A Service of

ECOMNZTOR pr

Make Your Publications Visible.

Leibniz-Informationszentrum
Wirtschaft

Leibniz Information Centre
for Economics

Collie, David R.

Working Paper

Trade wars under oligopoly: Who wins and is free trade

sustainable?

Cardiff Economics Working Papers, No. E2019/4

Provided in Cooperation with:
Cardiff Business School, Cardiff University

Suggested Citation: Collie, David R. (2019) : Trade wars under oligopoly: Who wins and is free trade
sustainable?, Cardiff Economics Working Papers, No. E2019/4, Cardiff University, Cardiff Business

School, Cardiff

This Version is available at:
https://hdl.handle.net/10419/230437

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/230437
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Cardiff Economics Working Papers

Cardiff Ysgol

Business Fusnes
S?hOOI Caerdydd
Cardiff University Frifysgol Caerdydd

Working Paper No. E2019/4

Trade Wars under Oligopoly: Who Wins and is Free
Trade Sustainable?

David R Collie

January 2019

ISSN 1749-6010

Cardiff Business School
Cardiff University
Colum Drive
Cardiff CF10 3EU
United Kingdom
t: +44 (0)29 2087 4000
f: +44 (0)29 2087 4419
business.cardiff.ac.uk

This working paper is produced for discussion purpose only. These working papers are expected to be published in
due course, in revised form, and should not be quoted or cited without the author’s written permission.

Cardiff Economics Working Papers are available online from:

http://econpapers.repec.org/paper/cdfwpaper/ and
business.cardiff.ac.uk/research/academic-sections/economics/working-papers

Enquiries: EconWP@cardiff.ac.uk


http://econpapers.repec.org/paper/cdfwpaper/

Trade Wars under Oligopoly:

Who Wins and is Free Trade Sustainable?*

David R Collie

Cardiff Business School, Cardiff University
January 2019

Abstract

The outcome of a trade war (with import tariffs and export subsidies) between
two countries is analysed in a Cournot duopoly and in a Bertrand duopoly with
differentiated products. The model allows for asymmetries between the
countries in terms of competitiveness. When the two countries are similar, both
countries will be worse off in a trade war than under free trade, but the country
with the uncompetitive firm may win the trade war when the asymmetries are
sufficiently great. Hence, in an infinitely -repeated game, cost asymmetries
make it difficult to sustain free trade using infinite Nash reversion. However, it
is shown that both countries minimaxing each other by setting prohibitive
import tariffs and export taxes is also a Nash equilibrium in trade policies that
results in each country obtaining autarky welfare. In an infinitely-repeated
game, it is much easier to sustain free trade using infinite minimax reversion
when there are cost asymmetries than with infinite Nash reversion. In fact, free
trade can be sustained even if the punishment phase lasts for only a few rounds.
Since there are two Nash equilibria of the trade policy game, free trade can also
be sustained in a finitely-repeated game.
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1. Introduction

Since the formation of the General Agreement on Tariffs and Trade (GATT), several
rounds of multilateral trade negotiations have brought tariffs down to historically very low
levels. Following the Uruguay Round, the formation of the World Trade Organisation (WTO)
in 1995 further strengthened the rules-based GATT/WTO trading regime that has created an
extremely benign environment for international trade and encouraged globalisation, although
there has not been a successfully completed round of multilateral trade negotiations since the
formation of the WTO. However, since the inauguration of Donald Trump as US President in
January 2017, there has been an increase in trade conflict with the US imposing tariffs on
imports of steel and aluminium, provoking a trade war with China over the US-China trade
deficit and concerns about the protection of US intellectual property in China, and threatening
a trade war with the EU over automobile tariffs. He has also threatened that the US would quit
the World Trade Organisation (WTO) unless there is significant reform of the organisation,
and somewhat paradoxically, he has also called for zero tariffs, zero barriers, and zero

subsidies.!

The first formal analysis of trade wars using game theory was undertaken by Johnson
(1953) who considered the case of two large countries each producing two goods under perfect
competition.? Since the countries are large, they both have market power in the world market
and can unilaterally use an import tariff or an export tax to improve their terms of trade, but
such a policy is a beggar-my-neighbour policy as any improvement in the terms of trade of one

country involves a worsening of the terms of trade of the other country. This implies that there

!'See various articles from Bloomberg, the Financial Times and the Wall Street Journal: What you need to
know about the Trump steel tariffs, U.S. to Apply Tariffs on Chinese Imports, Restrict Tech Deals, China
Retaliates Against Trump Tariffs With Duties on American Meat and Fruit, Donald Trump threatens to pull US
out of the WTO, Tusk calls for WTO reform, Making Sense of President Trump’s Call for Zero Tariffs, and EU
Offer for No Auto Tariffs Is ‘Not Good Enough,” Trump Says.

2 For extensive surveys of the subsequent literature on trade agreements see Staiger (1995), Kowalczyk and
Riezman (2013), Maggi (2014), Grossman (2016), and Bagwell and Staiger (2016).
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is a strategic interdependence between the two countries when setting tariffs that can best be
modelled using game theory. Johnson (1953) modelled the outcome of a trade war between the
two welfare-maximising countries as the Nash equilibrium (NE) in tariffs of a static game. He
showed that although the most likely outcome was that both countries lose as a result of the
trade war (in the sense that welfare of both countries was lower at the NE in tariffs than under
free trade), it is possible with asymmetries that one country could win the trade war. In an
endowment model with Cobb-Douglas utility functions, Kennan and Riezman (1988) show
that if one country is substantially larger than the other country then it will win the trade war,
and conclude that this possibility is by no means remote.* Importantly, Dixit (1987) showed
that as well as the interior NE considered by Johnson (1953) both countries minimaxing each
other by setting prohibitive tariffs is also a NE of the static game that results in autarky for both

countries.

As the interior NE in tariffs is inefficient in the Johnson (1953) model, there is scope
for trade negotiations to increase the welfare of both countries. Hence, Mayer (1981) argues
that trade negotiations would lead to a Pareto-efficient outcome with domestic relative prices
equal in both countries and with both countries better off than in the interior NE in tariffs. This
would involve one country taxing trade and the other country subsidising trade, which is
equivalent to free trade but with a lump-sum transfer from one country to the other country. He
points out that free trade (with both countries setting zero tariffs) is not necessarily attainable
by such negotiations one country may be better off in the interior NE in tariffs than under free

trade when there are asymmetries.® Mayer (1981) did not explain how any such trade

3 Despite this result virtually every commentator on the US-China trade war has asserted that it is always the
case that everyone loses in a trade war so the result must be considered counterintuitive.

4 A similar conclusion that country will win a trade war if its relative size is sufficiently large is reached by
Syropoulos (2002) in a more general neoclassical model that includes production.

5 The analysis of trade negotiations has been extended to the case when governments maximise a welfare
functions that incorporates political economy considerations by Bagwell and Staiger (1999). They show that the
terms of trade externality is the only rationale for trade agreements, and use their model to shed light on the
principles of the GATT/WTO such as reciprocity. See Bagwell and Staiger (2016) for a survey of this literature.



agreement could be enforced between two sovereign countries, but Dixit (1987) used the folk
theorem to explain how a trade agreement could be sustained in an infinitely repeated version
of the Johnson (1953) game. This is fundamental to the enforceability or sustainability of trade
agreements since as Grossman (2016, p.387) notes a formal trade agreement ‘can only achieve
those outcomes that are sustainable in an infinitely-repeated game’. Park (2000) and Bond and
Park (2002) have noted that asymmetries between countries make it more difficult to enforce
a trade agreement in an infinitely-repeated game and suggested a number of solutions including

the use of transfers between countries.

Recently, the analysis of trade agreements has started to consider the implications of
imperfect competition (or the new trade theory) that arguably results in new sources of
international externalities. Ossa (2011) considers the firm-delocation externality under
monopolistic competition while Mrazova (2011) considers the profit-shifting externality under
oligopoly.® Bagwell and Staiger (2012a, 2012b) argue that in both cases the models can be re-
interpreted so that the international externality in both cases is really just the usual terms of
trade effect. Ossa (2014, 2012) considers a multi-country quantitative model that combines the
terms of trade, profit-shifting, and political economy effects. Ossa (2012, p.469) argues that
the new trade theory approach ‘allows for a view of trade negotiations in which producer

interests play a prominent role’.

The contribution of this paper will be to analyse trade wars and trade agreements
between two countries under Cournot duopoly and under Bertrand duopoly with product
differentiation and cost asymmetries. Before considering trade policy, it is shown that both
countries always gain from multilateral free trade despite the cost asymmetries. Countries can

intervene in international trade using an import tariff to extract rent and an export subsidy or

¢ Mrazova (2011) considers a symmetric Cournot oligopoly where firms have the same costs. Collie (1993)
considers a trade agreement to prohibit profit-shifting export subsidies in an infinitely-repeated version of Brander
and Spencer (1985) model with cost asymmetries.



tax to shift profits as in Brander and Spencer (1984, 1985). In a trade war, modelled as the
interior NE trade policies, the outcome in the symmetric case is that both countries lose, but
the country with the uncompetitive firm may win the trade war with cost asymmetries. Under
oligopoly, a multilateral free trade agreement (zero import tariffs and zero export
taxes/subsidies) is not efficient as efficiency would require subsidies due to the oligopolistic
distortion, but widespread subsidisation seems to be politically and economically implausible.’
However, given that history suggests that trade negotiations are time-consuming and costly, an
efficient trade agreement would most likely be unachievable, and a more plausible outcome

might be a focal point as suggested by Schelling (1960) who argued that:

‘If we then ask what it is that can bring their expectations into convergence and bring the negotiation to a
close, we might propose that it is the intrinsic magnetism of particular outcomes, especially those that enjoy
prominence, uniqueness, simplicity, precedent, or some rationale that makes them qualitatively differentiable from
the continuum of possible alternatives.” Schelling (1960, p.70)

With trade negotiations, it seems to be immediately obvious that multilateral free trade
(zero import tariffs and zero export taxes/subsidies) satisfies all the criteria for a focal point.
Therefore, this paper will consider the sustainability (or enforceability) of multilateral free
trade in an infinitely-repeated version of the trade policy game. Using the threat of infinite
Nash reversion, free trade is sustainable provided the cost asymmetries are not too great.
However, as Dixit (1987) showed with perfect competition, both countries minimaxing each
other with prohibitive import taxes and prohibitive export taxes is a NE in the trade policy
game under oligopoly that results in autarky welfare for both countries.® Therefore, free trade
can also be sustained by the threat of infinite minimax reversion, and in this case asymmetries

are much less problematic as the critical discount factor is always significantly less than one.’

