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Abstract

From the collective choice perspective, this paper examines how different trade regimes
have differing implications for two enemy countries’ arming decisions in a three-country
world with a neutral third-party state. We compare the two adversaries’ aggregate arm-
ing (i.e., overall conflict intensity) and show that it is in ascending order for the following
regimes: (i) a free trade agreement (FTA) between the adversaries, leaving the third-party
state as a non-member, (ii) worldwide free trade in the presence of the interstate conflict,
(iii) trade wars with Nash tariffs, and (iv) an FTA between the third country and one adver-
sary, excluding the other adversary from the trade bloc. These results have policy implica-
tions for interstate conflicts. First, “dancing between two enemies” with an FTA results
in lower aggregate arming than under worldwide free trade. Second, the world is “more
dangerous” in tariff wars than under free trade. Third, an FTA between one adversary and
the third party while keeping the other adversary as an outsider is conflict-aggravating
since aggregate arming is the highest compared to all other trade regimes. We also analyze
aggregate arming under a customs union (CU) and discuss differences/similarities in impli-
cations between a CU and an FTA for interstate conflicts.
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1 Introduction

Conflict over natural resources such as oil, natural gas, minerals, or resource-rich land
beyond national boundaries constitutes a vital issue of rent-seeking activities at the inter-
national level.! The primary objective of the present paper is to use the collective choice
approach to analyze the implications of different trade regimes for interstate conflict in a
three-country trade framework with resource appropriation possibilities. We pay particular
attention to the conflict—trade nexus in which enemy countries allocate optimal amounts of
their endowments to arming for appropriating part of each other’s natural resources (i.e.,
international rent-seeking activities), and, meanwhile, they may engage in trade or form a
regional trade agreement.

The post-World War II era has witnessed an unprecedented proliferation of regional
trade agreements (RTAs), particularly in the form of free trade agreements (FTAs) and
customs unions (CUs).? Under either an FTA or a CU, member countries enjoy duty-free
access to each other’s markets within the trade bloc. An FTA allows members to indepen-
dently set external tariffs on imports from non-member states, but CU members jointly
determine a common external tariff on imports from outsiders. Voluminous studies in
international economics literature have contributed to our understanding of regional trade
agreements. For example, Baldwin (1997) and Whalley (1998) analyze the economic
determinants of forming RTAs. Carrere (2006) documents that RTAs have increased trade
volume for member states, but at the expense of non-members. Vicard (2009) empirically
shows that RTAs granting trade preferences to member states significantly increase bilat-
eral trade. Baldwin and Jaimovich (2012) investigate whether FTAs contribute to the rapid
spread of trade regionalism and find no significant evidence of slowing multilateralism.
Bagwell et al. (2016) present a systematic review of RTAs and the perils and promises fac-
ing the world trading system. This important strand of the literature on trade institutions
stresses the profound integration benefits of RTAs purely from the international economics
perspective.’

During the post-World War II period, when numerous countries moved toward a higher
degree of economic integration through trade, there appeared to have been a somewhat
steady but primarily declining trend of militarized interstate disputes.* Nevertheless, recent
developments in some parts of the continents have shown increasingly unpredictable trends
of armed conflicts.’ These observations prompt one to ponder whether trade regionalism
is a double-edged sword: it increases the opportunity costs of going to war and, in the
meanwhile, raises a nation’s capacity to wage war for more resources. Given that RTAs are
institutional arrangements across different countries, the other strand of the literature pays
attention to issues on national security, interstate disputes, democratization, arms race, and
alliances.

I See Findlay and O’Rourke (2010) for issues on natural resources, conflict, and trade from the historical
perspective.

2 Viner (1950) was the first to provide insights into the trade-creation and trade-diversion effects of a cus-
toms union.

3 For studies on economic integration through RTAs and related issues see, e.g., Bagwell and Staiger
(1997, 1999), Baier and Bergstrand (2004), Freund and Ornelas (2010), and Bergstrand et al. (2016).

4 There were debates about the frequency of wars and the trend toward peace. See, e.g., the detailed discus-
sions in Harrison and Wolf (2012) and Gleditsch and Pickering (2014).

5 See The Global Risks Report of 2018, World Economic Forum.
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The empirical work of Mansfield and Bronson (1997) is among the first to show that
allied countries engage in a higher volume of trade than those non-allied. The authors find
that the relatively higher trade volume increases when the allies form RTAs. Investigating
the relationship between trade institutions and military conflicts, Mansfield and Pevehouse
(2000) document that member states of RTAs are less likely to have armed conflicts than
non-members. Martin et al. (2008, 2012) analyze trade causes of war. The authors find that
increasing the number of members in an RTA reduces economic interdependence between
any pair of rival states, which, in turn, raises the likelihood of bilateral war.® Liu and
Ornelas (2014) empirically document that a country’s participation in FTAs enhances the
sustainability of its democracy. The authors remark that the mechanism behind the posi-
tive relationship between trade regionalism and consolidated democracy is “the destruction
of rents in FTAs” associated with a member’s change in its political regime. Hadjiyiannis
et al. (2016) examine how RTAs between two adversaries or between one adversary and a
neutral third party affect the possibility of going to war. McGuire (2000) presents a graphi-
cal analysis of the trade—conflict nexus to show that international systems may result in
inter-state predation for resources while engaging in trade for mutual benefits.

From the collective choice perspective, we look at how different trade regimes may
have differing implications for two enemy countries’ arming decisions in a three-country
world with a neutral third-party state. We focus our analysis on issues related to interstate
disputes, tariff wars, and trade agreements by presenting an endogenous arming model
of three-country trade and conflicts. We wish to shed light on the following questions.
How would the arming decisions of enemy countries affect the prices of tradable goods
and hence both export revenues and import demands under different trade regimes (e.g.,
RTAs, worldwide free trade, and tariff wars)? Given that trading blocs negatively affect
non-members economically (Carrere, 2006), what effects do different trade regions have on
member and non-member countries when they are enemies? Do commitments to integra-
tion arrangements through trade effectively reduce aggregate arming by adversaries being
members of a trade bloc? Would the conflict-trade nexus hinge on the form of trading
agreements for economic integration? Under the shadow of resource appropriations, would
the world become "less dangerous" (i.e., aggregate arming is lower) under global free trade
than under RTAs? In answering these questions from the conflict perspective, we introduce
two warring countries’ resource appropriation and arming decisions into a three-country
trade-theoretic model a la Bagwell and Staiger (1997, 1999). Explicitly, we extend the two-
country trade—conflict model of Chang and Wu (2020) to allow for different types of RTAs
(e.g., FTA or CUs). This extension permits us to identify the conditions under which trade
institutions may aggravate regional conflicts as arms buildups increase. Alternatively, it
helps identify the trade regime resulting in lower aggregate arming.

The present study deviates from the literature on the trade—conflict nexus in several
significant aspects. First, we adopt an endogenous security approach to determining the

% For empirical studies on trade and conflict see, e.g., Polachek (1980), Barbieri (1996), Barbieri and Levy
(1999), Reuveny and Kang (1998), Kim and Rousseau (2005), and Glick and Taylor (2010). Polachek
(1980) shows that strengthening the extent of trade openness between enemy countries can reduce their
conflicts in terms of overall armament expenditures (a result echoed by O’Neal and Russet, 1999). How-
ever, studies such as Kim and Rousseau (2005) find that the pacifying effect of greater trade openness can
be neutral. Other studies, such as Barbieri (1996), find that extensive links through trade may increase the
likelihood of armed conflicts. Barbieri and Levy (1999) show that war exerts no significant impact on trad-
ing relationships between adversaries. There appears no consensus on the trade—conflict nexus. For theoreti-
cal studies on trade and conflict see, e.g., Garfinkel et al. (2015) and Chang and Sellak (2019, 2021).
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conflict-related arming decisions of two warring countries and analyze the optimal tariffs
in a three-country world with a neutral third-party state when there is a global tariff war.
Second, we use the framework to examine different trade regimes and the resulting arming
allocations optimally chosen by the adversaries in the event of fighting. Specifically, we
compare aggregate arming when two adversaries establish an FTA to those under different
trade regimes with worldwide free trade or a tariff war. Third, we analyze possible differ-
ences/similarities in implications between an FTA and a CU for interstate conflicts.

We summarize the key findings of the paper as follows. Aggregate arming ranks from
the lowest to the highest for the four different trade regimes: (i) an FTA between the adver-
saries while leaving a neutral third country as a non-member, (ii) worldwide free trade
in the presence of interstate conflict, (iii) trade wars with Nash tariffs, and (iv) an FTA
between the neutral third country and one adversary, excluding the other adversary from
the trade bloc. These results have policy implications for trade institutions versus tariff
wars under interstate disputes. First, an FTA between enemy countries causes their mil-
itary buildups to be lower than those under worldwide free trade. Second, the world is
"less dangerous" under worldwide free trade than in tariff wars. Third, an FTA between
one adversary and a neutral third country is conflict-aggravating since aggregate arming
ranks the highest. This result suggests that a third party’s involvement in an FTA (based
purely on economic advantages) may worsen armed conflicts.” We also compare aggregate
arming with that in a CU and discuss differences in implications between CU and FTA for
interstate disputes. We find that aggregate arming ranks among the lowest when two enemy
countries establish a CU. The conflict-deteriorating effect of an FTA, established between
a neutral third country and an adversary while excluding the other adversary as an outsider,
may not be present under a CU.

