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1. Introduction

There is an important number of regional and international environmental agreements where
countries have agreed upon in order tackle environmental degradation (e.g., reduce green-
house gases). In addition, member countries exhibit varying pollution abatement technolo-
gies and degrees of pollution intensities as well as different cost structures. As new agreements
take place (e.g., COP21 Paris) and existing ones evolve as climate and economic conditions
change, the analysis of policy reform of environmental policy becomes timely and relevant.
With these in mind, this paper builds a two-country model where firms compete in a Cournot
fashion, face an emission tax and exhibit heterogeneous abatement costs. In this context,
the analysis of policy reform is presented, particularly its impact on global emissions. It is
shown that asymmetries in abatement and production costs play a crucial role on the extent

to which global emissions fall via unilateral and multilateral policy reform.

Over the last several decades a number of multilateral environmental agreements have
been established which exemplify efforts of policy reform e.g., see Barrett (2003) and the
IEA Database Project! for examples of environmental agreements. For instance, the Conven-

tion on Long-range Transboundary Air Pollution (LRTAP) illustrates how LRTAP member

'Ronald B. Mitchell. 2002-2016. International Environmental Agreements Database Project (Version
2014.3). Available at: http://iea.uoregon.edu/ Date accessed: 25 March 2016.



countries identify ways to reduce emissions of air pollutants via unilateral and multilateral
policy reform, and the UNECE Committee on Environmental Policy provides support to
member countries to enhance cooperation and reduce transboundary pollution. The Basel
Convention? also illustrates multilateral efforts to address the disposal of hazardous waste
including technology transfer to manage waste, and the Clean Technology Fund exemplifies
efforts to provide funds to promote low-carbon technologies across countries®. More recently,
the COP21 2015 meeting in Paris brought countries together in the sense of putting forward
independent, nationally-determined contributions (INDCs) along with policies, including
market-based mechanisms and standards. The Paris agreement may not necessarily achieve
the desired level of pollution abatement of greenhouse gases (e.g., Barrett et al. 2015; Kahn
2016) and, therefore, countries may need to adjust INDCs and policies accordingly. Even
if national emission targets are achieved, economic conditions are likely to change thereby

prompting countries to adjust policy.

Concerns about losing competitiveness to foreign competition has been used as an
argument by less-developed and developed countries to avoid implementing carbon pricing
policies as well as other environmental policies. Indeed, the literature has studied aspects of
strategic environmental policy and the characterization of optimal policy (e.g., Ulph 1996;
Ulph and Ulph 1996, 2007; Bayindir-Upmann 2003; Turunen-Red and Woodland 2004; Silva
and Zhu 2009; Bhattacharya and Pal 2010; Elliott and Zhou 2013; Ambec and Coria 2013;
Caplan and Silva 2005) and the pollution heaven hypothesis (e.g., Zarsky 1999; Neumayer
2001; Grether and de Melo 2004). The idea here is that countries may engage in laxer (less
stringent) environmental policy (e.g., lower emission taxes or lower costs in the form of laxer
environmental regulation) in order to avoid losing to foreign competition and attract profits.
The contribution of the present work to this literature is that here I look at elements of strate-

gic environmental policy, but with particular attention to policy reform and its impact on

2The Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and their
Disposal of 1989. See http://www.basel.int/TheConvention/Overview/tabid/1271/Default.aspx

3http://www.climatefundsupdate.org/listing /clean-technology-fund



global emissions in the presence of heterogeneous abatement costs across countries; I do not
delve into the characterization of optimal policy since this has been examined in the afore-
mentioned literature. For instance, as countries set laxer environmental policies to become
more cost competitive (e.g., set cost-reducing policies) optimal taxation may be adjusted
which may, consequently, have an impact on global emissions. I explore changes in both
production costs and pollution abatement costs via policy reform and how these may alter
optimal emission taxes, with particular attention to the effects on global emissions. Aspects
of strategic environmental policy are captured via the combination of policy reforms such
as lower taxation and at the same cost-reducing (or alternatively cost-increasing) reforms.
The aforementioned literature does not focus on the analysis of policy reforms and does not
delve into the role of asymmetries in pollution intensity coefficients, both key contributions

of this paper.

The present analysis also contributes to a second important branch of the literature
which examines the policy reform of reducing emissions under imperfect competition (e.g.,
Hoel 1991), particularly the role of environmental standards (e.g., Kayalica and Lahiri 2005;
Bhattacharya and Pal 2010) and emission taxes (e.g., Hatzipanayotou et al. 2005; Lahiri
and Symeonidis 2007; Gautier 2013, 2014). The contribution to this line of research is on
the policy reform of emission taxes. Lahiri and Symeonidis (2007) examine the effects of
policy reform of emission taxes on global emissions, but do not look at the implications of
welfare which is an aspect I examine in section 4. Furthermore, Gautier (2013, 2014) examine
aspects of policy reform of taxes on welfare, but the present analysis adds to these works
by incorporating changes in costs (both abatement and production costs) into the policy
reform of emission taxes. This is important because as cost structures change governments
may adjust optimal taxation, thus having an impact on the extent to which policy reform
may reduce global emissions. Additionally, part of the literature has assumed linear demand
or specific cost functions to derive some of the results about policy reform. This paper, in

contrast, presents a model with asymmetries in pollution abatement and production costs,



and demand functions in a general setting thus providing a unified framework of analysis.

