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1. Introduction

There are many cases in which firms acquire a stakeeir rivals that gives them a

share in the profit but not in the decision makefcthose rivals (see Gilo etl., 2006)
These passive investments affect the productionthans the pollutant emissions of the
firms. As a result, partial cross-ownership affettte strategic environmental policy of
governments. However, it is generally assumedtanaiure on the environment that each
firm is owned by a different shareholder (seegicample, Ulph, 1996; Duval and Hamilton,
2002). This paper examines the setting of cooperatnd non-cooperative environmental
taxes set by governmentken there is cross-participation at ownershiplleve

The determination of optimal environmental taxes fteceived considerable attention
in the economic literature analyzing the environm@&igouvian taxation is regarded as a
benchmark according to which under perfect compeatithe optimal environmental tax is
equal to the marginal environmental cost. Howeagmnarkets are not perfectly competitive

it is of general interest to analyze optimal envinental taxes under imperfect competition.

The problem of optimal environmental taxation cdesing a single market and
imperfectly competitive firms was first analyzed Buchanan (1969) and then in Barnett
(1980). They show that for an externality produtgda monopolist, the optimal tax is
lower than the marginal environmental cost. Theinogit tax consists of two parts: a
Pigouvian tax (i.e. the marginal environmental yoanhd a correction part due to the
market power of the monopolist firm. This analyess been extended to consider an

oligopoly market

! For an explanation of why partial ownership aremgnts are formed see Alley (1997). One of theoreas

is that they alter the degree of competition in itgustry (see, for example, Reynolds and Snapf6;19
Farrell and Shapiro, 1990; Malueg, 1992; Onalgt2004; Gilo etal. 2006).

% See Requate (2006) for an excellent survey orighise.

% In this regard see Simpson (1995), KatsoulacosXemhpadeas (1995) and Carlsson (2000). They show
that the optimal tax is not necessarily lower thia® marginal environmental cost. Optimal environtakn
policies have alsdeen analyzed assuming that firms produce diffextett products (see, for example,
Katsoulacos and Xepapadeas, 1996; Lange and Red@®x@; and Fujiwara, 2009), and that private firms

compete with public firms (see Barcena-Ruiz andz@may2006).



The literature on the environment has also analyeategic environmental policy
when there is international trade and firms are erfgctly competitive. Considering
Cournot competition, in this framework Barrett (49%&nd Ulph (1996) show that when
the firms located in each country are domestic-aymational governments set emission
standards such that the marginal cost of abatemelatver than the marginal damage
caused by polluting emissions. Conrad (1993) assuhw firms sell in a third country’s
market and shows that non-cooperative emissionet&s are lower than the tax that would
be set by the governments if they coordinated tpelicies so as to maximize the joint
welfare of the countries. The same result is okethiby Conrad (1996a) and Kennedy
(1994) assuming that firms sells their products isingle market (that includes domestic

consumers) and assuming transboundary polldtion.

The design of environmental policy with imperfecmpetitive polluting industries
has been extended to consider other factors tliltence that policy. In this regard,
Barcena-Ruiz (2006) analyzes whether governmemtfempto be leaders or followers in
environmental policies when transboundary pollutisrassumed.He shows that in the
cooperative equilibrium taxes are higher than i thon-cooperative equilibrium
independently of whether they are set sequentialysimultaneously. In the non-
cooperative equilibrium, both countries set the esaax under simultaneous decisions;
however, under sequential decisions the leaderrgmant in taxes sets a higher (lower)
tax than the follower if transboundary spillovers bow (high) enough.

* This analysis has been extended to consider Berirampetition (see, for example, Conrad, 19960; an
Eerola, 2004). Another branch of the literaturedis the interaction between strategic environnigraicy

and endogenous location of polluting firms (see, ésample, Rauscher, 1995; Markusen, 1997; and
Barcena-Ruiz and Garzén, 2003).

® This paper shows that whether governments prefeetleaders or followers in taxes depends on ¢gee

to which environmental pollution spills over todimag partners. When this overspill is low (high)agh,

taxes are strategic complements (substitutes) amergments set taxes sequentially (simultaneously).



