, the consumer surplus can be writterCab= % (qio + qil)z, I=M, P. Thus,

given that the greater industry output is obtaineithémixed duopoly, the greaterconsumer

surplus is also obtained in this case.

As usualin mixed oligopoly literature,the profit of industry is greaterin the private

duopoly than in the mixed duopolp $>P3Y). This is explainedy threeeffects.First, the
public firm is more aggressivein the product market than private firms, implying that
competitionin the productmarketis greaterin the mixed duopoly. Second,given that the
output of the public firm is higher, its abatement costis® higher. Third, the marginalcost

of the public firm is greater than that of the private firm.

Before analyzing the decision whetheiptovatize the environmentaktandardshosenby

the government in the mixed and private duopolies must be compared.

Proposition1. In equilibrium, the environmentalstandardand environmentaldamageare

lower in themixedduopolythanin the private duopolyif and only if parameterc is greater

2A(1+2d
than g,, where:c, = ﬁ andO<c,<C.

The standard fixed by the government in the private duoglyloes notlependon the

marginal cost of the public firne; howevereM dependsnverselyon parametec. Thus, if

c is low enoughwe havethateM>eP; however,if ¢ is high enoughwe have that eM<eP.

Therefore, only if the public firm igefficient enough(c>c,) the standardsetin the private

duopoly is greater than that set in the mixed duopoly.

10



As we have seeggM+q;M is greater thanyP+q;P; therefore, intuition suggests thae

environmentaktandardn the mixed duopoly shouldbe lower thanin the private duopoly.

But, as proposition 1 shows\ can be greater or lower thaf.

If the marginal cost ofhe public firm, c, is low enough(c<c,), the differencebetween
the output level of theublic firm andthatof privatefirms is greatsincethe inefficiency of
the public firm is low enough; therefoil@Mis greater thacS’. Given the greatweight of

the consumersurplusin social welfare, C3V+P3M is also greaterthan C+PS. As a

result, when parametelis low enoughthe governmensetsa higher standardn the mixed

duopoly (€M>€P) sincethe greatersum ofconsumerand producersurplus permits greater

environmental damage.

If parameterc is high enough(c>c,), the differencebetweenthe output level of the
public firm andthatof privatefirms is low sincethe inefficiency of the public firm is high
enough; thereforethe differencebetweenCSV andCS’ is low. On the otherhand,asc is
high enough,PS is sufficiently greaterthan PSV. As a result, C’+PS is greaterthan

C3a1+P3V and the governmersetsa higher standardn the private duopoly (€M<eP) since

the greater sum of consumer and producer surplus permits greater environmental damage.

In equilibrium, environmentatlamagecan be expresseds: 2d(€)2, i=M, P. Therefore,
environmental damage greaterwhenthe governmensetsa higher standardEDM>EDP if

and only ifeM >eP.
In proposition 1 we have compared the environmental standard dwp$esmgovernment

in the two marketstructuresconsidered However, it remainsto be studied whether the

government privatizes the public firm or not.

11



Proposition2. In equilibrium, the governmeniprivatizesthe public firm whencsz<c<c;

when0 <c < cg the government prefers a mixed duopoly, where:

o 2A(L + 20)(99 + 28814V 3y/187+1094 +160012
5=

),0<c <c,<c.8
275 + 1504 + 204812 B~ a

This propositionshowsthat if parametec is high enough(cz<c<c), the government
privatizes the public firm. However, if parameterc is low enough (0 <c<cp), the
government prefers a mixed duopoly. \&nidentify threezones:zonel (0 <c<cp), zone

Il (cg<c<cy), and zone lli¢, < c<T). In these three zones, as we have sedemmag3,

CM is greaterthanCS’ but PSM is lower than PS’; however,proposition1 shows that

environmentaldamagein the mixed duopoly can be greateror lower than in the private

duopoly EDM<EDF if and only ifc>c).

In order to explain the decision taken by the government it musbteethatif the public
firm is privatizedit changests objectivefunction andthereis animprovementn efficiency
which increasesvith parameter, the marginalcost of the public firm. The changein the
objectivefunction of this firm andthe improvementin efficiency affect the output level of
industry and, thus, the consumerand producer surplus and environmental damage.
Therefore,to explain the decisiontakenby the governmenta comparisonmust be made
between the consumer surplus, the producer surplus and environmental damagevatéhe

and mixed duopolies.

