~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Antoniou, Fabio; Hatzipanayotou, Panos; Tsakiris, Nikos

Working Paper
Strategic Export Motives and Linking Emission Markets

CESifo Working Paper, No. 8847

Provided in Cooperation with:
Ifo Institute - Leibniz Institute for Economic Research at the University of Munich

Suggested Citation: Antoniou, Fabio; Hatzipanayotou, Panos; Tsakiris, Nikos (2021) : Strategic Export
Motives and Linking Emission Markets, CESifo Working Paper, No. 8847, Center for Economic
Studies and Ifo Institute (CESifo), Munich

This Version is available at:
https://hdl.handle.net/10419/232444

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/232444
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

cesifo 8847
WORKING = -
PAPERS

Strategic Export Motives and
Linking Emission Markets

Fabio Antoniou, Panos Hatzipanayotou, Nikos Tsakiris

cesifo



Impressum:

CESifo Working Papers

ISSN 2364-1428 (electronic version)

Publisher and distributor: Munich Society for the Promotion of Economic Research - CESifo
GmbH

The international platform of Ludwigs-Maximilians University’s Center for Economic Studies
and the ifo Institute

Poschingerstr. 5, 81679 Munich, Germany

Telephone +49 (0)89 2180-2740, Telefax +49 (0)89 2180-17845, email office@cesifo.de

Editor: Clemens Fuest

https://www.cesifo.org/en/wp

An electronic version of the paper may be downloaded

- from the SSRN website: www.SSRN.com

- from the RePEc website: www.RePEc.org

- from the CESifo website: https://www.cesifo.org/en/wp



mailto:office@cesifo.de
https://www.cesifo.org/en/wp
http://www.ssrn.com/
http://www.repec.org/
https://www.cesifo.org/en/wp

CESifo Working Paper No. 8847

Strategic Export Motives and Linking
Emission Markets

Abstract

We explore the possibility of achieving a cooperative outcome when governments act non-
cooperatively in a strategic environmental policy model where emission permit markets are
linked. We introduce a specific distribution scheme of the permit revenues between the exporting
countries so as to sustain the cooperative outcome as a subgame perfect Nash equilibrium.
Participation in the scheme is endogenized and we show that it constitutes a subgame perfect Nash
equilibrium as long as the countries are not too asymmetric. Our results are robust once we allow
for multiple pollutants, different modes of competition and market power in the permits market.
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1 Introduction

The recent alarming calls against climate degradation bring forth more vividly than ever before the
need for enhanced collective action against this problem, e.g., The Economist (2019). For example,
in line with this realization, whereas broad participation has been achieved in the Paris Agreement,
adequate collective ambition for national contributions pledged by individual countries has not been
met, e.g., Mehling et al. (2018). The reluctance regarding the ratification of the Paris Agreement
is indicative of the difficulties in overcoming the consolidated prisoners’ dilemma situation. The
problem is mainly due to two reasons. First, combating climate degradation is difficult due to the
potential carbon leakage effect and also because of the presence of free-riding incentives. Second,
there are concerns at countries’ level of other crucial economic adversities which may emerge as a
result of stricter environmental regulations, e.g., the loss of international competitiveness of national
exporting firms, the hindrance in inflows of Foreign Direct Investment (FDI), and the weakening
of growth and domestic employment prospects (Martin et al., 2014). Such and other scepticism
necessitate the search for potential mechanisms that improve the current regulatory schemes in the
presence of strategic motives.

The general global trend for C'O2 emissions regulation is to create emission permit markets,
initially at a local level and then gradually extend them across different regions and countries (e.g.,
Schmalensee and Stavins, 2017). There are now numerous active Emission Trading Systems (ETS).
The most well known is the European Union Emissions Trading System (EU ETS) that is the oldest
and still largest ETS for GHGs operating worldwide. More than 11,000 power plants across different
sectors participate and approximately 45% of the EU emissions are covered by this system (ICAP,
2020). In January 2020 the EU ETS became linked to the Swiss ETS. In the other side of the
Atlantic the Western Climate Initiative (WCI) is an act of American state and Canadian provincial
governments that aimed at developing a joint strategy to reduce GHG emissions via a cap-and-trade
program. California, Quebec and Ontario independently established their own systems using the
framework developed by the WCI approach and afterwards at different points in time linked their
ETS. Many more programs are now present, among others in China, Japan, Mexico, New Zealand
and Republic of Korea. An interesting feature that these programs share is that a portion of the
permits allocated to the producers are grandfathered, whereas the rest is auctioned (e.g., Phase
III of the EU ETS). Then, the revenue generated from the permits auctions is either lump-sum
distributed back to the societies or it is earmarked to finance the provision of public goods. By the
end of 2018, the EU ETS has raised revenue of 15.8% billion, which on the one hand, according to
information submitted, has been used by approximately 80% to finance domestic and international
climate-related projects, e.g., renewable energy promotion, but also, on the other hand, to finance
other non-environmental ones, e.g., innovation and the general budget (ICAP, 2020). One way or
another this appears to be at least partially the case in many active tradable permits schemes. For
example in the WCI, most of California’s revenue from permits auctions goes to the Greenhouse
Gas Reduction Fund. As these ETS mature, it is observed that a smaller portion of permits issued

is grandfathered to the participants, while their larger portion is auctioned. Then, the incoming



auction revenue is distributed back to the jurisdictions in the forms described previously. Naturally,
this pattern rises the question of whether these trends, i.e., linkage of permit markets along with
targeted auction revenue distribution across jurisdictions, are moving into the right direction, or
whether ETS should be modified once the incentives presented above leading to the prisoners’
dilemma are accounted for.

The aim of this study is to address these issues. To this end we develop a three-stage game
of strategic environmental policy. Prior to the traditional two-stage strategic environmental policy
game, we introduce a pre-stage, Stage "0", where countries decide on establishing a tradable permits
system where all permits are sold in the market, thus, ruling out a grandfathering scheme. The
ensuing revenue from permits sales are then distributed according to the features of our model. For
example, in the symmetric case where the countries are the same in terms of abatement technologies
and damages from pollution it suffices to guarantee in Stage 0 that all the permit expenses of the
local firm will be returned to the residents of that country. Then, in the next stage, Stage "1",
the governments decide unilaterally on the level of permits issued. In the final stage of the game,
Stage "2") the firms compete in terms of their output in the world market. Under this scheme,
we illustrate that there exists an infinite number of subgame perfect Nash equilibria that share a
common feature. That is, the aggregate level of pollution is equivalent to the one that maximizes the
joint welfare. This result is in sharp contrast with the standard result of the relevant literature, as
presented in the following section, where a race to the bottom occurs in environmental regulation
when it is used for trade purposes as well. Our results suggest that it suffices to link tradable
permit markets across countries without grandfathering and allow for a specific distribution of
permit revenues across countries to be defined and the race to the bottom disappears. The reason
is that the proposed mechanism removes the strategic incentives of the exporting countries as
the marginal abatement costs are always equal to the permit price and thus regulation affects
equally the marginal abatement costs of every firm regardless of the firms’ location. Moreover, the
externality is correctly internalized and the incentive to issue additional permits to extract gains
from the permits market disappears because issuing an additional permit affects pollution in the
same way in any country. In the full version of the game, where in Stage 0 the countries decide on
linking the national ETS or not, we show that under the unanimity rule participation constitutes
a subgame perfect Nash equilibrium as the exporting countries do not have a unilateral incentive
to deviate.

Our results extend also to asymmetric cases such as the presence of different damages from
pollution or different abatement technologies across countries. To achieve this outcome a specific
distribution of the permit revenues is required which corresponds to indirect transfers. When the
countries differ in terms of damages from pollution the country with the higher marginal damage
receives a larger portion of the aggregate permit revenues and thus an indirect transfer from the
other country. When the countries differ in terms of abatement costs the country with the lower
costs receives a larger proportion of the aggregate permit revenues which translates to an indirect

transfer from the rival country. Naturally, the presence of asymmetries in the characteristics of



the countries also implies asymmetric outcomes. This, casts doubt regarding participation in the
extended version of the game. In Section 6 we discuss the effect of asymmetries over participation
by conducting numerical simulations corresponding to different scenarios. We obtain that for a
relatively small degree of asymmetries, in technologies or damages from pollution, e.g., 10%, we
are still able to sustain the cooperative solution as a subgame perfect Nash equilibrium in the full
game. On the contrary, for larger degrees of asymmetries, e.g., 40%, the country that receives the
lowest share of the revenues face an incentive to deviate in Stage 0. Interestingly, we show that
we can still obtain the cooperative solution as a subgame perfect Nash equilibrium for a relatively
large degree of asymmetries when they are positively correlated. In addition, we illustrate that
if we impose exogenously that the permit revenues are split equally between countries, it is more
likely for our scheme to become implementable and yield welfare gains to the countries relative to
a case without this scheme, at the cost of sacrificing efficiency.

