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Abstract

This paper introduces strategic interactions into a Ricardian model where two coun-
tries optimize trade policies. In a Nash Equilibrium, we find that optimal import tariffs
are zero, while export taxes rise with comparative advantage, aligning with but extend-
ing the unilateral model of Costinot et al. (2015) by allowing both countries to act strate-
gically. Our analysis reveals that welfare gains from trade policy diminish when both
countries pursue optimal policies. Surprisingly, a smaller country can benefit from Nash
Equilibrium through higher export taxes in goods with technological advantages. Apply-
ing the model to agriculture, we assess welfare under autarky, free trade, Nash Equilib-
rium, and unilateral policy, showing that small, competitive nations can outperform free
trade through strategic policy, providing insights into optimal trade policy across goods.
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1 Introduction

Over two centuries have passed since David Ricardo proposed the groundbreaking concept
of comparative advantage, a theory that has profoundly shaped international trade. Compar-
ative advantage theory has since been expanded, refined, and successfully applied to address
numerous questions in trade economics (See, for example, Dornbusch et al., 1977; Eaton and
Kortum, 2002; Costinot et al., 2012; Caliendo and Parro, 2015). Yet, classical studies on opti-
mal trade policies often concentrate on one or a limited number of goods, leaving open the
question of how optimal trade policies might relate to comparative advantages across a broad
array of goods. In their seminal work, Costinot et al. (2015) study a country’s optimal trade
policy in a canonical two-country Ricardian model Iz Dornbusch et al. (1977). Focusing ex-
clusively on the Home country’s trade policy and assuming that the Foreign country remains
passive (imposing no import tariffs or export taxes), they conclude that the optimal welfare-
maximizing policy for the Home country involves uniform import tariffs and export taxes
that are weakly monotonic in relation to its comparative advantage.

Building on the framework of Costinot et al. (2015), this paper introduces strategic in-
teractions into the Ricardian model, allowing both countries to set optimal trade policies.
In this model, a continuum of goods is produced using constant-returns-to-scale technology
in a perfectly competitive market. Differences in productivity across goods generate com-
parative advantages, and each country’s planner determines optimal import/export taxes or
subsidies for each good, taking the trade policy of the other country’s planner as given. This
setup enables us to analyze a Nash Equilibrium of optimal trade policies—an extension from
Costinot et al. (2015), who focused solely on unilateral trade policies. To achieve an analytical
characterization of Nash Equilibrium properties, we assume quasilinear preferences, which
simplifies the model structure relative to the original framework.

Given the differences in the setup, our model requires a nuanced interpretation. While a
continuum of goods is often seen as representing distinct sectors within an economy, here it
is more accurately viewed as representing individual products within a single sector. Con-
sequently, our model adopts a partial equilibrium perspective, similar to approaches in the
Industrial Organization literature. In reality, import tariffs vary across products within a sec-
tor, and industrial policies frequently impose differential taxes or subsidies on these products
to influence export and import dynamics. Our model provides a valuable framework for ex-
amining these policy variations. For our quantitative application, we focus on the agricultural
sector, where government intervention is extensive, making these considerations particularly
relevant.

We demonstrate that, in a Nash Equilibrium, a country’s optimal import tariffs are zero,

while the optimal export taxes increase weakly with respect to its comparative advantage.



Consequently, the structure of optimal trade policies with respect to comparative advantages
in this model aligns with that of Costinot et al. (2015). However, the welfare gains derived
from these optimal trade policies are lower in our framework. The reasoning is as follows. For
goods in which Home exhibits strong comparative disadvantages, a passive Foreign would
lead Home to choose free trade, allowing production to shift to lower-cost firms in Foreign.
In this scenario, the world prices—and thus Home’s domestic prices—are determined solely
by Foreign’s marginal costs, enabling Home to capture a substantial consumer surplus. How-
ever, when Foreign is also strategic, it imposes strictly positive export taxes on these goods,
resulting in increased world and domestic prices for Home. Consequently, Home’s consumer
surplus diminishes. Indeed, Costinot et al. suggest that Home’s welfare could be quantita-
tively smaller in a Nash Equilibrium,! and our findings confirm this conjecture.

In terms of welfare implications, previous literature generally posits that a small country
would fare worse under a Nash Equilibrium of optimal trade policies compared to a scenario
of free trade (across all goods). However, our model suggests that this outcome may be re-
versed. Specifically, a small country can experience welfare gains under a Nash Equilibrium
of optimal trade policies by imposing high export taxes on goods in which it has a significant
technological edge over the other country. By doing so, the small country reaps substantial
tax revenues, effectively capturing a portion of Foreign’s consumer surplus.

In our quantitative analysis, we examine the welfare implications across four trade situa-
tions—autarky, free trade, Nash Equilibrium, and unilateral optimal trade policy (when the
other country is passive)—using the agricultural sector as a case study. By setting the United
States and China as focal countries in different scenarios, we calculate welfare, tax revenue,
and consumer surplus, normalizing each country’s welfare to 100% under autarky for com-
parative clarity. Our results reveal that while both countries experience welfare gains when
moving from autarky to free trade, unilateral optimal policies yield the highest welfare for
each country when they alone control trade taxes. Interestingly, under Nash Equilibrium,
the welfare of smaller, technologically superior country, such as the US relative to China, im-
proves compared with the free trade scenario due to high tax revenues in goods where they
hold strong competitive advantages. This echoes the aforementioned theoretical prediction.

Our research connects to multiple strands of literature, primarily focusing on optimal
trade policy within international trade models. Trade policy, as a specialized form of in-
dustrial policies, has long been a central topic in trade research (Ossa, 2011; Felbermayr et
al., 2015; Haaland and Venables, 2016; Costinot et al., 2020). Previous literature frequently
focuses on optimal trade policies restricted to a single or limited set of goods or examines
trade policies that apply uniformly across sectors (Itoh and Kiyono, 1987; Opp, 2010; Ossa,

2014; Bagwell and Lee, 2020). Our paper introduces strategic interactions into a Ricardian

1See their footnote 8.



model a la Costinot et al. (2015), analyzing both unilateral optimal and Nash Equilibrium
trade policies across goods. A notable theoretical prediction—supported by quantitative sim-
ulations—is that a small country may prevail under a Nash Equilibrium of optimal trade
policies compared to free trade, a result that stands in contrast to previous literature (Kennan
and Riezman, 1988; Syropoulos, 2002; Ossa, 2014). Our paper also closely relates to Beshkar
and Lashkaripour (2017), who develop a general equilibrium, multi-industry model that il-
lustrates the interdependencies between import tariffs, export taxes, and non-revenue trade
barriers. Notably, the Beshkar and Lashkaripour (2017) model converges to the framework
of Costinot et al. (2015) when trade elasticity is uniform and approaches zero, which implies
a Cobb-Douglas utility aggregator. By contrast, our model incorporates uniform and finite
trade elasticity alongside a Constant Elasticity of Substitution (CES) utility aggregator, thus
complementing the framework presented in Beshkar and Lashkaripour (2017).

Additionally, this paper contributes to the literature on quantitative approaches to indus-
trial policies, with a focus on the agricultural sector. Many studies on industrial policies
highlight the importance of scale effects (Bartelme et al., 2025). For example, Ju et al. (2024)
quantify trade wars and industrial policy competition between China and the US by extend-
ing the Caliendo and Parro (2015) model to incorporate sectoral external economies of scale.
The positive aggregate effects of industrial policy on a production network through input-
output linkages are demonstrated by Liu (2019). The economic impacts of industrial poli-
cies are substantial, especially when considering specific industries within certain economies
(Kalouptsidi, 2018; Itskhoki and Moll, 2019; Barwick et al., 2024b); notable examples include
China’s auto industry (Bai et al., 2020), the shipbuilding industry (Barwick et al., 2025), and
the vehicle market (Barwick et al., 2024a). Our paper discusses optimal trade policies specif-
ically within the agricultural sector, an arena historically significant in international trade
negotiations and policy disputes (Ossa, 2014; Bagwell et al., 2016). Unlike the industries ex-
tensively studied in the aforementioned literature, agriculture is characterized by a Ricardian
structure (Costinot and Donaldson, 2016), which warrants a focused investigation. We show
that the optimal agricultural policy is to protect weaker products and provide a quantitative
assessment of the welfare implications under various policy scenarios. Our numerical simu-
lations suggest that even a small yet technologically competitive country may benefit more
from strategic industry policies than from free trade, enriching our understanding of indus-
trial policy effectiveness across a broader array of products.

Noticeably, our work is closely related to Lashkaripour and Lugovskyy (2023), who ana-
lyze optimal industrial and trade policies within a class of quantitative trade models featuring
scale effects and profit-generating markups, showing that industrial policies must operate in
conjunction with trade policies to address sectoral misallocation. The unilateral optimal poli-

cies under the small open economy assumption closely align with the results presented here.



