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Abstract

We develop a strategic theory of optimal tariffs based on geopolitical risk. Our
framework rationalizes tariffs as a policy instrument for reducing excessive depen-
dence on a single, potentially adversarial foreign supplier. Private import-sourcing
decisions fail to internalize that an adversarial country’s export policy responds
to aggregate import dependence. This generates a strategic-dependence external-
ity: individual firms” sourcing decisions collectively determine aggregate import
dependence and exposure to policy-driven supply disruptions, such as export re-
strictions, imposing costs on other firms. We show that the optimal tariff comprises
two components: a standard terms-of-trade term that is uniform across sectors, and
a geopolitical-risk component that targets sectors with high aggregate import de-
pendence. Calibrating the model to the U.S. and EU economies, we find that the
geopolitical-risk component creates substantial cross-industry tariff variation. This
variation explains the structure of the 2018 U.S. tariffs on China, which are difficult

to explain using terms-of-trade considerations alone.
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1 Introduction

Treasury Secretary Yellen warned in 2022 that “we cannot allow countries to use their market
position to disrupt our economy or exercise unwanted geopolitical leverage.” This remark epito-
mizes what policymakers increasingly recognize: aggregate import dependence, though
necessitated by technological and resource constraints, can create strategic vulnerability.

The issue of strategic vulnerability has become particularly apparent given the recent
proliferation of export restrictions. Most notably, export restrictions on critical inputs
like rare earths, semiconductors, and medical supplies target sectors where importing
countries are most import dependent. China imposed rare earth export quotas in 2010
after foreign manufacturers had concentrated production there, creating leverage over
high-tech supply chains. During COVID-19, many countries imposed PPE export re-
strictions that proved disruptive precisely because production had concentrated among
a handful of suppliers. When semiconductor shortages emerged in 2021, Taiwan’s dom-
inance of advanced chip manufacturing meant localized disruptions cascaded globally.
In fact, as of 2023, these restrictions are the highest they have been in recent history
[Figure 1]. The common thread in these examples is that aggregate import dependence
creates strategic vulnerability to foreign export policies.

Despite this new reality, standard tariff theory treats foreign supply as a purely tech-
nological constraint, and attributes the gains from unilateral tariffs exclusively to terms-
of-trade manipulation. This framing misses the above-noted aspect of the current pol-
icy landscape: foreign supply is not merely a technological object but a strategic one.
When aggregate import dependence invites export restrictions, decentralized sourcing
decisions generate a strategic-dependence externality, which leads to inefficient levels of
aggregate import dependence. Tariffs can correct this externality by lowering aggregate
import dependence.

We develop a tractable model to formalize this point. The model has two basic in-
gredients: First, production is roundabout: firms use traded intermediates and domestic
labor. Second, Foreign can impose export restrictions (modeled as an export tax) in an
noncooperative regime. And from a purely welfare maximizing standpoint, the expected
export restriction is increasing in Home’s aggregate import dependence. Home firms
are, however, atomistic and take the expected export restriction as given when choos-
ing sourcing. Thus, atomistic sourcing decisions generate excessive aggregate import
dependence relative to the welfare-maximizing allocation.

Our main result is a closed-form decomposition of the optimal import tariff. Let

A = App denote Home's aggregate expenditure share on Foreign goods. Let T(A)



denote the certainty-equivalent gross export-tax factor on shipments to Home. Under

mild regularity conditions, the optimal Home tariff satisfies
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where €3, is the Foreign export-supply elasticity faced by Home, 2, is Home’s import-
demand elasticity for Foreign goods, and € is the trade elasticity. The first term is the
standard optimal-tariff component. The second term is new: it corrects the strategic-
dependence externality by reducing A when expected foreign restrictions T rise with
aggregate import dependence.

The multi-sector extension presents a clear rationale for targeting, which has proven
elusive from the lens of quantitative trade models. Despite sector-specific trade elas-
ticities €, the terms-of-trade component of the optimal tariff is uniform across sectors.
However, the geopolitical-risk component varies with aggregate import dependence and
with the sensitivity of expected export restrictions to that dependence. This prediction
closely aligns with the 2018 U.S. tariffs on China which are difficult to explain through
the lens of standard terms of trade theory.

2 Background: Shifting Trade Policy Landscape

We set the stage for our theory by highlighting two policy developments that are either
overlooked in traditional optimal tariff theories or difficult to reconcile with them. The
tirst of these is the remarkable rise in export restrictions over the past couple of decades.
The second is the most recent wave of U.S. tariffs, the structure of which is difficult to

explain with traditional theories.

Fact 1. Systematic shift in global export policy landscape: the frequency of export restrictions on
critical inputs increased four-fold from 2009 to 2023.

Concerns about export restrictions are often cited as justification for protectionist poli-
cies aimed at strengthening economic resilience and hedging geopolitical risk. The key
question is whether these restrictions have become a greater cause for concern in recent
years. A natural way to examine this is to look at the number of export restrictions
on raw materials. Historically, these goods have been among the most susceptible to

restrictions and have driven much of the anxiety around supply chain risk.



To this end, we examine the OECD Inventory of Export Restrictions on Industrial
Raw Materials, which covers export taxes, licensing requirements, quotas, prohibitions,
and fiscal levies. Figure 1 plots the number of active export restrictions by type from
2009 to 2023. The number of active restrictions quadrupled over this period, with ex-
port taxes representing the most prominent form of restriction. This pattern reaffirms
the claim made at the outset of this paper that export restrictions have proliferated over
the past decade, fueling a potential shift in trade policy sentiment. We next highlight
a high-profile example of such a policy shift, noting that it is difficult to reconcile with
traditional optimal tariff theories based on terms-of-trade manipulation or political econ-

omy pressures.

Figure 1: Export restrictions on industrial raw materials, 2009-2023
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Note: The data is from the OECD Inventory of Export Restrictions on Industrial Raw Materials, which
covers export taxes, licensing requirements, quotas, prohibitions, and fiscal levies. The figure displays
the stock of active measures by year, where a measure is the unique combination of reporting country,
six-digit HS product, measure type, and date of introduction that has been notified to the OECD and not
yet eliminated. Between 2009 and 2023 the stock of export restrictions more than quadrupled, rising from
3,323 to 13,766 measures.

Fact 2. Systematic shift in US import policy landscape: Recent USTR tariffs reflect an aversion
to excess dependence on risky foreign suppliers. The 2018 U.S. tariffs on China targeted
precisely the products whose import dependence on China had been growing in 5-year
leading to the policy, which is difficult to explain with traditional theories.

