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Market size asymmetry and
strategic environmental policy in
a Cournot model

Lidia Vidal-Melia*, Eva Camacho-Cuena and Miguel Ginés-Vilar

Department of Economics, Universitat Jaume |, Castellon de la Plana, Castellon, Spain

The achievement of Sustainable Development Goals (SDG) related to the
environment requires identifying new sources of environmental degradation. This
paper analyzes how market size asymmetry affects government decisions on
environmental policy in the context of bilateral international trade and imperfect
competition. We model an international duopoly with market size asymmetry and
product heterogeneity. Each firm produces two different products, one for the
domestic and one for the foreign markets, where the firms’ production generates
local emissions. When planning policies, the government in each country must
choose between two options: an emission tax or a production subsidy. The
findings of our paper underline the crucial role of market size asymmetry in
determining the non-cooperative equilibrium policy in a setting where both
firms and governments act strategically. We find that an increase in market size
asymmetry between countries encourages governments to shift from emission
taxes to production subsidies. Therefore, the environmental policy must consider
these aspects to achieve greater effectiveness of regulation in favor of the
environment. Actions to mitigate increased pollution should regulate production
subsidies and improve the practices of governments and companies.

KEYWORDS

environmental tax, imperfect markets, market size asymmetry, product heterogeneity,
production subsidy

1. Introduction

The introduction in the mid-1970s of monopolistic market structures in the study
of international trade allowed for the possibility that a given government policy can
shape a country’s (or firm’s) comparative advantage in the international markets (see
Stegemann, 1989). The introduction of the “strategic trade policy” term characterized then
a branch that studies the policy implications in trade models that incorporate international
interdependence of policy measures in the framework of a monopolistic environment. The
seminal works of Spencer and Brander (1983), Krugman (1984), and Brander and Spencer
(1985) constitute the main references on strategic trade policy.

In the field of international environmental problems, strategic trade models have
been widely used to study the choice of the level of a given environmental policy. Some
examples are Krutilla (1991), Barrett (1994), Kennedy (1994), and Ulph (1994) and, more
recently, Xepapadeas (2000), Burguet and Sempere (2003), Lai and Hu (2008), Baksi and
Chaudhuri (2009), and Buccella et al. (2021). Ulph and Ulph (1996) provides a good
literature review. The main conclusion of this literature is that when firms operate in an
oligopolistic international market, the governments have incentives to adopt lower than
optimal levels of environmental policies. This effect is particularly relevant when individual
countries can establish unilateral industrial policies and firms engage in Cournot (quantity)
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competition. Instead, if firms engage in Bertrand (price)
competition, governments will set strict environmental policies.

The strategic trade literature also focuses on modeling policy
choice in an oligopolistic international trade environment. Ulph
(1992) proposes a duopoly model of firms located in two different
countries, where governments should choose between a pollution
tax or ceiling. The author studies three cases: one-stage Cournot
model, two-stage Stackelberg model, and a two-stage Cournot
model. The conclusion from this model is that in a one-stage
Cournot model, the instrument choice becomes a purely domestic
decision, whereas, in the two-stage models, the leader will prefer
ceilings, whereas the follower is indifferent between the two
instruments under Stackelberg competition, and in the Cournot
model the two countries have an incentive to set ceilings. Later
on, the generalizations in Ulph (1996) allow for strategic behavior
by producers and governments and show that strategic behavior
by producers and governments is higher when governments use
emission taxes compared to the case where they use emission
standards. Gautier (2014) also studies the policy reforms of
emission taxes and environmental R&D subsidies in a two-country
Cournot model with product differentiation.

With the opening up of markets, the impact of trade
liberalization on the environment has become a focus of debate.
Many previous studies have focused on internalizing pollution
externalities by using an environmental tax (Krutilla, 1991). In
the trade-pollution literature, Duval and Hamilton (2002), Burguet
and Sempere (2003), Zhao et al. (2005), and Barcena-Ruiz and
Garzon (2006) used a reciprocal-markets model with pollution
generated by production to examine the welfare implications of
trade liberalization when governments behave strategically using
pollution taxes and tariffs on imports. Several studies have since
extended the literature on strategic environmental and trade
policy to include endogenous entry in response to changes in
policy (Katsoulacos and Xepapadeas, 1995; Bhattacharjea, 2002;
Bayindir-Upmann, 2003; Greaker, 2003; Fujiwara, 2009; Haufler
and Wooton, 2010; Etro, 2011). This literature focuses almost
exclusively on pollution externalities in production and the
emission fees and standards used to control them.

Melitz and Ottaviano (2008), in the framework of strategic
trade literature, studied the effect of the market size in different
aspects of international trade by developing a monopolistic
competitive model of trade. They assume firm heterogeneity using
alinear demand system with horizontal product differentiation (see
Ottaviano et al., 2002), and differences in terms of the number and
average productivity of competing firms. They investigate the effect
of market size on the entry and exit rates of heterogeneous firms,
including an analysis of asymmetric trade liberalization scenarios.
They conclude that productivity and average mark-ups depend on
the market size and the level of trade liberalization.