The model set-up consists of two countries where firms behave a la Cournot, face
an emission tax and exhibit heterogeneity in the cost functions across countries. The het-
erogeneity in costs is captured through two channels. First, marginal abatement costs may
differ across countries. This captures differences in pollution abatement technologies across
countries as well as differences in pollution intensities. Different costs structures also capture
different levels of production efficiencies in terms of marginal production costs. These two
aspects are important in the analysis of policy reform since in the context of environmental
agreements countries are likely to exhibit these types of asymmetries. Second, there is het-
erogeneity in costs through a cost parameter, assumed to be exogenous, which changes the
level of the cost functions for any level of output and emissions i.e., shifts costs for any level
of output and emissions. This is an important channel through which cost heterogeneity
is captured because it allows to examine potential policy reform on costs (whether cost-
reducing or cost-increasing policies) within each country. For instance, exogenous changes
in this parameter not only may be interpreted as cost-reducing policies in both pollution
abatement and production costs (e.g., cost-reducing R&D), but also the exogenous nature
of the parameter allows to see how cost-reducing (or alternatively cost-increasing) policies
may affect the effectiveness of policy reforms of emission taxes on reducing emissions e.g.,

cost-reducing policy affects optimal taxation and consequently policy reform of taxes.

The analysis indicates that differences in pollution intensities across countries as well
as asymmetries in production and abatement costs affect the effectiveness of policy reform
to lower global emissions. Additionally, policy reforms consisting of cost-reducing policies
(to increase firms’ cost competitiveness in one country, say) may reduce global emissions
as long as these are coupled with an emission tax. But also cost-increasing policy reforms
are presented, and conditions derived, such that global emissions fall. This type of analysis
is pertinent in the context of environmental agreements where countries may put forward

stricter environmental policies on the one hand (e.g., higher emission taxes), but at the same



time cost-reducing policies which may induce higher emissions.

The paper is structured as follows. Section 2 presents the building blocks of the
model. Section 3 presents the comparative statics analysis with implications for policy
reform. Section 4 then looks at the welfare implications of policy reform. In section 5, I
conclude by discussing some of the limitations of the analysis and suggesting questions for

future research.

2. The Model

This section presents the main building blocks of the model. Consider a home and foreign
country where only one firm operates in each country?. Firms compete for the production

of an imperfect substitute, which is exported to a third market exclusively.

Demand faced by each firm is given by a function P* = P*(¢", ¢/), where ¢* denotes

output in country k = h, f; and where (subscripts denote partial derivatives) P,

qk<0,

2Py + quqqu < 0, for k = h, f. Moreover, as in Dixit (1986) and Lahiri and Symeonidis
(2007) T shall assume that the “own effect” is greater than the cross-effect i.e., 2thh +
¢"Ph . < Pl +q"Ph ; <0and 2qu; + quqf}qf < quh + quqf}qh for k = h, f. These will aid

to ensure stability in the global equilibrium.

Each firm pollutes the environment and without any loss of generality let e* denote
the pollutant in country k& = h, f. I follow Requate (2006) in the structure of the cost
function for each firm operating in each country £ = h, f. In particular, consider a cost
function C* = C*(g*, eF) where (subscripts denote partial derivatives) C’Z;k > 0, Ck <0,

k _ k
quek = C5,

k k k k k2 : L
e qk < 0’ C’qqu > 0, Oekek > O, Cekeququ - quek > O, and as 1n LahlI‘l and

Symeonidis (2007) the pollution intensity is defined as the ratio —kaqk /Ck. . >0 for k =

4By assuming one firm in each country I can focus on the role of asymmetries in abatement costs. The
n firm case does not change the key results.



h, f°.

Each firm faces an emission tax for each unit of pollution it fails to abate. Specifically,
the home-country firm faces a per-unit emission tax, t", for the level of pollution, e”, it fails

to abate, and analogously the foreign-country firm faces a tax, ¢/, which targets e”.

Firms and governments play a two-stage non-cooperative game. Each country chooses
the tax simultaneously taking the other country’s tax as given. Firms (home and foreign)
then take policy as given and maximize profits by choosing the level of emissions and output
in a Cournot-Nash fashion. The assumption of simultaneous decision on output and emissions
assumes away issues of the strategic choice of abatement; these have been analyzed elsewhere
(e.g., Montero 2002a, 2002b; Carlsson 2000; Gautier 2014). I assume interior solutions

throughout the analysis and the model is solved by backward induction.

In particular, the home country’s firm solves

H}Laiiﬂh = Phg" — "Ch (", e — et (1)
q"e

h

where 2" is a positive constant. Larger (smaller) values of 2" capture higher (lower) costs

"6 For example, the firm may face new regulation which in turn reflects

for any ¢" and e
on higher production and abatement pollution costs; alternatively, the firm may enjoy lower
costs (i.e., a smaller ") as a result of cost-reducing technology. The role of 2" is analogous

to the role of R&D in e.g., Montero (2002a), but in the present model this is exogenous.

Maximization of (1) yields the following first-order conditions (subscripts denote par-

For examples of industry/countries with asymmetries in pollution intensities within the US see DOC
(2010), and across countries see Sterner and Kohlink (2015: 254).