Duval and Hamilton (2002) extend the analysis oditsgic environmental policy to
consider market conditions characterized by varforrss of international asymmettyrhey
find that in the cooperative equilibrium the optirtex under asymmetric-cost oligopoly does
not involve taxes harmonized between countriesgoeernments set different taxes); for other
forms of asymmetry, policy harmonization is optimial the case of unbalanced trade (i.e.
domestic consumption does not equal domestic ptiod)ica net exporting country has an
incentive to raise its tax because a portion of tdee is shifted onto prices, where it
disproportionately affects foreign consumers. Fgemeral distribution of the global consumer
base, they find that the motivation of the domestiantry to capture oligopoly rent for its
firms is countervailed by the desire of the requl&b shift the burden of the tax onto foreign
consumers. As a result, a net exporting (importecm)ntry has an incentive to set higher

(lower) environmental taxes than would be efficiemler cooperatioh.

In this paper we consider partial cross-ownershipich means a factor that
influences the environmental policy of governmewtsich is different from that in the
papers cited above. Under partial cross-ownershgpfiom (firmf) owns a stake in its rival
(firm r), but the control of each firm is exerted by itaimshareholder. In order to simplify
the analysis we assume that each firm owns the g@mentage stake in its rival. Firms
are owned by investors from the country in whichytlare located: firm is owned by
investors from country (i =r, f). We consider that environmental damage is glainal
thus there are environmental spillovers. This mehas the greater the environmental
spilloversare the greater the fraction of pollution from ameintry that spills over to the
other country will be. The purpose of this papertasinvestigate how partial cross-
ownership affects the setting of cooperative and-caoperative environmental taxes by

governments.

® Asymmetries are expressed in terms of consumgtifferent number of consumers in each country),
production (different numbers of firms in each cwyror different production costs), and environnaént
damage (various forms of transboundary pollution).

" In the case of balanced trade and no transbounmtaiytion, the optimal cooperative and non-coofieea
taxes coincide. However, with transboundary palutine net importer of pollution sets a lower taart the

net exporter as an incentive to increase domestiation.



The issue that we analyze in this paper can bstidted by taking the automobile
industry as an example. In this industry thereex@mples of partial cross-ownership of
rivals, e.g. the French firm Renault has formedaatnership with the Japanese firm
Nissan. Renault currently holds a 44.3% equity estakNissan Motor and Nissan Motor
owns a 15% stake in Renault (see www.renault.éomyreover, in advanced countries
governments set environmental taxes to get firmsternalize the damage generated by
their pollutant emissions (see, for example, EuaopEnvironmental Agency, 2007). We

set our model in this context.

We consider first that countries set the envirortiadetaxes that maximize the joint
welfare of the two countries (cooperative taxeBrtial cross-ownership of firms reduces
their productions and emissions, thus providingnaentive for countries to decrease the tax
paid by the firms to avoid an excessive reductibproduction. As a result, firms pay lower
taxes than when there is no partial cross-particpa It should be noted that as
environmental taxes maximize the joint welfareradf two countries, it is taken into account
when setting environmental taxes that the pollueamnissions of each country also damage
the other country. Thus, environmental spilloversrease cooperative taxes and decrease
marginal environmental damage. This implies thaeniironmental spillovers are great

enough, the marginal environmental damage is |taar the tax.

In the non-cooperative case, given that there rategic interaction between
governments when setting environmental taxes, tfiewing effects are present when
environmental damage is local: first, the rent gepteffect, which lowers equilibrium
taxes as each country attempts to gain a compettivantage over the other; second, the

pollution-shifting effect, which raises equilibriunaxes as each country attempts to

8 Another example is the partial acquisition of Wfion by Gillette: Gillette acquired 22.9% of the
nonvoting stock and approximately 13.6% of the d#biilkinson Sword, one of its largest rivals (@#o

etal., 2006); the former is from the U.S.A while thé&éa is from the U.K.

° As firms have market power and their productioncesses damage the environment, when there is no
cross-ownership it is well known (see Barnett, J98tat a tax on pollution emissions reduces the
environmental damage caused by firms but also sahsen to reduce their production further (froneatty
sub-optimal levels). Therefore, environmental taaes below marginal environmental damage to avaid a

excessive reduction of production by firms.



transfer production and its associated pollutiorthi® other. Both the above effects are
influenced by partial cross-ownership. On the oaadh partial cross-ownership reduces
market competition, increasing the profits of ficriitiis means that the incentive to reduce
taxes to capture rents from foreigners, the reptura effect, is weakened. On the other
hand, firms produce and pollute less than whereti®eno partial cross-ownership. As a
result, the incentive to increase taxes to moveyrbon and its associated pollution to the
other country, the pollution-shifting effect, is akened. Thus, countries set a lower tax
than when there is no partial cross-ownership stheerent capture effect dominates the
pollution-shifting effect. When there are transbdary spillovers the incentive to transfer
production and thus pollution to the other counsyweaker than when environmental
damage is purely local. Therefore, transboundaijosprs weaken the incentive of each

government to raise the tax so as to send produatooad.