8 |t can be shown that, if the public firm is more inefficient abating pollution thaprivate firm or if the
emissions per unit of output of the public firm are greater than that of the private firmnteof valuesof
parametec for which the government privatizes the public firm is greater than in propogitibtoreover, it
is easyto seethat if we assumethat the governmentchoosesan environmentaltax instead of an
environmental standard the result shown in this proposition holds.

12



In zone 1, as the public firmaximizessocialwelfare andits inefficiencyis low enough,
CM s greater enough th@. Thus, thegovernmentoesnot privatizeit since,although
in the mixed duopoly EDM is greaterthan EDP (sinceeM>eP) andP SV is lower thanP S,

CM s sufficiently greater tha@S’.

The decisiontakenby the governmenin zonell is explainedby the following effects.
First, as we have seen in propositioEDM is greater tha&DP andPSV is lower thanP .
Second, in this zone, &3M decreases witb, CSM is lower in zonell thanin zonel; as a

result, the differencebetweenCSM and CS is low enough. Therefore,the government

privatizes the public firm.

The decisiontakenby the governmenin zonelll is explainedby threeeffects.First, as
we have seen in lemmaB3V is lower thanPS’and PSM decreasewith ¢. Second,as we
have seen in proposition EDM is lowerthan EDP. Third, sinceCS" decreasewith c, the
consumer surplus is lower in this zone than in other zones; thus, the diffoetvweenC S

andCg’ is lower than in zone Il. Given that parametés sufficienlty greaterthe first effect

dominates, and the government privatizes the public firm.

In this sectionwe haveanalyzedthe decisionwhetherto privatize when the government
chooses an environmentthndardo protectthe environmentin the following section, we
shall analyzethe casein which the social welfare function doesnot take in environmental
damage and thgovernmentdoesnot setan environmentaktandardwe denotethis caseas
the benchmark case). We shall then compare the restttmedin the benchmarkcasewith

those obtained in Section 3.

13



4. The decision whether to privatize in the benchmark case

In this sectionwe considerthe samemodel asin Section 2, but with the following
changes. Firstthe profit function of firm i is given by expression(1), assuminghat firms
do not have to abate emissions sitifegovernmentoesnot setan environmentaktandard
(thus,CA=0). Secondly, the social welfafenction consideredy the governmenis given
by expression(2), assuminghat environmentaldamageis not consideredn this function

(thus,ED=0).
The timing of the gameis now the following. In thefirst stage,the governmentdecides
whether to privatize the public firm or ndh the secondstage,eachfirm choosests output

level. Solving this game we obtain the following results.

In the mixed duopoly, in equilibrium, the output levels of the firms, the profit of the

firms, the consumer surplus and social welfare are, respectively:

2 2
qg":A—Zc,qﬁ":c,ng":o,n'f':c%cg\":@,WM:@J,C;

In the privateduopoly, in equilibrium, the output levels of the firms, the profit of the

firms, the consumer surplus and social welfare are, respectively:

]‘@:HE:A_Z CgD:Z_'AZ WP=4_A2

w[>

By comparingthe resultsobtainedin the mixed and private duopolieswe obtain the

following result.

14



Lemmad4. In equilibrium, the governmentprivatizes the public firm if ¢, <c<c; the

government prefers a mixed duopoly ifcG«c,, wherec, = A3 -16) ;/_6) :

This lemma shows that if parameterc is high enough (c,<c<c), the government

privatizes the public firm. However, if parametés low enough (Os< c,), the government

prefers a mixed duopoly. As usu@g' is greaterthanCS’ but PSV is lower thanP <. If

O<c<c, the governmentdoesnot privatize the public firm since, as that firm maximizes

socialwelfareandits inefficiency is low enough,CSM is greaterenoughthan CS, which

offsetsthe lower producersurplus.If ¢,<c<c the governmentprivatizesthe public firm

and, thus, thereis an improvementin efficiency, the producersurplus increasesand the
consumersurplusdecreasesGiven that the inefficiency of the public firm is high enough,
the increasen the producersurplushasa greaterweight thanthe decreasén the consumer

surplus in social welfare.

Next we shall compare proposition 2 with lemma 4 to analyze whether the cddaited
in the benchmarkcasechangewhen weassumehat the governmentsetsan environmental
standardand that the social welfare function also takesin environmentaamagecausedby

firms. We denote this last case as the environmental policy case.