7 Collie (2000b) provides a rationale for the EU’s prohibition of state aid (production subsidies) and Collie
(2000a) for the WTO’s prohibition of export subsidies in oligopoly models where subsidies are financed with
distortionary taxation.

8 Under oligopoly with segmented markets, a prohibitive import tariff and a prohibitive export tax are
required.

% Throughout the paper, infinite Nash reversion will be used as shorthand for infinite reversion to the interior
NE, and infinite minimax reversion will be used as shorthand for infinite reversion to the minimax (autarky) NE.



Both infinite minimax reversion and infinite Nash reversion may seem implausible as the
punishment phase lasts forever following any deviation, and countries would be expected to
renegotiate following any deviation from free trade. An alternative is for the punishment phase
with minimax reversion to last for only a few rounds, and then it turns out that the critical
discount factor gets quite close to that with infinite minimax reversion and is lower than that
with infinite Nash reversion. Since there are two NE of the constituent trade policy game, free
trade can also be sustained in a finitely-repeated game as in Benoit and Krishna (1985). All the
results under Bertrand duopoly are qualitatively similar to those under Cournot duopoly despite
the interior NE trade policies (and those when a country deviates from free trade) including an
export tax under Bertrand duopoly and an export subsidy under Cournot duopoly. However, it
can be shown that it less likely that a country will win a trade war under Bertrand duopoly than
under Cournot duopoly, and it is always easier to sustain free trade under Bertrand duopoly
than under Cournot duopoly when using minimax reversion. Also, product differentiation
makes it easier to sustain free trade under Cournot duopoly, and under Bertrand duopoly except

when the products are close substitutes.

The paper also uses a somewhat novel approach to solving the Cournot and Bertrand
duopoly models. Outputs, prices, profits and welfare are expressed in terms of the
competitiveness of the two firms, and differences in welfare turn out to be quadratic forms in
competitiveness. The competitiveness of the two firms can be replaced by a single parameter,
the market share of a firm under free trade, since the market shares of the two firms must sum
to unity, and hence the key results depend upon only two parameters: the market share of a
firm under free trade and the degree of product substitutability. With cost symmetry, key results

depend only upon the degree of product substitutability.



2. Cournot Oligopoly with Differentiated Products

The world consists of two countries: the home country labelled as country one and the
foreign country labelled as country two. The industry in question is a Cournot duopoly
consisting of a home firm and a foreign firm producing differentiated products, and selling in
the segmented markets of the two countries. '® The home firm labelled as firm one has constant

marginal cost ¢, and the foreign firm labelled as firm two has constant marginal cost c,. The
ith firm produces output x, for its domestic market, which sells at price p,, and it exports
output x; to the jth country, which sells at price p, . The ith country imposes a specific import
tariff 7, on its imports and a specific export tax e, on its exports. If an import tariff is negative,

t, <0, then it is an import subsidy and if an export tax is negative, e, >0, then it is an export

subsidy. The trade policy vector is defined as T = (ti,e t,e; )' . There are assumed to be no real

it
trade costs such as transport costs in the model. In both countries, preferences of the

representative consumer are derived from a quadratic, quasi-linear utility function:
_ B, 2 -
U, —a(x]i+x2i)—3(xll.+x2i+2¢xlix2,.)+zi i=12 (1)

where z, is consumption in the ith country of a numeraire good produced by a perfectly-
competitive industry using a constant returns to scale technology.!' It is assumed that the
parameters satisfy the following conditions: a>¢,, a>c¢,, >0 and g€ [0,1]. The
parameter @ is a measure of the degree of product substitutability that is equal to one when

products are perfect substitutes and equal to zero when products are independent. In each

10 For a survey of the literature on international trade under oligopoly, see Leahy and Neary (2011).
! The utility function is the same as in Clarke and Collie (2003).



country, utility maximisation by the representative consumer yields the inverse demand

functions facing the home firm and the foreign firm, respectively:
pli:a_ﬂ(x1i+¢x2i) p2i:a_ﬂ(¢xli+x2i) i=12 (2)

The profits of the ith firm from sales in its domestic market are: 7, = ( D —ci)xu and

its profits from exports are: 7, = ( p,—¢—t —e )xi/., so its total profits are I1, = 7, + 7, . Since

preferences are assumed to be quasi-linear, consumer surplus is a valid measure of consumer
welfare. Hence, the welfare of each country is given by the sum of consumer surplus, the profits
of its domestic firm from domestic production and from exports, and government revenue
(import tariff revenue and export tax revenue). Welfare can be expressed analytically using the
indirect utility function or explicitly using consumer surplus derived from the quadratic utility
function:

W, = ‘(pii’pji)+ni tx; ex;
3)

N S

2 2 .o . .
(x”.+le.+2¢xﬁxﬂ.)+H[+tl.xﬁ+el.xl.j iL,j=1,2 j+#i

In the Cournot duopoly, each firm sets its outputs to maximise its profits given the
outputs of its competitor with both firms taking the trade policies of the two countries as given.
Since the markets are assumed to be segmented and marginal costs are constant, the Cournot
equilibrium outputs can be derived independently in each market. It is straightforward to solve
for the Cournot equilibrium outputs of the home and foreign firms in the two markets, which
yields:

AL g Lj=L2 j#i 4
i BD. i ey J J 4)



where @, =4-¢* >0 and 4 = Z(a—ci)—¢(a —cj), i=1,2 and j=i. The parameters A,
and A, are measures of the competitiveness of the home firm and the foreign firm, respectively.

The competitiveness of both firms is positive if there is an interior solution, where both firms
sell positive quantities under free trade, T =0. For future reference, note from (4) that the

market share of the ith firm under multilateral free trade, which is the same in both markets, is:

Uy =A / (Al.+Aj>, and obviously: u, +u, =1. Also, note that the Cournot equilibrium

outputs in the home (foreign) market only depend upon the import tariff of the home (foreign)
country and the export tax of the foreign (home) country. Imports of the ith country will be

zero, x, =0, if the sum of its import tariff and the jth country’s export tax is prohibitive,

tve >6=4,/2.

i J J

Substituting the outputs (4) into the inverse demand functions (2) yields the Cournot
equilibrium prices that can be used together with the Cournot equilibrium outputs to derive the
Cournot equilibrium total profits of the home and foreign firm, respectively:

(4,+¢t,+ge,) +(4,-21,~2¢)
iy

IT. =T+, =

l

Li=L2 j#i 5)

Substituting the Cournot equilibrium outputs (4) and profits (5) into (3) yields welfare

of the two countries as functions of the trade policies of the two countries:

1
W, =Wk +m[_2¢24e}. =2((2-¢7) 4, — 94, )e, +2(24, + $4 )1, -84t ©

~4(2-¢)el +® ,e2 =3D 17 +8) +4f’et, 20 e t, |

A~ G

where W, is welfare under multilateral free trade, T =0, which can be written as a quadratic

formin 4, and 4,, where A':[Ai A].]:



;o SAT+ A +2¢4.4, _ 1 A,{yxf v,
F

. A =12 j#i (7)
Ai 2 F F
28(4-4) BY" |y w,-,]

where W =207, y! =5, v, =¢,and y} =1.

If the ith country pursues a policy of unilateral free trade, ¢, =e, =0, while the jth
country has a prohibitive tariff, 7, =7, and a zero export tax/subsidy, e, =0, then the ith
country will not export and its profits from exports will be zero, 7, =0. Setting 7, =0 in (5)

and substituting into (3) yields welfare under unilateral free trade:

v 347+ A; + 2044, b Vi Wy
i 213(1)31 ,B\PU

- A Q=12 j=#i ®)
U U
Vi ij}

where WU =207, y{ =3, ¥ =4, and p§ =1.

Before analysing trade policy, it is useful to analyse whether there are gains from
multilateral free trade and unilateral free trade in this model with cost asymmetries. Under
autarky, each firm would have a monopoly in its own market and would not export to the other

country. Setting the import tariffs and export taxes to their prohibitive levels, 7, +e, =7, = 4, /2

and t,+e =17, = 4,/2, in (6) yields welfare under autarky:

NLZIRZ 3 : o
Wz:ﬂ‘POA{ o 6}A:g(a—q) L,j=12 j#i 9)

Vi ¥V
where W' =8@7, y! =12, y, =6¢,and vy =3¢’

To show that there are gains from multilateral free trade, subtract welfare under autarky

(9) from welfare under multilateral free trade (7), which yields:

1 wro oyt
AWAIZO = Wj - W/;)i = WA'[V;ZFO VIUFO:|A >0 (10)
i J



"o —‘PFt//g =-4¢®° <0, and

where ' =y -y 21607 >0, v =y
y =y ¥ =Yyl :2(4—3(152)Cl)i1 >0. This quadratic form is positive definite as the
principal diagonal elements of the matrix are both positive and the determinant is positive,

det = 16(8—7¢2)CI)‘f4 > 0. Hence, welfare under multilateral free trade is always higher than

welfare under autarky so there are always gains from multilateral free trade for both countries

despite the cost asymmetries.