Our proposed scheme is sufficiently general to nest different variations of the model. The most
important extensions are discussed in Section 7 where we argue that the results can invariably hold
regardless of, the number of pollutants, the mode of competition, i.e., quantities or prices, and the
presence of market power in the permits market. Remarkably, in the case of multiple pollutants
we show that achieving the cooperative solution by implementing a single instrument for the two
externalities may be superior to the case where two policy instruments are in place. The rationale
is that the governments by integrating tradable permit markets for different pollutants have an
incentive to restrain the issuance of an excessive number of allowances as in the main model. On
the contrary, if the local pollutant is regulated by a different policy instrument the governments
may relax the corresponding regulation further so as to gain a production advantage against the
rival country.

The implications of this study are straightforward. We suggest that a scheme which is already
implemented (e.g., EU ETS, Ontario, Montreal and California agreements, China), under a careful
design may lead to a cooperative outcome even though the countries choose their levels of regulation

by pursuing their self-interest.

Organization of the paper In Section 2 we present the related literature. Section 3 illustrates
the theoretical model. In Section 4 the comparative statics of the model are presented. Then,
in Section 5, we focus on the symmetric case and derive the equilibria of the game. In Section 6
we provide the corresponding analysis for the asymmetric cases. In Section 7 we present several
extensions, and finally, in Section 8 we conclude with potential implications arising from the current
study. The formal proofs are collected in the Appendix. The calculations for the simulations in
Section 6 and an example for the case of multiple pollutants are presented in the Supplementary

Appendix.



2 Related Literature

The environmental policy as a means to affect the competitiveness of the regulated exporting
sectors has been explored in the so called "Strategic Environmental Policy" literature, established,
among others, by Conrad (1993), Barrett (1994), Kennedy (1994), Rauscher (1994), Ulph (1996)
and Neary (2006). In particular, Conrad (1993), Kennedy (1994), Barrett (1994), and Neary (2006)
argue that the level of regulation in the form of emission quotas or taxes is set inefficiently 10WE| All
these studies conclude that the presence of strategic incentives are welfare detrimental. Antoniou
et al. (2014) show that this race to the bottom is reversed if the two exporting countries are linked
through a permits market where the firms compete in quantities and initial permit endowments
are allocated for free to the exporters. However, regulation remains below the efficient level. In a
similar setup but in the presence of multiple pollutants Antoniou and Kyriakopoulou (2019) show
that when the transboundary pollutant is regulated through a permits market then the incentives to
relax further local regulation are magnified. Lapan and Sikdar (2020) show that when the exporting
firms compete over prices then the level of regulation is strengthened but still not at the efficient
level. Al Khourdajie and Finus (2020) introduce a strategic trade model and present the conditions
under which border carbon adjustments can mitigate free-riding and reduce carbon leakage. Our
study shows that the distribution of permit revenues is important for aligning the incentives of the
exporting countries and obtain the cooperative outcome irrespective of the number of pollutants
or the mode of competitionEHﬂ

The idea of allowing countries to issue permits unilaterally and then trade them is not new.
Early studies in this literature, e.g., Helm (2003), Carbone et al. (2009) and Godal and Holtsmark
(2011) explore the possible welfare gains from such a setup. Gersbach and Winkler (2011) introduce
a blueprint for an international permit market where the countries issue permits unilaterally and
allow both for grandfathering and auctioning of permits. They show that if revenue from auctioning
permits is collected to a global fund, and then is distributed back to the participating countries in
fixed proportions, all countries tighten their issuance of permits and thus the equilibrium level of
welfare is higher. In the symmetric case where there is full auctioning the solution converges to
efficiency. Following the mechanism of Gersbach and Winkler (2011), Tsakiris et al. (2018) argue
that in a trade model of symmetric countries of perfect competition and perfectly transbound-
ary pollution environmental policy can be tighter. In the absence of this scheme Holtsmark and
Sommervoll (2012) and Lapan and Sikdar (2019) find that internationally tradable permits lead to

higher pollution compared to non-tradable permits in the case where there is intra-industry trade

'Nannerup (2001) and Eichner and Pethig (2009) argue that even if regulation is restricted by an international
agreement, the governments may favor the exporting against the non-exporting sectors. Pantelaiou et al. (2020)
show, among other things, that when production uses a depletable resource and generates cross-border pollution in
most cases revenue recycling is an export-contracting but resource preserving policy.

2 A parallel literature (e.g., Ulph and Valentini, 2001; Kayalica and Lahiri, 2005; Tsakiris et al., 2017; Nachtigall,
2019; Richter et al., 2019) attests that the governments tend also to relax regulation to avoid plant relocation.

3The distribution of permit revenues may translate into indirect transfers and their direction may affect the
implementability of the scheme as we also examine in our analysis. The use of direct transfers is commonly advocated
so as to counter-act free riding incentives in international public good problems (e.g., Kornek and Edenhofer, 2020).



in goods along with trade in emissions permits and countries strategically choose environmental
policies. Interestingly, Landry (2021) introduces a general model which nests many different cases
presented in the literature and argues that decentralized policy making can lead to efficiency if
interjurisdictional trade of permits is allowed and local governments on average think globally in
the sense that their revealed social costs of carbon equal the global social cost of carbon on average.

Our aim is to complement the aforementioned literature by introducing an imperfectly com-
petitive market structure which allows for the adoption of strategic export motives that lead to an
inefficiently low level of regulation. We show that efficiency can be obtained as a subgame perfect
Nash equilibrium given our proposed revenue scheme. On top of that we introduce a participa-
tion game under the unanimity rule and illustrate that for a large number of cases the exporting
countries are willing to link their ETS.

Interestingly, Helm and Pichler (2015) show that technology transfers among countries tend to
reduce aggregate emissions when permits are internationally tradable. Our results in the asymmet-
ric case about the abatement costs are in line with this finding. On top of that, following a loose
argument from our examples summarized in Table 1 (Section 6) we show that the most efficient
countries may be willing to transfer technology to the less efficient ones and induce participation.
Bréchet et al. (2016) argue that the Clean Development Mechanism as introduced by the Kyoto
protocol alter the incentives of the countries issuing permits endogenously and this leads to higher
emissions. Holtsmark and Midttgmme (2019) show that linking permit markets can induce greater
low carbon investments and lower emissions.

Our study shares some similarities with the participation games presented in Habla and Winkler
(2013; 2018) where they also consider initially a stage where countries decide whether to link their
domestic emission permit markets to an international market, which only forms, as in our model, if
it is supported by all countries. Then, countries non-cooperatively decide on the number of tradable
emission permits. The authors allow for the presence of lobby groups and study the effects of these
groups on their desirable policy and the adverse effect of delegation on the attractiveness of linking
tradable permit markets.

The literature on the economics of linking (Stevens and Rose, 2002; Flachsland et al., 2009;
Pizer and Yates, 2015; Ranson and Stavins, 2016; Doda and Taschini, 2017; Rose et al., 2018;
Quemin and de Perthuis, 2019; Borghesi and Zhu, 2020) has emphasized, by and large, in three
different types of gains from multilateral linking of permit markets. That is, price convergence, cost-
effectiveness and the reduction of price volatility. Doda et al. (2019) quantify the efficiency gains by
establishing two decompositions of these gains: Effort and risk-sharing gains as well as risk-pooling
associated with the uncertainty affecting each group member’s demand for permits. We abstract
from these effects as our aim is to focus on the strategic motives presented above. Caparrés and
Péreau (2017) and Heitzig and Kornek (2018) discuss different game-theoretic models of gradual

linking of permit markets.



3 The Model

Consider a two country, Home and Foreign, three stage game. Each country is represented by a
government and an exporting ﬁrmﬁ The timing structure is as follows:

Stage 0: The governments decide whether to establish and participate into a specific scheme of
internationally tradable permits.

Stage 1: The governments simultaneously and non-cooperatively choose the number of permits.

Stage 2: The firms compete a la Cournot in a world commodity market and decide on the
number of permits to be purchased.

The equilibrium notion of the game is the subgame perfect Nash equilibrium. Without affecting
our results we assume that consumption of the goods in the two countries is zero, thus total
production by the two firms is exported to the rest of the world. Production for the Home firm
is denoted by zx, and the production cost is normalized to ZGTOE Total revenue is r(z, X), and
we assume that the two outputs are substitutes, rx < 0, and that a pollutant, z, associated with
production, i.e., z = Oz, adversely affects residents in the two countries; 6, the rate of pollution
per unit of output produced, is a common positive scalar which is set for simplicity and without
affecting our results equal to one.