However, our research differs from Lashkaripour and Lugovskyy (2023) in several key re-
spects. We focus on Nash policies in a two-country Ricardian model 4 Iz Dornbusch et al.
(1977), where both countries can impose trade policies, rather than only one country choos-
ing unilateral optimal policies as in Lashkaripour and Lugovskyy (2023). Due to the non-
smooth property of Dornbusch et al.’s world production possibility frontier (Costinot et al.,
2015), we cannot apply optimization methods such as Lagrangian techniques or gradient-
based approaches that are typically used in the literature (Beshkar and Lashkaripour, 2017;
Lashkaripour and Lugovskyy, 2023; Wang et al., 2024; Bartelme et al., 2025). Accordingly, we
adopt quasilinear preferences to eliminate the general-equilibrium wage effect, thereby sim-
plifying the derivation of Nash policies and allowing for a clear analytical solution. Although
Lashkaripour and Lugovskyy (2023) accommodate a multi-country setting, the uniqueness of
equilibrium and the validity of policy formulas in their framework require certain restrictive
assumptions. For instance, they assume that a country’s policy cannot influence aggregate
relative wages in the rest of the world—an assumption that holds trivially in the two-country
case but would require strong internal coordination otherwise. Finally, owing to the Krug-
man setup, the unilateral optimal policies in Lashkaripour and Lugovskyy (2023) are sector-
specific, i.e., uniform taxes within a sector. By contrast, the optimal trade policies in this paper
are variety-specific. Note that tariffs in reality typically vary across products even within nar-
rowly defined sectors, and our framework is particularly well-suited for analyzing nuanced
industrial and trade policy.

This paper is organized as follows. Section 2 introduces the theoretical model and formu-
lates the government’s welfare optimization problem. In Section 3, we derive each country’s
unilateral optimal trade policy, given the trade taxes set by the other country, addressing the
best response problem. Section 4 characterizes the Nash Equilibrium in which two strategic
countries set their optimal trade policies noncooperatively. Section 5 discusses the welfare im-
plications of different trade policies. Section 6 applies the theoretical predictions to real-world
scenarios. Finally, Section 7 concludes the paper.

2 Model

2.1 Setup

We incorporate strategic interactions into a Ricardian model a la Costinot et al. (2015). In
this framework, the world economy consists of two countries, Home and Foreign. The Home
country has a population mass of L, while Foreign has a mass of L*. For ease of reference, vari-
ables associated with the foreign country are marked with an asterisk. Consumer preferences

span a continuum of non-numeraire goods, indexed by i € (), as well as a numeraire good



priced at pg = 1. Preferences are represented by the following quasilinear utility function:

u'(ch) / {(ch)di + cf / 57(4)1_%_1[1# l
)= u;(c;)di+cy = ; i+ cg,
icq 0" Jiea™ 1-1 0
where ¢! = ((c});eq,c)) > 0 represents the individual consumption bundle, and u!(c}) =

1
()@

ﬁi% denotes the CES utility function for each good i € (). Here, ¢ > 1 is the elasticity
of substitution between non-numeraire goods, and ( ;) are exogenous preference parameters,
normalized such that [; f;di = 1.

We characterize preferences using a quasilinear utility function for three main reasons.
First, most theoretical studies on optimal or Nash trade policies adopt quasilinear utility.?
This literature generally employs quasilinear preferences to obtain analytical solutions by
eliminating general-equilibrium income effects and cross-good price effects, thereby simpli-
tying derivations. Under the CES preferences, such a specification would preclude closed-
form Nash policies and necessitate numerical simulations of welfare outcomes, which are
less transparent and less analytically insightful (Costinot et al., 2015; Costinot and Wern-
ing, 2019). Second, from the perspective of empirical relevance and policy evaluation, our
analysis focuses on trade policies in the agricultural sector. When research is directed at a
particular sector or industry, it is standard practice in the Industrial Organization and Inter-
national Trade literature to aggregate all other sectors into a numeraire sector, in which case
quasilinear preferences are commonly employed. This framework is particularly appropri-
ate for our study given the small share of agriculture in national income and the relatively
limited impact of agricultural trade policies on aggregate wages. Moreover, the agricultural
sector features easily measurable productivity, owing to stable natural conditions and ac-
cumulated agronomic knowledge, as well as relatively low heterogeneity across origins of
agricultural products (Costinot and Donaldson, 2016; Costinot et al., 2016). Hence, com-
bining quasilinear preferences with Ricardian technology provides a suitable and tractable
framework for analyzing agricultural policies and their welfare consequences. Third, incor-
porating general-equilibrium wage effects would not overturn our quantitative conclusions.

2For example, see Mayer (1984) on the direct democracy model of trade policy; Grossman and Helpman (1994)
on the protection-for-sale framework; Grossman and Helpman (1995) on trade wars and trade talks; Bagwell and
Staiger (1999, 2004) on World Trade Organization (WTO) theory within a neoclassical trade model; Ossa (2011)
on WTO theory within Krugman’s “new trade” model; Bagwell and Lee (2020) on three types of trade policies
(unilateral, efficient, and Nash) in a symmetric, two-country version of the Melitz and Ottaviano (2008) model;
Grossman and Helpman (2021) on identity politics and trade policy; Becko et al. (2025) on optimal tariffs with
geopolitical alignment; and Blanchard et al. (2025) on global value chains (GVCs) and trade policy. Maggi (2014)
provides a comprehensive survey of the trade policy and trade agreement literature in the Handbook of Inter-
national Economics, where a freely traded numeraire good is typically adopted in the theoretical analysis. One
exception is Lashkaripour and Lugovskyy (2023), which studies unilateral optimal policy in a different frame-
work, and we have provided a detailed comparison with their work in the introduction.



As demonstrated by Costinot et al. (2015), the Lagrange multipliers associated with foreign
resource constraints—which capture general-equilibrium considerations—are quantitatively
close to zero, even for a country as large as the United States. This suggests that most coun-
tries are effectively “small” in the sense that they cannot materially affect factor market clear-
ing conditions in the rest of the world. Consequently, general-equilibrium considerations
have negligible effects on optimal taxes in practice.

Labor is the sole factor of production, with a linear production technology across all goods.
The unit labor requirements for producing each good i € () are constant, denoted by a; for
Home and a; for Foreign. Firms operate under perfect competition, with labor perfectly mo-
bile across goods within each country but immobile internationally. Each consumer is as-
sumed to be endowed with one unit of labor, resulting in labor endowments of L and L* at
Home and Foreign, respectively. The numeraire good is produced using a one-to-one tech-
nology in both countries, ensuring that it is always produced and consumed in each. Conse-
quently, the wage rates are normalized to one: w = w* = 1, which presupposes sufficiently
large labor endowments. Additionally, the numeraire good is freely traded, with no taxes or
subsidies imposed by either government.

We introduce strategic interactions between the two countries, with the domestic govern-
ment imposing ad-valorem trade taxes or subsidies, denoted by t = (t;), and the foreign
government responding with its own ad-valorem trade taxes or subsidies, t* = (t). When
good i is imported, t;, t; > 0 represents an import tariff, while t;, 7 < 0 represents an import
subsidy. Conversely, if good i is exported, t;,t7 > 0 indicates an export subsidy, and t;, ¢/ < 0
an export tax. Tax revenues are rebated evenly to domestic consumers through lump-sum
transfers, T and T, respectively.

In a competitive equilibrium with trade taxes for Home, utility optimization by domes-
tic consumers, profit maximization by domestic firms, a balanced budget by the domestic
government, and the clearing of the domestic labor market imply that:

e argmaxﬁzzo{/uf(eﬁ)di + &b /pi(l +t)edi4 ey <1+ T'}, 1)

qi € argmax, o{pi(1+ ti)q;i — aifi}, (2)

T = TIL = /p,-ti(cl- — E]Z)dl = /piti(ch — ql)dl, (3)
1 1

L= /ﬂiqidi + qo, (4)

where p = (p;) > 0,9 = (g;) > 0,and ¢ = (¢;) = (c!L) represent the schedule of world prices,
domestic output, and aggregate consumption in Home (H), respectively.



Similarly, the equilibrium conditions for Foreign imply:

e argmaxﬁlzo{/uf*(fg)di + & /pi(l +t5)eldi4- ¢l <1+ T, (5)

;€ argmax, ol pi(1+ )i — !}, ©

=1L = [t —qi)di = [ piti (L —g7)di, @)
1 1

L* = / alqidi+ qp, ®)

where g* = (g7) > 0 denotes the foreign output, and ¢* = (cf) = (cl*L*) represents the
aggregate consumption in Foreign (F).
Finally, good market clearing conditions imply:

Go+q5 =co+cy = chL + kL, )
gi+q; =ci+cf =L+ L, Vi (10)

2.2 Consumers’ Problem

As previously mentioned, we assume that labor endowments are sufficiently large to ensure
that the production and consumption of the numeraire good remain active. In a quasilin-
ear utility setting, this implies positive consumption for any non-numeraire good. The con-

sumers’ optimization problem can then be expressed as:

() o ~1

di + ¢t
1_ 0

max ' (c') = Bi
>0 i€Q)

Si=

subject to
/pi(l +t)cdi+ch=1+T =1
1

Solving this optimization problem yields the individual consumption of the non-numeraire

good i:



The resulting individual indirect utility function is given by:
N1-1
c—1
ul:1+Tl+ [,Bl(c)—pi(l—i—t‘)l- di

=1+ T 1/ pi1+ 8)]'7 B — o} di. (12)

wage tax revenue

consumer surplus

The welfare decomposition in (12) shows that, under quasilinear utility, consumers’ gross
utility consists of the consumer surplus from the consumption of non-numeraire goods, the
producer surplus (which is zero under perfect competition), tax revenue, and wage income
from one unit of endowed labor, as discussed in Furusawa and Konishi (2004). Given our

assumption that the numeraire good is always consumed, this implies that I' = 1+ T' >
1— .
Jiea Ipi(L+ )] 7 pidi.

