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Abstract

This paper studies whether, in the presence of a global negative externality, eco-
nomic integration will necessarily lower environmental quality and the provision of pub-
lic goods. It shows that it is possible for the tax competition to help environment in that
it may induce firms to adopt less polluting technologies. This occurs because emission
taxes may in fact increase as the economy opens up, despite the fact that the rule for
setting emission taxes remain unaffected. Moreover, tax competition may also increase
public goods provision although it leads to the introduction of a negative term in the
rule that determines commodity taxes. The paper also examines the efficacy of partial
tax harmonization policies. It shows that harmonization of output taxes (above their
unrestricted Nash equilibrium values) leads to the adoption of cleaner technologies and
to improvements in the overall quality of the environment and welfare under some cir-
cumstances, and to dirtier technologies and reductions in the quality of the environment
and welfare under other. On the other hand, harmonizing of emission taxes above their
Nash equilibrium values appear to always lead to improvements in the environment and

welfare via adoption of cleaner technologies.

JEL classification: H21; H23; H73; H87; F15
Keywords: Environmental taxation; global externality; tax competition; partial harmo-

nization; polluting technology; environmental quality.



1 Introduction

There are two international dimensions to environmental policies each raising a specific
type of question. First, when pollution is worldwide (e.g., emissions of greenhouse gases
like COy) we are effectively dealing with a global (and essentially pure) public good,
namely environmental quality.! Different countries contribute to this public good or,
more precisely, they contribute towards its degradation through their emissions. As long
as there is no supranational government, one has a framework which resembles that of
the voluntary provision of public goods. The problem here is that individual countries do
not have the right incentives to take the welfare of the other countries into consideration.
Their cost/benefit calculus does not account for the full cost of the emissions imposed on
the rest of the world. Consequently, one can expect (non-cooperative) national policies
to lead to an “excessive” level of emissions..?

The remedies that countries adopt to combat pollution introduce a second interna-
tional dimension of their own. For example, when France (unilaterally) taxes domestic
producers in order to entice them to cut their emissions, the price of domestic products
will increase and consumers may turn to imported substitutes. This effect is of course
neither intended nor (in general) positive for the French economy. In addition, it mit-
igates the environmental benefits of the policy since the (non taxed) foreign producers
can be expected to use dirtier technologies. This is indicative of the fact that unilateral
environmental policies, regardless of the global or local character of pollution, are not
immune to the phenomenon of “fiscal competition”. When tax bases are mobile, the
capacity of an individual country to levy taxes is reduced. This problem arises for most

forms of taxation including for environmental levies. The fiscal competition aspect may

! As measured for instance by the negative of the stock of CO; in the atmosphere.

2There is a vast literature on the inefficiency of non-cooperative provision of public goods; see, e.g.,
Cornes and Sandler (1996). In the context of transboundary emission, see Silva and Caplan (1997),
and Caplan and Silva (1999). They examine the roles of federal and regional governments in combating
pollution abstracting from tax competition.



then tempt an individual country to cut its environmental taxes in order to enhance
the competitiveness of its economy (as long as there is some degree of mobility of goods
and /or factors).?

The two dimensions of international environmental policies have thus far been stud-
ied independently of one another. Each dimension alone suggests a reason for the
environmental quality to be inefficiently low. One may then be tempted to argue that
when the two elements are put together, they can only reinforce one another. How-
ever, the inefficiencies due to global nature of externalities and tax competition are
not simply “additive”. We present a model where the two problems are accounted for
simultaneously, thus providing a single framework to study the complexities that are
brought about by their interaction. In our model, emissions vary with the level of out-
put and the polluting technology employed. This feature captures the different roles
that output and emission taxes may play in financing government expenditures and
combating emissions—the two instruments do not collapse to one. This provides an
appropriate framework to study a number of questions regarding the design of environ-
mental policies. Does economic integrations (and the potential for tax competition it
induces) necessarily lead to a decline in environmental quality? And if so, how should
one go about remedying this problem? Will there be a targeting of tax instruments
with output taxes used for financing public goods and tax competition, and emission
taxes solely for combating emissions? Of particular importance, in this respect, is the
implications of a policy of “partial harmonization”; that is, harmonization in only one
instrument. We shall examine, in particular, if harmonization of output taxes (intended
to avoid tax competition) are “neutralized” by an adjustment of other taxes, like those

that are directly imposed on emissions.*

3The tax competition have recently been surveyed by Cremer et al. (1996), Wilson (1999),
Wellisch (2000) and Haufler (2001). For specific applications to environmental issues, see Oates (2001).

4Cremer and Gahvari (2000) have examined the partial harmonization question in the context of tax
evasion. See Keen (1989) and Kanbur and Keen (1993) for a general discussion of harmonization.



Another dimension of the interaction between the two sources of inefficiency, i.e. tax
competition and the presence of a global externality, manifests itself in the properties of
the equilibrium level of public goods supply. How robust is the traditional picture of the
countries ending up with an inefficiently low level of provision? To get an intuitive feel for
this, observe that the existence of a global externality implies that the initial (i.e. prior
to economic integration) equilibrium level of local public goods is itself inefficient even
in comparison to the second-best outcome.? Put differently, cooperation between the
countries will improve the outcome despite their economies being closed. An additional
complication is that it is no longer clear whether one has “too little” or “too much”
public goods. When the economy opens up, the interplay between emission and output
taxes may increase (rather than decrease) the provision of public goods. Either way,
depending on an initially over- or under-provided level of public goods, the induced
change may entail an efficiency gain.

Certain aspects of the questions we are raising, have been studied in the literature.
There is a huge literature on environmental dumping which compares cooperative and
non-cooperative outcomes under trade; see Ulph (1997) for a survey. However, as a
rule, this literature does not distinguish between emission and output taxes, ignores
the question of the public good provision, and is cast in terms of competition between
imperfectly competitive firms. In yet another approach, Antweiler et al. (2001) do distin-
guish between scale of output and the intensity of polluting technologies in determining
emissions, but their concern is not tax competition and public good provision.5

We consider a simple model of commodity tax competition. There are two identical

5The second-best outcome is one that is constrained only by the availability of tax instruments.

There are numerous other trade models. Copeland and Taylor (1995), for example, motivate trade
through income differences and show that trade worsens the environment by making rich countries
specialize in production of clean goods and poor countries (with less stringent regulations) in dirty goods.
They generalize their setup in Antweiler et al. (2001) by including factor abundance in determining
trade. There are also papers that study the impact of trade on environmental resources; see, e.g.,
Chichilinisky (1994) and Karp et al.(2001) who build models of North-South trade and motivate trade
through differences in property rights.



countries whose inhabitants consume three goods: one publicly-provided (locally) and
two privately-provided goods. The publicly-provided good is nonpolluting. One of
the privately-provided good is the numeraire good which is also nonpolluting. The
other privately-provided good is polluting. Every consumer has an endowment of the
numeraire good, some of which he consumes, spending the rest to purchase the polluting
good and pay taxes. Production technologies are identical in both countries. The
publicly-provided good is produced at a constant average and marginal cost.

Pollution (COs, SOs, etc.) is global and a by-product of production. The polluting
good may be produced in different ways. Each procedure entails a different resource
cost and a different emission level. Emissions are beneficial in that a higher level of
emission reduces the private (per unit) production costs of polluting goods. That is,
the production costs of polluting goods are negatively correlated to their emissions.
This is to capture the fact that technologies which cut emissions are more expensive
to employ. Firms producing the polluting good operate in a competitive environment.
The good is produced by an industry that is comprised of a fixed but sufficiently large
number of identical firms. It is produced, for a given unit cost of production, by a linear
technology subject to constant returns to scale.

Each country provides the publicly-provided good to its own residents only. The
polluting good is produced and consumed in both countries. Prior to economic integra-
tion, there is no trade between the two countries. Upon integration, residents of each
country will be able to purchase the polluting good from the foreign as well as the home
country. While the physical characteristics of the home- and foreign-produced goods are
identical, consumers have a preference for purchasing the home-produced goods. We
model this by assuming that consumers experience a certain disutility when they con-
sume one unit of the foreign-produced good. The extent of the disutility differs across
consumers. Individuals have otherwise identical quasi-linear preferences.

There are two (distortionary) tax instruments: commodity and emission taxes.



These are “origin-based”. Thus, each country levies a certain tax on each unit of the
(polluting) consumption good that its firms produce and sell (regardless of where the
purchasers come from). Second, to combat pollution, the country imposes another tax
per unit of emissions on (home) firms.

