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1. Introduction

This paper examines how lobby groups in pluralisocieties affect the determination of
environmental policy when countries are linked tlylo transboundary pollution and their
political support maximizing governments are unataealter prices on the global goods

markets through their policies.

It is widely recognized that environmental polioyrhation is influenced by lobby groups.
Environmental lobby groups are present at inteonali conferences for instance at Kyoto,
Copenhagen or Cancun; they also affect the formomlabf national policies such as
regulation of air or water pollution. While envimental lobby groups advocate stricter
environmental standards, industry associationsnofteby for lower standards in order to
retain competitiveness in international marketsvé&soments seeking to maximize political
support respond systematically to such lobbyifidre resulting equilibrium regulation differs
considerably from the Pigouvian rule, thus creatmgolitically motivated distortion of

environmental policy (Aidt 1998).

Due to the scale of economic activity, pollutioeof spills over to neighboring countries
making national environmental policies relevant fadjacent countries as well.
Transboundary pollution has become a serious cigdl®ver the past decades, especially in
East Asia: In China sulphur oxide emissions inadasy 53% between 2000 and 2006 and
spilled over to Southwest Japan (Lu et al. 201€hikhwa and Fujita (1995) estimate that
China’'s contribution to wet sulphate deposition Japan represent 50% of the total.
Furthermore, anthropogenic NOx emissions over Asige more than doubled since 1985
(Akimoto 2003). This increase in emissions hasteskatmospheric brown clouds. They are
fuelled by emissions of two or more countries i tlegion and affect those countries
negatively. Brown clouds “start as indoor and ootdair pollution consisting of particles and
pollutant gases, such as nitrogen oxides (NOx)bararmonoxide (CO), sulphur dioxide
(SG,), ammonia (NH), and hundreds of organic gases and acids” (Ratimamaet al. 2008).
They affect many small countries. Their hotspots iar East Asia, Indo-Gangetic Plain in
South Asia, Southeast Asia, Southern Africa, arel Amazon Basin. They have severe
environmental impacts as, for instance, they acagdhe meltdown of Himalayan glaciers,

decrease crop yields by as much as 20%, or reswiver 330.000 deaths per year in China

! Cf. Binder and Neumayer (2005) and Fredrikssaal.§2005) for empirical evidence on the politiggfluence
of environmental lobby groups and List and Stur@0@&) on the relative importance of voters and logtyups
for environmental policies of US states.
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and India alone, as their particles cause pulmoiiagsses and chronic respiratory problems
(Ramanathan et al. 2008).

Another example for multi-directional transboundpoflution affecting small countries is
Scandinavian S@©depositions, which are dependent to a high degmethe emission activity
in neighboring countries. While all Scandinavianumiies apply emission taxes, actual tax
rates differ very strongly. Cansier and Krumm (1987d that tax rates in Sweden are three
times higher than in Denmark, which is only padiye to abatement cost differentials and

therefore is hardly explained by welfare-maximizb&havior aloné.

Such transboundary pollution gives rise to a seabstbrtion (in addition to the political
distortion described above), if national environtaémpolicies remain non-cooperative: even
welfare maximizing governments would internalize @ixternalities only to the extent that
they affect their own country (Markussen 1975).,Yeiw do these two distortions interact?
How do politically-motivated, self-interested gomarents set environmental policies in the
presence of transboundary pollution? Governmerggored to lobbying efforts of opposing
lobby groups and at the same time are in a situatfcstrategic interaction with neighboring
governments that are likewise seeking to maximegr tpolitical support. This is the concern

of our paper.

Our study adds to the literature on endogenous@mviental policy. Fredriksson (1997)
analyzes the effects of world price changes andioly on the politically optimal
environmental tax rate. He shows that pollution nrayease in presence of an abatement
subsidy because the pollution tax is reduced dwedbange in lobbying influence. Schleich
(1997) introduces a second policy instrument aralyaes the choice between domestic taxes
and tariffs when the externality is in productionamnsumptiort. Aidt (1998) assumes that
pollution stems from the use of an input rathemtim@oduction and demonstrates how a
politically optimizing government deviates from tls®cial optimum in deciding on its
environmental policy. Fredriksson and Svensson (2003) analyze the sftédnteraction of
corruption and political instability on endogenoessvironmental policy. They show that

political instability has a negative effect on tk&ingency of environmental policy if

2 A related example is the environmental degradatibrihe Baltic Sea: It is affected by fishing, nivee
pollution, and atmospheric nitrogen deposition frdne neighboring states (Helcom 2010). Gren (2001)
demonstrates the inefficiency of uncoordinated mmmnental policy for the Baltic Sea.

% Schleich and Orden (1999) generalize the smah@my case to the large economy setting.

* Hillman and Ursprung (1994) analyze the influentenvironmental concerns on endogenous tradeypddiet
they do not study environmental policy formatioronBmer and Schulze (1997) consider the effect afetra
liberalization on endogenous trade policy.
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corruption is low and a positive effect if corruptiis high. Damania et al. (2003) shiter
alia that the effect of trade liberalization on envimantal regulation is affected by corruption

levels.

These papers use a common agency model to poheagdiitical game that determines
environmental policy. Yet, they do not take intoc@nt the strategic interaction that
governments are exposed to in the internationalaarehen deciding on their environmental
policies. Thus, the environmental policies withincls a framework are determined by
domestic considerations alohé\ notable exception is Conconi (2003) who portrays
large open economies, which jointly determine thide and environmental policies. In her
model, strategic interaction occurs as environngrdkcies alter the world market prices for
the traded goods. When a large country taxes tbeuption of a polluting good, the world
market price rises and as a consequence foreigitugtion and foreign emissions increase
(thus giving rise to ‘emission leakages’). Concehbws that under free trade and in the
presence of strong emission leakages, environmiaithying might actually lower emission

taxes as unilaterally formulated taxes will tendhitrease degradatién.

Our paper deviates from her approach in the assampitat the economies are small on
the globalized world markets and cannot affect @orharket prices through their
environmental or trade policies. While there arantoes that may affect world market prices
for certain goods, or even a range of goods, werelthat the majority of countries do not
have the capacity to influence their terms of tritteugh a choice of policies. Nonetheless,
transboundary pollution remains to be an imporfasiicy issue for a number of countries.
We thus model two small open economies which predagollution intensive good with
pollution spilling over to the other countfyNational governments set their environmental
policies in order to maximize their political suppavhich is composed of voter support and
lobbying contributions. We employ a common agenaydeh developed by Bernheim and
Whinston (1986) and introduced by Grossman and rHaip (1994) in the literature on
endogenous policy formation and assume functionadigecified interest groups

® Strategic interaction in the determination of eammental policy is analyzed in the literature mmsboundary
pollution (e.g. Markusen 1975) and the literature strategic environmental policy (e.g. Barrett 19%oth
strands of literature, however, do not take intooait the political-economic rationale in environma policy
formation. For a comprehensive analysis of theramtion between trade and environmental policyRefuscher
(1997), for surveys of the literature see Raus¢h@n5).