In this
(international) market asymmetry might be a determinant in

context, this research aims to analyze how
the choice of a given policy in a model of imperfect competition
and bilateral trade, where both, firms and governments act
strategically, such that government policy choice might shift
gains from trade from foreign to domestic firms. We consider an
economy with two countries, assuming the foreign country to be
larger than the home country in terms of market size. There are
two firms, a domestic firm and a foreign firm; each firm produces
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two different products, one to be sold in the domestic market
and one to be sold in the foreign market. The government in
each country acts strategically and chooses between two different
policies: an emission tax (giving firms incentives to invest in cleaner
technologies) or a production subsidy. We are aware that taxes and
subsidies have different purposes, and even separate departments
in the government are in charge of their design, which can
result in implementation or coordination problems. In particular,
subsidies can be problematic due to the associated opportunity
cost; moreover, subsidizing highly polluting production activities
generates social discomfort.

Our paper studies the effect of market size asymmetry on
welfare when governments act strategically and decide on the policy
instrument to implement: an emission tax or a production subsidy.
The assumption of market size asymmetry is closer to reality
since international trade often takes place among heterogeneous-
sized markets. We believe, therefore, that incorporating this
asymmetry assumption into the model will contribute to the
existing theoretical studies.

Using a simple duopoly model, we find that when both
countries have small and similar market sizes, governments have
an incentive to apply emission taxes. As the market size asymmetry
increases, the government in the foreign country (large market
size) will have incentives to shift to production subsidies. When
this asymmetry is very large, the home country (small market
size) will have incentives to provide a production subsidy to
maintain firms’ competitiveness if the government in the foreign
country (large market size) decides to subsidize firms. These
results are to be considered, since SDG 12 shows that sustainable
consumption and production play an essential and transversal role
in sustainable development.

The rest of the paper is structured as follows. Section 2 presents
the model. Section 3 shows the normal form of the game at Stage
1 and offers some results. Section 4 presents a numerical example.
Section 5 shows an extension of the model. Finally, Section 6 offers
some concluding remarks.

2. The model

Consider an economy with two countries and two firms, one
located in the home country (H) and the other one located in the
foreign country (F). Each firm produces two differentiated, tradable
goods; that is, one good to the domestic market and another to the
foreign market. We assume that country H has a small market size,
and country F has a large market size.

The inverse demand function for the differentiated product in
the home (foreign) country is as follows:

pu = an — (qna + qm)

pr = af — (qF + qnF)

where py (pr) is the price of the final product in country H
(F) and oy (ap) is country H’s (F) market size. As F is the country
with the large market size, f = oy + A, where A > 0 denotes
the market size asymmetry between the two countries, gny (qnr) is
the quantity produced by firm h for country H (F), and qp ()
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is the quantity produced by firm f and sold in country H (F). For  and foreign governments establish a production subsidy, and (iv)
simplicity, from now on we denote oy = «, and thus, o = ¢ + A.  the foreign country’s government (large market size) uses an
Firms compete d la Cournot both in their domestic and foreign ~ emission tax, while the home-country government (small market
markets. In each country there is a government whose goal is to  size) implements a production subsidy. In the second stage,
maximize national welfare by deciding the type and level of a policy =~ governments choose the level of their policy instrument. In the
instrument: an environmental tax, Ty (tF), or a production subsidy,  third stage, only if the corresponding government decides to
on (oF). Environmental regulation tackles local pollution. introduce an emission tax, the firm decides whether to invest in a
During the production process, firms generate local emissions:  cleaner technology and on the investment level. In the fourth stage,
and after observing the policy choices, firms decide on their output
Eg = qne + qnr — Iy for the home market and their output for the foreign market.
In the Fourth Stage, firms decide the output levels that
e — maximize their profits. Let us define the profit of firm h:
F=qF +q9m — If

I . . .
_ | puapn + (pr — dqnr — (@7 + 47p) — Dy — & ifataxis applied 1)

Th . . .
PHGnH + (pr — d)qnr — (qﬁH + ti) + ou(gny + qnr) if a subsidy is provided

where d is the transportation cost applied to exported output

(for analytical simplicity, we assume that d = 2); we also assume
We further simplify the analysis by assuming linear damage . . B (Y.
. 'p fy Y Y . & 8 quadratic production costs; and % % is the amount that firm
function for pollution in the home (foreign) country, denoted as

Dy (Dr). We also assume it coincides with the emissions level in 7 (f) needs to invest in the cleaner technology in order to reduce
the home (foreign) country, Dy = E (Dr = Er). Note therefore ~ €missions in I (Ir) units, that is, the abatement cost.

that the marginal damage is constant, D}; = 1and D}; = 0 (D} = 1 Equivalently, the profit for firm f located in the foreign country
and D} = 0),' and the damage function depends on the total F can be written as follows:
2 2 I . . .
s prar + (pr — d)qm — (qu + qu) —1Dp — 5 ifataxisapplied )