The 2018 tariff war between the US and China marks another pivotal shift in the trade
policy landscape. What's revealing about this shift is the type of goods that were tar-
geted. The China-specific Section 301 tariff hikes targeted goods for which China’s share
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of U.S. imports, a measure of China’s leverage as a supplier, had risen, while exempting
goods for which that leverage had fallen. Figure 2 displays this divergence: over 2013-
2017, products on the Section 301 list saw China’s import share grow by an average of
4.1 percent, while the remaining products saw it decline by 3.4 percent. Later, we ex-
amine this pattern more closely and find that Section 301 goods were not meaningfully
different from non-targeted goods in the underlying export supply and import demand
elasticities emphasized by traditional optimal tariff theory. Instead, the targeting echoes
the political rhetoric surrounding these tariffs: the administration framed its objective in
terms of strategic vulnerability and national security rather than import price manipu-

lation.

Figure 2: The 2018 tariffs targeted goods with growing China import dependence
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Notes: This paper reports the growth in China import dependence among goods targeted by Section 301
tariffs and the non-targeted goods. Each bar is the 2013-2017 growth of a group’s aggregate China import
share in percent. Corresponding average growth rates across individual lines are reported in Appendix
J.2. The sample consists of 8,520 HS10 import lines (5,244 Section 301, 3,276 Non-301) with positive China
imports in both 2013 and 2017 and an observed December 2017-December 2018 change in the statutory
China tariff; the Non-301 group includes the tariff lines under the global Section 232 and 201 tariffs. Data
on statutory tariffs and trade values is sourced from Fajgelbaum et al. (2020).

This pattern of targeting is difficult to reconcile with classic optimal tariff theory. The
textbook optimal tariff formula asserts that +* = 1/¢°, where ¢° is the elasticity of for-
eign export supply. This elasticity reflects the home country’s monopsony power, which
bears little relation to sector-level import dependence.’ We later show that this elasticity

has no explanatory power for whether sectors were targeted by Section 301 tariffs. The

In Ricardian models the terms of trade-optimal tariff is indeed uniform across sectors, making the
model irreconcilable with targeting. The specific factors variant of the terms of trade theory in which
each sector uses fixed industry-specific inputs generates optimal targeting based on the sector-level export
supply elasticity. But this elasticity has no clear structural relationship to importer-side demand shares.
Instead, it reflect buyer market power and is regulated by exporter-side supply shares.



political economy theory of optimal tariffs proposed by Grossman and Helpman (1994)
cannot rationalize the targeting structure either. In the protection for sale framework, the
political benefits of protection are proportional to the rents accruing to domestic pro-
ducers, while the social cost rises with the volume of imports. The model thus predicts
that protection tracks the import demand elasticity facing each good, and that control-
ling for that elasticity the rationale for protection would fade in sectors where import
dependence is growing. The 2018 tariffs did precisely the opposite, targeting the goods
whose dependence on China had been growing.

Against the backdrop of shifting export and import policy landscapes, we propose a
different theory of optimal tariffs based on geopolitical risk: one in which the Foreign
government is prone to using export restrictions strategically. The key premise is that
private sourcing decisions fail to internalize the strategic risk created by aggregate im-
port concentration, leading to inefficiently high levels of aggregate import dependence
that tariffs can correct. This consideration introduces a geopolitical risk component to
the optimal tariff formula, one that grows with aggregate import dependence and with
how sharply Foreign export restrictions respond to that dependence. The case for tar-
geted protection is therefore amplified when imports from a strategically risky supplier
are surging—consistent with the pattern observed in 2018.

3 Model

The global economy consists of two countries: Home (H) and Foreign (F). Let C =
{H, F} denote the set of countries, with generic elements i,n € C. Each country is
endowed with a fixed supply of labor, denoted L; for country i, which is supplied in-

elastically. Let w; denote the wage rate in country i.

3.1 Final Good Aggregator

Consider a representative household in destination country i € C. The household derives
utility from consuming differentiated varieties produced by firms located across both
countries. Let (), denote the set of firms located in origin country n, with N, = |Qy]
representing the measure of firms in country n. Each firm w € (), produces a unique
differentiated variety.

Let c,;(w) > 0 denote the quantity of the variety produced by firm w € Q, that
is consumed by the representative household in country i. The household aggregates



varieties through a CES utility function

1

A y
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where ¢ > 1 is the Armington elasticity of substitution across national-level varieties
and u > 1 is the degree of firm-level market power, determined by the sub-national

elasticity of substitution between firm varieties:

Consumer Demand. Let j,;(w) > 0 denote the consumer price in destination country
i for one unit of the variety produced by firm w € ),. This price is inclusive of all
trade costs and taxes, as specified below. Let Y; denote the net expendable income of the
representative household in country i, defined as wage income plus rebated trade-tax

revenue. The household maximizes utility (2) subject to the budget constraint:
Z / ﬁni(w) Cni(w) dw < Y.
neC /i
The household’s optimization yields the following CES demand function for each variety
w € Oy
= -y 15 ) —0 Y
culw) = (P5) () 5 ®
Py P; p;
where P,; and P; denote aggregate price indices in country i:

1
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neC

The indirect utility of the representative household equals real income, and pins down

social welfare, denote by W; = Y;/D;.

3.2 Production Technology

Each country n € C hosts a fixed set (), of differentiated firms that compete under
monopolistic competition. Firms produce using labor and a composite intermediate
input, with a constant-returns-to-scale Cobb-Douglas technology. Let ¢, (w) denote the

labor input and M, (w) denote the composite intermediate input used by firm w € Q.
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Each firm is characterized by a productivity parameter ¢,(w) > 0, which is fixed and

heterogeneous across firms. The production function is:

() = Ay () (MO e o, a

where g,(w) denotes the output of firm w and B represents the value-added share in

production, restricted to g > 1/2 in theory.
The composite intermediate input M,(w) aggregates over the same differentiated

varieties that enter final consumption, with the identical CES aggregation structure:

a

o1 . H
My (w) = (Z Mjn(w)agl> , with  Mj,(w) = [/Q.m]-n(w,w')#dw’] (5)

jec j

where m;,(w,w’) denotes the quantity of variety w’ € Q); used as an intermediate input
by firm w € Q.

Cost Minimization and Optimal Pricing. Given the Cobb-Douglas production tech-
nology (4) and the CES intermediate input aggregator (5), cost minimization yields the
unit input cost:

an(wn/ pn) = wﬁ ~11_ﬁr (6)

where D, represents the intermediate input price index, which is the same as the con-
sumer price index, since the intermediate composite uses the same aggregation structure
as final consumption.

Under monopolistic competition, each firm charges a factory-gate price equal to a

constant markup equal to y over marginal cost:

pulw) = J-u(wn Po) = P 7)

3.3 Trade Costs and Policy Instruments

International trade is subject to both natural trade frictions and policy-induced barriers.
Let d,,; > 1 denote the iceberg trade cost for shipping goods from origin n to destination i:
delivering one unit in country i requires producing d,,; units in country n. We normalize
domestic trade costs to unity: d;; = 1 foralli € C.

