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Abstract

This paper quantitatively evaluates other countries’ optimal tariffs and the prospects of sustaining
international trade cooperation when a large player – the United States – exits the cooperative
trade regime. To guide the analysis, we rely on an analytical characterization of the optimal tariff
in a simplified multi-country trade model with endogenous labor supply. A country’s optimal
import tariffs are a function of its trade partners’ expenditure shares on its goods, and the trade
and labor supply elasticities. In both the simplified model and the full quantitative multi-country,
multi-sector global network model, the impact of the US withdrawal from free trade on other
countries’ optimal tariffs and the sustainability of the cooperative trade regime is minimal. This
is because quantitatively, the key determinants of these objects – domestic and international trade
shares of other countries – change little from the US withdrawal. This main finding is not sensitive
to the trade or labor supply elasticities. Thus, the fall of the US free trade domino is unlikely to
cause further dominoes to fall.
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1. Introduction

A celebrated result in international trade is that from the perspective of an individual country, the
welfare-maximizing import tariff is positive (Kahn, 1947; Johnson, 1951). More recent quantitative
assessments of the level of unilaterally optimal tariffs put them at quite high levels, 20-60% (Ossa,
2014; Costinot and Rodríguez-Clare, 2014). For most country pairs, however, observed current import
tariffs are much smaller, often as low as 3-4% (Bagwell, Bown, and Staiger, 2016). This observation is
rationalized as the cooperative equilibrium of a repeated prisoner’s dilemma game between countries.
Moving from the static Nash equilibrium with unilaterally optimal tariffs to free trade produces mutual
gains, but the cooperative equilibrium can only be sustained in a repeated game (Bagwell and Staiger,
2002). Of course, a cooperative outcome is only an equilibrium under the right values of payoffs and
discount rates.

Recent US trade policy changes suggest a permanent (or at least protracted) US exit from the
cooperative trade equilibrium that held prior to the first Trump administration. The US is a major
player in global trade, accounting for 8.7% of world exports and 13.8% of world imports in 2024 (World
Trade Organization, 2024). As a result, the sustainability of global free trade outside of the US has
been a subject of an active debate in the policy and journalistic discourse.1

This paper evaluates analytically and quantitatively the impact of the US exit from the free trade
regime on unilateral optimal tariffs of other countries, their cooperative versus noncooperative welfare
levels, and thus the sustainability of the cooperative equilibrium between the remaining countries.
We capture sustainability of cooperation as the minimum discount factor that ensures existence of a
cooperative free trade equilibrium under the punishment of the noncooperative Nash tariffs for some
(possibly infinite) future number of periods.

We first show analytically that in a simple version of a standard multi-country quantitative trade
model, the unilaterally optimal tariff is a function of the export-share weighted foreign absorption
share on that country’s goods in other countries, the trade elasticity, and the Frisch elasticity of
labor supply.2 Further, a country’s welfare in this setting is a function of its domestic absorption
share, the trade and labor supply elasticities, and the optimal tariff, similar to (Arkolakis, Costinot,
and Rodríguez-Clare, 2012, ACR). This implies that the sustainability of the cooperative equilibrium
between the remaining world countries following US exit depends on two objects: (i) the change in
the optimal tariffs following the US shock; and (ii) the changes in each country’s domestic absorption
share. Both of these are general equilibrium objects that depend on the entire reorganization of world

1For example, two New York Times articles appearing one day apart articulate opposing viewpoints on this: “Leaders
around the world are struggling to decide whether to raise trade barriers to protect what is left of their countries’ industrial
sectors. [...] Other nations are on high alert for the possibility that Chinese exports could be diverted elsewhere, threatening
the economies of longstanding US allies like the European Union and South Korea.” (The New York Times, "‘The Tsunami Is
Coming’: China’s Global Exports Are Just Getting Started," 7 April, 2025; versus “... the rise of free trade may be irreversible,
its benefits so powerful that the rest of the world finds a way to keep the system going, even without its central player,” (The
New York Times, "Trump’s Tariffs Will Wound Free Trade, but the Blow May Not Be Fatal," 6 April, 2025.

2This result extends the Lashkaripour (2021) and Ignatenko et al. (2025) formula to a case with flexible labor supply.
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trade following the US shock, and thus require counterfactual analysis.
We use a multi-country multi-sector model with production networks (Bonadio et al., 2021; Huo,

Levchenko, and Pandalai-Nayar, 2025) implemented on the EU, China, and 40 other countries to
simulate the US exit from the free trade regime.3 The model is calibrated with standard parameters
and using data from the OECD input-output tables. We first work with a simplified, one-sector version
of the model in which both the unilateral optimal tariff formula, and the ACR-like welfare formula
apply. This allows us to transparently demonstrate the determinants of the quantitative results. We
compute unilaterally optimal noncooperative tariffs and Nash equilibrium noncooperative tariffs,
both before and after the US moves to autarky.4 When the US exits, unilaterally optimal tariffs and
welfare in the Nash non-cooperative equilibrium change, and the gains from free trade between the
remaining players change as well. Thus, all payoffs in the tariff prisoner’s dilemma game for the
remaining countries are affected.

However, our main quantitative finding is that the US exit from the world trading system has
limited impact on those objects, and therefore on the sustainability of cooperative equilibria. Optimal
tariffs and relative welfare levels in the noncooperative and cooperative equilibria change very little.
The analytical results help understand this quantitative outcome. The optimal noncooperative tariffs
depend on the inner product of the vector of a country’s export shares and the vector of other
countries expenditure shares on its goods. Quantitatively, this number, and consequently the optimal
tariff changes little for most countries in the world.5 (In the small open economy limit, this product of
shares equals zero throughout, and the optimal tariff is constant and equals the inverse of the trade
elasticity. It turns out that it does not change much even in the largest economies in the world, such
as the EU and China, when the US exits.)

When it comes to sustaining cooperation, what matters is the relative welfare levels in the coop-
erative vs. noncooperative regime. The US exit affects sustainability of cooperation to the extent that
it changes these welfare levels. In turn, welfare can be expressed in terms of the domestic absorption
shares and the optimal tariff. Quantitatively, neither of those objects change much in most economies
following the US exit. Thus, the sustainability of cooperation is largely unaffected by the US exit.
These results are insensitive to the trade elasticity – for higher trade elasticities, trade shares see larger
changes, but these are offset by the higher absolute value of the elasticity implying a lower optimal
tariff.

We consider several extensions of our baseline model. First, we study inelastic labor supply,
which is a common assumption in the literature. The formula for the unilaterally optimal tariff under
fixed labor supply is found in Lashkaripour (2021) and Ignatenko et al. (2025). With flexible labor

3To make the analysis as stark as possible, in the baseline we assume the US moves to autarky in this exercise. We also
consider the “Liberation Day” tariffs.

4Nash equilibrium tariffs are each country’s unilaterally optimal tariff when all other countries have their optimal tariffs.
We solve for them using a recursive fixed point approach.

5To be precise, the optimal tariff formula is implicit and is expressed a function of the trade shares under the optimal tariff.
In practice, the actual optimal tariff that we compute numerically is well-approximated by the formula under the pre-tariff
trade shares.
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supply, the terms of trade improvement when a country imposes tariffs results in lower real wages and
lower hours worked in the foreign countries. This reduction in demand for the importing country’s
goods mitigates the incentive to impose tariffs, and the implied optimal tariffs are slightly lower for
the largest economies such as the EU and China. However, even in this setting, while the implied
discount factors that sustain cooperation are modestly higher, they change very little when the US
exits.

Second, we consider a multi-sector extension of our model with global input-output linkages.
While there is no analytical formula for uniform optimal tariffs in this more general multi-sector
setting, the optimal tariffs and the sustainability of cooperation can be computed numerically. This
model implies lower unilaterally optimal tariffs, but the discount factor sustaining cooperation is
minimally impacted by the US exit. Finally, we quantify a more realistic scenario where the US
imposes the average tariffs observed in the aftermath of April 2025 (“Liberation Day”). Again, this
has a modest impact on the sustainability of cooperative equilibria outside of the US.

Related literature. Our work builds on a vast literature on optimal trade policy, that would be
impractical to fully review here. As is well known, the unilateral welfare-maximizing import tariff
is positive (Kahn, 1947; Johnson, 1951; Gros, 1987). The static tariff policy game has a prisoner’s
dilemma structure, and it has been noted that a cooperative free trade regime can be sustained as a
repeated game equilibrium. In this context, a common approach has been to assume a breakdown
in cooperation with produce a reversion to Nash equilibrium optimal tariffs (McMillan, 1986; Dixit,
1987).6 Repeated games have been used to study the role of multilateral institutions sustaining
cooperation (Maggi, 1999) and changing levels of protectionism to sustain a cooperative equilibrium
in response to changes in trade volumes (Bagwell and Staiger, 1990). Bagwell, Bown, and Staiger
(2016) and Grossman (2016) review this literature. Quantifications of the levels of the optimal tariffs
include Alvarez and Lucas (2007), Ossa (2014), and Costinot and Rodríguez-Clare (2014). While most
analysis of repeated games is theoretical, closely related recent work by Mei (2020) uses a quantitative
multi-country multi-sector Krugman model in a repeated game to find the minimum discount factor
consistent with sustaining cooperative equilibria. While the focus of that paper is how the minimum
discount factor sustaining cooperation can vary based on possible punishment, our quantitative
emphasis here is on the sustainability of cooperation when the U.S. exits the cooperative equilibrium.

The recent increase in protectionism worldwide, beginning in 2016 with Brexit and the first
Trump administration have renewed the interest in the welfare impacts of tariffs. Lashkaripour
(2021), Caliendo et al. (2023) Caliendo and Feenstra (2024), Alessandria, Ding, and Khan (2025), Bai
et al. (2025a,b); Bai, Lu, and Wang (2025), Blanchard, Bown, and Johnson (2025), Ignatenko et al.
(2025), Itskhoki and Mukhin (2025), Dávila et al. (2025), Becko, Grossman, and Helpman (2025), Hu,

6Cooperation can be sustained in a repeated prisoner’s dilemma game if the long-term discounted loss from a breakdown
in cooperation is larger than the short-term benefit from deviation. Fudenberg and Maskin (1986) shows that any cooperative
solution is sustainable for a sufficiently high discount factor, where the punishment from deviation is the Nash equilibrium
in all future periods.
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Mei, and Ni (2025) among others, provide optimal tariff analytics and quantifications. Our optimal
tariff formula is heavily based on Lashkaripour (2021) and Ignatenko et al. (2025), extending it to
flexible labor supply. Our focus is not on unilaterally optimal tariffs per se, but on the sustainability
of free trade cooperation outside of the US.

Finally, our quantitative implementation builds on our research program that studies shock prop-
agation in the global input-output network economy (Bonadio et al., 2021, 2025; Huo, Levchenko, and
Pandalai-Nayar, 2025). Here, we extend the framework to include tariffs and apply it to questions
related to optimal trade policy and trade cooperation.

The rest of the paper is organized as follows: Section 2 describes the theoretical framework and
states the closed-form optimal tariff and welfare formulas. Section 3 sketches the repeated trade policy
game and derives the formula for the minimum discount factor required for sustainable cooperation.
Section 4 quantifies the model, and Section 5 concludes. The Appendix collects additional details on
data, theory, and quantification.

2. Theoretical Framework

This section first introduces the multi-country, multi-sector quantitative framework that builds on
Bonadio et al. (2021, 2025) and Huo, Levchenko, and Pandalai-Nayar (2025). We then present the
optimal tariff and welfare formulas in a simplified single-sector version of the model. Note that the
framework below is static. As such, our analysis should be interpreted as comparing cooperative
versus non-cooperative steady-state equilibria.

The model world economy is comprised of 𝑁 countries indexed by 𝑛, 𝑚, and ℓ and 𝐽 sectors
indexed by 𝑗, 𝑖, and 𝑘. Each country 𝑛 is populated by households that consume the final good
available in country 𝑛 and supply labor to firms. Production uses labor and bundles of sectoral
intermediate inputs. There is international trade in both intermediate and final goods, subject to
iceberg trade costs and possibly tariffs. Tariff revenue is rebated back to households and used in
consumption.

2.1 Households

There is a continuum of individuals of exogenous mass 𝐿𝑛 in each region 𝑛. Each individual is
indexed by 𝜔 and draws a sector-specific productivity 𝑏𝑛𝑗(𝜔). The sector-specific productivity draws
follow a Fréchet distribution with central tendency parameter 𝜉𝑛𝑗 and dispersion parameter 𝜇. Each
individual chooses which which sector to work in, number of hours worked, and the consumption
bundle to maximize the utility:

max
ℱ𝑛(𝜔),𝐻𝑛(𝜔), 𝑗

(
ℱ𝑛 (𝜔) −

𝐻𝑛 (𝜔)1+1/𝜓

1 + 1/𝜓

)
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subject to

𝑃𝑛ℱ𝑛(𝜔) =𝑊𝑛𝑗𝑏𝑛𝑗 (𝜔)𝐻𝑛(𝜔) +
𝑅𝑛

𝐿𝑛

where ℱ𝑛(𝜔) is the consumption bundle whose price index is 𝑃𝑛 ,𝑊𝑛𝑗 is the price of an efficiency unit
of labor supplied to sector 𝑗 in country 𝑛, 𝑅𝑛 are tariff revenues rebated to the household and 𝐿𝑛 is
the mass of individuals.7

Sectoral choice and sectoral effective labor supply. Standard steps lead to the probability of a
household choosing to supply labor to sector 𝑗:

𝜋𝐻𝑛𝑗 =
𝜉𝑛𝑗𝑊

𝜇
𝑛𝑗∑

𝑖 𝜉𝑛𝑖𝑊
𝜇
𝑛𝑖

.