To analyse whether there are gains from unilateral free trade, subtract welfare under

autarky (9) from welfare under unilateral free trade (8), which yields:

1 w0 0
AW, =W =W :TA{ vo o |A (1)
IBlP ¥ Vi Vi
where v =y ¥ -¥y,) =0, w =y, ¥ -y =-4pd’ <0, and

p =y Y =Yyl = 2(4—3;152)CI)§1 >0 Since one of the principal diagonals is zero and
hence the determinant is negative, the quadratic form is indefinite. Using the definition of the

market share under free trade, 4, = (1- )4 / u,; , the ith country will gain from trade if

U

2wy + v (1= 1) >0 or py < g =y’ (1,//;]].0 —21//;0), and in terms of the degree of
product substitutability x4’ = (4—3¢2 ) / ((2 -¢)(2 +3¢)) Therefore, there are gains from

unilateral free trade for the home country if x, < ,uﬁfo and for the foreign country if

Uo

My >1=py

since g, =1—pu,, . These critical values x|’ and 1 u° are plotted against ¢

in figure 1, and they intersect when ¢ =24. When products are not close substitutes, ¢ < %,

there is a region where both countries gain from unilateral free trade, and when products are

close substitutes, ¢ > %, there is a region where both countries lose from unilateral free trade.

This leads to the following proposition:

10



Proposition 1: Under Cournot duopoly, there are always gains from multilateral free trade for

both countries, and the ith country gains from unilateral free trade if 1, < (>) 7

Under Cournot duopoly with homogeneous products, Markusen (1981) shows that
when countries differ in size the large country may lose from multilateral free trade, and
Brander (1981) and Brander and Krugman (1983) show that both countries may lose from
multilateral free trade when (real) trade costs are close to the prohibitive level. Collie (1996)
shows that a country may lose from unilateral free trade unless its firm has a sufficient cost
disadvantage. In this paper, where there are no (real) trade costs, the countries are identical in
size, and the products are differentiated, both countries gain from multilateral free trade despite
the cost asymmetries. The fact that one or both countries may lose from unilateral free trade
while both countries gain from multilateral free trade shows clearly that there is a need for

multilateral trade agreements.

3. Trade Wars under Cournot Oligopoly

Although there are gains from multilateral free trade under oligopoly, a country can
unilaterally use trade policy to increase its welfare.!? The government in each country has two
trade taxes: an import tariff that affects its domestic market and an export tax (or subsidy) that
affects its export market. Since markets are segmented, there is no interaction between the two
trade taxes of a country. Under Cournot oligopoly, an import tariff can be used to extract rent
from foreign firms (improve the terms of trade) and to shift profits to domestic firms as in Dixit
(1984) or Brander and Spencer (1984) while an export subsidy can be used to shift profits to

domestic firms as in Dixit (1984) or Brander and Spencer (1985). If a country sets its import

12 For a survey of the extensive literature on strategic trade policy (trade policy under oligopoly), see Brander
(1995) as well as Leahy and Neary (2011).

11



tariff to maximise its welfare (3) taking the export tax set by the other country as given, then

the first-order condition is:

"ot

i i

_ op .. ) ox ..
%:xﬁ[l_ pﬂJ-F(pii—Ci)%*_t' =0 Lj=12 j#i (12)

The first term is the terms of trade effect, which is positive as the price of imports
increases by less than the amount of the tariff; the second term is the profit-shifting effect,
which is positive as price is above marginal cost; and the third term is the effect of import
volume on tariff revenue, which is negative if the tariff is positive as the tariff reduces imports.
The first-order condition can also be derived from the explicit expression for welfare (6) and
solved for the optimum tariff as a function of the other country’s export tax, which yields:

24, +¢4,-D e,
30,

ow, :(2Aj+¢A[)_3CDAti_q)Aej —0 — t*(e )
i \7J

>0 13
ati S , (13)

The optimum import tariff is positive, if the other country’s export tax is less than the

prohibitive trade cost, e, <7, =4, / 2, and it is decreasing in the other country’s export tax,

ot, / de; <0, but it is independent of the other country’s import tariff. Using the definition of

competitiveness, the optimum import tariff can be rewritten as t: =(a—cj —e; ) / 3, which

shows that the lower is the cost of the firm in the other country then the larger will be the

optimum import tariff.'?

If a country sets its export tax to maximise its welfare (3) taking the import tariff of the

other country as given, then the first-order condition is:

—:(p..—c.—tj)a—”+x.‘—'“20 i j=12 j#i (14)

13 Also, the tariff is increasing in the export subsidy of the other country as with countervailing duties that
were analysed by Dixit (1984) and Collie (1991).

12



The first term is the profit-shifting effect, which is negative as price is above marginal
cost and the export tax reduces exports; and the second term is the terms of trade effect, which
is positive as the export tax increases the price of exports. The first-order condition can also be
derived from the explicit expression for welfare (6) and solved for the optimum export tax as

a function of the other country’s import tariff, which yields:

e LITIIE

8WA[ _ _¢2Ai _4(2_¢2)ei +2¢2tj —0
4(2-¢47)

Oe, B,

The optimum export tax is negative, if the other country’s import tariff is less than the

prohibitive tariff, #, <7, = 4, /2, so it is an export subsidy as one would expect under Cournot

oligopoly, and it is increasing in the other country’s import tariff, de, / ot, >0.

When a country unilaterally deviates from free trade, then its optimum import tariff and

export tax are given by setting ¢,=e¢,=0 in (13) and (I5) which yields
tP =(2Aj +¢4, ) /3<I) ,>0 and e’ =-¢’4 / 4(2—¢2) <0, Then, substituting these trade

policies into welfare (6), yields the welfare from unilaterally deviating from free trade:

1 byb
o =— Al YA (16)
BY¥ Vi Vi

where W =24(2- ")), . =480-3524"+ 684" —34°, . =4$(28-20¢ +3¢"), and
l//fj) = 4(32 ~224" + 3¢4) are all positive.

Obviously, if the other country passively pursues a policy of free trade then welfare

with the optimum trade policy is higher than under free trade, W,” > W, see (Al). However,

the other country will lose and hence it is likely to retaliate with the result that there will be a

trade war. The trade war with both countries using their trade policies can be represented in
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this model by the NE in trade policies. Assuming an interior solution where intra-industry trade
occurs, the interior NE trade policies are obtained by solving (13) and (15) for both countries,

which yields:

p (16-4¢"—¢*) 4 +49(2-4) 4, o e :_¢2((8—3¢2)A1-—2¢Aj)<0 .
2G 2G

where G :(12—5¢2)q) ,>0. At the NE in trade policies, the outputs of the two firms are

obtained by substituting the NE trade policies (17) into (4), which yields:

RISV E S VIR = A TE TP

Therefore, there will be an interior solution where domestic production and imports are

both positive in the ith market if (8 -3¢’ )Aj —2¢A. > 0. Hence, exports of the jth firm to the

ith market will be positive if the market share of the jth firm under free trade, 4, is greater
than u = 2¢/ (8 +2¢-3¢° ) € [O, 2/ 7] . Thus, there will be an interior solution in both markets

if 4% <u, <1-uf, and intra-industry trade will occur in the oligopolistic industry.'* This
rules out the domestic firm from having such a large cost advantage that the Nash-equilibrium
import tariff is prohibitive and imports are equal to zero. If there is an interior solution, then
the NE trade policies are a positive import tariff and a negative export tax (export subsidy) in
both countries, and it can be shown that £ +eY >0 so the domestic firm is always protected.
Total government revenue from trade taxes will be positive unless the competitiveness of the

domestic firm is sufficiently high and then the export subsidy payments will exceed the import

tariff revenue.

14 Otherwise, there will be trade in only one direction from the country with the low-cost firm to the country
with the high-cost firm.
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Welfare in the interior NE in trade policies is obtained by substituting the NE trade

policies (17) into welfare (6), which yields the quadratic form:

N N
=LA Vi Vil (19)
pY Vi Vi

where  WN=2G7, ) =560-5084"+1384'-9¢°,  w, =¢(2-¢")(68-27¢),
w =192-76¢" —31¢"* +12¢° are all positive.

The welfare effect of the trade war on a country is the difference between its welfare in

the NE in trade policies and its welfare under free trade: AW,)" =W —W , which is obtained

by subtracting (7) from (19):

1 l//NF WNF
N/ ey LR PN (20)

v =y =Yyl = -2(160-9247 —13¢° +94° )% <0
WUN =y W Wyl = —ag(4+ 47 - ¢') D% <0
p =y - ‘PNwﬂ =8(3-¢7)(4+5¢4" —34" )@, >0
In the symmetric case, when 4, = 4, = 4, as one would expect both countries are worse

off in the NE in trade policies than under free trade:

NF NF NF 2
NF _ (v +29)" +y ") 4

AW T <0 21)

This is negative since " +2y," +y ) = (1+¢)(2—¢2)2(28+4¢—13¢2—3¢3)<Df,<0.

However, it is possible that one country could be better off in the NE in trade policies than
under free trade. To see when a country may win a trade war, differentiate the welfare effect

of the trade war (20) with respect to the competitiveness of the country’s firm, which yields:
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NF NF
AW, _ Wi A+yy 4, 2
o4~ YV’ - @2)

Since this derivative is negative, see (20), the lower the competitiveness of the country’s
firm then the larger will be the welfare effect of the trade war so a country may win the trade

war if its firm is sufficiently uncompetitive relative to its competitor. Since the market share

under free trade of the ith firm is x,, = 4, / (Ai +4, ) , the competitiveness of the other firm can
be written as 4, = (1 — Uy ) A / 4 ,; and substituting this into the quadratic form (20) yields:

2
NF 2

AW " Vi Myt 2‘//;VF (1 - /uAi)zuAi +'//,]->/F (1 _luAi)zj| (23)

=ﬂ‘PN\PFﬂji[

The sign of the welfare effect depends upon the term in square brackets, which is a
quadratic in x,,, and hence a country will win a trade war if the market share under free trade
of its firm is less than the critical value obtained by setting the quadratic equal to zero and

solving for u}":

23
Hai = IUQVF - NF NF - NF\2 NF. NF @)
V/jj _l//[j +\/(l//y ) YV, l//jj

The home country will win a trade war if u, <", and, since g, +pu,, =1, the

foreign country will win a trade war if g, >1- )"

. The critical market shares, #'" and
1— ", are plotted against ¢ in figure 2 together with x and 1- 7, which show where

exports of the home firm and the foreign firm will be equal to zero. In the region below ",

the home country wins and the foreign country loses the trade war, whereas in the region above

1- ", the foreign country wins and the home country loses the trade war. Note that a

sufficient condition for a country to win a trade war is that its exports in the NE in trade policies
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are equal to zero! In the region between u" and 1- xJ", which includes the symmetric case,

both countries are worse off than under free trade, and this region becomes narrower as the

degree of product substitutability, ¢, increases.