2.3 Government’s Problem

Departing from the setup in Costinot et al. (2015), we assume that both Home and Foreign
are strategic countries. Each government aims to maximize the aggregate utility of its do-
mestic consumers by choosing an optimal trade policy t. Thus, the domestic government’s
optimization problem is defined as

mtaxLl(C) =U'()L=-—" + L+/ piti(ci — qi) L 1 / o [pi(1+ ti)]l_a Fdi,
—1Jie

(13)

where g; € argmax; .o {pi(1+ t;)§; — aif;}, as shown in (2).

Note that the government’s problem consists of two parts: the first is a constant, while the
second is additively separable in i. This allows us to solve the government’s problem on a
good-by-good basis. Thus, the good-specific objective function in Home (H) is defined as:

Wi = piti(ci — qi) + % [pi(1+ )] BY. (14)

Similarly, the foreign government’s problem can be written as:

i+ )] (BN di,
) g

(15)
where g7 € argmax; sotpi(L+t7)di —a;gi}. The good-specific objective function in Foreign
(F) is then:

c*L*
rr}*axu*(c*) — +L*+/ piti (¢} ql)dH—

*

Wi = pitf (6 — 1) + o 1+ 6] (1) (16)



3 Unilateral Optimal Trade Policy

As long as Home produces, perfect competition implies p;(1 + t;) = a;. Home’s aggregate

ai

consumption is then ¢; = Lt = L( 7 )~ from (11). We can thus express world prices, Home's

output, and consumption as functions of its net imports, m = c — g, and taxes as follows:

pi(mi, ti, £) = mm{%,u;(mi JL)/(1+t)}, (17)
qi(mi, ti, t;k) = max{L(ai/ﬁi)*‘T —m;, 0}, (18)
cl-(mi, ti, t;k) = max{L(ai/[ﬂi)*U, mi}. (19)

From (17)-(19), when Home’s net imports are sufficiently high such that L(%)*” —m; <0,
Home’s firms do not produce good i. In this case, Home’s consumption equals its net imports,
m;, and the world price is determined by Home’s marginal utility and taxes: p;(m;, t;, t}) =
wi(m;/L)/(1+t;).

By similar reasoning, we find that foreign aggregate consumptionis c; = L*cl* = L* (g—?)*"* ,
with the world price satisfying p;(1 + t;) = a; when Foreign produces. Consequently, world
prices, Foreign’s output, and consumption can be expressed as functions of Home’s net im-

ports and the respective taxes:

pi(mi ti, t7) = min{u;’(—m; /L") /(1 +t]),a; /(1 +t])}, (20)
qF (mi, ti, t7) = max{0, L* (a} / B}) ™" +m;}, (21)
cf(m, t;, t7) = max{—m;, L*(a:‘/[%f)’”*}. (22)

From (20)-(22), when Home’s net imports are very low, i.e., L*(g—;)*g* + m; < 0, Foreign’s
firms do not produce good i. In this case, Foreign’s consumption equals Home’s net ex-
ports, —m;. The world price is then determined by Foreign’s marginal utility and taxes:
pi(mi, ti, tf) = uy' (=m;/L*) /(1 + 7).

From the analysis above, we identify two cut-off points for Home’s net imports: M! =
—L*(%)*‘T*, above which Foreign must produce good i, and M/ = L(%)*‘T, below which
Home must produce good i. Accordingly, we can divide Home’s net imports of good i into
three regions: Region I with m; < M! = —L*(;—?)*”*, Region IT with M! < m; < M/, and
Region Il with m; > MI = L(%)“’. Our objective in this section is to determine Home’s
optimal trade taxes (t;), given Foreign’s trade taxes (¢;), Vi € Q). In this scenario, the domestic
government aims to max;, W;, as defined in (14), subject to the conditions in (17)—(22). We will

now solve the domestic government’s welfare optimization problem region by region.

10



3.1 RegionI:m; < MZ.I = —L*(ﬁ*)*a*

In the first region, where m; < M! = —L*(ﬁ*)’”*, only Home produces good i. Under

o

these conditions, equations (17)-(22) can be simplified as follows: m; < —L*( ﬁ*) , and

o _ B (—mf)‘l/”* < A

;= = i (=% —. Home’s net imports can thus be expressed as m; =
pi s 1+t;‘ L S 11F p p i

—L*(;* 11ft )~7 . Accordingly, the domestic government’s objective function in (14) can be

rewritten as:

* L -
MvaMh)IPM@r—%%+U_1@‘$?

L
= ajm; — pim; + B7

* /o*
Bi —mi\ " L
1+6 \ L7 (i

= a;m; —

B (23)

The function W;(m;, t;; t*) is strictly increasing for m; € (—oo,m!) and strictly decreasing

for m; € (m!, M}), where m! = L*[gl —Z(1+1)]77". Consequently, the domestic gov-

ernment will select the opt1mlzed net 1mports of good i, denoted as m!° = m!, yielding a
1%*( I ) /o' = 2 _4;. Home’s optimal trade tax for good i satis-
L -0

fies 1 + tl = a;i/pi = 5 L and the optmuzed welfare for Home is: WI" = —=aq HE

oc—1"%i i
L*a;

o [ﬂ; e (1 +#7)]77". Recalling that M! = —L*(ﬁ*) 7", the interval [m!, M!] is non-empty

world price of p; =

if & < o1 = Al orequivalently, 1 +; < 1% = Bl

= o* 1+t* - a; i

However, if m{ > MI-I, ie, 14+t > ‘TUZ a—?, then W;(m;, t;; t7) is maximized at m{" = MII

From the condition m; = —L* (Z—; 1112 ) =M =-L* (g—’;)“’*, Home’s optimal tax becomes

1+t = Z(1+t7) > ©=1. As a result, the world price satisfies p; = 13+ = 1it*' Home's

b
welfare, in this case, becomes W/° = _L-al =787 4 (a; — %) { L*(ﬁ*)_ *}.

The intuition behind the varying values of (1 + ;) in response to (1 +t) is as follows.

In this region, only Home produces good i. When % < <11 = Al, or equivalently,
—14; _ pI . e o
1+t < ‘77 # = B;, Foreign’s import tariff is relatlvely low, giving Home significant flexibil-

ity to influence the world price. In this case, Home sets a constant monopoly markup over its

i 1az However,if 1+t > < _1 ‘l_ —indicating

that Foreign has raised its import tariff to shield its domestic producers—Home must lower

marginal cost, leading to a world price of p; =

its export tax to adjust to Foreign’s tariff, ensuring that Foreign is indifferent between produc-
ing or not producing good i. As a result, the world price becomes p; = 112 =71 + t* , reflecting
a limit-pricing strategy by Home, as described by Costinot et al. (2015). If Forelgn s tariff
becomes exceedingly high, the world price could fall too low. To sustain domestic produc-

tion and exports, the Home government might shift from an export tax to a positive export

11



subsidy, with 1 4 t; > 1. However, it’s essential to note that this analysis assumes that only
Home is producing. The trade taxes (;) determined here may not necessarily be the optimal
ones overall, given the known values (a;, a},t}).

1+t 144
1+t 3 3 1+
e ] S— oo o
L R ¥ o=y N v L ___
0 1+t 0 il . L 1+tf
cAL +
(a) Region I (b) Region I
1+
doa -
s O I Vv o ____Y_______
0 o : - L 1+t
(7*;1 % %
(c) Region I1I
Figure 1: Best Response in Region I, II, and III
. . G N—o* — gl , I — 7 (8\—
3.2 Region II: —L*(ﬁ—’?) T =M <m <M = L(ﬁ—ll) 7
In the middle region, both countries are able to produce good i. Under these conditions,

4

equations (17)—(22) can be simplified as follows: —L*(ﬁ—;)*”* =M} <m <M!" = L(%)f‘f,
and p; = ﬁ’t, = % Accordingly, the domestic government’s objective function in (14) can
be rewritten as:

al =7 pY. (24)

Wi(mi, ti; t) = (ai — pi)m; + oc_1% Pi

If a; < % = p;, then W;(m;, t;;t}) is decreasing in m;. Therefore, W;(m;, t;;t}) is maxi-

12



mized at m!° = M/, where only Home produces. The opt1ma1 tax satisfies 1 + t; = a;/p; =
“L(l +t7) < 1. Home’s welfare in this case is: W} = La1 7787 + ( a; lit*) [ L*(ﬁ*)_ }

We define this as Reglon IIA, where 25 < 1+t* =Alland 1+t < u—‘l = B/L

In contrast, if a; > = p;, then W (mj, t;; t7) is increasing in m;. Consequently, W, (m;, t;; t¥)

= 1+t*
is maximized at m!° = MI I, where only Foreign produces. The optimal tax sat1sf1es 1+t =
ai/pi = Z(1+4+t) > 1. Home’s welfare in this scenario is: WH° = _L-al=7p7 + (a; —
lft*) [L(%)“’} This region is defined as Region 1IB, where ;—: > 1jt* = Alland 1+t >
a*
- = BI,

a; 1
As noted, in Region II, both Home and Foreign are able to produce, but Home’s capacity

to influence world prices is significantly constrained by Foreign. Therefore, a limit-pricing
strategy still applies in this region. In Region IIA, where 1 + t; < ‘;—{, Foreign’s chosen trade
taxes are relatively low, keeping world prices above Home’s marginal production cost. This
allows Home to take over the entire production of good i, export to Foreign, and impose
positive export taxes. In contrast, when 1+t > i—;;, Foreign’s trade taxes are high enough to
squeeze world prices below Home’s marginal cost. Consequently, Home ceases production of
these goods, relying instead on imports from Foreign and simultaneously imposing positive
import tariffs.