Proposition 3. 0 <c < ¢z both in the benchmarkaseand in the environmentapolicy case

the governmentprefersthe mixed duopoly (zone I"). If cgsc<c, in the first case the

y

government prefers thmixedduopolybut in the secondcasethe governmenprivatizesthe

public firm (zone II). Lately, if, < c<c in both cases the governmentvatizesthe public

firm (zone III").

15



In zonel” the governmentdoesnot privatize the public firm in both casessince, the
inefficiency of this firm is low enough anthus, the consumersurplushasa greaterweight

than the producersurplusin social welfare. In fact,in the environmentalpolicy case,

althoughEDM is greaterthan EDP, the consumersurplus has a greaterweight than the

producer surplus and environmental damage in social welfare.

In zone 1II" the government privatizes the pulflim in both casessince,the inefficiency

of this firm is high enoughand, thus, producersurplushasa greaterweight than consumer
surplusin socialwelfare. In factjn the environmentapolicy case,althoughEDM is lower

than EDP, the producersurplushas a greaterweight in social welfare than the consumer

surplus and environmental damage.

In zonell”, asseenin proposition2, in the environmentalpolicy casethe government
privatizes the public firm. However, as seenin lemma 4, in the benchmarkcase the
governmentprefers the mixed duopoly. In this secondcasethere is no upper limit on
emissionsand, as firms do not haveto pay to abate pollution emissions,the output of
industry is greater than in the firshse(both in the mixed and private duopolies).Thus, the
consumersurplushasa greaterweightin socialwelfarein the benchmarkcasethanin the
environmentapolicy case.Moreover, since the public firm maximizessocial welfare, the
outputof industry andthe consumersurplus are greaterin the mixed duopoly thanin the

private duopoly. Therefore,in the benchmarkcase, the governmentprefers the mixed

duopoly sinceC3M s greater tha€ S which offsets the fact th&SM is lower tharPS. It
must be notedthat, in the benchmarkcase,the social welfare function does not take in

environmental damage.

Now that we have analyzed the decision by the government whether to privejmsblic

firm when there ine privatefirm and onepublic firm, the next stepis to analyzewhether

16



the results of the model change whenasasiderthat the competitionin the productmarket

increases.

5. N private firms

In this section we extend the model of section 2 by assuminthtratare n private firms

(n>2) insteadof one, and onepublic firm that can be privatized. We also assumethat the

marginalcostof the private firms is zero and that the marginal cost of the public firm is

~_—__A
€<= +n -

First we consider the environmental policy casecBmparingthe resultsobtainedin the

mixed and private oligopolies (see Appendix) we obtain the following result.

Proposition 4. In the environmental policy case, in equilibrium, we have that:

i) If n=2 the public firm is privatizedwhen cg, < ¢ <¢,; the governmeniprefersa mixed
duopoly where < cg,.9

i) If n=3 the government always privatizes the public firm.

In order to explain the result obtainedin proposition4, we have to analyzehow the
consumersurplus, the producersurplusand the environmentaldamagechangewhen the

number of private firms increases, in both the private and mixed oligopolies.

When n increasesthe output of industry increasesin both the private and mixed
oligopolies, but more strongly in termer. The explanationof this resultis the following.

We haveseenin propositionl thatwhenn=1, given thatthe public firm maximizessocial

9 The value otg, is shown in the appendix.
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welfare, the outputof industryin the mixed duopolyis greaterthanin the private duopoly.
When n increasescompetitionin the private oligopoly increasesmore than in the mixed

oligopoly and, thus, the output of industry increases strongly in the faaserAs aresult,
whenn increase€ < increases more tha®SV. But it mustbe notedthat, independentlyof

the number of private firm&Mis greater tha€ .

When n increasesgiven that competitionin the product marketincreasesmore in the
private oligopoly than in the mixed oligopoRS’ decreases more th&8M. But it mustbe

noted that, independently of the number of private fifr®! is lower tharPS.

As aresultof the above,whenn increasesCS+PS’ increasesmore than CSM+pPSV:

thus, whem is great enougmg3), EDP is greater tha&DM. Whenn is low enough(n=2),

as shown in proposition 1 for1, theEDP can be greater or lower th&bM.