6Gautier (2015) considers a similar type of cost parameter, but specifically on abatement costs and in a
closed-economy Cournot setting; here the cost parameter affects not only abatement costs and is presented
in an international setting.



tial derivatives)

Ph—i-thqhil—zhcgh =0 (2)

—Ch —th =0 (3)
Analogously, the foreign country’s firm profits are given by

max 7/ = P/¢/ — sz'f(qf7 ef) —eltf (4)
ofef
where 2/ is a positive constant and its interpretation is analogous to 2". From (4), first-order

conditions are given by

Plr+¢/ Pl —2Icl = 0 (5)

el -t = 0 (6)

Equations (2), (3), (5), (6) implicitly determine the equilibrium level of output and

h

emissions, ¢", ¢/, e, ef. Stability for the local and global equilibrium require Wghqhﬂ'g fgf T

h f k k k k —
thqfﬂ-qfqh > 07 and ﬂ-qk kﬂ-ekek — T k kﬂ-equ > O fOI' k’ — h’ f

q qre

3. Comparative Statics

The comparative static effects of the tax, t* and t/, and the cost parameters z" and 2/, on

output on emissions are examined. The analysis of policy reform is then presented.

Total differentiation of (2), (3), (5), (6) yields the following system:



ZP;,Z + th;hqh — zhC'f;hqh P;Lf + th;L ht —zhC(’;heh 0 dq" C’(’;hdzh
—zthhqh 0 —zhC’gheh 0 dq? B Cghdzh + dth

quh + quqffqn 2quf + qu;qu - chqfqu 0 _chgfef de" C;lfdzf
i 0 —sz’zqu 0 —szL-Ef 1L def | i Cldz + dtf

where the determinant of the coefficient matrix is u < 0. I shall follow Lahiri and Symeonidis
(2007: 890) in the definition of pollution intensity, _Céckek/cfkek > 0, for kK = h, f. Using

the above system the effect of the tax and cost parameter z* (for given tax) on output and

emissions is given by

_ch o/, .cl  — O c!
o heh f f efef ~qfqf efqf h Fef h Hh
N (2P + Bl )+ s L
ehe efef efef
Ch cf. of  —of?
’ (Ch Ceh Ch ) (2Pf +q quqf) +2/ = Z;f*?f o dz"
e eh efef
Lot
+ (C;”f — ) (Pl + q"Pl ;) dz’ (7)
efef
—Cff ; Chh Ch thhQ Ohh W r
o e eheh e e f f h
Adg! = —fj f — (2Ph 4 g Pl ) + 2 o dt! — ch [P +q' P | dt
o/ Ch Oh Ch2
f f fef h ph B eheh eh
+ (qu c’; C;f) — (2Ph +¢"Php) + = C: - T dzf
Ch
+ (Ch Ol o ) (P +a' Pl ) a2 (8)
eheh
where A = p/CP, el 7, s2"2 < 0. In this type of analytical framework the effect of taxes

has been examined in the literature (e.g., Lahiri and Symeonidis 2007; Gautier 2014, 2016)




so here I just make a few remarks. First, an increase in the emission tax in one country
renders the firm in that country relatively less cost competitive and, as a result, output
in that country falls; the firm in the other country reacts strategically by raising output.
Moreover, global output, ¢"+ ¢/, falls from a tax increase since by assumption the own effect

dominates the cross effect.

The effect of the tax on emissions works through changes in output and the abatement
induced by the tax. Results on the effects of the tax on emissions are analogous to those in
the literature: an increase in the tax in the home country reduces output and thus emissions
in that country, but raises output and emissions in the foreign country since the tax renders
the home firm relatively less cost competitive. As a result, global emissions, e + e/, fall
with a tax increase at home if the home country is pollution intensive vis-a-vis the foreign
country; global emissions rise otherwise if the foreign country exhibits a sufficiently large
pollution intensity. The notion of a relative (and sufficient) pollution-intensive country is

clearly defined later on.

It is noteworthy that an increase in the tax in the home country raises abatement in
that country exclusively (i.e., the term A/ zhC’gheh in equation 9), thereby lowering emissions
in that country. As a result, a change in the tax in one country impacts emissions in that
country via changes in output and abatement, whereas the impact on emissions in the other

country works exclusively via changes in output.

In particular, the effect of taxes on foreign and home emissions is given by

—Ch el Cf Cf . Cf2
Adeh _ Chqheh Chqheh (_ <2quf i quqJ;qf> + Zf efef qu’;Icf efqf + A/ZhCéL;Leh dth
eheh eheh efef
Ohheh Cffef
oSt (o1 o) 0

eheh “ofeof
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_Cff f _Cff f Chh hChh h Chh2 h
Ade! = g’e el | (oph 4 ghph 4 ph et Tata ) LA | a
’ Cgfef ngef ( " ! qhqh) ’ Cgheh /Z atel
cl . cn o,
qfef ﬂ (quh + quqJ;qh> dth (10)

f h
Cefef Ceheh

where u < 0, A := /L/Cghethfefzhzf, the term A/sz’éfkek denotes the abatement induced

by the emission tax, and the term —(QP;k + quq’“qu) + zk(C’fkekC(’;qu — C’f,?qk)/kaek captures

changes in emissions via changes in output for k = h, f.

Next, I look into the effects of the cost parameters 2 and z/ on home/foreign emissions

and output.