Each firm is assumed to have a private abatement technology («) which is necessary for removing
the extra emissions above the number of allowances (permits) e purchased by the firm from the
permits market at a given price Peﬁ Given the possibility of purchasing permits, abatement is
defined as a = x — e > 0. We assume a convex abatement cost function ¢(a), where g, > 0 and
Gaa > 0. Profits are defined as:

m=r(z,X)—q(a) — P. (1)

The government’s objective is to maximize social welfare. Welfare in Home is defined by the

function’]

w=m(x,X,a,P%e)+ Pe—d(e+ ¢FE)=r(zx,X)—qla) —d(e + ¢F). (2)

Since, by assumption, the two countries are not consumers of their exported good, social welfare
does not include any consumers surplus. Social welfare is captured by the sum of firm profits, i.e.,
m, plus the expenses for permits purchases P¢e by the Home firm that are lump-sum rebated to the
residents of that country, i.e., P°e, minus the environmental damage caused to domestic households

by the production generated transboundary pollution, i.e., d(e + ¢FE). The parameter ¢ € [0, 1]

We opt for the two-dimensional model to preserve clarity. The model can be extended to higher dimensions
regarding the number of countries and firms.

5 All choice variables and functions of Home (Foreign) and its firm are denoted by lower (upper) case letters.
Unless defined differently we only present explicitly the variables and functions of Home and its firm.

%Tn a related extension in Section 7, we relax this assumption and show that the main results carry over. Moreover,
price-taking behavior in a thick permits market is commonly used in the existing literature (Sartzetakis, 1997; Malueg
and Yates, 2009; Meunier, 2011; Antoniou et al., 2014; Antoniou and Kyriakopoulou, 2019; Lapan and Sikdar, 2020).

"The corresponding Foreign welfare is: W = I1(X, z,a, P, E) + P°E — D(E + ¢e).



measures the rate of transboundary pollution and d., dg > 0, dee, deg, and dggp > OE|
The permits market clearing condition requires that the total number of permits issued by
Home (€) and Foreign (E) in Stage 1, must equal the number of permits purchased by their two
firms, i.e., e and F, respectively. The permits price, P¢, follows from the permits market clearing
condition:
e+tE=e¢e+FE. (3)

4 Comparative Statics

In Stage 2 of the game, the firms maximize their profits with respect to output and the number of
permits they are willing to purchase subject to the constraint of abatement. Therefore, the first

order conditions for the two firms aref)]

Te =Tz —(qz =10

re= P g =0
lIx =Rx —Qx =0
g =P~ Qp =0

(4)

The conditions 7m,x < 0 and II,x < 0 ensure that the output reaction functions are downward
sloping and that outputs are strategic substitutes.

We now turn to the comparative statics analysis in Stage 2 which focuses on the sign of the
so called strategic effect that appears in eco-dumping models and leads to the prisoners’ dilemma.
The strategic effect can be described as the effect that changes in one country’s environmental
regulation have on the other country firm’s Stage 2 equilibrium output. Here, for the purposes of
our analysis, we examine the effects of an increase in Home’s supply of permits on Foreign firm’s
Stage 2 equilibrium output, i.e., %, where stars denote Stage 2 equilibrium values. In models of
standard strategic environmental policy the sign of this derivative is unambiguously negative, e.g.,
(Barrett, 1994). That is, an increase in the number of permits issued by one country lowers the
marginal cost of abatement, and thus it raises local output. The other country’s output falls due
to the conjecture that the outputs of the two firms are strategic substitutes to each other. Further
to this, we also examine the effect of the increase in Home’s supply of permits on demand for,
i.e., purchases of, permits by both Home and Foreign’s firms, i.e., %% and %, respectively. The

following proposition summarizes these resultsm

Proposition 1 An increase in the supply of permits by one country, e.g., Home, (a) entails a

8For the value ¢ = 0 pollution is local, while for values 0 < ¢ < 1, pollution is either perfectly or imperfectly
transboundary. For analytical simplicity and clarity of the results, it is assumed that the two countries are subject
to the same rate (¢) of transboundary pollution.

9The second order conditions are satisfied when the Hessian matrix H is negative definite. The corresponding

Hessian matrix, for the Home firm is H = [ :M ;r_ze } . Note that the subscript(s) stand for the partial derivative(s)
exr ee
with respect to the denoted variable(s). For example, g = %% = —(a.

" Proposition 1 extends the results of Antoniou et al. (2014) without permits grandfathering.



positive strategic effect on Foreign’s output. The effect on equilibrium outputs in the two countries

. . * *
s the same, i.e., dé(é = dd% >0,

.y . . . . . dPG*
(b) reduces the equilibrium price of permits, i.e., “x 0,

(¢) increases demand for emission permits by both Home and Foreign firms, i.e., %, dfg > 0.

The analytical expressions for these results are given by equations (A3) in the Appendix.
Proposition 1(a) denotes that a change in the number of permits issued by either country affects
equally the Stage 2 equilibrium output of both firms. The reason is simply that the marginal
abatement costs are equalized and fixed at the common permits price. The output game converts
to a symmetric Cournot game with fixed marginal costs and naturally the emerging equilibrium is
a symmetric one.

Proposition 1(b) states that an increase in the supply of permits by either country reduces the
equilibrium price of permits. Moreover, a closer look in the corresponding right-hand-side terms of
the expression % in the Appendix allows as to infer how sensitive is this derivative with respect
to the specificities of the model. For example, in a linear-quadratic specification of the model it
can be shown that when the slope of the marginal abatement cost increases our derivative becomes
more negative. This implies that the price is more sensitive to supply changes as the firms’ demand
for permits is more inelastic.

Proposition 1(c) simply illustrates that since an increase in the supply of internationally tradable
permits by either country tends to reduce the price of permits, demand for these permits by firms
in both countries rises to the point where the marginal abatement costs are equalized. Note that in

the symmetric case, where the firms face the same abatement technologies it holds that % = dfg,

since in equilibrium the abatement levels are equal.

These preliminary results are of use to the analysis of the section to follow. This is to examine
the effects of permits trading on the countries’ levels of welfare. To this end, first, we consider
the case of symmetric countries in terms of their abatement technologies and of the corresponding
environmental preferences. Next, we turn to the case of asymmetric countries in terms of the above
features. Related to this analysis we also focus on the incentives for the countries decision in Stage

0 to implement a tradable permits scheme.

5 Symmetric Case

5.1 Welfare Analysis

We begin by examining as a benchmark case the cooperative solution whereby each government
chooses the level of permits to issue so as to maximize their joint welfare. We then compare the

cooperative solution to the non-cooperative one.

Cooperative Solution For the cooperative case, Home (Foreign) chooses the level of permits

e (E) so that w =0 (d("ji%w) = O). Due to our assumption of symmetric countries, it suffices




to examine the effects of Home choosing €, and the exact same results apply to the case of Foreign

choosing E. Given that % = aag 88%* + a%l* 832* and %—g = gg %%* + ggk 8BE§*, the first order conditions

for total welfare maximization are the following{']

d(w+ W) de*  OFE* or* 0X*  OIl* Ox* od 0D
—_—mm —_— Pe* T - ~— Ta— == .
de <ae+ ae> +<6X* ge | or ae> <8e+%> 0 5)
permits revenue general marg.
effect strat. eff. damage

(+) ) (+)

and
e=F. (6)

Recall that the asterisks denote equilibrium values, and below each term we indicate the partial
effect and the sign of changes in € on the corresponding variables. The first right-hand-side term
in , we call permits revenue effect, is positive in sign and it captures the increase in aggregate
revenues from sales of internationally tradable permits from the Home country, as a higher number
of permits issued, increases the purchases by both firms as described in Proposition 1(c). The
second right-hand-side term, we call general strategic effect, captures the impact of changes in e
on the countries’ joint welfare through changes in firms’ levels of output and their effect over the
profits of the rival firm. By Proposition 1(a), it follows that the overall sign of this term is negative.
This implies that it is to the interest of a country to follow a tighter environmental standard, i.e.,
the issuance of fewer permits. The last right-hand-side term, we call the marginal damage, stands
for the aggregate marginal environmental damage caused from pollution. It is equal to the effect of
the additional number of permits over the damage. Note that the effect of the change in regulation
over the permits price, i.e., %, is absent as the revenues are lump-sum rebated. Equation @
applies in the fully symmetric as € and F are linearly dependent.

Using the results presented in Proposition 1 and exploiting symmetry, equation is simplified

to:

d(w+W)_@Pe* or* 0X*  0d _
de -~ Oe 0X* de  Oe

Equation determines the level of permits issued by Home so that the countries’ joint welfare is

0. (7)

maximized.