Our simple analysis has implications for a real-world example of the conflict-aggravat-
ing outcome. While the world is moving toward a greater degree of globalization in trade,
the Russia—Ukraine war constitutes an enormous scale of an interstate militarized conflict.
The Russian invasion of Ukraine provides evidence of the conflict’s aggravating outcome,
particularly when we consider the case in which Ukraine is offered a preferential trade
agreement by a neutral third party (i.e., the European Union). From a Russian perspective,
the European Union’s preferential trade agreement with Ukraine and Ukraine’s intention
to join the North Atlantic military alliance serve as an economic and security platform
for gains that could potentially be used against Russia. In response to these developments,
Russia perceives it as a benefit for the country to wage the war by increasing its conflict-
related arming allocation, hoping to avoid any coercive action from a future economically
and politically stronger Ukraine.®

The remainder of the paper proceeds as follows. Section 2 presents a three-country trade
model with interstate disputes and derives the equilibrium under tariff wars. Section 3
analyzes the outcome when two adversaries establish an FTA, and Sect. 4 examines the
case under free trade. Section 5 discusses an FTA between an adversary and a neutral third

7 For studies on third-party interventions in conflicts see, e.g., Regan (1998), Siqueira (2003), Rowlands
and Carment (2006), Chang et al. (2007), Chang and Sanders (2009), Sanders and Walia (2014), and Chang
and Sellak (2022).

8 Our analysis may also have implications for WTO trade policymakers. A member country that is engaged
in war with another member country is likely to aggravate conflict intensity when one adversary signs a
preferential trade agreement with a neutral third-party state while excluding the other adversary as a non-
member. The world would become "less dangerous” (that is, less military buildup) when WTO policymak-
ers encourage all the countries (the adversaries and the third-party state) to form an FTA or a CU.
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party. We then compare arming allocations under different trade regimes. Section 6 exam-
ines arming under a CU. Section 7 presents aggregate payoff comparisons across all the
trade regimes, and Sect. 8 concludes.

2 The three-country trade model with interstate conflicts
2.1 Assumptions on resource predation, product markets, and aggregate payoff

We consider a world of three countries, A, B, and C, where A and B are “enemies” as
they contest part of each other’s resources, and C is a neutral third party (or the rest of
the world). Each country possesses R units of a different resource input exclusively used
to produce a country-specific good for consumption or exportation. We incorporate ele-
ments of conflict into a standard three-country trade framework to analyze trade among
the three large open economies. This approach allows us to see how arming decisions of
two resource-conflict countries (A and B) are affected by different trade regimes. There
are three different consumption goods: a, b, and c. Each country specializes in producing a
tradable good in its country name, while importing two other products. For each country’s
production technology, we consider that one unit of resource input produces one unit of
final good in its specialization.

Given that A and B are each other’s enemies, they transform fractions of their endow-
ments into guns for appropriating each other’s resources. We consider a simple military
technology wherein one unit of an endowed resource produces one unit of guns. Denote
GA(> 0) and GB(> 0) as the amounts of resources allocated to arming by A and B, respec-
tively. Following the conflict literature, we use the conflict-related arming allocation of a
contending country to reflect its security policy. To measure a conflicting country’s share
in retaining its endowed resource after fighting, denoted as ¥4 for A and W2 for B, we fol-
low Tullock (1980), Hirshleifer (1989), and Skaperdas (1996) by using the following con-
test success functions (CSFs):

A B

:mand‘{‘B— G where G* + G® > 0. (1)

pA = —
GA +GB

In conflict, country A loses K* units of good a, and country B loses K® units of good b.°
Taking into account arming allocations and destruction costs, we calculate the quantities of
goods a and b that countries A and B supply to the markets:

2= (-9 Vr_Gr -k and 2= (-9 \r_GF_k* ’
«“\Givap v~ \Gitop - @

As for consumer preferences over the final (or civilian) goods, we assume for analytical
simplicity that market demand for good i € {a, b, c}in country j € {A, B, C}is linear:

0l =a-pP, (3a)

° As in Hadjiyiannis et al (2016), we assume that K* and K are fixed costs of destruction to A and B.
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where Fl is the price of good i in country j, the parameter a(> 1 > R) is a measure
of market size, and f > 0. Corresponding to the demands in (3a), we have consumer
surplus (CS) for country j :

cs = ﬁ (@ = PP + (= pPLY + (a — pPI ). (3b)

This CS measure implies that the benefits of each country’s consumers depend on
a product domestically produced and two other products from abroad (either through
imports or via appropriation from its enemy).The CS measure in (3b) may reflect
“economic interdependence” in consumption through international trade and/or
appropriation.

As for producers in each country, we first look at the producer surplus (PS) meas-
ures of the two adversaries A and B. The amounts of final goods that the enemy coun-
tries appropriate from each other are APbe‘ =[G / (G* + G®)IR for country A and
APPE = [GP / (G* + GB)]R for country B. As such, the PS measures for A and B are the
total values of domestic production and interstate appropriation:

GB
(&) @

where Zj is the quantity of good a produced by country A and Zf is that of good b
produced by country B (see Eq. 2). The two measures PS* and PSP in (4) represent the
market values of production and predation for A and B, respectively.

Country C, not an enemy to either A or B, produces and supplies R units of good c to
the market. This implies that country C’s producer surplus is

A A GA B B~B
P, — PA PA P, — PB
St = aZa + b [(GA >R:| and S° = PhZh + a

PS¢ = PCR. )

The objective of country j is to maximize its domestic aggregate payoff (IV) taken as
follows:

IV = CS + PS + TR for j € {A, B, C}, (6)

where C§ and PS/ are given in (3)—(5). Note that tariff revenues 7R depend on the
trading relationships among the three countries, which are the focal points of our subse-
quent analyses.

We adopt a four-stage game to analyze different trade regimes and interstate con-
flict in a three-country world. Stage one is the trade regime commitment stage at which
(i) two countries forming an RTA agree on duty-free access to each other’s market, or
(ii) the three countries agree upon a worldwide free trade despite an interstate conflict,
or (iii) they commit to engaging in tariff trade wars. Stage two is the security stage at
which the two adversaries, A and B, independently determine their optimal arming allo-
cations in the event of fighting. Stage three is the tariff-setting stage at which each coun-
try determines its tariff structure on imports, depending on whether two of the three
countries form an FTA, whether there is worldwide free trade (under which tariff rates
are zero), or whether there are tariff wars. At the fourth and last stage of the game, the
three countries engage in trade, taken as given the conditions and decisions in the previ-
ous stages. We use backward induction to derive a sub-game perfect Nash equilibrium
for each trade regime. We first examine the regime with a global (three-country) tariff
war.
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2.2 Global tariff war (or the protectionist regime) as the benchmark

In the absence of economic integration through cooperative trading arrangements, there
is a protectionist regime under which each country imposes tariffs for restraining imports.
Denote Tl] as the specific tariff that country j € {A, B, C} imposes on its import of good
i € {a,b,c}. We derive the conflict-trade equilibrium for the case of resource appropria-
tion possibilities between adversaries A and B. This case is the benchmark for evaluating
equilibrium outcomes under other trade regimes.

To maintain the patterns of trade and the specialization of production as described ear-
lier, we follow the comparative advantage principle that a good’s price in an exporting
country plus a specific tariff imposed on the good by an importing country will not be
lower than the good’s price in the importing country. This principle excludes arbitrage in
the three-country framework (Bagwell & Staiger, 1997, 1999). For good a that country A
produces and exports, we have the no-arbitrage conditions:

P+ 78 =P8 and P} + € = PE, (7)

where rf and ’l'aC are specific tariffs imposed by countries B and C, respectively, on good
a.' We solve the equilibrium price of the good in country A by equating its aggregate
demand with aggregate supply. That is, trade equilibrium for good a requires that

(@ = pP}) +(a = pPY) + (a = pP)) =3 - G" — K" ®)

In (8),'" we assume that the value of R equals 3 as in Hadjiyiannis et al. (2016) for trac-
tability. Equations (7) and (8) imply that the market prices of good a in the three countries
are

B 3a - p(z8 +76) -3 -G - K*) P 3a +2p78 — pz€ - (3 - G* - K*)

I : ,
a 3ﬁ a 3ﬁ

e _ 3a — prf + 241 - (3 - G* — K*)

a 3,5 :

9
Similarly, for good b that country B produces and exports, the no-arbitrage conditions
are

Pf+1;j:P2 ande+TbC=PbC, (10)

where 12 and TbC are specific tariffs set by countries A and C on good b. Trade equilib-

rium requires that

(@ = BP}) + (@ — BP) + (a — pP) =3 - G* — KP. (1

10" Since Tf and rf are all positive under the protectionist regime, the non-arbitrage conditions imply that
P‘;‘ < Pg and PZ‘ < Pg. Country A thus has the comparative advantage in producing and exporting good a.

" An alternative approach leading to the same trade equilibrium condition (8) can be found in Appendix
A-1.
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Equations (10) and (11) imply that the market prices of good b in the three countries
12
are

o 3a—ﬁ(rg‘+rb€)—(3—GB—KB)PA 3a+2p7) - prf — (3 - G® — KP)

b 3,3 b 3,5 ’
pC 3a—ﬁrﬁ+2ﬁrbc—(3—GB—KB)
b 3,5 .
12)
As for good c, the balance-of-trade condition is
(a = BPY) + (@ — BPP) + (a — pPE) =3, (13)
where P? and Pf satisfy the non-arbitrary conditions
P¢+ 7% =P* and PC + % = P, (14)

Equations (13)—(14) imply that the market prices of good c in the three countries are
3a+2p7 — p2B -3
3p

5 3a — et +2p78 -3 c 3a - p(z +75) -3

P = :
c c 3ﬂ c 3ﬂ

)

15)

The above analysis depicts the last stage of the four-stage game where the three coun-
tries engage in trade.