® To our knowledge, apart from Conconi (2003) owrdgtis the only one to address international sgiate
interaction in a model of endogenous environmepaéty.

" We exclude thus environmental regulatiorgtifbal pollutants which can be analyzed only in a muttixatry
setting (cf. Barrett 2003).
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(environmentalists and industrialists). The strategteraction between the countries results
from transboundary pollution — foreign environmémegulation is a substitute for domestic
policy for environmental quality, but it places tharden on foreign rather than domestic
producers. Countries may be structurally differenttheir preferences for environmental
quality and their political process, that is, iretlstrength of lobby groups and in the

importance of social welfare for the governmentgjgzort.

In this framework, we show that politically optinmtalx rates can be either lower or higher
than the tax rates that welfare maximizing govermi@vould set, depending on the relative
strength of the lobby groups and the intensity amedge that is caused by production.
Furthermore, we demonstrate that — contrary tob#mgevolent dictators’ equilibrium — tax
rates can be negative in equilibrium, for one coumtr for both. Countries may actually
subsidize the polluting good rather than tax ite Histortion created by the political process
may exacerbate the damage to the environment. Uhflerent constellations, it may offset
the inefficiency created by strategic interactidribee two governments, thereby leading to a
higher welfare than non-cooperative social planmerald be able to achieve. Our paper is
the first to study the political economy of envineental policy formation for small open
economies in the presence of transboundary pafiuaied thus fills an important gap in the

literature on endogenous environmental policy.

The paper is organized as follows. Section 2 intced the two country model with
transboundary pollution. Section 3 derives the aowkelfare maximum for non-cooperative
governments, which serve as a reference pointiddedt introduces the common agency
approach, derives the politically optimal tax ratlkaracterizes the equilibrium and simulates
it for various parameter constellations, and derieemparative-static results. Section 5

concludes.

2. Transboundary Pollution in a Two Country Model

The model consists of two countries, which prodacgood that creates environmental
pollution. They are small open economies on thedgomarket but are nevertheless in a

situation of strategic interaction, as their patiatspills over to the other country.

2.1 The economy

Each economy has two sectors. The first sectorymesithe non-polluting numeraire gaond
by labor alone. Units are chosen so that the wamldi domestic price for the numeraire good
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equal one. Free trade prevails in both marketsdgqwices are determined on the world
markets. By choice of units, wage rate is normdlizeunity. The second sector produces the
polluting good x with labor and a sector-specific factor, which nen-tradeable and
inelastically suppliedS denotes environmental pollution, which is assunedaffect both

countries equally and to be quadratic in total paticn:

S=B(X + X*)? (1)
The variables is an exogenously given damage coefficient dngK*) is the home (foreign)
production ofx. Foreign country variables are denominated witti.alThe government levies
a tax on each domestically produced unitxain the producer (if home production xfis
positive). The production costs are assumed touaeratic in the produced quantity. Sector-
specific income from the productionfs hence defined as:

NX)=(p—HX - X? 2)
wherep is the exogenously given world market pricexoffechnology exhibits diminishing

returns to scale. We assume that in both countrissproduced by only one firm, which

choosesX to maximize (2):

1
X=3(p -1 ©

Foreign production is obtained symmetrically. Olgly, the countries only produce positive
amounts o¥, if the respective production tax does not exabedvorld market price of good
X. Countries are in a situation of strategic intecacwith respect to their production tax rates

as they affect production and thereby pollutiobath countries.

As we substitut&X from Eq. (3), and symmetricall, into Eq. (1), we obtain pollution
contingent on the tax rates:
B
4
Pollution increases with the world market priced atecreases with the tax rates. Sector

S(t, t)==(2p — t — t*)? (4)

specific  income is derived by substituting Egq. (3)in Eq. (2):
1
H(t)=Z (p — t)? (S)

Sector specific income decreases witivhile it increases with the world market pricetdlo

domestic revenue from production taxe@,)=tX, is:

1
T(©=5t(p - ©)
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7 is redistributed uniformly to all citizens of thespective country.Since an increase in the

world market price leads to a higher productiorXptax revenue increases with the world
market price. However, the effect of an increasehef tax rate is ambiguous. On the one
hand, a higher tax rate leads to more tax incomeipié produced. On the other hand, it leads

to fewer units produced as the productiorXdiecomes less profitable. Hence, tax revenue

increases (decreases) witliff g— t > (<)0.

2.2 Population and Utility Functions

The home country is populated By heterogeneous citizens of three different types:
environmentalists, industrialists, and workeé¥ss normalized to one. All citizens have labor
income. The total amount of labor in each countjyads | . Each individual has the same
share ofl . Let ay be the exogenously given share of environmengalisthe population and
a; (ay) be the share of industrialists (workers). Enviremtalists have disutility from
pollution while industrialists and workers are rwonhcerned with pollution. Environmentalists
and workers derive income from labor only; indwists also obtain specific factor's income
from production of good.

Individual maximization problems are defined asdwk:
Each environmentalist solves:

maxUg = c*+u(c*) —S
cZ,cX

(7)

s.t. 1+1=c*+pc*

z

¢’ is consumption of the numeraire gobp@nd c* is consumption of good. u(c*) is the
concave, differentiable utility function from comsption of x. The utility of all

environmentalists is equally affected by total podin.
Each industrialist solves

max Uy = ¢ + u(c¥)
cZ,cX

I (8)
s.t. |+t4+—=c*+pc*
oq

8 If taxes are negative, all individuals are taxaifarmly. The assumption of uniform redistributiof the tax
revenue is in line with the literature and madesdionplicity reasons. Cf. Aidt (2010) for an anatysif different
refunding schemes.
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The term% in Eq. (8) expresses that sector-specific incosnequally proportioned to all
1
industrialists. Finally, workers solve

max Uy = ¢ + u(c¥)
cZ,cX
(9)

s.t. I|+t=c*+pc*
Since prices are given by the world markets, weaiiabthe following aggregate utility
functions of environmentalists, industrialists, anatkers:

Qe(t,t) = ag[-S+T+1] (10)
Ql(t,t*) =11+ (04} [T + l] (11)
Qwtt") = awlt +1] (12)

The sum of the aggregate utility functions of eachintry is defined as gross aggregate

welfare:

Q)= Qp + O + Q=T+ 141 — S (13)
The termagS represents aggregate disutility of the environmlests from pollution and thus
to the society as a whole. It is the product ofaltgbollution and the share of the
environmentalists. Sector specific income, by astiris independent of the relative size of
industrialists, sincex; merely defines among how many industrialists thetar-specific
income is divided. To obtain gross aggregate welfacontingent on the tax rates — we
substitute Egs. (4), (5), and (6) in Eg. (13). Reagements yield:
p? —t? (t+t*)?
4

+p(p—t—t)|+1 (14)

3. Benevolent Dictators’ Solution

As a reference point for our further analysis, veeive the benevolent dictators’ solution for
tax rates that are set non-cooperativeBach government seeks to maximize its country’s

aggregate welfare.