3.3 RegionIlL:m; > M{' = L(§)~°

The argument presented for Region I similarly applies to Region III. In this third region, where

m; > MHI = L(%)“’, only Foreign produces good i. Under these conditions, equations
(17)~(22) can be simplified as: m; > MH = L(%)_U, and p; = % = 1€;riti (%)_1/‘7 < 1ir-

gf((llitt,’))} - and the relationship p;(1 +

ti) = Bi (') s Accordingly, the domestic government’s objective function in (14) can be

From this, we obtain Home’s net imports as m; = L {

rewritten as:

W(m, ti; t7) = piti(ci — qi) + [Pz(1+t)]l i
1/(7 -1/0
= o () i s [ ()] e
_ 0P Vo 1-1/0 _ ;F
= _1L m; 1+t*ml (25)

HI)

which is strictly increasing if m; € (M!!,m and strictly decreasing if m; € (m!!, 4o00),

where m!!l = [%p&t?]_”. Consequently, the domestic government will choose the opti-
mized net imports of good i, m{”" = mll”, resulting in a world price of p; = 15’}4 (%) e

13



1 a; _  af
T8 T+ 1+t*'
.1
optimized welfare is then: W1 = Ll [1%*} Y. Recalling that M!! = L( %)*‘7 the inter-
> 1+t* = AHI AII 01‘1—|—t* 1 = BUI BII

However, if miI” < MZ-”, ie., O <1+t < a—’i, then W, (m;, t;; ty ) is maximized at mm" =

Thus, Home’s optimal trade tax for good i must satisfy 1 + ¢; = 1. Home’s

val [M!1, m!"I] is non-empty if & 2%

* X —0
MZ-”. Given m; = L {g’((lli:’ﬂ = MZ-” = L(%)*‘T, Home’s optimal tax becomes 1+ t; =
a¥

5—;’;(1 +t7) < 1. As a result, the world price is p; = F = 1iti' Home’s welfare in this case
becomes: W/lo = _Lgl=787 + (g; — 1+t*) [ L*(;@)"T*].

In this region, only Foreign produces good i. When ”l >

1 + T4p OF equivalently, 1 + t7 > a; o
Foreign implements a high export subsidy, enabling Home to import from Foreign at a low
world price. In this scenario, Home effectively embraces free trade, and domestic firms cease
production. However, when 0 < 1+ ¢t/ < %—meaning that Foreign reduces its export sub-
sidy for good i or even imposes a positive export tax, leading to a higher world price—Home
must impose a positive import subsidy to ensure that its domestic firms remain indifferent to

producing or not.

3.4 Best Response

We have determined Home’s best responses in each region, as illustrated in Figure 1. Ac-

cording to the definition of optimal trade policy, (t;) represents the domestic government’s

optimal choice given the foreign taxes () and the technologies (a;, a}

¥) across all three re-

gions. In other words,

1+t = argmax ) {Wlo(tl,al, ), WHe (5 a;,a7), WHI (7 a;, a; )} (26)

* ., *
t,‘ /ﬂi/ﬂ,'

1+t

1+

14t

Figure 2: Home’s Unilateral Optimal Trade Policy
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Note that there are two cut-off values for (1 + t): B! = ”ajl “ and Bl = % = BHIL

Accordingly, Home’s optimal trade policy (14 ¢;) can be divided 1nto five scenarios: Scenario

1with0 < 1+t < L = Scenarlo 2 with 1+t = ‘7;: —1 Zi <
1+t < ﬁ Scenario 4 With 1 +t7 = —-, and Scenario 5 with 1 + 1t > . In each scenario

Home selects the trade policy that maximizes welfare among Wlo(tl*,al, 9, wWHe(t5;a;,a7),
and W}”o(tj‘,al, a;).

After comparing the optimized welfare across the three regions in each of the five scenar-
ios, we can summarize Home’s unilateral optimal trade policy in the following proposition,

as shown in Figure 2.

Proposition 1 If the two strategic countries set their optimal trade policies noncooperatively, given
the foreign trade taxes (t}) and technology parameters (a;, a}), Home’s unilateral optimal trade policy
is characterized as follows. The producer, optimal trade taxes (t;), world prices (p;), Home’s net
imports (m;), and Home’s optimized welfare (WV;) satisfy'

(a) only Home produces, 1 + t; = ‘Tajl, pi = - 1al, m; = mg, and W; = WZ-I", ifl14+1tf €
(0, Bil); )
(b) only Home produces, 1+ t; = ”U—Zl = %(1 +t), pi = =4 = 1%1* = 1+t ,mp=ml =

M!, and W; = Wle = wle if1 + tf = Bl;
(c) only Home produces, 1+ t; = Z£(14tf), p; = 1‘% = %, m; = MI-I, and W; = WZ-”“, if
1+t € (B!, Bl);

(d) either Home or Foreign produces, 1 +t; = 1, p; = a; = e M, M1, and W; =

wile — willo if1 4 ¢+ = B, Ht*’

(e) only Foreign produces 1 +t =1p = t*, m; = mM, and W; = WHI if 1+t €
(BH, +00); where Bl = Z1% B” = K = B-m M-I = L*(ﬁ*) o, M = L(%)*‘T;m{ =
L[ (] mf“—uﬁ WP = Ll ﬁ?+£“’1[F§ L) W

el OB + (i — 1) [-L7 () i'WimOELli i

Proposition 1 underscores the significant influence of fundamental comparative advan-
tage (- ) and Foreign’s trade policy (/) on production decisions, optimal import levels, and
the 1mp031t10n of optimal trade taxes, with strategic interactions accounted for. If Foreign sets
taxes (1 + t) above its fundamental comparative advantage (- ) thereby overly protecting
its domestic firms, it becomes optimal for Home to adopt a free trade policy and rely solely
on imports from Foreign. Conversely, if Foreign’s production is not excessively protected,
ie, 1+t < Z—{, Home can take over the entire production of good i and impose a positive
export tax. However, Home must employ a limit-pricing strategy that leaves foreign firms
indifferent to producing good i. If the foreign tariff is exceptionally low—meaning Home
has a strong comparative advantage in producing good i—then Home can apply a monopoly
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markup over its marginal cost, effectively behaving like a monopolist.

An interesting case arises when Foreign sets t; = 0.> From the preceding discussion, a
specialization cut-off exists at % = 1, which is related to absolute advantage. This cut-off
stems from the equalized wage rates in both countries, a result of quasilinear preferences. As
long as Home has an absolute advantage over Foreign in producing good i, it will take over
the entire production and can impose a positive export tax. Otherwise, Home will adopt a
free trade policy without producing good i, reallocating its labor toward the numeraire good.

The unilateral optimal trade policy can also be examined in the presence of exogenous
iceberg trade costs. In Appendix A, we demonstrate that the unilateral optimal trade policy
with trade costs remains qualitatively similar to the case without trade costs, with the primary
difference being the emergence of a range of nontraded goods.

4 Nash Equilibrium

Based on Home’s best response above, we can similarly characterize Foreign’s best response,

as depicted in Figure 3. Recall that Home’s optimal trade policy introduced two cut-offs

for (1+1t): = ’1 o - and 2t. Now, Foreign’s best response adds two additional cut-offs: =1

and 1. Combmmg these four cut-offs, we identify seven possible cases for 7:: Case 1 with
0<% < =1 Case2with % = -1 Case3w1th c 1 <4 <1,Case 4 with % = 1, Case 5

0—* 7 0—* 7

with 1 << Case 6 w1th “i = and Case 7 with “’ > L. We will dlSCLlSS each of

o— 1' o— 1’
these cases individually. Figure 4 illustrates the Nash Equlhbrlum in each scenario, with the

blue curve representing Home’s best response and the red curve representing Foreign’s.

Case1: 0 < s—i < ‘7;:1. In this case, the ranking of the four cut-offs is ‘%1 <1l< ‘7;11 LS

aj aj

Based on this ranking, we can plot the best responses of both countries together, as shown in
Sub-figure 4a of Figure 4. The Nash Equilibrium policy is 1 + ¢ = 1 and 1+t = 1.

o*

In equilibrium, only Home produces good i, and the world price is p; = a;. Home’s

0* o =1
* _0.* . . . —

optimal imports are m? = —L* [g—’ af_l} , with optimized welfare W = —_Loal=7p7 +

*a. . * 70-* . .
L7a; [%U,‘Ll] and domestic price p¢ = p;(1+t;) = a;.
Case 2: % = “=1. In this case, the ranking of the four cut-offs is = < 1 = Z1% < %,
Based on this ranking, we can plot both countries” best responses together, as shown in Sub-
figure 4b of Figure 4. The Nash Equilibrium policy is 1 +¢t; = ¢ ;:1 and 1+t = 1. In

3Note that Home’s best response in the case of tf = 0 coincides with the unilateral optimal trade pol-

icy in Costinot et al. (2015) when import tariffs are excluded, and with the unilateral optimal trade policy in
Lashkaripour and Lugovskyy (2023) when scale economies are absent. This correspondence is natural, as our
analysis considers Nash policies, while their focus is restricted to unilateral optimal trade policy.
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1+¢F

1+t

1+

Figure 3: Foreign’s Unilateral Optimal Trade Policy

equilibrium, only Home produces good i, and the world price is p; = a; = a;. Home’s

(7*1

177 17 . .
optimal imports are m{ = —L* [/% 05—1} = —L* U;—’*} = M/, with optimized welfare

1

d _
pi = a;.