We proceed to the third stage at which the three countries determine their optimal tar-

iffs. For country A, its total revenue from imposing tariffs, {rﬁ, Tf },on goods b and c is

TR = )M} + o' M2, (16a)

where MZ‘ and Mf are the quantities of the two goods imported. That is,

B
M = [(wa>3—GB—KB] — (a = pPP) = (@ - pP), (16b)
M* =3 - (a - pP?) - (a — BPO). (16¢)

Substituting the price equations from (9), (12), and (15) into CS* in (3), PS* in (4),
and TR in (16a), we calculate country A’s aggregate payoff I[1'(= CS* + PS4 + TR*) as a
function of tariff rates, {z}}, 7%, 25, 75, €, Tbc}, and arming allocations, {G*, G®}. Country
A determines an optimal tariff structure, {74, 74}, to maximize its aggregate payoff accord-
ing to the first-order conditions (FOCs) oII4 / ot = 0 and oIT* /074 = 0. Solving for A’s

tariffs yields

ﬂl K (S—GA—GB)GB—6G [ 3

A b A C

™ = + and ¥ = — + —. 17
b 8p 8/(GA + GB) ¢ 8 8p an

B

For country B, its total revenue from imposing tariffs, { Tf , 7. },on goods a and ¢ is

12 See Appendix A-2 for an alternative approach that results in the same trade equilibrium condition as in

.
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TR? = % M" + P M, (18a)

where M? and M? are given, respectively, as

A
ME = [(ﬁ)s G - ] (a = pPY) — (@ — BPO), (18b)
M?P =3 — (a - pPY) — (a — pPO). (18¢)

Similarly, we substitute the price equations from (9), (12), and (15) into CS® in (3), PS? in
(4), and TRE in (18a) to calculate country B’s aggregate payoff [18(= CSE + PSE + TRB) as a
function of tariff rates, {z;', 72, 7%, 75, 7€ TC} and arming allocations,{ G*, G®}. Country B
determines an optimal tarlff structure {r } to maximize its aggregate payoff I1%. Solving

for B’s tariffs yields

TB=ﬂf“c_KA+(3_GA_GB)GA_6GB andrB=i+i (19)
a 8p 8B(GA + GPB) <78 8P

For country C, its total revenue from imposing tariffs, { rac, Thc}, on goods @ and b is

TRC = tMS + t{ MY, (20)

where M and M{ are given, respectively, as MS = (a — BPS) and MS = (a — pPY).
Substltutlng the price equations from (9), (12) and (15) into CS€ in (3), PS€ in (5), and
TRC in (20), we calculate country C’s aggregate payoff I1(= CS€ + PSC + TRC) as a func-
tion of tariff rates, {TZ‘, 18,18, 1€, Tbc }, and arming allocations, {G*, GB}. Country C sets
an optimal tariff structure { ac C}, to maximize its aggregate payoff. Solving for C’s tariffs

yields

3G KA T, 3-GP—KB
C a C b
8 g T 85 @D

Utilizing the tariff equations, as shown in (17), (19), and (21), we calculate the equilibrium
Nash tariffs as functions of arming allocations under the protectionist regime (PR):

wrr_ B=G'=GHGP-5G" KB . (3-G'-GHG'-5G" KA

b= 7B(GA + GB) 767 T 7B(GA + GB) T
o _ 260" +(3-G' -GNG' K' o _26'+(3-G'-GNG' k*
a = 7B(GA + GB) T 7B(GA + GB) 78’
APR _ i BPR _3
¢ 78’ T
(22a)

The Nash tariffs in (22a) imply the following comparative-static results (see Appendix
A-3):

@ Springer



Public Choice

0T:’PR 0 T:’PR o orBPR 0 orBPR 0 9rCFR 0 orCPR 0
<0, <0, <0, <0, <0, <0,
0GA 0GB 0GA 0GB 0G4 0GB
97CPR 97 PR (22b)
b b APR C.PR _B.PR C.PR
3G <0, 3GE <0,TC >z e >

We summarize their economic implications as follows:
Lemma 1 Under the protectionist regime, we have the following:

(i) Optimal tariffs set by the adversaries on their imports from the neutral third country
are independent of their arming allocations. However, optimal tariffs are negatively cor-
related with each adversary’s arming.

(if) Optimal tariffs that the adversaries impose on their imports from the third country
are higher than the tariffs that the third country imposes on imports from the adversaries.

The economic intuitions are as follows. Given that country C is not an enemy of A and
B, the adversaries’ arming allocations do not affect their tariffs on imports from the third
party. As A and B are involved in resource conflicts, increasing each adversary’s arming
lowers the amount of its endowed resource available for domestic production, which is
payoft-reducing. In response to this adverse effect, both A and B find they are better off to
lower tariffs on their imports. This explains why the optimal tariffs set by the adversaries
A and B are negatively related to their arming. Although the optimal tariffs set by A and B
on their imports from C are independent of their arming allocations, each adversary sets a
higher tariff rate than that set by the neutral country C. This higher tariff allows each adver-
sary country to mitigate the production-distortion effect of arming as it negatively affects
domestic consumption.

Next, we proceed to the arming stage, where the adversaries A and B independently
decide on their allocations of resources for fighting. Under symmetry, GA*R = GBPR = GPR,
This exercise yields

e _ /341607 + 43120 = 22310 + K(I7424K + 517440 —28248) 49 1. S
= 264 667 2" "4

(23)

It can be verified that GPR in (23) is positive for @ > R, where R is taken to be 3.

It is instructive to see how each adversary country’s arming affects its domestic aggre-
gate payoff. Using country A as an example (under the assumption of symmetry), we show
in Appendix A-4 the following aggregate payoff decomposition:
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A PA
oI oP 0(APPY)
— = [Z'-@-pPH =%+ —LP
o0GA “ 1 oGA oGA
~ ~~ - N~——
Export—revenue effect Resource—appropriation effect
(+) (+)
oy o\ on] o em @
+ (LM LML |+ =
bogr TP oGA boGA 0GA™ “
N ., N——
R v K | Output—distortion effect
Tariff —revenue plus import—spending effect =)

=)

where APP? =[G* / (G* + G®)]R for R = 3is the amount of good b appropriated by coun-
try A. We thus have:

Lemma 2 In tariff wars within a three-country world with two adversaries and one neutral
third party, the impact of an adversary’s arming on its domestic aggregate payoff contains
four components: (i) The first is an export-revenue effect, increasing the aggregate payoff
as arming causes export price and revenue to go up. (ii) The second is a resource-appro-
priation effect, increasing the aggregate payoff as arming increases the appropriation of a
final good for domestic consumption. (iii) The third is a tariff-revenue plus import-spend-
ing effect, reducing the aggregate payoff as arming raises import price, lowers import
demand, and reduces tariff revenue net of import spending. (iv) The fourth is an output-
distortion effect, reducing the aggregate payoff as arming decreases domestic production.

The first two effects (i and ii) increase aggregate payoff and constitute the marginal rev-
enue (MR) of arming, whereas the last two effects (iii and iv) decrease aggregate payoff and
reflect the marginal cost (MC) of arming. Each adversary’s arming is determined by the
marginal condition that MR =MC."?

The above analysis prompts us to analyze how the optimal arming, G, under the tar-
iff war is affected by different types of FTAs (e.g., an FTA between two adversaries or
between one of the adversaries and a neutral third party). We shall see that the endogenous
arming analysis permits us to compare the optimal security/arming levels under alterna-
tive trade regimes. We investigate the following scenario: two enemy countries form a free
trade agreement.

3 FTA between two adversaries (with third-party state
as a non-member)

The primary question concerns how the endogenous arming decisions of two adversaries
A and B would change when they establish an FTA to access each other’s market duty-free
(despite the resource appropriation possibilities). One issue of policy importance is: Would
each adversary allocate more or less of its endowed resource to arming under the FTA
regime (i.e., “dancing with the enemy” in trade regionalism) than the conflict equilibrium
in the tariff wars?

13 This aligns with Hirshleifer (1991) in analyzing arming and the technology of conflict as an economic
activity.
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In such a framework of an FTA between two enemy countries, the third country C (as a
non-member) imposes tariffs on imports from A and B. We use a four-stage game to deter-
mine the sub-game perfect Nash equilibrium for an FTA between A and B. We denote this
trade institution as the FTA(A&B) regime. At stage one, A and B commit to establishing
the FTA(A&B) regime. At stage two, A and B independently and simultaneously determine
optimal arming allocations that maximize their domestic aggregate payoff. At stage three,
A and B set zero tariffs (r;f = rf = 0) on each others’ imports and independently determine
their optimal tariffs z%* and 7% on imports from the third country C. In the meanwhile, coun-
try C sets its optimal tariff structure, {rac, rbc }, on imports from A and B. At stage four, the
three countries engage in trade.

Given that Tg‘ = rf = 0 under the FTA(A&B) regime, we substitute zero tariff rates into
the price equations in (9), (12), and (15). As such, the market prices of goods a, b, and ¢
are

30— pr¢ — (3 -G —K*)
PA,FTA(A&B) PB,FTA(A&B) a
a ~a -

3p ’
c
PAFTAGA&D) _ pBFTAU&E) _ 3a - fr; —(3-G" - KP)
b =0 = ’
3p
permasn) _ 39 F 2p8 - (3 - G* - K" perTiasn _ 0+ 2p7f — (3 - GP - K®)
a - 3p b - 3p >
PAFTAASE) _ 3a + 2ﬂT? - ﬂff -3 PRFTAASE) _ 3a — ﬁrf + Zﬂrf -3
c - Sﬁ bl c - Sﬁ bl
PCFTAU&B) _ 3a—p(r} +70) -3
c - 3ﬂ .