Prqr + (pa — d)qm — (quF + q;H) + or(qr + qm) if a subsidy is provided

production in the home (foreign) country minus the reduction in Therefore, from the profit function, we see that it is only when

emissions if firm h (f) invests in a cleaner technology, denoted as ¢}, government has set an emission tax, that the firm has an

Iy, (Ir), when appropriate. Duval and Hamilton (2002) also assume  jpcentive to invest in the new technology, and therefore reduce

a constant marginal damage, which allows for global damage to  issions.?

be expressed in terms of the amount of produced and consumed In the Fist Stage, governments decide their policies to maximize

pollution in each country. Note that when the government provides  pational welfare, defined as the sum of consumer surplus, firms

a production subsidy, firms do not have incentives to invest in profit, and government revenue, minus environmental damage.

cleaner technologies, thus, I, = 0 (If = 0). We explain this with Thus, governments maximize:

more detail in subsection 3.2.
We model a four stage game. We assume that the two firms and SWy = CSu + 7j, + GRy — Dy

the two governments decide simultaneously and independently in

each stage. In the first stage, the home and foreign governments SWg = CSp + iy + GRg — Dp

decide on the type of policy instrument to use, either a production where

subsidy or an emission tax. Allowing governments to combine both

an emission tax and a production subsidy will be equivalent to

is the consumer surplus

_ (@putam)’ _ (gptane)’
use only one instrument with a different level. As an example, if * CSu= 2 CSk ==

the country decides to set a tax, the simultaneous use of a subsidy in the home (foreign) country as a function of the total
would be equivalent to modifying the tax level, compared to a consumption of final goods in that country, i.e. qng + qm
situation where the government only uses a tax. In particular, we (g + qnr)s

compare the strategic incentives of firms under four (international) o GRy = tu(qna+qnr—1In) > 0 (GRp = tr(qp+qm —1f) > 0)
policy scenarios: (i) domestic and foreign governments use an is the government revenue in the home (foreign) country if the
emission tax, (ii) the government of the foreign country (large country applies an emission tax,

market size) uses a production subsidy, while the home-country

government (small market size) uses an emission tax, (iii) domestic 2 Under an emission tax, firms face a tradeoff between the cost of

emissions (through the tax) and reducing emissions (through the investment

1 Considering local environmental damage in line with Barcena-Ruiz and in the clean technology); indeed, in section 3.2 we show that, in this case,
Garzon (2014), our model is a particular case of Duval and Hamilton (2002) optimal investment equals the emission tax. Note that when the policy is not
(see page 263, second paragraph). an emission tax then t = 0, that is, there are no incentives to invest.
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e GRy = —ou(quy + qne) < 0 (GRp = —or(qr + qm) <
0) is the government revenue if the home (foreign) country
establishes a production subsidy.

3. Subgame perfect nash equilibrium

In this show the
subgame perfect Nash equilibrium (SPNE) of the game using

section, we computation of the

backward induction.

3.1. Firms’ output decision (Stage 4)

In Stage 4, each firm decides on the output level for the two
different products to maximize profits.

The first-order conditions imply that output always increases
with market size:

e Scenario 1: the governments in both countries H and F apply
an emission tax:

1
ah = 5B — 4t + 7 +2)
T _ L sy i3a 8
th—l—S(a+ — 4ty 412 — 8)
1
g =E(3a+3A+tH—4rp+2)

1
qﬁIT: E(3a+m—4rp—8)

e Scenario 2: the home country’s government sets an emission
tax, and the foreign country’s government uses a production
subsidy:

1
qﬁl = E(.’ux — 4ty —op +2)

1
q}?}g = E(Soe—l—SA — 4ty — oF — 8)

1

TS _

9 = 15(306+3A+IH+40F+2)
rs_ 1 (e + T + dop — 8)
qﬂ_]—15 H F

e Scenario 3: the governments in both countries H and F use a
production subsidy:

1
qu{ = E(?)oz + 40y —op +2)
5 _ Li3g43n 44 8
th—g(a—F + 4oy —oF — 8)
S 1
quZE(3a+3A_O-H+4GF+2)

1
SS
Ay = E(Sa — oy +40p — 8)
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e Scenario 4: the home country’s government uses a production
subsidy, and the foreign country’s government an emission
tax:

1
QO = 5 G +don+ 1 +2)
st _ Loy 43a 44 8
G = 7 G + 34 + 4oy + 77 — )

1
qu=1—5(3a+3A—aH—4rp+2)

1
dpy = 1—5(301—0H—4rp—8)

When both countries apply an emission tax, the home country’s
total output decreases if the home government chooses to apply an
emission tax, whereas it increases if the foreign government is the
one using an emission tax. The opposite holds when both countries
use a production subsidy: the home country’s total output increases
with the size of the home country’s production subsidy, and it
decreases when the foreign country provides a production subsidy.
On the other hand, when a country’s government uses an emission
tax and the foreign government uses a production subsidy, the
production of the country that uses emission taxes decreases due to
both the domestic tax and the foreign subsidy, while the opposite
effect is observed in the production of the country that uses a
production subsidy.