We next compare cooperative and non-cooperativestaRiven that the rent capture
effect dominates the polluting-shifting effect, whthiere is neither partial cross-ownership
nor environmental damage non-cooperative taxedoaver than cooperative taxes (see
Kennedy, 1994). However, this result changes umpdetial cross-ownership (assuming
that environmental damage is purely local). In eeabntry the tax set in the cooperative
and non cooperative cases decreases with thetbiakés domestic firm has in the foreign
firm. However, the cooperative tax decreases muaa the non-cooperative tax with that
stake since in the latter case the pollution-sigfteffect dominates, which weakens the
incentive to reduce the tax. As a result, the nooperative tax is higher than the
cooperative tax when the stake is high enough. Where are transboundary spillovers
the incentive to transfer production and pollutiorthe other country is weaker. Therefore,
transboundary spillovers weaken the incentive efghvernments to raise the tax so as to
send production abroad. As a result, when trangemynspillovers are great enough the

taxes set by the governments are lower in the ooperative case than in the cooperative



one. This means that when transboundary spilloxergreat enough the cross-ownership
effect is weak enough to raise the taxes set bgokernments above cooperative taXes.

The rest of the paper is organized as follows. i8e@ presents the model. Sections
3 and 4 analyze the environmental taxes set byrgownts in the cooperative and non-
cooperative cases respectively and Section 5 drandusions.

2. The modée

We consider a world market comprising two countdesoted by Jand 2 There is
one firm located in each country and the two finoneduce a homogeneous good whose
production process damages the environment. Fsntocated in country, i=1, 2. There is
free trade and the firms sell their products inweeld market. There are no transportation
costs, and there is no possibility of discrimingtibetween consumers from different

countries.

We assume that there is bilateral partial crossesshp. Firmi owns a; percent of
the stock of firmj, and the latter firm owns; percent of the stock of its rivad;, a; <1/2

(i#j; 1, j=1, 2); thus, each firm has a share in its rivalécision making. In order to

simplify the analysis we assume thata;=a. As firmi owns a percent of the stock of
firm j and (14) percent of its own stock, it chooses the outpuelg, that maximizes (1-
a)m+am. We assume that investors from countrgwn firm i and thus the producer

surplus in this country i€S= (1-a)m+ a =, i%; i, j=1, 2.

The inverse demand function of countiig given by:p = A -2y, i =1, 2, wherg is

the world market price of the good agdis the amount of the good sold in country

19|t can be shown that in the asymmetric case irchviiach firm holds a different percentage of toelsbf
its rival (assuming that firmhhas a lower percentage of the stock of its rikahtfirmr), both countries set a
higher tax in the non-cooperative case if environtalespillovers are low enough, both countriesesktwer
tax in the non-cooperative case if environmentdloy@rs are high enough and, finally, if environmbe

spillovers take an intermediate value, couffitfy sets a higher (lower) tax in the non-cooperatiase.



Therefore, demand from the world market is giventbg following inverse demand

function:p = A—q, — ¢,, wherey,+y, = q,+q,. Let g, denote the amount of the good that

firm i sells on the world market. The consumer surpluimtryi is given by:
CS= (y)% =1, 2. (1)

There is a pollutant associated with the producbbrthe good. Specifically, each
unit of output causes one unit of pollutant emissioHowever, firms have technology

available for abating this pollution. Firms can &bamissions, and so we denoteabthe
abatement level of firm As a result, the total pollutant emission levifion i, g, is: g =

g, — 8. Abating emissions entails a positive cost, amdtttal cost of pollution abatement

is given by:C(a) = k (&)

Firm i pays an environmental tat, per unit of pollution emitted. This tax is set by
government. Therefore, the total taxes collected by goverrimeareT, = t; §. Given that

each firm has to pay an environmental tax perafrpollution emitted, the profit of firmis:
7= (A-4-94-9G-t (-8 —k@)3izjij=1,2 (2)