(25)
Note that the tariff rates, 74, 7%, and {z¢, 7]} in (25) remain to be determined by the
countries at the third stage of the game.
To calculate an optimal tariff that country A imposes on good c, denoted as 7/ TAA&E),
we note the import demand equation: MA-FTAAEE) = o — ppAFTAALE) 'where pAFTAALE) g
given in (25). Country A’s aggregate payoff function is

AFTAA&B) _ A FTA(AXB) AFTAA&B) | _AFTA(A&B) y sA,FTA(A&B)
I =CS + PS§ + 7 M; )
where the first term is consumer surplus (see Eq. 3b) and the second term is producer sur-

plus (see Eq. 4) with the prices of goods a, b, and ¢ being given in (25). Country A’s FOC
is

B,FTA(A&B AFTA(A&B
JTTAFTAAEB) B pr (A&B) ~ 87/ (A&B) N 1. 0
an,FTA(A&B) 9 9 3 ’
which implies that
[BFTAA&E) 4
TA,FTA(A&B) — ¢ + =, (263.)
¢ 8 8p

To calculate country B’s optimal tariff on good ¢, we note the import demand:
MBFTAALE) = o — pPBFTAGLE) - yyhere PBFTAALE) js given in (25). Country B’s aggre-
gate payoff function is [TBFTAAEE) = CSBFTAUSE) | pSBFTAU&E) | [BFTAA&E) ) 1BFTAALE)

c c ’
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where the first term is consumer surplus (see Eq. 3b) and the second term is producer sur-
plus (see Eq. 4) with the prices of goods a, b, and ¢ being given in (25). Country B’s FOC
is

AFTAAKB B.FTA(A&B
JIIBFIAALE)  fr) (A&B) ~ 8 BFTANLE) L1y
o BFTAUES) - 9 9 3
which implies that
AFTAASE) 5
[BFTAU&E) _ ¢ + =, (26b)
c 8 8 ﬂ

As for country C, it sets an optimal tariff structure on imports from A and B to maxi-
mize its aggregate payoff: [ICFTAA&E) = CSCFTAAKD) | pgC.FTAULE) | TROFTAMAEE) where
the first term is consumer surplus, the second term is producer surplus, and the third term
is tariff revenue, TRCFTAA&B) — [CFTAU&B)[o _ gpCFTAUB)| 4 Tbc[ a—p PZ‘,FTA(A&B)] with

’ a a ’
the prices of goods a, b, and ¢ being given in (25). Country C’s FOCs imply that
_ A _ KA _ (B _ KB
L CFTAA&B) _ 3-G and TC,FTA<A&B) — 3-G )

a 8p b 8p
Making use of (26a)—(26c), we solve for the optimal tariffs:

(26¢)

A, FTA(A&B) _ _B.FTA(A&B) _ i
7. =17 - 7B : (26d)

Following from (26c) and (26d), we have

ot aC,FTA(A&B) ot bC»F TA(A&B) 1

P A @7

C.FTA(A&B
Tf’FTA(A&B) > TaC,FTA(A&B)’ and Tf’FTA(A&B) > Tb ¢ ).

Under the FTA(A&B) regime, the optimal tariffs set by A and B on imports from the
neutral third country C are independent of their conflict-related arming decisions. How-
ever, the optimal tariffs set by C on its imports from A and B are lower as the adversaries’
arming levels are higher. We also observe that A and B, as FTA members, set higher tariffs
on their imports from the third country (as a non-member) than the third country’s tariffs
on its imports from A and B.'*

We proceed to the second stage, where the adversaries A and B independently and
simultaneously determine their optimal arming allocations. Substituting the tariff rates
from (26¢) back into the aggregate payoff functions of A and B, we have TIAFTAU&B) and
[I8FTAU&B) a5 functions of arming allocations, G* and GZ. The FOCs for countries A and B
are OIMFTAULE) [ 9GA = 0 and oITBFTAU&E) / 9GP = 0. Under the assumption of symme-
try, we have the Nash equilibrium arming levels as GAfTAAEE) — GBFTAU&E) — GFTAAKB)
This exercise allows us to solve for the optimal arming as follows:

14 These qualitative results in (27) are similar to those as shown in Lemmas 1 and 2 for the tariff compari-
sons under the protectionist regime.
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FTAGA&B) _ \/40960:2 — 3159 + K(1521K + 4992« — 3510) _ 32_a B 5 é 8
G = + 5 (28)

78 39 2

Under symmetry and the same values of the exogenous variables, we have from
GFTAAED) in (28) and GPR in (23) that

GFTA(A&B) _ PR (29a)

The result in (29a) indicates that the enemy countries A and B allocate fewer resources
to arming under the FTA(A&B) regime than in a tariff war. Denoting aggregate arming as
ARMS = G* 4+ G®, we have from (29a) that

ARMSFTAAEE) « ARMSPR. (29b)

Given the results in (29a) and (29b), we compare the optimal tariffs under the pro-
tectionist regime to those under the FTA(A&B) regime, as shown in (22a) and (27). This
analysis yields

C,FTA(A&B C,PR
TaC,FTA(A&B) <TuC,PR ( )<Th )

and 7,

The economic implications are as follows. Moving from the protectionist regime to
the FTA(A&B) regime, the adversary countries A and B become intra-bloc members,
whereas country C is an outsider. In response, country C sets lower tariffs in the face
of the FTA(A&B) regime than its tariffs under the protectionist regime (i.e., in the trade
wars). This result is consistent with the “tariff complementarity effect” associated with
an FTA in a peacetime scenario without fighting, as shown in the trade literature (Bag-
well & Staiger, 1999). The FTA(A&B) regime improves terms-of-trade benefits for
member countries A and B vis-a-vis non-member country C.

Moreover, as FTA members, the enemy countries (A and B) benefit from duty-free
access to each other’s market, encouraging them to allocate more resources to produce
final goods for exports within the trade bloc. FTA provides a positive incentive for each
adversary to allocate fewer resources to arming. Consequently, a conflict-reducing effect
is associated with forming an FTA between two adversaries. As shown in the aggregate
payoff decomposition analysis (see Eq. 24), the results imply that, under the FTA(A&B)
regime, the positive resource-appropriation effect of arming on aggregate payoff is
insufficient to outweigh the economic benefits from the following two factors. One is
the elimination of trade barriers by forming an FTA between A and B. The other is the
tariff complementarity effect, which improves the trading positions of both A and B rela-
tive to C.

The results of the above analyses permit us to establish the first proposition:

Proposition 1 In a three-country world with two adversaries and one neutral third coun-
try, an FTA between the adversaries (A and B) allows each member country to access the
other’s market duty-free while independently setting their optimal tariff rates on imports
from the third country. Moreover, the FTA(A&B) regime results in lower aggregate arming
than in trade wars with Nash tariffs.

Proposition 1 indicates that the commitment to form an FTA between two enemy

countries (keeping the neutral third country as a non-member) has an important policy
implication for interstate conflicts. FTA makes it possible for the adversary countries to
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be members of a trade institution. The adversaries become less likely to engage in mili-
tary aggression since the FTA allows each member to access the other’s market duty-free.
This trade regime encourages each FTA member to allocate more resources to produce
their products for exports, causing the aggregate arming to decline. In other words, FTA
constitutes a conflict-reducing trade institution for two enemy countries. This endogenous
arming analysis provides a theoretical justification for the empirical finding of Mansfield
and Pevehouse (2000). The authors empirically show that joint memberships in preferential
trade agreements significantly reduce hostility between intra-bloc members.

One crucial issue that appears not to have been examined in the conflict and trade litera-
ture concerns whether forming an FTA between two adversaries makes the world relatively
"less dangerous" (in terms of aggregate arming or conflict intensity) than the global free
trade regime in the presence of an interstate conflict. We proceed to investigate this issue in
the next section.

4 Worldwide free trade (despite the presence of a two-country
conflict)

When there is worldwide free trade (denoted as WFT), tarift rates set by the three countries
(A, B, and C) at the third stage of the four-stage game are all zero. That is, TZ’WFT =0 for
i €{a, b,c}and j € {A, B, C}. Given the zero tariffs, the three countries engage in free
trade such that the market prices of goods a, b, and ¢ under the WFT regime are'’

3a— (3 -G — K%
3p ’
3a— (3 —GP —KB)
35 :

P;:,WFT — Pf’WFT — Pg’WFT —

Pz,WFT _ Pg,WFT _ Pbc.WFT — (30)

WFT _ pBWFT _ pCWFT _ & — 1
P? - Pc - Pc -

p

At the second stage, both the adversaries A and B determine their optimal arming alloca-
tions. For country A, its aggregate payoff function is I[I*WFT = CSAWFT 4 pSAWFT where
CSHWFT is consumer surplus (see Eq. 3b) and PS*WFT is producer surplus (see Eq. 4) with
the prices of goods a, b, ¢ being given by (30). Symmetrically, country B’s aggregate pay-
off function is

HB,WFT — CSB’WFT + PSB’WFT

where CSBWFT is consumer surplus and PSBYFT is producer surplus with the goods’
prices in (30).