Non-cooperative Solution We now turn to the non-cooperative solution where each gov-
ernment decides on the number of permits to issue so as to maximize its individual welfare, provided
that there is an agreement in Stage 0 regarding the implementation of a tradable permits scheme

where revenues are lump-sum distributed to the issuing country’s households. The welfare maxi-

P P— . gon S .
'Note that the terms g;r* 65”@ + gg* ag(é + g:* G;E + gg* aa% disappear as the envelope theorem applies. The

second order conditions of the problem are satisfied since the problem is concave.




mizing first order condition for the two governments are described by the following equations:

dw 0Oe* .~ On* 0X* 0Od

de  Oe ox- oz o 0
dw _9E* ..  OU*dx* 9D ®
dE  OF oz* OE OE

where the corresponding terms are similar to the ones analyzed in . Notably, here, the right-hand-
sides of and the first equation in coincide. Therefore, we obtain the following proposition:

Proposition 2 Under symmetry the non-cooperative and cooperative solutions coincide.

The reaction functions of the two countries in the non-cooperative solution in coincide which
implies that there exist a continuum of subgame perfect Nash equilibria in the subgame for € and
E", respectively, such that the aggregate emissions should be equal to the cooperative level of
emissions. Yet, the Stage 2 equilibrium values remain unaffected from the exact distribution of &*
and E* and thus the cooperative solution is obtained for every subgame perfect Nash equilibrium.
The establishment of a tradable permits scheme of this kind reverses the strategic incentives as
the government realizes that any policy change affects equally both firms’ outputs. Therefore, any
policy change triggered by a strategic motive to affect output is removed and no adverse effect is
imposed on the rival firm. On the contrary, tighter regulation coordinates the two firms towards
lower aggregate production which benefits both firms. Moreover, the externality from pollution in
the other country is now correctly internalized, as a change in the supply of permits in one country
affects the permits purchases of both firms by exactly the same magnitude. Thus, any reduction
in the number of permits by Home equally reduces the level of pollution in the other country. A
critical factor for achieving the cooperative outcome is that the permits expense from each firm is
lump-sum rebated to the residents of that country. The latter feature is absent from the existing
literature, e.g., Antoniou et al. (2014), Lapan and Sikdar (2020). In Antoniou et al. (2014) the
government permits are grandfathered to the corresponding firms. In Lapan and Sikdar (2020),
no grandfathering takes place and the revenues from government permit sales, independently of
the recipient firm Home or Foreign, are distributed to the local residents. In our case, the permits
revenue distribution scheme removes the unilateral incentive to alter the number of permits in order
to exploit any windfall gains through permits trading. In the symmetric equilibrium there are no
transfers of permits revenue across countries. Hence, the interesting feature is that in the symmetric
case the cooperative solution is implementable and can be sustained as a subgame perfect Nash

equilibrium in Stage 0.

5.2 Implementability of the permits scheme

Our model resembles the case of countries that are already a part of an economic union such as the
European Union or some peripheries which are part of a larger country, e.g., Canada, China and
the US. In the case of the EU which is consisted by 27 different member states the decisions are
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taken by the unanimity rule. In case one member state disapproves a mandate, then it is abolished
from the coalition. Hence, the introduction of the EU ETS in Europe has gained the approval of all
member states. The open-ended discussion now in the EU is whether to abolish the unanimity rule
and move to qualified majority voting or not, e.g., Yrjo-Koskinen et al. (2019). The voting rule is
important regarding the implementability of the scheme in Stage 0 as unanimity requires that all
countries must agree in establishing and participating in the tradable permits scheme, whereas this
is not true under a majority rule.

To examine implementability we focus on Stage 0 of the game where the two countries must
decide on the introduction of the scheme or not. To introduce the scheme both countries must agree
on that, otherwise the scheme will be abolished and the game simply reduces to the non-cooperative
game described in the standard strategic environmental policy literature. The following proposition

summarizes the outcome of Stage 0:
Proposition 3 It is a subgame perfect Nash equilibrium to introduce a permits trading scheme.

Proposition 3 simply states that no country has a unilateral incentive to deviate from the
introduction of the tradable permits scheme provided that the other country accepts it. This
follows from the fact that the non-cooperative solution yields the maximum welfare benefits. Hence,
switching regimes is not at the countries self interest. Under symmetry, i.e., same abatement
technologies and same environmental preferences, we obtain subgame perfect Nash equilibria where
the race to the bottom present in the standard models of strategic environmental policy disappears.
Notably, non-participation of both countries constitutes another subgame perfect Nash equilibrium
as there is no incentive to unilaterally deviate from this situation as well. The equilibrium, however,

described in Proposition 3 is a focal point.

6 Asymmetric Cases

6.1 Welfare Analysis

We now turn to the case where Home and Foreign are asymmetric, either in terms of different abate-
ment technologies and/or different environmental preferences, as captured by the environmental
damage function. We examine the cooperative and non-cooperative solutions to the countries’ prob-
lem of issuing internationally tradable emission permits, and we set the conditions under which it

is possible for the two solutions to coincide.

Cooperative Solution The conditions for the joint welfare maximization are again described
by the system of equations and @ Akin to the symmetric case, condition @ is not unique.
This is because independently of which country issues a permit the effect on either country’s welfare
is exactly the same. Hence, the number of permits in Home and Foreign are linearly dependent.
This implies that there is a continuum of combinations of permits issued by the two countries that

yield the same outcome. The necessary condition is that they must add to e* + E .
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A key feature of the current model which further highlights the importance of the proposed
distributive scheme of revenue from permits sales is the following. With asymmetric countries,
the cooperative equilibrium level of welfare under the proposed distributive scheme of permits
revenue, does not coincide with the corresponding cooperative equilibrium level of welfare when
governments implement other types of environmental regulation, e.g., either command and control
policies or issue permits which are traded in local emission marketsE In particular, when countries
are asymmetric, the cooperative level of welfare is lower under the proposed distributive scheme of
permits revenue compared to that under the alternative policies of environmental regulation. This
result might seem surprising but it holds because the abatement technologies in the two countries
are different. Specifically, the proposed scheme of trading permits internationally, dictates the two
firms to equalize the marginal abatement costs. Yet, when the abatement technologies differ across
firms, then, welfare can increase for allocations where the marginal abatement costs are not equal
across firms and the product market is imperfectly competitive. The intuition behind this result
follows from the analysis of Salant and Shaffer (1999) where they employ a Cournot model and
show that in the case of asymmetric (constant) marginal costs, aggregate profits and welfare are
higher compared to the case where both firms face the same marginal costs that are equal to the
average marginal costs of the asymmetric case. The rationale for this outcome is based on the
fact that while the final allocation of production between the two alternative scenarios is the same,
the more efficient firm produces the lion share of the aggregate production and this translates to
lower aggregate production costs. Meunier (2011), in a context with distinct product markets also

illustrates that linking emission markets may be detrimental.

Non-cooperative Solution The first order condition for welfare maximization of the two
countries are described by the set of equations in . Unlike the symmetric case, however, these
two conditions are not the same and in general they do not coincide. The following lemma presents

an important feature for our analysis:
Lemma 1 In the asymmetric case the best response functions of the governments are parallel.

From Proposition 1 it follows that every term of the first order conditions for welfare maximiza-
tion in the set of equations depends on the aggregate level of emissions, i.e., e+ E = e+ E, since
production and permit purchases by each individual firm do not depend on the country where the
allowances are issued. As a result, the best response functions of the governments are parallelE
Put it differently, Lemma 1 states that if a subgame perfect Nash equilibrium exists, then it is not
obtained by an intersection point reflecting a corner solution. That is, one of the two countries
selects to issue zero permits and the other chooses the best response to this strategy.

We now use the above results to address the question of whether and under what conditions, in

the case of asymmetric countries, the non-cooperative and cooperative solutions can coincide. For

12Here we follow a loose descriptive argument. A concrete example can be provided upon request.

. . . . . . * *
130nly in an accidental case where the two best response functions coincide, that is when, %Pe* —od _ ‘96% P —
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from Proposition 1, then the results of the symmetric case still apply.
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this, we introduce a mechanism which distributes the revenues across the two countries from permit
trading. We set as ~ (E + E) P* the permit revenues obtained by Home, while (1 — ) (é + E) pe*
are the revenues distributed to Foreign. The coefficient v stands for the share of the revenues

obtained by Home and 1 — « corresponds to the share of the Foreign. From Lemma 1 it follows:

(e*_E*)OPe* od _ 9D

de " 9e  9E
E) s

Lemma 2 There exists a v* = & <1 +

3 ) so that the best response functions of

the governments coincide.