Countries may impose ad valorem trade taxes. Let t,; > 0 denote the import tariff

levied by destination country i on imports from origin n # i, with t;; = 0. Let x,;; > 0



denote the export tax levied by origin country n on exports to destination i # n, with

xji = 0. Define the corresponding gross tax factors:

Tfl\f =1+1t,, Té =14 x,;. (8)

3.4 Policy-Implied Buyer Prices

The consumer price in destination i for variety w € (), incorporates the factory-gate
price, iceberg trade costs, export taxes, and import tariffs. We assume that the export
tax applies to the after-iceberg price d,,;p,(w), and the import tariff applies on top of the
export-tax-inclusive price. This yields:

Pri(w) = T% T;ig dpi pn(w). )

For domestic varieties, this simplifies to f;;(w) = p;(w) since T =t =d; = 1.

3.5 Total Demand and Gross Expenditure

Cost minimization by firms implies that the demand for intermediate input varieties
follows the same structure as final demand. Specifically, the demand for variety w’ € ),

as an intermediate input by firm w € (), is:

5 @)\ T (B, "
mjn(w,w’):<p]n( )> (PNL) M, (w), (10)

Py b,

where M, (w) is the firm’s intermediate input aggregate, so that P, M, (w) is its total
intermediate input expenditure. Aggregating across all firms in country n, total inter-

mediate input expenditure equals:

- 1-—

p
Total demand facing firm w € (), in destination market i consists of (i) final consumption
demand c¢,;(w) and (ii) intermediate input demand from all firms located in i. Define

total demand as:
qni(w) = Cni(w) + /Q mni(c‘)/rw)dw/' (12)



Given the common CES structure, total demand simplifies to:

5o - 5.\ Y .
o) = (P0) (T 13

where E; denotes gross expenditure in country i, defined as the sum of final consumption

expenditure and intermediate input expenditure:

E;

- ~ 1-—
PCi+PM;,=Y;+ TﬁwiLi- (14)
The second lines imposes that final consumption expenditure equals net income Y; which

is the sum of wage income and profits rebates, which will be characterized shortly.

3.6 General Equilibrium

Aggregate Trade Shares. Define the aggregate expenditure share on goods sourced from
origin n in destination i as A,; = an (Pni(w)gpi(w)dw) /E;. Substituting the demand
function (13) and the pricing equation (7), and using the consumer price relationship (9),
the aggregate trade share becomes:

((pl Xd w.B 5)

Ani = B ~1-B
Zzec( T T diwy By )

(15)

where € = 0 — 1 is the trade elasticity and ¢, is a constant measure of aggregate produc-
_1
tivity: ¢, = Nj A;,. These shares satisfy the adding up constraint ), A,; = 1 for all

S\ 1/B
i € C. Henceforth, we impose the restrict ion IZH < ( g—;) to ensure that that market

share satisfy a plausibility constraint, Agr < Arr, under Laissez-faire.

Aggregate Price Index. The consumer price index in country i can be expressed in

terms of aggregate trade costs and unit costs:

= | ¥ 7 (o mwﬁPl‘ﬁ)el B (16)

neC

This equation, together with its counterpart for the other country, forms a system that

determines the equilibrium price indices as functions of wages and policy variables.
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We also denote
n ﬁ - T Thi dm Pn

Factor Market Clearing. Labor market clearing requires that total wage payments in
country n equal the labor share of producer revenue across all destinations. The de-
livered producer—value revenue from origin n to destination i (net of both taxes) is

AniEi/TMTX. Summing across destinations and using the labor share B yields:

1
wyL n_ﬁz gV ¢ AyiE;, Vn € C. (17)

zGC ni Tni

Profits are given by IT, = (u — 1) ﬁwnLn Net income is Y, = w, L, + I1,,.

Tax Revenue and Net Income. Import tariff revenue collected by destination country i

equals the tariff fraction of buyer spending on imports:

M ™ 1
TV =) M AuE; (18)
n#i Thi

Export tax revenue collected by origin country n equals the export-tax fraction of the

net-of-import-tariff value of exports:

X
-1 1
TX =Y 2 — Ak (19)
izn  Tni ni

Net income in country i is wage income plus profits plus rebated trade-tax revenue:
_ p—1 M | TX
Yi = (1+T)szz+Tz +Ti . (20)
Combining (14) and (20) yields an alternative expression for gross expenditure:

E = %wiLi +TM 4+ TX, 1)
Definition 1. [General Equilibrium] For a given set of trade taxes {t,; x,;}, a general
equilibrium is a collection of prices {w;, P;};cc, trade shares {A,;},icc, tax revenues
{TM, TX},cc, and expenditures {Y;, E;}icc such that: (i) trade shares satisfy (15); (ii) price
indexes satisfy (16); (iii) labor markets clear according to (17); (iv) tax revenues satisfy (18)—(19);

11



(v) income and expenditure satisfy (20)—(21); and (vi) trade is balanced according to (22).

Balanced Trade. There is no international lending or borrowing. The national-level
budget constraint, therefore, implies that trade is balanced. That is, the net-of-import-
tariff value of Home’s imports from Foreign equals the net-of-import-tariff value of For-

eign’s imports from Home. The balanced trade condition can be formally written as:

1 1
— i ArHEH = —r AnrEr. (22)
T T

FH HF

4 Optimal Import Tariff if Foreign is Passive

This section characterizes Home’s optimal unilateral trade policy under the assumption
that Foreign remains passive. Since, our goal is to highlight the rationales for trade policy
intervention, we purposely abstract away from domestic market failures that require

domestic policy interventions. The following assumption ensures that.

Assumption 1. Firms possess no market power, u = 1. Equivalently, any firm-level market
power is fully offset by domestic policy, so that the allocation is efficient absent trade taxes.

Policy environment and notation. Without loss of generality, we restrict Home’s pol-
icy to import tariffs and Foreign’s policy to export taxes. The reason this restriction
does not lose generality is due to the Lerner symmetry, whereby Home’s import tariff
could replicate any mix of import and export taxes and so can Foreign’s export tax. To
streamline the notation we use t to denote Home’s ad valorem import tariff rate and x

to denote Foreign’s ad valorem export tax rate:
tEtFHZT%_I—l, xEpozrf(H—l
Under this choice of notation, the buyer price of Foreign goods in Home is
prr = (1+1t)(1+ x)drupr,

where pr is Foreign’s producer price determined in equilibrium. In the benchmark case
analyzed here, Foreign is passive, so the export tax is constrained to equal zero: x = 0.