° We index this solution with ‘BD’ fobenevolentictator.
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3.1 Governments’ Reaction Functions

The domestic government chooseés order to maximize Eq. (14), taking the foretgr rate
as given:
0 t !

SR —app(2p —t—t) —5;0 (15)

Solving Eq. (15) fort gives the domestic government’s reaction functfon positive
production of both firms:

¥BD _ agB(2p —t7) (16)
1+ agf

The reaction function is linear 11, and it is downward sloping. Intuitively, if therkign tax
rate increases, the home country is less affeciedhb negative externality of foreign
pollution and can thus reduce its own tax rate. fdreign country’s reaction function is

isomorphous. For positive values of foreign prothrctt* < p, and thug?? is positive.

Eq. (16) defines the reaction function only forigige production of both firms, hence for
p >t andp > t*. However, we cannot exclude corner solutions. Toegur if one country
produces so large an amount of the polluting gdbdreby producing large quantities of
pollution in both countries, that it is optimal ftive other country not to add to this pollution
by setting a prohibitive tax rate. Any further pibn damage created by own production
would exceed the welfare gains from the profitgofirm.

For instance, if the foreign country sets its taterequal or below a lower threshalfi?*,
it is optimal for the home country to set its owax trate prohibitively high so that its

production becomes zero. Algebraicatf* is derived by setting Eq. (16) equal goand
solving fort*: tEP* = (1 — aiﬂ) p.1° Conversely, if the foreign country imposes a phiihie
E
tax,t* = p, the home country will set a tag>, = f—f”ﬁ, which is derived by setting’ = p
E

in Eg. (16). In other words, if foreign competitimabsent, the home country will optimize

its own production and pollution by setting a styipositive tax rateZ2 .

The domestic reaction function is thus defined by:

19 As t* is strictly positive (cf. the foreign equiteat of Eq. (16)) such a situation can only océurgf >1.
-8-



tpD , for t* > p
(B0 ) BB, fort> <t* <p (17)
p, fort"< thD*

The foreign reaction function is isomorphous.

3.2 Equilibrium

The three types of possible equilibria are depidte@figure 1'* Either one country sets a
prohibitive tax rate and the other country setshiést response tax rateZf, or tZ2r,
respectively) or both countries set non-prohibitiae rates thereby creating an inner solution

with both countries producing the polluting good.

Figure 1: The Equilibrium with Benevolent Dictators

¢ t
At (2) Mt (1) (3)

Panel (1) depicts the situation in which the fomedguntry sets its prohibitive tax rate and the

home country reacts by setting its tax rate equaff,. This situation requires thag” >

tED 12 which amounts to the conditian,* — a; > % Panel (3) depicts the opposite corner

solution with the home country setting the prolveittax withtZ?* > t2P* anday — az* >

%. In other words, corner solutions occur if the gmaal damages from pollution differ

strongly between countries — the country with tighér valuation of environmental quality
introduces a prohibitive tax while the other kegpeducing with a tax rate equal to the

marginal damage from production.

™ In Figure 1, we have assumed thaf >7 andajf>1. If for instancea;f<1, t5° would be negative and
therefore the foreign government would never sptahibitive tax rate. Graphically, the foreign réan curve
would not have a kink af;”* = p, butt5?*(t* = 0) < p. The equilibrium depicted in panel (1) could neise

12 This condition is intuitive and follows from theefihition of these threshold values: Only if thedign
country sets a prohibitive tax rate, which requires t2°, will the home country set its best responseZ3t.
For a corner solution to exist and the reactiorcfioms to intersect at* = p, it is required thatf?, < tfP.

Otherwise an interior solution would result.
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Panel (2) shows the case in which both countriedyme, create externalities from pollution,
and tax their production. It requires that the teountries do not differ too much in their

marginal damage from pollutiofa; — ag*| < %. The more polluting production is (i.e. the

largerp), the more similar the valuations of environmesgah to be for an interior solution.

The interior equilibrium{T'2P, TBP*} is given by the intersection of the reaction fioms
tBP (from Eq. (16)) and®P*, as shown in Figure 1, Panel (2). The domesticgdtx amounts
to

TBD — zaEBp
1+ B ((XE + (XE*)

(18)
TBP* is calculated accordingly.

We can now define the equilibrium for the benevblgictator setting in the following
Proposition.

Proposition 1.

The equilibrium tax rates on production for two faet-maximizing governmentg2?, 750+,

are given by
(D{tiow.p}, for ag” —ag >3
o 1
(TP, 7807} = 3 (D{T™, T2, for g — a’| < 3 (19)
1
B){p.th}, forag — ag* > B
\

with ¢80 = % and TEPdefined by Eq(18).

Equilibrium tax rates are strictly positive.
The equilibrium is unique and stable.

Proof: See Appendix 1m

3.3 Comparative Statics

Comparative static effects of variations in all ggoous variablesaf, a;*, , andp) are

straightforward. An increase im; raisesti’* andtf?,, and it shifts the domestic reaction
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curve (bold line) upwards while the foreign reactimurve (thin line) is unaffectet This is
depicted in Panel 1 of Figure 2 for an inner solutiThe equilibrium shifts from A to B.

The equilibrium shifts to the Northwest: as a copssce, for large enough variations in
ag, an interior equilibrium may change into a coreguilibrium with the home country
setting a prohibitive tax rate. Conversely a cos@ution with the foreign country setting a
prohibitive tax rate may turn into an inner solatioThis follows immediately from
differentiating Eq. (18) w.r.tz;z.** An equilibrium in which the domestic tax rate vedeady

prohibitive remains unaffected.

Figure 2: An increase inag (panel 1) and inf (panel 2)

(2)

t (1)

—

JE—
+BD* +ED™
" Loy

An increase in the damage param@eaisest3P*, tBP tBD 8D+ 15 Thjg js shown in Panel 2
of Figure 2. Qualitatively, the domestic reactiamve shifts, as depicted in Panel 1. The main
difference is that the foreign reaction curve shift the same way. This is intuitive: As the
marginal environmental damage increases in bothntdes, countries raise their best
response tax rates. As a result, the range ofdhgec solutions is enlargened on both ends;
for the interior solution the resulting new equiitbm (at point C) is characterized by higher

foreign and domestic tax rates. Analytically, ttés be seen by differentiating (18) w.Bt.

> 0. The increase aoff”* is not proportional to that

- 9tBD* 9¢BD
3 This is seen from2— = L2 > 0 and>2* = ph .
dag ag? B dag [1+ agp]

of t20 . which implies that the slope of the reaction time changes.