The FOCs for A and B, OHA’WFT/ 0G* =0 and OHB’WFT/ 0GB =0, lead to the Nash
equilibrium levels of arming, denoted as {G*WFT, GBWFT}. Under symmetry, we have
GAWFT = GBWFT — GWFT | This exercise yields the optimal arming as follows:

GVFT —

V8la? — 45+ K(25K +90a — 60) 94 K
10 10 2

3
2 31
+2. 3D

15 We substitute zero tariff rates into the price equations in (9), (12), and (15).
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Fig.1 Optimal arming is lower m*
under FTA(A&B) than under on"rr
. ; >0
worldwide free trade 0GA | oAb _GFTAUEE)
HFTA(A&B)
0 GFTAA&B) — WFT G*(k=FTA(A& B),WFT)

A direct comparison among GF™A@B) in (28), G"R in (23), and G"'T in (31), under sym-
metry and the plausible values of exogenous variables, yields

GFTAA&B) o GWFT PR (32)
In terms of aggregate arming, it is straightforward that

ARMSTTAAED)  ARMSWIT « ARMSTR, (33)

Moving from the PR regime to the WFT regime, all the countries enjoy economic ben-
efits from duty-free access to each other’s markets. The two adversaries are better off by
reducing arming and producing more final goods for consumption and exports. There is a
resource appropriation effect of arming, which is aggregate payoff-improving. However,
the resource appropriation effect of arming is more than offset by the gains from free trade,
causing arming to decline under the WFT regime.

In comparing arming allocations for a regime shift from FTA(A&B) to WFT, we use an
aggregate payoff decomposition approach to explain why the optimal arming increases. We
show in Appendix A-5 the following result:

dHWFT 31(GFTA(A&B))2 _ 93GFTA(A&B) + BIGFTA(A&B)K — 36K + 108 0
- = >
0GA | ga=gB=grmusn 576 GFTAA&B)

The slope of each adversary’s aggregate payoff function with respect to arming under the
WFT regime, when evaluated at the point where G* = G# = GFTAA&B) jg strictly positive.

Figure 1 is a graphical illustration of the above result. As shown in the aggregate payoff
decomposition analysis (see Appendix A-4), the strict positivity of this derivative is because
the export-revenue effect plus the resource-appropriation effect, which defines the marginal
revenue of arming, exceeds the output-distortion effect, which defines the marginal cost of
arming. Moving from FTA(A&B) to WFT, the marginal revenue of arming exceeds its mar-
ginal cost. In response to this, adversaries A and B increase their arming allocations.

We thus have:

Proposition 2 In a three-country world with two warring adversaries and a neutral third
country, each adversary’s optimal arming is lower under the FTA(A&B) regime than
under the WFT regime. A shift in trade regime from FTA(A&B) to WFT causes arming to
increase since the marginal revenue of arming (resulting from the export-revenue effect
and the appropriation effect) exceeds its marginal cost (resulting from the output-distortion
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effect). Thus, an FTA between the adversaries (keeping the third party as a non-member)
leads to lower aggregate arming than under the WFT regime.

Proposition 1 and 2 suggest that forming an FTA between two enemy countries reduces
interstate military tensions compared to those under worldwide free trade. Thus, other things
being equal, an FTA between adversaries constitutes an effective trade institution in lowering
military buildups.

5 FTA between an adversary and a third party (A and C)

We now examine the case where one of the adversary countries (say, A) forms an FTA with
the neutral third country C to enjoy free-duty access to each other’s market. Denoting this
agreement as the FTA(A&C) regime, we have 4/TAAKCE) = CFTAALE) — (),

At the trade policy stage, countries A and C independently determine optimal tariffs, T;j
and TbC , on their imports of good b. In the meanwhile, country B sets an optimal tariff struc-
ture, {75, 78}, on its imports of goods a and c. Given that tAFTAALE) = CFTAUKE) — ()

under FTA(A&C), the market prices of the final goods become'® ‘
3a—ﬂrf—(3—GA—KA)

JFTAA&C) _ pC,FTA(A&C) _
P?l - Pa -

3p ’
B B A _ pA

PAFTAAKE) - pCFTAALC) — 3a— bt =3 prmuse _ 32+ 2T G -G - K

. = P - p _ ,

c C 3ﬁ a 3ﬁ

A C B B

PAFTAUEC) _ 3a+2p7, — pr, —(3-G" - K")

b 3 ,

A c

PBFTAM&C) _ 3a - pr; — pr, — (3 - GB® — KB)

b 3 ,

— A C _ _ (B _ B B_

pOFTAALE) _ Sa = b, +2hr, ~G -G~ KD PBFTAA&C) _ 3a+2f7, _3.

b 37 , P 3

At the third stage of setting import tariffs, country A sets an optimal tariff rate on good b
to maximize aggregate payoff:

HA,FTA(A&C) — CSA,FTA(A&C) +PSA,FTA(A&C) + TZJAMQYFTA(A&C)’

where the first term is consumer surplus (see Eq. 3b), the second term is producer sur-
plus (see Eq. 4), MQ’FTA(A&C) =a- ﬂPZ’FTA(A&C) —[GA / (G* + G®)]3, and the prices for
the three goods a, b, ¢ are shown above under the FTA(A&C) regime. The FOC for country
A implies that its optimal tariff on good b is

_AFTAGSO) _ G*(3 - G* = G®) - 6G* + (pz{ — KB)(G* + GP)

b 86(GA + GB) (34)

Country B determines an optimal tariff structure, { Tf,rf

payoft:

}, to maximize aggregate

16 We set the tariff rates for T? and Tﬂc to be zero in the price equations in (9), (12), and (15).
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[IBFTAAEC) — CSBFTAM&O) | pEBFTAU&C) 4 (B BFTAGA&C) 4 (BpBFTAULC)  Country
a""a c e :
B’s FOCs imply the following tariff structure:
A3 _ GA — GBY) — 6GB — KA(GA B
TBZG(3 G* - G")-6G (G +G)andr?:i. 35)
“ 88(GA + GB) ¢ 8p

Country C decides on an optimal tariff that maximizes its aggregate payoft:

C,FTA(A&C) _ C,FTA(A&C) C,FTA(A&C) C 3 gCFTA(A&C)
I =CS +PS +1 M, .

where Mbc is given in (20). Country C’s FOC implies that its optimal tariff on good b is

(3 - GB — KP) + prt
TC,FTA(A&C) — b . (36)

b Sﬁ

Making use of (34)—(36), we solve for the equilibrium tariffs and record the results as
follows:

LAFTAAKE) _ G853 -GA-GP) - 5G4 _ K

b 7B(GA + GB) TN
FBFTAUKO) _ G'3-G"-GP) - 6GP _K* a7
“ 8/(GA + GB) Sﬂ
LCFTAN&E) _ G’G-G'-GH+26" KP BTAARE) _ _3
i 7P(G* + GB) 75’ 8p°

We proceed to the second stage of the game, where countries A and B decide on their con-

flict-related arming allocations. Country A determines an optimal arming allocation, denoted
as GAFTAUEO) that maximizes TIAFTAU&O) — CSAFTAUEC) | pEAFTAMA&C) 4 LA MA FTA(A&C>

h
with the equilibrium tariffs being derlved in (37). Evaluating the slope oIT4" ia{ac) / 0GA
at the point where G = G*PR we have!”

ATTAFTAAEC)

9Gh GA=GAPR > 0.

The strict concavity of the aggregate payoff function implies that
GA,FTA(A&C) > GA,PR_ (38a)
Similarly, we have

JTIBFTAAKO)

EYel GB=GBPR > 0,

which implies that

GBFTAULO) 5 GBPR (38b)

The result in (38b) indicates that B increases arming when A forms an FTA with coun-
try C, relative to the case of a protectionist regime. In terms of aggregate arming, we have
from (38a) and (38b) that

17 Note that we assign some plausible values for K(i.e.., K = 0.2) in evaluating the derivative.
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ARMSFTAALD) - ARMSR, (38¢)

In the FTA(A&C) regime, there is an improvement of terms-of-trade benefit for country
A (an insider) vis-a-vis country B (an outsider). Moreover, country A can enjoy duty-free
access to country C’s market. When A increases its arming, its aggregate payoff-reducing
effect on domestic production is more than offset by its gains from trade, the latter of which
coming from the terms-of-trade improvement and the integration benefit with country C.
There is also an aggregate payoff-increasing effect of arming for country A due to gains
from appropriation.

As for country B, the adversary excluded from the FTA to be an outsider, we see a
terms-of-trade deterioration for B vis-a-vis A and C. Nonetheless, the output-appropria-
tion effect of arming encourages country B to increase arming since it is aggregate payoft-
increasing. These results may explain why we have the inequalities in (38a) and (38b). We,
therefore, have:

Proposition 3 Relative to the conflict equilibrium under the protectionist regime, each
adversary’s arming is higher when one adversary forms an FTA with a neutral third-party
state, leaving the other adversary as a non-member.

Taking together all the equilibrium outcomes (see 30, 33, and 38) as shown earlier, we
have a systematic ranking of the adversaries’ arming allocations under the alternative trade
regimes:

GFTA(A&B) < GWFT < GPR < GFTA(A&C)

In terms of aggregate arming, it is straightforward that
ARMSTAAEE) < ARMSYFT < ARMS™® < ARMSTTAA&O), (39)
We thus have:

Proposition 4 Among the different regimes in the three-country world, we have the
following:

(i) An FTA between two enemy countries (leaving a third party as a non-member) has
the lowest level of aggregate arming.

(ii) Aggregate arming is the second-lowest when there is global free trade.
(iii) Aggregate arming is lower under global free trade than under a tariff war.