Home’s optimal policy problem therefore maximizes Home’s aggregate welfare subject

12



to equilibrium constraints and a passive foreign policy. Formally,

max Wy (x,t) , (23)

; equilibrium constraints
s
>0

x=0

where Wy (x,t) = Yy(x,t)/Py(x,t) is the aggregate Home welfare under policy (¢, x).
The constraint x = 0 is what distinguishes the above benchmark from the strategic export
policy case analyzed next. The optimal tariff formula implied by the above problem is
traditionally stated in terms of import demand and export supply elasticities. So, before
presenting the formula, we derive the noted elasticities within our framework under

CES aggregation and roundabout production.

Export Supply and Import Demand Elasticity. We set py = 1 by choice of numeriare
herefater. Leveraging the balanced trade condition, we can write the foreign export
supply function in term of pr = pr/pn as

1-p

1
Qru = @7 Arr(pe)” P Aur(pr) Lr (24)

where the trade share functions are defined as Arr(pr) = p/(pr€ +d4%) and, analo-
gously, Apr(pr) = 1 — App(pe). Equation 24 implicitly solves pr in terms of the export
supply Qrpy. Applying the Implicit Function Theorem to the above equation obtains the
export supply elasticity:

&, % — eApr+ %AHF (25)
The term eApp accounts for the standard substitution effect: as the relative price of
Foreign goods rises, Foreign buyers substitute away from Foreign goods toward Home
goods, freeing Foreign output for export. The second term %/\ Hr reflects the change in
per unit labor cost due to roundabout production. Since the labor requirement per unit
of gross output is Bpr/wr, a rise in pr reflects a reduction in pr/wr, and thus the unit
labor cost, by exactly (1 — 8)/B)Angr. Foreign’s fixed labor force can therefore support
more gross output, and this raises export supply. To regulate the relative magnitude
of these terms, we assume that the trade elasticity and value added share satisfy the
following condition, putting them within the range of commonly-used estimates in the

literature.
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Assumption 2. The trade elasticity and value added share satisfy: € > %

The import demand elasticity could be characterized by noting that the import de-
mand function for foreign varieties is Qry = ArgEn/pry. Taking derivatives from this
equation, yields the following expression for the import demand elasticity
eAHH 1-p

<FH _ g4 +
dinpry 1— 15 ArH B

D _ danFH o

&rg =

AFH (26)

The first two terms are standard under CES demand. The third term captures the in-
termediate input cost feedback arising from roundabout production. The intuition is as
follows: holding py = 1 fixed, a higher import price firy passes through to the price
of the foreign intermediate input bundle Pr via exports of embedded intermediate in-
puts. This effect multiplies the effective import price increase, thereby magnifying the

resulting contraction in import demand.

Optimal Tariff Formula. When the Foreign government is passive, Home’s optimal
tariff problem is essentially the textbook problem governed by a familiar trade-off. A
higher tariff improves Home’s terms of trade by lowering the pre-tariff price of imports
pr. However, the resulting contraction in trade volume lowers consumer surplus. The
optimal tariff that maximizes the net welfare gains from Home, equals the inverse of the

export supply elasticity defined above. The following proposition states this result.

Proposition 1. If Foreign is passive, x = 0, Home’s unilaterally-optimal tariff is

1 1

1-8

t* = = .
S
€y €Arr+ B AHF

(27)

While Proposition 1 reinstates the textbook optimal tariff logic, it has a novel element
worth highlighting. Here, the export supply elasticity is derived under roundabout
production, distinguishing it from existing formulas in the literature. The extent of

roundabout production is regulated by , creating two interesting limiting cases:

1
t*: EAFF ﬁzl
0 g—0

In the special case with no traded intermediate inputs, f = 1, the formula reduces to
the familiar formula in Gros (1987). However, when B assumes intermediate values,

roundabout production effects raise Foreign’s export supply elasticity, lowering Home’s
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optimal tariff rate. Notably, in the limit as B — 0, Foreign’s export supply becomes
infinitely elastic and the optimal tariff converges to zero. This result formalizes the
conventional wisdom that under intermediate input trade, the optimal tariff must be

lower as it penalized domestic producers.

5 Optimal Tariff if Foreign is Strategic

This section moves beyond the traditional setup to characterize Home’s optimal tariff
when Foreign may adopt a non-cooperative regime and set its export tax strategically.
This introduces a new role for tariffs that is absent in the textbook case. Here tariffs
can mitigate the risk of export restrictions due to excess sourcing from foreign suppliers.
The idea is that firms’ private sourcing decisions can collectively shift Foreign’s export
tax schedule. However, because individual firms are infinitesimal, their private deci-
sions do not internalize these collective effects. This gives rise to a strategic-dependence
externality whereby excessive concentration of imports from Foreign suppliers raises the

vulnerability of other domestic firms to shifts in Foreign’s export restrictions.

Sequential Trade Policy Game. Following the Lerner symmetry logic stated above, we
suppress all policy instruments except Home’s import tariff t+ = try on Foreign goods
and Foreign’s export tax x = xpy on shipments to Home. These policy instruments are

selected sequentially in the strategic policy game outlined below.

Timing and Payoffs. ~ The policy environment is a Bayesian Stackelberg game, expressed
in Harsanyi form. Nature draws Foreign’s type  ~ G, where 7 is the non-pecuniary
cost of noncooperation. Home observes G, but not 77, and commits to an import tariff
t = try as the first mover. After observing t and its type 7, Foreign chooses a regime
r € {cooperative, noncooperative} which determines its export tax x = xpy. If r =
cooperative, Foreign sets the cooperative export tax, x = 0. If r = noncooperative,
Foreign chooses a noncooperative export tax x > 0 that maximizes its own welfare.

We solve best policy responses in the above game via backward induction, starting with
Foreign’s optimal policy in the second period. To make the timing explicit, wherein ¢ is
selected first and x is chosen given ¢, country i’s log welfare is denoted by

vi(x;t) = InWi(x;t)

The function v; represents government i’s continuation payoff in terms of the chosen

strategies. We continue to normalize py = 1 by choice of numeraire.
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5.1 Foreign’s optimal strategy

Foreign choses the export tax rate x = xry given Home’s import tariff ¢+ = try and the
cost of noncooperation . Specifically, it decides whether to remain cooperative, x = 0,
or to impose a noncooperative export-tax equivalent x > 0. Given the realization of the

cost of noncooperation 7, Foreign solves

max {or(x;t) =1 Lesoy )
The draw 7 affects whether Foreign finds it worthwhile to adopt the noncooperative
regime. Conditional on adopting that regime, however, the export tax is chosen to max-
imize vp(x;t), taking Home’s tariff ¢ as given. So, given t, Foreign’s best response is
summarized by the pair (x*, 71) as

*

x*  probability

X =
0 probability 1 — 7

where x* is the unilaterally optimal export tax that maximizes vp(x;t) given t and 7
denotes the probability that the realized 7 is sufficiently low such that vp(x*;t) —y >
vr(0; t). In what follows, we characterize x* and 7 and show that both are increasing in
the degree of aggregate import dependence.