140TBP _ 2pp(1+ap*p) aTBD

aTBD 6TBD
= > 0. Analogously—— > 0, — > 0, and < 0.
dag  (1+flaptag")’ g y 9B op dag*
15 . 6tﬁ,D* _ P 6tllf£, _ agp
For mstanceW = 0 and—aﬁ = g 0.
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4. Interest Based Approach

We now employ a more realistic setting and assumaé governments are self-interested.
More specifically, we assume a common agency frame\iBernheim and Whinston 1986,
Grossman and Helpman 1994), in which governmentsmize a political support function.
The political support function is a weighted sumsotial welfare and contributions offered

by political interest groups.

4.1 The Political Setting

We assume that individuals with similar interestsnf national lobby groups in both
countries and offer campaign contributions to thgovernments. Environmentalists form
environmental lobby groups, industrialists formustty lobby groups while workers do not
organize’® The underlying assumption is that workers are daiy number and cannot

overcome the free-riding problem described by O[d@65).

Let i denote the type of lobby group for environmental antfor industry.a; defines the
fraction of the population that are members of lolsoup i. Each lobby group offers
campaign contribution schedules to their countrysernment denoted by;(t).>” Their
intention is to influence the government’s choi€éemvironmental policy: These contribution
schedules are contingent on the pollution tax satected by the government and reward the
policy choice. Each lobby group’s strategy conswtsa continuous functionl;: T — R,.
Lobby groups offer a monetary paymefit to the government for choosing the tax rate
t € T,T € R. All contribution schedules are assumed to be megative and differentiable
around the equilibrium poir Lobby groups at home and abroad act independérmthy
each other. The foreign pollution tax rate willta&en as given when lobby groups decide on
their lobby schedule.

18 Note that if workers also formed a lobby groupd &ence all individuals were organized in lobbyups, the
tax rates of the political game would equal thedvetent dictator tax rates.

" The offers of campaign contributions are neitloental contracts nor do they have to be explicitip@unced.
We only assume that governments know that thea@ isnplicit relationship between their chosen tates and
the contributions from lobby groups which they expte receive. Campaign contributions should berprieted
broadly as campaign funds, support demonstratmmnbribes, since lobby groups employ differenttsigées to
influence governments, see Conconi (2003).

18 Contribution schedules are not differentiablehié tassumption of non-negativity becomes bindingt i,
when the government chooses a tax rate from wiibdvis thatA; = 0.

19 We follow Grossman and Helpman (1995) who arga tontribution schedules cannot be observed from
abroad and thus have no influence on the decisitade abroad. We may then assume that lobby graips t
foreign policies as given, and decide upon thetigoution schedules before the actual foreignrete is set.
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Faced with the lobby contribution offers, the indaent government selects a pollution tax
rate with the objective to maximize its own po#tievelfare, i.e. the probability of re-election.
The government’s objective function is a weightadnsof average welfare and lobby
contributions. Average welfare is important to government because chances for re-election
depend on the well-being of the general voter tizem. Contributions matter as they can be
used to influence imperfectly informed voters, d@lgough political advertising (Grossman

and Helpman 1995). The home government’s objedtinetion is defined as:

U:ZAi +aQA (20)

whereL is the set of lobby groups, and> 0 is the exogenously given weight that the
government places on aggregate social welfareivelab campaign contributiorf8. The

government weighs the political value of lobbyingds (in terms of votes gained) against
their political cost associated with the loss offare in the determination of the weighting

parameter.

4.2 The Formation of Environmental Policy

The game between the incumbent government andotit®y Igroups has two stages. In the
first stage, the lobby groups simultaneously offeeir campaign contribution schedules,
taking the other lobby group’s strategy as giventhe second stage, the two governments
select their tax rates, which maximize their obyecfunctionsv andv* given the strategic
interaction with the other government, and colléd& corresponding contribution from the
lobby groups in their countrd}. The lobby groups offer contribution schedules cpdting

the optimization calculus of their governmentsha second stage.

4.2.1 General Characterization of the Political Eqlibrium

In the two country common agency setup, the equuiib is characterized by governments
setting tax rates that maximize their respectivitipal support functions, taking the other
country’s policy and their national lobby groupgntribution schedules as given. The lobby
groups maximize their respective utilities, conéingon national policies, by offering feasible

We also disregard the possibility that interestugolobby across the border. For such an analyskdiltman
and Ursprung (1988), Aidt (2005).

% For an analysis that endogenizes the weight ofabagelfare for the political objective function .cf
Fredriksson et al. (2005).

LIt is assumed that lobby groups keep their prosnisel thus make the announced payments.

-13-



contribution schedules to their governments. Tladg the other government’s policy and the
contributions of the other lobby groups in thegpective countries as given.

Applying Lemma 2 of Bernheim and Whinston (1986),Rvoposition 1 in Grossman and

Helpman (1994) to our setup, the equilibrium isrebterized as follows.

Proposition 2:

({A3}ien, {A:3ieL, {TPE,TPC*}) is a Subgame Perfect Nash Equilibrium of the pifuttax
game, if and only if:

(@) A;, A7 are feasible for alf € L;

(b) TP¢ maximizesv on T, and'’?¢* maximizes* on T

(c) TP¢ maximizes2;(t) — A;(t) + v on TV j € L, andT"¢* maximizes;"(t*) —
ATt +vonTVjeEL,

d)Vj € L there exists @~/ € T that maximizes on T such thatl;(t~/) = 0, and

]

Vv j € L* there exists @ /* € T* that maximizes* on T such that;"(t~/*) =
0.

A set of policies{T*¢ TP¢*} and the sets of contribution schedu{els};c;, {A;}ic, are a
subgame perfect Nash equilibrium if conditionst@)d) hold. Condition (a) stipulates that
contribution schedules must be feasible, thahisy must be non-negative and no greater than
the aggregate income available to the lobby groumesnbers. Condition (b) ascertains that
the governments set their pollution tax&§¢}, {T7¢*} to maximize their respective objective
functions{v} and{v"} taking the contribution schedules offered by thaby groups and the
other country’s policy as given. Condition (c) sigtes that the equilibrium tax rate must
maximize the joint welfare of the government andheaf the national lobby groups, given
the contribution schedule offered by the other fogloup. In other words, no lobby grogip
has a feasible strategy other than the equilibstnategy that would lead to an increase in the
joint surplus of the government and the lobby graefpwhich it could appropriate a share.
Condition (d) requires that for every lobby grojipa tax policyt™ exists that gives the
government the same utility as the equilibrium tate T?¢, if the lobby group/ does not
contribute. If no sucht™/ existed, lobby group could increase its welfare by lowering its
campaign bid without changing the government’s ohaf tax policy. This would leave
lobby groupj better off and can thus not be possible in equilib (Bernheim and Whinston
1986). Conditions (c) and (d) ensure that the lofdpgchedule is optimal.

4.2.2 Political-economic Reaction Functions

Next we derive the home government’s reaction foncirom Proposition 2. Conditions (b)

and (c) characterize the optimization calculushefgovernment.
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Condition (b) ZieLE at

0 (22)
and

|
00 oy av o
ot + at =0,vj€eL (22)

Condition (c) P

Egs. (21) and (22) imply that, in equilibrium, edobby group sets its contribution schedule
such that, the marginal utility from a change i taate equals its marginal change in

contribution. Thus each lobby group’s marginal uidity is zero in equilibrium.