(iv) An FTA between one adversary and a third country while excluding the other adver-
sary as an outsider is conflict-aggravating since aggregate arming ranks the highest.

Based on the results (i)—(iii) in Proposition 4, we find that “dancing between two ene-
mies” in the form of an FTA is conflict-reducing. It is then straightforward to see implica-
tions for the scenario where two adversaries fail to establish an FTA. Under this circum-
stance, a global free trade regime turns out to be an option for making the world relatively
safe. The rationale behind this argument is that the resulting aggregate arming is relatively
lower under free trade than under a tariff regime.
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The result (iv) in Proposition 4 has interesting implications concerning the role of a
third party in affecting interstate conflicts. Even though establishing an FTA is based
purely on economic advantages, a neutral third party’s economic integration through trade
with one country while leaving the country’s enemy as a non-member ends up escalating
their military buildups.

6 Aggregate arming under CU

We have analyzed and compared equilibrium levels of arming allocations under four differ-
ent trade regimes when a regional trade agreement is an FTA. The next concerns how the
ranking of conflict-related arming allocations is affected when there is a CU. For forming
a CU between the adversaries A and B, referred to as the CU(A&B) regime, we show in
Appendix A-6 that

GACUN&B) _ GAFTAUSB) o 4 GB.CUMSE) _ GBFTAA&B) (40)
Combining the results in (40) with those in (33) that GFTAA&B) « GWFT < GPR we have

GACUA&D) o GAWFT . GAPR. (41a)

GB,CU(A&B) < GB,WFT < GB,PR. (41b)

Thus, under either FTA(A&B) or CU(A&B), A and B allocate less resources to arming,
compared to their arming allocations under the protectionist regime. Note that the main
difference between CU(A&B) and FTA(A&B) lies in their different decisions in setting
external tariffs to the non-member country, C. Under CU(A&B), the common external tar-
iff on imports is lower than the external tariffs under FTA(A&B). Given that the arming
decisions of the adversaries A and B do not affect their import tariffs on the neutral third
party (country C),'® we have

GCUA&B) _ GFTAA&B)
We show detailed derivations in Appendix A-7 that the striking differences in the arm-

ing decisions of A and B emerge when one adversary (say, A) and a neutral third country
(C) form a customs union. We denote this regime as CU(A&C). For country A, we find that

0HA,CU(A&C)

9Gh GA=GAPR > 0,
which implies that
GA,CU(A&C) > GA,PR. (42)

That is, country A’s optimal arming is higher under CU(A&C) than under a tariff war.
Combining the results in (40)—(42), we have

GA,CU(A&B) < GA,WFT < GA,PR < GA,CU(A&C). (43)

18 See Eq. (26a) for the case of the FTA(A&B) regime and equation (a.6) for that of the CU(A&B) regime.
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Table 1 Aggregate payoff comparisons across trade regimes under symmetry

A state’s aggregate payoff [ n# e Global payoff

Trade regime a=4 a=10 a=4 a=10 a=4 a=10 a=4 a=10
PR 6.39 15.41 6.39 15.41 9.15 27.14 21.93 57.96
FTA(A, B) 6.46 15.5 6.46 15.5 9.28 27.36 222 58.36
WFT 6.2 15.23 6.2 15.23 9.77 27.75 22.17 58.21
CU(A, B) 6.63 15.66 6.63 15.66 8.53 26.51 21.79 57.83

In conducting the simulation, we assume for ease of illustration that K = 0 and f = 1.

For country B, however, we find that the sign of the following derivative is negative:
ATIBCUMA&O)

EYel GB=GBPR < 0,

which implies that

GB,CU(A&C) < GB,PR. (44)

Country B’s optimal arming is lower under CU(A&C) than under a tariff war. It follows
that

GB,CU(A&B) < GB,WFT < GB,PR.GB,CU(A&C) < GB’PR. (45)
Based on the findings in (43) and (45), we cannot predict unambiguously whether aggre-
gate arming under CUA&C), ARMSCUA&C) = GA.CUALO) 4 GB.CUA&O) g higher than,

equal to, or lower than that under a tariff war, ARMS™R = GAPR 4 GBPR, We summarize the
results as follows:

Proposition 5 In the three-country world of trade and interstate conflicts, we have the
following:

(i) The CUA&B) and FTA(A&B) regimes are equally effective in reducing arming, with
aggregate arming being the lowest among all the regimes.

(i) The complete ranking of adversary A’s arming is

GA,FTA(A&B) — GA,CU(A&B) < GA,WFT < GA,PR < GA,CU(A&C).

The ranking of adversary B’s arming involves two separate inequalities:

GB,CU(A&B) < GB,WFT < GB,FR and GB,CU(A&C) < GB,PR'

(iii) Relative to the equilibrium aggregate arming in a Nash tariff war, the CUA&C)
regime may not be conflict-aggravating for enemy countries A and B.
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The results in Proposition 4 and 5 reveal similarities and differences between a CU and an
FTA in affecting the equilibrium levels of aggregate arming (relative to the tariff regime). The
conflict-reducing effect associated with the FTA(A&B) regime continues to emerge under the
CU(A&B) regime. Nevertheless, under CU(A&C), the common external tariff that countries
A and C impose on good b is strictly lower than the optimal tariffs that the non-member B
imposes on goods a and c. The economic intuition is as follows. The tariff complementarity
effect allows country B to enjoy economic benefits from producing and exporting more of its
final good to the CU markets in A and C, therefore providing a positive incentive for country
B as a non-member to lower its arming under CU(A&C). This result suggests that the conflict-
aggravating effect associated with FTA(A&C) may not show up for CU(A&C).

7 Aggregate payoff comparisons across different trade regimes

It is instructive to compare the equilibrium levels of aggregate payoffs under different trade
regimes. Due to the complexity of the three-country model with a multiple-stage game for
each regime, we conduct a simulation analysis for regimes in which reduced-form solu-
tions are available."”

According to our simulation results in Table 1, we have the following economic impli-
cations. First, for each of the enemy countries (A and B) under symmetry, the domestic
aggregate payoff is the highest when they form a customs union, CU (A&B).2° Under the
CU regime, the neutral third country’s aggregate payoff is the lowest. Second, domestic
aggregate payoff is the second-highest for each enemy country when the two adversar-
ies form an FTA, i.e., FTA(A&B). Third, when the enemy countries do not establish any
cooperative trade institutions between themselves or with a neutral third country, the two
adversaries are better off under the protectionist regime (i.e., tariff war) than worldwide
free trade. Fourth, each enemy country’s aggregate payoff turns out to be the lowest under
worldwide free trade without having any form of trade institutions. In this case, the neutral
third country’s aggregate payoff is the highest.

One interesting finding from the simulation is its implication for global payoff (GII),
defined by aggregating the payoffs of the three countries. That is, GIT = IT4 + IT? + I1€.
As shown in Table 1, among the four regimes under symmetry, GII is the higher when the
adversaries A and B form an FTA than when they form a CU. The reason is that the non-
member, third-party country’s aggregate payoff is the lowest when the adversaries A and
B form a customs union. The economic intuition behind this finding is that A and B under
CU(A&B) jointly set a higher uniform external tariff than the tariffs they impose individu-
ally under FTA(A&B).

19 For the two regimes FTA (A,C) and CU (A,C) that involve elements of asymmetry, the equilibrium levels
of aggregate payoff are analytically unsolvable and hence are omitted.
20 This result is consistent with the empirical finding of the study by Hadjiyiannis et al. (2016).
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8 Concluding remarks

Voluminous studies on regional trade agreements have contributed to understanding the
differences between FTAs and CUs. Moreover, tremendous efforts are devoted to resolv-
ing the longstanding debates about the trade—conflict nexus. This paper contributes to the
literature by examining the endogeneity of conflict-related arming decisions and Nash tar-
iffs, on the one hand, and comparing differences in implications of trade institutions versus
tariff wars for an interstate conflict, on the other. Paying particular attention to the endog-
enous arming allocations of two adversaries within a three-country trade model permits
us to evaluate aggregate arming or conflict intensity under alternative trade regimes. We
show that optimal arming exhibits an increasing pattern for the following regimes: an FTA
between two adversaries that leave the third party as a non-member, global free trade, a
protectionist regime or a tariff war, and an FTA between a neutral third country and a coun-
try that keeps the country’s rival as an outsider. This ranking shows the roles of differ-
ent trade regimes in interstate conflicts. An FTA between two adversaries results in lower
aggregate arming than worldwide free trade. Aggregate arming is lower under worldwide
free trade than under a tariff war. These findings support the liberal peace hypothesis that
trade reduces conflict. However, an FTA between an adversary and a neutral third country
turns out to be conflict-aggravating, as the aggregate arming is the highest (among all the
regimes examined). Nevertheless, this conflict-aggravating effect associated with an FTA
may not be present under a CU.

Given the growing tensions in the international arena resulting from interstate disputes
and resource appropriation, our theoretical findings help identify how different types of
trade institutions may affect military buildups. However, we recognize that we present the
trade—conflict analysis upon some simplifying assumptions. One possible extension is how
differences in production technologies affect the trade equilibrium of two contending coun-
tries and their optimal arming decisions. Another extension is introducing the endogeneity
of conflict-related destructions into the analysis.?! In this case, resource and output destruc-
tions affect the production and consumption of final goods, hence the terms of trade and the
volumes of imports and exports in equilibrium. It should also be noted that there were dis-
cussions concerning whether RTAs are a building block or a stumbling block toward global
free trade. This issue would become more complicated in a multilateral world, as there are
countries in RTAs subject to interstate conflicts. Lastly, our model results are based upon
the presumption that conflicting countries are symmetrical in all aspects. One extension
is to see how differences in endowments between two enemy countries (i.e., endowment
asymmetry) would affect their choice of trade regimes and the resulting conflict-related
arming allocations—specifically, in a three-country world with two asymmetric adversar-
ies, what effects would a preferential trade agreement between a neutral third country and
a less-endowed country (or more-endowed country) have on each adversary’s arming deci-
sion and the overall conflict intensity. These are potentially interesting and important ques-
tions for future research.