Given Lemma 2 we state the following Proposition:
Proposition 4 For v* the non-cooperative solution coincides with the cooperative solution.

Proposition 4 states that there exists a v*, that is a specific distribution of the permit revenues,
that leads the governments to select the cooperative levels of pollution despite the fact that they act
unilaterally. This result provides a potential theoretical foundation for the governments’ decision
in Stage 0 to adopt the scheme of internationally tradable permits, as both forces that lead to the
race to the bottom, that is, the strategic motives and the externality problem are endogenously
resolved. As in the symmetric case the rationale is that when one government issues pollution
allowances it lacks the strategic incentive to relax regulation and it affects permits purchases of the
Home and the Foreign firm so as to correctly internalize the externality. For this to hold the two
governments need to agree in Stage 0 on the implementation of the scheme and the correct split of
the revenue that correspond to the specific value of v*.

Interestingly, our scheme suggests that in the symmetric case where e* = E* and % = g—% it
holds v* = % That is, the two governments decide to share equally the aggregate permits revenue
which corresponds to our solution of the symmetric case where in equilibrium each country simply
obtains in a lump-sum manner its own permits revenue. Another, important feature is that even
though the regulators are free to select the number of permits without any restriction they do
not choose to issue an infinite number of permits so that they profit out of it. As Helm (2003)
argues it is the damage from pollution that poses the restriction to the governments. Here, it is
also the strategic effect which places an additional constraint on issuing extra permits. Yet, most
importantly when a regulator maximizes its own welfare with respect to the number of permits
also affects the foreign pollution and thus is able to control for the externality. As a result the

cooperative outcome is achieved.

6.2 Implementability of the Permits Scheme

As we have shown the cooperative solution is feasible even when the abatement technologies or
the damage from pollution may differ across countries. To achieve the cooperative solution the
two countries must agree on the exact level of the permits revenue obtained by each counterpart,

ie., v* and (1 —~*) respectively. This implies that one country must accept an indirect form of
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transfers to the other. Naturally, it is not straightforward to conclude whether this occurs or not
in equilibrium. It clearly depends on the unilateral incentives faced by each government and on an
alternative policy regulation, e.g., emission standards or taxes, vis-a-vis the permits scheme. As
already argued in the beginning of this section, in the case of asymmetric countries it may hold
that the cooperative equilibrium welfare level under the present distributive scheme of revenue
from permits sales is lower relative to other types of environmental regulations. Hence, the fact
that under permits trading the cooperative outcome is achieved does not necessarily imply that the
adoption of this scheme is beneficial. On top of that in the asymmetric case the distribution of the
benefits from the participation in the proposed scheme is also asymmetric, which in turn implies
that possibly one of the two countries is worse-off, to an alternative environmental regulation, and
thus has no incentive to participate in the scheme. The latter can be resolved if direct transfers
across countries are employed so that the additional gains from the implementation of the permits
scheme reach both counterparts in a way that both are better-off with respect to an alternative
scheme.

It is important to understand when does the cooperative outcome under the permits scheme yield
sufficient gains to offset the welfare gains from an alternative scheme. In the absence of tradable
permits, e.g., when each government selects an emissions standard or locally tradable permits, the
countries with the relatively lower marginal abatement costs or damage from pollution face higher
welfare. When this country decides to participate in a trading scheme acknowledges that marginal
abatement costs are equalized across firms and thus its firm loses the cost advantage over the other
resulting to lower profits. In order to induce this country to participate to the tradable permits
scheme, a side benefit must be provided in exchange. This can be a higher amount of permits
revenue from the common pool. However, v*, is uniquely determined as presented in Lemma 2.

A closer observation of v* is necessary in order to understand the direction of the indirect

transfers, i.e., whether ~* E 1 To keep things simple we focus on the case where the permits

2
revenue increases when the supply of permits increases, i.e., (E—l—E) algg* + P% > 0. This is

indeed true in any linear specification. Let us first consider the case where the two countries
differ only in terms of marginal damage, i.e., their preferences over environmental quality, that is

% # g—%. Then, they purchase the same amount of permits from the permits market and thus
od _ 8D

the share of revenues reduces to v* = 3 <1 + —<,+5358;QF+P6* ) If the marginal damage is higher in
¢ Je

: ad oD

Home, ie., 52 > ok

further from the permits revenue. This feature creates a disincentive to its counterpart country

then +* > % The country that suffers more from pollution is compensated

regarding its participation to the scheme. On the contrary, when marginal abatement costs differ

across countries while the damages from pollution are the same, the share of revenues for the
(e*_E*)BPe*

. * l ? . 9 .
Home country is v* = 3 <1 + B2 4 por Pe*)- If the marginal abatement cost of Home’s firm is

lower than the corresponding one of Foreign’s, the former purchases less permits relative to the

latter at any given price, i.e., e* < E*. This implies that v* > % In this way, Home receives a

compensation for participating in the scheme and this makes it more likely to be implementable.
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Following our discussion, it is more likely to establish permit markets between countries that differ
in terms of their technologies rather than countries that differ in terms of damages from pollution.
Moreover, it is important to stress that if the suggested indirect transfers affect negatively the
decision regarding participation, then ~ can be distorted in a way to improve the welfare of the
country that is harmed compared to the non-tradable permits case. Yet, this will take place at the
cost that now the cooperative solution is no longer feasible.

Table 1 presents the results of different simulations (the calculations are provided in the Sup-
plementary Appendix in Table 2) that are helpful in understanding the conditions under which our
proposed mechanism is implementable. We examine five representative scenarios of asymmetries
in firms’ marginal abatement costs and/or in the damages from pollution. The first introduces an
asymmetry only in the damage from pollution where the corresponding coefficient is 10% larger in
Foreign compared to Home. In Stage 0 no country has an incentive to deviate from the tradable
permits scheme and thus it constitutes a subgame perfect Nash equilibrium. The share of permits
revenue for Home is approximately 48%, whereas 52% accrues to Foreign, the country that suffers
the most from pollution. Redistribution is small and is not sufficient to alter Home’s incentives
that enjoys a lower revenue share. Contrary to this, in the second scenario raises the degree of
asymmetry in pollution damage to 40% and the shares of permits revenue are approximately 43%
for Home and 57% for Foreign. Now, Home is not willing to participate as is better off under the
standard model with non-tradable permits. The third scenario introduces a small asymmetry only
in abatement technologies, i.e., abatement cost coefficient is 10% higher in Foreign compared to
Home. In this case, Home, the country with lower marginal costs, receives a slightly larger propor-
tion of the total permits revenue equal to approximately 52%. This country is compensated for
giving up the lower cost advantage of the Home firm in output competition. Hence, our mechanism
remains implementable, since in Stage 0 no country is willing to unilaterally deviate from the trad-
able permits scheme which again constitutes a subgame perfect Nash equilibrium. Increasing the
degree of asymmetry to 40%, as described in the fourth scenario, leads to a higher revenue share
for Home which, in turn, induces Foreign to reject the tradable permits scheme. However, even in
this case the incentive of Foreign to deviate is rather small. So it suffices for a very small transfer to
bring this country into an agreement. Alternatively, Home may transfer some technology and the
agreement turns implementable. Our mechanism, suffers when there are large asymmetries. The
last scenario introduces asymmetries between the two countries, both in terms of differences in their
firms’ marginal abatement costs, and in their marginal damages from pollution. Specifically, this
scenario suggests than if the asymmetries, in abatement costs and damage functions are positively
correlated, then our mechanism may still apply for relatively larger degrees of asymmetries. The
rationale is simple. A larger marginal abatement cost in Foreign suggests a larger value for ~*,
while a larger marginal damage requires a lower v*. Therefore when these two move in the same
direction it is more likely to end up with balanced revenue shares which may lead to an agreement

and vice-versa.
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w* —wi | W* — W7 | Implementability
Scenariol (+) (+) v
marginal damage ~+10% in Foreign
Scenario 2 (—) (+) X
marginal damage ~+40% in Foreign
Scenario 3 (+) (+) v
marginal abatement costs ~+10% in Foreign
Scenario 4 (+) (—) X
marginal abatement costs ~+40% in Foreign
Scenario 5 (+) (+) v
marginal abatement costs ~+20% in Foreign
marginal damage ~+20% in Foreign

Table 1: Results from simulations and implementability of the tradable permits scheme

In the Supplementary Appendix, we present the results of a standardized linear formulation of
the model, e.g., Ulph (1996), using alternative values for the parameters of the model. The results
are summarized in Tables 2 and 3 of the Supplementary Appendix. Specifically, in Table 3 in the
Supplementary Appendix we consider the specific case where the countries agree in Stage 0 to split
equally the aggregate revenue, i.e., v = % We re-calculate the solutions in the first four scenarios,
as the fifth scenario coincides with the one described in Table 2. Splitting the revenue leads to an
interesting trade-off. On the one side we depart from efficiency, yet on the flip side, it increases
the range of the parameter values where this scheme is implementable and leads to higher welfare

compared to alternative schemes of environmental regulation.