—a* x1—0"
o _ L _1-0p0o L*a; |a; o 74 (gF —a)L* a; . .
WY = =50, 7B + =24 [ﬁg*_l} = Lal"7B + (af —a;)L [Flf} and domestic price

Case 3: 7 ”—3; < 1. In this case, the ranking of the four cut-offsis 1 < 1 < % and

a;

c Uil 11 < “L. Based on this ranking, we can plot both countries’ best responses together as

shown in Sub- flgure 4c of Figure 4. The Nash Equilibrium policyis 14t = Z-and 1+t = 1.

In equilibrium, only Home produces good i, and the world price is p; = a;. Home’s optimal

xq—0*
imports are m? = —L* |7 = M/, with optimized welfare W? = 1 77 + (af —
p 1 B; i p

«[ar]77 ; ; d
a;)L [F} and domestic price pf = a;.

i

Case 4: % = 1. In this case, the ranking of the four cut-offsis =1 < 1 = o - and © 12

1

<

ail
1= % Based on this ranking, we can plot both countries’ best responses together, as shown
in Sub-figure 4d of Figure 4. The Nash Equilibrium policyis 1+t = land 1+t = 1. In
equilibrium, either Home or Foreign can produce good i, and the world price is p; = a; = a;.

Home’s optimal imports m? can take any value in [M!, M!'], with optimized welfare W? =

_L_

1—0 po : . d __ . _ %
~—=7a; " B7 and domestic price p{ = a; = a;.

Case 5: 1 < Z—;L < ;%3. In this case, the ranking of the four cut-offs is %;1 < 'Z—’ < 1 and
oF—14
o* oa;

shown in Sub-figure 4e of Figure 4. The Nash Equilibrium policyis1+t; = land 1+t = %

< Z—l* < 1. Based on this ranking, we can plot both countries’ best responses together, as
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Nash policy

1 1+
o -1
U*
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Figure 5: Nash Equilibrium in Noncooperative Trade Policy

In equilibrium, only Foreign produces good i, and the world price is p; = 4;. Home’s optimal

imports are m¢ = L [%] = M!!, with optimized welfare W? = -L-a}"7B% and domestic
price p? =

Case 6: Z—;i = ;7. In this case, the ranking of the four cut-offs is 11%{ % =1 <1
The Nash Equilibrium policy is 1+t = 1 and 1+ t7 = % = ‘7?1 In equilibrium, only
Foreign produces good i, and the world price is p; = a; = ;%7a;. Home’s optimal im-

— -
ports are m¢ = M = L [%} =1L |:,Bz . 1} , with optimized welfare W? = L1 =787 =

L o 110 oo . : B
L [ar-%] " BY and domestic price pl=a; = o4y

111 <£<L—1<

aj; a; ag

Case 7: —L =Z7. In this case, the ranking of the four cut-

1. Based on this ranking, we can plot both countries” best responses together, as shown in
Sub-figure 4f of Figure 4. The Nash Equilibrium policy is 1+t = 1and 1+t = =1

In equilibrium, only Foreign produces good i, and the world price is p; = ;%5a;. Home’s

g
— _
optimal imports are m] = L [ﬂ—l LJ , with optimized welfare W} = % [af 2] e By and

[

domestic price pf = ;Z7a;

it

Combining the previous discussion, we summarize the Nash Equilibrium in noncoop-
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erative trade policy with respect to each country’s comparative advantage in the following
proposition, as illustrated in Figure 5.

Proposition 2 If the two strategic countries set their optimal trade policy noncooperatively, the Nash

*

Hand 1+t =1if % <L )1+t =2and 1+t =1,

_— 0—* 4

if%e("*’l 1];(c)1—|—ti:1and1—|—t;‘:aa—€,zfg—l;;6(1,%];(d)1+ti:1and1+t;f:ff;llif

g

Equilibrium taxes are (a) 1 + t; =

or 7 [
;‘— >

Proposition 2 underscores the significant role of comparative advantage in determining
the Nash trade taxes, especially with the introduction of strategic interactions. As noted in
Costinot et al. (2015), when a country has a very strong comparative advantage in producing
good i, it can manipulate world prices by charging a monopoly markup over its marginal
cost. In contrast, the other country, with much lower productivity in producing this good, is
forced to adopt free trade, unable to constrain its partner from exploiting its monopoly power.

In the intermediate range, where neither country’s technology dominates the other’s,
each country’s ability to manipulate the world price is constrained by its partner’s unit la-
bor requirement. In equilibrium, a specialization cut-off for comparative advantage, 7+ = 1,
emerges, closely linked to absolute advantage. If Home has an absolute disadvantage in pro-
ducing good i compared to Foreign (i.e., a; > a;), Home will opt for free trade and cease
production of good i. In this scenario, Foreign takes over the entire production of good i and
imposes a positive export tax that increases with its comparative advantage. This pricing
strategy, known as limit-pricing as described by Costinot et al. (2015), is designed to make
Home’s firms exactly indifferent to producing or not.

Notably, there is never a situation where an import tariff arises. As emphasized, the quasi-
linear preferences imply equalized wages between the two countries.* If a country has an ab-
solute disadvantage in producing good i, it will abandon production of that good entirely and
adopt free trade, reallocating the labor previously employed in producing good i to the nu-
meraire good. Alternatively, if the country were to subsidize domestic firms to produce this
good, it would increase the domestic price, thereby reducing consumer surplus, regardless of
whether positive or negative tax revenue is generated.

Let’s compare Home’s policy in the Nash Equilibrium with its trade policy when Foreign
is passive (i.e., t; = 0). The structure of trade taxes in relation to comparative advantage
remains identical in both scenarios. However, Home is strictly worse off in the Nash Equilib-
rium, where Foreign is also strategic. The reasoning is straightforward: for goods in which
Home has an absolute disadvantage, if Foreign is passive, Home will adopt free trade, allow-

“Differentiated wages across countries could easily be introduced by assigning different unit labor require-
ments for the numeraire good, which would yield different comparative advantage cut-offs in the Nash Equilib-
rium characterization. However, the conclusions regarding Nash policies remain qualitatively unchanged.
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ing production to be taken over by Foreign’s lower-cost firms. Consequently, the world price
and Home’s domestic price are determined solely by Foreign’s marginal cost, enabling Home
to gain a large consumer surplus. In contrast, if Foreign is strategic, it imposes strictly positive
export taxes on these goods, resulting in higher world and domestic prices for Home. This
reduces Home’s consumer surplus. This finding provides theoretical support for Costinot et
al.’s conjecture that Home’s welfare may be substantially lower in the Nash Equilibrium.

5 Welfare Implications

Given the Nash policies described above, we can now compare the welfare implications under
four trade settings: autarky, free trade, unilateral optimal trade taxes, and Nash Equilibrium

with optimal trade taxes. Recall that under a quasilinear utility function, the consumer’s

ni-1
objective is to maximize U' (') = [_,ul(ch)di+c) = [, ,Bi(c")l_illdi + ¢}, subject to the
d o

budget constraint [; p?cidi + c) = I' = 1+ T', where the individual’s total income I' con-

sists of wage income and tax revenue T', and p? represents domestic prices. The maximized

aggregate utility, or domestic welfare, can be expressed as:

oL L PR
W = —m + \L,/ + \T,/ + e ieﬂ(pi)l B di. (27)
wage tax revenue

consumer surplus

5.1 Autarky

In autarky, all goods are produced domestically with no ad-valorem taxes or subsidies, so
p? = a;,Vi. From (27), the autarky welfare at home is given by:

oL L
WAutarky =" 4+ L + 0 4+ = al=opedi. (28)
oc—1 Nigh” ~— c—1Jiea !
wage tax revenue
consumer surplus

5.2 Free Trade

If both countries adopt a free trade policy, then p? = p; = min{a;, a}}, as shown in Dornbusch
et al. (1977). From (27), the domestic welfare under free trade is:

— _ oL + L + 0 + L al o pedi +
c—1 >~ ~~ o -1 Jiefgzary
wage  tax revenue

FreeTrade #\1—0 o 3
w o ie{ai>aj}~(al) 7di. (29)

consumer surplus
P
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It is evident that both countries are better off under free trade compared to autarky, as shown
by comparing (28) with (29):

WFreedee B WAutarky _ 051 /i'e{n,>af} {(al»f)lfa _ a}—o] pedi. (30)

positive consumer surplus

Each country gains from trade by specializing in goods where it has a comparative advantage,
generating higher consumer surplus in goods where it has a comparative disadvantage by

consuming imports from the other country.

5.3 Unilateral Optimal

If only the Home country sets trade policies while Foreign remains passive (i.e., t; = 0), then
p? = pi(1 +t;) = min{a;,a;}. From (27), the domestic welfare under the unilateral optimal

policy is:
Unilateral __ oL L 1—0 po 1+ 1= a0 g
w I + \L/ + Ufl./ie{aigul*}ai lBid1+70—,1 .ie{a,->a,.*}(ai) B di (31)
wage
consumer surplus
L* ot =1

a* —o* ]
) (af — a;)di.