3.2. Firms’ investment decision (Stage 3)

If a government decides to use an emission tax in Stage 1, firms
have incentives to invest in a cleaner technology.

e Scenario 1: the governments in both countries H and F apply
an emission tax:

I;];T=‘EH
IJTTZTF

e Scenario 2: the home country’s government sets an emission
tax, and the foreign country’s government establishes a
production subsidy:

IZS =TH
1fT5=o

e Scenario 3: the governments in both countries H and F
establish a production subsidy:

=0
Ifss =0
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e Scenario 4: the home country’s government establishes a
production subsidy, and the foreign country’s government sets
an emission tax:

L'=0
Ij‘rST =TF

From these first-order conditions, we know that the level of
investment is equal to the tax level when governments use a
pollution tax, and null if governments use a production subsidy.

3.3. Governments decisions on policy level
(Stage 2)

In the second stage of the game, for the given policy instrument
chosen in Stage 1, each country’s government chooses the level
of policy instrument that maximizes social welfare, considering as
given the decision of the other country.

From the maximization of social welfare, we obtain the best
response function for each of the governments regarding the other
country’s decision, and if the first-order conditions are met, we
obtain the equilibrium policy rates. We verify the second-order
conditions for welfare maximization for Scenarios 1-4.

e Scenario 1: the governments in both countries H and F apply
an emission tax:

1
il = — (=240 — 3A + 715 + 369) 3)
328
1
il = g (24e = 21A + Ty + 369) (4)

If we solve the system for Eq (3) and (4), we obtain:

T = —0.07a — 0.01A + 1.15

T = —0.07a — 0.06A + 1.15

e Scenario 2: the home country’s government sets an emission
tax, and the foreign country’s government establishes a
production subsidy:

1
TS

= ——(—24a — 3A — 7oF + 369 5
Ty = g (24 oF + 369) (5)

1
oS = — (24 + 21A — 7ty — 144) (6)
103
If we solve the system for Eq (5) and (6) we obtain:

4S8 = —0.08a — 0.01A + 1.16

ofS = 0240 +0.2A — 1.48
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e Scenario 3: the governments in both countries H and F
establish a production subsidy:

1
op) = — (24 + 3A + Top — 144) (7)
103
ss_ 1
op = 155 24a +21A + 7o — 144) (8)

If we solve the system for Eq (7) and (8), we obtain:

o = 0250 + 0.04A — 1.5

oS = 0250 + 0.21A — 1.5

e Scenario 4: the home country’s government establishes a
production subsidy, and the foreign country’s government sets
an emission tax:

1
ol = To3 (2 + 38 = Trp — 144) ©9)

1
ol = 35 (7240 = 21A — 701 + 369) (10)

If we solve the system for Eq (9) and (10), we obtain:

ol = 0240 +0.03A — 1.48

57 = —0.08x — 0.06A + 1.16

From these first-order conditions, we can see that the level
of taxes (subsidies) decreases (increases) with market size; in
other words, the larger the market size, the lower (higher) the
equilibrium level of taxes (subsidies). When both countries apply
the same (different) type of policy instrument, the higher the tax
or subsidy level of the foreign country, the greater the incentive
of governments to increase (decrease) the emission tax or the
production subsidy.

Figure 1 shows the area with an interior and positive solution
for quantities, taxes, and subsidies, i.e., the governments can
behave strategically:

A= (D) e /g0 =079 20,6/ =0} ={@A) e
R/l = 0,087 > 0}

where i € {H, F}, wherej € {h,f}and P,O € {T, S}

This area shows the values for market size («) and asymmetry
(A) that guarantees interior and positive quantities, taxes and
subsidies.

3.4. Government decisions on policy
instruments (Stage 1)

To obtain the SPNE in Stage 1, we compare each country’s
social welfare levels, considering as given the policy decision of
the government in the other country. After solving the game by
backward induction, the normal form of the game at Stage 1, in
which governments decide on the policy instruments, is shown in
Table 1.
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A (market size difference)

a (market size)

FIGURE 1
Area in which quantities, taxes and subsidies are interior and
positive, where i = H,F andj = h,f.

TABLE 1 Normal form of the game at stage 1.

Country F

Tax

Subsidy

Country H | Tax (SWET, swih) (SWES, SWES)

Subsidy (SWEL, swel) (SWE, SWyS)

S W;;T (SW;: Ty denotes social welfare in country H (F) if
the two governments set an emission tax; SWEIS (SW;S) denotes
social welfare in country H (F) if the two governments establish
a production subsidy; SWIES (SWES) denotes social welfare in
country H (F) if the home country’s government sets an emission
tax and the foreign country’s government establishes a production
subsidy; finally, SW3! (SW3!) denotes social welfare in country
H (F) if the home country’s government establishes a production
subsidy and the foreign country’s government sets an emission tax.