Denote by𝑊𝑛 =
(∑

𝑖 𝜉𝑛𝑖𝑊
𝜇
𝑛𝑖

) 1
𝜇 the wage aggregate for the economy. The total sectoral labor supply is

given by:

𝐻𝑛𝑗 = 𝜉𝑛𝑗

(
𝑊𝑛

𝑃𝑛

)𝜓 (
𝑊𝑛𝑗

𝑊𝑛

)𝜇−1

Γ

(
1 − 𝜓 + 1

𝜇

)
𝐿𝑛 , (2.1)

where Γ (.) is the Gamma function. Finally, the aggregate labor supply is

𝐻𝑛 =

(
𝑊𝑛

𝑃𝑛

)𝜓
Γ

(
1 − 𝜓 + 1

𝜇

)
𝐿𝑛 .

The aggregate labor supply elasticity is given by 𝜓. The labor supply elasticity to a given sector 𝑗
conditional on a fixed aggregate labor supply is 𝜇 − 1 (eq. 2.1). Lower values of 𝜇 imply less labor
mobility across sectors.

Our specification nests a variety of labor supply frameworks in macro and trade. In canonical
trade models that reflect the long run, labor is assumed to be in fixed aggregate supply, but perfectly
mobile across sectors. That would correspond to 𝜓 = 0 and 𝜇 → ∞. Increasingly, the trade literature
has worked with models in which labor is not perfectly mobile across sectors, as exemplified for
instance by the “Roy-Fréchet” framework (e.g. Lagakos and Waugh, 2013; Hsieh et al., 2019; Galle,
Rodríguez-Clare, and Yi, 2023). These models would correspond to 𝜓 = 0 and a finite 𝜇. In canonical
macro models aggregate labor supply is variable, 𝜓 > 0. Variable aggregate labor supply can coexist
with either perfect labor mobility across sectors (𝜇 → ∞), or frictional mobility across sectors (finite
𝜇).

Sectoral consumption and final trade shares. The final consumption bundle consists of two nests.
The upper nest is a CES aggregator of goods from each sector, and the lower nest is an Armington

7Exogenous unbalanced trade can be accommodated as an transfer 𝐷𝑛/𝐿𝑛 in the budget constraint, where
∑
𝑛 𝐷𝑛 = 0.
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aggregator of goods from all source countries. The final upper nest is:

ℱ𝑛 =


∑
𝑗

𝜁
1
𝜌

𝑛𝑗
ℱ

𝜌−1
𝜌

𝑛𝑗


𝜌

𝜌−1

,

and the associated price index is 𝑃𝑛 :

𝑃𝑛 =


∑
𝑗

𝜁𝑛𝑗
(
𝑃
𝑓

𝑛 𝑗

)1−𝜌


1
1−𝜌

.

Trade is subject to iceberg costs 𝜏𝑚𝑛𝑗 to ship good 𝑗 from country𝑚 to country 𝑛 (throughout, we adopt
the convention that the first subscript denotes source, and the second destination). Additionally, there
may be gross ad-valorem tariff 𝑡𝑚𝑛𝑗 . The lower nest (sector 𝑗 bundle) is an Armington aggregate of
goods coming from all source countries:

ℱ𝑛𝑗 =
[∑
𝑚

𝜇
1
𝛾

𝑚𝑛𝑗
ℱ

𝛾−1
𝛾

𝑚𝑛𝑗

] 𝛾
𝛾−1

with the associated price index:

𝑃
𝑓

𝑛 𝑗
=

[∑
𝑚

𝜇𝑚𝑛𝑗(𝜏𝑚𝑛𝑗𝑡𝑚𝑛𝑗𝑃𝑚𝑗)1−𝛾
] 1

1−𝛾

,

where 𝑃𝑚𝑗 is the factory-gate price of sector 𝑗 output in country 𝑚. The final expenditure shares are:

𝜋
𝑓

𝑛 𝑗
=

𝜁𝑛𝑗
(
𝑃
𝑓

𝑛 𝑗

)1−𝜌

∑
𝑘 𝜁𝑛𝑘

(
𝑃
𝑓

𝑛𝑘

)1−𝜌 and 𝜋
𝑓

𝑚𝑛𝑗
=

𝜇𝑚𝑛𝑗
(
𝜏𝑚𝑛𝑗𝑡𝑚𝑛𝑗𝑃𝑚𝑗

)1−𝛾∑
ℓ 𝜇ℓ𝑛 𝑗

(
𝜏ℓ𝑛 𝑗𝑃ℓ 𝑗

)1−𝛾 .

2.2 Production

A representative firm in sector 𝑗 in country 𝑛 operates a CRS production function

𝑌𝑛𝑗 = 𝑍𝑛𝑗𝐻
𝜂𝑗
𝑛𝑗
𝑋

1−𝜂𝑗
𝑛𝑗

where 𝑋𝑛𝑗 is the intermediate input bundle:

𝑋𝑛𝑗 ≡
(∑

𝑖

𝜗
1
𝜀
𝑖 ,𝑛 𝑗
𝑋

𝜀−1
𝜀

𝑖 ,𝑛 𝑗

) 𝜀
𝜀−1
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and the use of sector 𝑖 intermediate inputs is also an Armington aggregate from different source
countries:

𝑋𝑖 ,𝑛 𝑗 ≡
(∑
𝑚

𝜇
1
𝜈
𝑚𝑖,𝑛 𝑗

𝑋
𝜈−1
𝜈

𝑚𝑖,𝑛 𝑗

) 𝜈
𝜈−1

,

with the associated price index:

𝑃𝑋𝑖,𝑛 𝑗 =

[∑
𝑚

𝜇𝑚𝑖,𝑛 𝑗(𝜏𝑚𝑛𝑖𝑡𝑚𝑛𝑖𝑃𝑚𝑖)1−𝜈
]

Let 𝜋𝑥
𝑖,𝑛 𝑗

be the share of sector 𝑖 in total intermediate expenditure by (𝑛, 𝑗), and 𝜋𝑥
𝑚𝑖,𝑛 𝑗

be the share of
intermediates from country 𝑚 sector 𝑖 in total intermediate spending by (𝑛, 𝑗), on sector 𝑖:

𝜋𝑥𝑖,𝑛 𝑗 =
𝜗𝑖 ,𝑛 𝑗

(
𝑃𝑋
𝑖,𝑛 𝑗

)1−𝜀

∑
𝑘 𝜗𝑘,𝑛 𝑗

(
𝑃𝑋
𝑘,𝑛 𝑗

)1−𝜀 and 𝜋𝑥𝑚𝑖,𝑛 𝑗 =
𝜇𝑚𝑖,𝑛 𝑗 (𝜏𝑚𝑛𝑖𝑡𝑚𝑛𝑖𝑃𝑚𝑖)1−𝜈∑
ℓ 𝜇ℓ 𝑖,𝑛 𝑗 (𝜏ℓ𝑚𝑖𝑡ℓ𝑛𝑖𝑃ℓ 𝑖)1−𝜈

From firms’ cost minimization problem, the first-order conditions yield:

𝑊𝑛𝑗𝐻𝑛𝑗 = 𝜂 𝑗𝑃𝑛𝑗𝑌𝑛𝑗 (2.2)

𝜏𝑚𝑛𝑖𝑡𝑚𝑛𝑖𝑃𝑚𝑖𝑋𝑚𝑖,𝑛 𝑗 = 𝜋𝑥𝑖,𝑛 𝑗𝜋
𝑥
𝑚𝑖,𝑛 𝑗

(
1 − 𝜂 𝑗

)
𝑃𝑛𝑗𝑌𝑛𝑗 . (2.3)

2.3 Equilibrium and Market Clearing

An equilibrium in this economy is a set of goods and factor prices
{
𝑃𝑛𝑗 ,𝑊𝑛𝑗

}
, labor allocations

{
𝐻𝑛𝑗

}
,

and goods allocations
{
𝑌𝑛𝑗

}
,
{
ℱ𝑚𝑛𝑗 , 𝑋𝑚𝑖,𝑛 𝑗

}
for all countries and sectors such that (i) households

maximize utility; (ii) firms maximize profits; and (iii) all markets clear.
At the sectoral level, the following market clearing condition has to hold for each 𝑛 and 𝑗:

𝑃𝑛𝑗𝑌𝑛𝑗 =
∑
𝑚

1
𝑡𝑚𝑛𝑗

(∑
𝑖

𝜂𝑖𝑃𝑚𝑖𝑌𝑚𝑖 + 𝑅𝑚

)
𝜋
𝑓

𝑚𝑗
𝜋
𝑓

𝑛𝑚𝑗
+

∑
𝑚

1
𝑡𝑚𝑛𝑗

∑
𝑖

(
1 − 𝜂𝑖

)
𝑃𝑚𝑖𝑌𝑚𝑖𝜋

𝑥
𝑗,𝑚𝑖𝜋

𝑥
𝑛𝑗,𝑚𝑖 .

Tariff revenue:

𝑅𝑛 =

∑
𝑚

∑
𝑗
𝑡𝑚𝑛𝑗−1
𝑡𝑚𝑛𝑗

𝜋
𝑓

𝑛 𝑗
𝜋
𝑓

𝑚𝑛𝑗

(∑
𝑖 𝜂𝑖𝑃𝑛𝑖𝑌𝑛𝑖

)
+∑

𝑚

∑
𝑗
𝑡𝑚𝑛𝑗−1
𝑡𝑚𝑛𝑗

∑
𝑖

(
1 − 𝜂𝑖

)
𝑃𝑛𝑖𝑌𝑛𝑖𝜋𝑥𝑗,𝑛𝑖𝜋

𝑥
𝑚𝑗,𝑛𝑖

1 −∑
𝑚

∑
𝑗
𝑡𝑚𝑛𝑗−1
𝑡𝑚𝑛𝑗

𝜋
𝑓

𝑛 𝑗
𝜋
𝑓

𝑚𝑛𝑗

.

Labor market clearing:

𝑊𝑛𝑗𝜉𝑛𝑗

(
𝑊𝑛

𝑃𝑛

)𝜓 (
𝑊𝑛𝑗

𝑊𝑛

)𝜇−1

Γ

(
1 − 𝜓 + 1

𝜇

)
𝐿𝑛 = 𝜂 𝑗𝑃𝑛𝑗𝑌𝑛𝑗 .
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2.4 Optimal Tariffs and Welfare

We now derive analytical results in a simpler model to provide intuition before turning to the quanti-
tative results. In particular, we assume there is only one sector (𝐽 = 1) and there are no intermediate
inputs (𝜂 = 1). This setting with inelastic labor supply (𝜓 = 0) has been studied by Lashkaripour
(2021) and Ignatenko et al. (2025), who show that under the assumption that the relative wages of
foreign countries are constant to a first order, the optimal tariff policy is a uniform tariff across all
partners.8 With flexible labor supply, foreign hours worked react endogenously to tariffs as foreign
real wages change, which will impact the expression for the optimal tariff. All derivations for this
section are contained in Appendix A.1.

Optimal tariffs. Aggregate welfare in country 𝑚 is given by:

𝑈𝑚 =
𝑅𝑚

𝑃𝑚
+ 1

1 + 𝜓
𝑊𝑚𝐻𝑚

𝑃𝑚
. (2.4)

To maximize welfare, the government sets tariffs to maximize (2.4) subject to the equilibrium condi-
tions in Section 2.3.

Under the assumption that a country cannot impact the relative wages of other countries to each
other, the optimal tariff can be shown to be uniform across all partners and equal to:

𝑡∗𝑚 − 1 =
1

(𝛾 − 1) −
[
(𝛾 − 1) − 𝜓

] ∑
𝑛≠𝑚 𝜔𝑛𝑚𝜋𝑚𝑛

. (2.5)

where 𝜋𝑚𝑛 is the expenditure share of 𝑛 on goods from 𝑚, 𝜔𝑚𝑛 =
𝑋̃𝑚𝑛∑
𝑗≠𝑚 𝑋̃𝑚𝑗

and 𝑋̃𝑚𝑛 is the ex-tariff
trade flow from 𝑚 to 𝑛 in the equilibrium. The summation term

∑
𝑛≠𝑚 𝜔𝑚𝑛𝜋𝑚𝑛 thus represents the

export-weighted average expenditure share of partner countries on 𝑚’s output. When labor supply
is fixed, 𝜓 = 0, we are back to the Ignatenko et al. (2025) formula. Note that this formula is a
generalization of Gros (1987), who stated it for a 2-country case. The small open economy limit of
this formula (𝜋𝑚𝑛 → 0) is the same as the small-country limit of Gros (1987), 𝑡∗𝑚 − 1 = 1/(𝛾 − 1).

The intuition for why flexible labor supply modifies the optimal tariff formula is as follows. All
else equal, an import tariff by country 𝑚 improves its terms of trade, and by implication worsens the
trading partners’ terms of trade. That means that the real wage of trading partners falls. That reduces
the foreign labor supply and makes foreign goods more expensive at the margin, partly un-doing the
terms-of-trade improvement for the tariff-imposing country. This is why the optimal tariff is strictly
lower under flexible than fixed labor supply, and it scales with the size of the tariff-imposing country
in the export markets

∑
𝑛≠𝑚 𝜔𝑛𝑚𝜋𝑚𝑛 . This is also why the labor supply elasticity ceases to matter in

8That is, the assumption is that the relative wages of foreign countries to each other do not change; the tariff-imposing
country’s relative wage to the rest of the world is changing. Appendix Figure C4 compares welfare changes from unilaterally
optimal tariffs according to the formula to welfare changes under the fully numerically computed optimal tariffs when all
wages are flexible relative to each other. The two are almost indistinguishable under various elasticity values, suggesting
that this assumption is not restrictive.
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the small open economy limit, which recovers the Gros (1987) formula.
The optimal tariff in equation (2.5) clarifies that, qualitatively, the US exit from free trade will

affect all countries’ optimal tariffs. The tariff is a function of all bilateral trade flows of 𝑚 and of the
expenditure shares of all 𝑛 on 𝑚, which are all endogenous objects in the global general equilibrium.
When a large player like the US changes its trade policy drastically, the optimal tariff for all 𝑚 ≠ 𝑈𝑆

will change.