Within this framework, we characterize second-best commodity and emission tax
rates. Next, we characterize the equilibrium values of commodity and emission taxes
in closed and open economies. We show that the formula for emission tax remains
the same in closed and open economies. On the other hand, the equilibrium value of
the commodity tax changes and includes a negative term due to tax competition. The
targeting principle applies; emission taxes are used only for the purpose of combating
emissions and commodity taxes for tax competition. We argue that the reason for
this is that emission taxes do not add extra “power” to commodity taxes as far as tax
competition is concerned. There is thus no reason to distort their Pigouvian role. We
show that the resulting output and emission tax rates are “too little” in that marginally
increasing them enhances welfare. We nevertheless show that economic integration may
in fact encourage the firms to adopt less polluting technologies and in this regard help
the environment. Turning to the expenditures on public goods, we show that it is
possible for them to go up and that the induced change may bring their level closer
to their second-best value. Finally, we show that partially harmonizing commodity
taxes (above their unrestricted Nash equilibrium value) can potentially hurt as well as
improve the overall quality of the environment and welfare. Specifically, if the policy
leads to an increase in emission taxes, it will necessarily imply a switch to less polluting
technologies, an improved environmental quality and enhanced welfare. On the other
hand, harmonizing of emission taxes above their Nash equilibrium values appear to
always lead to improvements in the environment and welfare via adoption of cleaner

technologies.



2 The model

Consider two identical countries, A and B, whose inhabitants consume three goods: one
publicly-provided (locally) and two privately-provided goods. The publicly-provided
good, G, is nonpolluting. One of the privately-provided good is the numeraire good
which is also nonpolluting. The other privately-provided good, x, is polluting. Every
consumer has an endowment of m units of the numeraire good, some of which he con-
sumes, spending the rest to purchase the polluting good and pay his taxes. Production
technologies are identical in both countries. The publicly-provided good is produced at
a constant average and marginal cost which we can normalize at one.

Pollution is global and a by-product of production. The polluting good may be pro-
duced in different ways. Each procedure entails a different resource cost and a different
emission level.” Specifically, assume that the resource cost of producing one unit of
output C(e;), where ¢; (i = A, B) denotes emission per unit of output in country i, is
a continuously differentiable, decreasing and convex function of e;.# Firms producing
the polluting good operate in a competitive environment. The good is produced by an
industry that is comprised of a fixed but sufficiently large number of identical firms. It
is produced, for a given C(e;), also by a linear technology subject to constant returns
to scale.

Each country provides the publicly-provided good to its own residents only. The
polluting good is produced and consumed in both countries. Prior to economic inte-
gration, there is no trade between the two countries. Upon integration, citizens of each
country will be able to purchase the polluting good from the foreign as well as the home

country. While the physical characteristics of the home- and foreign-produced goods are

"This models situations where a polluting good may be produced through different production tech-
niques, or using different polluting inputs where each particular input entails a different emission level.
Different abatement techniques also imply that a unit of polluting good is associated with different
emission levels.

8More precisely the assumption is that C’(.) < 0 for all e; up to some limit & and that C’(€) = 0,
i=A,B.



identical, consumers have a preference for purchasing the home-produced goods. Let 0
denote the inhabitants of A and B, with |0| determining ’s disutility when consuming
one unit of the foreign-produced good. Assume that € is uniformly distributed over
[-1, 1], with a negative 0 indicating a resident of B and a positive 6 a resident of A.
Normalize the population size in each country at one.

Consumers have quasi-linear preferences. Denote the utility level of a person in j =
A, B who purchases the polluting good produced in i = A, B by uf and his consumption
of the polluting good by mf . All consumers who buy from i, regardless of their country
of origin, face the same consumer price for .2 Denote this price by p;, the level of

publicly-provided good in country ¢ by G;, and the global emission level by E. We

{u = m—pj$§+h($§)+¢(Gj)_(p(E)a

have:

(1)

BT R L

= m—p] +h(x]) = 802 + ¢(Gy) —p(E),  with j #1,
where ¢ > 0 is a “dislike index”. Note that as § — 0o, one never purchases the foreign-
produced good regardless of the price. We will also assume that h(.) and ¢(.) are
continuously differentiable, increasing and (strictly) concave functions of their argument
while ¢(.) is continuously differentiable, increasing and convex; that is, h'(.) > 0,h”(.) <
0,¢'(.) >0,¢"(.) <0and ¢'(.) >0,¢"(.) > 0.

When a resident of country j buys the home-produced good, his net cost of purchas-
ing one unit of the good is simply its consumer price, p;. On the other hand, when he
buys the foreign-produced good, he incurs, per unit, a net (utility) cost of p; + 6|0|. In
either case, the number of units the consumer buys corresponds to that which maximizes

his utility. Thus assuming that m is sufficiently large so that the consumer chooses an

{ h’(m?) = pj, (2)

interior solution

P (x]) = pi+6|0], with j #i.

9 All taxes are origin-based.



Inverting these functions, one can write the demand for the polluting good as: m? =
z(pj) and 27 = x(p; + 6]]). Substituting in (1) then yields uj = u(p;,Gj, E) and
= u(pi + 6|0], G4, E).

Denote the “marginal” consumer, i.e. the person who is just indifferent between
buying home- or foreign-produced goods, by 0. If the marginal consumer is a resident
of A (QN > 0), u4 = up = u(pa,Ga, E) = u(pp + 80,G 4, E). Similarly, if 0 is a resident
of B (9 <0), uB =uf = u(pp,Gp, F) = u(pa — 80,G g, E). Tt follows that, regardless
of which country sells the good at a higher price,

g — PA — DB ' (3)
1)
It then also follows that all individuals to the left of § buy the good from country B,
and all the individuals to the right of  buy the good from country A.

With C(e;) being the cost of producing one unit of the good in country i and p;
its consumer price, its production and sale will generate p; — C(e;) in revenues for the
government of ¢. Assuming the governments of A and B undertake no other expenditures
or transfers except for GG, which is produced at a fixed unit cost normalized at one, one

can easily show that

[pa— Clea)] (1 - 0)z(pa) if pa > pa,
Ga(pasea;pp) = { [pa — C(ea)] z(pa)+ fo (pa — 69)d9} if pa < pam. (4a)
Co(om. epipa) = { pis — Clew)] #(ps) + J3 (o +80d0] itpazps, ()
[ps — Cl(es)] (1 + 0)x(pB) if pa < pa.

In the same way, that total pollution, F, is related to each country’s pollution according

to

ep z(pB +f0 r(ps +69)d9} +ea(l—0)z(pa) if pa > pa,
en(1+0)x(pp) +ea [§ 2(pa —60)d0 +(pa)| if pa < pp.

()

E(pAapBa €A, €B) =



Note that at ps = pg, 8 = 0 so that G4,Gp and E are continuous at this point.
The following Lemma, proved in the Appendix, shows that these functions are in fact

differentiable at pa = pp.

Lemma 1 The functions Ga(pa,ea; pB), given by (4a), Gg(ps,en;pa), given by (4b),

and E(pa,pB,ea,en), given by (5), are continuously differentiable at pa = pp.

2.1 Tax instruments

The properties of the equilibrium depend on what tax instruments are feasible. Assume
that each country has two (distortionary) tax instruments: commodity and emission
taxes. These are “origin-based”. Thus, country i (i = A, B) levies a tax of 7; on each
unit of the (polluting) consumption good that its firms produce and sell (regardless of
where the purchasers come from). Second, to combat pollution, the country imposes a
tax of ¢; per unit of emissions on (home) firms.!°

A representative firm in country i, regardless of where its purchasers come from,
will have to sell its output at the domestic price of p; and pay domestic taxes 7; and ¢;.
Moreover, given the constant returns to scale assumption, the firm’s profit maximization
problem is simply one of maximizing profits per unit of output. That is, the firm chooses
e; to maximize

Pi — C’(ez) — tiei — T

This yields, for i = A, B,
—C'(e;) = ti, (6)

where the second-order condition C”(e;) > 0 is satisfied from the convexity of C(.).

0We rule out lump-sum taxes. This is in line with the literature on tax competition. However,
unlike that literature, allowing for lump-sum taxation here does not make tax competition disappear.
This special case is studied in Cremer and Gahvari (2003). See also Cremer and Gahvari (2001) for a
thorough discussion of the properties of output taxes versus emission taxes in the context of a closed
economy.



Moreover, the zero-profit condition implies that
i = C’(ei) — C”(ei)ei —+ 7. (7)
2.2 Welfare

It is natural, given our setup, to measure the welfare of each country on a utilitarian
basis. Denote this utilitarian measure for country i by W;, (i = A, B). We prove in the

Appendix that:

Lemma 2 Define U;(.) and F(.) by

Ui(ps, Gi, E) = /0 [m — piz(p:i) + h(z(pi)) + ¢(Gi) — p(E)] db,

=m —pix(pi) + h(@(pi)) + 6(Gi) — o(E), i=ADB. (8)
%F(p—l— §0) = / [h(x(p+ 60)) — (p + 86)x(p + 66)) db. )
We have: (i)
_ [ Ua—=0[h(2(pa)) —pax(pa)] + 3 [F(pa) — F(pB)] if pa > pp,
Wi _{ Uj pa)) — paz(pa)l + 3 [F(pa p ifgj <£B. (10a)
. UB ~ lpr > PB,
W = { Us + 6 [h(z(pB)) — pe(pB)] — 3 [F(pa) — F(PB)] if PA <DB. (10b)

where G; and E are given by equations (4a)—-(4b) and (5).
(i) Wa(pa,Ga,E;pg) and Wg(pp,Gp, E;pa) are continuously differentiable at

bA =DB-

Note that the middle expression in the right-hand side of (10a) [when pa > ppg|
measures the consumer surplus that country A does not get when some of its residents
do not buy the home-produced good (at p4). The last expression in the right-hand side,
on the other hand, indicates the surplus attained by buying from B. It is plain that
the last expression dominates the second so that the net change in consumer surplus is

positive.!! The same interpretation applies to (10b) and residents of B.