Firms produce a homogeneous good whose productiooegs causes bilateral

transboundary pollution. The environmental damageountryi is given by**
D, =4 (g +s6)%i=1,2, (3)
where parametet measures the valuation of the environment by gowenti. Parameter

s measures the degree to which environmental potiuspills over to trading partners

(transboundary spillovers). Transboundary spillevacrease with parameterParameter

1 The literature on the environment usually assuthasenvironmental damage is a convex functiorhef t
total pollution level. See, for example, Falk anérdelson (1993), Van der Ploeg and Zeeuw (1992h Ul
(1996), and Barcena-Ruiz (2006).



s varies between 0 and %0 means that damage is purely local aad means that

emissions cause the same damage in the two cauntrie

The social welfare function considered by governmeomprises the consumer and

producer surpluses in country(denoted byCS and PS, respectively) the total taxes
collected by government(T,) and the environmental damage caused by the piioduc

process in country(D;). Specifically, the social welfare function foruwryi is:
W =CS§S+PS+T,-D,i=1, 2. (4)

We consider the following timing. In the first g&a environmental taxes are set
simultaneously. In the second stage the firms gsanabusly choose their output and
pollution abatement levels. We solve the game logkward induction from the last stage of
the game to obtain a subgame perfect Nash equitibriFor the sake of simplicity we

assume thd&=2 and/=2. The main results hold for values of parametensd/ other than 2.
3. Optimal environmental taxesin the cooperative case.

Next we consider the cooperative policy outcomeoted by superscripE. In that
case, the two countries set the taxes that maxith&e joint welfareln the second stage,
firms simultaneously choose the output and abateteeals that maximize their objective
functions. Firmi chooses the output leve], and the abatement leve), that maximize (1-

a)m+ a m. Solving this, we obtain the equilibrium outputiaabatement levels as a function

of environmental taxes:

_ o) ((A-o)d-2a)+t, -2, (1-0a))
B 3-8a +4a?

a=tiigig=12 (5)

From expression (5) we obtain that the output levdirm i decreases with parameter
a, for a given value of andt;. When firmi chooses output leve] it takes into account how
it affects the profit of its rival. Thus, the hightee value of parameterthe lower the output

level of firmi, g, and the higher the output level of fifng. As the effect of parameteron



the own output dominates, the output of the ingudecreases with parameter which
means that cross-ownership reduces market conopetiixpression (5) also shows that

a =t /4, which is just the usual condition that fifrabates pollution to the point where the

marginal abatement cost equals the tax.

Next we solve the first stage of the game. In dtége the taxels andt, are chosen
such that the joint welfare of the two countriéé;+\W,, is maximized. Solving this, we

obtain the environmental tax set by each coutftry:

(€ = 4(A-c)(1-a)(6(-a)+s(2+s)(7-6a)) i1 9 (6)
! 2(33-56a +24a°) +s(2+s)(7-6a)? L

3(1-a) -/23-300 +9a?
6a -7

Let s, = , 0<5,<1. From (6), we obtain the following

result.

Proposition 1. When environmental taxes maximize the joint weldatbe two countries:

. ot° otc OMEDC OMED® -y .
[ <0, >0, <0, <0, MED™>t.~ if and only ifs<s_;
)6a 0s da ds b Y 1SS
C C (of C
iy 907 <o, P o W o W
oa 0s oa 0s

Proof. See Appendix.

Given that in the cooperative case environmeated maximize the joinwelfare of
the two countries these taxes are chosen for @fitgi reasons. We consider imperfectly

competitive firms whose production process gensrgellution that damages the

121t can be seen that environmental taxes are gtcawmplementsati/atj>0) if parametes is low enough

for a given value of parameter in that case, if the tax set in one country rigalis) the tax set in the other
country also rises (falls). For the remaining valwd the parameters, environmental taxes are gtcate

substitutesdti/atj<0); in that case, if the tax set in one countsgsi (falls) the tax set in the other country

falls (rises).

10



environment, so when environmental damage is I&d) and there is no partial cross-
ownership ¢=0), two effects have to be taken into account Baraett, 1980) to explain the
result shown in this proposition: first, the underuction associated with the exercise of the
market power of firms (the underproduction effeat)d second, the fact that in the absence
of environmental policies polluting firms do nottemalize the environmental damage
caused by their pollutant emissions (the polluiernalization effect). Thus, a tax on
pollutant emissions reduces the environmental damagsed by firms but also causes firms
to reduce their production further (from alreadyb-sptimal levels). Therefore, the
underproduction effect dominates and thus environahetaxes are set below marginal

environmental damage (see Figure 1) to avoid aesskee reduction in production by firms.