Foreign’s Export Tax in Adversarial State. Conditional on imposing an export tax,

Foreign chooses the unilaterally optimal tax rate that maximizes it own welfare:
x*(t) € argmaxvg(x;t).
x>0

The implied Home aggregate import dependence under the noncooperative regime is
therefore:

A(t) = App (2 (£); 1).

It turns out, as we show shortly, that A can be used as sufficient statistic that regulates
Foreign’s policy posture. In particular, Home’s choice of ¢ influences Foreign policy
through A(t). Moreover, if t — A(t) is one-to-one in the range of tariffs considered
here, the exposition could be improved by characterizing policy variables and payoffs
explicitly in terms of the A coordinate. In the case of the export tax, we can invert this

dependence function to obtain ¢(A), the supporting Home tariff, and specify the export

16



tax as x*(A) = x*(t(A)). The next lemma characterizes x*(A) with the formal derivation
presented in Appendix (B).

Lemma 1. Foreign’s optimal noncooperative export tax is

oo 1
(A= e(1—A)o(A) + 5EA

where () is one plus the share of tariff revenue in Home’s aggregate income, with dé /dA < 0.

Differentiating the equation for x*(A) and invoking Assumption 2 (¢ > %), Ap-
pendix (B) shows that Foreign’s optimal export tax x* under the noncooperative regime
increases with aggregate import dependence A. The following lemma summarizes this

point.
Lemma 2. Foreign's optimal export tax is increasing in aggregate import dependence:

dx*(A)

an 0

Intuitively, greater aggregate import dependence confers more export market power
on Foreign, enabling it to extract a higher revenue-maximizing markup on its exports.
Private sourcing decisions take A as given and do not internalize this dependence. How-
ever, Home’s tariff choice t in the first period can contain the Foreign export tax rate by
regulating A(t). The other policy margin that Home’s tariff can influence is the ex ante

likelihood of Foreign actually adopting x*, which we examine next.

The export restriction hazard 71(A). Next, we characterize the ex ante probability of
foreign adopting the noncooperative regime. For a given t, Foreign compares welfare
under the noncooperative regime involving the unilaterally-optimal export tax x*(A) >
0 to the cooperative regime with no export taxation, x = 0. Let f(A) denote the Home
tariff that supports the noncooperative regime leading to aggregate import dependence

A. The gain for Foreign from adopting the noncooperative regime given this tariff is
A(A) = vp(x*(A);t(A)) — vp(0; H(A)). (28)

Foreign adopts the noncooperative regime if and only if 7 < A(A). Hence the export-

restriction hazard can be written as
(A) =Pr{n < A(A)} = G(A(N)). (29)
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Thus 7(A) provides a direct parameterization of the structural hazard in terms of aggre-
gate import dependence, A. Our goal here is to show that the export restriction hazard
7t(.) is also increasing in aggregate import dependence, A. To this end, we present an
intermediate result proven in Appendix (C). To present this result compactly, we use
a subscripted partial derivative operator. For example, 0,vy(x;t) = dvy/dx denotes
the derivative of vy with respect to x, and ooy (x;t) = 0%vy /9xot denotes the cross

derivative.

Lemma 3. Foreign’s welfare function is log sub-modular for t < % —1and x € [0,x*(t)].
Specifically,
0x0r(x;t) <0, vp(x;t) = InWe(x;1). (30)

Equivalently, a higher Home import tariff lowers Foreign’s marginal payoff from adopting a

noncooperative export-tax equivalent.

Lemma 3 states that Home tariffs and the Foreign export taxes are strategic substi-
tutes. A Home tariff depresses Foreign’s aggregate market share, lowering its marginal
gains from export taxation. This result, therefore, complements Lemma 2, giving a com-
plete picture of the strategic interdependence between t and x: The previous lemma
stated that a higher t would lower A and, thus, lower Foreign’s noncooperative export
tax rate x*. The above lemma additionally states that the higher tariff would also lower
the marginal gains from export taxation for Foreign, thereby lowering the likelihood of

Foreign adopting the non-cooperative regime. This result is stated next.

Lemma 4. The gains from adopting the noncooperative regime is increasing in import depen-
dence: A'(A) > 0. Thus, the probability of Foreign adopting the non-cooperative regime and
imposing x* is increasing in import dependence:

drt(A)

D) = g(am))a(a) > o,

where g is the density of G with strict inequality whenever g(A(A)) > 0.

The logic behind Lemma 4 can be unpacked as follows. Along the noncooperative
equilibrium locus, a higher A is supported by a lower Home tariff. Differentiating (28)

gives

A'(A) = 9xvp(x" (A); H(A)) x™(A) + [9rvp(x*(A); H(A)) — 0or(0;£(A))] £ (A).

=0
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The first term drops out by the envelope theorem, because x*(A) is Foreign’s optimal
export tax that maximizes vr given t. The bracketed term is negative by Lemma 3. Since
higher aggregate import dependence A corresponds to a lower Home tariff, #'(A) <
0, then A’(A) > 0. Put differently, higher ex post aggregate import dependence, A,
raises the payoff from export restriction and the probability that Foreign adopts the
noncooperative regime.

Notice that the primitive results that 77(A) and x*(A) are increasing in A hold with-
out any parametric restrictions on the distribution, G(7). However, moving forward, we

impose a parametric restriction to streamline the optimal policy analysis.’
Assumption 3. The CDF of the pecuniary non-alignment cost satisfies G(n) = [A~(17)]°.

This assumption is purposely strong, as it implicitly ties the distribution G to the un-
derlying tariff rate t. Meanwhile, it buys us a lot expositional simplicity going forward.
First, it implies that the ex ante probability of noncooperation is 77(A) = A%. Second,
this assumption allows us to convert Home’s ex ante Bayesian policy problem into a

deterministic problem, when the risk elasticity ( is sufficiently small.

5.2 Strategic Dependence Externality

We have established that the Foreign export policy schedule, (x*, 77), is determined by
the economy’s aggregate import dependence, A = Apy(x*;t). The difficulty is that no
individual firm, in choosing its sourcing strategy, has reason to internalize the effect of
that choice on A, and hence on the Foreign policy itself. To see this clearly, consider any
firm w € Qp. The firm’s demand for intermediate inputs and final goods is governed
by the CES systems (3) and (10), taking buyer prices fi,;(-) as given. Most importantly,
the firm treats the export policy functions x*(A) and 7t(A) as fixed. Yet, A is an equi-
librium share, determined in the aggregate by the collective decisions of all Home firms.
This creates a strategic-dependence externality: As individual firms draw more heavily
on Foreign suppliers, A rises. A higher A, in turn, increases the effective export wedge
facing all other firms, by raising both the probability 7 that Foreign adopts a noncoop-
erative export tax and the rate x*(A) of that tax, should it be imposed. So individual
sourcing imposes a cost, in the form of an elevated risk of export restriction, that is not

internalized by private sourcing decisions.