" These are the people with a 6 € [0, ) for whom the net cost of buying one unit of the good from B
is pp + 60 < pa.

10



2.3 Optimal benchmark

Denote the welfare of each country at a symmetric allocation by VVis ,i=A,B. On the

basis of Lemma 2, one can write this as
Wi (pi, Gy, B) = m — pix(pi) + h(z(p:)) + 6(Gi) — ¢(E). (11)
Similarly, from (4a)—(4b), i’s budget constraint at a symmetric allocation is

Gi = [pi — C’(ez)] J}(pz) (12)

Assume that the two countries cooperate fully in their fiscal policies. That is, they
do not engage in tax competition and set their emission taxes while taking the welfare
of the citizen of both countries into account. Optimal symmetric allocations are found

through maximization of W} subject to (12) and
E =2e;z(p;). (13)

The fiscal instruments in this optimization are, as observed earlier, 7; and ¢;. We prove

in the Appendix that

Proposition 1 Assume that countries set their environmental policies cooperatively.
Denote the absolute value of the elasticity of demand for the polluting good in country
i, i = A/B, by e, = —2'(p;)pi/x(pi). The optimal symmetric allocations, and the
supporting prices and taz instruments, are characterized by equations (2), (6), (7),

(12), (13), and

E . ¢/ Gz) -1 a
pi  ¢(Gie’ (14)
C'les) = i‘f(g)). (14D)

Observe that equation (14a) reflects the well-known “elasticity rule” of optimal com-

modity taxes: The higher is ¢, the smaller will be the required tax. The equation has

11



two implications for public good provision in the second-best. In arriving at these im-

plications, we will assume that 7; > 0; this being the most likely outcome in practice.?

3 Closed borders

This section examines the properties of the equilibrium if the borders are closed (as-
suming that the government chooses the values of its fiscal instruments optimally).
When there is no trade, everyone buys the home-produced good. The government’s
budget constraint in each country will thus be represented by equation (12). Turning

to aggregate emissions, setting 0 in (5) equal to zero yields
E =esx(pa) +epz(pp). (15)

The government of ¢ chooses 7; and ¢; to maximize U; as specified in equation (8).
In doing this, it takes the tax instruments of the other country, and thus its aggregate
emissions, as fixed. Note that despite the economy being closed, there still exists a
“strategic” interaction between the two countries through E. We model this interaction
a la Nash. Solving this problem yields the equilibrium allocation, price and the tax
rates in country i. Note that the problem facing each country is not the same as the
“optimal benchmark” problem studied earlier. The two problems differ with respect to
the optimal level of global emissions. Here, in the absence of coordination with respect
to the environmental policy, each country considers the damage to its own citizens only

when it determines its emission policy. We have

Proposition 2 The symmetric equilibrium allocations, and the supporting prices and

taxes, in a closed economy are characterized (for i = A, B) by equations (2), (6), (7),

2In principle, it is possible for 7; to be negative. This possibility arises if preferences for G are
sufficiently “weak” so as the revenues from emission taxes exceed the amount required to finance the
desired level of GG;. Under this scenario, the extra revenues will have to be returned through a subsidy
on z; (a negative 7;). This possibility is of course extremely unlikely to occur in practice and we shall
rule it out in the paper.

12



(12), (15), and

i Gy 1 .
i ¢(Gi)ei’ (16a)
e = (((i)). (16b)

Condition (16a) is identical to condition (14a) that characterized the second-best
determination of 7;. This should not be surprising. With closed borders, there is
no tax competition between the countries. Hence the optimal tax rule for setting 7
remains unaffected. On the other hand, the rule for setting emission taxes now differs
from the optimal benchmark case. Condition —C"(e;) = ¢'(E)/¢'(G;) in (16b) replaces
condition —C’(e;) = 2¢'(E)/¢'(G;) of the second-best. Thus, the environmental tax is
set at one half the full marginal social damage of emissions. This reflects our earlier
observation that each country, when determining its emissions policy, considers the
damage to its own citizens only. Note that the 1/2 factor corresponds to the relative
size of the country to total global population. Apart from this factor, the Pigouvian

formula remains unaffected.

3.1 Rule versus level: perfectly inelastic demand

With the environmental tax being “set” at less than marginal social damage of emissions
under the closed-economy solution, and equal to it at the second best, one might think
that the closed-economy emission levels (e; or E) will exceed their second-best values.
This is not guaranteed; however. This is another facet of the “rule” versus “level”
question originally addressed by Atkinson and Stern (1974) in the context of public
goods supply with distortionary taxes. The ambiguity arises here because z(p;) and
G; take different values under the second-best and the closed-economy solutions. To
understand the significance of theses changes, consider a special case where the demand
for the polluting good is perfectly inelastic. Under this circumstance, and when the

economy is closed, 7; acts as a lump-sum tax. Consequently, G; will be set at its

13



first-best value as characterized by
¢'(G;) = 1. (17)

This condition replaces (16a). Of course, with a perfectly inelastic demand, the second-
best condition (14a) is also replaced by ¢'(G;) = 1. Hence the closed-economy value of
G remains the same as its second-best (equal to first-best) value. Condition —C’(e;) =
¢'(2¢;), and the convexity of C(e) and p(F), then imply that the closed-economy values

of both ¢; and E exceed their second-best values.

4 Open borders

With opening of the borders, the citizens of one country may find it advantageous to
buy from the other country. Whether a particular individual would do that or not,
depends on his distaste for the foreign-produced goods as explained in Section 2. This
possibility has an important implication for a country’s potential public revenues. When
the borders are closed, the “tax base” (number of taxpayers) is the population size and
is thus fixed. When borders open, the tax base becomes endogenous varying with the
size of the price differentials between the two countries. The government of each country
will then be able to affect it by the choice of its tax rates. This introduces an additional
dimension to the strategic interaction between the countries. As in the previous Section,
and following the tax competition literature, we model the interaction between the two
countries using the Nash equilibrium concept.

Each country chooses its tax rates t; and 7; to maximize its social welfare function
while treating the values of the other country’s tax instruments as given. This yields the
best-reply functions of each country (to the other country’s choice of values for its tax
instruments). One can then determine the properties of the symmetric equilibrium of
the Nash game in tax instruments through solving these best-reply function. We have

the following result which we prove in the Appendix.

14



Proposition 3 The symmetric open-economy equilibrium allocations, and the support-

ing prices and tazxes, in an open economy are characterized (fori = A, B) by equations

(2)7 (6)7 (7)7 (12)7 (15)7 and
E _ ¢/(Gz) —1 Gz

Di ¢ (Gei  Se(p) (18a)
O (es) = ;((Ci))' (18Db)

Comparison of (16a) and (18a) is revealing. It indicates that fiscal competition
changes the closed-economy rule for setting the optimal commodity tax rate on x; by
—G/6e; x(p;). This reflects the negative impact of tax competition on 7;. On the other
hand, the rule for setting the optimal emission tax remains unaffected; see equations
(16b) and (18b). The marginal social damage of emissions (to a resident of 7) is evaluated
by its government by the same Pigouvian rule whether the economy is closed or open.
This suggests a targeting of tax instruments: use commodity taxes for tax competition
and reserve emission taxes for the purpose of combating emissions only.

The intuition for the commodity tax characterization is best seen in terms of the fa-
miliar “fiscal externality” arguments. As with models of tax competition in the absence
of emissions, an increase in the commodity tax of the home country affects the welfare
of the foreign country’s residents through a a tax-base effect (positive), and a private
consumption externality (a negative externality on foreign country residents who buy
from the home country).!3 Global emissions introduce a third source of externality.
The increase in the home-country’s tax increases the price of the polluting good and
reduces its consumption. Consequently, aggregate emissions fall, benefiting the foreign
country residents as well. The last term in (18a) reflects the combined effect of the
three sources of externalities. On the other hand, the emission tax rate characterization

remains unaffected (as compared to the closed economy case), simply because changing

13See, among others, Mintz and Tulkens (1986). Lockwood (2001) has termed these externalities
“consumer price spillovers”.
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it cannot increase the effectiveness of tax competition (as attained through competition
in commodity taxes) but distorts the production decisions. Clearly, that a country faces
no restriction in using 7; for the purpose of tax competition plays a crucial role in this.