1
MED,® < t¢
S
/Sm
MED,® > t;€
0 a 0.t

Fig. 1. Comparison of taxes aMED in the cooperative case.

If we now assume that there is partial cross-ownersvhens=0), an additional effect
arises (the cross-ownership effect) that influentbes effects mentioned above. First, for
given taxes, cross-ownership reduces the outpudoktry and thus market competition. As
a result, the underproduction effect (and thusrtbentive of governments to lower taxes) is
strengthened. Secondly, for given taxes, as fiowns a percent of the stock of its rival it
reduces its own production and emissions with patenar. As a result, cross-ownership
weakens the incentive of the countries to incréasdax paid by firm to get this firm to

internalize the damage caused by its pollutant aris. Therefore, the underproduction

11



effect dominates and thug- and MEDS decrease with parameter (0t°/da <0,

OMED®/0a <0). This means that the cross-ownership effect Iswepoperative

equilibrium taxes. Environmental taxes are belowgimal environmental damage (see

Figure 1) to avoid an excessive reduction in pradaody firms.

Finally we also consider that there are transbogndspillovers 6>0). As
environmental taxes maximize the joint welfare be ttwo countries, when setting

environmental taxes it is taken into account timat énvironmental damage suffered by

each country increases with transboundary spilkvEhis means tha" increases with

parametes (dt° /ds>0) and thusMED® decreases with this parametdMEDS /0s<0).
This implies that if parameteris great enoughsgs,), the marginal environmental damage

is lower than the tax; if parameteris low enough the opposite result is obtained (see

Figure 1).

The environmental damage suffered by countrgecreases with botlw and s
(0D /0a <0, aD° /9ds<0). The tax set in country(and thus its abatement level) decreases

with parameterr, which has less effect than the reduction in utgpot level, implying that
its emission level and the environmental damageedse with this parameter. Thus,
environmental damage in the two countries is loth@n when there is no partial cross-
ownership. On the other hand, as the tax set imtopu increases with parametey its

emission level and the environmental damage dexreitls this parameter.

The usual result obtained when there is partiassrownership but there is no
environmental damage is that passive investmentwelea rivals might substantially
lessen competition and thus social welfare (se® @ilal., 2006). This result is also
obtained when we consider global environmental dgmAlthough environmental damage

decreases with parametey as the consumer surplus in courtrgecreases also with this
parameter social welfare decreases with paranmeté\[® /0a <0). On the other hand, as
the consumer surplus in countrgecreases with parametgrsocial welfare decreases with

this parameterq\“ /ds<0).

12



4. Optimal environmental taxesin the non-cooper ative case.

Next we consider the non-cooperative case, dermtetiperscripNC. In the second
stage, firms simultaneously choose the output dalement levels that maximize their
objective functions. Solving these problems we iobéxpression (5). In the first stage of
the game, governments simultaneously set the emmigatal taxes that maximize their
social welfare functions, given by (4). Solvingdbkgroblems we obtain the environmental
tax set by each government:

e - AA-)1-a)(9-16a + 20% +4a° + s(7-20a +120°%) - 4s* (- a))
! 3(34-93x +700? - 4a° -8a®) + s(7 - 6a)((7 - 6a)(1- 2a) - 2s(L-q)) '

i=1, 2. (7)

Lets = (7 - 2@+ 120%) / (8 - &), ands, = (-154 + 54% - 74602+ 47603 - 12004 +
(352216 - 2995948+ 1151132@r2- 263799003+ 4005528@r4- 422438725+ 31426144r6-
1631328@r7 + 5657856r8 - 118272@r° + 112896119 / (4 (125 - 44&+ 60102 - 36403 +

84a4)). From (7) we obtain the following result.

Proposition 2. In equilibrium:

* " NC NC
i) 53 <0, agi >0 if and only if s<g a'\/'%<o if and only if s<s, a'\/'%q)’
a S a <
MEDNSt NS,
oDN¢ aDNC

i) <Oifandonlyifs<gs >0.

i
Jda 0s

Proof. See Appendix.