7 Extensions

7.1 Multiple Pollutants

In reality the production of many commodities may emit multiple pollutants and thus determin-
ing optimal regulation is more complex (e.g., Ambec and Coria, 2013; 2018; Antoniou and Kyr-
iakopoulou, 2019){13] It is of some interest to examine whether the cooperative outcome can be
achieved when multiple pollutants are present and the corresponding permit markets are integrated
(e.g., Montero, 2001; Reeling et al., 2018).

We employ again our assumptions of symmetric countries, and of distribution of revenue from
permits sales according to our proposed scheme. Let, however, the production z (X) of Home
and Foreign firms, respectively, emit a local and a transboundary pollutant. In this case, following
the relevant literature, e.g., Ambec and Coria, (2013; 2018), Antoniou and Kyriakopoulou, (2019),
abatement costs are:

q(a1,a2) = qi(a1) + q2(a2) + wazaz, 9)

Y"For example, production may emit small particles such as particulate matters (both PMio and PMs5) and CO
emissions at the same time. A common practice is that regulatory agreements are signed separately and the regulation
of each pollutant is self-reliant (see IPCC, 2014).
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where the indexes 1 and 2, respectively, stand for the local and transboundary pollutants. Abate-
ment of each pollutant is equal to a; = x —e¢;, ¢ = 1, 2. The parameter w # 0 captures the interplay
between the abatement efforts, where a negative (positive) w implies that the abatement efforts
over one pollutant complement (substitute) the abatement efforts over the other. We assume that
the abatement cost is increasing and convex. That is, the Hessian matrix H of the abatement costs
must be positive definite. The firm’s profits are 7 = r (z, X) — g(a1, a2) — PCe.

Home, in order to maximize social welfare, issues a number of permits, €, to regulate both types
of pollutants, i.e., it integrates the permit markets across the different pollutants. Welfare is again
defined as the sum of firm profits plus revenue from permits sales, minus the pollution damages,
now denoted as d (e1, ez + ¢F3). The damage function is increasing and convex with respect to
pollution. Thus, welfare becomes w = 7 (z, X, a1, a2) + P¢ (e1 + e2) — d(e1,e2 + ¢pE2). We state

the following remark.

Remark 1 In the symmetric case, with multiple pollutants and an integrated permits market across

the different types of pollutants, the non-cooperative solution coincides with the cooperative solution.

The result in Remark 1 states that in the present context of symmetric countries, despite the
fact that there are two distinct environmental distortions, one local and the other transboundary,
with an integrated permits market where governments issue one type of permits to regulate either
form of pollution, leads the two symmetric countries, in the subgame perfect equilibrium (of Stages
2 and 3), to choose non-cooperatively the cooperative level of pollution, thus welfare. The rationale
follows along the same lines as in our main model. There is no strategic motive to relax regulation
to promote exports. On the contrary, there is an incentive to coordinate production to lower levels.
The cross-border externality is correctly internalized and the incentive to relax regulation to exploit
gains from the permit market is removed through the distribution of the permits revenue. Again,
in the symmetric equilibrium there are no transfers between countries.

The assumption of issuing one type of permits to regulate both local and transboundary pollu-
tion, may be viewed as violating the Tinbergen principle of effective policy implementation. That
is, in order to successfully target the two types of pollution, at least two types of independent
policy instruments, e.g., two types of permits each targeting the different types of pollution, would
be required. As Antoniou and Kyriakopoulou (2019) show, when the two pollutants are regulated
separately, i.e., the transboundary pollutant through permits and the local one through a quota, the
government relaxes further the regulation of the local pollutant to promote exports. Integrating the
permit markets across the different pollutants removes this discretion and the race to the bottom
for strategic purposes. As we show in a linear-quadratic example in the Supplementary Appendix
the removal of the race to the bottom outweighs the loss from discretion, and thus welfare with
integrated permit markets is superior compared to the case where the two pollutants are regulated
separately. Our simulations show that, at least for the symmetric case, when the pollutants are

complements or when they are mildly substitutes to each other, this welfare ranking pertainSE

5Further results for the asymmetric cases can be provided upon request. Even under asymmetry our welfare
ranking holds for most of the possible alternative scenarios.
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Promoting cooperation provides an additional argument for supporting permit markets integration

across different pollutants (e.g., Montero, 2001; Reeling et al., 2018).

7.2 Price Competition

A natural extension to consider, and test the robustness of our main result, is to modify the
conjectural variation on the market competition between the two firms. Specifically, retaining our
assumptions of symmetric countries, we conjecture that, in Stage 2, firms in order to maximize
their profits, compete in prices, i.e., Bertrand competition, instead of quantities in commodity
markets, e.g., Lapan and Sikdar (2020). As noted previously, the critical difference between the
present study and that of Lapan and Sikdar (2020) is in regard to the distribution of revenue
from permits sales. In their study, among others, the revenue from permits sales, independently
of whether these permits are purchased by Home of Foreign firms, accrues in its entirety to the
country of their issuance. In particular, the permits revenue corresponding to Home are equal to
P¢e or equivalently to v* = %, whereas in Lapan and Sikdar (2020) are Pe. This difference suffices
to alter the results and sustain once again the cooperative solution as a subgame perfect Nash

equilibrium as stated in the following remark.

Remark 2 Under symmetry and price competition in product market, the non-cooperative and

cooperative solutions coincide.

When, in Stage 1, Home’s regulator selects the optimal level of permits, i.e., €, does so un-
derstanding that cannot distort upwards the number of issued permits in order to gain additional
permits revenue as half of these extra permits will be purchased by the rival firm and the corre-
sponding revenue accrues to Foreign. Again the cross-border externality is correctly internalized

and the strategic effect is the same for the two countries.

7.3 Market Power

Thus far we have assumed that the firms do not possess market power in the permit market as
it is considered to be thickF;G] It is of some interest to relax this assumption and explore of any
possible changes in our main findings. In general introducing bilateral market power leads to an
indeterminacy caused by the absence of a net supply (demand) function for permits. Our model, is a
bit different as the firms resort to the permit repository and purchase permits. Similar difficulties,
however, arise also here as the first order condition for profit maximization with respect to the
number of permits demanded must include the effect over the permits price, that is %. For these
reasons and for clearer exposition of this case, we assume a linear specification of the model. We

state the following remark.

Note that in the present model with two firms we can also resort to Nash bargaining which implies efficiency
and thus our main results carry over. Introducing market power in this basic setup aims at exploring the possible
implications of such an extension.
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Remark 3 Assuming (i) market power of firms in the permits market, and (ii) a linear specification

of the model, then, the non-cooperative and cooperative solutions coincide.

In Remark 3 we employ the notion of supply function equilibria first introduced by Klemperer
and Meyer (1989), used among others in studies for permit markets by Lange (2009), Malueg and
Yates (2009), Wirl (2009) and Antoniou et al. (2014). Following Wirl (2009) we focus on a linear
net demand function which in turn implies that the additional effect % = A > 0. That is, the firm
by choosing an extra permit increases the permit equilibrium price by A. In Stage 2 of the game we
obtain that the number of permits purchased and the production levels are unaffected compared
to the no market power case. The market power effect tends to reduce the demand for permits
because the decision of the firms affect positively the permit price. Following this the equilibrium
permit market price falls such that the equilibrium values of permits and outputs remain the same
as in the no market power case. Naturally, the latter are identical to the ones of the cooperative

solution.

8 Concluding Remarks

The current study provides a new argument favouring the implementation of tradable emission
permits across countries or regions when they face strategic incentives in order to enhance the
competitiveness of their exporting firms. The establishment of a trading scheme given a suggested
distribution of permit revenues aligns the incentives of the exporting countries and despite the
fact that they select the level of pollution unilaterally the cooperative outcome is achieved as a
subgame perfect Nash equilibrium. The strategic trade motives and the externality from pollution
in the other country are present but are correctly resolved due to the structure of our scheme. This
is an additional advantage for integrating permit markets, which are well known for enhancing
cost efficiency. We also illustrate that when the countries are symmetric the establishment of an
agreement is self-enforcing as it constitutes a subgame perfect Nash equilibrium in the participation
game. Interestingly, our main result persists for small asymmetries in the abatement technologies
and the damage caused from pollution, or even for a larger degree of asymmetry when the abatement
technology and the damage from pollution are positively correlated. Moreover, our results are
robust in various directions such as the number of pollutants, the mode of competition, and the
presence of market power in the permit market. Hence, we provide an alternative motivation
following the recent trend of linking tradable permit markets across different regions (see ICAP,
2020) which however do not differ significantly in terms of preferences over the environment or in
terms of technologies. If the countries differ significantly in terms of abatement technology then
the transfer of this technology can be beneficial for all parties. Finally, we also provide support for
linking permit markets across different pollutants.