21 For studies on armed conflicts that take into account the endogeneity of destructiveness see, e.g., Chang
and Luo (2017) and Sanders and Walia (2014).
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Appendices
A-1: Market equilibrium condition for good a in country A

Alternatively, we have the following equilibrium condition:

(@ — pPY) + [(a—ﬁPB)— <—GB )3] + (¢ — pP%) = <—GA )3—GA — KA
‘ o \G'+GP “\G +GB '
(a.1)

The second bracket term on the LHS of Equation (a.1) is the consumption of good
a by country B, (a— ﬂPf), minus the quantity of the good that B appropriates from A,
[G? /(G + GB)]3. This difference gives the amount of good a that country B imports from
country A. The term on the RHS of Equation (a.1) is the quantity of good a that country A
supplies, which is given by Z;‘ in (2). It is easy to verify that Equation (a.1) is identical to
Eqg. (8).

A-2: Market equilibrium condition for good b in country B

Alternatively, we have the following equilibrium condition:

pA G B c G? B _ B
(a = pP)) — iy B 3|+ (a = pP)) + (a = pP)) = rowe 3_-GB - KB,
@2)

The first bracket term on the LHS of Equation (a.2) is the consumption of good b
by country A, (a — ﬂPZ‘), minus the amount of the good that A appropriates from B,
[GA / (GA + GP)]3. This difference gives the quantity of good b that country A imports
from country B. The term on the RHS of Equation (a.2) is the quantity of good b that
country B supplies, as given by Zf in (2). It is easy to verify that Equation (a.2) is iden-
tical to Eq. (11).

A-3: Comparative static results for the protectionist regime

Based on the optimal tariffs under the protectionist regime, as shown in (22), we have
the following results:
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A.PR APR
ot

) ___ 86" _ 5 _ (G+G)-8G
0GA — TB(GA+GBY? T T aGE T TB(GA + GB)? ’
or ™ (G 4GP -8GP B Ity G <0
0GA 7RG + GB)? T 0GB T IBGA+GBY
0T (GGt -gh o™ G* 0
= — <0, = - <y,
0GA TH(GA + GB)? 0G? TP(G* + GB)?
aTbC,PR . GB -0 aTbC,PR B _(GA + GB)Z _ GA <0
0GA — TBGA+GBR T 9GB  TB(GA + GB)? ’
G* + KA G?
APR _ CPR _ >0,
e T Ta 78 7RG + GP)
apr _crr_ GE+KB G
R A >0
o T 78 7P(GA + GB)

A-4: Decomposing the aggregate payoff effect of arming for a contending country
under the protectionist regime

Under symmetry, we can look at country A. The country’s aggregate payoff function is
m* = cs* + Ps* + TRA
1 where
=35l PP + (a — P + (a — pPAY] + [PA(ZE) + PHAPPH)] + (o Me + oA MP),
APP’; =[G* / (G + GP)]3 is the amount of good b appropriated by country A. Taking
the derivative of SWA with respect to G* yields

oA B 0P2 0P’2
G l—(a - ﬁP?)dGA - (a - ﬂPf)ﬁ
oPA 07ZA oPA O(APP%)
a —A _ _b b
* [OGAZ“ *ogate  3r APPD Y —5e Pgl

oM om4 ot ort
A b A c A b A c
+l—+7 +M)—=+M :
( b bogr T oGA
Note that changes in country A’s arming do not affect Mf and T?. That is,
0M*/9G* = 0 and 7% / 9G* = 0. Note also that country A’s import demand for good b
is given by its total consumption of good » minus the amount of the good appropriated,
ie., MZ‘ =(a— ﬂP/b‘) —A,. We incorporate the zero derivatives and this definition into the
derivative, after re-arranging terms. This exercise yields
oA oPA . 6M2‘ " d'rg‘ " 6P‘2 97ZA 6(APP‘2)
— = . M - M — PAy —2 P
e ot + + +

A_ —_— PR —
[~ @~ pPl 3 boGh T G boch | Tocgh T Togh b

(a.3)

This derivative contains four differeal}’g1 terms:

(i) The first term [ZZ‘ —(a— ﬂPZ‘ )] YN reflects a terms-of-trade effect of arming, which

is payoff-increasing since [Z? — (a — fP*)] > 0 and % > 0.

@ Springer



Public Choice

.. oM or) oP}
(i1) The second bracket term [(T?(’—Gj +M2%) - M?ﬁ] reflects the (net) effect of
country A’s arming on tariff revenue from the import of good » minus import spending.

Note that

6MA ()TA GB 8GB
A b A b A A
— +M—= | = B— | + M| —————
(Tb G * bacA) Tb[ (GA+GB)2]+ b[ TB(GA + GB)?

We also consider how arming affects the price of good b in country A, which is
6P’2 / 0G*. This derivative is positive since coun,)%/ A’s arming causes country B to raise its

: A Yy A %% A%y 7 :
price for gqod b. The second bracket term [(rb ot M ﬁ) -M, W] is thus unambigu-
ously negative. o

(iii) The third term ﬁPﬁ reflects an output distortion effect since allocating more
resources to arming lowers the amount of resources for final good production and con-
sumption, which is payoff—reducing).

. O(APPE . _ . .

(iv) The fourth term —= P‘;‘ is a resource appropriation effect, which is
payoft-increasing.

It follows from (a.3) that we can decompose the effect of country A’s arming on its
aggregate payoff into four different effects as follows:

<0.

A oPA A(APPY)
o _ 2} - (a - pPY]| =%+ —Lp
o0GA “ @l oGA oGA
o ~~ / bv__J
Export—revenue effect of arming(+)  Resource—appropriation effect of arming (4)
oM2 o} oP; 0zA
+ (=2 +M ) -Mmi—L| + “pA =0.
0GA 0GA oG4 oGA ¢
N ,, N——

i . A . Output—distortion effect of arming (—)
Tariff —revenue & import—spending effect of arming (—)

A-5: Optimal arming is lower under the FTA (A&B) regime than under worldwide
free trade

We evaluate the slopes of SW, (for i = A,B) under the WFT regime at the equilib-
rium arming allocations under the FTA(A&B) regime, { GMFTAUED) GBFTAU&E)Y - Vyith
symmetry that GAfTAU&E) = GBFTAUEE) — GFTAMA&B) e Jook at country A. Since
T‘b“ = rf = 0 under the FTA(A&B) regime, we have from the aggregate payoff decompo-

sition in (24) that the FOC for country A is

A, FTA(A& B) A
OTTFTAA&E) = [2° - (a — pPAFTIALD)) ory + OAPP, A FTAA&B)
0GA a a 0GA oGA b
0ZA
+ Za parmass _ o
0GA @

where APP} = [3G* /(G* + GP)] is the amount of good b appropriated by country A.
Next, we derive results for each of the terms as shown in country A’s FOC. Substituting
T FIAASE) = (3 — GA — KA)/ 8p from (26a) into P4 FTAA&E) in (25) yields
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A A _ C _
P’;"FTA(A&B) _ 3a+ G+ K ﬁTa 3 _ 8a + 3G + 3K4 — 97 (a.4)

3p 8p

which implies that

OPA FTAGE D) 3 ws)
0GA 8p’ '
The appropriation of good b by country A, APP} = [3G*/(G" + GP)], implies that
0APP, 3GB
= VR (a.6)
0G4 (GA + GB)
Country A’s production of good a, Z* = [3G* / (G* + GP)] — G* — K*, implies that
0z4 B
a _ 3G _ @a.7)
0GA (G + GB)?
Substituting 7€ = (3 — G® — K?)/(8) from (26¢) into P} 4¢P in (25) yields
PAFTAA&E) _ 3a+GB+KB_ﬁThC_3 _ 8a+3GE +3KF -9 @s8)
b 3p 8p ' '

The substitution of the results from (a.4)—(a.8) back into country A’s first-order con-
dition implies that

OTIFTAU&B) 3 3G4 R 80:+3GA+3KA
=5 (e o' %) - [ )”

Export - revenue effect of arming (+)

+ 3GB (8a+3GB+3KB—9) 3GE _1 8a +3G" +3KA -9 -0
(GA + GB)? 8p (GA + GB)? 8p
- N
Resource - appropriation effect of arming (+) Output - distortio;erffect of arming (—)

(a.9)
where GA GB GFTA(A&B)
Under the WFT regime, the slope of country A’s aggregate payoff function with
respect to its arming is

wrr - QPAWET O(APPY)
oarrtt  oh, A _ (o — PIVITY| 4 b

aZA
PA,WFT+ —aPA’WFT,
oGA ¢

=9 [7A_
0G4 0GA [ a 0GA b
where
prwrr _ e+ G+ K1 -3 Py _ 1 prwrr _ 3a+GP+ K" -3 o, " =0
' 36 CoGh T 3pnt 36 T
appt = 3G 0APP) 5GP
b GA+GE 9GA (GA + GBY?’
A—i_GA_KA dZaA _ 3GB _
@ GA+GE T0GA T (GA + GBY
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After substituting, we have

o [0 36h o A [ 3a+GA+KA
3G _3/3[<GA+GB ¢ K) [“ ﬁ( >”

g

Export - revenue effect of arming (+)