The effect on home-country output from a change in 2" (for given tax) is given by the
second line in (7). There are two opposing effects at play. On the one hand, an increase in 2"
raises the cost of an extra unit of output in the home country, C’;‘h, thereby lowering output
in that country. Since the home country becomes relatively less cost competitive, output

" raises the cost of abating

rises in the foreign country. On the other hand, an increase in z
an extra unit of pollution in the home country, —thcthh / Cé‘heh, which in turn results in
higher output, less abatement and higher emissions in that country; emissions will increase
up to the point where marginal abatement costs equal the tax. Since the home country raises
output as a result of higher marginal abatement costs, the foreign country reacts strategically
by reducing production. Therefore, home (foreign)-country output rises (falls) if and only
if the effect via the increase in marginal abatement costs is sufficiently large. And global
output, ¢" + ¢/, increases under the aforementioned necessary and sufficient condition since

the effect of 2" on home output (i.e., the own effect) completely offsets the effect on foreign

output.

It is noteworthy that the channel whereby 2" affects the cost of reducing an extra unit
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of pollution (and thus output and emissions in the home country) depends crucially upon
the presence of an emission tax: the upward shift in the marginal abatement cost of the
home firm, resulting from an increase in 2", induces the home firm to increase output and
emissions up to the point where the new marginal abatement cost curve meets the emission
tax in that country. Without the emission tax this effect vanishes and therefore the term
—C’th’thh/ C"..» becomes negligible. An analogous analysis applies to the emission tax in

the foreign country and changes in z/.

Next, I analyze the effects on home and foreign emissions resulting from changes in z*

(for given tax). An increase in z* exhibits the two opposing effects on output aforementioned

h raises costs for

with the corresponding effects on emissions. For instance, an increase in z
each extra unit of output, C(;Lha which lowers output and consequently emissions in the home
country; as a result, emissions in the foreign country rise as the foreign firm reacts by

h raises the costs of abating an extra unit

increasing output. Additionally, an increase in z
of pollution which results in an increase in output and thus emissions in the home country;

as a result, foreign emissions fall as the foreign firm reacts by lowering output.

It is noteworthy that the term AC?, / zth,Leh in equation (11) captures the effect of

h

2" on emissions, e”

, via abatement: higher abatement costs result in less abatement which in
turn reflects on higher emissions; this effect compensates changes in emissions via changes in
output as long as the effect via marginal abatement costs in the home country is sufficiently

large (i.e., C’;‘h < Cgthheh/theh)'

In particular, the change in home and foreign emissions arising from a change in 2%,

k = h, f, is given by
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Chon ch, . ol .ol — o2
h _  _ —q'e h h q-e _ f fof f efef qqu equ
Adet = C'élheh Cop = Con Ch o <2qu T4 quqf) +z Cgfef
+C£LhA/ZhC£Lheh:| dz"
Chheh C’ffef
— G ¢l -, C‘; (Pl + ¢"Pl. ;) d=’ (11)
eheh efef
Cff f Cff f Chh hChh h Chh2 h
Ade!f = e Cf—Cf q’e _ (2p" h ph h__eteh ™~ qhq elq
‘ Cgfef < e/ Cffef ( o T qhqh) i theh
—l—C’ng/szgfef} dz’
C’ff f Chh h
€ h h € f f h
o (G- (Ph+d'PS,) dz (12)

The net effect on global emissions, e” 4 e/, resulting from a change in z* depends
upon the relative pollution intensities as well as the effects via marginal abatement and
production costs. If, for instance, the home country is the more pollution intensive coun-
try (i.e., —C’;‘heh/C’gheh > —Cgfef/C’gfef), then global emissions rise as long as marginal
abatement costs in the home country are sufficiently large. This is because with a suffi-
ciently large effect via marginal abatement costs emissions rise at home, which completely
offsets the reduction in emissions in the foreign country because the home country is rel-
atively more pollution intensive. But if the foreign country is sufficiently more pollution
intensive (i.e., —C’;Zheh/C’fheh(—@P;; + quq’;qf) + CgfefC’;qu — gfzqf/Cgfef) +A/Ch <

ijef/czfef(Pjh + quqffqh)), then global emissions may fall.

Proposition 3.1. An increase in costs in the home country, z" (for given taz): (i) raises
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output in the home country, (ii) lowers output in the foreign country, and (iii) raises global
output if and only if the effect via the increase in marginal abatement costs is sufficiently

large (i.e., C’;‘h < C’th';Lheh/C:heh)-

Proposition 3.2. Let marginal abatement costs be sufficiently large in the home country as
defined in proposition 3.1. Then, an increase in costs in the home country (i.e., increase
in z") increases global emissions, if the home country is at least as pollution intensive as
the foreign country (i.e., —C’;‘heh/C:heh > _C({fef/ceffef)' Global emissions fall otherwise if
the foreign country is sufficiently pollution intensive i.e., —Cgheh/Cgheh(—(QPq{c + quqJ;qf) +

! f 12
Oefef quqf - O

equ/cgfef) + A/th?heh < C;fef/cgfef(Pq]; + quqj;qh)-

One implication of proposition 3.2 is that a sufficiently less pollution intensive country
can set regulation resulting in higher costs (e.g., marginal abatement costs) and still yield a

reduction in global emissions as long as the role of the emission tax is part of the policy mix.