Despite the fact that our suggested refunding scheme focuses on lump-sum distribution of the
permit revenues across different regions the results carry over if these revenues are used to fund

the provision of international public goods, such as innovation, renewable energy promotion and
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climate-related purposes as described in the Introduction. For our results to hold there should not
be any permit grandfathering. Even a small amount of grandfathering suffices to alter the incentives
of the exporting countries and depart from the cooperative solutionm Instead, all permits should
be auctioned and the revenues should be distributed back either in a lump-sum fashion or in other
forms as described above.

The current discussion which takes place in the EU is proposing a gradual shift from unanimity
to qualified majority voting in the field of taxation. This is supposed to improve effectiveness in
environmental issues (see Yrjo-Koskinen et al., 2019). Our results offer an alternative glance and
underpin this claim from a different angle. As we have shown, asymmetries can lead some countries
to vote against such a scheme despite the fact that it implies large gains on aggregate. Abolishing
the unanimity rule can be a remedy so as to reach these sort of agreements and reduce GHG
emissions.

Our findings are restricted to the export promotion incentives as summarized in the strategic
environmental policy literature (see Section 2). In our view it is also interesting to further extend
this mechanism to relevant topics such as plant relocation or even to the literature of environmental

agreements and see whether larger coalitions can be sustained.

Appendix

Proof of Proposition 1. (a) Differentiating and the profit-maximizing conditions in it
follows that:

Tee  TeX  Tge O 0 dx 0
My, Ixx 0 IIxg O dX 0
Tew 0O Tee O -1 de =10 de (A1)
0 Ilgx O g -1 dE 0
00 11 0 Jlare | [1

Note that the first order conditions in (4) imply:

Ty =1y —P°=0

Iy =Ry —P¢=0

Given that m,x < 0 and II,x < 0 and our assumptions about costs (convexity), then following

Meunier (2011) it follows directly that the solution is unique. Equilibrium outputs in Stage 3 are

'"Grandfathering still takes place to some extent in different ETS (ICAP, 2020), so our analysis provides an
argument against this practice.

20



equal, i.e., z*(P€) = X*(P°). Then, the problem in (A1) reduces to:

7Tacac TrJ?X _ﬂ-ee O 0 d:IZ O
Ox, IIxx 0 —llgrg O aX 0
—Tee 0 Tee 0 -1 de =10 de (A2)
0 —Igg 0 gE -1 dE 0
| 0 0 1 1 0 || dapP°¢ | 1]
After inverting the matrix (A2) we obtain:
[ dz* ] [ meellER 7]
de A
dx* Teellpp
de A
dd%* — (Teetmax +H.ZX —Hep)lps , (A3)
dE* (ﬂ-zX"FHXX)ﬂ'ee
de A
dpPe* (maxHx x—pp)TelrE
L “de _ L A _
where A = ——1 A" AH is the determinant of the Hessian matrix. The derivative

mox —lxx+UpE
X = meellpp(Ulex -maadtTEE) byt given that in equilibrium it holds z*(P€) = X*(P¢) we obtain

A
dig = dfg = % The latter implies that m,x — IIxx + llgg = I, x — Tzs + TEE. Following

Bulow et al. (1985) in order to ensure the stability of the equilibrium, the Hessian matrix must be
negative definite which implies that A” > 0 and A > 0. Given the above and the second order

conditions for profit maximization and (A3) it follows that % = fg > 0, % > 0, ddEE* > 0, and
dpe

= <0. m
Proof of Proposition 3. From Proposition 2 it follows that when both countries agree on

implementing a permits scheme they achieve the maximum possible welfare. Hence, if one country
deviates by non accepting the scheme it will end up with lower welfare. Note that even if we do
not allow for a tradable permits scheme the cooperative level of pollution in the symmetric case is
the one implied by equation . This is because in the non-tradable permits case, the term %Pe*
is replaced by the effect of a change on pollution € over marginal abatement costs, i.e., —%qe,
where %ig = 1. Given that the permits price must be equal to the marginal cost of abatement the
two effects are exactly the same. Hence, there is no incentive for unilateral deviation, thus, the
introduction of the scheme constitutes a subgame perfect Nash equilibrium. =

Proof of Lemma 1. Totally differentiating the two first order conditions in we obtain:

w@dé + wEEdE =0 o
We.de + WggdE =0

The slopes of the reaction functions in (A4) are equal —1. This is true because all the terms in the

— _Wem _ _
e ! } (A4)
= — EE:—l

Wf

Ee

SRR

first order conditions in depend on the aggregate level of permits, i.e., €+ E. This implies that
W5 = Wee and W = W, ®

21



Proof of Lemma 2. The corresponding first order conditions described in are now:

dw = opP** or* 0X* 0d

R — — E _ ¥ Pe* - T -

de e+ E) =]+ Tox- e oo
aw opP°* oi* oz* 0D

— =[(1-7)(e+FE)—E" 5 +(1—7) P +

= =0 (A5)

dz* OF OFE
Following the same argument as in Lemma 1 these two first order conditions imply that the reaction
functions are parallel. The two first order conditions coincide i f f [’y (é + E) — e*] % + P —
% = [(1-~)(e+E) — E¥] ‘96% + (1 —~) P — g—% as g§*% = %I;* % from Proposition 1.
Hence, using that %% = %, 8555 = %EE , agg = 22" and solving the former equality with respect

or
(e*_E*)(?Pe* +@_07D
Je d9e _ OFE
— = ex
Gl

to v we obtain v* = % <1 +
|

> for which the two first order conditions coincide.

Proof of Proposition 4. From our results so far we have 2& = 9 9E* _ 9B 9P _ 0P

g ~ oB’ O _ oB’ 0¢ . 0B
aaeé % =1and %% = % = % = %. Then, given v* from Lemma 2 and adding the two first

i . cdw | AW _ dw | AW _ (8t | OE
order conditions in (A5) we obtain 2 + ETa Tt @ = (% +

ex | Or* OX* | OI* Ox*
) P + 55+ % + Gu 5

] Je a
(% + %—g). The latter corresponds to the first order condition in . ]

Proof of Remark 1. The first order conditions for profit maximization of the two firms are:

\
Mp =Ty — @y —wa1 — wag =0

Tey = —P¢ — @, +wag =0
Tey = —P° — ey +wap =0
IIx =Rx — Qx —wA1 —wA; =0
g, = —-P°—-Qp, +wA2 =0
g, = —P°—Qp, +wA; =0

My =1y —P°=0
Iy =Rx —P°=0 |

It follows that Stage 2 equilibrium outputs are always the same, and thus, in equilibrium, permits

purchases and abatement levels for each pollutant for the two firms are also the same. The latter
implies that the comparative statics must also be exactly the same across the two firms.

The first order condition for Home’s welfare maximization is:

dw 8(6’{+63)P6*+ Om* 0X* dd _
de — 0Oe OX* de  OJe

0, (A6)

dd _ 9d Oef | 9d 9e5 | ad OE3 . . .
where 52 = der % + Det o + 9EE % - A similar first order condition holds for Foreign’s welfare

maximization.
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The first order conditions for the two countries’ joint welfare maximization are:

d(w+W) _0(ej+ej+ By + F) . | On" 0X* O 0a"  0d 0D _
de N e 0X* Oe or* de dJe Oe

and e = FE.

0 (A7)

Given that the comparative statics are identical in Stage 2, then from equations (A6) and (A7),
due to symmetry, it follows that d(w%d-EW) = 2% = 2% =0. m

Proof of Remark 2. Profits for Home’s firm are defined as:

™ =¢&(p, P) — qlu(p, P) —e] — P,

where £(p, P) denote the revenues of the Home firm, p and P respectively denote the prices for
Home and Foreign’s firms’ outputs. We assume {p > 0. Abatement, defined as a = p (p, P) — e, is
replaced directly into the abatement cost function, p(p, P) = B—p+ 9P, B> 0 with 0 < ¢ < 1,
stands for the demand function for the Home’s product. The two goods are imperfect substitutes

and the model is symmetric. Welfare in Home, as defined by equation (2)), is:
w=m+ P —d(e+ ¢FE).