The change in world welfare as a result of the trade war is the total welfare of the two

countries in the interior NE in trade policies minus the total welfare of the two countries under

free trade, AQ/" =AW + AW, and evaluating using (20) yields the quadratic form:

A2 0

T
A =L p Vi TV W Ao (25)
BV Wy )

Since y," +y)" =-2(4-34")(28-134" +¢* )’ <0 and y,;" <0 from (20), all

elements of the matrix are negative so the quadratic form is negative for A > 0. Therefore, a
trade war will always reduce world welfare even if one country wins. These results lead to the

following proposition:

Proposition 2: Under Cournot duopoly, the ith country will win (and the other country will

lose) the trade war if w,, < ', and if pY < u, <1-ul then both countries lose the trade

war. World welfare is always lower in a trade war than under free trade.

Counterintuitively, if the foreign firm has a sufficiently large cost advantage and
consequently a large market share under free trade, then the home country can win the trade
war. !5 If the foreign firm has lower costs than the home firm, then the foreign firm will face a
higher import tariff than the home firm in the NE in trade policies (13), and will receive a
higher export subsidy than the home firm. Hence, the home government can extract a larger

amount of rent from the foreign firm with its import tariff than the foreign government can

15 In contrast, Collie (1993) shows that the country with the most competitive firm may win an export subsidy
war in the Brander and Spencer (1985) model.
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extract from the home firm with its import tariff. Obviously, the import tariffs reduce consumer
surplus, but if the cost advantage of the foreign firm is sufficiently large then the gain in rent
from the import tariff will outweigh the loss of consumer surplus and the lower profits from
exports of the home firm. If neither firm has a significant cost advantage, then the outcome of
any trade war is going to be that both countries lose. In this case, the trade policy game is like
the classic prisoners’ dilemma with both countries worse off in the interior NE in trade policies

(trade war) than under free trade.

The interior NE in trade policies is not unique as both countries minimaxing each other
is also a NE in trade policies where the outcome is autarky. ' If each country sets a prohibitive
import tariff, #, =7 = 4, /2, and a prohibitive export tax, e, =7, = 4,/2 , then the other country
setting a prohibitive import tariff and a prohibitive export tax is a best reply.!” Since
Proposition 1 showed that there are always gains from multilateral free trade, both countries

will lose a trade war where each country sets a prohibitive import tariff and export tax, and the

outcome is autarky with welfare, W}, given by (9). The difference in welfare between the
interior NE in trade policies and the minimax NE in trade policies is AW ° =W, =W, which

is obtained by subtracting (9) from (19):

NO NO
AN = WA'[V‘;’VO W’{VO}A >0 (26)
Vi Yy

16 In an insightful survey on strategic aspects of trade policy, Dixit (1987) points out that autarky, as well as
the usual interior NE considered by Johnson (1953), is a NE in trade policies under perfect competition, but does
not consider this possibility when discussing trade policy under oligopoly later in the survey.

17 Under oligopoly, with segmented markets, an import tariff and an export tax are both required for the two
countries minimaxing each other to be a NE in trade policies that results in the autarky outcome. Trade could
occur if a country subsidised exports or imports, but this would decrease its welfare given the import tariff or
export tax of the other country, so it will not occur in the minimax NE in trade policies.
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v =y -y =8(128-1484° + 63" —94°) @7 > 0
) =y, -y = -4 (8-347)(20-747) @7 <0
) =y Wyt =2(768-7364" +236¢" —274°) @7 > 0

Ji

Since the principal diagonal elements of the matrix are both positive and the
determinant is positive, det :48(2—4152)(16—9¢2 )2 ®’ >0, the quadratic form is positive
definite. This leads to the following proposition:

Proposition 3: Under Cournot duopoly, welfare of both countries is higher in the interior NE

in trade polices than in the minimax NE in trade policies.

Since the interior NE in trade policies is Pareto superior to autarky, one would argue
that it is the most likely outcome of the static (one-shot) trade policy game. Trade policy is
often described and modelled as a classic prisoners’ dilemma but, strictly speaking, this is not
correct in this model for a couple of reasons. Firstly, it is possible for one country to win the
trade war in the case of the interior NE in trade policies unlike the classic prisoners’ dilemma
where both players lose. Secondly, there are multiple NE in trade policies whereas there is a
unique NE in dominant strategies in the classic prisoners’ dilemma. The implications of these
observations for the sustainability of co-operation (free trade) when the game is repeated will

be considered in the next section.

4. Sustaining Free Trade under Cournot Oligopoly

To avoid the perceived prisoners’ dilemma in trade policy, the GATT and the WTO
were established to facilitate multilateral trade negotiations. Since countries are sovereign and
there is no supra-national authority, any international trade agreement has to be self-enforcing
so the ultimate enforcement mechanism available in the WTO is for members to retaliate if a
WTO member does not honour its commitments. Hence, one might argue that the WTO

sustains free trade (or almost free trade with very low tariffs and hardly any export subsidies)
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by the threat of retaliation (withdrawal of concessions) if a country deviates from free trade.
This can be modelled as an infinitely-repeated game where co-operation (free trade) is
sustained by the threat of retaliation if a country deviates from free trade. The Folk Theorem
implies that co-operation can be sustained as a subgame perfect equilibrium if the discount
factor is sufficiently large. The sustainability of free trade as a subgame-perfect NE will be
analysed where the countries use Nash-reversion trigger strategies as in Friedman (1971) and

where the countries minimax each other as in Fudenberg and Maskin (1986).

Now consider an infinitely-repeated version of the constituent game considered in the

previous sections where both countries have the same discount factor & € (0,1).'® With infinite

Nash-reversion trigger strategies, the strategy of each country is to play free trade until the
other country deviates by using its optimum trade policies, and thereafter for both countries to
play their interior NE trade policies. Assuming that the other country uses infinite Nash-
reversion trigger strategies, a country will play free trade if the discounted present value of
welfare under free trade exceeds the welfare from unilaterally deviating from free trade for one

round followed by the welfare in the interior NE forever afterwards:

wr[(1-8)>W}. +6W,) [(1-5). Setting both sides equal and solving for the critical discount

factor of each country required to sustain free trade yields:"’

Neo WAZ? - WA[; A WA?F ;
4 = Wb _wv = AW DY i=1,2 (27)
Ai Ai i

Free trade is sustainable as a subgame-perfect NE if the discount factor is greater than

the critical discount factor for both countries, & > Max{5/ﬁ°°,5f2°°} . Then, substituting in the

18 It is assumed that the firms always produce their static Cournot-Nash outputs and do not collude on
outputs. This is a reasonable assumption given that collusion is generally illegal in most countries whereas
governments can negotiate about co-operation on trade policy at the WTO or elsewhere such as the G7 or G20.

19 The denominator may be negative, see (A2), but this is only the case if welfare in the interior NE is higher
than welfare under free trade in which case free is not sustainable as a subgame perfect NE.
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welfare differences from (Al) and (A2) yields the critical discount factor in terms of the

parameters of the model 4, 4, and ¢. Since the market share of the ith firm under free trade
s u, =4 / (Al. + Aj), the competitiveness of the jth firm can be expressed as

4, = (1 - u A[)A[ / M, , and 1f this is substituted into the critical discount factors then they will

be functions of just two parameters: the market share of the home firm under free trade, 1;,

and the degree of product substitutability, ¢, since all the Psi depend only upon ¢:

YN 12+ 2P (1= g Y gy + 2 (1= g1, ),
§Zm(ﬂAi,¢):(\P jl//u #Al+ l//y ( /LlAl)lLlAl*_l//ﬂ ( IuAt) (28)

\PF DN 2 2

i Mgt 2‘//;)]\/ (1 - IuAi)luAi + l//;,)'N (1 “Hyi
The critical discount factors of the two countries are plotted against z,, in figure 3 for
different values of ¢ = { 0, 1/ 2, 1} , but only for the parameter values where there is an interior

solution. Since free trade is only sustainable if &> Max{5 ﬁw,cﬁvf} , it will be sustainable in

the region / above both of the curves in figure 3. Clearly, it is easier to sustain free trade when

the firms are symmetric, z,, =1/2, and cost asymmetries make it harder to sustain free trade.

If a country can win a trade war, W, >W,, then (27) implies that its critical discount factor

will be greater than one and free trade will not be sustainable. Therefore, free trade is only
sustainable in the region where both countries are worse off in the trade war than under free

trade.