We examine four different subgames: (i) subgame in which
both countries apply an emission tax (subgame TT); (ii) subgame
in which the home country applies an emission tax, and the foreign
country provides a production subsidy (subgame TS); (iii) subgame
in which both countries provide a production subsidy (subgame
SS); and (iv) subgame in which the home country provides a
production subsidy, and the foreign country applies an emission
tax (subgame ST).

We first consider the best response of the foreign country when
the home country applies an emission tax. If we compare the social
welfare of two countries whose governments apply an emission
tax to that of a home country’s government which applies an
emission tax together with that of a foreign country’s government
which provides a production subsidy, the government in country
F is indifferent between setting an emission tax or providing a

Frontiersin Environmental Economics
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production subsidy if:
SWES—SWET = 1537A(—2)+8.850 (0 —4) —464.59+6.67A%* = 0

If we solve A, we obtain the positive root:

Fi(@) = 0.01y/(a — 4)a + 550644 — 1.150 +2.3  (11)
0<A<F)=SWS—swiT <o (12)
A > Fi(a) = SWS —swil >0 (13)

Secondly, we consider the best response of the home country
when the foreign country provides a production subsidy. If we
compare the social welfare of two countries when the home
country’s government applies an emission tax and the foreign
country’s government provides a production subsidy with that of
two countries whose governments grant production subsidies, the
government in country H is indifferent between setting an emission
tax or providing a production subsidy if:

SWSS—SWIS = 2.94A(a—2)+9.750(ar —4) —464.02+0.22A% = 0

If we solve for A, we obtain the positive root:

Fr(e) = 1.02y/(a — 4)or + 2233 — 6.78x + 1356 (14)
0<A<PFa)=SWS —swiS <o (15)
A > Fy(a) = SWi —SWS >0 (16)

Next, we consider the best response for the foreign country
when the home country provides a production subsidy. If we
compare the social welfare of two countries when the home
country’s government provides a production subsidy and the
foreign country’s government applies an emission tax with that of
two countries whose governments provide a production subsidy,
the government in country F is indifferent between setting an
emission tax or providing a production subsidy if:

SWSS—SW3T = 16.55A (0 —2)49.75a(a—4)—461.02+7.02A% = 0

If we solve for A, we get the positive root:

F3(ar) = 0.03y/86290 + ar(ox — 4) — 1.18x +2.4  (17)
0< A <Fsa)=SWE —swpl <0 (18)
A > F3(a) = SWpS —SWyl >0 (19)

Finally, we consider the best response of the home country
when the foreign country applies an emission tax. If we compare
the social welfare in two countries where governments apply an
emission tax with that of two countries where the foreign country’s
government applies an emission tax and the home country’s
government provides a production subsidy, the government in
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country H is indifferent between setting an emission tax or
providing a production subsidy if:

SWE —SWPF = —2.23A(a—2)—8.85a(r—4)+464.59—0.15A% = 0

If we solve A, we obtain the positive root:

Fy(a) = 2.144/703 — ar(or — 4) — 7.29a + 14.59 (20)
0<A <Fya)= SWiT —swil >0 (21)
A > Fyla) = SWHT —swil <o (22)

Comparing A with F(«), F2(), F3(o) and Fy(«), our results
are as follows (find all the proofs in Supplementary material):
Proposition 1.

1. If (o, A) € Aand A < min{F;(«), F4()}, the best response of the
governments in each country when the government in the other
country has set an emission tax is to set an emission tax.

2. If(a, A) € Aand F (o) < A < Fy(), the best response when the
government at the home country applies an emission tax, is that
the government at the foreign country establishes a production
subsidy.

3. If (0, A) € A and A > max{F,y(«), F3(«)}, the best response of
each government when the government in the other country has
set production subsidy is to set a production subsidy.

4. There is no value for A such that F3(a) > A > Fy(«), therefore,
the government in the home country will never apply a production
subsidy as a best response when the government in the foreign
country sets an emission tax.

From this solution, we obtain that the two relevant functions are
Fi(«) in Eq (11) and F>(«) in Eq (14). These two functions divide
area A into four subareas (see the shaded area in Figure 2). We find
areas like A(T), A(II) and A(IIT) with a single SPNE, whereas in area
A(IV) we obtain a multiplicity of equilibria. We define the areas
as follows:

A() = {(, A) € A/A < min{F1(a), F2(e)}}

A(ID) = {(o, A) € A/Fi (@) < A < By ()}
A(I) = {(o, A) € A/A > max{Fi(«), F2(x)}}

A(IV) = {(a, A) € A/Fi(2) = A = F>()}

We summarize our results as follows. Find all proofs in
Supplementary material.

Theorem 2.

L. If (o, A) € A(D) = {(o, A) € A/A < min{F)(«), F2(a)}} then
[(tax, t}y), (tax, 7f0), (I} @y 91> (IJZ‘, q;F,q}“H)] is the unique
SPNE of the game.

2. If (o, A) € A(D) = {(«, A) € A/F1(«) < A < Fy(«)} then
[(tax, t};), (subsidy, o), (I, @) 91 p) (IJ}", q}‘F, q;‘H)] is
unique SPNE of the game.