Welfare. Appendix A.1 shows that welfare in country 𝑚 in this simplified model can be expressed
as:

𝑈𝑚 ∝
[
𝑡𝑚 + 𝜓 (𝑡𝑚 − 1)

]
𝜋

1+𝜓
1−𝛾
𝑚𝑚 , (2.6)

where

𝑡𝑚 ≡
(∑
𝑛

1
𝑡𝑛𝑚

𝜋𝑛𝑚

)−1

︸              ︷︷              ︸
harmonic mean gross tariff rate

.

Since the optimal tariff is uniform across partners, 𝑡𝑚 simplifies to 𝑡𝑚 =

(
1
𝑡∗𝑚
(1 − 𝜋𝑚𝑚) + 𝜋𝑚𝑚

)−1
at

the optimum, where 𝜋𝑚𝑚 is the domestic absorption share. This formula modifies the well-known
Arkolakis, Costinot, and Rodríguez-Clare (2012) welfare expression as well as its extension to tariffs
by Felbermayr, Jung, and Larch (2015).

Equation (2.6) clarifies the two proximate drivers of welfare changes following any outcome of a
tariff game between countries. The first (in brackets) is the tariff revenue effect. All else equal, welfare
is higher when import tariffs are higher, due to the usual terms-of-trade effect. Moreover, when labor
supply is endogenous, this term is increasing in the disutility of labor (𝜓), because tariff revenue is
acquired without labor. For a given (uniform) tariff level 𝑡∗𝑚 , the tariff effect is larger when the own
expenditure share is smaller, as the tariff revenue is higher.

The second part of the decomposition is the real wage effect and its intuition similar to the standard
Arkolakis, Costinot, and Rodríguez-Clare (2012, henceforth ACR) formula, extended for endogenous
labor supply. The elasticity of labor supply magnifies the traditional gains from trade, because hours
worked also increase in reaction to the change in real wage.

3. Trade Policy Game

We next examine the sustainability of a repeated game cooperative equilibrium. For expositional
purposes, we describe the game as the interaction of two large countries (EU and China), but note
that the insights apply in a multi-player game as implemented in our quantification in Section 4. In a
multi-player context, we can think of each country playing a 2-player game vs. the rest of the world.
In the background, there is another large country – the US – whose trade policy is exogenous but
whose presence affects the global trade equilibrium.
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Two trade partners, the EU and China, play a tariff-setting game. Payoffs are given by the following
table:

EU
Cooperate Defect

CHN
Cooperate

(
𝑊 𝑐,𝑐
𝐶𝐻𝑁

,𝑊 𝑐,𝑐
𝐸𝑈

) (
𝑊 𝑐,𝑑
𝐶𝐻𝑁

,𝑊 𝑐,𝑑
𝐸𝑈

)
Defect

(
𝑊 𝑑,𝑐
𝐶𝐻𝑁

,𝑊 𝑑,𝑐
𝐸𝑈

) (
𝑊 𝑑,𝑑
𝐶𝐻𝑁

,𝑊 𝑑,𝑑
𝐸𝑈

)
The first superscript denotes China’s cooperate/defect strategy, second superscript the EU’s. Coop-
erate in this case means free trade, defect means set the unilaterally optimal tariff on the partner.
Following the discussion above, the payoffs respect the following constraints:

𝑊 𝑐,𝑐
𝑛 > 𝑊 𝑑,𝑑

𝑛 𝑛 = 𝐶𝐻𝑁, 𝐸𝑈

𝑊 𝑐,𝑑
𝐸𝑈

> 𝑊 𝑐,𝑐
𝐸𝑈

𝑊 𝑑,𝑐
𝐶𝐻𝑁

> 𝑊 𝑐,𝑐
𝐶𝐻𝑁

𝑊 𝑐,𝑑
𝐶𝐻𝑁

< 𝑊 𝑐,𝑐
𝐶𝐻𝑁

𝑊 𝑑,𝑐
𝐸𝑈

< 𝑊 𝑐,𝑐
𝐸𝑈
.

The first constraint simply states that both countries are better off under cooperation than under
mutual defection. The second and third constraints are a direct result of equation (2.5), as welfare
under the unilaterally optimal tariff is highest regardless of the choice of the other country. The fourth
and fifth constraints just state that deviating from the cooperative equilibrium decreases the welfare
of the other player.

This configuration of payoffs makes it a prisoner’s dilemma game. Unilaterally optimal tariffs,
as in equation (2.5), are positive and high, and both countries placing optimal tariffs on each other
– (Defect,Defect) – is a Nash equilibrium. However, since import tariffs lower world welfare, both
the EU and China are better off with mutual free trade. In a one-shot game mutual free trade is not
an equilibrium. That outcome can only occur as an equilibrium of an infinitely repeated game. The
above properties of the payoff matrix hold for any US trade policy, but the actual values of the payoffs
will differ depending what the US does.

Sustainability of cooperation. Taking the EU without loss of generality, the NPV of welfare under
cooperation is:

𝒲 𝑐,𝑐
𝐸𝑈

=

∞∑
𝑡=0

𝛽𝑡𝑊 𝑐,𝑐
𝐸𝑈

=
𝑊 𝑐,𝑐
𝐸𝑈

1 − 𝛽
,
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where 𝛽 is the discount factor. The NPV of welfare from deviating at 𝑡 = 0, assuming a grim trigger
strategy of the other player is:

𝒲 𝑐,𝑑𝑡=0
𝐸𝑈

= 𝑊 𝑐,𝑑
𝐸𝑈

+
∞∑
𝑡=1

𝛽𝑡𝑊 𝑑,𝑑
𝐸𝑈

=𝑊 𝑐,𝑑
𝐸𝑈

+ 𝛽

1 − 𝛽
𝑊 𝑑,𝑑
𝐸𝑈
.

Cooperation is sustainable when:

𝒲 𝑐,𝑐
𝐸𝑈

≥ 𝒲 𝑐,𝑑𝑡=0
𝐸𝑈

1 ≥
(
1 − 𝛽

) 𝑊 𝑐,𝑑
𝐸𝑈

𝑊 𝑐,𝑐
𝐸𝑈

+ 𝛽
𝑊 𝑑,𝑑
𝐸𝑈

𝑊 𝑐,𝑐
𝐸𝑈

.

Alternatively, this inequality defines the minimum 𝛽 for which cooperation is sustainable:

𝑊
𝑐,𝑑
𝐸𝑈

𝑊
𝑐,𝑐
𝐸𝑈

− 1

𝑊
𝑐,𝑑
𝐸𝑈

𝑊
𝑐,𝑐
𝐸𝑈

− 𝑊
𝑑,𝑑
𝐸𝑈

𝑊
𝑐,𝑐
𝐸𝑈

≤ 𝛽, (3.1)

with the similar counterpart expression for China.
The expressions above assume that the country receives one period of the unilateral defection

payoff, followed by a lifetime of Nash payoffs. Hence the 𝛽 should be interpreted as the discount
factor over the amount of time needed for the other country to react. For example, if the other player
takes a year to react, then the 𝛽 can be interpreted as a yearly discount factor. If the other player
is faster to react, the yearly discount factor required to sustain cooperation can be computed from
an annual discount factor 𝛽𝑦 as 𝛽𝑦 = 𝛽1/𝑡 where 𝑡 is the fraction of months in the year before the
reaction occurs.9 Mitchener, O’Rourke, and Wandschneider (2022) document that retaliation in the
Smoot-Hawley Trade War was very fast for the countries who retaliated to US tariffs. On the other
hand, widespread retaliation to US Liberation Day tariffs of April 2025 had not materialized as of
early 2026.

Using (2.6), the ratio of welfare between defection and cooperation can be written as:

𝑊 𝑐,𝑑
𝑚

𝑊 𝑐,𝑐
𝑚

=


(
1 + 𝜓

) (
1
𝑡𝑐,𝑑𝑚

(1 − 𝜋𝑐,𝑑𝑚𝑚) + 𝜋𝑐,𝑑𝑚𝑚

)−1

− 𝜓

 ×
(
𝜋𝑐,𝑑𝑚𝑚
𝜋𝑐,𝑐𝑚𝑚

) 1+𝜓
1−𝛾

. (3.2)

where 𝑡𝑐,𝑑𝑚 is given by the optimal tariff formula (2.5) evaluated at the defection trade flows. The ratio
of welfare between Nash and cooperation can also be written in this form. To further gain intuition,

9Note that in this dynamic infinitely repeated game, a folk theorem applies and almost any payoffs are subgame perfect
equilibria. We restrict the equilibrium to a game where the assumption is a one period defection results in a lifetime of
Nash payoffs, with no further changes. Naturally, one could compute the discount factor necessary to sustain cooperation
with other restrictions, such as punishment for 10 periods followed by a return to cooperation, and so on.
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approximate equation (3.2) around free-trade (𝑡𝑚 = 1) to get

ln
𝑊 𝑐,𝑑
𝑚

𝑊 𝑐,𝑐
𝑚

≈
(
1 + 𝜓

) [(
1 − 𝜋𝑐,𝑑𝑚𝑚

) (
𝑡𝑐,𝑑𝑚 − 1

)
− 1

𝛾 − 1 ln

(
𝜋𝑐,𝑑𝑚𝑚
𝜋𝑐,𝑐𝑚𝑚

)]
.

For a small open economy, the optimal tariff equation (2.5) gives
(
𝑡𝑐,𝑑𝑚 − 1

)
= 1/(𝛾 − 1), so that (3.2)

further simplifies to

ln
𝑊 𝑐,𝑑
𝑚

𝑊 𝑐,𝑐
𝑚

=
1 + 𝜓

𝛾 − 1

[(
1 − 𝜋𝑐,𝑑𝑚𝑚

)
− ln

(
𝜋𝑐,𝑑𝑚𝑚
𝜋𝑐,𝑐𝑚𝑚

)]
. (3.3)

The change in welfare from cooperation to unilateral defection depends on the two elasticities, on
the defection own-expenditure share and on the change in own-expenditure share. The first term in
the bracket captures the tariff revenue, while the log term captures the traditional ACR gains from
trade channel. When considering unilateral defection, the tariff channel dominates so that 𝑊

𝑐,𝑑
𝑚

𝑊
𝑐,𝑐
𝑚

> 0.
However, when considering the change to the Nash equilibrium, the own-expenditure trade share
channel dominates, so that we get 𝑊

𝑑,𝑑
𝑚

𝑊
𝑐,𝑐
𝑚

< 0.
All the payoffs in (3.1) will change between the pre-2025 trade equilibrium and the equilibrium

in which the US exits global free trade. In particular, the unilaterally optimal tariff for the EU and
for China will change when the US moves to autarky. As equation (3.2) makes clear, changes in the
payoff matrix when the US exits the free trade equilibrium will depend on changes in the domestic
absorption shares and changes in optimal tariffs, which are themselves a function of trade-weighted
foreign absorption shares that will change for all countries. Computing the elements of the payoff
matrix and the discount factor necessary to sustain a cooperative equilibrium therefore necessitates
solving the quantitative model. Section 4 quantifies the changes in the unilaterally optimal tariffs,
and relates these changes to model primitives. We compute the minimum country-specific 𝛽 that can
sustain cooperation, and assess how it is affected by the US exit from free trade.

Myopic policymaker. We so far assumed that the country receives one period of unilateral defection,
followed by Nash payoffs forever (grim trigger). Suppose that policymakers are myopic and only care
about the welfare until 𝑇 periods after the deviation. Then the minimum 𝛽 is defined implicitly by
the following equation:

1 − 𝛽𝑇

1 − 𝛽
=
𝑊 𝑐,𝑑
𝐸𝑈

𝑊 𝑐,𝑐
𝐸𝑈

+ 𝛽
1 − 𝛽𝑇−1

1 − 𝛽

𝑊 𝑑,𝑑
𝐸𝑈

𝑊 𝑐,𝑐
𝐸𝑈

(3.4)

The same formula applies if the punishment period is only between period 2 and 𝑇, and reverts
back to cooperation from 𝑇 + 1 onwards.10 We will apply equation (3.4) in the quantitative section to
investigate the potential role of myopic preferences driven by short-term political considerations.

10In that case, the equation becomes 1
1−𝛽 =

𝑊
𝑐,𝑑
𝐸𝑈

𝑊
𝑐,𝑐
𝐸𝑈

+ 𝛽
1−𝛽𝑇−1

1−𝛽
𝑊

𝑑,𝑑
𝐸𝑈

𝑊
𝑐,𝑐
𝐸𝑈

+ 𝛽𝑇 1
1−𝛽 which is equivalent.
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Table 1: Parameter values

Param. Value Source Related to

Parsimonious model
𝛾 2 Boehm, Levchenko, and Pandalai-Nayar (2023) trade elasticity
𝜓 0.75 Chetty et al. (2011) Frisch elasticity of labor supply
𝜋𝑚𝑛 ICIO bilateral trade shares
𝑡𝑚𝑛 UN-TRAINS average ad-valorem tariff

Multisector extension
𝜌 1 final cross-sector subst. elasticity
𝜀 1 interm. cross-sector subst. elasticity
𝜈 2 Boehm, Levchenko, and Pandalai-Nayar (2023) trade elasticity in interm. inputs
𝜇 1.5 Galle, Rodríguez-Clare, and Yi (2023) Sectoral labor supply elasticity
𝜂 𝑗 ICIO value added share in gross output
𝜋
𝑓

𝑛 𝑗
ICIO sectoral final shares

𝜋𝑥
𝑖,𝑛 𝑗

ICIO sectoral intermediate shares
𝜋
𝑓

𝑚𝑛𝑗
ICIO final trade shares

𝜋𝑥
𝑚𝑖,𝑛 𝑗

ICIO intermediate trade shares

Notes: This table summarizes the parameters and data targets used in the quantitative model and their sources.