Since autarky is also a NE of the constituent game, free trade can also be sustained by
the threat of infinite reversion to the minimax NE. Proposition 3 showed that welfare in the
minimax NE is always lower than welfare in the interior NE, Hence, the punishment is more
severe, and it should be easier to sustain free trade using the threat of the minimax NE rather
than the interior NE. Assuming that the other country uses infinite minimax-reversion trigger

strategies, a country will play free trade if the discounted present value of welfare under free
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trade exceeds the welfare from unilaterally deviating from free trade for one round followed

by the welfare in the minimax NE forever afterwards: W /(1 5 >Wp +6W, / 1- 5

Setting both sides equal and solving for the critical discount factor of each country required to

sustain free trade yields:

W:WD w, AW
SAmY

i=12 (29)

Substituting in the welfare changes from (Al) and (A3), and then using

4= (1 — U, ) A / M ,; , yields the critical discount factor of each country required to sustain free

trade using infinite minimax reversion:

o j v+ 2 (1- (30)

Sh= (ﬂ ¢)_( luAi)luAi +‘//§F (1_luAi)2
Ai Ai® - IPF !//Doll,lj +2l//..DO (l—,u
ii i ij

2
i)ty (1= 14,
The critical discount factors of the two countries are plotted against £, in figure 4 for

different values of ¢ = {0, 1/2, 1} , but only for the parameter values where there is an interior

solution. Since free trade is only sustainable if §> Max{5 o °°} it will be sustainable in

the region / above both of the curves in figure 4. Since both countries are always worse off

under autarky than under free trade, W, <W/ , (29) implies that the critical discount factor of

both firms will always be less than one. In fact, as can be seen in figure 4, the highest value of

the critical discount factor is &4 =4/5.

Comparing (27) and (29), it is clear that 57 > &Y if W) > W, but this was proved
in Proposition 3, and therefore it follows that Max{é‘jv]w, 5/],\]2[”} > Max{é‘j{w, 5342“)} . Hence, it is

always easier to sustain free trade with infinite minimax reversion than with infinite Nash

reversion. This leads to the following proposition:
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Proposition 4: Under Cournot duopoly, it is easier to sustain free trade in an infinitely-

repeated game using infinite minimax reversion than using infinite Nash reversion.

To compare the critical discount factors 5 and &} ~, figure 5 shows these two

discount factors for both countries for the case when ¢ =1/2. Free trade is sustainable in the
region labelled / with infinite Nash reversion, whereas it is sustainable in the regions labelled
1, 11, 111, and IV with infinite minimax reversion. Cost asymmetries have much less effect on
the sustainability of free trade with infinite minimax reversion than with infinite Nash

reversion.
For the rest of this section, it will be assumed that the firms are symmetric so
L, = i, =1/2, and substituting this into (28) and (30), yields the critical discount factors with

infinite Nash reversion and infinite minimax reversion, which are the same for both of the

countries and depend only upon ¢:

N\ P 12y 4y PF 0Nyl 425 +uyPF
5;1\[00 (¢) = (IPF j l//lzl)N W%N l//j;)N 5/11&400 (¢) = ( \PF ) l//”Do l//UDO l//go (31
Yoy +2u Yy 2ty

The critical discount factor 57 is increasing in the degree of product substitutability
from 3/10 for independent products, ¢=0, up to 245/373~0-657 for homogeneous
products, ¢=1. The critical discount factor 5} is increasing in the degree of product
substitutability from 1/10 for independent products, ¢=0, up to 1/2 for homogeneous
products, ¢ =1. These are plotted against ¢ in figure 6 where it can be seen that 5} <5}~

and that both are increasing in ¢, which leads to the following proposition:

Proposition 5: Under Cournot duopoly, the critical discount factors 67" and 6% are both

increasing in the degree of product substitutability, ¢.
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When free trade is sustained by infinite Nash reversion and infinite minimax reversion,
the punishment phase continues forever after any deviation from free trade. This punishment
is credible since playing the NE forever is a subgame perfect equilibrium, so it is not rational
for an individual country to deviate from the punishment phase. However, if the two countries
were to forgive and forget the deviation from free trade and return to co-operation then both
countries would be better off than continuing in the punishment phase. If the countries know
that renegotiation will occur after a deviation, then the punishment will not be credible. This
possibility can be avoided by the use of (weakly) renegotiation-proof strategies so that the
country that deviates is punished, but the cheated country is better off than under free trade in
the punishment phase. Then, the cheated country will not agree to forgive and forget then return
to co-operation since it is better off punishing the deviating country. The idea that equilibria of
infinitely-repeated games should be (weakly) renegotiation proof implicitly assumes that the
countries are able to instantaneously and costlessly renegotiate their agreement and then
immediately return to free trade. However, the length of multilateral trade negotiations such as
the Uruguay Round suggests that this is not very likely.?’ Given that renegotiation is likely to
be a lengthy process, it is not really necessary that the cheated country is better off in the
punishment phase than under free trade if the punishment phase lasts only a few rounds. Also,
as has been shown, the more severe is the punishment then the easier it will be to sustain free
trade. This suggest that sustaining free trade by the threat of the minimax reversion for a limited
number of rounds followed by a return to free trade might be the best solution. When the
punishment phase lasts for one round, then free trade is sustainable as a subgame-perfect NE

if the welfare from free trade for two rounds exceeds the welfare from deviation for one round

followed by the welfare from autarky for one round: W/ +6W) >W? +6W; . Hence, the

20 The Uruguay Round of multilateral trade negotiations under the auspices of the GATT led to the formation
of the WTO, it started in 1986 and was completed successfully in 1994. There has not been a successful round of
multilateral trade negotiations since the formation of the WTO in 1995.
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critical discount factor is é'flz(WAD—WAF)/ (WAF ) AW " /AWZO, and using the

welfare differences from (A1) and (10) yields:

0 DF DF DF
5 ()= o | (32)
Y w2y

Similarly, if the punishment phase lasts for two rounds then free trade is sustainable if

(1 +5+0 2)WAF >W/.+6(1+5)W, and the critical discount factor 5}> is given by the
solution of & (1 +0 ) =AW " / AW’ . Also, if the punishment phase lasts for three rounds then
free trade is sustainable if (1 +0+5°+ 53)WAF >W! + 5(1 +5+ 52)WAO and the critical

discount factor §}° is given by the solution of & (1 +0+ 52) AW " / AW!? Tt is possible to
solve both equations for explicit solutions and these are plotted against ¢ in figure 7 together
with 53, 8%, and &%"". All the critical discount factors are increasing in ¢, so again product

differentiation makes it easier to sustain free trade. As the number of rounds of the punishment

phase increases then the critical discount factor decreases, it is lower than &} when the
punishment phase lasts for two rounds, &}'% <51, and when the punishment phase lasts for
three rounds, the critical discount factor is very close to 57~ . Generally, if the punishment
phase lasts for z rounds then it can be shown that 57" <1 if z> 57" / (1_5/11\400)_21 These
results leads to the following proposition:

Proposition 6: Under Cournot duopoly, with minimax reversion for z rounds the critical

Mz

discount factors S5\ is increasing in ¢. Also, 5Y' <1, and 63'* < 5).

2! See (A4) in appendix A. With cost asymmetries, it was shown that the highest value for §}/” =4/5, then
the punishment phase would need to be more than four rounds, z >4 .
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In a finitely-repeated game with T rounds, since there are two NE of the constituent
game, it is possible to sustain free trade for a number of rounds as in Benoit and Krishna (1985).
The countries co-operate by playing free trade for the first 7 —¢ rounds then play the interior
NE trade policies for the final 7 rounds of the game, where 7 —¢2>1 and ¢ >1. If a country
deviates from free trade, then both countries play the minimax NE trade policies for the
remaining rounds of the game. Free trade is sustainable for 7 —1 rounds if there is no incentive
for either country to deviate in the penultimate round of the game, which will be the case if

W +ow! >W? +6W!.** Hence, the critical discount factor required to sustain free trade in
the finitely-repeated game is ) (¢) = (WAD -wy ) / (WAN —Wf) =AW;" / AW, and

substituting in (A1) and (26) yields:

D F \,,DF DF | . DF
5j_l(¢)=£le\I;0 j‘/li\/o-‘_iw%o —Hﬂi{lo (33)
l//l'l' + l//tj +l//jj

Similarly, free trade is sustainable for 7'—2 rounds if there is no incentive for either
country to deviate in round 7 -2 of the game, which will be the case if

Wi+S5(1+8)W) >W +5(1+5)W, , and the critical discount factor &7 *(¢) is given by the
solution of 0 (1 +0 ) =AW" / AW}’ . Also, free trade is sustainable for 7 —3 rounds if there is
no incentive for either country to deviate in round 7 —3 of the game, which will be the case if
Wi+ 5(1+ o+ 52)WAN >W! + 5(1 +0+ 52)Wf, and the critical discount factor &7 (¢) is
given by the solution of o (1 +0+0 2) =AW " / AW | Tt is possible to solve both equations

for explicit solutions for §'* and &), which are plotted against ¢ in figure 8 together with

&7 and, for comparison, 57, and 57. All the critical discount factors are increasing in the

22 If there is no incentive to deviate in the penultimate round, then there is no incentive to deviate in earlier
rounds as the punishment phase will be longer.
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degree of product substitutability, so again product differentiation makes it easier to sustain
free trade. As ¢ increases the critical discount factor decreases and when ¢ > 3 then free trade

is always sustainable for a discount factor sufficiently close to one.