Next, I analyze the effect of policy reform of the cost parameter z in more detail. The
change in global emissions, £ = e + ¢/, from a change in the cost parameter 2" and 2/ (for

given tax), using (11) and (12) yields

ch Ch Of Cf _ Of2
AdE = C(];h . th (ilheh _ %heh _ <2quf + quijf> + Zf efef qf;f efqf
(jeheh (jeheh (7efef

C’hh h
— LC:hA/ZhC;heh th

h
C heh

e

C’ff P
_ 4 (pf I pf
C'ff ; ( g T4 qfqh)

Offef Cffef O:/heh Ohh h T C:/h? h
(o - e SV [ Corr (a4 0 Cs G = B
Cefef efef eheh
Ch o Cffef
— 071 (Pl +q"Pphy) | — == chin/tcs, |zt (13)
eheh efef
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Consider a policy reform consisting of dz" = dz/ = dz < 0 (i.e., an equal decrease in
the cost parameter z across countries) and let C’élh —C’fh C:hqh/Cgheh = C’;f —Cgf Cgqu/Cgfef <
0 (i.e., cost effects via z are symmetric across countries where the effect via marginal
abatement costs is relatively large). Then, (13) yields dE < 0 i.e., global emissions fall
as a result of lower costs as long as the cross effects in demand are relatively small (e.g.,
|thf —i—thq’ﬁqu| < |2Pq}2 +thq}th|) or equal across countries i.e., Pq}} —i—thq'qu = quh —i—quqffqh.
This is because equally lower costs (i.e., dZ < 0) results in lower emissions since the effect
via lower marginal costs in each country induces less output, more abatement and therefore
lower emissions. It is noteworthy that this result holds even as pollution intensities differ
across countries i.e., —C’gqu/Cgfef # —Ch, . /Clio. In contrast, if the effect via emission
taxes on marginal abatement costs is small in each country so that the term C’f ~ () becomes
negligible (and so Cg o~ Cj +), and still under the assumption of relatively small cross effects
in demand, then dE > 0 and so global emissions rise with policy reform dz < 0. This result

underscores the importance of coupling cost reduction policies with emission taxes if global

emissions are to be tackled.

To further illustrate the role of pollution intensities suppose that the foreign coun-
try is sufficiently large as defined in proposition 3.2 and that there is asymmetry in the
extent to which the cost parameter, z, affects output in each country i.e., assume C’;Lh —
C’ghCZ’h h/C'fheh > 0 and C’jf — Cngquf/C’gfef < 0. Then, a policy reform consisting of
dz" > 0 and dz/ > 0 results in higher global emissions. This is because, on the one hand,
higher costs in the foreign country, the relatively more pollution-intensive country, increase
emissions in that country because the effect via higher marginal abatement cost is sufficiently
large. On the other hand, higher costs in the home country lowers output and emissions
in that country (since the effect via higher marginal abatement cost is sufficiently small in
the home country), but this is completely offset by the increase in foreign, sufficiently more

pollution-intensive output.

Now consider the policy reform dz" < 0 and dz/ > 0, and suppose that the foreign
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country is sufficiently pollution intensive. Further, suppose that in the foreign country only
the effect of the tax on marginal abatement costs is negligible (i.e., C’g ; ~0), and in the home
country the cost of producing an extra unit of output is large (i.e., C’él,,, > thC’éthh/C’ghehy.
As a result, global emissions fall in the case where the pollution intensive country, with no
real presence of emission taxes in marginal abatement costs, raises costs; while the relatively
less pollution intensive country, with relatively high costs of producing an extra unit of

output, reduces costs.

As a final policy reform consider dz" > 0 and dz/ < 0. Suppose pollution intensity
coefficients and asymmetry in the effects of the cost parameter are as follows: (i) the foreign
country is sufficiently pollution intensive, and (ii) the tax-effect, C’fk, is small in the sense
that C5A/2FCk , for k = h, f in (13) become negligible, but at the same time the inequality
C’Jf - C’ng’gqu/Cgfef < 0 still holds because the pollution intensity —Cgqu/Cgfef is assumed
to be sufficiently large and the inequality C';lh — C’th’thh / theh > 0 still holds because
— éthh / C’?heh is assumed to be sufficiently small. Thus, in this case global emissions fall, on
the one hand, via the reduction in costs in the foreign country, z/, but on the other global
emissions increase via an increase in z". Global emissions can fall if the foreign country, the
pollution-intensive country, sets a sufficiently aggressive cost-reducing policy i.e., dzf < 0

and large.

Proposition 3.3. Suppose there is symmetry across countries in the cost effects via z (i.e.,
C;‘h — Cgthhqh/theh = C’gf — Cnggqu/Cgfef). Then, in the case where the effects on
marginal abatement costs via the tax are negligible (large) in both countries, global emissions
rise (fall) with a multilateral cost-reducing policy reform (i.e., dz" = dz/ < 0) as long as the

cross effects via demand are relatively small.

Proposition 3.4. Let the foreign country be sufficiently pollution intensive as defined in

proposition 5.2 and, additionally, let the effects on marginal abatement costs via the tax be

"One cost function which satisfies this latter condition is a cost function of the end-of-pipe C(gq,e) =
c(q) + g(a), where the first (second) term denotes production (abatement) costs, a = d(q) —e, &' > 0,6” > 0;
and Cye = Ceq <0, Cyqg >0, Cee > 0, CecCyq — CZ, > 0.
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negligible in the foreign country (i.e., Cg ~ 0 ), and the cost of producing an extra unit
of output relatively large in the home country (i.e., C’;‘h > C’gthhqh/theh). Then a policy
reform of lower costs in the home country (dz" < 0) but higher costs in the foreign country

(dzf > 0) results in lower global emissions.