4. Quantitative Results

The quantitative results compare the welfare of the EU, China and 40 other countries under the
current cooperative trade regime to the non-cooperative Nash equilibrium in which all countries set
unilateral optimal tariffs derived in Section 2.4 on each other. We perform this exercise for both the
pre-2025 world trade regime and the alternative trade regime in which the US exits free trade. We
begin with a single sector model, and in extensions consider alternative values of the key elasticities
and a multi-sector model with production networks.

4.1 Calibration

Table 1 shows the parameters and expenditure shares required for the numerical implementation.
The parsimonious model only requires 4 objects: the trade elasticity, the labor supply elasticity, the
bilateral trade shares, and the current ad valorem tariff rates. We set the trade elasticity to 2 following
Boehm, Levchenko, and Pandalai-Nayar (2023), and the Frisch elasticity to 1 following Chetty et al.
(2011), but extensively probe sensitivity to the values of these 2 parameters. The sources for the
tariff and trade shares are standard. We aggregate all EU countries to a single country in the model.
The baseline quantification uses 42 countries (including an aggregate EU and a composite rest of the
world).
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Solution method. The model is converted to changes following the approach of Dekle, Eaton, and
Kortum (2008), and spelled out in Appendix A.2. Given initial trade shares and tariffs, the algorithm
computes the change in equilibrium quantities (trade shares, output, prices, etc.) for any arbitrary
vector of tariff changes 𝑡𝑚𝑛 . In our model, trade is balanced, which is not the case in the data. Thus,
we first solve for a version of the initial equilibrium that fully satisfies the equilibrium conditions
by solving the model with no changes in tariffs, as is standard in these applications (e.g. Costinot
and Rodríguez-Clare, 2014; Ossa, 2014). The resulting trade shares are consistent with equilibrium
conditions and remain very close to the data.

To solve for optimal trade policy of country 𝑛, we numerically solve for the values of 𝑡𝑚𝑛 that
maximize 𝑛’s welfare. As shown in Section 2.4, the optimal tariff is uniform across partners for a
given country. Hence, we only need to find one tariff per country 𝑡∗𝑚𝑛 = 𝑡∗𝑚 , so that the optimal tariff
for an importer given other countries’ tariffs can be solved using common numerical methods. To
solve for unilateral policy of country 𝑚, we keep all other countries’ tariffs constant and solve for the
optimal 𝑡∗𝑚 by numerically maximizing welfare.11

To solve for the Nash equilibrium, we solve the country-level optimal tariff sequentially over
countries and iterate until convergence. We first solve for the unilateral tariff of every country,
keeping other countries’ tariffs fixed. We then solve for best-response tariffs country by country given
other countries unilateral tariffs, and iterate until each country best-responds to the other countries’
tariffs.

4.2 Parsimonious Model

Baseline description. In light of the optimal tariff formula (2.5), the relevant quantities to determine
the impact of a US withdrawal on 𝑛’s tariff are the expenditure share of the US on 𝑛 (𝜋𝑛𝑈𝑆) and the
export-weighted average expenditure on 𝑛 (

∑
𝑚≠𝑛 𝜔𝑛𝑚𝜋𝑛𝑚). Figure 1 displays those quantities in the

baseline model calibrated to 2018. Of course, since 2018 tariffs are not at the unilaterally optimal level,
those would change under optimal trade policy. Nevertheless, these shares are informative about the
likely changes in tariffs when removing the US. The white bars show the export-weighted average
expenditure on 𝑛 (

∑
𝑚≠𝑛 𝜔𝑛𝑚𝜋𝑛𝑚), the blue bars show the US expenditure share on 𝑛. In all cases

except for Canada and Mexico, the blue bar is lower than the white bar. When removing the US, the
average should thus increase slightly for all countries except for Canada and Mexico, which would
imply a slight increase in optimal tariffs. However, the magnitude is likely to be small. This is because
the contribution of the US to the weighted average (in orange) is very small for most countries. As a
consequence, we should not expect a large change in optimal tariffs in most countries when removing
the US.

Of course, all these quantities will in principle change in the new trade equilibrium, so we now
turn the solving for optimal policy in the model.

11Since equation (2.5) only holds for tariff-equilibrium shares 𝜔𝑚𝑛 and 𝜋𝑚𝑛 , we cannot simply plug in data shares to
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Figure 1: Baseline expenditure shares
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Notes: The figure displays the expenditure share of the US on other countries, as well as the export-weighted average
expenditure shares on all countries, in the baseline model calibrated to 2018 flows. EEU refers to the European Union.

Optimal tariffs scenarios. We first solve for optimal tariffs in the parsimonious model in which the
optimal tariff formula applies, so that the quantitative results are easily interpretable through the
lens of theory. Figure 2 shows export share weighted average foreign expenditure shares on each
country’s exports (

∑
𝑚≠𝑛 𝜔𝑛𝑚𝜋𝑛𝑚) in the baselines and Nash equilibria. The left-most, blue bar shows

these expenditure shares in the 2018 observed equilibrium, that is, with the US participating in free
trade. As the world moves to Nash equilibrium from there, foreign absorption shares go down for all
countries (red bars). When the US is removed from world trade but the world continues to cooperate
in trade, the foreign absorption share increases slightly for most countries relative to the observed
level. All in all, however, across all of these scenarios, the differences between equilibria with and
without the US are minor quantitatively, suggesting that other countries’ unilaterally optimal tariffs
will remain mostly unchanged with or without the US according to formula (2.5).

Table 2 displays the optimal unilateral and Nash tariffs for China, the EU and the average of the
other 40 countries, both in the baseline economy and after the US exits world trade, as well as the
own expenditure shares (𝜋𝑛𝑛). It is immediately apparent that both China and the EU are relatively
closed economies, with high domestic absorption ratios of 0.900-0.931. For the other countries in the
world the 𝜋𝑛𝑛’s are on the order of 0.8.

The optimal unilateral defection tariffs are around 100%, and slightly higher for the largest eco-
nomic blocs in the world, the EU and China. The Nash equilibrium tariffs are quite similar to the
unilateral defection tariffs. Evidently, a country’s optimal tariffs depend very little on other countries’
tariffs, a quantitative outcome also observed by Ossa (2014). It is not surprising as most countries

compute the optimal tariff.
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Figure 2: Expenditure shares in the baseline and when the US leaves
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Notes: The figure displays the export-weighted expenditure share on a country’s goods in the 2018 observed equilibrium
and simulated 2018 Nash equilibrium, as well as for the scenario where the US is removed from world trade and the
resulting Nash equilibrium.

are small relative to the world economy, and for small countries the optimal tariff converges simply
to 1/(𝛾 − 1) regardless of the configurations of its export shares. Indeed, outside of China and the
EU, unilateral defection and Nash optimal tariffs are essentially indistinguishable. But even for China
and the EU the optimal tariff difference is barely notable.

The middle panel illustrates the equilibrium after the US moves to autarky.12 At noted above
the export-weighted foreign absorption shares of both China and the EU rise slightly (Figure 2),
implying that China and the EU become more important sources of other countries’ imports. As a
result, the optimal tariffs increase relative to the 2018 baseline, but the increase is very modest, less
than 0.5 percentage points. Table 2 reports the welfare changes relative to the baseline under the
unilateral defection and Nash tariffs with and without the US participating in free trade, computed
using equations (2.6) and (3.2). The domestic absorption shares of all countries rise following the US
exit. As countries become less open overall, both the welfare increase following a unilateral defection,
and the welfare decrease in the Nash equilibrium are smaller in absolute terms relative to the 2018
baseline. Appendix Figure C6 plots the welfare losses from going to the Nash equilibrium for each
country and scenario. The variation across countries is very similar across US trade regimes.

The last column uses (3.1) to compute the minimum discount factor at which cooperation is
sustainable. On net, the smaller welfare losses of moving to Nash tariffs and the smaller welfare

12Appendix Figure C5 reports the welfare changes for each country when this happens. All countries in the sample lose
from US moving to autarky.
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gains from a unilateral defection translate into a very small increase in the discount factor necessary
to sustain cooperation, from 0.425 (0.433) for China (EU) to around 0.429 (0.438). All in all, these
results suggest that whether or not the US participates in free trade has a minimal impact on the
sustainability of trade cooperation elsewhere in the world.

Partial exit of the US. Our baseline exercise removes the US entirely from the world economy. While
this scenario is useful as a benchmark, it is extreme. In an alternative exercise, we assume that the US
sets a uniform tariff of 21%, corresponding to the import-weighted average of the “Liberation Day”
tariffs announced on April 2nd, 2025.13 In this scenario, the US is still a trade partner of all countries,
and in the Nash equilibrium should a country deviate, the US imposes its optimal tariffs in the global
Nash setting. In contrast to the baseline in the top panel, all country trade shares with the US are
slightly changed in the cooperative equilibrium, as the US is now imposing tariffs even in the setting
where the rest of the world cooperates. The bottom panel of Table 2 reports the implied baseline
𝜋𝑚𝑚 , optimal tariffs, Nash tariffs and welfare changes from applying optimal tariffs and Nash tariffs,
together with the 𝛽 necessary to sustain cooperation.

Both the welfare gains from unilateral defection, and the welfare losses under Nash are in-between
the 2018 baseline and the full no-US counterfactual. The net effect is to increase the minimum 𝛽 slightly,
e.g. from 0.425 in the baseline to 0.436 in the “Liberation Day” scenario. The minimum 𝛽 rises slightly
because in this exercise, the US is part of the tariff game. Thus, when placing optimal tariffs, countries
also gain from the terms of trade with improvement vis-a-vis the US. At the same time, the initial
US tariff is 21% to start with. Thus, the decline in welfare when the US retaliates with Nash tariffs is
smaller than in the baseline in which the US moves to Nash tariffs from negligible initial tariffs.

In Figure 3 we extend this exercise further to consider the minimum 𝛽 under alternative possible
”Liberation day” tariffs placed by the US. Interestingly, the figure reveals an inverse “U” shaped
pattern, as the US tariffs increase towards the US Nash tariffs. For US tariffs less than Nash tariffs,
the reasoning above applies, and the minimum 𝛽 increases. However, once the US tariff reaches
the Nash tariff, the minimum 𝛽 sustaining cooperation declines again. At this point, the US no
longer retaliates to deviations, as the Nash tariffs are less than the tariffs the US is putting into place.
Therefore, any equilibrium trade shares with the US under these tariffs are protected from retaliation.
As the US tariff increases however, equilibrium trade shares with the US decline. Therefore, for the
remaining countries, the share of trade subject to retaliation increases, lowering the 𝛽 necessary to
sustain cooperation.

13See the list here: https://www.whitehouse.gov/wp-content/uploads/2025/04/Annex-I.pdf.
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Table 2: Nash and unilateral defection welfare changes (𝛾 = 2, 𝜓 = 0.75)

Baseline: 2018 tariffs
Baseline Unilateral defection Nash equilibrium
𝜋𝑚𝑚 𝜋𝑚𝑚 Tariff Δ% W 𝜋𝑚𝑚 Tariff Δ% W Min. 𝛽

China 0.931 0.945 102.30% 2.09% 0.963 102.05% -2.91% 0.425
EU 0.900 0.920 101.30% 3.09% 0.946 100.14% -4.19% 0.433
Average 0.804 0.840 100.38% 5.34% 0.889 100.36% -9.15% 0.394
Median 0.818 0.852 100.25% 5.11% 0.899 100.21% -8.57% 0.394

2018 tariffs + US removed from world trade
Baseline Unilateral defection Nash equilibrium
𝜋𝑚𝑚 𝜋𝑚𝑚 Tariff Δ% W 𝜋𝑚𝑚 Tariff Δ% W Min. 𝛽

China 0.940 0.952 102.21% 1.85% 0.968 101.78% -2.51% 0.429
EU 0.915 0.932 101.56% 2.65% 0.954 100.21% -3.52% 0.438
Average 0.826 0.858 100.44% 4.79% 0.902 100.42% -8.11% 0.396
Median 0.854 0.881 100.31% 4.34% 0.920 100.29% -6.82% 0.398

2018 tariffs + “Liberation Day” tariff (𝑡𝑛,𝑈𝑆 = 21%)
Baseline Unilateral defection Nash equilibrium
𝜋𝑚𝑚 𝜋𝑚𝑚 Tariff Δ% W 𝜋𝑚𝑚 Tariff Δ% W Min. 𝛽

China 0.932 0.945 102.32% 2.07% 0.963 102.08% -2.74% 0.436
EU 0.902 0.921 101.30% 3.04% 0.946 100.14% -3.88% 0.448
Average 0.807 0.842 100.38% 5.29% 0.889 100.36% -8.64% 0.405
Median 0.824 0.856 100.25% 5.01% 0.899 100.21% -7.75% 0.408

Notes: The table displays the percentage changes in welfare relative to the baseline. The “baseline 1” scenario is the
current (2018) tariff level equilibrium. The “baseline 2” is the equilibrium that results from shocking baseline 1 with
500% increase in US import and export trade costs, effectively removing the US from the world economy. The “baseline
3” is the equilibrium that results from imposing a uniform tariff of 21% on US imports, with no retaliation. The US still
plays Nash tariff. The “Unilateral” columns shows the own trade share, defection tariffs and welfare change when only
the row country sets their optimal defection tariff. The “Nash” columns report the own trade shares, tariffs and welfare
changes when all countries set their optimal (uniform) tariff given all other countries do the same. The “Minimum
𝛽” column computes the minimum discount factor required to sustain the baseline payoff. All payoffs are computed
using the model with many countries (while pooling the EU countries into a single one), a single sector, no intermediate
inputs, 𝛾 = 2 and 𝜓 = 0.75.
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Figure 3: Discount factor under partial exit of the US
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Notes: The figure displays the minimum 𝛽 under different US tariffs.