Given that there is strategic interaction betwegovernments when setting
environmental taxes, when there is neither parialss-ownership nor transboundary
spillovers (i.e. whena=s=0) the result obtained in this proposition is exptd by two
effects: first, the rent capture effect, which lesvequilibrium taxes as each country attempts
to gain a competitive advantage over the othenilateral reduction in the domestic tax rate

13



has the potential to raise net exports and so pethe capture of rent from foreigners); and
second the pollution-shifting effect, which raigegiilibrium taxes as each country attempts

to transfer production and its associated pollutiotihe other country.

If we now consider partial cross-ownershigp>0Q) when there are no transboundary
spillovers 6=0), an additional effect -the cross-ownership affarises that influences the
two effects mentioned above. First, as partial msnership reduces market competition
the profit of firmi increases with parameter This means that the incentive to reduce taxes
to capture rents from foreigners (the rent capéifect) is weakened in country Second,
for given taxes, firm produces and pollutes less than when there isass-©wnership. This
means that the incentive to increase taxes to mentliction and thus its associated pollution
to the other country (the pollution-shifting effert weakened in countiy The rent capture
effect dominates the pollution-shifting effect iounitryi, implying that whers=0 its tax and

the marginal environmental damage decrease wittanmter @ (0t"“/0a <0 and

OMEDN®/da <0).

Finally, we also consider that there are transbanndpillovers $0). In that case,
the greater the value of paramesdas the greater the fraction of pollution from coyn
that spills over to country will be. As a result, the incentive to transfeoguction (and
thus pollution) to the other country is weaker themen environmental damage is purely
local. This means that transboundary spilloverskeeahe incentive of each government

to raise the tax so as to send production abrome $he greater the value of paramstist

the weaker the pollution-shifting effect is. As esult, at"°/0s>0 if and only if s<s."®
However, atiNC/ da <0 for all s since cross-ownership reduces market competiBahas
tN® decreases with parameteif this parameter is high enougr$,), it is obtained that

marginal environmental damage decreases with paeanse (IMED"“/da <0). By
contrast, the marginal environmental damage inegeastrictly with parameters
(OMED"“/9s>0) since governments do not take into account enwiemtal spillovers

when setting their taxes. Finally, and in contsagh the result obtained in the cooperative

13t should be noted that in the cooperative cas&tioperative tax increases strictly with parameter

14



case, marginal environmental damage in the noneratipe case is greater than the tax for
all s (MEDNStNO),

In contrast to the result obtained in the coopesatiase, environmental damage
increases with parameter since neither country takes into account that pb#uting
emissions of its firms also damage the other cguiiitie environmental damage suffered by
the two countries decreases with parametef parameters is low enough <s,) since
marginal environmental damage decreases with thranpeter. Therefore, partial cross-

ownership reduces environmental damage in bothtgesn

Social welfare in countriymay increase or decrease with paramet@ee Figure 2
Specifically, social welfare increases with thisgmaeter ifa is low enough and takes an
intermediate value; in that case, market compatiiad environmental damage decrease
with parametera but as cross-ownership is low enough the redudtioenvironmental
damage has a greater effect on social welfaretlioremaining values of the parameters
social welfare decreases with parametgas, for example, when damage is local). Social

welfare strictly decreases with parameter

1
0.78
Sw
S OV\/iNC
da >0 AW NCE
i <0
Jda
0.11
|
0 022 0.E
a

Fig. 2 Variation of social welfare with parameter

%1t is very complex to analyze how social welfagrigs with parameten (see Appendix), so we made a

simulation using Mathematica to analyze it for eliéfint parameter values.
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We next compare the result obtained when goverrsrszittaxes cooperatively with

that obtained when governments set taxes non-catiypay. This result is illustrated in
Figure 3. Lets'= (-21 + 46r- 24a?+ (359 - 86@r- 224a + 2098y > - 18720 * + 5040°)*?) /
(41 - 85y + 427).

Proposition 3. In equilibrium: tN° >t¢ and DN® < DS if and only ifs<s’, i=1, 2.

Proof. See Appendix.

tic>tiNC

D.C<DNC

*

<
tic<tiNC
DiC>DiNC

0 0108 0.5

Fig. 3. Comparison of environmental taxes.