5. Bertrand Oligopoly with Differentiated Products

A common concern about the literature on trade policy under oligopoly is that the
results are not robust, and that Cournot oligopoly and Bertrand oligopoly yield quite different
results. To address this concern and to allow a comparison, now consider the situation where
the two firms in Section 3 compete in prices rather than quantities so that there is a Bertrand
duopoly rather than a Cournot duopoly. International trade under Bertrand duopoly with

differentiated products has been analysed by Clarke and Collie (2003), and this section will use

the same approach. Inverting the inverse demand functions (2), assuming that ¢ € [0,1) so the

case of perfect substitutes is ruled out as usual, yields the demand functions facing the home

firm and the foreign firm in the two markets:

x':a(l_¢)_pli+¢p2i x.:a(1_¢)+¢p1i_pzi
o B(-9) T B(-9)

i=12 (34)

In the Bertrand duopoly, each firm sets its price to maximise its profits given the price
set by its competitor, and with both firms taking the trade policies of the two countries as given.
Since the markets are assumed to be segmented and marginal costs are constant, the Bertrand
equilibrium prices and sales can be derived independently in each market. It is straightforward
to solve for the Bertrand equilibrium prices of the home firm and the foreign firm in the two
markets as functions of trade policies:

Bi+¢(ti+ej) Bj_(2_¢2)(ti+ef)

(4_¢2) p;=c;+t+e + (4_¢2) (3%)

P =¢+
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where B, = (2 ¢ )(a —¢,)- ¢(a - c_].) , 1=1,2 and j #1i, are measures of the competitiveness

of the firms under Bertrand duopoly. Note that the definition of competitiveness under Bertrand
duopoly is not the same as under Cournot duopoly. Substituting these prices into the demand

functions (34) yields the sales of the home firm and the foreign firm in the two markets:

B +4(t, +e, B, —(2-¢°)(t, +e, o o
xii:ﬂ(f%f) X, =— ( ﬂq)z( j) L,j=12j#i (36)

where @, = (1 —¢2)(4—¢2) >0 if ¢ €[0,1). If there is an interior solution where both firms
sell positive quantities in both markets under free trade, T=0, then B, >0 for i =1,2. Hence,

the market share of the ith firm under free trade is 1, = B, / (Bi +B /) . Imports of the ith country
will be zero if ¢ +e, 2 =B ; / (2 — ¢ ) ; however, the ith firm will only be able to set the
monopoly price if 7, +e¢ >7=4,/2= ((4 —3¢2)Bj + ¢3Bl.)ﬂ/2<1) ; and when 1, +e¢, €[1,7)

there are no imports but the threat of competition reduces the price of the ith firm below its
monopoly price.?> From (35) and (36), the total profits (profits in the domestic market plus

profits from exports) of the firms are:

(B+g(t+e)) +(B-(2-¢)(1,+¢))
B(4-¢")0,

Hi=72'[i+72'[j =

(37)

Substituting the sales (36) and the profits (37) into (3) yields welfare of the two

countries as functions of their trade policies:

23 For a more detailed explanation, see Clarke and Collie (2003), who present the best-reply functions of the
firms allowing for this possibility. However, the analysis in this paper will only consider the interior solution
where both firms have positive sales.
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; 1
W =W +2ﬂ(4—¢2)®3[

~4(2B,-#B))t,—4(2- ¢ )] +(4-¢")e - (3-247) (44" )0 (38)

2(2-¢) =20 (2—¢")ey, —2<1>Bejzi}

2¢°Be,~2(2B,-¢B,)e, +2((2—¢°) B, +¢B,)1,

where W, is welfare under multilateral free trade, T =0, which can be written as a quadratic

formin B, and B,, where B’ =[Bl. B_/}:

Wi :ﬂG)FB oF  oF B (39)
ij Vi
where @ =203 >0, ] =5-4¢4">0, 6, =¢>0,and0; =1.

Under autarky, each firm has a monopoly in its own market so autarky welfare is still

given by (9) but, for future welfare comparisons, it is more helpful to rewrite it as a quadratic

form in terms of B rather than A, by noting that 4, = ((4 -3¢’ )Bi +¢’B, )/(DB :

6’ 0°
W, = IOB’|: " ’g};:i(oc—ci)2 iL,j=12 j#i (40)
po’ 6] ;] 8B

where ©° =802 >0, 6) =3(2-¢*) >0, ' =34(2-¢*)>0,and 6} =34 >0.

To show that there are gains from multilateral free trade, subtract welfare under autarky

(40) from welfare under multilateral free trade (39), which yields the quadratic form in B :

1 FO FO
AW =wE Wl =—— B " 7 IB>0 41
Bi Bi Bi ﬂ®F®O 0;“0 0]1;70 ( )

0, =00 —0"0) =2(8-4¢> -3¢")®} >0
0, =00 —0"0) =-24(2-3¢") D} <0
0" =00 ~0"0) =2(4-3¢")0; >0
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The matrix is positive definite as the principal diagonal elements are both positive and the

determinant is positive, det = 16(1 — ¢ )(8 — 3¢2)CD4B > 0. Hence, welfare under multilateral

free trade is always higher than welfare under autarky so there are always gains from trade
despite the cost asymmetries. It can also be shown that there are always gains from unilateral

free trade, and this leads to the following proposition:

Proposition 7: Under Bertrand duopoly, there are always gains from multilateral free trade

for both countries, and there are always gains from unilateral free trade.

This follows from the result in Clarke and Collie (2003) that there are always gains
from unilateral free trade under Bertrand duopoly, and hence that there are always gains from

multilateral free trade.

6. Trade Wars under Bertrand Oligopoly

Under Bertrand oligopoly, an import tariff can be used to extract rent from foreign firms
and to shift profits to the domestic firm as in Cheng (1988), and an export tax can be used to
shift export profits to the domestic country as in Eaton and Grossman (1986). When the ith
country unilaterally deviates from multilateral free trade, then its optimum import tariff and

export tax are given by maximising its welfare (38) with 7, =e; =0, which yields:

, #B+(2-4)B,
ti - 2 2
(3-2¢)(4-¢")

2
>0, =25 oo (42)
4(2-9)
The country sets a positive import tariff and a positive export tax when it unilaterally

deviates from free trade, whereas the optimum policy under Cournot duopoly was a positive

import tariff and a negative export tax (an export subsidy). Substituting these trade policies,

0 = (tl.D el ,0,0) , into welfare (38) yields the welfare of the ith country when it unilaterally

1

deviates from free trade:
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i = ' Lj=LkL24,]+1
el o

where ©° =8(2-¢7)(3-247)(4-¢") D}, 0 =480-1056¢ +8444* —299¢° + 454" —2¢'°,
07 =4(2-4)(14-14¢" +34"), and 6 =4(32-54¢° +334'~9¢° +4°) are all positive.

Obviously, the ith country will gain from unilaterally deviating from multilateral free trade

while the other country pursues a policy of free trade, AW,)" =W, —W,. >0 from (B1) in the

appendix, and the other country will lose. Consequently, the other country is likely to retaliate
with the result that there will be a trade war, which can be represented in this model by the NE
in trade policies. At the interior NE in trade policies, each country sets its trade policy to
maximise its welfare (38) given the trade policy of the other country. Assuming an interior

solution where intra-industry trade occurs, the interior NE trade policies are:

v 49(2-47)B +(16-204" +9¢* —¢°) B,

= 5 :
(2-¢°)H

o ,(8-7¢°+¢*)B - 9(2-¢°) B,

i _¢ (2—¢2)H

>0

(44)
>0

where H = (4 — ¢ )(12 —9¢* + ¢4) > 0. The interior NE import tariff is clearly positive since

16—20¢> +9¢* —¢° >0, and the NE export tax is positive if the exports of the country are

positive. This can be checked by substituting the NE trade policies into (34), which yields the

exports of the ith country:

x;:(8—7¢ +¢2)B"_¢(22_¢ )B’>0 iLj=12j#i (45)
pli-o)2-o)

The numerator is the same as the numerator of the interior NE export tax so if there is

intra-industry trade in the NE in trade policies then both NE export taxes will be positive. From
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(45), the exports of the ith country will be positive if
Uy > My = ¢(2—¢2)/(2+¢)(4—¢—3¢2 +¢3) , where uj e [0,%]. The welfare of the

countries in the interior NE in trade policies are obtained by substituting the NE trade policies

(44) into (38), which yields:

1 ey @Y
w :—B'{ o ”N}B i,j=12,j#i (46)
ﬂ®N et'j 0]/’

0" =2(1-¢*)(2-¢*)H* >0
0Y =1120-2984¢° +3080¢" —1542¢° +3854" — 454" +2¢" >0
0) =2¢(2-¢)(68-954" +394" —4¢°) > 0
0) =(12-9¢" +¢*)(32-58¢° +454* =174 +2¢°) > 0
The welfare effect of a trade war on a country is the difference between its welfare in

the interior NE in trade policies and its welfare under free trade, AW,)" =W, —W,, which is

obtained by subtracting (39) from (46):

1 HNF HNF
N — : Y 1B 47
Bi ﬁ®N®F |:01jVF Hj]jvp:l ( )

where 6" =079 -0"9; <0, 6;" =079 -0"9 and the quadratic

ij b

NF F N N nF
0)" =0"9) -0"0!

W2

form is indefinite, but it can be shown that 6, +26," + 60" <0.

In the symmetric case, when B, = B, = B, as expected and as in the case of Cournot

duopoly, both countries are worse off in the interior NE in trade policies than under free trade:

(0" +20)" +0,") B’

oo <0 (48)

A WBNF —
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In the asymmetric case, since the market share under free trade of the ith firm is

My = Bi/(B[ + Bj) , the competitiveness of the other firm can be written as B, = (1 - ,uBl.)BI./,uB,.

and substituting this into the quadratic form yields:

BZ
AW, = ——F
b peteu,

[Qﬁwjﬂéi +29y]'VF (l_luBi)luBi +92]F (l_ﬂBi )2:| (49)
When the exports of the ith firm are zero, u,, = 4, , it can be shown that AW,;" >(<)0

if ¢<(>)¢," ~0-774, and when the exports of the jth firm are zero, g, =1—u; , it can be

shown that AW," <0. Therefore, if ¢ <@, then the ith country can win a trade war, and
solving the quadratic in square brackets in (49), the ith country will win a trade war if its market

share under free trade is less than the critical value:

NF
9/’/‘

o) -0y +\(0)") -0 o)

My < pty = (30)

The home country will win the trade war if g, < )" and, since 1, + u,, =1, the

'F

foreign country will win the trade war if g, >1—u," . Plotting 4" and 1— " against ¢ in

figure 9 together with x; and 1- ; , which show where exports of the home firm and the
foreign firm are zero. In the region between x," and 1— ", both countries lose the trade
war, while in the region below ", the home country wins and the foreign country loses the
trade war, and in the region above 1— )", the foreign country wins and the home country
loses the trade war. When the products are close substitutes, ¢ > ¢," , it is always the case that

both countries will lose the trade war.