V*
1-0* (g*\0* 7 e
al N di+ s g B
> 7 (BY) ie{"[’,—:lﬁl%<1} <ﬁj

=1 et <oy (=
!

tax revenue

Comparing (29) with (31), we find that the Home country is strictly better off under the uni-

lateral optimal policy than under free trade:

*

; L N ar\ " .
wUnilateral _ ) FreeTrade _ (Ug* ) al= (B1)° dz+/ — 1}L* </571*> (af — a;)di.
i€ UT;—,T.i< i

o*—1 ie{%<%}
1

positive tax revenue

The intuition here is that, for goods in which Home has an absolute advantage, it can generate

positive tax revenue by imposing strictly positive export taxes on these products.

5.4 Nash Equilibrium

When both countries set trade policies noncooperatively, the world prices p; and domestic
optimal trade taxes t; are determined in Nash Equilibrium, as shown in Proposition 2. Thus,
Home's prices are:
i a;, otherwise;
pi = pi(l+h) = (32)

T % € 4 (%
1%/ if a; > c—1°
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Using (32), (27), and Proposition 2, we can express Home’s welfare under noncooperative
trade policies as follows:

U-L L L 1-0
WNE — _ + LA [, i Toar)  piai (33)
oc—1 ~—~ c—1 ie{%gﬁ} ! c—1 ie{%>%} oc—1
wage i i
consumer surplus

L* it S N IO (a*)’”* . .

—_ a;” ) di+ B a; —a;)di.
0-*71 ie{:—i<%}< 0—* ) 1 (51) ie{%g%d} ‘B;y (1 I)

tax revenue

We compare Home’s welfare under Nash Equilibrium with that under autarky:

oc—1 o—1"

1-0
WNE _ WAutarky _ L o } {( v a*) a}‘T:| Bidi (34)
ie{ k>50

positive consumer surplus

L =N e
+ < > ”}U(.Bi)gdl+

* _ g1 *
o 1 le{ﬂ;}< oF } o

a "
* i * .
eera_a L <7> (af —a;)di.
ie{ <k <1} B;
i

positive tax revenue

We find that the Home country is strictly better off under noncooperative trade policies than
under autarky. This is due to two reasons. First, Home can generate larger consumer surplus
by opting for free trade on its least productive goods, despite Foreign imposing a constant
monopoly export tax. Second, strictly positive tax revenue can be obtained from goods where
Home has a comparative advantage in production.

Next, we compare Home’s welfare under Nash Equilibrium with its welfare under a uni-

lateral optimal trade policy:

o—1 Jie{-2; c—1 oc—1 oc—1

o1

. 1-0 1-0o
WNE _ Wllmluteml _ L . T —a| prdi+ L ‘ o —1| ()i,
<d<1} ! ! ! ie{ % >1) ! !

negative consumer surplus

We explicitly demonstrate that Home’s welfare is lower under Nash Equilibrium than under
the unilateral optimal trade policy. In the unilateral optimal trade policy setting, where For-
eign remains passive, Home can obtain higher consumer surplus for goods in which it has
an absolute disadvantage while still generating the same tax revenue as it would under Nash
Equilibrium.

Furthermore, we compare Home’s welfare under Nash Equilibrium with that under free
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trade:

1-0o
WNE o WPreeTrade — L - _ (aff)l—n Tdi + L g 1 (a?‘)]"’ 7 di
Jie{ ! ! ! l l

G p—
o—1Jie(fd>2y [\o—1
1

negative consumer surplus
(35)

—o*

L* o =1\T oot s a; ‘
—_— ) a;” ¥ d1+/ L -t al —a;)di.
o ie{%d;—ﬂ}( v ) ) ie{ft<li<y \Bf (o )

positive tax revenue

The sign of (WNE — yFreeTrade) depends on two factors: the relative size of the labor endow-
ment L/L* and the distribution of comparative advantage, or technology, G(a;/a}). Simple
algebra leads us to the following proposition:

Proposition 3 All else constant, Home’s welfare under Nash trade policies relative to free trade
(WNE _ yyFreeTrade) g hioher if Home has a smaller relative labor endowment size L/L*, and if
the technology distribution G(a;/a) is more left-skewed compared to F(a;/a’); in other words, if
F(a;/a}) first-order stochastically dominates G(a;/a}).

Proposition 3 suggests that Home may even be strictly better off under noncooperative
trade policies compared to free trade, i.e.,, WNE — WireeTrade . 0 An extreme example illus-
trating this outcome occurs when G(a;/a}) is sufficiently left-skewed such that only the first
region remains non-empty. In this scenario, Home can collect strictly positive tax revenues
while maintaining its consumer surplus at the same level as under free trade. Naturally, this
advantage for Home comes at the expense of a welfare loss for Foreign.

It is important to note that the finding that a small economy can prevail in a trade war is
mainly driven by the presence of Nash competition rather than by the assumption of quasi-
linear preferences. As Costinot et al. (2015) show, even under CES preferences, a country’s
optimal trade policy may consist of zero import tariffs and positive export taxes, consistent
with our Proposition 1. However, their results correspond to the unilateral optimal case in
which the other country remains passive. Only when both countries act strategically in a
Nash setting does the possibility arise that a small country may be better off under noncoop-
erative trade policies than under free trade.

One might wonder whether a large country could imitate a small one by strategically
engaging only part of its economy in international trade so as to replicate the welfare gains
identified above. However, in our Ricardian framework, such behavior would not be advan-
tageous. Production technologies are intrinsic and cannot be adjusted simply by reducing the
scale of participation. If a large country were to involve only a fraction of its resources in trade

while keeping the remainder in autarky, its tariff revenue would remain unchanged, but its
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consumer surplus would fall because the non-traded segment would consume less efficient
domestically produced goods instead of benefiting from imported varieties with higher pro-
ductivity. Consequently, overall welfare would decline, implying that large economies have
no incentive to mimic small ones in trade wars.?

Note that our result—that a country, regardless of its small size, can benefit from trade
wars (for example, by imposing export taxes on goods in which it has strong comparative
advantages)—may appear to contradict the conventional wisdom in the classical literature
that optimal tariffs should be zero for a small open economy. We argue, however, that the
classical models and our framework capture different aspects of reality. In classical models
of trade policy in a small open economy, goods are typically assumed to be produced both at
Home and abroad. Since the country is small, it takes world prices as given. Such models,
however, abstract away from the issue of international specialization, i.e., which countries
produce which goods. By contrast, following Costinot et al. (2015), we study optimal trade
policy in a Ricardian model a la Dornbusch et al. (1977). In this framework, international
specialization across a spectrum of goods is determined by comparative advantage, which in
turn depends on relative productivities.

As in Costinot et al. (2015), a country—regardless of size—possesses a range of goods in
which it has strong comparative advantages. For these goods, the optimal export tax is set in
a manner analogous to monopoly pricing. There is also a range of goods in which the com-
parative advantage is weaker, in which case the optimal policy resembles limit pricing. In
either case, optimal tariffs (in our setting, export taxes) are strictly positive. The fundamen-
tal reason is that for goods in which a country specializes, its government has some market
power in setting trade taxes. This mechanism cannot be captured in small open economy
models, where goods are assumed to be produced both domestically and abroad. Numerous
real-world examples are consistent with our framework. More broadly, our results apply to
any sector with differentiated products—such as most manufacturing industries or agricul-
ture—where countries differ in productivity across varieties. For instance, in agriculture (the
focus of our quantitative analysis), New Zealand specializes in kiwifruit and the Netherlands
in tulips. Although both countries are small, they nevertheless possess market power in these
products.

Note that the classic terms-of-trade (ToT) general-equilibrium effects are absent from our
model due to the combination of quasilinear preferences and the Ricardian framework. More
specifically, under quasilinear preferences, wages are tied one-to-one to the numeraire good,
so a country’s trade policy cannot influence another country’s wages. In addition, because
firms earn no rents in a competitive Ricardian model, trade policy cannot affect firm profits

in any country.

SFull theoretical derivations are available from the authors upon request.
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Nevertheless, trade taxes can still enhance a country’s welfare on a good-by-good basis by
raising export prices, with the ability to manipulate world prices arising from superior pro-
ductivity or comparative advantage. To illustrate, consider a good i produced and exported
by Home. Its world price, p; = a;/(1 + t;), increases as the export tax rises (i.e., as t; becomes
more negative), while the domestic price and consumer surplus remain unchanged. At the
same time, higher world prices reduce foreign demand. Thus, Home’s good-specific objec-
tive function becomes a problem of maximizing tax revenue, analogous to finding the peak
of a Laffer Curve. If Home’s technological advantage over Foreign is substantial, the optimal
export tax is equivalent to the markup under CES demand, allowing Home to behave like a
monopolist. If the technological advantage is modest, revenue maximization implies a limit-
pricing strategy, whereby Home sets the export tax so that Foreign is indifferent between
producing and not producing. In both cases, Home collects substantial tax revenues from
Foreign while its consumer surplus remains unaffected due to the constant domestic price.
Consequently, Home can achieve significant welfare gains from imposing optimal trade taxes
on goods in which it holds a comparative advantage.®

However, for goods in which Home does not hold a comparative advantage, an addi-
tional trade-off arises between tax revenue and consumer surplus, since a higher trade tax
also raises the domestic price and reduces consumer surplus. In this case, Home chooses free
trade. In sum, a country’s ability to impose such taxes and influence world prices is derived
from its productivity in producing the relevant variety. Thus, if a country is small in size but
technologically superior in certain goods, it can raise substantial tax revenues in those goods
with strong comparative advantages, without reducing domestic consumer surplus. Conse-
quently, a smaller country can benefit more from Nash export taxes under these conditions.”