Timing and the discount factor. As discussed in Section 3, the discount factor needed to sustain
cooperation will depend on the duration of the punishment, or equivalently, the time horizon of
the policymaker. Our baseline exercises assumed that the punishment lasts for all periods after
the initial one-period defection. Figure 4 shows the average minimum discount factor implied by
equation (3.4), for varied punishment durations. Unsurprisingly, for punishment that lasts only
one or two periods, the implied discount factor to sustain cooperation is substantially higher (at
around 0.75 in the fully cooperative baseline, in contrast to 0.397 in Table 2). However, cooperation
rapidly becomes sustainable even for moderate duration of punishment, and in about 4 periods of
punishment, cooperation is nearly as sustainable as the infinite punishment case. Note that for all
durations of punishment, the discount factor required to sustain cooperation is nearly unchanged by
the assumptions on the US presence in the global trade equilibrium. It is also notable how valuable
is free trade. Even under the mildest, 1-period punishment for deviation the required discount factor
is around 0.75, far lower than the typically assumed annual discount factors above 0.9.
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Figure 4: Discount factor and length of punishment
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Notes: The figure displays the minimum 𝛽 required as a function of the number of punishment periods before reverting
to the cooperation strategy. In all scenarios, 𝛾 = 2 and 𝜓 = 0.75.

4.3 Alternative Elasticities

We next consider the sensitivity of our results to assumptions on parameters. Table 3 shows the
results with a higher trade elasticity (𝛾 = 5), while Table 4 repeats our exercise with inelastic labor
supply, setting 𝜓 = 0. Both these alternative elasticities are common in the trade literature.

Trade elasticity. Unilateral and Nash equilibrium optimal tariffs are substantially lower with a
higher trade elasticity. This is expected, since the tariff is largely determined by the inverse of the
trade elasticity in the formula (2.5). Unsurprisingly, the welfare gains from optimal tariffs, and the
welfare losses from a Nash equilibrium, are also smaller, as a higher trade elasticity implies smaller
welfare gains from trade (equation 2.6). This implies that the discount factor necessary for cooperation
is very similar to the baseline parameters, and again, barely changes when the US trade policy changes
to autarky or Liberation day tariffs.

Panel (a) of Figure 5 plots the minimum 𝛽 for the EU as a function of the trade elasticity. Panel
(a) of Appendix Figure C7 does the same for China. As the trade elasticity increases, the minimum
discount factor required to sustain cooperation increases, though the changes are modest. For our
baseline calibration of 𝛾 = 2, the minimum 𝛽 for cooperation to be sustainable for the EU ranges
between around 0.44-0.47 across scenarios. For an extremely high trade elasticity of 𝛾 = 7, the range
is around 0.455-0.595.
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Figure 5: Labor supply elasticity and free trade cooperation sustainability (EU)
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Notes: The figure displays the minimum 𝛽 required for the EU to sustain the free trade equilibrium, for different values
of 𝛾 (left panel, keeping 𝜓 = 0.75) or 𝜓 (right panel, keeping 𝛾 = 2). In the first panel, we the US moves to its Nash
tariffs in the punishment phase, unless the Nash tariff is lower than the Liberation Day tariff. In that case, we force it to
keep the LD tariff and solve for other countries’ Nash tariffs taking the LD tariff as given. Appendix Figure C7 repeats
the same exercise for China.

Labor supply elasticity. With inelastic labor supply, optimal and Nash equilibrium tariffs are slightly
higher, by around 2-3 percentage points for China and the EU, and about 0.2 percentage points for
the rest of the countries, on average. This is because when foreign hours worked remain unchanged
the positive terms-of-trade effect from imposing tariffs is stronger. As equation (2.6) illustrates, in
our setting the labor supply elasticity directly impacts the welfare gains from trade. As a result,
gains from unilaterally optimal tariffs are smaller with inelastic labor supply, even when the optimal
tariffs are higher. The losses from the Nash equilibrium are also closer to zero. The implied discount
factors to maintain a cooperative equilibrium remain very similar to the baseline, with and without
US participation in the global trading system.

Panel (b) of Figure 5 plots the minimum 𝛽 as a function of the Frisch elasticity for the EU (Appendix
Figure C7 for China). Cooperation becomes more sustainable at higher Frisch elasticities, reflecting
larger gains from trade as 𝜓 increases. To gain intuition as to why the minimum 𝛽 decreases, notice
that equation (3.3) implies that welfare is more sensitive both to tariff revenue and to the own trade
share when 𝜓 is higher. In the unilateral deviation, the tariff revenue effect dominates resulting in a
positive welfare change magnified by the larger 𝜓, while in the Nash equilibrium, the welfare change
is negative and magnified by the larger 𝜓 as well. As a result, the denominator in equation (3.1)
increases more than the numerator, resulting in a lower 𝛽 required for cooperation. The quantitative
impact of larger Frisch elasticities is nevertheless modest. For a high Frisch elasticity of 4, cooperation
for the EU is sustainable if 𝛽 is around 0.397-0.417 across scenarios.
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Table 3: Nash and unilateral defection welfare changes (𝛾 = 5, 𝜓 = 0.75)

Baseline 1: 2018 tariffs
Baseline Unilateral defection Nash equilibrium
𝜋𝑚𝑚 𝜋𝑚𝑚 Tariff Δ% W 𝜋𝑚𝑚 Tariff Δ% W Min. 𝛽

China 0.931 0.951 25.7% 0.52% 0.967 25.8% -0.74% 0.412
EU 0.898 0.929 25.7% 0.84% 0.952 25.5% -1.03% 0.452
Average 0.804 0.856 25.2% 1.37% 0.901 25.3% -2.52% 0.346
Median 0.818 0.866 25.1% 1.27% 0.905 25.1% -2.29% 0.361

2018 tariffs + US removed from world trade
Baseline Unilateral defection Nash equilibrium
𝜋𝑚𝑚 𝜋𝑚𝑚 Tariff Δ% W 𝜋𝑚𝑚 Tariff Δ% W Min. 𝛽

China 0.940 0.958 25.8% 0.46% 0.971 25.8% -0.62% 0.429
EU 0.914 0.940 25.8% 0.73% 0.959 25.6% -0.84% 0.467
Average 0.827 0.873 25.2% 1.22% 0.913 25.3% -2.22% 0.351
Median 0.854 0.894 25.1% 1.07% 0.928 25.1% -1.99% 0.362

2018 tariffs + “Liberation Day” tariff (𝑡𝑛,𝑈𝑆 = 21%)
Baseline Unilateral deviation Nash equilibrium
𝜋𝑚𝑚 𝜋𝑚𝑚 Tariff Δ% W 𝜋𝑚𝑚 Tariff Δ% W Min. 𝛽

China 0.934 0.953 25.7% 0.50% 0.967 25.8% -0.60% 0.459
EU 0.903 0.933 25.7% 0.81% 0.952 25.5% -0.78% 0.509
Average 0.811 0.861 25.2% 1.32% 0.901 25.3% -2.11% 0.387
Median 0.829 0.874 25.1% 1.22% 0.905 25.1% -1.94% 0.407

Notes: The table displays the percentage changes in welfare relative to each baseline. The “baseline 1” scenario is the
current (2018) tariff level equilibrium. The “baseline 2” is the equilibrium that results from shocking baseline 1 with
500% increase in US import and export trade costs, effectively removing the US from the world economy. The “baseline
3” is the equilibrium that results from imposing a uniform tariff of 21% on US imports, with no retaliation. The US still
plays Nash tariff. The “Unilateral” columns shows the own trade share, defection tariffs and welfare change when only
the row country sets their optimal defection tariff. The “Nash” columns report the own trade shares, tariffs and welfare
changes when all countries set their optimal (uniform) tariff given all other countries do the same. The “Minimum
𝛽” column computes the minimum discount factor required to sustain the baseline payoff. All payoffs are computed
using the model with many countries (while pooling the EU countries into a single one), a single sector, no intermediate
inputs and inelastic labor supply, 𝛾 = 5 and 𝜓 = 0.75.
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Table 4: Nash and unilateral defection welfare changes with fixed labor supply (𝛾 = 2, 𝜓 = 0)

Baseline: 2018 tariffs
Baseline Unilateral defection Nash equilibrium
𝜋𝑚𝑚 𝜋𝑚𝑚 Tariff Δ% W 𝜋𝑚𝑚 Tariff Δ% W Min. 𝛽

China 0.931 0.945 103.80% 1.22% 0.963 103.26% -1.59% 0.437
EU 0.900 0.920 103.63% 1.81% 0.946 101.98% -2.33% 0.443
Average 0.804 0.842 100.64% 3.02% 0.890 100.57% -5.35% 0.383
Median 0.818 0.853 100.42% 2.92% 0.900 100.38% -4.84% 0.382

2018 tariffs + US removed from world trade
Baseline Unilateral defection Nash equilibrium
𝜋𝑚𝑚 𝜋𝑚𝑚 Tariff Δ% W 𝜋𝑚𝑚 Tariff Δ% W Min. 𝛽

China 0.940 0.952 103.9% 1.08% 0.968 103.1% -1.38% 0.442
EU 0.915 0.932 104.2% 1.57% 0.954 102.3% -1.95% 0.450
Average 0.826 0.860 100.7% 2.71% 0.903 100.6% -4.72% 0.387
Median 0.854 0.883 100.5% 2.45% 0.921 100.5% -3.92% 0.388

2018 tariffs + “Liberation Day” tariff (𝑡𝑛,𝑈𝑆 = 21%)
Baseline Unilateral defection Nash equilibrium
𝜋𝑚𝑚 𝜋𝑚𝑚 Tariff Δ% W 𝜋𝑚𝑚 Tariff Δ% W Min. 𝛽

China 0.932 0.946 103.8% 1.21% 0.963 103.3% -1.50% 0.449
EU 0.901 0.921 103.7% 1.79% 0.946 102.0% -2.15% 0.458
Average 0.807 0.844 100.6% 2.99% 0.890 100.6% -5.06% 0.394
Median 0.824 0.858 100.4% 2.86% 0.900 100.4% -4.46% 0.393

Notes: The table displays the percentage changes in welfare relative to each baseline. The “baseline 1” scenario is the
current (2018) tariff level equilibrium. The “baseline 2” is the equilibrium that results from shocking baseline 1 with
500% increase in US import and export trade costs, effectively removing the US from the world economy. The “baseline
3” is the equilibrium that results from imposing a uniform tariff of 21% on US imports, with no retaliation. The US still
plays Nash tariff. The “Unilateral” columns shows the own trade share, defection tariffs and welfare change when only
the row country sets their optimal defection tariff. The “Nash” columns report the own trade shares, tariffs and welfare
changes when all countries set their optimal (uniform) tariff given all other countries do the same. The “Minimum
𝛽” column computes the minimum discount factor required to sustain the baseline payoff. All payoffs are computed
using the model with many countries (while pooling the EU countries into a single one), a single sector, no intermediate
inputs, inelastic labor supply (𝜓 = 0), and 𝛾 = 2.
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Alternative punishment strategy. Our baseline assumption is that when a country deviates, all
other countries move to the multilateral Nash equilibrium, imposing tariffs on all partners. Here,
we conduct an alternative punishment strategy. We assume that if country 𝑚 deviates, all other
countries set a retaliatory tariff on 𝑚, but keep their tariffs on each other unchanged. For example,
if China defects, we assume that starting the next period, all countries impose an optimal tariff on
China, and China adapts its tariffs on the rest of the world to best respond to this punishment. This
implies an alternative punishment payoff𝑊 𝑑,𝑑

𝑚 , and hence a different minimum 𝛽 required to sustain
cooperation. Table 5 reports the welfare changes and minimum 𝛽 under this punishment scenario. In
all cases, the minimum 𝛽 is higher than when all countries move to Nash. This is expected, since the
welfare loss from being isolated is lower than the welfare loss when the world moves to a full trade
war. However, comparing across panels, the minimum discount factor remains fairly stable. The
only slight increase happens in the Liberation Day scenario, where cooperation requires a marginally
higher discount factor.

4.4 Multi-Sector Model with the Global Production Network

The results presented so far use a simple one-sector model with a labor-only production function.
Here, we extend the analysis to the full multi-country multi-sector model with input-output linkages
laid out in Section 2. The multi-sector model requires several additional elasticities, that we enumerate
in the bottom panel of Table 1. The expenditure shares data by sector and final/intermediate use are
sourced from the OECD ICIO database. We calibrate the model to 17 sectors listed in Appendix Table
B2 (16 tradable sectors and one service sector for which we don’t impose any change in trade costs
or tariff). We maintain the assumption that each country sets a single tariff over all partners and all
sectors.14

Table 6 displays the results. Unilaterally optimal tariffs are substantially lower with multiple
sectors, averaging around 58.5% for the full sample of countries in the baseline including the US. The
result that, relative to a value added-only production structure, introducing input trade lowers the
optimal tariffs is known (Caliendo et al., 2023; Blanchard, Bown, and Johnson, 2025). The welfare gains
from optimal tariffs and the losses from the Nash equilibrium are slightly larger, but quantitatively
similar to the single sector baseline. The minimum 𝛽 to sustain cooperation is higher than in the
simple model, at 0.477 for the full sample. Again, while the minimum 𝛽s increase slightly when the
US exits the trading system or when the US places Liberation Day tariffs, the increase is modest and
the sustainability of the cooperative equilibrium is similar regardless of US policy.