Next, I analyze the effects of policy reform of taxes, t" and ¢/, on global emissions,
but since the analysis of taxes has been studied in the literature (e.g., Lahiri and Symeonidis
2007; Gautier 2016) here I just make two remarks. Using (9) and (10), the effect of the tax

on global emissions, F = e + e/, is given by

~Ch ~Ch Cff fOff - Cfo
AdE = C«thEh thhEh <_ (2quf + quqfqu> + Zf e 4 ;]cf cfa! -+ A/thgheh
eheh eheh Cefef
Cff f
__2'e f I pf h
o (Ph+ Pl ) | at
- (‘foef _C(‘Jffef h h Hh hcghehccl;hqh - C(I;}?qh f f
o e\ (2P) + ¢"Php) + = i +A/21C
h
theh ph h ph f
- Ch ( o T4 qhqf) dt (14)
eheh

where the first term captures changes in global emissions from changes in output and the
term A/2FC¥, , captures changes in global emissions arising from the abatement induced by
q~e

the tax.

Remark 3.5. Global emissions fall with an increase in the emission tax in the home country,
if the home country exhibits a relatively large intensity coefficient or if pollution intensities
across countries are equal (i.e., —C’;Lheh/C'gheh > _Cgfef/cgfef) . Alternatively, global emis-
sions rise if the foreign country exhibits a sufficiently large pollution intensity coefficient as

stated in proposition 3.2.
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Remark 3.6. Let (i) the foreign country be sufficiently pollution intensive as defined in
proposition 5.2 and (ii) the cross effect on demand in both countries is either small or equal
across countries. Then, a proportional increase in the emission tax in the home and foreign

country (i.e., dt" = dt’ > 0) reduces global emissions.

Up to this point the analysis has looked at policy reform consisting of changes in
either taxes or the cost parameters z*. In order to combine policy reforms it is important to

¥ may induce changes in taxes since taxes

note that policy reform of the cost parameter, 2z
in equilibrium are a function of the cost parameter i.e., t"* (2", 27), t/*(2" 2/). T delve into
the characterization of policy in section 4. With this in mind, consider the policy reform
of dz" < 0 which gives the possibility of dt" > 0, if ch < 0, or dth < 0, if ch > 0, where
for given z/, dth = t’;hdzh. The case where ti‘h < 0 may denote that, with a higher 2", the
government offsets damages from transboundary pollution and losses in welfare via the profit-
shifting effect as home firms lose market share as a result of higher cost. In the case where

th, < 0 gives, using (13) and (14), that global emissions fall as long as the home country

is at least as pollution-intensive as the foreign country (i.e., —C;Lheh/Cgheh > —C;fef/Cgfef)

h

and the increase in emissions via lower marginal costs, due to a reduction in 2", is small

(i.e., C;‘h < CZLCgheh / theh). This is because global emissions fall via the reduction in z"
and at the same time via a higher tax, t". Global emissions rise otherwise under the same
conditions if dz" > 0 and ti‘h < 0, where higher costs, 2", result in higher global emissions
since C’:h < Cehh C’;Lheh / theh, and concomitantly, because the government lowers the emission

tax.

As a second policy reform, consider an equal increase in the tax and cost parameter
in the home country (i.e., dt" = dz" > 0). It is noteworthy that this policy reform requires
t’;h = 1. With this in mind it can be shown that global emissions fall as long as the home
country is at least as pollution-intensive as the foreign country and the increase in emissions

h

via higher marginal abatement costs, resulting from an increase in 2", is sufficiently small
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i.e., the role of the emission tax in the home country is small, C:h + 1 > 0. This result is
important because it suggests that a pollution-intensive country, with a relatively small role

of its emission tax, may reduce global emissions via taxation and higher costs.

In particular, combining (13) and (14) yields

AdE =

da (15)

h Cghqh h thqh h iy
th - o (Ceh + 1) n— on (Ceh + 1)A/Z Ceheh

where dt" = dz" = da and

~Ch cl, ¢l — c!
o qhe f I pf o efef Tqlqt efqf qfef f f pf
no= ch o <2qu T4 quqf> Tz o’ o o/ (th T4 quqh)
ele efef efef

whence n > 0, if _Cgheh/célheh > —Cffef/Cffef-

Proposition 3.7. Let the home country be relatively pollution-intensive and suppose that
the change in emissions via the cost of an extra unit of output is small. Then, a policy
reform consisting of a taz increase (dt" > 0) and reduction in costs (dz" < 0) lowers global

emisSions.

Proposition 3.8. Let the home country be relatively pollution-intensive and assume ti’h = 1.
Then, a policy reform consisting of higher costs and tazation (dt"* = dz" > 0) lowers global

emissions as long as the role of the emission tax in the home country is small i.e., C’fh—i—l > 0.

4. Welfare and Policy Reform

In this section, I examine the impact of policy reform on welfare i.e., how policy reform in

one country affects welfare in the other country. The analysis can be thought of as efforts
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by countries to coordinate multilateral policy. As presented in the literature (e.g., Kayalica
and Lahiri 2005; Hatzipanayatou et al. 2005; Gautier 2014) this type of analysis captures

the externalities and inefficiencies of the non-cooperative equilibrium.

I shall follow Ulph and Ulph (2007) and Gautier (2014) in the set-up of the welfare
function where consumer surplus effects are assumed away. In this way issues of strategic
environmental policy, as it pertains to profit-shifting effects, and transboundary pollution

can be the focus of the analysis.