When each firm has a single owne=(Q) and environmental damage is locstQ)
there are neither cross-ownership effect nor tramstbary spillovers. Thus, the rent capture

effect dominates in the two countries, implyingtteguilibrium non cooperative taxes are

lower than the taxes set in the cooperative ceSe<t").

When there is cross-ownershig ¥ 0) and environmental damage is locaQ), both
t° and t"° decrease with parameter. However, t© decreases more thal'® with

parameter since in the non-cooperative case the pollutioftisy effect dominates the rent

16



capture effect, which weakens the incentive to cedhe tax. As a result, in this cagé is

greater thart® if parameterr is greater than 0.1083 (see Figure 3).

When we also consider that there are transbourggaligvers € > 0) the incentive to
transfer production and pollution to the other douis weaker. Thus, the greater the value
of parameters is, the weaker the pollution-shifting effect isheFefore, transboundary
spillovers weaken the incentive of the governmaémtsise the tax so as to send production
abroad. As a result, when parametés great enouglhs( s') the taxes set by governments
are lower in the non-cooperative case than in tdaperative one. This means that when
transboundary spillovers are great enough the @wes®rship effect is weak enough to

raise the taxes set by the governments above catbgetaxes?

As the taxes set in both countries are higher énctboperative case than in the non-
cooperative case when parametey low enoughg < s'), environmental damage is lower in

the former case. When paramet&s great enough, the opposite result is obtained.

6. Conclusion

There are many cases in which firms acquire a stakeeir rivals that gives them a
share in the profits but not in the decision malohghose rivals. These passive investments
affect the production and thus the pollutant eraissiof the firms. As a result, partial cross-
ownership affects the strategic environmental palicgovernments. This issue has not been
examined by the literature that analyzes the enmental policy of governments. Thus, this
paper examines the setting of cooperative and noperative environmental taxes by

governmentwhen there is partial cross-ownership.

The design of environmental policy with imperfecnetitive polluting industries
has been analyzed considering different types ofmasetries between countries:
sequential decisions on environmental taxes andugforms of international asymmetry.

In this paper we consider a different asymmetrybeh governments. We assume that each

* <" increases with parametersincet;C decreases more thgNC with this parameter.
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firm owns a stake in its rival and that firms avened by investors from the country in which

they are located.

When countries set the environmental taxes thatirma& the joint welfare of the
two countries we find that equilibrium taxes arevéo than when there is no partial cross-
participation. This result is also obtained in tim-cooperative case. However, the effects
that explain these results differ from one caséhwother, since in the cooperative case
taxes are chosen for reasons of efficiency whilgh@ non-cooperative case they are
chosen for strategic reasons. A comparison of aatipe and non-cooperative taxes
reveals that if the stake that each firm has imival is great enough both countries set a
lower tax in the non-cooperative case. If that staklow enough, both countries set a

higher tax in the cooperative case.
Appendix
Proof of proposition 1

Let K =1/(2(33-56a +24a?) +s(2+s)(7-6a)?) . From (6):

o =K(A-c)(2+2s+s*)(1-a)(7-6a), a° =t° /4,
6" =g g =2K(A-c)(1-a)(4-3a),

D° =8K*(A-0)*(1+8)*(L-@)*(4-3a)?,

CS° =K?(A-c)?(2+2s+5%)?(7-6a)*(1-a)?,

WE =K(A-c)*(2+2s+s”)(1-a)(4-3a),

MEDC = 2(1+s)e” =8K(A-c)(1+s)(1-a)(4-3a).
As 0<a<1/2 and 0s<1, it can be shown that:

C
i gi =—4K?(A-c)(2+2s+5%)(s(2+5)(7-6a)* +12(5-9a + 4a?)) <0,
a
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o _ 16K 2(A-c)(1-5)(1-a)(3-2a)(4-3a)(7-6a)) >0,

0s
C
OMaIZDi =-8K2(A-c)(2+4s+3s° +%)(7-6a) <0,
C
aM(;EDI = -8K? (A-0) (4-7a+30F) (s (2 +95)(7-6a)° + 8 (4-70+307))<0,
S

MED® —t¢ = 4K (A-Q) (1-a) (2 - 65(1 - a) - X7 - 6a)) > Oif and only ifs < s™;

i) aa[f =-16K3(A-c)?(L+5)?(2+2s+5°)(1-a)(4-3a)(7-6a) <0,

%:‘16K3(A—C)2(1+S)(l—a)2(4—30')2(3(2+S)(7‘6a)+8(4_7a+3a2))<O’