The change in world welfare as a result of the trade war is the total welfare of the two

countries in the interior NE in trade policies minus the total welfare of the two countries under
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multilateral free trade, AQY" = AW," + AW, , and evaluating using (47) yields the quadratic

B2 >

form;

1 oy +0)" 20
A =—— _PB'| " o Y B 51
B ﬂ@NGF 291}NF Hli\/p + ej]j\/F ( )

where it can be shown that 0" + 68" <0, and that the determinant of the matrix is positive,
13 v p

2 2
det = (Qf\'F +0;" ) —4(0,.]” ) > 0. Hence, the quadratic form is negative definite so there is a

reduction in world welfare as a result of the trade war as one would expect and as happens

under Cournot duopoly. These results lead to the following proposition:

Proposition 8: Under Bertrand duopoly, if u,, < u," then the ith country wins the trade war

(and the other country loses), and if 1 < u, <1—pu, then both countries lose. World welfare

is always lower in a trade war than under multilateral free trade.

As was the case under Cournot duopoly, it is possible that the country with the
uncompetitive firm may win the trade war. To compare the outcome of a trade war under
Bertrand duopoly with that under Cournot duopoly, figures 2 and 9 can be combined to produce
figure 10. Here, it can be seen that both countries lose a trade war under Cournot duopoly in
region /, and under Bertrand duopoly in regions 7, I/ and //I. The home country wins the trade
war under Cournot duopoly in regions // and /V, and under Bertrand duopoly in region /V. The
foreign country wins the trade war under Cournot duopoly in regions //] and V, and under
Bertrand duopoly in region V. Therefore, it is less likely that either country will win a trade
war and more likely that both countries will lose a trade war under Bertrand duopoly than under

Cournot duopoly.?*

24 One has to be careful when interpreting this comparison as the same exogenous parameters (demand
parameters and marginal costs) will result in different market shares under Cournot duopoly than under Bertrand
duopoly.
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As in the case of Cournot duopoly, the interior NE is not unique as both countries
minimaxing each other is also a NE in trade policies where the outcome is autarky. If a country

sets a prohibitive import tariff, 7, =7 , and a prohibitive export tax, e, =7j , then the other
country setting a prohibitive import tariff and a prohibitive export tax is a best-reply. Since
Proposition 7 showed that there were always gains from multilateral free trade, both countries
will lose a trade war where the outcome is the minimax NE in trade policies. The difference in
welfare between the interior NE in trade policies and the minimax NE in trade policies is
AW} =w, —w, , which is obtained by subtracting (40) from (46):

I LA
Y J

where 0, =0, -0"9! >0, 6,°=0°0-0"9), 0]°=0°0]-0"9]>0, and the
. . . R NO NO NO 2 . .
determinant of the matrix is positive, 6,70 —(Hl.j ) >0. Hence, the quadratic form is

positive definite, which leads to the following proposition:

Proposition 9: Under Bertrand duopoly, welfare of both countries is higher in the interior NE

in trade polices than in the minimax (autarky) NE in trade policies.

As in the case of Cournot duopoly, the interior NE in trade policies is Pareto superior
to the minimax NE in trade policies. Therefore, reversion to the minimax NE in trade policies
will be a more severe punishment than reversion to the interior NE in trade policies when

looking at the sustainability of free trade.

7. Sustaining Free Trade under Bertrand Oligopoly

Free trade can be sustained as a subgame perfect NE in an infinitely-repeated game
using infinite Nash reversion trigger strategies if the discount factor is greater than the critical

value for both countries. Analogously to (27) the critical discount factor for sustaining free
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trade using infinite Nash reversion is ;" = (WBL? -w) ) / (WD WN) AW / AW, then

substituting in welfare differences from (B1), (B2), and B, = (1 - ,LlBi)Bl. / My yields:

HiiDFﬂzzai + 29;'1DF (1 - Bi)lUBi + eﬁF (1 — Hp; )2

o | H 53
g ( Hoi ¢) (®Fj9iiDN:u12ﬁ+265?N(1_:u3i):u}3i+‘9_1?N(1_'u3i)2 )

Since all the Theta only depend upon the degree of product substitutability, the critical

discount factor is a function of only two variables: the market share of the firm, x,,, and the

degree of product substitutability, ¢. The critical discount factors of the two countries are

plotted against x,, in figure 11 for different values of ¢ = {1/ 10,9/1 0} for the parameter values

where there is an interior solution. Since free trade is sustainable if & > Max{5 O °°} it will

be sustainable in the region labelled /. Clearly, as in the case of Cournot duopoly, it is easier to

sustain free trade when firms are symmetric, u,, =1/2, and cost asymmetries make it harder

to sustain free trade.

Since autarky is also a NE of the constituent game, free trade can be sustained as a
subgame perfect NE in an infinitely-repeated game using infinite minimax reversion trigger
strategies if the discount factor is greater than the critical discount factor for both countries.

Analogously to (29) the critical discount factor for sustaining free trade using infinite minimax

reversion is Oy~ = (WB? -wr ) / (WB? ) AWR' [AWS®, and substituting in welfare

Bi >

differences from (B1), (B3), and B, = (1 - yBl.)Bi / My yields:

®°J9DFy,§l+29DF( )ty +0;" (1= 115)° s4)

Sn (@) =
Bi (/uBz ¢) [@F HHDO 2+2900( ,Ui):UBi 4950( - Bi)2

The critical discount factors of the two countries are plotted against p,, in figure 12

for different values of ¢ = {1/ 10,9/1 0} for the parameter values where there is an interior
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solution. Since free trade is sustainable if &> Max{5,i",5;,}, it will be sustainable in the
region labelled /. Clearly, as in the case of Cournot duopoly, it is easier to sustain free trade
when firms are symmetric, g, =1/2, and that cost asymmetries make it harder to sustain free

trade although the effect of cost asymmetries is not that strong when products are close

substitutes, ¢ =9/10.

As in the case of Cournot duopoly, it is clear that 55 > 55~ if W, > W, , but this was
proved in Proposition 9, and therefore it follows that Max{5 7,0 ;Vzw} > Max{5 7,0 ;”f} .

Hence, it is always easier to sustain free trade with the threat of reversion to the minimax NE

in trade policies than to the interior NE in trade policies. This leads to the following proposition:

Proposition 10: Under Bertrand duopoly, it is easier to sustain free trade in an infinitely-

repeated game using infinite minimax reversion than using infinite Nash reversion.
To compare the critical discount factors 55" and &~ figure 13 shows these two

discount factors for both countries plotted against g, when ¢ =1/2. Free trade is sustainable

in the region labelled / using the threat of reversion to the interior NE whereas it is sustainable
in the regions labelled 7, 11, II] and IV using the threat of reversion to the minimax NE in trade
policies. Cost asymmetries have less effect on the sustainability of free trade using the threat
of reversion to the minimax NE than using the threat of reversion to the interior NE in trade
policies. Comparing figure 13 for Bertrand duopoly with figure 5 for Cournot duopoly shows

that the results are qualitatively similar.

For the rest of this section, it will be assumed that the firms are symmetric so

Uy = Mg, =1/2, and substituting this into (53) and (54) yields the critical discount factors for

infinite Nash reversion and infinite minimax reversion, which are the same for both countries:
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DF DF DF
5Moo (¢): ®_0 9[[ +29y +Hjj
o +207" +00" ’ 0" )0 +20° +02°

YN0 +20 +6)"
@ J u y J (55)

)|

The two critical discount factors are plotted in figure 14 against ¢ where it can be seen
that 5, is increasing in ¢, whereas 5" is increasing in ¢ up to ¢," ~0-738 then decreasing

in ¢ and it goes to zero as ¢ — 1. This leads to the following proposition:

Proposition 11: Under Bertrand duopoly, the critical discount factors 5, is increasing in ¢

while 5} is increasing (decreasing) in ¢ if ¢ < (>)¢,_f;W ~0-738.

As it may be considered implausible that countries would stay in the minimax NE
forever after any deviation from free trade, it is worthwhile considering again the case when
the length of the punishment phase is limited to a number of rounds. Free trade can be sustained
as a subgame perfect NE in the infinitely-repeated game using the threat of reversion to the

minimax NE for one round followed by a return to free trade. The critical discount factor
required to sustain free trade is &, =(WBD -w, ) / (WBF —W;)=AWBDF JAW[®, and then

substituting in the welfare differences from (B1) and (41) yields:

0\ @ 1207 +6°F
@ J u g J (56)

5M1 | =
B (¢) [@D 950_’_29;0_’_9;0

This critical discount factor is plotted against ¢ in figure 15 together with &, and
53 . Tt can be seen 6, is increasing in ¢ up to ¢, then decreasing in ¢ and goes to zero as

¢ —1. Also, 5;"" is very close to &)’ and significantly lower than 5, . If the length of the

punishment phase was increased from one round to two or three rounds, then the critical

discount factor would get even closer to &, . These results lead to the following proposition:
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Proposition 12: Under Bertrand duopoly, with minimax reversion for z rounds the critical

discount factors 53" increasing (decreasing) in ¢ if ¢ <(>)¢,' =0-738, and 5" <5,

In a finitely-repeated game with 7' rounds, as in Benoit and Krishna (1985), co-
operation can be sustained since there are two NE of the constituent game. The countries co-
operate by playing free trade for first 7' —¢ rounds then play the interior NE trade policies for
the final ¢ rounds, and if a country deviates then all countries play the minimax (autarky) NE

trade policies. The critical discount factor required to sustain free trade for 7' —1 rounds of the
finitely-repeated game is O, '= (WBD -wy ) / (WBN —W;) =AW"[AW)®, and then

substituting in the welfare differences from (B1) and (52) yields:

PO\ 0" +20" + 6"
@ @ } u J S (57)

5T—1 —

Similarly, free trade is sustainable for 7' —2 rounds if the discount factor is greater than

the critical discount factor &, >, which is given by the solution of
S(1+6 )(WBN -wy ) =W, —W, . Figure 16 shows the critical discount factors &. ' and &,
plotted against ¢ together with 5, and &,' for comparison. Both critical discount factors
S)7" and 8} are increasing in ¢ up to ¢, ~0-662 then decreasing in ¢ and both go to zero
as ¢ — 1. Also, they are both lower than 5, and get fairly close to &,

Finally, the sustainability of free trade under Cournot oligopoly can be compared with

the sustainability of free trade under Bertrand oligopoly. The critical discount factors for

infinite Nash reversion 5}~ and 5, are plotted against ¢ in Figure 17, where it can be seen

that 5, <5)” for <@}, ~0-905 and 57 <5, for ¢> ¢}, . Hence, using the threat of

infinite Nash reversion, it is easier to sustain free trade under Bertrand duopoly than under
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Cournot duopoly except when products are very close substitutes. The critical discount factors

for infinite minimax reversion 85 and &, are plotted against ¢ in Figure 18, where it can
be seen that 5, <5y for ¢ €(0,1). Free trade is sustainable in region 4 under Cournot

duopoly and in regions 4 and B under Bertrand duopoly. Hence, using the threat of infinite

minimax reversion, it is always easier to sustain free trade under Bertrand duopoly than under

Cournot duopoly. The critical discount factors for minimax reversion for one round &' and

5, are plotted against ¢ in Figure 19, where it can be seen that 5,"' <5} for ¢ €(0,1).