Now that we have comparedhe consumersurplus, the producer surplus and the
environmental damage in the mixed and privaigopolies,we shall explainthe decisionby
the government whether to privatize. Proposidoshowsthatwhenn is low enough(n=2)
the result of proposition3 holds. This last propositionanalyzeswhether the government
privatizes the public firm or not whaw=1. The resultobtainedfor n=2 is the samethanfor
n=1 since the number of private firms is low enough and, thus, the same effeeits both
casesHowever,it mustbe notedthat, whenn=2, the rangeof valuesof parameterc for

which the government prefers a mixed oligopolioiser thanwhenn=1; the reasonis that,

whenn increasesCS’ increasesmore than CSM. When n is high enough(n=3), the

difference betwee@3SM andCS’ is low. Thus, althoughEDP is greaterthanEDM, asPS’

is great enough thaS\ the government always privatizes the public firm.

18



Next we considerthe benchmarlkcasewhentherearen privatefirms. By comparingthe

results in mixed and private oligopolies (see Appendix) we obtain the following result.

Lemma 5. In equilibrium, in the benchmark case, the government privatizes theipuhbiic

C,,<Cc<C,. However, the governmentprefers a mixed duopoly if c<c,, where

_AR+n—-v¥3+n+n?)
‘m= 2@ E )

m m

Lemmab points out that the main result shownin lemma4 doesnot changewith n.
However,it mustbe notedthat, whenn increasesthe rangeof valuesof parameterc such

thatthe governmeniprefersa mixed oligopoly decreasegdc,,, / on < 0). The reasonis that

whenn increasesthe differencebetweenCM and CS’ decreases, as do#® difference

betweerPS andP3M. The first effect has a greater weight thangbeondand, thus, when
n increasesthe rangeof valuesof parameterc suchthat the governmentprefersa mixed

oligopoly is lower than in lemma 4.

By comparing proposition 4 and lemma 5 the following result is obtained.

Proposition 5. In equilibrium, we have that:

i) When n=2, if0 <c < cg, both in the benchmaréaseandin the environmentapolicy case

the government prefers the mixed oligopolygf< c <c,, in thefirst casethe government

prefers the mixed oligopoly but in the second casgdvernmenprivatizesthe public firm.

Lastly, ifc,, < c <c, the government privatizes the public firm in both cases.

i) Whenn=3, the governmentrivatizes the public firm in the benchmarkcase only if
Cyn < C<C,, while the governmentalways privatizesthe public firm in the environmental

policy case.
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The explanation of the first case of proposition 5, given that the number of fiinates

low enough, is similar to that of proposition 3.

Whennz3, in the benchmarlkcasethe public firm is privatizedonly when parametec is

great enough since the producer surplus has more weight than the cosstphesin social
welfare.However,in the environmentapolicy case,the governmentalways privatizesthe
public firm independentlyof the value of parameterc since the standardchosenby the
governmentaffects the consumerand producersurplus. This result can be explainedby
consideringthe following three effects. First, the consumer surplus is lower in the
environmentalpolicy casethan in the benchmarkcase (in both the mixed and private

oligopolies). Second, the producer surplus is greater in the environrpeliitglcasethanin
the benchmarkcase(in both the mixed and private oligopolies).Third, EDP is greaterthan

EDM in the environmentapolicy case.The secondeffect dominatesthe first and the third
effectsand, thus, in the environmentalpolicy case,the governmentalways privatizesthe
public firm. In the benchmarkcase,there are only two effects since the social welfare
function does not take in environmental damage. The second effect dominates oméyfifst

parametec is high enough; in this case, the government privatizes the public firm.

6. Conclusions

The literature on mixed oligopoly that analyzes the decision by the government wbether
privatizea public firm doesnot assumeexplicitly that firms pollute the environmentand,
thus, the environmentalpolicy of the governmentis not takeninto account.On the other
hand, the literature on trenvironmentanalyzeghe environmentapolicy of the government
but does not consider that thene public firms competingwith privatefirms in the product
market. We fill this gap in literature nalyzingthe decisionby the governmentvhetherto

privatize a public firm when it choosesan environmentalstandardto control pollution. In
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order to carry out this analysis, we assumeftinerearen privatefirms and onepublic firm

that pollute the environment and that, the public firm is less efficient than the private firms.

We show that, whenthe numberof private firms is low enough (n(){1, 2}), the
government privatizes the public firinit is inefficient enough;this inefficiency dependson
the marginal cost of the public firm, on market semed on the valuationof the environment
by the government. When the number of priviatas is high enough(n>3) the government

always privatizes the public firm. We also show that the range of values of the pardaoneters

which the government privatizes the public firm is greater than in the benchmark case.