14While this is a result in the one-sector case, it is an assumption in the multi-sector case with IO linkages. Solving for
bilateral, sector specific optimal tariffs is computationally challenging given the number of sectors and countries considered
here. Quantitative trade models featuring bilateral or sector specific optimal tariffs typically solve for such tariffs with fewer
sectors or countries (e.g. Blanchard, Bown, and Johnson (2025) or Bai et al. (2025b)) We have solved for bilateral optimal
tariffs in a single sector model, and they are very similar to the single uniform optimal tariff (Appendix Figure C2). We also
used MPEC (?) to solve to the optimal partner-sector specific tariff in the multi-sector model. Appendix Figure C3 shows
that the welfare change is similar to that of our restricted single tariff over all partners and sectors.

24



Table 5: Targeted punishment and unilateral defection welfare changes (𝛾 = 2, 𝜓 = 0.75)

Baseline: 2018 tariffs
Baseline Unilateral defection Punishment equilibrium
𝜋𝑚𝑚 𝜋𝑚𝑚 Tariff Δ% W 𝜋𝑚𝑚 Tariff Δ% W Min. 𝛽

China 0.931 0.945 102.30% 2.09% 0.963 101.47% -0.30% 0.874
EU 0.900 0.920 101.30% 3.09% 0.946 100.39% -0.56% 0.848
Average 0.804 0.840 100.38% 5.34% 0.889 100.20% -1.98% 0.764
Median 0.818 0.852 100.25% 5.11% 0.899 100.14% -1.79% 0.768

2018 tariffs + US removed from world trade
Baseline Unilateral defection Punishment equilibrium
𝜋𝑚𝑚 𝜋𝑚𝑚 Tariff Δ% W 𝜋𝑚𝑚 Tariff Δ% W Min. 𝛽

China 0.940 0.952 102.21% 1.85% 0.968 101.34% -0.27% 0.875
EU 0.915 0.932 101.56% 2.65% 0.954 100.44% -0.52% 0.837
Average 0.826 0.858 100.44% 4.79% 0.902 100.24% -1.77% 0.767
Median 0.854 0.881 100.31% 4.31% 0.920 100.17% -1.49% 0.768

2018 tariffs + “Liberation Day” tariff (𝑡𝑛,𝑈𝑆 = 21%)
Baseline Unilateral defection Punishment equilibrium
𝜋𝑚𝑚 𝜋𝑚𝑚 Tariff Δ% W 𝜋𝑚𝑚 Tariff Δ% W Min. 𝛽

China 0.932 0.945 102.32% 2.07% 0.963 101.59% -0.21% 0.910
EU 0.902 0.921 101.30% 3.04% 0.946 100.36% -0.42% 0.881
Average 0.807 0.842 100.38% 5.29% 0.889 100.21% -1.70% 0.791
Median 0.824 0.856 100.25% 5.01% 0.899 100.15% -1.51% 0.797

Notes: The table displays the percentage changes in welfare relative to the baseline. The first panel is the current (2018)
tariff level equilibrium. The second panel is the equilibrium that results from shocking baseline 1 with 500% increase
in US import and export trade costs, effectively removing the US from the world economy. The third panel is the
equilibrium that results from imposing a uniform tariff of 21% on US imports, with no retaliation. The US still plays
Nash tariff. The “Unilateral” columns shows the own trade share, defection tariffs and welfare change when only the
row country sets their optimal defection tariff. The “Punishement” columns report the own trade shares, tariffs and
welfare changes when the country deviates and all other countries set an optimal bilateral tariff against that country.
The “Minimum 𝛽” column computes the minimum discount factor required to sustain the baseline payoff. All payoffs
are computed using the model with many countries (while pooling the EU countries into a single one), a single sector,
no intermediate inputs, 𝛾 = 2 and 𝜓 = 0.75.
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Table 6: Nash and defection welfare changes in the multi-sector model with IO linkages

Baseline: 2018 tariffs
Baseline Unilateral defection Nash equilibrium
𝜋𝑚𝑚 𝜋𝑚𝑚 Tariff Δ% W 𝜋𝑚𝑚 Tariff Δ% W Min. 𝛽

China 0.930 0.940 58.3% 2.03% 0.949 58.8% -2.25% 0.480
EU 0.836 0.860 54.2% 2.17% 0.872 54.1% -2.23% 0.498
Average 0.664 0.694 58.5% 4.74% 0.713 58.4% -6.08% 0.526
Median 0.672 0.714 59.1% 4.01% 0.732 58.3% -5.87% 0.477

2018 tariffs + US non-services removed from world trade
Baseline Unilateral defection Nash equilibrium
𝜋𝑚𝑚 𝜋𝑚𝑚 Tariff Δ% W 𝜋𝑚𝑚 Tariff Δ% W Min. 𝛽

China 0.937 0.946 57.7% 1.83% 0.954 58.3% -1.74% 0.517
EU 0.848 0.870 54.6% 2.02% 0.880 54.8% -1.55% 0.571
Average 0.683 0.711 57.4% 4.32% 0.728 57.2% -5.02% 0.567
Median 0.702 0.735 57.6% 3.85% 0.759 57.3% -4.48% 0.489

2018 tariffs + Liberation Day tariff (𝑡𝑛,𝑈𝑆,𝑗 = 21%)
Baseline Unilateral defection Nash equilibrium
𝜋𝑚𝑚 𝜋𝑚𝑚 Tariff Δ% W 𝜋𝑚𝑚 Tariff Δ% W Min. 𝛽

China 0.931 0.941 58.4% 2.02% 0.950 58.9% -2.09% 0.497
EU 0.837 0.861 54.3% 2.15% 0.873 54.2% -2.04% 0.519
Average 0.666 0.696 58.8% 4.68% 0.714 58.7% -5.78% 0.528
Median 0.673 0.715 59.2% 4.00% 0.733 58.3% -5.46% 0.479

Notes: The table displays the percentage changes in welfare relative to each baseline. The “baseline 1” scenario is the
current (2018) tariff level equilibrium. The “baseline 2” is the equilibrium that results from shocking baseline 1 with
500% increase in US import and export trade costs for non-service sectors. The “baseline 3” is the equilibrium that
results from imposing a uniform tariff of 21% on US imports to non-service sectors, with no retaliation. The US still
plays Nash tariff in the Nash equilibrium. The “Unilateral” columns shows the own trade share, defection tariffs and
welfare change when only the row country sets their optimal defection tariff. The “Nash” columns report the own trade
shares, tariffs and welfare changes when all countries set their optimal (uniform) tariff given all other countries do the
same. The “Minimum 𝛽” column computes the minimum discount factor required to sustain the baseline payoff. All
payoffs are computed using the model with many countries (while pooling the EU countries into a single one), many
sectors, intermediate inputs, and elastic labor supply. The parameter values are 𝛾 = 𝜈 = 2, 𝜓 = 0.75, 𝜌 = 𝜀 = 1 and 𝜂𝑗
calibrated from intermediate input shares in the data.
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5. Conclusion

The second Trump administration delivered a shock to the world trading system. Almost immediately
a debate started on whether free trade among country pairs not involving the US can survive this
shock. This paper addresses this question using both analytical and quantitative tools. We find that
other countries’ optimal tariffs do not change much following the US exit, and that the minimum
discount factor required to sustain trade cooperation among the other countries – our metric for
cooperation sustainability – changes very little. The analytical results help us understand why this is
the case. While the US is a large player, and its exit from free trade rearranges the full world trade
matrix, the implied change is not large enough to have a material impact on the prospects of free trade
elsewhere on the globe.
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A. Theory and Quantification Appendix

A.1 Optimal Tariff and Welfare in the One-Sector Model
To derive the optimal tariff formula in the one-sector model with labor-only production function, we follow
similar steps as Ignatenko et al. (2025) but keep aggregate labor flexible. When computing country 𝑛’s optimal
tariff, we assume that for 𝑛 ≠ 𝑚 (foreign destinations), we have 𝜕 ln𝑊𝑛

𝜕 ln 𝑡𝑜𝑚 = 0 and assume 𝑡𝑛𝑑 = 1 for all 𝑑 ≠ 𝑚

(that is, the rest of the world in free trade).

Welfare. The aggregate welfare in country 𝑚 is given by:

𝑈𝑚 =
𝑅𝑚 + 𝐷𝑚 + 𝑊𝑚𝐻𝑚

1+𝜓
𝑃𝑚

.

Taking first order condition with respect to ln 𝑡𝑜𝑚 yields

𝜕 ln𝑈𝑚

𝜕 ln 𝑡𝑜𝑚
=

𝑊𝑚𝐻𝑚

𝑊𝑚𝐻𝑚
1+𝜓 + 𝑅𝑚

𝜕 ln𝑊𝑚

𝜕 ln 𝑡𝑜𝑚
+ 𝑅𝑚

𝑊𝐻
1+𝜓 + 𝑅𝑚

𝜕 ln𝑅𝑚
𝜕 ln 𝑡𝑜𝑚

−
(

𝑊𝑚𝐻𝑚

𝑊𝑚𝐻𝑚
1+𝜓 + 𝑅𝑚

𝜓

1 + 𝜓
+ 1

)
𝜕 ln𝑃𝑚
𝜕 ln 𝑡𝑜𝑚

(A.1)

where we used the fact that 𝜕 ln𝐻𝑚
𝜕 ln 𝑡𝑜𝑚 = 𝜓

(
𝜕 ln𝑊𝑚

𝜕 ln 𝑡𝑜𝑚 − 𝜕 ln𝑃𝑚
𝜕 ln 𝑡𝑜𝑚

)
.

Balanced trade equation and wage elasticity. Define 𝑋̃𝑚𝑛 =
𝑋𝑛𝑚
𝑡𝑛𝑚

the ex-tariff exports from 𝑛 to 𝑚. From
the balanced trade equation, one gets: ∑

𝑛≠𝑚

𝑋̃𝑚𝑛 =

∑
𝑛≠𝑚

𝑋̃𝑛𝑚

Taking derivatives gives ∑
𝑛≠𝑚

𝑋̃𝑚𝑛
𝜕 ln 𝑋̃𝑚𝑛
𝜕 ln 𝑡𝑜𝑚

=

∑
𝑛≠𝑚

𝑋̃𝑛𝑚
𝜕 ln 𝑋̃𝑛𝑚
𝜕 ln 𝑡𝑜𝑚

. (A.2)

To solve for 𝜕 ln 𝑋̃𝑚𝑛
𝜕 ln 𝑡𝑜𝑚 , assuming that 𝜕 ln 𝑊̃𝑛

𝜕 ln 𝑡𝑜𝑚 ≈ 0 ∀ 𝑛 ≠ 𝑚, start from:

𝑋̃𝑚𝑛 =
1
𝑡𝑚𝑛

(𝑤𝑚𝑡𝑚𝑛)1−𝛾∑
𝑘 (𝑤𝑘 𝑡𝑘𝑛)1−𝛾

(𝑊𝑛𝐻𝑛 + 𝑅𝑛)

So for 𝑛 ≠ 𝑚:
𝜕 ln 𝑋̃𝑚𝑛
𝜕 ln 𝑡𝑜𝑚

= (1 − 𝛾) (1 − 𝜋𝑚𝑛)
𝜕 ln𝑊𝑚

𝜕 ln 𝑡𝑜𝑚
+ 𝜕 ln𝐻𝑛

𝜕 ln 𝑡𝑜𝑚

Since 𝜕 ln 𝑊̃𝑛

𝜕 ln 𝑡𝑜𝑚 ≈ 0 ∀ 𝑛 ≠ 𝑚, we have 𝜕 ln𝐻𝑛
𝜕 ln 𝑡𝑜𝑚 = −𝜓𝜋𝑚𝑛 𝜕 ln𝑊𝑚

𝜕 ln 𝑡𝑜𝑚 , so that

𝜕 ln 𝑋̃𝑚𝑛
𝜕 ln 𝑡𝑜𝑚

=
[
(1 − 𝛾) (1 − 𝜋𝑚𝑛) − 𝜓𝜋𝑚𝑛

] 𝜕 ln𝑊𝑚

𝜕 ln 𝑡𝑜𝑚

Plugging back into (A.2) and rearranging gives

𝜕 ln𝑊𝑚

𝜕 ln 𝑡𝑜𝑚
=

1∑
𝑛≠𝑚 𝑋̃𝑚𝑛

[
(1 − 𝛾) (1 − 𝜋𝑚𝑛) − 𝜓𝜋𝑚𝑛

] ∑
𝑛≠𝑚

𝑋̃𝑛𝑚
𝜕 ln 𝑋̃𝑛𝑚
𝜕 ln 𝑡𝑜𝑚

(A.3)

Tariff revenue elasticity. Tariff revenue is given by 𝑅𝑚 =
∑
𝑛≠𝑚 (𝑡𝑛𝑚 − 1) 𝑋̃𝑛𝑚 . Taking derivatives gives:

𝜕 ln𝑅𝑚
𝜕 ln 𝑡𝑜𝑚

=
1
𝑅𝑚

∑
𝑛

(𝑡𝑛𝑚 − 1) 𝑋̃𝑛𝑚
𝜕 ln 𝑋̃𝑛𝑚
𝜕 ln 𝑡𝑜𝑚

+ (𝑊𝑚𝐻𝑚 + 𝑅𝑚)𝜋𝑜𝑚
𝑅𝑚

(A.4)
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Optimal tariff. Plugging (A.3) and (A.4) back into (A.1) gives:

𝜕 ln𝑈𝑚

𝜕 ln 𝑡𝑜𝑚
=

[
𝑊𝑚𝐻𝑚

𝑊𝑚𝐻𝑚
1+𝜓 + 𝑅𝑚

−
(

𝑊𝑚𝐻𝑚

𝑊𝑚𝐻𝑚
1+𝜓 + 𝑅𝑚

𝜓

1 + 𝜓
+ 1

)
𝜋𝑚𝑚

] [
1∑

𝑛≠𝑚 𝑋̃𝑚𝑛
[
(1 − 𝛾) (1 − 𝜋𝑚𝑛) − 𝜓𝜋𝑚𝑛

] ∑
𝑛≠𝑚

𝑋̃𝑛𝑚
𝜕 ln 𝑋̃𝑛𝑚
𝜕 ln 𝑡𝑜𝑚

]
+
∑
𝑛 (𝑡𝑛𝑚 − 1) 𝑋̃𝑛𝑚 𝜕 ln 𝑋̃𝑛𝑚

𝜕 ln 𝑡𝑜𝑚
𝑊𝑚𝐻𝑚

1+𝜓 + 𝑅𝑚
−

(
𝑊𝑚𝐻𝑚

𝑊𝑚𝐻𝑚
1+𝜓 + 𝑅𝑚

𝜓

1 + 𝜓
+ 1 − 𝑊𝑚𝐻𝑚 + 𝑅𝑚

𝑊𝑚𝐻𝑚
1+𝜓 + 𝑅𝑚

)
𝜋𝑜𝑚 (A.5)

Setting the derivative to 0 and rearranging gives

0 =
𝑊𝑚𝐻𝑚 − (𝑊𝑚𝐻𝑚 + 𝑅𝑚)𝜋𝑚𝑚∑

𝑛≠𝑚 𝑋̃𝑚𝑛
[
(1 − 𝛾) (1 − 𝜋𝑚𝑛) − 𝜓𝜋𝑚𝑛

] ∑
𝑛≠𝑚

𝑋̃𝑛𝑚
𝜕 ln 𝑋̃𝑛𝑚
𝜕 ln 𝑡𝑜𝑚

+
∑
𝑛

(𝑡𝑛𝑚 − 1) 𝑋̃𝑛𝑚
𝜕 ln 𝑋̃𝑛𝑚
𝜕 ln 𝑡𝑜𝑚

A uniform tariff 𝑡∗𝑚 solves this equation:

(𝑡∗𝑚 − 1) = 𝑊𝑚𝐻𝑚 − 𝑋𝑚𝑚∑
𝑛≠𝑚 𝑋̃𝑚𝑛

[
(𝛾 − 1) (1 − 𝜋𝑚𝑛) + 𝜓𝜋𝑚𝑛

]
Defining 𝜔𝑛𝑚 =

𝑋̃𝑚𝑛∑
𝑛≠𝑚 𝑋̃𝑚𝑛

=
𝑋̃𝑚𝑛

𝑊𝑚𝐻𝑚−𝑋𝑚𝑚 gives:

(𝑡∗𝑚 − 1) = 1
(𝛾 − 1)∑𝑛≠𝑚 𝜔𝑛𝑚 (1 − 𝜋𝑚𝑛) + 𝜓

∑
𝑛≠𝑚 𝜔𝑛𝑚𝜋𝑚𝑛

, (A.6)

which is equation (2.5) in the main text.

Welfare sufficient statistics. Rearranging the equation for tariff revenue𝑅𝑚 =
∑
𝑛

(𝑡𝑛𝑚−1)
𝑡𝑛𝑚

𝜋𝑛𝑚 (𝑅𝑚 +𝑊𝑚𝐻𝑚),
one gets that

𝑅𝑚 =

(∑
𝑛

1
𝑡𝑛𝑚

𝜋𝑛𝑚

)−1 (
1 −

∑
𝑛

𝜋𝑛𝑚
𝑡𝑛𝑚

)
(𝑊𝑚𝐻𝑚) = ©­«

(∑
𝑛

𝜋𝑛𝑚
𝑡𝑛𝑚

)−1

− 1ª®¬ (𝑊𝑚𝐻𝑚)

Plugging back into the welfare gives

𝑈 =

((∑
𝑛

𝜋𝑛𝑚
𝑡𝑛𝑚

)−1
− 1

)
(𝑊𝑚𝐻𝑚) + 𝑊𝑚𝐻𝑚

1+𝜓

𝑃𝑚

which simplifies to

𝑈 =

[(∑
𝑛

𝜋𝑛𝑚
𝑡𝑛𝑚

)−1
− 𝜓

1+𝜓

]
(𝑊𝑚𝐻𝑚)

𝑃𝑚

Using 𝑊𝑚𝐻𝑚
𝑃𝐶𝑚

=
(
1 + 𝜓

) (
𝑊𝑚

𝑃𝐶𝑚

)1+𝜓
and 𝜋𝑚𝑚 =

(𝑊𝑚 )1−𝛾∑
𝑛 (𝑊𝑛𝑑𝑛𝑚 𝑡𝑛𝑚 )1−𝛾

=

(
𝑊𝑚

𝑃𝑚

)1−𝛾
, we get

𝑈 =


(∑
𝑛

𝜋𝑛𝑚
𝑡𝑛𝑚

)−1

− 𝜓

1 + 𝜓


(
1 + 𝜓

)
(𝜋𝑚𝑚)

1+𝜓
1−𝛾 (A.7)

which is equation (2.6) in the main text.

A.2 Equilibrium in Changes

Denote the proportional change in variable 𝑋̂ ≡ 𝑋𝑝𝑜𝑠𝑡

𝑋𝑝𝑟𝑒 , where𝑋𝑝𝑟𝑒 is the value before the change in an exogenous
parameter, and 𝑋𝑝𝑜𝑠𝑡 is the value of 𝑋 after the change. For any arbitrary tariff change 𝑡𝑚𝑛𝑗 , The equilibrium
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in changes is given by a set of output 𝑌̂𝑛𝑗 =
𝑌𝑛𝑒𝑤
𝑛𝑗

𝑌𝑜𝑙𝑑
𝑛 𝑗

, prices𝑃̂𝑛𝑗 , consumption sectoral shares 𝜋̂ 𝑓

𝑚𝑗
, final trade shares

𝜋̂
𝑓

𝑛𝑚𝑗
, intermediate sectoral shares 𝜋̂𝑥

𝑗,𝑚𝑖
, intermediate trade shares 𝜋̂𝑥

𝑛𝑗,𝑚𝑖
, and sectoral wages 𝑊̂𝑛𝑗 that satisfy:

1. The market clearing condition:

(
𝑃̂𝑛𝑗𝑌̂𝑛𝑗

) (
𝑃𝑛𝑗𝑌𝑛𝑗

)
=

∑
𝑚

1
𝑡𝑚𝑛𝑗𝑡𝑚𝑛𝑗

(∑
𝑖

𝜂𝑖
(
𝑃̂𝑚𝑖𝑌̂𝑚𝑖

)
(𝑃𝑚𝑖𝑌𝑚𝑖) + 𝐷̂𝑚𝐷𝑚 + 𝑅̂𝑚𝑅𝑚

)
𝜋
𝑓

𝑚𝑗
𝜋̂
𝑓

𝑚𝑗
𝜋
𝑓

𝑛𝑚𝑗
𝜋̂
𝑓

𝑛𝑚𝑗

+
∑
𝑚

1
𝑡𝑚𝑛𝑗𝑡𝑚𝑛𝑗

∑
𝑖

(
1 − 𝜂𝑖

) (
𝑃̂𝑚𝑖𝑌̂𝑚𝑖

)
(𝑃𝑚𝑖𝑌𝑚𝑖)𝜋𝑥𝑗,𝑚𝑖𝜋̂𝑥𝑗,𝑚𝑖𝜋̂𝑥𝑛𝑗,𝑚𝑖𝜋𝑥𝑛𝑗,𝑚𝑖

2. Tariff revenue:

𝑅̂𝑛𝑅𝑛 =

∑
𝑚

∑
𝑗

(
𝑡𝑚𝑛𝑗𝑡𝑚𝑛𝑗 − 1

)
𝜋̂
𝑓

𝑛 𝑗
𝜋
𝑓

𝑛 𝑗
𝜋̂
𝑓

𝑚𝑛𝑗
𝜋
𝑓

𝑚𝑛𝑗

(∑
𝑖 𝜂𝑖

(
𝑃̂𝑛𝑖𝑌̂𝑛𝑖

)
(𝑃𝑛𝑖𝑌𝑛𝑖) + 𝐷̂𝑛𝐷𝑛

)
+∑

𝑚

∑
𝑗

(
𝑡𝑚𝑛𝑗𝑡𝑚𝑛𝑗 − 1

) ∑
𝑖

(
1 − 𝜂𝑖

) (
𝑃̂𝑛𝑖𝑌̂𝑛𝑖

)
(𝑃𝑛𝑖𝑌𝑛𝑖) 𝜋̂𝑥𝑗,𝑛𝑖𝜋𝑥𝑗,𝑛𝑖𝜋̂𝑥𝑚𝑗,𝑛𝑖𝜋𝑥𝑚𝑗,𝑛𝑖

1 −∑
𝑚

∑
𝑗

(
𝑡𝑚𝑛𝑗𝑡𝑚𝑛𝑗 − 1

)
𝜋̂
𝑓

𝑛 𝑗
𝜋
𝑓

𝑛 𝑗
𝜋̂
𝑓

𝑚𝑛𝑗
𝜋
𝑓

𝑚𝑛𝑗

3. Trade Shares:

𝜋̂
𝑓

𝑛 𝑗
=

𝜁̂𝑛𝑗
(
𝑃̂𝐹
𝑛𝑗

)1−𝜌

∑
𝑘 𝜋

𝑓

𝑛𝑘,𝑡
𝜁̂𝑛𝑘

(
𝑃̂𝐹
𝑛𝑘

)1−𝜌

where

𝑃̂𝐹𝑛𝑗 =

[∑
𝑚

𝜋
𝑓

𝑚𝑛𝑗,𝑡
(𝑡𝑚𝑛𝑗

̂̃
𝜏
𝑓

𝑚𝑛𝑗
𝑃̂𝑚𝑗)1−𝛾

]
The change in the final consumption shares and intermediate expenditure shares:

𝜋̂
𝑓

𝑚𝑛𝑗,𝑡+1 =

(
𝑡𝑚𝑛𝑗

̂̃
𝜏
𝑓

𝑚𝑛𝑗
𝑃̂𝑚𝑗

)1−𝛾

∑
𝑘 𝜋

𝑓

𝑘𝑛 𝑗,𝑡

(
𝑡𝑘𝑛 𝑗

̂̃
𝜏
𝑓

𝑘𝑛 𝑗
𝑃̂𝑘 𝑗

)1−𝛾

𝜋̂𝑥𝑖,𝑛 𝑗,𝑡+1 =

𝜗̂𝑖 ,𝑛 𝑗
(
𝑃̂𝑋
𝑖,𝑛 𝑗

)1−𝜀

∑
𝑘 𝜋

𝑥
𝑘,𝑛 𝑗,𝑡

𝜗̂𝑘,𝑛 𝑗
(
𝑃̂𝑋
𝑘,𝑛 𝑗

)1−𝜀

where

𝑃̂𝑋𝑖,𝑛 𝑗 =

[∑
𝑖

𝜋𝑥𝑚𝑖,𝑛 𝑗,𝑡

(
𝑡𝑚𝑛𝑖 �𝜏̃𝑥𝑚𝑖,𝑛 𝑗 𝑃̂𝑚𝑖)1−𝜈

] 1
1−𝜈

𝜋̂𝑥𝑚𝑖,𝑛 𝑗,𝑡+1 =

(
𝑡𝑚𝑛𝑖 �𝜏̃𝑥𝑚𝑖,𝑛 𝑗 𝑃̂𝑚𝑗)1−𝜈

∑
𝑘 𝜋

𝑥
𝑘𝑖,𝑛 𝑗,𝑡

(
𝑡𝑚𝑛𝑖�̃𝜏𝑥𝑘𝑖,𝑛 𝑗 𝑃̂𝑘 𝑗)1−𝜈

4. Prices:

𝑃̂𝑛𝑗 =
(
𝑍̂𝑛𝑗

)−1
𝑊̂

(1−𝛼 𝑗)𝜂𝑗
𝑛𝑗

𝑅̂
𝛼 𝑗𝜂𝑗
𝑛𝑗

(
𝑃̂𝑋𝑛𝑗

)1−𝜂𝑗
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𝑃̂𝑛𝑗 =
(
𝑍̂𝑛𝑗

)−1
𝑊̂

(1−𝛼 𝑗)𝜂𝑗
𝑛𝑗

(
𝑃̂𝑛𝑗𝑌̂𝑛𝑗

)𝛼 𝑗𝜂𝑗 (
𝐾̂𝑛𝑗

)−𝛼 𝑗𝜂𝑗 (
𝑃̂𝑋𝑛𝑗

)1−𝜂𝑗

where

𝑃̂𝑋𝑛𝑗 =

[∑
𝑖

𝜋𝑥𝑖,𝑛 𝑗,𝑡 𝜗̂𝑖 ,𝑛 𝑗
(
𝑃̂𝑋𝑖,𝑛 𝑗

)1−𝜀
] 1

1−𝜀

5. Labor market condition:

𝑊̂𝑛𝑗 𝜉̂𝑛𝑗

(
1
𝜒̂𝑛𝑡

𝑊̂𝑛

𝑃̂𝑛

)𝜓 (
𝑊̂𝑛𝑗

𝑊̂𝑛

)𝜇−1

= 𝑃̂𝑛𝑗𝑌̂𝑛𝑗

where

𝑊̂𝑛 =

(∑
𝜋𝐻𝑛𝑗 𝜉̂𝑛𝑗

(
𝑊̂𝑛𝑗

)𝜇) 1
𝜇

𝑃̂𝑛 =


∑
𝑗

𝜋
𝑓

𝑛 𝑗,𝑡
𝜁̂𝑛𝑗(𝑃̂𝐹𝑛𝑗)1−𝜌


A.3 Algorithm

1. Guess 𝑃̂𝑛𝑗

2. Solve for 𝜋̂ 𝑓

𝑛 𝑗
, 𝜋̂ 𝑓

𝑚𝑛𝑗
, 𝜋̂𝑥

𝑖,𝑛 𝑗
, 𝜋̂𝑥

𝑚𝑖,𝑛 𝑗
using:

𝜋̂
𝑓

𝑛 𝑗
=

𝜁̂𝑛𝑗
(
𝑃̂𝐹
𝑛𝑗

)1−𝜌

∑
𝑘 𝜋

𝑓

𝑛𝑘,𝑡
𝜁̂𝑛𝑘

(
𝑃̂𝐹
𝑛𝑘

)1−𝜌

where 𝑃̂𝐹
𝑛𝑗

=

[∑
𝑚 𝜋

𝑓

𝑚𝑛𝑗,𝑡
(̂̃𝜏 𝑓
𝑚𝑛𝑗

𝑡𝑚𝑛𝑗 𝑃̂𝑚𝑗)1−𝛾
]

𝜋̂
𝑓

𝑚𝑛𝑗
=

( ̂̃
𝜏
𝑓

𝑚𝑛𝑗
𝑡𝑚𝑛𝑗 𝑃̂𝑚𝑗

)1−𝛾

∑
𝑘 𝜋

𝑓

𝑘𝑛 𝑗,𝑡

(̂̃
𝜏
𝑓

𝑘𝑛 𝑗
𝑡𝑘𝑛 𝑗 𝑃̂𝑘 𝑗

)1−𝛾

𝜋̂𝑥𝑖,𝑛 𝑗 =
𝜗̂𝑖 ,𝑛 𝑗

(
𝑃̂𝑋
𝑖,𝑛 𝑗

)1−𝜀

∑
𝑘 𝜋

𝑥
𝑘,𝑛 𝑗,𝑡

𝜗̂𝑘,𝑛 𝑗
(
𝑃̂𝑋
𝑘,𝑛 𝑗

)1−𝜀

where 𝑃̂𝑋
𝑖,𝑛 𝑗

=

[∑
𝑖 𝜋

𝑥
𝑚𝑖,𝑛 𝑗,𝑡

( �𝜏̃𝑥
𝑚𝑖,𝑛 𝑗

𝑡𝑚𝑛𝑗 𝑃̂𝑚𝑖

)1−𝜈] 1
1−𝜈

𝜋̂𝑥𝑚𝑖,𝑛 𝑗 =

( �𝜏̃𝑥
𝑚𝑖,𝑛 𝑗

𝑡𝑚𝑛𝑗 𝑃̂𝑚𝑗

)1−𝜈

∑
𝑘 𝜋

𝑥
𝑘𝑖,𝑛 𝑗,𝑡

(�̃𝜏𝑥
𝑘𝑖,𝑛 𝑗

𝑡𝑘𝑛 𝑗 𝑃̂𝑘 𝑗

)1−𝜈
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3. Solve for 𝑅̂𝑛𝑅𝑛 and 𝑃̂𝑛𝑗𝑌̂𝑛𝑗 jointly using the new trade shares (e.g. guess
(
𝑃̂𝑛𝑗𝑌̂𝑛𝑗

)
, solve for 𝑅̂𝑛𝑅𝑛 and

update
(
𝑃̂𝑛𝑗𝑌̂𝑛𝑗

)
)

𝑅̂𝑛𝑅𝑛 =

∑
𝑚

∑
𝑗

(
𝑡𝑚𝑛𝑗𝑡𝑚𝑛𝑗 − 1

) 𝜋̂
𝑓

𝑛 𝑗
𝜋
𝑓

𝑛 𝑗
𝜋̂
𝑓

𝑚𝑛𝑗
𝜋
𝑓

𝑚𝑛𝑗

𝑡𝑚𝑛𝑗 𝑡𝑚𝑛𝑗

(∑
𝑖 𝜂𝑖

(
𝑃̂𝑛𝑖𝑌̂𝑛𝑖

)
(𝑃𝑛𝑖𝑌𝑛𝑖) + 𝐷̂𝑛𝐷𝑛

)
+∑

𝑚

∑
𝑗

(
𝑡𝑚𝑛𝑗𝑡𝑚𝑛𝑗 − 1

) ∑
𝑖

(
1 − 𝜂𝑖

)
𝑃̂𝑛𝑖𝑌̂𝑛𝑖𝑃𝑛𝑖𝑌𝑛𝑖

𝜋̂𝑥
𝑗,𝑛𝑖

𝜋𝑥
𝑗,𝑛𝑖

𝜋̂𝑥
𝑚𝑗,𝑛𝑖

𝜋𝑥
𝑚𝑗,𝑛𝑖

𝑡𝑚𝑛𝑗 𝑡𝑚𝑛𝑗

1 −∑
𝑚

∑
𝑗

(
𝑡𝑚𝑛𝑗𝑡𝑚𝑛𝑗 − 1

) 𝜋̂
𝑓

𝑛 𝑗
𝜋
𝑓

𝑛 𝑗
𝜋̂
𝑓

𝑚𝑛𝑗
𝜋
𝑓

𝑚𝑛𝑗

𝑡𝑚𝑛𝑗 𝑡𝑚𝑛𝑗

(
𝑃̂𝑛𝑗𝑌̂𝑛𝑗

) (
𝑃𝑛𝑗𝑌𝑛𝑗

)
=

∑
𝑚

(∑
𝑖

𝜂𝑖
(
𝑃̂𝑚𝑖𝑌̂𝑚𝑖

)
(𝑃𝑚𝑖𝑌𝑚𝑖) + 𝐷̂𝑚𝐷𝑚 + 𝑅̂𝑚𝑅𝑚

)
𝜋̂
𝑓

𝑚𝑗
𝜋
𝑓

𝑚𝑗
𝜋̂
𝑓

𝑛𝑚𝑗
𝜋
𝑓

𝑛𝑚𝑗

𝑡𝑛𝑚𝑗𝑡𝑛𝑚𝑗

+
∑
𝑚

∑
𝑖

(
1 − 𝜂𝑖

) (
𝑃̂𝑚𝑖𝑌̂𝑚𝑖

)
(𝑃𝑚𝑖𝑌𝑚𝑖)

𝜋𝑥
𝑗,𝑚𝑖

𝜋̂𝑥
𝑗,𝑚𝑖

𝜋̂𝑥
𝑛𝑗,𝑚𝑖

𝜋𝑥
𝑛𝑗,𝑚𝑖

𝑡𝑛𝑚𝑗𝑡𝑛𝑚𝑗

4. Solve for the wages 𝑊̂𝑛𝑗 using

𝑊̂𝑛𝑗 𝜉̂𝑛𝑗

(
1
𝜒̂𝑛𝑡

𝑊̂𝑛

𝑃̂𝑛

)𝜓 (
𝑊̂𝑛𝑗

𝑊̂𝑛

)𝜇−1

= 𝑃̂𝑛𝑗𝑌̂𝑛𝑗

5. Solve for the prices 𝑃̂𝑛𝑗

𝑃̂𝑛𝑗 =
(
𝑍̂𝑛𝑗

)−1
𝑊̂

(1−𝛼 𝑗)𝜂𝑗
𝑛𝑗

(
𝑃̂𝑛𝑗𝑌̂𝑛𝑗

)𝛼 𝑗𝜂𝑗 (
𝐾̂𝑛𝑗

)−𝛼 𝑗𝜂𝑗 (
𝑃̂𝑋𝑛𝑗

)1−𝜂𝑗

where 𝑃̂𝑋
𝑛𝑗

=

[∑
𝑖 𝜋

𝑥
𝑖,𝑛 𝑗,𝑡

𝜗̂𝑖 ,𝑛 𝑗
(
𝑃̂𝑋
𝑖,𝑛 𝑗

)1−𝜀] 1
1−𝜀

6. Go back to 1
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B. Data appendix

Countries and sectors. Table B1 lists the countries used in the calibration. Table B2 lists the sectors. We
essentially keep all manufacturing separate, aggregate all agricultural sectors together, all mining and quarrying
together, and aggregate the remaining sectors into a service sector.

Tariffs. We extract data on tariffs directly at the ISIC level from the UN-TRAINS dataset.
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Table B1: Country List

ISO Country

ARG Argentina
AUS Australia
BRA Brazil
BRN Brunei Darussalam
CAN Canada
CHE Switzerland
CHL Chile
CHN China
COL Colombia
CRI Costa Rica
EU European Union
GBR United Kingdom
HKG Hong Kong
IDN Indonesia
IND India
ISL Iceland
ISR Israel
JPN Japan
KAZ Kazakhstan
KHM Cambodia
KOR Korea (the Republic of)
LAO Lao People’s Democratic Republic
MAR Morocco
MEX Mexico
MMR Myanmar
MYS Malaysia
NOR Norway
NZL New Zealand
PER Peru
PHL Philippines
RUS Russian Federation
SAU Saudi Arabia
SGP Singapore
THA Thailand
TUN Tunisia
TUR Türkiye
TWN Taiwan
USA United States of America
VNM Vietnam
ZAF South Africa

Notes: The EU is treated as a single country. It is constructed by aggregating Austria, Belgium, Bulgaria, Cyprus, Czech
Republic, Germany, Denmark, Spain, Estonia, Finland, France, Greece, Croatia, Hungary, Ireland, Italy, Lithuania,

Luxembourg, Latvia, Malta, Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia and Sweden
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Table B2: Sector list

ICIO code Description Our aggregation
01T02 Agriculture, huting, forestry 01T03

03 Fishing and aquaculture 01T03
05T06 Mining and quarrying, energy producing products 05T09
07T08 Mining and quarrying, non-energy producing products 05T09

09 Mining support service activities 05T09
10T12 Food products, beverages and tobacco 10T12
13T15 Textiles, textile products, leather and footwear 13T15

16 Wood an products of wood and cork 16
17T18 Paper products and printing 17T18

19 Coke and regined petroleum products 19
20 Chemical and chemical products 20
21 Pharmaceuticals, medicinal chemical and botanical products 21
22 Rubber and plastics products 22
23 Other non-metallic mineral products 23
24 Basic metals 24T25
25 Fabricates metal products 24T25
26 Computer, electronic and optical equipment 26T27
27 Electrical equipment 26T27
28 Machinery and equipment, nec 28
29 Motor vehicles, trailers and semi-trailers 29T30
30 Other transport equipment 29T30

31T33 Manufactuing nec; repair and installation of M&E 31T33
35 Electricity, gas, steam and air conditioning supply 35T98

36T39 Water supply; seweage, waste management and remediation 35T98
41T43 Construction 35T98
45T47 Wholesale and retail trade; repair of motor vehicles 35T98

49 Land transport and transport via pipelines 35T98
50 Water transport 35T98
51 Air transport 35T98
52 Warehousing and support activities for transportation 35T98
53 Postal and courier activities 35T98

55T56 Accommodation and food service activities 35T98
58T60 Publishing, audiovisual and broadcasting activities 35T98

61 Telecommunications 35T98
62T63 IT and other information services 35T98
64T66 Financial and insurance activities 35T98

68 Real estate activities 35T98
69T75 Professional, scientific and technical activities 35T98
77T82 Administrative and support services 35T98

84 Public administation and defence; compulsory social security 35T98
85 Education 35T98

86T88 Human health and social work activities 35T98
90T93 Arts, entertainment and recreation 35T98
94T96 Other service activities 35T98
97T98 Activities of households as employers 35T98

Notes: The Table details the sectors used in the multi-sector model. The first column lists the sector code in the ICIO
database and the third column indicates to which sector aggregate we assign the sector.38



C. Robustness results

Fit of the analytical optimal tariff formula. The optimal tariff formula derived in Section 2.4 holds under
the assumption that relative foreign wages are not affected by the tariff. Figure C4 plots the welfare change
from imposing the formula tariff versus the exact numerical optimal unilateral tariff. Dots line up on the 45
degree line, implying that the assumption fits the data well.

Figure C1: Formula tariff and exact tariff
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Notes: The figure displays the exact numerical unilateral tariff versus the formula tariff.
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Figure C2: Uniform vs bilateral optimal tariffs
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Notes: The figure displays the uniform tariff against the bilateral optimal tariff in the single sector model.
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Figure C3: Welfare change with uniform vs bilateral-sectoral optimal tariffs

Welfare change with optimal uniform tariff on all partner-sectors
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Notes: The figure plots the welfare change with the optimal (deviation) tariffs when a country can choose a partner-
sector specific tariff, against the welfare change when we restrict the choice to a uniform tariff in the multi-sector model.
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Figure C4: Welfare changes under formula and exact tariff
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Notes: The figure displays the change in welfare from imposing the exact numerical unilateral tariff versus the formula
tariff.

Welfare changes from US removal and from moving to Nash equilibrium. Figure C5 displays the
change in welfare when the US withdraws from world trade. Figure C6 displays the welfare change from
moving to the Nash Equilibrium.

Elasticity sensitivity for China. Figure C7 plots the minimum 𝛽 for China as a function of the trade
elasticity and the Frisch elasticity of labor supply.
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Figure C5: Welfare changes when the US leaves
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Notes: The figure displays the change in welfare when removing the US entirely (blue bar) or when implementing the
average Liberation Day tariff (white bar). In practice, we remove the US entirely by increasing trade costs to and from
the US by a factor of 500.

Figure C6: Welfare changes moving to Nash Equilibrium
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Notes: The figure displays the welfare changes from moving to the Nash equilibrium, from the baseline 2018 tariffs
(blue bar), from the alternative scenario where the US is removed from world trade (white bar) and from the Liberation
Day tariffs (orange bar).
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Figure C7: Labor supply elasticity and free trade cooperation sustainability (China)
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Notes: The figure displays the minimum 𝛽 required for China to sustain the free trade equilibrium, for different values
of 𝛾 (left panel, keeping 𝜓 = 0.75) or 𝜓 (right panel, keeping 𝛾 = 2).
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