The next interesting question relates to the equilibrium levels of emissions and public
goods. Specifically, one wants to know how they compare with their values in the absence
of trade. Of course, the welfare properties of these changes are also of paramount

interest.

4.1 Pollution technologies, emissions, public goods and welfare

First, note that except for 7;, identical equations characterize the equilibria of the closed
and open economies. These are equations (6), (12), (13) and (18b). The 7; itself, is given
by equation (16a) in a closed economy and equation (18a) in an open economy. Next,
observe that as the value of ¢ increases, the optimal choice of 7; in the open economy
converges to the optimal choice of 7; in the closed economy so that the two equilibria
converge. Consequently, if one can determine how the equilibrium values of the various
variables in the system change as § changes, one may be able to compare their values
under the two equilibria.

We show in the Appendix that the induced changes in the open-economy equilibrium
values of t;, e;, p;, G;, ¥ and VVis , as 0 increases, are of ambiguous signs. Using numerical
examples, we are able to show that it is indeed possible for e; to increase as well as
decrease with 6. This suggests that international trade may encourage the firms to
adopt cleaner technologies under some circumstances and more polluting technologies
under others. We also show that the expenditures on public goods may change in
either direction.'* On the other hand, all our numerical examples indicate that opening

up the economy leads to an increase in aggregate emissions and a reduction in overall

“n fact, there is a systematic relationship between e; and G;. They always move in opposite
directions provided that the elasticity of demand and the marginal social damage of emissions are
constant.
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welfare (whether e increases or declines). This occurs despite the fact that the algebraic
expressions for dF/ds and dW /d§ are of ambiguous signs.

Finally, while we cannot make any clearcut statements about the relative levels of
welfare at the open- and closed-economy equilibria, we have a result for the marginal

changes from the open-economy equilibrium. We show in the Appendix that

WS (T, ) / pi —Clei) | & ¢'(E)
i ) _ ; e v ? - 0, 19
) e Ge [P L 22 (199)
WS (T, M) / pi—Cle) e ¢ (E)] | =(pi)e(E)
7 ? — p. . e v v - d 19b
) = ) (G [Pt 2] 2B o (1o
where (77V, ") denotes the symmetric Nash equilibrium value of 7; and t;, and all the

variables in above are evaluated at this point. This result highlights the usual “less-
than-optimal” property of Nash equilibrium values. Note, however, that this does not
mean that both 7V and tV are necessarily lower than their corresponding second-best
values. A sufficient condition for this is for VVis to be strictly concave in 7; and t; and

that 0*W7 (V1) /or0t; > 0.
4.2 Perfectly inelastic demand

To understand the reasons why economic integration has ambiguous effects on the en-
vironmental quality, public goods supply and welfare, consider again the special case
where the demand for the polluting good is perfectly inelastic. Under this circumstance,
tax revenues can change only at the “extensive margin”; that is, through a change in
the number of buyers. There will be no change at the “intensive margin” as everyone
always buys the same amount of the good. We will see below that in the absence of
this latter effect, economic integration affects the polluting technology, quality of the
environment, public goods supply and aggregate welfare unambiguously.

With a perfectly inelastic demand, one can easily show that condition




replaces (18a) of the open economy. It follows from (20), and the concavity of ¢(.), that
G; will be “under-provided” in the open-economy (relative to its closed-economy value
which is first-best).

Turning to emissions, we have, from (16b) and (18b),

—C'(ei) = ¢'(2e4), (21)
if the economy is closed, and
¢ (2e;
—C'(e) = % < ¢'(2e5), (22)

if the economy is open. It then immediately follows from (21)—(22), and the convexity of
C(.) and ¢(.), that the open-economy equilibrium value of e; exceeds its closed-economy
value. Note also that with ¥ = 2¢;, E and e; always move together. Hence aggregate
emissions are also higher at the open-economy equilibrium.

Finally, as far as overall welfare is concerned, rewrite W as
Wo=m—C(e) + (G) — G — (2e), (23)

where we have dropped the ¢ subscript for ease in notation. One can easily show that
at the open-economy solution, W9 /de < 0 and WS /G > 0. This, the fact that the
open-economy value of e is greater and of G smaller than their closed-economy values,
and the strict concavity of W* in (e, G), implies that overall welfare is smaller at the
open-economy equilibrium as compared to the closed-economy equilibrium.

We summarize the results of this subsection in the following proposition and then

illustrate them using numerical examples.

Proposition 4 (i) Economic integration may encourage the firms to adopt less as well
as more polluting technologies.
(ii) Economic integration may induce a country to increase or to decrease its expen-

ditures on public goods.
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(iii) Let (TN tV) denote the symmetric Nash equilibrium value of 7; and t;. Marginal
increases in T and tI are welfare enhancing.

(iv) Assume that the demand for polluting goods is perfectly inelastic. Then, eco-
nomic integration leads to the adoption of more polluting technologies, a worsening of the
overall environmental quality, a decline in expenditure on public goods and a reduction

in overall welfare.

4.3 Numerical illustrations

Consider the following specifications for the unit production cost of x, and the various

components of a resident of i’s preferences:

Cley = 24 - i (24a)
#(G) = aln(Q), (24D)
P(E) = ¢F, (24c)
hz) = % (24d)

Note that (24d) implies that the demand for x is equal to
x=p, (25)

with a constant elasticity of demand equal to e (in absolute value).
Given these specifications, equations (14a)—(14b), that [along with (2), (6), (7), (12),

(13)] characterize the second-best solution, assume the following functional forms

r_4- G, (26a)
P ae
oo G (26b)
a

In the closed-economy case, we have equations (16a)—(16b). As with (14a), equation

(16a) takes the form of (26a) continues to hold. Corresponding to equation (16b), we

19



will have

e
l—e=1—. 2
e=" (27)

In the open-economy case, we have equations (18a)—(18b). Equation (18a) will take the

form of

T a—G G
L — . 28
P ae bep—e (28)

Equation (18b) is, as with (16b), represented by equation (27).

Table 1 shows the second-best, closed- and open-economy solution values for 7,1, ¢, E,
G,W?S,p and z(p). They are based on two different values for e: 1 and 2 (assuming
m=4,b=1,a =10, = 0.25 and § = 1). Observe that the closed-economy solutions
for e and E exceed their second-best values (for both € = 1,2). The same is true for G.

What happens to these variables as the economy opens up varies in the two cases
considered. When ¢ = 1, 7 decreases sharply and ¢ just a little bit. With a lower t,
e increases making production somewhat more polluting. This negative impact on the
quality of environment is magnified through an increase in z(p) (brought about by a
reduction in p, itself caused by the lowering of 7 and t). Given the initially excessive
level of F, this additional increase works to reduce welfare. At the same time, the
reduction in the tax rates lowers the equilibrium value of G. However, this is not a bad
outcome given that G was excessive to begin with (relative to its second-best value). In
fact, the open-economy equilibrium value of G mirrors its second-best level.

When ¢ = 2, things are a bit different. Whereas 7 decreases, as the economy opens
up, t increases. The result is a reduction in e. That is, tax competition now makes the
firms to switch to less polluting technologies. The reduction in e notwithstanding, F
increases lowering welfare. Finally, we observe an increase in G (unlike the case where

¢ = 1). This moves the equilibrium value of G further away from its second-best level.
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Table 1. Second-best, closed- and open-economy solutions

=1

T t e E G we D x(p)

Second-best 0.4389 0.0499 |[ 0.9501  3.8977 0.9974  2.7184 | 0.4875  2.0512
Closed Economy | 0.2222 0.0250 [[ 0.9750  7.8989 0.9987  2.4115 | 0.2469  4.0506
Open Economy | 0.0903 0.0249 || 0.9751 16.9741 0.9973  0.8932 | 0.1149  8.7041

=2

T t e E G w> D x(p)

Second-best 0.0772 0.1877 || 0.8123 26.5514 3.7548 14.6352 | 0.2474 16.3441
Closed Economy | 0.0366 0.1406 [ 0.8594 61.3954 5.6236 11.8974 | 0.1673 35.7195
Open Economy | 0.0207 0.1477 || 0.8523 68.7196 5.9095 10.9352 | 0.1575 40.3160

5 Commodity tax harmonization

A commonplace result of the tax competition literature is that of the restoration of
the first-best allocations through the coordination of fiscal policies particularly a “har-
monized” tax policy. In the context of our model, restoring second best requires har-
monization of both output and emission taxes. In practice, however, such a sweeping
coordination is rather difficult to achieve. It is more likely that countries coordinate
their policies on a piecemeal basis. Will such “partial” harmonization policies help?
Specifically, suppose each country fixes the value of one of its instruments but continues
to compete via the other. What can we say about the outcome of this “restricted”
competition? In particular, what would be the implication of this for the environment
and welfare? In studying this question, and as previously, we model the strategic inter-
action between the countries using the Nash equilibrium concept. This section discusses
harmonization of commodity taxes taking up the harmonization of emission taxes in the

next section. We start by adopting the following terminology.