% = % VieL (23)
ot ot’
Substituting Eq. (23) into Eq. (21) we obtain tigeiébrium characterization:
00, a0, '
; W + 37 =0 (24)

Next we calculatg;TE and% to derive the politically optimal tax rate as adtion of the
other country’s tax rate and the parameters ofnbdel.%“ is given by Eqg. (15). The lobby

groups’ marginal utilities w.r.t. the tax rate ig.H24) are calculated by substituting Egs. (4),
(5), and (6) in Egs. (10) and (11), and differeimgthem with respect to

= e [pp-t-t)+2(5-1)] (25)
and
%zal(g—t)—%(p—t) (26)

Environmentalists’ marginal utility with respect tftee home tax rate can have either sign (cf.
Eq. (25)). There are two relevant effects. Firdiew the domestic tax rate increases, home

production ofx decreases, and hence pollution decreases. Sedobtaldiax revenue changes

with t and thus the share redistributed to environmestgalit increases i%— t>0 and

decreases otherwise (cf. Eq. (6)). If the enviromt@lésts’ revenue share increases, their

marginal utility with respect to the home tax regaunambiguously positive. Otherwise, the

loss in tax revenue may outweigh the effect of cediupollution — making(fTE negative’?

2 This may happen only for smallbecause a further increase in the tax rate rechmlastion only negligibly
but may reduce the tax revenue significantly agdikérase diminishes.
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Eq. (26) shows that industrialists’ marginal wilifrom an increase irt is strictly
negative: sector specific inconié decreases; tax revenue may increase or decrease (S
above), but an increase can only partially compensaustrialists for the decline in profits as
tax revenue is distributed among all members oktwety.

We calculate the reaction function of the home ¢tgquhy substituting Eqgs. (15), (25), and
(26) in EqQ. (24), and solving it far This yields:

-pe _ aefla+1)(2p —t") — awp
(@t D(agf+1) — 20y

(27)

4.3 The Political-economic Equilibrium

Eq. (27) is derived from the first order condititor a maximum of the political support
function conditional on the value of the foreigx tate. As in the benevolent dictator case,

the reaction function is linear in the foreign teate. The second order condition for an

. . . . 62 .
interior maximum, |.e3—t’2’ < 0, requires that

(a+ 1D (agB+1) — 20y >0 (28)
If condition (28) was violated, the interior soluti given by (27) would characterize a
minimum and hence a corner solution would be ogtidustrialists’ marginal utility would
increase faster asis lowered belowt?¢ than the sum of the weighted marginal welfare, and
the environmentalists’ marginal utility would dease®® It would be optimal for the

government to reduce the tax rate to the minimalarmpossible?*

This corner solution is a degenerate case asrig to conceive that society directs all its
resources from all members of the society by afinitely’ negative tax on production

towards the industrialist sector only to increaatput, profits and environmental degradation

% This is intuitive as Eq. (28) states that the &lisovalues of the second derivative of the envitentalists’
utility function Qg = —ag— %aEﬁ plus the weighted second derivative of the welfanection a 2,,, =

- a(3+ la,;,&’) exceed the value of the second derivative ofrilestrialists’ utility function?, ., = - a; .
2 2 ’ 2

24 While the effective tax rate is bounded from abbyehe value of the price, beyond which produci®aero
and thus a further increase would be inconsequgeatiawer bound exists only to the extent thatrthgative tax
would use up all resources from the society andreedit to the industrial production. When compayi
v (t = p) with v (t - —o0) it is immediately clear that the value of the femeorner solution falls short of the
latter. [Strictly speaking the latter is not aniite, but a finite subsidy with a rate implicittiefined by the gross
resources of all groups.]
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to the maximum extent possife.This is not what we observe and it would require
unrealistic parameter values. We thus exclude timsteresting case by the following

assumption:

Assumption 1 %(a + 1) (agp+1) > aw and%(a* + 1) (ag*B+1) > aw”

Assumption 1 guarantees a stable interior maximunthe political support function

conditional on the value of the foreign tax ratd atable Nash equilibria as shown below.

The sign of the tax rate in Eqg. (27) is ambiguouswhile the denominator is positive
under Assumption 1, the numerator can be positivéiegative. Thus in contrast to the
benevolent dictator case the reaction function pbltical support maximizing government
can take on negative values. Given Assumptione yelaction function is downward sloping

in the foreign tax rate, as in the Benevolent Dataase.

Eq. (27) defines the reaction function only for ipge production of both firms, not for
corner solutions. Analogous to Section 3, we deterthe optimal domestic tax rate for zero
foreign productiontft , by settingt* = p in Eq. (27). This yields

PG _ O(EB(a + l)p — Qwp
low ™ (3 + 1) (agB+1) — 2oy

(29)

The denominator is positive under Assumption 1, thenerator can have either sign:
Contrary to the benevolent dictator cagg,, can take on negative values. A comparison of
(27) and (29) shows thaf’, < 76,

Next we determine the foreign tax rafg*, below which it is optimal for the home country

to introduce a prohibitive tax rate> p.

PG — p @+ 1) [agB— 1] + aw (30)
b agB(a+ 1)
Note thatt;,%* may be positive or negative. The reaction funcisotius defined by
(tfocf,v, for t* > p
tPGz{ PG, forth® <t  <p (31)

| p, for t* < tho*

% Such a degenerate case could occur only if thér@mentalists had little political weight, the paion
damage from production was small, the value of avelfconsideration of the government’s calculus lvas
and if the number of industrialists was smal},(8, a, a; were small).
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wheref?¢ is defined by Eq. (27). Ag.¢, andt/,¢* can have either sign and are not bounded
from below, the ‘interior’ reaction functiof”® may be only in the first quadrant, in the
fourth, first, and second, or not in the first quead at all. Three possible reaction curves are

depicted in Figure 3 belof.

Figure 3: Domestic reaction curves for the politichgame
t

D

Next we analyze the possible equilibria. The slopéshe ‘interior domestic reaction

functiont®¢ and the inverse of the foreign reaction funciitfi—* are

ot agB(a+1)

ot (a+ D(agB+1) — 204y

(32)
ot (@ + D(ag"B+1) — 2ay”
ot ag*B(a* + 1)

By assumption 1, both reaction curves are downwkping. Eqg. (32) shows that the inverse
of the foreign reaction curve can be flatter oepts than the domestic reaction curve, which

implies the possibility of unstable equilibria.