4 3GB 3a+GE + KB -3 3GE _1 3a+G'+KA -3
(GA + GB)? 3p (GA + GB)? 3p
N .~ U< ~ _
Resource - appropriation effect of arming (+) Output - distortion effect of arming (—)

(a.10)

where G* = G& = G"FT. We evaluate 0HWFT/ 0G* in (a.10) at the FTA(A&B) equi-
librium arming allocations where G4 = G? = GFTA4&B) taking into account the FOC as
shown in (a.9). We have the following:

(i) Comparing the export-revenue effect

1 3GA A A _ 3(X+GA+KA—3
ﬁ[(GuGB ¢ K) [“ ﬂ( 3 >H

3 [( 3G A oa\ [ of8a+3G+3KA-9
8ﬁ[<GA+GB “ K) [“ ﬂ( 86 )”

_ [1(GM?* +7G*GB — 21G* + 51G® + 1(G* + TGP)K*]

> 0.
5765(GA + GB)
(i1) Comparing the resource-appropriation effect
3G5 3a+GE+ KB -3 _ 3G8 8a +3G2 +3K8 -9
(GA + GB)? 3p (GA + GB)? 8p

_ 3GP 3-GE-KB 50
(G* + GB)? 24p '
(iii) Comparing the output-distortion effect

36" | <3a+GA+KA—3> B 3¢ | <8a+3GA+3KA—9)
(GA + GB)? 3p (GA + GB)? 8p

[(G*)? + (GB)* + 2GAGP — 3GP](3 — GA — k%)
- <0
24B(GA + GB)?

Putting together the three effects, (i)—(iii), we have under symmetry (G* = G5 = GFTAA&B))
that
OTIVFT [3 1 (GFTA(A&B))Z — 93GITAA&B) +31 GFTAUKB K _ 36K + 108]

0GA  loA=cB=graues) — 576 GFTAA&B)

The strict concavity of the aggregate payoff function implies that the optimal arm-
ing under the FTA(A&B) regime is lower than that of the global free trade regime. That is,
GFTAU&B) < GWFT | Starting from the FTA(A&B) regime, a move to the WFT regime will
encourage each contending country to increase arming, since the export-revenue effect plus
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the resource-appropriation effect (i.e., the marginal revenue of arming) exceeds the output-
distortion effect (i.e., the marginal cost of arming).

A-6: Optimal arming allocations of two adversary countries that form
aCu

For a CU between countries A and B, denoted as the CU(A&B) regime, we have
r: CUALE) TBCUALE) — (. At the trade policy stage, A and B jointly determine a common
external 0pt1ma1 tariff, denoted as t-CVA4E) on their imports of good ¢. Country C sets an
optimal tariff structure, {T C} on its imports of good a and b. Making use of the price
equations in (9), (12), and (15), and considering that TA CUA&B) TBCUASE) = (), the equi-

librium prices under the CU(A&B) regime are
a—-ptc—-(3-G*"-K*)

3
,CU(A&B) _ pB,CUA&B) _
P’: = Pa =

3p ’
C B B
PA CUA&B) _ PB CUM&B) _ 3a—pr, —(3-G" - K")
3p ’
pC.CUA&LB) — 3a+2p7; - (3-G' - K" pCCUA&B) _ 3a+2p7; —(3-G® - KP)
a - Bﬂ sy = 3ﬁ ,
PACUAEB) 3+ prVAED -3 PB.CUA&B) 3a + prnCUAD 3
‘ - 3p e = 3 ,
PC CUGA&B) 3a — Zﬂ,[;n,CU(A&B) -3
c - 3ﬂ

In determining their common external tariff on the import of good ¢, countries A and B
jointly maximize their aggregate payoffs: [JA&B-CUA&B) — [JA.CUA&B) 4 T[B.CUALB) - \where
[TACUM&B) _ ~gA.CUAKB) | peA.CUA&B) | T:v,CU(A&B) MQ‘CU(A&B), @.11)

HB,CU(A&B) — CSB,CU(A&B) + PSB,CU(A&B) + T;n’CU(A&B)Mf’CU(A&B). (a12)

The FOC for aggregate payoff maximization implies that the common external tariff on
good c is

6
m,CUA&B) _
7. Sﬁ . (a. 1 3)

Country C determines an optimal tariff structure,{ rac, Tbc }, to maximize its domestic aggre-
gate payoft:

C.CUA&B) _ ¢C.CUA&B) C,CUA&B) | _C.CUA&B)ysC,CUA&B) | _C.CU(A&B)  ;C.CUA&B)
IT =CS + PS + 7, M, +7, M, .
The FOCs for country C imply that the optimal tariffs are

LCCUM&B) _ B-G'-Kk" and 7C-CUA&B) _ B-G’-KH)
¢ :

. ¢ 5 (a.14)
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We proceed to the security stage at which A and B independently and simultaneously deter-
mine their optimal arming decisions. Substituting the optimal tariffs from (a.13) and (a.14)
into the aggregate payoff functions in (a.11) and (a.12), we have the FOCs for A and B:

A.CUA&B) B,CU(A&B)
oIt — 0 and oIT _

0GA 0GB

Denote the Nash equilibrium levels of arming as { GA-CUA&B) GB.CUA&B)} Under symme-
try in all dimensions, we have GA-CUA&B) = GB.CUA&B) — GCUA&B) Calculating the optimal
arming yields

\/4096a2—3159+K(1521K+4992a—3510) 32a K 3

78 39 2 2

It is easy to verify that GFA4&B) = GCUA&E) Evaluating the slope oTT4CUA&B) [ 9GA at
the point where G4 = G*PR, we have

GCUA&B) _

AITA-CUA&B)
o0GA

which implies that GACUA&B) = GB.CUAKB) — GCUA&B)  GAPR,

cr=garr < 0,

A-7: CU between one contending country and a neutral third country

For the scenario where there is a CU between countries A and C, denoted as the
CU(A&C) regime, we have tA-CUALE) = 7CCUARE) = (0 At the trade policy stage, coun-
tries A and C jointly determine a common external tariff, denoted as r;"’CU(A&C) , on their
imports of good b. Simultaneously, country B sets an optimal tariff structure, { Tf, Tf},
on its imports of goods a and c¢. Making use of the price equations in (9), (12), and
(15), and considering that 74-CUA&C) = fCCUALE) = (), the equilibrium prices under the
CU(A&C) regime are

B A A
PACUMA&O) _ pC.LUMAKO) 3a—fr; -3 -G —K")

3p ’
_ . bCUMA&C) _

PA,CU(A&C) - PC,CU(A&C) - 3a ﬁr(,‘ 3

c c 3ﬁ s
prcuasc) _ 39+ 2P w-G-G'-KY prcvisc) _ 3ot pr, VO — (3 - GP - KP)

a - 3p ) = 35 )
pBLUA&C) _ 3a - zﬂTZ’CU(A&C) -(3-GB-KbB)

b - 3,3 5

m,CUA&C) B B

pecvaso _ 2t I, —O-G KD prcise _30F 2p7; -3

b 35 o 35 .

In determining their tariff on the import of good b, countries A and C set a common exter-
nal tariff that maximizes their aggregate payoff: [JAC-CUA&C) = [JA.CUMA&O) 4 TIC.CUMA&O),
where
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HA,CU(A&C) — CSA,CU(A&C) +PSA,CU(A&C) + TZI'CU(A&C)MQ’CU(A&C),
HC,CU(A&C) — CSC,CU(A&C) + PSC,CU(A&C) + T}T,CU(A&C)M}?,CU(A&C).

The FOC for the joint payoff maximization problem is 9IIAC-CUA&O) [ gm CUALE) = (),
Solving for the optimal common external tariff yields

JmCUA&O) _ 2G%(3 - G* — GB) - 3G* - 2K3(G* + GB)
b 58(GA + GB)

(a.15)

Similarly, country B determines an optimal tariff structure,{rf,rf}, to maximize its
domestic aggregate payoff:

B,CU(A&C) _ ~gB.CUA&C) B,CU(A&C) B,CU(A&C) 3 sB.CU(A&C) B,CU(A&C) 3 /B.CU(A&C)
IT =CS + PS + 7, Ma +7 ML_

Making use of the FOCs for country B, we solve for its optimal tariffs:

BCUAKE) _ G'3-G' - GP) - 6G” — K4 (G* + G) and 7B-CUA&O) _ i
“ 88(G* + GB) ¢ 8p
(a.16)
We proceed to the security stage at which countries A and B independently and simulta-
neously make their arming decisions. Country A determines an optimal arming, denoted as
GACUALD that maximizes its aggregate payoff:

[IACUA&O) — 0gA.CUM&D) 4 pgA.CUA&C) | T;n,CU(A&O M;\,CU(A&C).

Evaluating the slope 9ITACUA4C) / 9GA at the point where G* = GAPR, we have
SITA-CUA&O)

3G GA=GAPR > 0.

The strict concavity of the aggregate payoff function implies that GA-CVA&0O) » GAPR

Country B determines an optimal arming, denoted as GB-CVA&C) that maximizes its aggre-
gate payoff: [TA-CUALO) — CgBCUALC) 4 pgBCUALC) 4 LBy CUM&C) + TBMB.CUAO),

Evaluating the slope oIT5-CVA&0) / 9GA at the point where G = GBPR” , we have
OTIB-CUAKO)
0GB

which implies that GBCVA&O < GBPR,

GB=GB.PR <0,
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