2For completeness, we set G(17) = 0 for 7 < A(0) and G(7) = 1 for 7 > A(1).
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Figure 3: Strategic-dependence externality leads to excessive import dependence

Home firms Aggregate import dependence Foreign Policy
. . > —_—
private sourcing A= Ary x*(A), T(A)

e N

feedback not internalized by firms .
cost of imported

goods & inputs: pry

Firms take T ~ 1 + 7tx as given

Notes: The diagram traces the causal chain linking individual sourcing decisions to the foirlelgér({[/é&i:])“[” shift it

policy. Home firms make decentralized sourcing choices (left node), which aggregate into the economy-
wide import share A = Apy (second node). Foreign observes A and sets x*(A) and 71(A) (third node),
which determines the buyer pricespry that Home firms face (right node). The dashed arrow shows the
feedback loop: buyer prices shape sourcing decisions, which collectively determine the aggregate import
dependence that drives Foreign policy. The externality arises because each firm is infinitesimal and takes
T ~ 1+ mx as given when making sourcing decisions, ignoring its own marginal contribution to A
and hence to Foreign’s export incentives. Decentralized sourcing therefore generates excessive import
concentration relative to the social optimum.

5.3 Home’s optimal tariff

Having characterized Foreign’s policy response, (x*, 7r), we next turn to characterizing
Home’s optimal tariff t = tpy in the initial period of the sequential game. Home’s ex
ante payoff before Foreign’s type is realized is

vh(t) = [1= m(A)]on(0:1) + (A ())on (x" (£); 1), (31)
The ex ante optimal policy problem can be presented as

max o5 (t) s.t. equilibrium constraints [P1]

We tackle this problem in its Bayesian form and present the implied optimal tariff for-
mula in Appendix F. However, we take a different route in this section to better high-
light our geopolitical risk mechanism. We show that P1 can alternatively be solved as
a deterministic optimal tariff problem in which the deterministic Foreign export tax is
increasing the Home’s aggregate import share. To make this point, define the certainty
equivalent export tax as the deterministic tax rate x(¢) that retains Home’s expected
payoft:

vp(%(t);t) = vf(t). (32)
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Namely, %(f) is the export tax rate that leaves Home indifferent, at tariff ¢, to the ex-
pected welfare over aligned and noncooperative regimes. Since Home welfare is strictly
decreasing in Foreign’s export tax, (32) defines a unique %(t) € [0, x*(¢)]. The determin-

istic aggregate import dependence implied by this tax is denoted by
A(t) = Apg(x(t); ).

The next lemma identifies the primitive condition under which the Bayesian Stackelberg

problem can be converted into a certainty equivalent representation.’

Lemma 5. If { is sufficiently small, then the certainty equivalent export tax can be written as an
increasing function of deterministic aggregate import dependence. There is a unique schedule T
such that

T(A(t) =1+ x(t), T'(.) > 0. (33)

where the deterministic economy with 1+ x = T(Apy), implies the same Home welfare as the ex

ante level vk (t) for each admissible t, thereby leaving Home's optimal tariff unchanged.

The above lemma is proven in Appendix D, and follows from a simple logic. When
Home raises its import tariff, CES demand lowers Home’s aggregate import dependence.
Lower aggregate import dependence reduces both Foreign’s optimal export tax and the
probability that Foreign finds noncooperation worthwhile. The certainty-equivalent ex-
port tax wedge, therefore, falls with Home’s tariff. Since deterministic aggregate import
dependence also falls with Home’s tariff, the deterministic export tax can be written as
an increasing function of aggregate import dependence.

It is important to iterate that Lemma 5 is an equivalence result about Home’s payoff.
It does not say that the deterministic export tax reproduces every state-contingent allo-
cation or Foreign’s payoff. Instead, it states that the deterministic equilibrium assigns
Home the same payoff for every admissible tariff rate. An immediate corollary is that
Home’s ex ante problem can be solved as the following deterministic optimal policy

problem:

equilibrium constraints
max vy (x;t) s.t. [P2]
=0 x=T(Ary) -1

Here, Arp is the deterministic equilibrium share obtained by solving the equilibrium

3Lemma 5 holds for all t € T = [0, f], where f denotes a sufficiently large but finite cap that exceeds the
optimal rate given admissible model parameters. Thus, the restriction to set T is without loss of generality
for our practical purposes.
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system under x and t. The strategic-dependence externality described above takes an
even simpler form here: Private Home firms take T(Ary) as given when making sourc-
ing decisions. But their decisions collectively determine Ary and shift the Foreign export
policy rate. The Home government, by contrast, internalizes that increased Arpy shifts
Foreign’s certainty equivalent export-tax wedge, and adjusts the optimal tariff accord-

ingly. The following proposition formalizes this point.

Proposition 2. When Foreign is inclined to strategically use export taxes, Home’s unilaterally

optimal tariff becomes
1 n €Ay dln’f’()\pH)

S D :
®rH  _CFH dIn Ay j

geopolitical risk correction

€AFF
X
L=z AnrF

where the export supply elasticity is €3, = + %)\ Hr and the import demand elasticity

is given by Equation 26.

The first term in Proposition 3 represents the standard terms-of-trade motive that
also appeared under Proposition 1. The second term is new and addresses elevated
geopolitical risk due to sourcing externalities. Atomistic firms make sourcing decisions
asif dInT/dInApg = 0, thereby causing excess sourcing from Foreign and higher export
taxes. A higher Home tariff corrects this by reducing Ary. And because T/ (Apy) > 0,
this lowers the certainty equivalent export tax facing Home firms.

Before concluding this section, we present a useful approximation that will be used
later for quantification. For this we apply Taylor’s theorem to equation (32), which traces
the certainty equivalence schedule 7. Following the derivation presented in Appendix

D, we can write T as
T(Apn) = 1+ w(App)x*(Apn) + O(x*2), (34)

where x* = x*(Appy) is Foreign’s optimal export tax implied by the deterministic share,
Arg. This first-order formula is useful for simulating counterfactuals because it ex-
presses the certainty equivalent export tax factor directly in terms of the two primitive
functions characterized earlier: the noncooperative export tax function x*(.) and the

export restriction hazard 7(.).