4.3.1 Stable equilibria

*—1
a;t ;. i.e. the domestic reaction function is flatter

We first analyze the case in Whi%}; >

than the inverse of the foreign reaction functidhis is depicted in Figure 4. The line in

%6 The reaction functions are depicted for valpes, a, = 0.06,5 = 5,1 = 1,a = 1 and differ in the value for
ag which takes on the values 0.03, 0.05, and 0.thireaction curves a, b, and c, respectively.
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boldface depicts a selected domestic reaction iiomets shown in Figure Z.The thin lines
show three possible inverse of the foreign reactiorve, which results in three different —
stable — equilibria. In equilibrium A, the domesticuntry sets a prohibitive tax rate= p
and the foreign country sets its best responseshwibit;,,,,. Equilibrium C is the mirror case
in which the foreign government denies productionts country and the home country sets
t =tFS,. These corner solutions A and C correspond toptreels 3 and 1 in Figure 1 of
Section 3. Yet, while in the benevolent dictatosecéoth tax rates are unambiguously
positive, tax rates may (or may not) be negativihepolitical game. The interior solution B
is characterized by both countries producing fiait@ounts of the polluting good. In Figure 4
this solution is depicted with positive tax rates hoth countries; however home and foreign
reaction curves could be positioned very diffengiml the policy space (t, t*) — as shown in
Figure 3 for the domestic reaction function — sattany combination between taxes and
subsidies is possible in the equilibrium. In othleords, it is possible that both countries
subsidize the production of the polluting good battone country taxes the negative
externality while the other country subsidizes it.

Figure 4: Stable equilibria in the political game

\
t*

TA T B C F
t=C
l‘:" C
=B
tTA

The conditions for corner solutions versus innelutsins can be seen in Figure 4 by

IPG tPGvk and fG*.ZS

comparing the values of 3, thS, tRS i

%" For the sake of clarity we selected only one ddime@saction function, but it is clear from Figuge that
depending on parameter values the domestic reafetfanion could lie entirely outside the first quandt or the
downward sloping part entirely inside the first duent. The same is true for the foreign reactiorcfion so that
a resulting interior equilibrium could lie anywhenrethe policy space.

at _ ott "y . .
8 Note that fo'th* > ta—tthe conditiont£Sr < th¢* implies thatt£S, > th¢.
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X=0,X">0 & thas < tho*
XX*>0 o P8 > tF& A FC > th6 (33)
X>0X"=0 & the < the
The three conditions in (33) describe the equdibh, B, C in Figure 4. For instance, for
equilibrium A: £ A4 < th& A. The first line of (33) corresponds with the tatesst = p, t* =

tPS the second line witté"¢, £76*), and the third line witlh = t£¢,,t* = p.

To shed light on the political-economic determisafdr the equilibria A, B, and C and
their position we analyze how the domestic reactimetion shifts in response to changes in
ag, a;, f and a. All derivations are relegated to Appendix 2. Anrgase inag shifts the
domestic reaction function to the Northeast andeiasest;,"* and tf%,. An increasings
shifts the domestic reaction curve upwards in tmes way, however the foreign reaction
curve shifts as well in the described manner sbah@ew inner equilibrium, if it exists, must
lie to the Northeast of the old inner equilibriuihus both shifts are similar to the benevolent
dictator case depicted in Figure 2 (with the exiogpthat they are not confined to the first
quadrant). Increases i anda reducet’,’* and make the reaction curve flatter; they increase
tFS, it ayp<1 and decreases it otherwfSeThe new reaction curve may either be entirely

below the old reaction curve or intersect with it.

4.3.2 Unstable equilibria

We now turn to the case of the foreign reactiorveureing flatter than the domestic reaction

ot ot*1
< .
at* at

curve, i.e. This condition implies that both countries reeaftively strongly in

their tax setting to changes in the other counttggsrate. This case is depicted in Figure 5.
Again the blue line in boldface depicts the donmeséiaction function; the thin red line

represents the foreign reaction function.

? This follows straightforwardly from differentiatin(29) and (30) w.r.z; anda.
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Figure 5: Unstable equilibria in the political game

Now, the reaction curves intersect three times witbrsection B representing an unstable
equilibrium and points A and C representing sta@ioleer solutions. That is, if countries react
relatively strongly to their opponent’s tax settingitial conditions or coincidence decide
about which country will produce the polluting go@dssibly under heavy subsidization, and
which country will not produce the good at all. tliat case it is no longer the political-
economic characteristics of the two countries aleviech decide about the pattern of
production and pollution, but any factor that hapgpto tip the unstable equilibrium to the left
or the right of point B with the consequences bemast radical. A government may heavily
subsidize the production of the polluting good, ebhit would have banned under only
slightly different circumstances. Overall, the pbagy of unstable outcomes makes corner

solutions more likely.

For this case the equilibria can be characterizedlbbws

tow < ty A tigw > tly = X=0,X">0

PGx* PGx* PG PG _ * * * __

PG < PGPS < PG = X =0,X">00rX,X">00r X>0,X"=0 (34
tow > ty A tigw < tiy = X>0,X" =0

The second line refers to the situation depicteligure 5. The comparative static properties
are the same as described above. Note that insreaseanda; will make the reaction curve

flatter, which may turn an unstable equilibriumoirat stable one.

We now turn to the derivation of the equilibriumorFan interior political-economic
equilibrium P¢, TP6*) the ‘interior’ reaction functiong”® andz”¢* need to intersect. From
Eq. (27) and its foreign equivalent follows

aw’[@+ D(agf+1) — 2ay] + (@ + 1)[aw(2 —og'B)—(@+ 1)(1 + B(ag — OCE*))] (35)
@+ D(agp+D)(@* + 1 —2ayw*) + @ + D(ag*B+)(@+ 1 — 2ay) + daywayw* — (@+ 1)@ + 1)

TPG=1_)(1+
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We can now summarize our main result in the follay#roposition.
Proposition 3:

(i) The equilibrium tax rates on production for tywolitical support-maximizing governments,
TPG, TPG* are given by

@) TPC, TPC for thae > th' A tisy > tiy

(2) P, tiow for tigw <ty A tigw > tiy,

3) tlow: P for thor > the* A thG, < thS

(4) | Multiple equilibria | for tfS* < th6* A 7S < thC
wheret’¢ is defined by Eq29) andt!,¢* by Eq.(30).

(i) Equilibria (1) to (3) are unique and stablen kituation (4) there exist two stable corner
solutions with(p, t£5) and (th5, p) and an unstable interior equilibrium witfi"*, 7).

PG*

iy Equilibrium tax rateg?e, 776+ t0S tPS* may be positive or negative.