3. If(a, A) € A(IIT) = {(or, A) € A/A > max{F)(«), F2(«)}} then
[(subsidy, o), (subsidy, o), (I, 4} G1p) (If*, qj’fp, qf*H)] is the
unique SPNE of the game.

the
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A (market size difference)

a (market size)

FIGURE 2
Definition of the four subareas in area A

4. If (o, A) € A(IV) = {(o, A) € A/F1(a) = A > Fy(a)} there are
two SPNE: [(tax, tf;), (tax, 7)), (I}, @) 1> 41, ) (I}", q}‘F, q;H)] and
(subsidy, o), (subsidy, o), (1d}p> 4> U7 > G Q) -

In Area I, in which home and foreign markets are small
enough, and there is low market size asymmetry, there is a unique
SPNE, and the governments of both countries are better off setting
an emission tax. This result explains why in small countries
whose industries compete in international and local markets, an
environmental industrial policy can be sustained in equilibrium.

If there is an increase of the market size asymmetry between
the two countries but the market size in the home country is small
enough (area II), there is a unique SPNE: the government in the
small (home) country maintains a policy based on emission taxes,
while the government in the large (foreign) country has incentives
to switch to an industrial policy based on production subsidies to
improve firm competitiveness in the home and foreign market.

In area III, (i) if the home country’s market size is not very
large, but markets are very asymmetric, or (ii) if the two markets are
large enough, then there is a unique SPNE: the governments of both
countries are better off using production subsidies. In other words,
we demonstrate that the home country’s government removes the
emission tax and subsidizes firms’ production if the home country’s
firms are competing with firms of a country with a large market size
that also receive production subsidies.

We also observe a special case in which both home and foreign
countries have medium-sized markets that are almost symmetric
(area IV). In this case, there are two SPNE: it is part of the
equilibrium that governments in the two countries decide to use
the same type of instrument, either an environmental tax or a
production subsidy.

Therefore, in the symmetric case, (i.e. if the markets in the two
countries have the same size, A 2 0), when markets are sufficiently
small, the equilibrium is that the two governments set emission
taxes. On the contrary, when market sizes in the two countries are
sufficiently large, the governments are better off setting production
subsidies. However, when markets are medium-sized, we find two
equilibria: the governments in the two countries set emission taxes
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or both set production subsidies. See A(I), A(III), and A(IV),
respectively, in Figure 2 over the X axis.

Our model shows, therefore, how market asymmetry might be
a determinant in the SPNE government policies in economies with
international trade.

4. A numerical example

4.1. A numerical example in scenarios with
a unique equilibrium

In this section, we provide a numerical example of comparative
statics for three different scenarios in which the SPNE is unique.
More specifically, in Table 2, we present a numerical example in
which the home country faces three possible scenarios. Given a
value for the home market size (« = 8.5), we introduce different
degrees of asymmetry between the markets (A) and compute the
equilibrium magnitudes for taxes, subsidies, global damage and
social welfare for the two countries. In other words, the table
represents a vertical line in Figure 2 over Area I, II, and III (fixing
« and increasing A), for this reason, 8 < o < 9.

Following Theorem 2, in scenario (i) the two countries have
a small, similar market size (¢ = 8.5, o = 9.5); consequently,
the SPNE for the governments in the two countries is to apply an
emission tax (see Area I in Figure 2). In scenario (ii) the difference
11); thus, the home
country’s government applies an emission tax, and the foreign

in market size increases (« = 8.5, ap =

country’s government establishes a production subsidy (see in Area
II in Figure 2). Finally, in scenario (iii), the market size of the
foreign country almost doubles that of the home country (¢ =
16); hence, the SPNE for the governments in the
two countries is to establish a production subsidy (see Area III in

8.5, oOF =

Figure 2).

If we compare scenarios (i) and (ii), we infer that the home
country goes from competing with a country whose government
has set an emission tax to competing with a country whose
government provides a production subsidy. This makes the home
country’s social welfare increase by 10.5%, while the two countries
face a damage almost 34% higher.

Comparing scenarios (i) and (iii), the difference in market
size between the two countries is so large that the home country
is better off using a production subsidy to be able to compete
with the foreign country. As a consequence, social welfare in
the home country increases by more than 69%. However, the
home country is worse off in environmental terms due to a
significant increase in global damage. We can conclude, therefore,
that countries are better off but at the expense of increased pollution
and environmental damage.

Table 2 also shows the breakdown of social welfare, i.e., the
results for firm profits, consumer surplus, government revenue,
and damage. If we compare scenarios (i) to (ii) where market size
asymmetry increases so that the government in the foreign country
is better off switching from an emission tax (in scenario (i) to a
production subsidy (in scenario (ii)), we observe that the increase
in social welfare in the home country is mainly due to an increase
in firm profits. The home country’s consumer surplus increases by
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TABLE 2 Comparative statics for three different scenarios comparing the
components of social welfare.