5.4 Multiple Sectors

In this section we extend our optimal tariff framework to a multi-sector economy. Sup-

pose firms can be partitioned into multiple sectors denoted by k = 1, ..., K. Suppose that
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the final good and intermediate input aggregator use a common Cobb-Douglas func-
tional form: P; = [, 15;‘,’{‘ where «ay is the share of expenditure on sector k goods. The

sector-level price index is

€k

= : M B 51—pB\ ¢k
e [rg Pk (ka lkdmkwn P, > ] ,

where ¢ is the sector-level trade elasticity, with the corresponding trade share given by

1 M X B s1-B\ ¢k
<¢n k Tik Tnik dm KWy Py

1—
ZKEC ((pékTEszﬁlkdﬁlkw'BP ﬁ)

nik —

We maintain an analog of Assumption 2 for the multi-sector framework; namely that
€x > (1 — B)/B. The next lemma shows that under this assumption, Foreign’s optimal
export tax in each sector is increasing in the sector-level degree of import dependence.

A formal proof for the lemma is provided in Appendix H.*

Lemma 6. Given Home's sector-level import tariffs {t;}, Foreign’s optimal noncooperative ex-

port tax on sector k is

1
X Ak = ~
KA €x(1—Ag) + —lgﬁ/\k Ok

Y 1tep(1-Ay) Ag
8 1+eg(1-Ag) A8

where A = Apy  is Home's aggregate import dependence in sector k and S5(Ay) =

The above lemma states that Foreign’s optimal non-cooperative export tax in sector
k increases with import dependence in that sector. If non-cooperation does not carry
a non-pecuniary cost, then Foreign will apply this tax with ex ante certainty. If non-
cooperation carries a non-pecuniary cost, Appendix H shows that the ex ante probability
of adopting x; is increasing in Aj. Putting the pieces together, we model Foreign’s
certainty equivalent export tax analogously to the single-sector benchmark. Specifically,

from Home’s perspective, the ex ante Foreign export tax response is modeled as
T = Te(Apmp) — 1,

where T (.) is an increasing function and {Apy x} is the sector-level import share sched-

“Lemma 6 presents x; for the case where Home’s tariff revenue has no first-order effect on Foreign

-1
welfare at the optimum. Without this restriction, the formula becomes x; = (ek(l — Ap)o + ﬁﬁ Ay 5k> ,

featuring an additional shifter J;, which is the sector-level analog of § in Lemma 1. See Appendix H for
details.
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ule implied by {Xx}. This representation tractably captures the core mechanism of the
paper—that greater import dependence in sector k translates to a higher certainty equiv-
alent export tax in that sector. Moreover, because firms are infinitesimal, they do not
internalize their collective influence on Foreign policy, dT/dArp , leading to excessive
sourcing from Foreign within each sector. The optimal tariff seeks to correct the excessive

exposure implied by private sourcing decisions.

Optimal sector-level tariff. Home’s optimal tariff schedule is a vector {t;} that maxi-
mizes Home’s welfare Wy = Y/ Py subject to equilibrium constraints and the Foreign’s
certainty-equivalent export-tax wedge {Xx} = {T(Armx) —1}. The next proposition
characterizes the optimal tariff schedule, with a formal proof provided in Appendix G.

Proposition 3. Suppose Foreign is inclined to strategically restrict exports on a sector-level basis.

Then, Home's unilaterally import tariff on sector k is

1 €(l1—A dIn T (A
p= Ly i ( D FH/K) dlkg FHE) (35)
€rH €FH K NAFHk

where EEH/k is the sector-level import demand elasticity, and terms of trade (ToT) component of
the tariff is uniform and determined by the aggregate export supply elasticity:

AHF k& 1-8

S HF k%k

ey =Y | ZEE K e A pr k| + —2 Ak
FH ; |: )\HF k FF,k:| ’3 HF

This proposition provides a rationale for targeted tariffs that vary with sector-level
import dependence. As noted earlier, recent US tariffs exhibit this form of targeting,
which is difficult to reconcile with traditional optimal tariff theories. Case in point,
the first term in Equation 35, which represents the standard terms of trade motive is
non-targeted and uniform across sectors.” The second term, which corrects the strategic-
dependence externality identified in this paper, is targeted and varies across sectors.
The magnitude depends on the policy response, dTi/dArp r, not internalized by domes-
tic firms’ sourcing decisions. Intuitively, this term is larger in sectors with significant
degrees of aggregate import dependence, and our quantitative exercise that follows con-

firms this.

SThe exact uniformity of terms-of-trade optimal tariffs is a direct implication of the Ricardian structure
whereby labor is perfectly mobile across sectors. But even with fixed sector-specific factors, it is often
difficult to generate meaningful sectoral heterogeneity in optimal tariffs based on terms of trade motives
alone. The variation would only be sizable if Home accounts for a significant share of global demand in a
given sector, which in not true in practice.
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6 Mapping Model to Data

This section maps our model to data. Our goal is to compute the unconstrained-optimal
tariff schedule for the United States and the European Union as the two running exam-
ples for the home economy. We begin with describing the data sources and discuss how
the export restriction hazard is empirically estimated. Then, we describe our calibration

strategy and numerical algorithm for simulating the optimal tariff counterfactual.

6.1 Baseline Macroeconomic Data

We draw on the 2016-2022 Extended Edition of the OECD Inter-Country Input-Output
(ICIO) database (OECD, 2021). The data cover 76 individual economies together with
an aggregate of the Rest of World aggregate, and 50 ISIC Rev. 4 industries per coun-
try block. Each annual table is organized as a square flow matrix. The inter-industry
block records gross intermediate purchases from every country-industry origin to every
country-industry destination, yielding a transaction matrix Z of dimension (85 x 50) x
(85 x 50). A final demand block records expenditure across six final good categories
for each country. We consolidate the industries into sixteen broad sectors: agriculture,
mining, food processing, textiles, wood products, paper and printing, petroleum, chemi-
cals, plastics and rubber, metals and fabricated metals, non-metallic minerals, electronics,
machinery, transport equipment, other manufacturing, and services. These data points
allow us to construct the baseline equilibrium values for 2018. For each choice of home
economy H € {US,EU}, we calibrate the import share based on the matrix of gross
bilateral flows X,,;  in the non-service sectors. The sector-level and aggregate shares are

more formally computed as

A, Yn#H XnHk ey = Yk YntH XnHk
FHE Yoo Xnmg Yk 2n XuHk

Table 1 reports the resulting baseline values for both home economies. Once intra-EU
flows are excluded from the import measure, the two economies display comparable
Foreign aggregate import shares: Ary equals 19.9 percent for the United States and 14.3
percent for the European Union. We calibrate the structural parameters p and «a; using
the same ICIO tables. The value-added share B is calibrated separately for each home
economy from the ICIO table as the ratio of aggregate value added to gross output,
yielding f = 0.55 for the United States and B = 0.48 for the European Union. The

Cobb-Douglas expenditure shares are calibrated to sector level expenditure divided by
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aggregate expenditure: ap = ), X,;; /E;. Lastly, the trade elasticity to € = 4, a value in
the range commonly used in the quantitative trade literature (Simonovska and Waugh,
2014) For the macro-level analysis, we aggregate each economy into traded and non-
traded sectors. The non-traded share of the economy is calibrated based on the share of

expenditure on services.®

Table 1: Baseline Macroeconomic Data and Parameters (2018)