Define welfare in the home country as follows
Wh =7l 4 et — pM(E) (16)

where ¢" denotes damages from pollution in the home country, which satisfies ' > 0,
" > 0 and E = e + e/ denotes global emissions. Since the function ©"(-) depends
on global emissions, damage from pollution in the home country captures also effects via
transboundary pollution. An analogous expression applies to W/, the welfare function of
the foreign country. The home and foreign country simultaneously choose the emission
tax taking the other country’s policy as given. This yields a non-cooperative policy vector

th (2" 2F), t7*(2h, 27). T shall assume interior solutions in order to account for the interaction

between taxes and the cost parameters in policy reform.

Differentiation of the welfare function for each country yields (subscripts denote par-

tial derivatives)

dwh = [thq@% _thehhg—i: _ @h/STEh} dth + [thth% . zthh% _wh/gTEf} dt! (17)

8h ef 8h ef
daw’ = [quqJ;% - szgng - gof’gTb;} dt? + [quqJ;L% - zfcgfg? - @f’gTEh} dth (18)
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where at the Nash equilibrium the first term in (17) and (18) are equal to zero.

I want to see how taxes and the cost parameter in one country affect the other
country’s welfare, starting at the Nash equilibrium. This is to have a sense of how policy
reform affects welfare across countries. To achieve this, I look at the foreign country’s
welfare, where differentiation of W/, starting at the Nash equilibrium while keeping in mind

w

that t"* (2", 27), t/*(2", 27), gives (subscripts denote partial derivatives and dropping the “x

superscript for notational simplicity)

aw! = Witk + W] a4 (Wit + W] 4! (19)
where the term Wt’; is given by the last term in (18), szh = quq];qZh + tfefh — /'"E,i, and

W = ¢ PLdly +tel, — o'E.;.

To delve into the analysis of (19), I first characterize optimal policy and then find the
expression for tgh. In particular, using (17) optimal taxation in the home country satisfies

(subscripts denote partial derivatives)

h ph . f f
. ¢"FPq e
€h Efh

where Pq}; < 0, q{h > 0, efh > 0. An analogous expression applies to t/*. The term e,
could be positive or negative as discussed in previous sections, but for now consider the
case where efh < 0. The first term denotes the incentives to set a lower tax to offset the
profit-shifting effect arising from the foreign country, the second term also puts a downward
pressure on the optimal tax in order to address transboundary pollution coming from the

foreign country (a lower tax at home lowers output in the foreign country thereby lowering

pollution coming from that country); and the third term addresses damages from pollution
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arising from emissions in the home country. An analogous analysis applies to t/*.

There are a number of opposing effects on the optimal tax in the home country arising

h

from changes in z". First, an increase in z" may lower output at home which prompts the

home country to lower the tax; and second, an increase in 2"

may result in an increase in
emissions in the foreign country thereby exacerbating damages from transboundary pollution.
Third, an increase in global emissions creates additional damages from pollution, and thus

adjustments in the tax in the home country, resulting from non-linearities in the damage

function in both countries.

To explore these effects further consider a cost function of the end-of-pipe C(q,e) =
¢q + (6g — €)?/2 where the first (second) term denotes production (abatement) costs, abate-

ment is given by a = dq — e, where 0 is a positive constant which denotes pollution intensity,
and Cpe = Coy = =0 <0, Cpy = 6% >0, Cee =1 >0, CeeCyy — C’ge = 0. In this case
Cy— CCy/Cee =E> 0, ¢l <0, ¢/, <0, ¢, <0,¢h <0,¢l, >0,¢% >0, ¢, >0, ¢, >0,
qicf < 0, qgh < 0, egf > 0, qgf > 0, efh > 0, qfh > (0. Moreover, consider the case of linear
demand where th = = -8, thf Pfh = —v, >~ > 0, where v denotes the degree of
product differentiation: 5 = v captures the case of homogeneous goods, whereas 0 = v the

case of completely differentiated products. In what follows I shall assume this demand and

cost structure to derive results.

Differentiation of (20) and an analogous expression for +/* with respect to 2", and

using (7)-(12) yields®

h ok
Fqih
wth, = qthqh/z goh’e{h ("2 + e BB — QOf”€?hEthzh% (21)
tf qhqtf

8The goal here is to analyze unilateral policy by the home country and its impact on welfare of the
foreign country without a policy change in the foreign country. This exemplifies cases where countries act
unilaterally without any policy response by other countries. Consistent with this goal I assume that the
foreign country does not change policy as a result of a unilateral policy change by the home country.
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where eff, < O,e{f <0, ¢4 <0, q{h >0, w = (e})? — €l (Em)?¢"” > 0. The first and second
terms capture, respectively, reductions in the tax to offset profit-shifting and transboundary
pollution. The last two terms could be positive or negative under a number of assumptions
about global emission. But if, for example, the last two terms arising from non-linearities
in the damage function are negligible (e.g., marginal damage functions are not too convex),
then tgh < 0. Alternatively, suppose that conditions are such that Eux < 0 for k = h, f and
E.n > 0. Then, the third term is positive thus indicating that the tax at home is adjusted

h

upwards with an increase in 2" in order to tackle higher damages at home resulting from

higher global emissions. The fourth term is negative thus indicating that the tax at home is

lowered with an increase in 2"

in order to reduce damages in the foreign country resulting
from higher global emissions: specifically, an increase in 2z induces an increase in " which
lowers damages to the foreign country via transboundary pollution, but this is completely

offset by a reduction in t" in order to reduce emissions in the foreign country and thus

damages in that country.