Definition 1 The countries are said to “harmonize” a policy instrument if they set its

value at a common specified level.
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Let the two countries harmonize their commodity tax rates at 7 = 7. Each country
then chooses the value of its emission tax to maximize the welfare of its citizens. This
is done a la Nash assuming that the optimizing country treats the value of the other
country’s emission tax as given. In this way, one derives each country’s best-reply
function (to the other country’s choice of a value for its emission tax).!® Finally, solving
the best reply functions yield the Nash equilibrium value of the emission tax.

It is easy to show that the Nash equilibrium value of ¢;, conditional on 7 = 7, is the

solution to!®

MG) -1 pi—Cle) 3] + {3 P ] |:C/(€z‘) +

pi  C"(e;)eie;

¢'(E)
'(Gi)

Denote this solution by ¢V (#) and the corresponding solutions for e, E, G, p by e~ (#),

¢'(Gi) & e pi

] 0. (29)

EN(7),GN (%) and pY (7). Further denote all unrestricted Nash equilibrium values by
the superscript N (7V,tN, eV, EN GN and p"). It is clear that if one were to harmonize
7 at its unrestricted Nash equilibrium value, ¢ and all the other variables will also take
their Nash equilibrium values. Equation (29) bears this out: When 7 is unrestricted,

the first bracketed expression in the right-hand side of (29) will be zero.

5.1 Harmonization and the emission tax rate

The first question we address is the impact of harmonization on the emission tax rate.
This plays a central role in determining the implications of harmonization. Assume
the countries choose (again a la Nash) the values of their fiscal instruments ¢; and 7;
subject to the constraint that 7; > 7 > 7N. It is plain that at a country’s optimum
this constraint must be binding (as the removal of the constraint would yield a different
optimum in (7V,#")). This means that at the equilibrium values of 7 and tV (%), a
country’s welfare would increase if it could lower its value of 7 assuming no response

on the part of the other country. Hence, at (7,tY (7)), 0U;/07; < 0 (i = A, B). It then

5 The best-reply function for 4 is given by equation (A41) in the Appendix when 7; is set at 7.
180f course, one must solve (29) in conjunction with equations (2), (6), (7), (12), and (15).
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follows, from the expression for OU; /07;17 and equation (29), that at (7,e™ (7)),

¢'(E)
¢(Gi)

Condition (30) tells us that the equilibrium emission tax in a country is smaller than

t; = —C”(ei) < (30)

its marginal social cost to that country (marginal utility loss divided by the shadow
cost of public funds). It replaces the condition t; = —C’(e;) = ¢/'(E)/¢'(Gi), i.e. the
equality of a country’s emission tax to its own marginal social cost, that holds under
unrestricted Nash equilibrium solution [see equation (18b)]. The intuition is plain. In
absence of output taxes, emission taxes are use for both combating emissions as well as
tax competition. The fiscal externalities that, in the absence of harmonization, resulted
in a negative term in the formula for the output tax, now have a similar negative impact
on the emission tax.

Condition (30) suggests that there is a “tendency” for the emission tax rate to
decrease. Nevertheless, the suggested change in rule, does not necessarily imply that
the level of emission tax will in fact decrease. Were G; and z(p;) to remain unchanged
in the two equilibria, the convexity of C(.) and ¢(.) would imply that ¢V (7) decreases.
However, one should not expect that harmonization would leave either G; or z(p;)
unaffected. Indeed, with G; = 7; + t;e;, setting 7; at 7 > 7V will increase G; if t;e; does
not decrease “much”. If this happens, ¢'(G;) will decrease thus increasing the value of
¢'(E)/#'(G;). This may be reinforced if p; were to increase as a result of pushing 7;
up, lowering x(p;) and decreasing E. On the other hand, any decrease in p; (due to tax
competition in ¢) will increase z(p;) and possibly E. All these complications imply that
condition (30) may call for an increase, and not a reduction, in the equilibrium value
of t¥(#). The numerical illustrations at the end of this section show that this is indeed

possible.

17See equation (A42) in the Appendix.
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5.2 Harmonization and the environment

It is plain that if harmonization lowers (increases) ¢V (#), then eV (7) will increase (de-
crease) and the countries will switch to more (less) polluting technologies. We show
that harmonization (at 7 > 7V) can change ¢V (7), and thus e (#), positively as well
as negatively. The numerical examples at the end of this Section illustrate these possi-
bilities.

The more intriguing question is that of the effect of harmonization on the countries’
overall environmental quality. To study this issue, observe that, from differentiating
E = 2¢;x(p;) with respect to 7, one has

% = —2x(p) [(% + C%(e» dt];%(%) + %] : (31)

where we have dropped the i subscripts for ease in notation. It is clear from (31) that
dtN(#)/d7 > 0 = dEN(7)/d7 < 0. Consequently, dt" (7)/d7 > 0 (or de™¥(7)/d7 < 0)
is sufficient to ensure that overall environmental quality will improve. In words, if
harmonization induces firms to adopt cleaner (or same) technologies, it will also raise
the quality of the environment.

On the other hand, if dtV(7)/d? < 0 (de™(7)/d7 > 0), it is possible for E to
increase so that environmental quality will deteriorate. Which case prevails depends on
the demand and cost structures in the economy. The numerical examples at the end of

this section show all the various possible outcomes.®

5.3 Harmonization and welfare

The above discussion makes it clear that harmonizing 7; at ¥ > 7% may not necessarily
improve the environment. A related question is whether such a policy is welfare im-

proving (as opposed to environmental quality enhancing). To answer this question, use

181t is easy to check that the ambiguity in the sign of de™ (7)/d# (and with it dE™ (#)/d#) remains
even in the face of a perfectly inelastic demand for polluting goods.
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(11) to write a country’s welfare, at a symmetric Nash equilibrium with 7 = 7, as
W (N (7),7) = m—pN(F)z (0N (7)) +h (@ (V7)) + 6 (GV (7)) =0 (BY (7)), (32)

where we have dropped the i subscript for ease in notation. Differentiate W*° (tN (1), %)
totally with respect to 7 to get
dws (£V(7),7) _ oW (tV(7), 7) N oWs (tN(7),7) dt" (%)
dr or OtN (7) ar -
We know from (19a)-(19b) that at 7 = 7V, 9W* /97 and OW* /9tY (+) are both positive.

(33)

It then immediately follows from (33) that a sufficient condition for a policy of harmo-
nizing 7; at 7, which is “just above” 7V, to be welfare enhancing is that dt"V(7)/d# > 0
(deN(#)/d7 < 0). In words, if harmonization leads firms to adopt cleaner (or same)
technologies, it will necessarily improve overall welfare. Recall that this is also the
sufficient condition for enhancement of the environmental quality.

On the other hand, if dt"V(#)/d? < 0 (de™ (7)/dF > 0), W (t"(#),%) may change
in either direction when 7; is harmonized at 7. Again, the demand and cost structure
in the economy determine if this inequality is satisfied. Note also that welfare and the
quality of environment may move in opposite directions as a result of harmonization;

see the numerical illustrations.

5.4 Numerical illustrations

Consider again the example of Subsection 4.3. Within this setting, we derive the unre-
stricted open-economy equilibria for four specific parameter values. Then, in each case,
we solve the problem again while setting 7 at a value exceeding its unrestricted Nash
equilibrium value (by replacing equations (18a)—(18b) with (29)). In all the examples,
the values of § and ¢ are set equal to one, and the value of m at 4. They differ with
respect to the specified values for b, a and ¢.

In the first three examples, harmonization of 7 above its unrestricted Nash equi-

librium value lowers the emission tax rate, t. The first example is a case of welfare

25



Table 2. Commodity tax harmonization

(a=1,b=2,0=0.25)

T t e FE G we D z(p)

Absent harmonization | -0.0225 || 0.2328 [ 0.8836  8.9824 0.9311 2.3089 | 0.1967 5.0828
With harmonization -0.01 || 0.2200 | 0.8900  8.9922 0.9388 2.3086 | 0.1979 5.0520

(a=1,b=1,p0=0.25)

T t e FE G we D z(p)

Absent harmonization | -0.0069 || 0.2183 | 0.7817  8.3366 0.8730 2.4538 | 0.1875 5.3320
With harmonization 0.0 || 0.2115 | 0.7885  8.3375 0.8817 2.4550 | 0.1891 5.2870

(a=10,b=1,p=0.25)

T t e FE G we D z(p)

Absent harmonization | 0.0903 || 0.0249 | 0.9751 16.9741 0.9973 0.8932 | 0.1149 8.7041
With harmonization 0.10 || 0.0177 | 0.9823 16.7088 0.9987 0.9501 | 0.1176  8.5052

(b=1,a=1,¢=20)

T t e E G wo D z(p)

Absent harmonization | 0.1821 || 0.8719 | 0.1281  0.3801 0.4360 1.8042 | 0.6739 1.4839
With harmonization 0.19 || 0.8752 | 0.1248  0.3658 0.4386 1.8266 | 0.6822 1.4658

reducing partial harmonization. The reduction in ¢, and the subsequent increase in e, is
accompanied by an increase in F and a reduction in W¥. In the second example, overall
environmental quality continues to deteriorate, but welfare increases. In the third ex-
ample, environmental quality improves despite the increase in e. Welfare increases. In
the final example, harmonization of 7 increases t. Consequently, the sufficient condition
for improvement in the quality of the environment and welfare is satisfied. It is thus no
surprise that F declines and W increases.