4.4 Comparison of the Political Game with the Benelent Dictator Solutions

The conditions (1) to (4) in Proposition 3 can bemitten in terms of the parameter of the
model, which allows an easier comparison to thesbelent dictator case as described in Eq.
(19). Using Egs. (29), (30) and the other coustsqguivalent, we can rewrite the conditions

in Proposition 3 as:

(1) TPG PG —%(1 - i afl) <agd—ag'd" < %(1 - i:(:_WD
) p, tPG: s(1- W) < agb — o 5'andagd — o8 > —%(1 —— >
(3) tro(\;/v' p %(1 - 8;%) > apd — ag*8*andagd — ag*8* < —%(1 — %)
O | e | (e (-5

d is a measure of the political distortion in the @ooountry. It is defined ag: = a:;sz

1. The definition of§* is analogous.

For the inner solution in the benevolent dictatese; countries need to be not too

dissimilar in the sense that the disutility fromllptoon must not differ by more tha%\ in

absolute terms, i.@a; — ag*| < %, as shown in Eqg. (19). For the political game agarable
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condition exists that bounds a weighted differemcé¢he ags from above and below for a
stable interior equilibrium; yet this differencewmaoakes the political distortions into account
and thus the lower and upper limits are differ€dmparing the two sets of conditions in the
above table and in Eg. (19) shows that it is imiisgo determine in general whether the

area with interior solutions is larger in the bevlent dictator case or in the political game.

ComparingT?¢ in Eq. (35) withT5? in Eg. (18) demonstrates that the politically oyl
tax rate can be smaller or larger than the taxttatea benevolent dictator would set for the
same economy; the relative magnitudes depend ostriheture of the political, economic and
ecological system. We illustrate this with the daling three examples displayed in Table 1.
Columns 2-4 give the values for the political eanio equilibrium and for the benevolent
dictators’ equilibrium (in parentheses) for thredfedent sets of parameter values. All
equilibria are interior and stable and represenkima of the governments’ conditional
objective functions (i.e., Assumption 1 is fulfilleand the domestic reaction curve is flatter

than the inverse of the foreign reaction curife).

Table 1: Simulated equilibria in the benevolent ditator and the political game

Case (1) Case (2) Case (3)
Parameter values % = =0lar=ar=01,p=1, I=I"=1
a=a"=1 a=10,a"=1 a=a"=
B=1 B=1 B =10
Variables
Home tax rate PG (BD) -0.5(0.17) 0.21 (0.17 qQas7)
Foreign tax rate PG (BD) -0.5(0.17) -0.74 (0.17) .7300.67)
Home production level PG (BD) 0.75 (0.42 0.399.4| 0.14(0.17)
Foreign production level PG (BD 0.75 (0.42 0.84p) 0.14 (0.17)
Total Pollution PG (BD) 2.25 (0.69) 1.59 (0.69 O(1.11)
Home Welfare PG (BD) 0.96 (1.17) 1.08 (1.17 1.003)
Foreign Welfare PG (BD) 0.96 (1.17) 0.95 (1.17 41(0.03)

% It is straightforward to construct examples in gvhithe political game results in corner solutions #he
benevolent dictator game does not and vice vemssulB are available upon request.
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Overall Welfare PG (BD) 1.92 (2.34) 2.03 (2.34 2(2.06)

Note PG denotes values for the political game; BD desoalues for the benevolent dictator game.
They are given in parentheses.

In case 1, both countries are symmetric; the welfaaximizing governments would levy a 17
percent tax on the value of the output of theirlyimig firms. Under the same parameter
values, the political-support maximizing governnseritowever, would subsidize production
at a rate of 50 percent, with the consequenceptatuction and pollution is significantly

higher. In this case, the political-economic calsukeads to a sizeable deterioration in welfare
and a strong increase in environmental degradatisnthe governments cater to the

industrialist lobby group.

In case 2, both countries have the same paramaliges/as in case 1 with the exception
that the domestic government places a much largéghiv on welfare considerations in its
political-economic calculus (i.e. the parameteris higher). The benevolent dictators’
equilibrium is thus the same as in case 1, butpbiical equilibrium is qualitatively
different: The domestic government now levies artbe, which is even higher than in the
benevolent dictator case while the foreign coustipsidizes production, yet more strongly
than in case 1. The comparison between the twaigadleconomic equilibria in case 1 and 2
shows the interdependence of the political supp@ximizing governments’ behaviors: As
the domestic government is taxing the productiothefpolluting good thereby reducing the
negative externality, the foreign government cagoraase its subsidy further thereby
enhancing its political support. It is free-riding the domestic government. Conversely, the
domestic government anticipates such behavior heckfore taxes production more heavily
than if the foreign government would tax its prowlue as well. The welfare in the political
equilibrium in case 2 is higher than in case 1, ibig lower than in the benevolent dictator

case.

Case 3 is again completely symmetrical and hassé#me parameter values as case 1
except for the damage paramefemwnhich is now much higher. As a result, the beihavo
dictators now tax production more heavily than &ase 1 and the resulting welfare level is
lower. This is intuitive. More striking, howeves, the comparison between the political game
and benevolent dictators’ game. The political suppmaximizing governments tax
production of the polluting gooohore heavily than a benevolent dictator would! As aules
environmental degradation is lower and the welfat@gher in the political game. The reason

for this result is that the distortion created hg political-economic calculus — “too” high
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tax rates — now counteracts the distortion credigdthe strategic interaction of two
benevolent dictators, who set tax rates on transtemy pollution too low.

We summarize these findings in the following canjl

Corollary 1:

(i) The tax rates of the benevolent dictator can bleeeihigher or lower than the tax
rates set by political support maximizing governtaen

(i) The political game may result in higher or in loweslfare than the strategic
interaction of non-cooperative benevolent dictators

(i)  The welfare is lower if both tax rates are loweauthin the benevolent dictator case. It
may be higher if both tax rates exceed the benet/dletators’ tax rates.

The intuition behind this result is that there different forces that shift the equilibrium from
the benevolent dictator solution to the politicahte solution. The direction of the political
distortion depends on the relative strengths ofitiberest groups (and the value af For
instance, ifag andg are high, an increase in the tax rate reducesuptimth and thus profits,
but translates into a large reduction in disutifitym pollution. Thus, the environmentalists
will be lobbying more strongly for an increase e ttax rate than if the damage coefficient
and the size of the environmentalists were lowehe Tresulting political-economic
equilibrium will imply a higher tax rat&. The political-economic equilibrium is affected in
addition by the redistribution of the tax revenWhile in the benevolent dictator case it is a
mere redistribution of income between members efdbciety that does not affect overall
welfare, this redistribution affects the politieguilibrium as not all groups of the society will
reward additional income from tax proceeds as ey not organized (the workers). The
lower a, the stronger the political distortion; far— oo the political game solution converges

to the benevolent dictator solution.

If the politically optimal tax rates are higher ththe benevolent dictators’ tax rates, they
may reduce a distortion that is created by thetegjra interaction of the two welfare-
maximizing governments. Non-cooperative governmeimigrnalize the externality of
transboundary pollution only to the extent thatytan affects domestic welfare. As a result,
tax rates are too low compared with joint welfaraximization (Markusen 1975F.If tax
rates are lower than the in benevolent dictatoe,cése political distortion reinforces the

distortion created by strategic interaction andfavelis even lower.

%1 Note that both profits and disutility from pollati are convex in the tax rate, however with differsigns and
magnitudes.