Scenario ()  Scenario (ii)  Scenario (iii)
(Area I) (CYCERD) (Area Il1)

Country H 8.5 8.5 8.5
market size («)
Market size 1 2.5 7.5
asymmetry (A)
Policy instrument
Country H Tax Tax Subsidy
Country F Tax Subsidy Subsidy
Policy level
Country H 7 =0.5 Ty = 0.46 oy =0.95
Country F =045 or =1.06 op =218
Firm profits
Iy 9.29 9.83 2293
Iy 10.02 18.39 35.32
Consumer surplus
CSu 3.95 4.87 6.57
CSk 5.15 8.49 21.94
Government revenue
GRy 1.25 1.22 —4.47
GRp 1.16 —4.38 —12.04
Damage
Dy 2.49 2.66 4.72
Dp 2.58 4.13 5.53
Social Welfare
SWy 12 13.26 20.31
SWg 13.75 18.38 39.69

23%, while government revenue decreases. Finally, damage in the
home country is larger.

If we compare scenario (i) to (iii), we can see that the increase in
social welfare in the home country occurs because firm profits are
almost three times higher. The home country’s consumer surplus is
66% higher, while government revenue is lower (since in scenario
(iii) governments subsidize firms). Finally, the amount of damage
in the home country almost doubles.

The conclusion is that when a country with a small market
size competes with a country with a large market size and the two
governments use production subsidies, although firms are indeed
better off, this is not the case for consumers, since the increase in
consumer surplus does not compensate the important increase in
environmental damage.

Moreover, under the three scenarios, the foreign country
(large market size) is better off than the home country in
terms of firms profits, consumer surplus, and social welfare,
although suffering from a more polluted environment and a lower
government revenue.
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TABLE 3 Comparative statics for the two possible SPNE.

TT SS
Country H market size («) 9.3 9.3
Market size asymmetry (A) 0.3 0.3
Policy instrument
Country H Tax Subsidy
Country F Tax Subsidy
Policy level
Country H Ty =045 oy =0.84
Country F =043 or =0.89
Firm profits
En 10.69 14.12
75 10.91 14.53
Consumer surplus
CSu 4.94 6.72
CSr 532 7.16
Government revenue
GRy 1.24 —=3.11
GRp 1.21 —3.32
Damage
Dy 2.75 3.71
Dy 2.77 3.74
Social welfare
SWy 14.12 14.02
SWg 14.67 14.63

4.2. A numerical example for the scenario
with multiple equilibria

In this section, we provide a numerical example where there
are multiple equilibria. More specifically, we offer a numerical
example for area IV (i.e., where areas I and III intersect, see
Figure 2, in which markets are medium-sized, and asymmetry is
almost null (A =~ 0); for this reason 9 < « < 9.5. Following
Theorem 2, governments can choose between two different SPNEs,
ie., both governments set an emission tax, or they establish a
production subsidy.

Table 3 shows that, at the aggregate level, social welfare in the
two countries is slightly higher under an environmental tax, mainly
due to a significant reduction in damage and a higher government
revenue that offset the reduction in firms’ profits and consumer
surplus, compared to a scenario in which the governments in the
two countries subsidize firms’ production.

Under both scenarios, the foreign country (large market
size) is better off than the home country in terms of firms
profits, consumer surplus, and social welfare, although it
suffers from a slightly more polluted environment and a lower
government revenue.
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5. Extensions of the model

In the following, we include some extensions of our baseline
model.

5.1. Coordination

In our model, the governments’ decision on the type and
level of policy instrument is made sequentially in Stages 1 and
2 respectively. This means that the government in each country
observes each other’s decisions on the type of policy instrument (tax
vs. subsidy) before deciding on the level. This would allow countries
to coordinate on the policy instrument but choose the exact level.
We might find corner solutions if the market size difference is very
large. For instance, under emission taxes for large market sizes, the
government in the foreign country will never use a tax, leading
to a corner solution. On the contrary, in the case of production
subsidies, the government in the country with smaller market size
cannot put a subsidy when the market size is small and/or there is
little difference.

5.2. Optimal outcome

The appropriately computed optimal outcome requires the
governments in the two countries to decide both the type of
instrument and policy level to maximize their joint social welfare.
In a setting where governments decide optimizing aggregate
welfare, the resulting optimal policy instrument implies that
governments in the two countries set either an emission tax or
a production subsidy, as well as the same level for the chosen
policy instrument depending on the market size (see Figure 3).
In this framework, it does not emerge as optimal solution that
the government in a country with a small market size sets an
emission tax, and that the country with a large market size sets a
production subsidy.

5.3. Generalization

In this section, we focus on the new insights we can obtain
from a more general demand model. We tried different options
for a linear demand function. See, for example, Hamilton (1999)
who examined the structural implications of demand shifts in free-
entry oligopoly equilibria. To simplify the analysis, we removed the
possibility to invest in the cleaner technology.

5.3.1. Linear demand

To generalize the analysis results under a linear demand
function, we studied different settings varying shift parameters
that captured both shifts and rotations of the demand function
(o and b).