The results of this section are summarized as

Proposition 5 Assume countries A and B harmonize their commodity tax rates, at
T = 7 which is “just above” its unrestricted Nash equilibrium value, TV ; they continue
to compete in emission taxes. Denoting the (conditional) Nash equilibrium values by
superscript N, we have:

(i) The equilibrium emission tax in each country is smaller than the marginal social
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cost of emissions to that country. That 1s,

' (EY(1))
¢'(GN (7))

i) Harmonizing 7; at # > 7V may increase t;. This will necessarily imply less
g Y

tN(7) = =C' (N (7)) <

polluting technologies, an improved environmental quality and enhanced welfare.

(i) Harmonizing 7; at # > 7~ may lower t;. Under this circumstance, the countries
will switch to more polluting technologies. This may be accompanied by more as well as
less aggregate pollution. Welfare may also increase as well as decrease with the possibility

of welfare and environmental quality moving in opposite directions.

6 Emission tax harmonization

Instead of commodity taxes, let the two countries harmonize their emission taxes (at
t = t). Each country then chooses the value of its commodity tax to maximize the
welfare of its citizens. As previously, we assume this is done & la Nash. It is easy to

show that the Nash equilibrium value of 7;, conditional on ¢ = ¢, is the solution to'?

¢/(G2) -1 pi— C(ez) T; €; 1o (p/(E) B
?(Ghe e p + i [O (ed) + qﬁ’(Gi)] =0. (34)

Denote this solution by 7V (#) and the corresponding solutions for e, E, G, p by eV (%),

EN(t),GN (%) and p"(#). Note that when ¢t is unrestricted, the bracketed expression
in the left-hand side of (34) will be zero so that 7 will also take its unrestricted Nash

equilibrium value, 7.

6.1 Harmonization and the commodity tax rate

The first question we address is the impact of harmonization on the commodity tax
rate. This plays a central role in determining the implications of harmonization. We

consider harmonizing t; above its unrestricted Nash equilibrium. To study this question,

190f course, one must solve (34) in conjunction with equations (2), (6), (7), (12), and (15). Note also
that the best-reply function for i is given by equation (A42) in the Appendix when ¢; is set at ¢.
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assume the countries choose the values of their fiscal instruments ¢; and 7; subject to
the constraint that ¢; > ¢ > ¢/V. It is plain that at a country’s optimum this constraint
must be binding (as the removal of the constraint would yield a different optimum in ¢V
and 7). This means that at the equilibrium values of # and 7V (#), a country’s welfare
would increase if it could lower its value of t assuming no response on the part of the
other country. Hence, at (£,7V (1)), OU;/0t; < 0 (i = A, B). This, plus the fact that at
this point 0U;/07; = 0, implies that the bracketed expression in the left-hand side of
(34) is negative?® so that at (£, 7V (%)),

Ti _ PG)-1 G

pi  ¥(Gi)e  bei,x(pi)

where the right-hand side is the “rule” for setting the commodity tax rate in the absence

(35)

of harmonization [see equation (18a)]. Condition (35) shows that increasing ¢; above its
Nash equilibrium value generates a “tendency” to compete more through the commodity

tax and lower its value.?!

6.2 Harmonization and the environment

It is clear that fixing ¢; fixes e; and thus the emission technology. Thus if one were
to harmonize the emission tax rate above its unrestricted Nash equilibrium value, the
firms will adopt less polluting technologies. What is not clear, however, is the impact of
this on E and thus on the overall environmental quality. To see the determining factors,

differentiate E = 2e;2(p;) with respect to £. We have

dE _ 2x(p) [1 N eC’”(e)E@]
di — C"(e) p dif]’

where we have dropped the ¢ subscripts for ease in notation. It follows from (36) that a

(36)

sufficient condition for aggregate emissions to decrease is dp™ ()/dt > 0.22 In words, if

208ee equation (A43) in the Appendix which gives the expression for U; /0t;.

21 This is again a “rule” question; the equilibrium value of 7; may in fact increase. We shall see this
in our numerical examples.
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harmonizing the emission tax rate at just above its unrestricted Nash equilibrium value
increases the (restricted Nash equilibrium) polluting good price, the overall quality of
the environment will improve. This is of course not surprising because in this case the
consumption of the polluting good declines also (or remains the same).

Observe also that if ¢ = 0, dE/dt < 0 and harmonization will necessarily improve

the quality of the environment regardless of its impact on price.

6.3 Harmonization and welfare

That partially harmonizing the emission tax rate, despite encouraging the adoption of
less polluting technologies, may lower the environmental quality indicates that overall
welfare of the countries may also decline. To address this question formally, use (11) to

write a country’s welfare, at a symmetric Nash equilibrium with ¢ = ¢, as?®

w*s (TN(t), t) =m — pN(f)m (pN(f)) +h (x (pN(f))) + ¢ (GN(f)) - (EN(f)) . (37)
Differentiate W9 (TN (1), f) totally with respect to # to get

dW? (TN(0),) _ow? (7V(E),E) | oWS (rV(E), 1) drV(E)

i o oD i

(38)

Now at t = IV, 9WS /0t and WS /0N (t) are both positive (see (19a)-(19b)). It then
immediately follows from (38) that a sufficient (but not necessary) condition for a policy
of harmonizing ¢; at “just above” £ >tV to be welfare enhancing is dr¥ (¢)/dt > 0.
Next, substitute for OW < /9t and W /OrN (%) from (19a)-(19b) in (38) and simplify
using the relationship dp™ (#)/df = e + dr™ (t)/dt. We have, at t = ¢V,
AW _ x(p)¢/(E) p=Cle) , eed(E)] dp™(D)
dt C"(e) 6 pd'(G) | di
dr™ ()/dt > 0 will also be a sufficient condition for this. However, E will decrease even if dr™ (f)/dt is

negative as long as dp™ (£)/df > 0.
23We have again dropped the i subscript for ease in notation.

+x(p)¢'(G)

(39)
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It follows from (39) that a sufficient condition for harmonization to increase welfare is
for dp™ (t)/dt > 0. Recall that this is also the sufficient condition for harmonization to
improve the overall environmental quality.

The last piece of the puzzle is to consider the impact of harmonization on p™ (f). We
derive an expression for dp™ (#)/df in the Appendix indicating that it can take positive
as well as negative values (when evaluated at ¢ = ¢V). This is further confirmed by
the numerical examples below. Nevertheless, all our numerical examples indicate that
harmonization will reduce aggregate emissions and increase welfare regardless of its
impact on p™ (f).

Finally, the Appendix also shows that if the demand for the polluting good is per-
fectly inelastic, dp™(¢)/df > 0. Tt follows from (39) that under this circumstance,

dW*5 /dt > 0. That is, welfare will necessarily improve.

6.4 Numerical illustrations

Consider again the example of Subsection 4.3. Set 6 = 1, = 0.25 with a = 1,0 = 1,
€ = 1in one case, and a = 10,b = 0.4, ¢ = 2 in a second case, and derive the unrestricted
open-economy equilibria for each case. Then, solve the problem again while setting ¢
at a value exceeding its unrestricted Nash equilibrium value (by replacing equations
(18a)—(18b) with (34)). Observe that p™(£) goes up in the first case and down in the
24

second. However, in both cases, EN (#) will decrease and W* () will increase.

The results of this Section are summarized as

Proposition 6 Assume countries A and B harmonize their emission taz rates, att =t
which is “just above” its unrestricted Nash equilibrium value, t" , but continue to compete

in commodity taxes. We have:

24We have tried many other parameter values as well different functional forms for the utility function
such as setting ¢(G) = aG® and ¢(G) = aG*/a and varying o between zero and one. We cannot
generate any example for which either E increases or W9 declines.
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Table 3. Emission tax harmonization

(a=1,b=1e=1)

t T e E G we 4 z(p)

Absent harmonization | 0.2183 || -0.0069 | 0.7817  8.3366 0.8730  2.4538 | 0.1875  5.3321
With harmonization | 0.2190 [ -0.0075 [ 0.7810  8.3278 0.8721  2.4549 | 0.1876  5.3315

(a=10,b=0.4,e = 2)

t T e E G we 4 z(p)

Absent harmonization | 0.1450 | 0.0215 | 0.6376 64.9222 5.7980 12.4797 | 0.1402 50.9096
With harmonization | 0.1480 || 0.0192 [ 0.6300 64.4616 5.7519 12.5325 | 0.1398 51.1600

(i) The rule for setting commodity tazes now includes an additional negative term
m comparison the unrestricted Nash equilibrium case. The tax rate will be the solution
to (34).