%2 Of course tax rates could be so high that thedien from strategic interaction is strongly ovempensated,
resulting in a lower welfare level than in the beslent dictator case.
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The fact that a political support maximizing goveent may pursue a welfare superior
policy compared to a government that seeks to marirwelfare is thus contingent on a
situation of international strategic interactioncannot arise in the analysis of a small open
economy (e.g. Fredriksson 1997), where the poliscanomic calculus of the government
unambiguously reduces overall welfare. Yet it mayrblevant for a number of situations in
which environmental damage is high and environnigotéicies affect the environmental

quality of neighboring states.

5. Concluding Remarks

In this paper, we have analyzed endogenous enveotahpolicy formation of two countries
that are small on the world markets, but are linkedugh transboundary pollution. Three
major results emerge. First, the environmentalcygatidopted by self-interested governments
may or may not be more stringent than by socialfasel maximizing, but uncooperative
governments. Thus the distortion created by thesbaundary pollution may be exacerbated
or may be alleviated by the distortion created ugio the political system. Under certain
circumstances, a political process that does ket &t individuals into consideration equally,
may work in favor of the society at large. Secotite space of optimal policies in the
political-economic game is larger than in the ggoieyed by benevolent dictators: While
uncooperative benevolent governments will alwaygesitive but inefficiently low tax rates
(from the perspective of joint welfare maximizadipthe politically optimal tax rates may be
too high to optimally internalize the transboundexyernality, but they may also be too low.
Political support maximizing governments may indemsidize the production of the
polluting good rather than taxing it. In equilibmy it is possible that one government
subsidizes the production of the polluting good levlthe other taxes it. Third, the political
distortion might create instability: While the réswg equilibria in the case of social welfare
maximizing governments are always unique and stabée possibility of multiple equilibria
in the political game with one equilibrium beingstetble cannot be excluded. This increases
the probability of corner solutions with one coynteding production to the other.

We believe that the strategic interaction in enwinental policy formation of self-
interested governments in the presence of transtamynbut non-global pollution has so far
not been sufficiently examined. Our theoretical lgsia is aimed at improving our
understanding of this issue, the scope of which lmarbroadened in many ways. First, it
would be interesting to study what the incentives political support maximizing

governments are to cooperate and what the welftieet® would be. It is obvious that
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international cooperation would eliminate the distm created by strategic interaction
(Markussen 1975), but could also lead to a welfkterioration if the political distortion has
an offsetting effect. Second, interest groups cdddassumed to lobby across the border.
While industrialist lobby groups in both countriesve opposing interests with respect to the
national regulations; they favor higher regulatadoroad and lower at home, environmentalist
groups’ interests in both countries are alignedrdlfextending the model to a multi-country
setup with incomplete spill-overs would provide mamportant insights on real world

applications of regional pollution.

Our model shows how distortions created by thetegjra interaction of national
governments interact with distortions created g/ gblitical processes in both countries. We
show that these two sets of distortions could eitemforce or counteract each other. Which
scenario is more realistic, however, remains anigrapquestion. It could be the subject of a

fruitful empirical analysis.
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Appendices

Appendix 1: Uniqueness and stability of the equiliba in the benevolent dictator case

In this appendix we demonstrate the existence aiglianess of the welfare maximizing non-
cooperative equilibrium of Section 3.

First, we note that both reaction curnt&8 and?* are linear in the opponent's tax rate (cf.
Eg. (16)). In the (t*, t) space, the slope of timéerior’ domestic reaction cuni&?, is

0'EBD (XEB

ot* 1+agB >

while the slope of the inverse of the ‘intericoréign reaction curvéBP*-1, is

otBP* 1 1+ag’
at* ag*p

< -1

For t* > p and fort* < t;,,, the domestic reaction function is flat, while tineerse of the
foreign reaction function is vertical far>p and fort < t5°. That is, the inverse of the
foreign reaction curve is always steeper than thmeastic reaction curve and thus the reaction
curves tBP andtBP* intersect exactly once. The resulting equilibriisnthus unique and
stable. |

Appendix 2: Properties of the reaction curve in thepolitical game

We first derive that the reaction function in thaifical game is downward sloping. This is
shown by differentiating Eq. (27) w.r.t. the foreitax rate.

ot’e agBla+ 1)
ot (a+ D(agp+1) — 2oy
An analogous expression can be derived for thesevef the foreign reaction function.

<0

Next we analyze the comparative static propertieshe domestic reaction function with
respect tayg, a;, f anda. We calculate the changeg* andt’% in response to a change in
the relevant parameters using Egs. (29) and (30).

oty plag +a)
dag  oag?p(a+1)
Oty _ @+ D(ap+ap+l)
005 ((a+ 1)(aghtl) — 200)°
otPe _ a(p+ 1)+ (@+ DP[ey(3p — 2t*) + p] + p(a% + 1)(2p — t*) S0
dag ((a + D (agp+1) — 2ay)’

An increase inxg shifts the domestic reaction function to the Nedst; at the same time the

range of foreign tax rates increases, for whichdbmestic government sets prohibitive tax
rates as best response. The tax rate for zergyfopgpduction increases as well. The slope of
the reaction function can either increase or deserea

9°tPG Bla+ 1(a+ 2a; — 1) _
* = 2 = 0
ot 0oy ((a+1)(agh+1) — 2aw)

>0

>0
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If a; increases, the range of foreign tax rates for kwitikee home country sets prohibitive
taxes decreases and the reaction curve becomésr.fidl¢, decreases fongp > 1 and
increases otherwise.

othG*
b _ _ p <0

day agpfla+1)

0w _ __ Pa+Dlgh—1D _
- - =
Oy ((a + D (agp+1) — 2aw)’
9%tFG 2 +1
aEB(a ) S0

3%~ (s DaghD) — 2]

The reaction curve shifts similarly in responsanancrease ia:

Otly ___ baw
da agf(a+ 1)?
tigw _ paw(1 — agP) <0
92 ((a+1)(agh+l) — 2ay)’
0*tPe 205 Potyy
0 ((at Dbt —2a0)
ot’¢  aw[p — agB(Bp — 2t")] <0

92 ((a+ 1)(ogh+1) — 2ay)’ ~

In other words, ifa increases the new reaction curve is flatter tha&nold reaction curve and
it may lie completely below the old one or may st with it.

An increase irB shifts the domestic reaction curve to the Northealsich is qualitatively the
same reaction to an increaseaip. However, iff rises, the foreign reaction curve shifts as
well making the effect of the equilibrium qualitzgly different.

othS* _pla+1l-oaw)
B agf(a+1)
athe _ pagla+ D@+ 1—ay)

>0

low — >0
B ((a+D(aghtD) — 2aw)’
02tPG ag(a+ D@+ 1-2ay)
* = - 2 § 0
IIB  ((a+ 1)(agh+1) — 2aw)
oty p@@ +1—aw’) >0
B ag*B(a*+1)
othe: _pog@+ 1@ +1—ay") >0

B (@@ + 1)(og"p+D) — 2aw’)’
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