A related study by Lashkaripour (2021) also interprets optimal trade taxation through the
lens of a Laffer curve. In his model, a government with market power sets export and im-
port taxes to maximize tariff revenues, showing that even large countries can finance only
a small fraction of public spending through trade taxes before retaliation erodes much of the
revenue. Our analysis instead focuses on the welfare-maximizing counterpart of this relation-
ship: countries choose trade policies to locate the peak of a welfare Laffer curve, where ad-
ditional taxation lowers welfare despite raising revenue. Together, the two approaches high-
light complementary perspectives—one fiscal, one welfare-based—on the inherent trade-off

®Interestingly, Bagwell and Staiger (2012) demonstrate in the Cournot delocation model that Nash import and
export tariffs are generally both positive. Similarly, based on the Melitz and Ottaviano model with quasilinear
preferences, Bagwell and Lee (2020) also find that a country can raise welfare by collecting additional tariff rev-
enues. Our theoretical prediction and empirical application confirm the possibility of a comparable effect within
the Ricardian framework of Dornbusch et al. (1977).

7Our result contrasts with the traditional literature, which generally suggests that larger countries tend to gain
more from trade policies or “win” in trade wars. See, for example, Kennan and Riezman (1988), Syropoulos (2002),
and Ossa (2011, 2014).
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between market power and efficiency in optimal trade policy.

6 Application

In this section, we apply our theoretical findings to quantitative application. We consider
two major players—China and the United States—while Appendix B expands the analysis to
three players: China, the United States, and the European Union (EU). For each scenario, we
quantitatively assess welfare, tax revenue, and consumer surplus across different trade sit-
uations—namely, autarky, free trade, Nash Equilibrium, and unilateral optimal trade policy.
Our objective is to analyze how comparative advantage and trade situations drive quantita-
tive changes in welfare. Furthermore, we aim to validate Proposition 3 and highlight several
intriguing insights from our findings.

Our quantitative analysis focuses on the agricultural sector for several compelling rea-
sons. First, from a theoretical perspective, the agricultural market structure aligns well with
the assumptions of our quasilinear model. Second, from a policy perspective, agricultural
security and trade policy are highly debated topics of global interest, as demonstrated by the
lengthy and significant Doha Round negotiations within the WTO. Lastly, from a measure-
ment standpoint, comparative advantage in agriculture tends to be stable over time, driven

primarily by natural conditions and the cumulative scientific expertise of agronomists.

6.1 Data

Our data primarily come from the Global Agro-Ecological Zones (GAEZ) version 4 project,
developed by the Food and Agriculture Organization (FAO). To compute domestic welfare
as shown in Section 5, we use the following parameters: (1) the unit factor requirements in
each area for each of the 49 crops,® denoted by 4; and a}; (2) exogenous preference parameters,
Bi = B; = 1, under the assumption that all crops enter utility symmetrically in both countries;
(3) the elasticity of substitution, o = ¢* = 2.9, assuming a constant elasticity of substitution
across all non-numeraire goods, consistent with the value for the elasticity of substitution
as used in Costinot et al. (2015); (4) the sizes of the regions, L and L*, determined by the
hectare devoted to the crops considered and vary according to specific scenarios. With these
parameters defined, we calculate welfare, tax revenue, and consumer surplus for each trade

scenario.

8n the original GAEZ v4 database, we consolidate the crop listings into 49 categories by grouping sub-varieties
under their main varieties. For example, dryland rice and wetland rice are combined into a single category,
“combined rice,” using the maximum predicted GAEZ yield as the representative yield for this category. Other
crops requiring similar consolidation include sorghum, cocoa, coffee, maize, millet, barley, wheat, yam, rye, rice,
and phaseolus beans and grams.
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The single factor of production in our model is agricultural land. Consequently, the size of
a country is measured by its amount of agricultural land, data for which is available from the
GAEZ project. The unit factor requirements for each crop also come from the GAEZ project
(Costinot et al., 2015; Costinot and Donaldson, 2016). Using data on local conditions such
as soil, elevation, topography, and climate, the GAEZ agronomic model computes the yield
that parcels of land worldwide could achieve for each of the 49 crops we consider, assuming
“high” levels of inputs and “rain-fed” water supply. We interpret a; and a; as the average

hectare per kilogram of output across lands in Home and Foreign, respectively.’

6.2 Two-Country Scenario: China and the US

In the two-country scenario, we analyze the welfare implications of different trade settings
between China and the US. China is designated as the home country and the US as the foreign
country. We set L = 529,038,600 and L* = 412,857,600 to reflect the hectares dedicated to the
crops under consideration. Table 1 presents the welfare, tax revenue, and consumer surplus
for China and the US across four trade situations: autarky, free trade, Nash Equilibrium,
and unilateral optimal trade policy. For comparability, we normalize each region’s welfare to

100% under autarky when reporting all numerical results.

Table 1: China and the US

Region Trade Situation Welfare  Tax Revenue Consumer Surplus
Autarky 100.00% 0.00% 100.00%
China Free trade 130.71% 0.00% 130.71%
Nash Equilibrium  101.01% 0.99% 100.02%
Unilateral optimal  131.70% 0.99% 130.71%
Autarky 100.00% 0.00% 100.00%
US Free trade 101.44% 0.00% 101.44%
Nash Equilibrium  123.25% 23.18% 100.07%
Unilateral optimal  124.63% 23.18% 101.44%

Notes: This table presents welfare, tax revenue, and consumer surplus for two regions-China and the US-under
four trade situations: autarky, free trade, Nash Equilibrium, and unilateral optimal trade policy. Welfare in each
region is normalized to 100% under autarky for consistent numerical comparison.

As shown in Table 1, both welfare and consumer surplus are lowest under autarky. Mov-
ing from autarky to free trade raises welfare in both regions. As expected, each region attains
its highest welfare when it is able to set trade policy unilaterally while the other remains
passive. These quantitative findings are consistent with the theoretical results in Section 5.
Notably, China’s welfare under Nash Equilibrium falls below that under free trade or unilat-
eral optimal policy. By contrast, the US experiences a substantial welfare gain under Nash
Equilibrium relative to free trade, as documented in Table 1. This welfare improvement arises

9We conduct robustness checks using the average hectare per ton of output across lands. The welfare results
are nearly identical, differing only in decimal points as a percentage. Alternative tables are available upon request.
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primarily from significant tax revenues generated in its competitive goods, which more than
offset the decline in consumer surplus.

The China-US case illustrates the role of relative country size and technological distribu-
tion in shaping trade policy outcomes. Here, country size is measured by agricultural land
area, rendering the US the smaller country relative to China. Transitioning from free trade
to a noncooperative Nash Equilibrium alters the distribution of gains: the smaller country,
the US, suffers a decline in consumer surplus due to higher prices in goods where it is less
competitive, but simultaneously expands production and exports in goods where it enjoys
a comparative advantage. Given strong demand from China, the US leverages its superior
agricultural productivity to collect substantial tax revenues, which more than compensate for
its consumer surplus loss. Consequently, the US” welfare rises while China’s falls, reinforcing

our proposition that, under certain conditions, smaller countries can prevail in a trade war.

7 Conclusion

In this paper, we examine the optimal trade policy within a Ricardian model framework
where both countries act strategically. Our findings reveal that, in a Nash Equilibrium, a
country’s optimal import tariffs are zero, while optimal export taxes increase with its com-
parative advantage. This outcome aligns structurally with the optimal trade policy model of
Costinot et al. (2015), where the Foreign country is passive; however, the welfare gains from
trade policy are lower in the strategic context. We further validate our theoretical predictions
through empirical simulations in the agricultural sector, finding that the numerical results
support the model’s predictions. A particularly intriguing insight is that, under certain con-
ditions, a smaller country may achieve greater welfare under a Nash Equilibrium of optimal
trade policies compared to a free trade scenario. This theoretical prediction is confirmed in
our quantitative analysis of bilateral policy interactions between the United States and China.

Several limitations in this study point to future research directions. First, we employ a
numeraire good to fix the wage, which precludes consideration of the Lerner Symmetry The-
orem (cf. Costinot and Werning, 2019). Second, extending the model to incorporate multiple
sectors with sector-specific elasticities of substitution could further enrich the conclusions, as
shown in Ossa (2014) and Beshkar and Lashkaripour (2017). Finally, incorporating dynamic
decision-making into this Nash policy game could offer new insights into the protracted WTO

negotiations. We leave these avenues open for future research.
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A Unilateral Optimal Trade Policy with Trade Costs

We extend the model to include exogenous iceberg trade costs, which are asymmetric. Specif-
ically, if one unit of good i arrives at Home, 6 > 1 units must be shipped from Foreign;
similarly, if one unit of good i arrives at Foreign, 6* > 1 units must be shipped from Home.
With these trade costs, two distinct world prices emerge: p;, the price at Home, and p; the
price in Foreign. The relationship between p; and p; can be expressed as:

(5, if n; > O,
P(m;) = (36)
1/6%, ifm; <O.

Thus, the trade balance condition implies that Foreign’s net imports are given by:

% _(5mi/ lf m; 2 O/
mj = —m;p(m;) = ) . (37)
— =M, if m; < 0.