The permits market clearing condition is again given by equation . The first order conditions

for profit maximization of the two firms are:

szgp_Qp:O

Te=—P°¢—¢q. =0
Hp=Ep—-Qp=0
My =—P°— Qg =0

ﬂngp_Pezo ) (AS)
IIp==2p—P¢=0

Since countries are symmetric, from (A8) it follows that in equilibrium always p* = P*, e* =

E* = @ Implementing the implicit function theorem in the system of equations (A8) we obtain
dp* _ dP* de* _ dE* dpe*
dé—dé<0,%—d€>0,and7<0.

Cooperative solution: In Stage 1 of the game the governments maximize w + W with respect to

the number of permits issued by each country. The first order conditions, with respect to € and F

for the joint welfare maximization are the following:
dlw+W)  (0e* OE* ox or* oP*  OIl* Op* od oD\
de <8e+8e>P +<8P* ge o ae) <(‘3e+8e)o’ (49)
e=F.

Non-cooperative solution: The welfare maximizing condition for the two governments are de-
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scribed by the following equations:

dw 9de* ., ~Or*OP* 0d
@~ o6 op* oc o " (A10)
AWV _OE" pex , O 0p” 0D _
dE  OE op* 8E OE

From symmetry and the comparative statics presented above it follows that (A9) reduces to

d(wdzw) = 9 pex 9 0P _ 94 — () which corresponds to the first equation in (A10). m
Proof of Remark 3. We introduce a linear specification of our symmetric model. The inverse

demand is P = B — b(z+ X), where b, B > 0. Abatement cost functions as ¢(a) = %ga2 and

Q(A) = % gA? for the two firms, where g > 0. Moreover, the damage from pollution in each country
is d(e + E) = 1k(e + E)?, where k > 0. Following Wirl (2009) we focus on a linear strategy for
each firm of the form e = k — %Pe, where x, A > 0.

Non-cooperative solution: The first order conditions in Stage 2 for the non-cooperative profit

maximization are:
Te=B—-2bx —bX —g(x—e)=0
we:g(x—e)—Pe—aaiee:O
llx =B—-2bX —bx—g(X—FE)=0

lp=g(X-E)-P -9 E=0

(A11)

From the market clearing condition and after differentiating with respect to the price as implied

by the linear strategy defined above we obtain Bape £ = %]; = \. Replacing this value into (A11)

and along with we obtain the Stage 2 equilibrium of the game:

v v« _ 2B+g(e+E)
T =X = e
e*=F=%E : (A12)
per _ 2B9=[g0+3)+3)] (e+E)
- 2(3+9))

Moving backwards to Stage 1 each country maximizes its own welfare as in (8). Employing (A12)

and given the linear strategy defined above we obtain the equilibrium in Stage 1 of our game:

* _ y* _ _ BB+g)(g+4k)
Tr=X"= g(9+4g)+4(33+5(7%2k)
% % =k ot 9(2+g
=B =e=EF = 9(9+49)+4(3+9)%k (- (A13)
pex _ Bolg+12k+4gk—(2+9))]
9(9+49)+4(3+9)°k

Cooperative solution: Given (A12) and using the first order conditions for the cooperative
solution given in and (6) we obtain (A13). m
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Supplementary Appendix

Results of Table 1: A Linear Example

Here, we provide several outcomes under alternative scenarios for the commonly used linear ex-
ample, e.g., Ulph (1996).
100 — (z + X) and quadratic abatement cost functions as g(a) = 2ga? and Q(A) = 3GA? for the
two firms. Moreover, the damage from pollution in each country is d(e + E) = %k(e + E)? and
D(e+ E) = $K(e+ E)2. Note that g, G, k, and K are the coefficients of the corresponding func-
tions. In the baseline case they are all set equal to unity, i.e., g = G = k = K = 1. Table 2 provides

In particular, we assume a linear inverse demand function as P =

approximations of different scenarios (scenario 1-5) where every time one or two parameters are

altered.
Equilibrium Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario b
Values K=1.1 K=14 G=1.1 G=14 K.G=12
pe*, Pes 22.19, — 22.49, — 22.76, — 24.37, — 23.61, —
e*, e’ 3.74, — 3.34, — 2.99, — 0.85, — 1.85, —
E* E° 3.74, — 3.34, — 5.06, — 7.81, — 5.79, —
e, e’ 3.74,12.26 3.34,17.26 4.02,9.40 4.33,7.16 3.82,12.26
EE° 3.74,7.70 3.34,0.77 4.02,11.74 4.33,15.00 3.82,7.90
x*, z® 25.94,28.63 25.84,31.38 25.75,27.25 25.21,26.45 25.46,29.04
X* X5 25.94,26.35 25.84,23.13 25.75,27.63 25.21,27.81 25.46,25.14
y* e 0.48, — 043, — 0.52, — 0.57,— 0.50, —
w*, w® 971,956 963, 1165 985, 847 1015,778 988, 987
W* W# 974,793 974,575 954,884 901,912 936, 730

Table 2: Simulations in five scenarios where the basic values are: ¢ =G =k = K = 1.

Every scenario changes one or two parameters denoted below the corresponding caption.
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Next, Table 3 presents the results from the simulations for the case where v = % We consider the

scenarios 1-4 described above, as scenario 5 coincides.

Equilibrium Scenario 1 Scenario 2 Scenario 3 Scenario 4
Values K=11 K=14 G=11 G=14
pPe* 22.08 22.08 22.63 23.88

e* 3.90 3.90 3.16 1.50
E* 3.90 3.90 5.22 8.32
e 7.80 7.80 0 0

E 0 0 8.38 9.82
x* 25.97 25.97 25.79 25.37
X* 25.97 25.97 25.79 25.37
: ; ) : :

w* 974 974 981 998
w 971 971 958 916

Table 3: Simulations in four scenarios where the basic values are: ¢ =G =k =K =1 and 7 = %

Every scenario changes one parameter denoted below the corresponding caption.

Multiple Pollutants-Example

Permits trading-one instrument: Here, we introduce a linear-quadratic example. Specifically we
assume a linear inverse demand function as P = B — (z + X) and then following Ambec and Coria
(2018) we assume quadratic abatement cost functions as g(a) = 3a? + a3 and Q(A) = 1 A? + 1 A2
for the two firms. In this example the spillovers are set equal to zero. Moreover, the damage from
pollution in each country is d (e1, e + E2) = %e% + %(62 +E3)% and D (EBy, e + Fs) = %EIQ + %(62 +
Es)2.

In Stage 2 the Home firm chooses z, e; and ey (Foreign firm chooses the corresponding ones).
The permits price P¢ clears the permits market e; + Ey 4+ e3 + Eo = € + E. Thus, the Stage 2

equilibrium values are:

Given these, the regulators maximize their corresponding welfare through € and E. Hence, the
equilibrium values of the subgame are:
ot =X*"={%B
€l =B =ef = I = 5B
e¢=F =3B
P =2B
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Then equilibrium welfare in each country is w* = W* = %BQ.
Permits trading-two instruments: Now the Home (Foreign) regulator selects a binding cap €;
(E1) for the local pollutant and issues a number of permits € (F5) for the transboundary pollutant.

Stage 2 equilibrium values are:

a** = 5 [4B+2 (2 + E3) + Tey — 3E1], X*™* = & [AB+2 (€2 + E2) — 3¢y + TE1 |
63* = i [2 (52 +E2) + e —El] , E;*j i [2 (62 —|—7E2) — (El —El)]
pev = L[2B — 4 (e + Eo) + (€1 + E1)]

The damage functions are now d (€1, ez + Eg) = %E% + %(62 + E3)? and D (El, es + EQ) = %E? +
%(62 + E»)%2. Each government maximizes its own welfare through the local emissions cap and
through the number of permits issued. The equilibrium values of the subgame now are:
= X — % B
ey =B =1LB
e* =F3y =es*=F, = B

exkx __ 21
P - 104B

Then equilibrium welfare in each country is w** = W** = %BZ. Comparing the equilibrium

welfare levels across the two different scenarios it follows w* — w*™* > 0.
The role of spillovers: In the example presented above we allow for the presence of spillovers.
Setting B = 100 and allowing for w € (—1,1) to capture all possible spillovers such that the

abatement cost function is convex we obtain the following figure:

w* S

041
021
I L w
-1 -03
02+
\_/0_4—

Figure 1: Pollution spillovers and welfare comparisons between permits integration (w*) and no integration (w**)

The results of the simulations show that when the two pollutants are complements, i.e., w < 0,
welfare with an integrated permit market is superior to the case where this is not true (two policy

instruments). This holds also when the two pollutants are mildly substitutes, i.e., w > 0.
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