(ii) If harmonizing t; at t > tV increases p;, it will improve the quality of the
environment and enhance welfare in country 1.

(iii) If the demand for polluting good is perfectly inelastic, partial harmonization
of emission taxes will necessarily enhance the quality of the environment and improve

welfare.

7 Conclusion

This paper has studied whether, in the presence of a global negative externality, eco-
nomic integration will necessarily lower environmental quality and the provision of public
goods. What has emerged quite clearly is that the inefficiencies due to global external-
ities and tax competition are not simply additive. Instead, there is a rich and complex
interrelationship between them. The paper has shown that tax competition may not
necessarily lower emission taxes when a centralized authority has access to both emission
and commodity tax instruments. The possibility of higher emission taxes implies that
economic integration may very well result in firms’ adopting less polluting technologies.

The net effect on the overall environmental quality would then depend on what happens
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to the aggregate consumption of polluting goods.

We pointed out that the existence of a global externality has important implications
for the supply of (local) public goods as well. The initial (i.e. prior to economic inte-
gration) level may be lower or greater than the optimal level, and that tax competition
may increase or decrease it. The induced change may then entail an efficiency gain.

These results have interesting policy implications. First, there is a case to be made
for trade to lead to cleaner technologies. Second, the case for global cooperation to
combat environmental issues (e.g. Kyoto agreements) does not rest only on whether or
not trade hurts the environment. One must also be cognizant of the inefficiencies due
to global nature of emissions. Third, one can make a stronger case for economic inte-
gration than hitherto recognized. To the extent that economic integration encourages
the member countries to harmonize their policies, it is a force for solving the global
emissions problem as well.

Secondly, we studied the efficacy of partial tax harmonization policies and their
impact on the environment and welfare. Here, we showed that partially harmonizing
emission taxes appear to always enhance environmental quality and welfare. This will
certainly be the case if the demand for polluting goods is “very inelastic”. The effects
of commodity tax harmonization can go either way. A policy of partially harmonizing
commodity taxes (above their unrestricted Nash equilibrium value) may be helpful in
that it may lead to the adoption of technologies that are less polluting, improve the
overall quality of the environment, and enhance welfare. On the other hand, such a
policy is also potentially damaging. It can induce firms to switch to more polluting
technologies, hurt the overall environmental quality, and lower welfare. This suggests
that countries will have to be very careful when they do not fully coordinate their
policies. Whether or not a particular harmonization policy should be adopted depends
on the specifics of the policy, the demand and cost functions, and how much the people

care about the environment. Theory alone cannot settle this.
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Appendix

Derivation of (4a),(4b), (5): We have

Gam { Jg lpa—Clea)legdo TET
J5 lpa—Clea)l23d0 + [ [pa— Clea)l x4d0 if pa < ps,
Gy { I lpp — Clep) 2fdb + [} Ipp = Clep)lahad itpazpm, 4
Iy Ips — Clen)] «Bdo if pa < pp.
And
{ f 1eBde9+f0 €B$3d9+f9 eaxddd if ps > pp, (A3)
1%, epaBdo + 5 eazBdo+ [ eaxiidd if pa < pp.

Simplifying yields equations (4a)—(4b) and (5) in the text.

Proof of Lemma 1: Partially differentiate equations (4a) and (5) with respect to pa

and ey, and equations (4b) and (5) with respect to pp and eg. We have

0Ga _ { (1- é) (pA) — 4 [pa—Clea)l2(pa) + [pa — Clea)|(1 — 0)a'(pa) if pa > ps,

Ipa 2(pa) + [5 x(pa — 60)d0 + [pa — Clea)] [/ (pa) — Lx(pa)] if pA(A< 1)7B-
4
0GB :{ B)~+f0 2(pp +60)d0 + [pp — C(ep)] [« (p) — 32(pB)] if pa > pp,
Ipp (1+0)z(pp) — 3 [pB — Clen)] x(p) + [ps — C(en)] (1 +0)2'(pp) if pa < pp.
(A5)
tep(pp +60) — 2eax(pa) + (1 — 0)ea’(pa) if pa > pa,
3PA { sepz(pp) + ea [2'(pa) — 32(pa)] if pa < pp. (A6)
OE _ [ ep[2'(ps) — 52(pp)] + 5eaz(pa) _ifpa > pa,
s { Lepr(os) £ (L4 Oenr' (o) + Year(pa —80) iTps<pp. AT
oG, [ —C'(ea)(1 —0)z(pa) if pa > ps, (A8)
Dea | —Cllea) x(pa)+ [La(pa— 69)d9} if pa < pg.
9Gp _ { —C'(e) =(pp) + [ x(ps +69)d9} if pa > pp. (A9)
dep —C'(ep)(1+ 0)z(pp) if pa < ps.
OF (1 — é) (pa) if pa > pp,
es { fa x(pa — 60)d0 + x(pa) if pa < pp. (A10)
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— fo (pB + 60)d0 + x(pp) if pa > ps, (A11)
363 (1+6)z(ps) if pa <pp.

where, in the derivations of (A4)—(A7), we have utilized the following expressions:

0

0 0
—/ x(pa — 60)do = / 2’ (pa — 60)d — x(ps — 60)=—
Ipa Jg 0

90

Ipa
= 3 2lpa— 0]~ (pa—o0) = —3a(pa). (A12)
- 5 rpa 0—d 6m ba - 6m ba),

i/éx( +69)d9—/éx( + 86)d8 — a(py + 66) 22
s Jo PB ) PB PB o0

0=0 1 1 A
=3 (pB+69)} L —5alop +80) = —5a(pp).  (AL3)

Evaluating expressions (A4)—(Al1l) at p4 = pp and simplifying, we get an identical ex-
pression for the left- and the right-hand derivatives of each of the functions G4(.), Gg(.)
and F(.). They are all continuous and given by, for i = A, B,?5

T = ()~ - e [ - /)] (A1)
o (), (A15)
Eot ——C'(eulm), (A10
S =) (1)

Proof of Lemma 2: To simplify the exposition of the proof, first calculate the following

expressions based on the definition of F(p) in (9).

[4
/0 [h (z(pp +60)) — (p + 60)z(pp + 60)] d0 = < [F(pa) — Fpp)],  (A18)

SR

L [F(pa) - F(ps)].  (A19)

/éo [h(z(pa = 80)) = (pa = 60)z(pa — 60)] dO = —3

?One can easily show that the same properties hold for all other partial derivatives of Ga(.), Gg(.)
and E(.).
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F'(pi) = h(z(p:)) — piz(pi), i=A,B. (A20)

ap%é[h(m(m)) — paz(pa)] = % [h(x(pa)) — paz(pa)] + 01 (x(pa))z’ (pa)
— x(pa) —pat’(pa)] = %F’(m) — Oz (pa), (A21)
o ha(pn)) ~ prepr)] = —5 (eos)) — pmolom)] + 0K (+(p)s’ (om)

~ 2(ps) ~ o' (p8)] = ~5 F'(ps) — Or(pp).  (A22)
Proof of part (i): Consider the case where p4 > pp. We have 0 > (0 and
WA = /09 [m+ h(x(ps + 80)) — (pB + 60)x(p + 60) + ¢(G4) — p(E)] dO +
||t haoa) = paz(pa) + 6(G.) - ()] 0,
6 6
=Uy —/ [h(z(pa)) — paz(pa)] do + / [h(z(pp + 60)) — (pB + 60)x(pB + 60)] dO,
0 0
1

= Us ~0[h(a(pa)) — paz(pa)] + 5 [F(pa) — F(p)]. (A23)
0
WBZZJm+MMm»—mw%ﬁ+W®ﬁ—M@M&
~Up, (A24)

where we have made use of equations (A18)—(A19) and the definition of U; (i = A, B)
in (8).
Similarly, using (A18)—(A19) and the definition of U; (i = A, B) for the case ps < pp,

we have

WA:A[m+Mﬂmﬁ—nme+WQU—M@M&
—U,. (A25)

0
Wﬂzlﬁmwmmm—mﬂmﬂw@w—ﬂmwﬁ‘

0
A m+ h(z(pa — 60)) — (pa — 56)x(pa — 66) + 6(Gs) — pl(E)] b,
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0 0
—Up - / h(2(ps)) — pe(ps)] b + / (h(2(pa — 60)) — (04 — 50)2(ps — 56)] do,
0 0

= Up +0[h(x(ps)) — pr2(pB)] - % [F(pa) = F(ps)]- (A26)

Proof of part (ii): Differentiating equation (10a) with respect to p4 and equation (10b)
with respect to pp, making use of (A21)-(A22), yields

OWa _ agj +3F'(pa) — [$F'(pa) — Ox(pa)] i pa > pa, (A27)
pa gp 4 if pa < pp.

Ws _ g%f ) if pa > pa, (A28)
9pp Z,%f + %F/(pB) - %F/(pB) —0x(pp) if pa < ps.