Asymmetric market size (o) and equal slope of demand (b)

We allow the demand parameter « to differ across the markets
but with a common b for the two of them (and different from 1).
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FIGURE 3
Area in which quantities, prices, emissions, taxes, and subsidies are
interior and positive.

That is, home country’s market size is «, while foreign country’s
market size is o« + A.

p = o — blgny + qm)

pr=a+ A —blgF + qnr)

Figure 4 assumes that b = 10.

The simulations we have run show that as b increases, (i) the
shaded area shifts to the right, and (ii) the area in which the
governments in the two countries use emission taxes increases.

Symmetric market size (o) and different slopes of demand (b)

Alternatively, we also discuss the possibility of different b across
the markets with a common «. In other words, the market size
is the same in the two countries, but now we assume that in the
foreign country b = 1, while in the home country, it can take
different values.

pu = o — blgny + qm)

pr=a — (g + qnr)

Figure 5 assumes that b = 10.

The simulations we have run show that as b increases, (i) the
shaded area shifts to the right, and (ii) the area in which both
countries set emission taxes increases.

6. Conclusions

Using a simple duopoly model, we study how market size
asymmetry can affect the environmental policy implemented by
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FIGURE 4

Area in which quantities, prices, emissions, taxes, and subsidies are
interior and positive under linear demand with asymmetric market
size (&) and equal slope of demand (b).
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FIGURE 5

Area in which quantities, prices, emissions, taxes, and subsidies are
interior and positive under linear demand with symmetric market
size («) and different slopes of demand (b).

governments. We analyze a scenario in which both firms and
governments act strategically when deciding on their production
and environmental policy, respectively. We find that the domestic
government has an incentive to set emission taxes, as long as
the asymmetry between the markets remains sufficiently low.
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Conversely, in the case of a significant market size asymmetry
between home and foreign countries, our results confirm that
governments abandon the environmental policy to improve
their industrial competitiveness. Our model proves that a policy
based on emission taxes is less effective than one based on
production subsidies as an instrument for improving industrial
competitiveness in the home country.

These results illustrate the potential loss of competitiveness of
the European industries, whose manufacturing costs for the same
product, e.g. steel, are higher because of CO2 pricing. This could
lead to them being outpriced on the world market and eventually
to their demise. As a response, the European Union aims to set
a carbon border adjustment mechanism, better know as a carbon
border tax, on foreign pollution-intensive goods in order to pursue
its climate target at the European Green Deal. Such alevy would add
the same CO2 costs to a product when it crosses the border into the
EU that the manufacturer of a domestically produced item would
have to pay. However, this might not be a solution, since it is taxing
end consumers for purchasing a foreign product, rather than the
exporter itself. Furthermore, Zachmann and McWilliams (2020)
claim that a carbon border tax is difficult to implement because of
legal, domestic and foreign political issues. They suggest that “the
EU must first begin to develop a series of more effective climate
policies, such as a higher price on carbon, applied more widely,
and broader support for low-carbon technologies. Through such
a strategy, Europe will be better placed to decarbonize internally
and to spread this decarbonization globally via the export of green
technologies and know-how” (p. 17).

Although globalization provides opportunities for sustainable
development, it also creates a wide range of challenges. As we
have shown in our paper, globalization forces countries to compete
with each other and, to remain competitive, the government often
provides subsidies to support industries to improve productivity
and efficiency. As a result, subsidies often lead to overproduction
and increased pollution. To achieve the Sustainable Development
Goals (SDGs) and, more specifically, sustainable production as
stated by SDG 12, these emerging challenges to sustainable
production must be appropriately addressed. From our results, we
can make a few recommendations. First, encourage firms, especially
those in large markets, to adopt sustainable practices (SDG 12.6).
Second, support firms in small markets (usually in developing
countries) to strengthen their scientific and technological capacity
to move toward more sustainable production patterns (SDG 12.A).
All in all, we still have to see if governments are willing to reduce
emissions in the detriment of their countries’ economic growth.

So far, our results have focused on local pollution; however,
under transboundary pollution, our intuition is that the country
with a small market size will be worse off, since, in this new
scenario, it will be suffering the environmental impact from the
neighbor country (large market size). On the one hand, to face
this situation, the firm in the country with a small market size
might reduce production to decrease emissions. On the other hand,
the best decision could be setting production subsidies to stay
competitive and put aside the environment. Secondly, if we assume
price competition, we conjecture that the two firms would cut the
competitor’s prices (race to the bottom) to keep the whole demand,
so exportation is not profitable, and each firm sells only in the
domestic market.
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We can use the results of this study to illustrate the
effects of international trading on the countries’ environmental
policy. Taken together, the findings support the evidence that
in oligopolistic international markets, the market conditions (in
particular the size of the market it is trading with) might drive the
regulators’ decision on the equilibrium policy. Yet, further research
should provide evidence on the generalizable of our findings
under different situations, e.g., dynamics, competition issues, or
alternative timings.
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