Hence, using the threat of minimax reversion for one round, it is always easier to sustain free

trade under Bertrand duopoly than under Cournot duopoly. In fact, it is straightforward to

extend the result to minimax reversion for z rounds and show that &, < §}“. The critical
discount factors for the finitely-repeated game &’ ' and &, are plotted against ¢ in Figure 20,
where it can be seen that &, ' <&} for ¢ €(0,1). Hence, in the finitely-repeated game using

the threat of minimax reversion, it is always easier to sustain free trade for 7' —1 rounds under

Bertrand duopoly than under Cournot duopoly. These results lead to the final proposition:

Proposition 13: When using the threat of minimax reversion to sustain free trade, the critical

discount factors are lower under Bertrand duopoly than under Cournot duopoly, 5,/ <63,

Syt <, 8 <y, 5 <8N and 55 < 5, for ¢€(0,1).

When using the threat of minimax reversion to sustain free trade, the incentive to
deviate from free trade is lower under Bertrand duopoly than under Cournot duopoly as the
price cost margin is lower, and the punishment for deviating from free trade is larger under
Bertrand duopoly than under Cournot duopoly as the gains from trade are larger. Therefore, it
is easier to sustain free trade under Bertrand duopoly than under Cournot duopoly when using

the threat of reversion to the minimax NE.
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8. Conclusions

This paper has analysed trade wars and trade agreements between two countries under
Cournot and Bertrand duopoly with differentiated products and cost asymmetries, where each
country used an import tariff and an export tax/subsidy. In a trade war, modelled as the interior
NE in trade policies, the outcome in the symmetric case was that both countries lose, but the
country with the uncompetitive firm may win the trade war with cost asymmetries. Then, since
free trade is clearly a focal point, the sustainability of free trade (zero import tariffs, zero export
taxes/subsidies, and zero transfers) was considered in an infinitely-repeated game. Using
infinite Nash reversion, free trade was sustainable provided the cost asymmetries were not too
great. It was shown that free trade was also sustainable using infinite minimax reversion (that
results in autarky welfare for both countries), and in this case asymmetries were much less
problematic as the critical discount factor was always significantly less than one. However,
both infinite Nash reversion and infinite minimax reversion seemed implausible as the
punishment phase lasts forever following any deviation from free trade. An alternative was for
the punishment phase with minimax reversion to last for only a few rounds, and then it turned
out that the critical discount factor gets quite close to that with infinite minimax reversion and
is lower than that with infinite Nash reversion. All the results under Bertrand duopoly were
qualitatively similar to those under Bertrand duopoly despite the NE trade policies (and those
when a country deviates from trade) including an export tax under Bertrand duopoly and an
export subsidy under Cournot duopoly. However, it was shown that it is always easier to sustain
free trade under Bertrand duopoly than under Cournot duopoly when using minimax reversion.
Also, product differentiation makes it easier to sustain free trade under Cournot duopoly, and
under Bertrand duopoly except when the products are close substitutes. Possible extensions to
the analysis would be to consider the cases of many countries, many firms, differences in

market size, and trade blocs.
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Appendix A: Welfare Comparisons under Cournot Duopoly

Some additional welfare comparisons are required for the derivation of the critical discount factors
required to sustain free trade under Cournot duopoly. Firstly, the welfare gain from deviation compared to free

trade, which is obtained by subtracting (7) from (16):

1 !//PF ‘//PF
AW =W ~Wy = WA/L]}F l//i?p } A (AD)
u J

w =yl et WPyl =24 (84847 —34" )@ >0
p) =ul W -yl =16(2-47) 0% >0
yil =yl Wyl =32(2-47 )@ >0

J

The quadratic form is positive for A >0, since all the elements of the matrix are positive. Secondly, the

welfare gain from deviation compared to the inferior NE in trade policies, which is obtained by subtracting (19)

from (16):

l WDN WDN

AW =Wo Wi =——m——=A"|""] "7 A (A2)
A A A ﬁ\PD\PN |:l//UDN l//ﬁN:|

w =yl PN - WPy =2(15360-192004" + 74884" —4964° —2444° + 334" ) @2 > 0

w =p )WY WPy =164(2-47 ) (834 ) (24— 64" — 4" )@ >0

pi' =yl WPy = 3247 (2- 47 )(216 - 22647 + 789" —94° ) @7, <0

ji
Since one principal diagonal element of the matrix is positive and the other is negative, the quadratic

form is indeterminate. It can be shown that AW, is positive (negative) if g, >(<)u;" where p2¥ > ¥ for

p<¢” =0-973 and uf" <", and therefore, AW Y <0 if W, >w; >w, , in which case free trade would

never be sustainable using infinite Nash reversion. Thirdly, the welfare gain from deviation compared to the

minimax (autarky) NE in trade policies, which is obtained by subtracting (9) from (16):

1 w0
AWAL?O = WAZ? - Wffi = WA'I:W%O l//UD() } A (A3)
i v

=yl -y =8(8-347)(24-8¢" + ¢ )07 >0
=y =Wy =-164(2-47)(8-347 )@} <0
=yl Pyt =8(2-¢7)(8-34°) @2 >0
The two principal diagonal elements of the matrix are positive, and the determinant of the matrix is

positive, det = 192(2 — ¢ )(8 -3¢’ )2 @', >0, so the quadratic form is positive definite.

Note that the critical discount factors with infinite minimax reversion and minimax reversion for z rounds

can be defined as:
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sy AW

1-8¥*  AW[®

S +(5j42 )2 ...+(5f,w" ) A,

A4
o (A4)

Since the right-hand side of both identities is equal and the left-hand side of the second equation is equal

to less than z when §}* <1, therefore 57" <1 if Z> 53“/(1—52‘400),

Appendix B: Welfare Comparisons under Bertrand Duopoly

Some additional welfare comparisons are required for the derivation of the critical discount factors
required to sustain free trade under Bertrand duopoly. Firstly, the welfare gain from deviation compared to free

trade, which is obtained by subtracting (39) from (43):

T 7 S N L
w = Wo = =g |:€ijDF QJ?F} (B1)
0" =0,0" -0°0] =24’ (1-¢")(8+8¢° ~11¢" +2¢° )@}, >0
07 =0°0" ~0°9! =84(1-¢*)(2-¢") ®% >0
0 =0,0" ~0°0; =8(1-¢")(2-¢") @} >0
The quadratic form is positive for B> 0, since all the elements of the matrix are positive. Secondly, the

welfare gain from deviation compared to the inferior NE in trade policies, which is obtained by subtracting (46)

from (43):

I G B'{ i Q"fl’w}B (B2)
Bi — "'Bi Bi T DN DN DN
ﬂ® 0 Hl'j 9]']'
49”9” =49if’®N—®DB,§V >0 49,,”” =@f’®N—®DHif’ >0 6’5}\’ =8§®N—®D¢9g >0

The quadratic form is positive for B >0, since all the elements of the matrix are positive. Thirdly, the

welfare gain from deviation compared to the minimax NE in trade policies, which is obtained by subtracting (40)
from (43):

DO D 0 1 ' z?o 9/;)0
AWy =Wy =Wy, = ﬂ@D@O B 9P Hbo B (B3)
ij Vi

0 = 670" —0"0) =8(192-3604" +1844" +7¢° —24¢° + 44" )@} >0
0 =00 -00) =-84(2—¢)(16-464" +33¢* —64° ) D;,
0" =070 -0"0) =8(2-¢)(8-54") (894" + 24" )@} >0

The two principal diagonal elements of the matrix are positive and the determinant of the matrix of the
matrix is positive, det= 64(4 —¢ )2 (2 - )(3 24 )(64 —80¢” +21¢" + 2¢6)®§ >0, so the quadratic form is

positive definite.
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Appendix C: Discount Factors under Bertrand Duopoly

The critical discount factor with infinite minimax reversion and with minimax reversion for one round

can be defined as:

Mo DF
i s =2 (1)
-6y AW, AW,

Differentiating these identities with respect to the degree of product substitutability yields:

(€2)

(1—60=) 06 o

1 s 9 [AWBDF] s o (AWBDFJ

AW op  opl awr®

Hence, the signs of both derivatives will be the same and both will have a turning point at ¢ ~0-738,
and the same argument applies to §,°. A similar argument can be used to show that 527", 5.2, and 5. all

have a turning point at ¢’ ~ 0-662 . Also, using the same argument as in (A4), the critical discount factor with

. . . M M
minimax revision for z rounds 5 <1 if z > 0y x/(l—é‘g w),
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Figure 15: Minimax Reversion for One Round under Bertrand Duopoly
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Figure 17: Nash Reversion under Cournot Duopoly and Bertrand Duopoly
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