The equality of left- and right-hand derivatives result follows immediately from the fact
that at pa = pg, 0 = 0.26

Proof of Proposition 1: The first-order conditions are:

owyg  owp v 0Gi s OF
L = L = — : . _Z — E = A2

ows  OWS op; ows oW dp; , 0G; ;. OF
7 7 ) 7 ) ) . ( ) —_— e E —_—
6ti api 6ti ‘Tl 6ti ‘pl api 6ti ‘Tl ¢ ( Z) 6ti ‘pl v ( ) 6ti ‘p

 =0. (A30)

Simplifying (A29)—(A30), via differentiation of equations (12)—(13), we have

S
66&7; = —z(p;) + ¢'(G {x —C(e;)] m’(pi)} — ¢ (E)2e;x'(p;) =0, (A31)
S S . e;
LU L2 [—0< Dgratn)| - (B [p5tato| =0 (a3

Further algebraic manipulation of (A31)—(A32) simplifies these equations into:

OWE _ v G =1 7 el 20(B)]) _

67'1‘ - (pz)¢ (Gz) 7 { ¢/(Gz)€z i + i |:C( z) + ¢/(Gz) :|} 0, (A33)
ows _ows - (Ga) [y, 20 (E)]

ot~ o e; + T (c2) [C’ (&) 7 (G ] =0 (A34)

where we have substituted ¢; for —p;a’(p;) /2’ (p;) and 7; for p; — C(e;) + C'(e;)e;

26One can easily show that the same properties hold for all other partial derivatives of W; (i = A, B).

36



First, to prove (14b), set WS /Or; = 0 in (A34) and simplify.
Second, to prove (14a), set —C"(e;) = 2¢'(E)/¢'(G;) in (A33) and simplify.

Proof of Proposition 2: Summarize country ¢’s problem through the Lagrangian
A =m+ h(z(pi)) — pix(pi) + ¢(Gi) — o(E), (A35)

where E = e;x(p;i) + ejxz(p;). Thus the difference with the optimization problem of
Proposition 1 is only in the treatment of E. The proof will then be identical to the
proof of Proposition 1 except that ¢'(F) replaces 2¢'(E) everywhere.

Perfectly inelastic demand in the closed economy: First, set z(p;) = 1 in (A35)
and differentiate A; with respect to 7; and ¢; (taking the tax parameters of the other

country as fixed). Setting 0A;/07; = 0 gives
¢'(Gi) = 1.
Second, consider the relationship
—C'(e;) = k' (2e4), (A36)

where k is a parameter taking the value of two in the second best and one under the
closed-economy solution. Differentiating (A36) with respect to k yields

dei ¢'(2€:)

dk — C"(e;) + 2k’ (2€;)

This proves the claim that the closed-economy equilibrium values of e; and F exceed

<0. (A37)

their second-best values.

Proof of Proposition 3: To derive the best-reply functions of each country, differen-
tiate equations (10a)—(10b) with respect to the instrument employed. Thus, let I; stand

for 7;,t; or e;. We have:

OWa { ot 3t 3 [F(pa) = F(pp)) = 0 [h(x(pa)) — paz(pa)l | if pa > ps

oIy | 2Ua

BIDN if pA < DPB.
(A38)
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oWpg ?9% if pa > pB
oLy~ { Loy 2 3 [F(pa) ~ Fos)] + 0 [hla(ps)) — poalos)]| it pa <.
(A39)
The first-order conditions are found by setting the above equations equal to zero. Note,
however, that in (A38)-(A39), only 0U;/0I; (i = A, B) terms matter. Any additional

term will vanish at a symmetric equilibrium.

The first-order conditions for country A are then given by,

6UA aUA / 6GA / oF
ra s A+ 0 (Ga)FE e (B =0, A40
37,4 3p,4 x (pA) ¢ ( A) 319,4 ¥ ( ) apA ( )
OUs _ 0UaOpa)  Un
ta  Opa Ota ™ " Oty T4

= Goa o T GG o = ¢ (B) g, =0, (A41)

At ps = pp,ea = ep, one can simplify equations (A40)—(A41) by substituting from
(A14)-(A15) in (A40) and from (A16)—(A17) in (A41). Same conditions hold for country

B and we have:

o, ., e ¢(Gi) -1 pi—Cles) 7
67'2‘ —x(pz)gb (Gz) Z{ [ ¢/(Gz) E; 662 p2:|
i [eriey o PEV N _
o [C( )+ ¢,(Gi)] } 0, (A42)
Ui _ U - FG)rpi) [y, PE)] _
= g S e+ gy =o (A9

Substituting OU;/01; = 0 from (A42) into (A43) gives us equation (18b). Setting
—C'(ei) = ¢'(E)/¢'(G;) in (A42) then yields (18a).

Open economy equilibrium and the variation in 6: To simplify the calculations,
we assume here that the elasticity of demand and the marginal social damage of emis-

sions are constant. Substitute the optimal value of 7 from (18a) in (7). This yields

6e [Cle) — C'(e)e] 1
p— . —C’(e)+6[1—5—¢/(G)], (A44)
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where we have dropped the subscript ¢ for simplicity in exposition. Differentiate equa-

tions (6), (12), (13), (18b) and (A44) totally with respect to §.27 We have
de -1 dt

ds ~ C"(e) ds A4
5~ C"(e)ds’ (A45)
dG — —¢2(G) dt
&b §(Q)¢(E)ds A4
s ¢"(G)¢'(E)ds’ (A46)
¢"(G) C'(e)
d __ TOFERE 7 di i
do p—ep-Cle)] do’
_C"()92(G)
@ — _2$(p) 1— Eecl(e) + (G (E)z(p) ﬂ (A48)
d6 C//(e) p_E[p_C’(e)] dé‘?
with
1— EP—C(ez} p—Cle)
dt m =
d6 A4 q_.p0@] s C'() s 1’ (A49)
+ — & D i| P + C//(e) + @/(E)i|
where
_¢/2(G) C’/(e)] { e ) }
A= — 14+ —=|C(e) = C'(e)e] » > 0. A50
TPFCFE o |1 T 01 e (450)

It is clear from (A49) that the sign of dt/dé is ambiguous making the signs of all the
derivatives in (A45)—(A48) ambiguous as well.

Perfectly inelastic demand in the open economy: First, from (A42)-(A43), we
again have —C’'(e;) = ¢'(E)/¢'(G;). Upon substitution in (A42), one gets

Rewriting this, yields (20) in the text.

Second, observe that setting k = 1 in equation (A36) yields condition (16b) under
the closed-economy, and setting k = 1/¢/(G) < 1 gives condition (18b) under the open
economy. It then immediately follows from (A37) that the open-economy equilibrium

value of e; exceeds its closed-economy value.

?TDetails of the derivations can be obtained from the authors on request.
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Third, differentiating (23) partially with respect to e; and G; yields
ow*s

3, = —C'(e;) — 2¢'(E), (A51)
ows
o =G~ 1, (A52)

Evaluating (A51) at the open-economy equilibrium values results in
¢'(E)
¢'(Gi)
Additionally, with ¢'(G;) > 1, we have 0W* /0G; > 0.

Finally, differentiating (A51)—(A52) with respect to e; and G; yields

S
@gg — [#(G) 1]

—¢'(F) <0.

o*ws

5o = —C"(e;) — 49" (E) < 0, (A53)
O2WS

T = ¢'(G) <0, (A54)
PWe

= A55

0G;0e; 0, ( )

which proves W¥ is strictly concave in e; and Gj.

Proof of OW?° (N, tN)/or > 0 and OW?S (rV,tN) /0t > 0: Compare equations (A33)-
(A34) with (A42)—(A43). This reveals that

oWSs  ou; : pi—Clei) | ei ¢(E)
67'2‘ - 67'2‘ +x(pi)¢ (GZ)EZ [ 651‘ * 172¢/(G2):| ’ (A56)
WS v, pi-Cle) & d(B))  2)E) o

OUi |\ i ¢i ¢'(E)
ot oL + eix(pi)¢' (Gi)e [ 5e; + i ¢/(Gz):| + C"(e;)
Now at (7, V), OU; /0r; = 0U; /dt; = 0. The result follows immediately from the signs

of the remaining expressions in (A56)-(A57).

Emission tax harmonization: Totally differentiate the system of equations (6), (7),
(12), (13), and (34), which determine 7V (¢),e™(¢), GN (f), EN(#) and p™(t), with re-

spect to t. Algebraic manipulations of the resulting expressions, evaluated at the open-
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economy equilibrium values, yield?

. 56'(G) | _ ced(E)
dpV(f) __C'(e) 1 G 1 =55 ]20) (A58)
? - " r S (G eo'(E —C(e
dt C (6) 1+%(1_5>_ q;%((G)) 1_580;0( )} 1_5(pp()) .%'(p)
At e = 0, equation (A58) will simplify to
N (f !
dp”(t) __Cle) (A59)

di ~C"(e)

28Details of the derivations can be obtained from the authors on request.
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