Accordingly, Equations (20)-(22) in Section 3 are modified as follows:

pi (mi, ti, £7) = min{w’ (= (mip(m;)) /L7) /(1 + ), a7/ (1 + £) }, (38)
q; (i ti, t}) = max{0, L* (a; / B{) ™" + mig(m;)}, (39)
i (mi, ti, t7) = max{—mp(m;), L*(a; /B) ™" }. (40)

Equations (20)-(22) indicate that the threshold of net imports, above which Foreign is required

to produce good i, now adjusts to 6*M! = —§*L* <;—§> " due to the inclusion of iceberg trade
costs. Additionally, as discussed in Dornbusch et al. (1977) and Costinot et al. (2015), these
trade costs result in the emergence of a range of nontraded goods, identified by a new cut-
off at m; = 0. Together with the original cut-off M/ = L(§)~ below which Home must
produce good i, we now have three cut-offs defining the boundaries of Home’s net imports.
Consequently, the range of Home’s net imports for good i can be divided into four distinct
regions: Region I with m; < 5*M1-I, Region II with 5*MZ-I < m; < 0, Region III with 0 <
m; < M!!, and Region IV with m; > M!!. Each region represents a different production and
trade scenario based on the relative size of Home’s net imports and the trade cost-adjusted
thresholds.

The introduction of iceberg trade costs does not alter the qualitative findings presented
in Sections 3 and 4. Accordingly, we can extend the previous analysis to generalize Propo-
sitions 1 and 2. To proceed, let us examine the domestic government’s welfare optimization

problem on a region-by-region basis.
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Figure A.1: Best Response with Trade Costs in Regions I, II, III, and IV
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Reglon It m; < 6*M!. In this region, only Home produces goodi. If 1+t < & ‘TU* 1%
1
+ B!, then optimal net imports are (6*)1 m! = —L*[ﬁ* L (1+1)]77 (6, with p; =
a; . ,_U—l Io _ L _1—-0p0
F = —1511 and 1+t = . Thus, Home’s optlmlzed welfare is W/° = —=5a;,7 77 +
L*a; * * ]_g' * a . .
(g ﬂi‘ L (1+¢)]77(6*)177". In contrast, if 1 +; > L Z=1% then optimal net imports
are 0*M!, with p; = T = 51—*1#_* and 1+t = ”—,’;(1 + tf)é* > -1 Thus, Home’s optimized
1

welfare is W/° = _Loal=7B7 + (a; — % lth*) [ L*(ﬁ*) ‘7*5*]

Region II: 6*M! < m; < 0. In this region, both Home and Foreign can produce good i, but

only Home exports, or no trade occurs. If 1 + 7 < 51—* o= = £ B/, then optimal net imports are
5*M!, with p; = ﬁ = bl 1+t* and 1+t = & (1 + t*)é* Thus, Home’s optlmlzed welfare is
WHe = Logl=0p¢ 4 (g; — L 1th*) [ L*<5*) v 5*} In contrast, if 1 +t; > &4 % then optimal
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Figure A.2: Home’s Unilateral Optimal Trade Policy with Trade Costs

Home’s optimal responses across the four regions are illustrated in Figure A.1. Notably,

there are three critical cut-offs for (1 +t;): 5 ”Ujl ”:Z =1 BZI, (5%&— = %BI-H, and (5%’# = 5Bi”.

Based on these cut-offs, Home’s optimal trade policy (1 + t;) can be categorized into seven

scenarios, determined by foreign trade taxes (t!), technology parameters (a;,a}), and asym-
metric iceberg trade costs (6, 6*). By comparing the optimized welfare across the four regions
within each scenario, we can summarize Home’s optimal trade policy with trade costs as

outlined in the following proposition, presented in Figure A.2.
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Proposition 4 If the two strategic countries set their optimal trade policies noncooperatively, given
the foreign trade taxes (t'), technology parameters (a;, a; ), and asymmetric iceberg trade costs (8,06%),
Home’s unilateral optimal trade policy is characterized as follows. The producer, optimal trade taxes
(t;), prevailing world prices at Home (p;), Home’s net imports (m;), and Home’s optimized welfare
(W) satisfy:

(a) only Home produces, 1 +t; = =1, p; = T=a;, m; = ()= m!, and W, = W, if
1+t € (0, %B));

(b) only Home produces, 1 + t; = “=1 = Z—Z(l + )65, pi = T = £
§*ml = 6*M!, and W; = Wlo = Wil if 1+t = LBl;

(c) only Home produces, 1+ t; = 2:(1 4 t1)0*, p; = lfftl_ =4 111*, m; = 6*M!, and W; =

; * 1 K

W, if 1+t € (5B, 3Bl");

(d) case (A) only Home produces, 1 +t; =1, p; = a;, m; = 5*MZ-I, and W; = WZ-HO = Wimo; case
(B) both produce, 1 +t; = % € [5,1, pi = 717 € [ai,0i06%], m; € [6*M!,0], and W; = W}t if
1+t = LB,

(e) both produce, 1+ t; = 3t € [%—;1(1 + 1), —;1(1 +t7)0%], pi = 175 € [%%,5%], m; =0,
and W; = WHIO if 1+t € ( B!, 5B,

(f) case (A) both produce, 1 +t; = i € [1,60*], pi = 115 € [, @i, m; = 0, and W; = wiltlo,
case (B) only Foreign produces, 1 +t; = 1, p; = a;, m; = MH = 6~ m!, and W; = Wllle =
WIVe if1 +tr = 6B!L;

i _ o a
T+ — T+

m; =

(g) only Foreign produces, 1 +t; = 1, p; = opf = 613, m; = 6 “m!'l, and W; = WIV"

1+t*’
if 1+t > OBI, where Bl = “Z150 Bl = M! = —L7(3) " M.H = L(%)™
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4[]
B Three-Country Scenario: China, the US, and the EU

In this section, we investigate the welfare implications of alternative trade arrangements in a
three-country setting: China, the US, and the EU.

Because the production possibility frontier in the Ricardian model of Dornbusch et al.
(1977) has kinks, standard optimization techniques such as Lagrangian or gradient-based
methods cannot be applied. To address this in a two-country setting, Costinot et al. (2015)
adopt the primal approach, while we assume quasilinear preferences, which allows the opti-
mization problem to be solved good-by-good, as the problems decouple across goods.

It is well known that extending the framework of Dornbusch et al. (1977) to a three-
country environment is technically daunting. For example, Collins (1985) attempts such an
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extension but must impose an ad hoc simplifying assumption.!? A major breakthrough came
from Eaton and Kortum (2002), who introduced a stochastic technology distribution to sim-
plify aggregation in a multi-country environment. However, their approach requires ruling
out within-sector tariff heterogeneity, which makes the Eaton—-Kortum framework unsuitable
for our purposes.

Returning to the Dornbusch et al. (1977) framework without invoking the simplifying as-
sumption of Collins (1985), the complexity of solving optimal trade policies in a three-country
environment increases sharply. For goods in which one country has a clear comparative ad-
vantage over the other two, the solution is straightforward. But for goods where all three
countries have similar, though not identical, productivities, the strategic interactions become
highly fluid and multiple Nash equilibria are likely to emerge.

Despite these difficulties, we examine the three-country case in a quantitative manner un-
der a different set of simplifying assumptions. Specifically, we assume: (i) for each good, the
most productive country produces the entire global supply and sets a uniform, nondiscrim-
inatory export tax on both trading partners, while the two less productive countries adopt
free trade; and (ii) under this uniform and nondiscriminatory tax rule, the most productive
country sets its export tax relative to the intermediate-productive country, without explicitly
taking the least-productive country into account. Thus, the resulting three-country findings
should be interpreted as suggestive, given these simplifying assumptions.

Table A.1: China, the US, and EU

Region Trade Situation Welfare Tax Revenue Consumer Surplus
Autarky 100.00% 0.00% 100.00%
China Free trade 236.17% 0.00% 236.17%
Nash Equilibrium  138.18% 1.40% 136.78%
Unilateral optimal  237.57% 1.40% 236.17%
Autarky 100.00% 0.00% 100.00%
Us Free trade 183.29% 0.00% 183.29%
Nash Equilibrium  111.32% 3.77% 107.55%
Unilateral optimal  187.06% 3.77% 183.29%
Autarky 100.00% 0.00% 100.00%
EU Free trade 106.19% 0.00% 106.19%
Nash Equilibrium  241.75% 137.97% 103.78%
Unilateral optimal  244.16% 137.97% 106.19%

Notes: This table presents welfare, tax revenue, and consumer surplus for three regions-China, the US, and
the EU-under four trade situations: autarky, free trade, Nash Equilibrium, and unilateral optimal trade policy.
Welfare in each region is normalized to 100% under autarky for consistent numerical comparison.

Accordingly, the agricultural land endowments devoted to the crops under consideration
are 529,038, 600 hectares for China, 412,857, 600 hectares for the US, and 170,956, 490 hectares
for the EU. Table A.1 reports welfare, tax revenue, and consumer surplus for all three regions

108pecifically, the paper assumes that the unit labor requirements in the intermediate-efficient country are fixed
as a constant fraction of those in the least-efficient country.
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under four trade regimes: autarky, free trade, Nash Equilibrium, and unilateral optimal trade
policy. In this setting, China and the US are relatively larger in size but technologically less
efficient compared with the EU. Consistent with Proposition 3, a smaller but more productive
economy can fare better in a trade war. Indeed, the results show that the EU experiences a
substantial welfare gain under Nash Equilibrium relative to free trade, driven primarily by
large tax revenues. However, the EU’s gains come at the expense of the larger economies, as
both China and the US incur considerable welfare losses. To conclude, our prediction that
smaller economies with superior technology can benefit from trade wars holds not only in

the two-country case but also extends to the three-country scenario in a quantitative setting.
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