The result of the model does not depend on whether the government uses an
environmentalstandardas its environmental policy tool. If the governmentuses an

environmental tax instead of an environmental standard the main result of the model holds.
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Appendix

A.l. The environmental policy case

We considerfirst that there are n private firms and onepublic firm. In the mixed

oligopoly, in equilibrium, the environmental standard, the outputs of the fitmegrofits of

the firms, environmental damage, the consumer surplus and social welfare are, respectively

A8+ 7 +n?) —c(8 +n)

M =
S T 8+ 1+ 802 1) + d(4 + 5 + )2 (A1)
v _ 2A(4 + 50 +n?) (1+d +dn) —c(8 + I + 6n“+ N3+ d(8 + n + n?)(1 + n)2)
o = 8 + 17 + 8n%+ n3 + d(4 + 5n + n?)? (A2)
(4+n)(A(1 +n) (1+d +dn) + ¢(n +d(1 +n)?)) .
M = =1,...
i 8+1M+8n*+nd+d(4+5+n2* e (A3)
i = (A—glf'—ncM — )l - S(ab! —eM)?, (Ad)
i = (A—olf—ngM)gM — (M -eM)? i =1,..n, (A5)
whereeM, g} andgMare given by (A1), (A2), and (A3) respectively.
epM = (LH)*(A@B +7n+n?) —c(8 +n)°
2(8 + 17+ 8n%+ n® + d(4 + 5n + n9)?)? (A6)
- (AB+1n+ 7n2+n3) (1+d +dn) —c(8 + N + 2n? + 2d(4 + n)(1 + n)?))*
cs"= (A7)

2(8 + 17 + 8n2+ n3 + d(4 + 5n + n?)?)?
WM =SV +mf! + nriM —EDM, wherec SV, !, iV andEDM aregiven by (A7), (A4),

(A5) and (A6) respectively.

Next we consider that the public firm is privatized and, tthexearen +1 privatefirms.

In the private oligopolyin equilibrium, the environmental standard, the outputs®firms,
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the profits of the firms, environmental damage, the conssom@iusand socialwelfare are,

respectively:
o A4 +n) - A3 +n)(1+d +dn) izon
5+ 50+ n2+d(1+n)(3 +n) 5+ 50+ n2+d(1+n)(3 +n)
P AZ(11 + 1 + 2n2 + 6d(1 + n)(3 +n)2 +3d3(3 + 4n +n2)?) =01
! 2(5 + 5+ 2+ d(1 +n)(3 +n)?)? A
EDP = A%d(4 +n)?(1 +n)? _ A3 +n)%(1+d +dn)%(1 +n)?
2(5 + 5+ n2 +d(1 +n)(3 +n)?)?’ 2(5 + 5+ n2 +d(1 +n)(3 +n)?)?’

p_ AZ(4 +n)(1+d +dn)(1 +n)
2(5+m+n2+d(1+n)(3+)?d)’

It can be shown thav®=WM for C=Cg,, Where:

Cpn = (A(L+d +dr)(40 + 851 + 5812+ 14n3 + n? + d(8 +n)(3 + 4n + n)® —

(32 + 461 + 1602 + 2n3) Y440 + 1251 + 132+ 62n3 + 13n* +n5 +

d(152 + 553 + 7612 + 511n3 + 17€n* +30n° +2n6)+d*(1 +n)3(12 + T + n2))?) /
(40 + 85 + 88n2 + 493 + 12n* +n5 +2d(56 + 17 + 2462 + 18403 +

73n* +14n° +nB)+d*(1 + n)3(3 +n)%(8 + Tn + n?)).

A.2. The benchmark case

It is easy to see that, in timeixed oligopoly, in equilibrium, the outputsof the firms, the

profits of the firms, the consumer surplus and social welfare are, respectively:

gy =A—(1+n),gM =c, ¥ =0, =c?,i =1,...n,
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cgt= A ym- (A9, 1o

It is easy to see that, in the private oligopatyequilibrium, the outputsof the firms, the

profits of the firms, the consumer surplus and social welfare are, respectively:

2 2 2 2
qIP: A , T[F: A 2’C :M,WP:A(L)(:};”)J:O,...H.
2+n (2 +n) 2(2 +n) 2(2+n)
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