% =-2K3(A-c)? (2+25+5%) (7-13a+60°) (74-12Q+480” + S(2+5)(7-60)?)) < 0,
—"Cf =-3X3(A-0°(1+9) 2+ B+5) (7-6a)° (1 -a)’ (4 - 3)<0,

oW©
oa

oW©

=-K?(A-c)?(2+2s+s?)?(7-6a) <0,

=-16K%(A-c)’(L+s)(4-7a +3a°)* <0,

Non-cooper ative taxes

LetH =1/ (3 (-34 + 98- 70a°+ 4d°+ 8a”)- s (7 - 6a) (7 - 6a) (1 - 20) + 4s(1 - @)). From

(7) we obtain:

aNc=tN°/4, q"° =H (A-Q (1-0) (-22 + 45x- 16a°- 4a>-s(7 - 2Qu + 12a%) + 4s® (1-q)),
MEDN® = (4H (A- 0 (1 +s) (-13 + 421 - 432+ 14ard)),

DNC =2H?(A-c)?(1+5)? (13- 420 +43a% -14a°)?,

WNC =H? (A-9? (-1+a) (-1260 + 568@r- 9020 >+ 5175z %+ 6560*- 1608r°+ 3200°+ 480’

+ 165* (1-0)° (-4+30) + 853 (28 - 129+ 209r?- 144a®+ 360 + & (846 - 3250 + 4366 °-
225873+ 1600 * + 1360°) + 25(-278 + 1636r- 34510 °+ 312 >- 928q - 248x° + 14409)).
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Proof of proposition 2

Let §= (7 - 2@+ 1202)/(8 - 8a), s, = (-154 + 5AGr- 74602+ 47603 - 12004+ (352216 -
2995948r+ 1151132@2 - 2637990@r3 + 4005528@r4 - 422438725 + 314261446 -
16313280r7 + 565785@r8 - 118272@r° + 112896r19“2/ (4 (125 - 446r+ 60102 - 36403 +
84a4). As 0<a<1/2 and 0s<1, it can be shown that:

Jda 0s

NC
aMA <0, and

)] <0 if and only ifs>s, <0 if and only ifs<s,

OMEDN®
0

MEDNC —tN® =4H (A- 9 (1-0) (-4 + 13r- 1202 + 4a® - s (6 - W +2a?) - 45(1-0)) > O;

.. oDN¢ . aDNC

il L <0 ifand onlyifs<s, ——>0;

) oa y % 0s

- OWNC oW 3 2 6 3 2

ii) <0, = HBA-*(-64° (1-0)°+48° (1-0)* (7 - 2@+ 1207 +S° (54711 -

0s oa
35918Qr+ 1013724r* - 1593336r° + 150308%* - 848448r° + 264384° - 34944r") - 45’ (-
8873 + 56626~ 154896Gr* + 235804r° - 21582(r* + 118632r° - 36176xr° + 4704r") + & (-
23918 + 194865- 728088r*+ 1639680 °- 2435756r* + 2445624r° - 1639936 °+ 702080 " -
173376&° + 18816r°%) + s (-38372 + 310198- 113393L% + 245026@r° - 3431652r* +
3218784r° - 2021328r° + 82208 - 197568r® + 21504 °) - 3 (-1600 + 1380+ 3975Qr” -
181441+ 384556y *- 489708r°+ 408784r°- 229680 ' + 84672r%-18496x° + 1792r'9). Let

sy the value of parametsisuch that the above expression is zero.

Proof of proposition 3

Comparing the taxes and the environmental damag#encooperative and non

cooperative cases we obtain:

i) tNC =t =4KH(A-9 (3-20)°(a-1) (-2 +22r- 34a°+ 120>+ s (-42 + 9 - 48a%) +

& (-41 + 8%r- 42 a?) > 0 if and only ifs< S'.
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i) DNC-DC = 2K*H* (A-9* (L +s° (1-0)* (3- 20) (7 - 60) (2 - 2+ 34ar®- 1203+ & (41 -
850+ 420%) +s (42 - 92r + 48a?)) (25(7 - 60)° (17 - 4Qr + 20a%) + & (413 - 1929 + 30867 -
207603+ 5040%) + 2 (837 - 310@ + 4075x- 21583+ 2760 *+ 720°)) > O if and only ifs< S,
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