To complete the set-up necessary to analyze policy reform, I make a few remarks about
the terms Wt}; and th in (19) assuming a cost function of the end-of-pipe as defined earlier.

First, in Wt’; =q/ Pq’;qthh + (t — ol )efh — pf’el an increase in the tax in the home country

raises welfare in the foreign country via the profit-shifting term, ¢/ quhq?h > 0, the reduction

h

in transboundary pollution, —y/’e ih

> 0, and lower abatement costs, tf efh > 0; but welfare in
the foreign country falls as a result of higher emissions in the foreign country and thus higher
damages from pollution, —gof’efh < 0. Second, from the term szh = quqfh qi‘h —l—tfefh —ol"En

h raises welfare in the foreign country via profit-shifting, lower abatement

an increase in z
costs and lower transboundary pollution as long as higher costs reduce emissions at home;
but welfare in the foreign country falls via higher emissions in the foreign country as a result

of an increase in 2" i.e. —gpf/efh < 0.

With the above results in mind and under the assumption of a cost function of the

end-of-pipe as defined earlier, the following results are stated. An increase in costs in the
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home country, 2", for given tax, raises welfare in the foreign country if global emissions fall
with 2" (i.e. E,n < 0) and thus damages from global pollution do not lower welfare in the
foreign country i.e., —p/'E,n > 0. Alternatively, if E,» > 0 welfare in the foreign country
rises if the home country reduces costs (i.e., 2" falls) and the reduction in damages from
global pollution is sufficiently large i.e., —p/'E,» < 0 and large so that szh > (. Moreover,
an increase in the tax in the home country lowers (raises) welfare in the foreign country if
global emissions rise (fall) with the taxi.e., Eyn > (<)0. Therefore, a policy reform consisting
of lower costs in the home country raises welfare in the foreign country as long as (i) the
reduction in global emissions lowers damages in the foreign country sufficiently (i.e., E,» > 0,
—"En < 0 and large), and (ii) the tax in the home country rises as a result (i.e., t", < 0)

with a corresponding reduction in global emissions via the tax (i.e., £ < 0).

Proposition 4.1. Suppose the cost function is of the end-of-pipe i.e., C(q,e) = ¢q + (6q —
e)?/2. And let global emissions fall with an increase in the tazx in the home country (Eun < 0)
and with a reduction in costs in the home country (E,n» > 0). Then, a policy reform consisting
of lower costs in the home country (dz" < 0) with a subsequent increase in taxation (ti’h <0)
increases welfare in the foreign country as long as the reduction in damages from global
emissions in the foreign country resulting from the cost reduction is large i.e., quqthgh +

tfefh < l'En.

It is important to note that the conditions F,» > 0 and E,» < 0 in proposition
4.1 hold in the case where the pollution intensity coefficient in home country is large

—C’thh/C’fheh > —C’efqu/Cgfef and the abatement resulting from lower costs is large i.e.,

the term —C”, A/C”, 2" in (13) is sufficiently large. Additionally, for E,» > 0 and Ey <0

/

to be consistent with t", < 0, non-linearities ought be relatively small (i.e., ¢"” and ¢/”

small).
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5. Conclusion

The analysis of policy reform is timely and relevant. Recent developments in the kind
and number of international /regional agreements suggest that regulatory and environmental
policies are likely to be adjusted to new environmental challenges, thereby prompting policy
reform across countries. This paper considers a two-country model where firms behave in a
Cournot fashion and face an emission tax, and countries undertake policy reform of emissions
taxes and cost-related regulations associated to production costs and pollution abatement
costs. The model allows for asymmetries in abatement cost functions, thereby capturing
differences in pollution intensities (i.e., emissions per unit of output) and marginal abatement
costs. The analysis indicates, inter alia, that the ability of countries to reduce local and global
emissions via policy reform depends crucially on these asymmetries. For example, unilateral
policy consisting of higher taxes and lower costs by the pollution-intensive country may
reduce global emissions. Other multilateral policies are analyzed where the presence of an
emission tax to reduce emissions, via the incentives created by the marginal abatement cost

function, is crucial in reducing emissions.

Inevitably, the analysis and policy implications depend crucially on the model as-
sumptions, but at the same time the paper presents several important potential lines for
future research. First, the analysis can be easily extended to the n-firm case in order to
capture aspects of industry size and free-entry and exit of firms. Even though the fac-
tors driving the results do not change, incorporating more firms into the analysis can add
interesting aspects of firm competition and how this may alter the effectiveness of policy re-
form. Second, in many cases international agreements force countries to face policy choices
to tackle local and global pollutants, while facing pressure to be more competitive in the
global market. In this context adding more pollutants to the analysis in the spirit of Amber
and Coria (2013), while keeping asymmetries in abatement cost functions, would render the

analysis richer and perhaps more pertinent to current environmental agreements. Third, in
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the current paper the parameter z, which captures exogenous changes in production and
pollution abatement costs, can be endogenized. Even though the literature has endogenized
this type of cost parameter, the focus has been to think about it in terms of environmental
R&D affecting pollution abatement costs (e.g., Montero 2002a, 2002b) or a subsidy to R&D
(e.g., Gautier 2014). Fourth, an additional line of research would be to incorporate aspects
of political economy in the decision making process determining policy reform, which in the
present paper are assumed away but which play an important role in regional/international

agreements.
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