United States European Union Source

Panel A. Macroeconomic Aggregates

GDP (Trillions USD) 19.88 14.29

Imports / GDP (%) 14.32 19.57

Services / GDP (%) 79.71 73.19 OECD ICIO

Import Share Ary 1 (%) 35.71 37.42

Panel B. Structural Parameters

Trade Elasticity € 4.00 Simonovska-Waugh
Value-added Share 0.55 0.48 OECD ICIO
Certainty-equivalent fit 4 0.76 0.81 Model calibration

Notes: All macroeconomic aggregates are drawn from the 2018 OECD Inter-Country Input-Output (ICIO)
tables. GDP is measured as aggregate value added; observed import-to-GDP ratios retain the actual
Foreign-to-Home flow and treat intra-EU transactions as domestic for the European Union. The non-
traded weights proxy latent expenditure shares with ISIC G-T service value-added shares; they do not
classify measured service trade as non-traded. All observed cross-border deliveries enter the traded com-
posite. Balanced aggregate and conditional traded shares are obtained from the zero-transfer exact-hat
benchmark. The value-added shares S and Br are economy-wide ratios of value added to gross output.

6.2 Estimating the Export Restriction Risk Elasticity

A key element of our model is the elasticity by which the risk of Foreign export re-
strictions increases with aggregate import dependence at the sector level. Specifically,
the probability that sector k is subjected to an export restriction is parameterized as
(Ay) = Ai, with { representing the elasticity of noncooperation risk with respect to
import dependence. This normalization is the structural probability used in the coun-
terfactual analysis; level differences across importer-sector cells are absorbed by fixed
effects in estimation. A higher  corresponds to a steeper increase in disruption risk as

the home economy becomes more dependent on foreign supply.

The approach calibrates the weight of the non-traded sector to 79.71 percent for the United States and
73.19 percent for the European Union.
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Data Sources. We estimate ¢ using a newly assembled data set on export restrictions
matched to bilateral import flows from BACI for the 2017-2023 period.

Our main source on export restrictions is the Global Trade Alert (GTA) database
(Evenett and Fritz, 2024), which provides a public record of state interventions affecting
trade and investment. We use the subset pertaining to export restrictions and retain
seven categories of trade restrictive measures: export taxes, export bans, export quotas,
export licensing requirements, export price benchmarks, export tariff quotas, and local

supply requirement for exports.”

We further restrict the sample to interventions clas-
sified by GTA as Red or Amber, which indicate that the measure is discriminatory or
likely discriminatory. The raw extract contains 4,157 export-related interventions across
146 economies. Restricting the sample to measures active during 2017-2023 yields 1,866
policy lines. We construct two measures for export restrictions: a flow measure that
captures newly implemented restrictions and a stock measure that records measures in
force in a given year. The resulting sample covers 126 exporters and 5,692 HS6 products
in the flow panel, and 138 exporters and 5,709 HS6 products in the stock panel.

We supplement the GTA data with two OECD data sources: the Inventory of Export
Restrictions on Industrial Raw Materials and the Database on Export Restrictions on Sta-
ple Crops. The industrial raw materials inventory tracks restrictions on 65 categories of
industrial commodities and has been compiled since 2009. The staple-crops database,
maintained by the OECD as a contribution to the Agricultural Market Information Sys-
tem, records six restrictive instruments applied to wheat, maize, rice, soybeans, and their
combinations since 2007. In our harmonized 2017-2023 sample, the industrial inventory
covers 39 exporters and 260 HS6 products in the flow panel, and 60 exporters and 485
HS6 products. The staple-crops database features 11 exporters and 34 HS6 products.
Taken together, the two OECD sources contribute 1,979 flow observations and 22,059
stock observations.

Hazard and Import Dependence Measures. For each home economy i, exporter n,

HS2 sector k, product x € Ky, and year ¢, let

Ryt = 1{exporter n restricts product « in year ¢}. (36)

"We exclude the residual GTA category “Export-related non-tariff measure, nes.”
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We calculate the empirical counterpart of the export restriction hazard as the weighted

sum of applied restrictions

Tlhi kt — Z wni,K,tRn,K,t/ (37)
kel

where the weight assigned to product x within the importer-sector cell is wy;,; =
Xnipt! Lek, Xnix t, With X denoting trade values. This construction aggregates product-
level policy events into sector-level bilateral restriction hazards. The logic is that under
the law of large numbers the probability of imposing restrictions on a product line within
sector k overlaps with the share of product lines that receive the restriction. Our measure
of aggregate import dependence is the lagged market share of a given exporter within
importer-sector cells. Namely, ;\ni,k,t—l = %, where X,,; ;1 denotes exporter n’s
exports to home i in sector k in year t — 1. We use lagged trade values to circumvent the

reverse causality between import values and export restrictions.

Estimating Equation. We estimate the export-restriction hazard elasticity {, under both
the stock and flow hazard encodings. The stock hazard is our baseline because the
model is disciplined by the probability that export restrictions are active when imports
are realized, not merely by the arrival of new policy actions. The flow hazard provides

an event-style robustness check. For each encoding, we estimate the following equation:
In 7k = G0 Ak s 1 + i+ Tt + ks, (38)

where I'j; denotes home country-sector fixed effects and I'; denotes year fixed effects. We
estimate equation (38) using OLS and Poisson pseudo-maximum likelihood (PPML) es-
timators. PPML can naturally handle the zero entries. When running the OLS specifica-
tion, we assume a baseline risk set to the minimum inferred risk from existing measures
in a given year.”
Results. Table 2 reports estimates under a range of specifications. Panel A presents
the baseline stock-hazard specification. The pooled OLS estimate is {=0.265, whereas
the pooled PPML estimate is 0.178. Standard errors are clustered at the sector level.
The OLS estimates are generally larger than the PPML estimates, but the two estimators
yield quantitatively similar results.

We also estimate the model separately for U.S. and E.U. samples. In each case, the

region in question is treated as the home country, and the estimating equation identifies

8For the European Union, we aggregate imports across all 27 EU member states.
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the elasticity of the hazard with respect to aggregate import dependence across trading
partners. The resulting estimates are similar across specifications and are statistically
significant across the board, with implied hazard elasticities in the 0.1 to 0.3 range.
Taken together, these findings support the view that greater aggregate import depen-
dence increases the gains from export restrictions and thereby strengthens the incentive
for foreign governments to impose them. Our estimates imply that exporters accounting
for a larger share of the home country’s imports are systematically more likely to adopt

restrictive trade measures.

Table 2: Estimates of the Geopolitical Risk Elasticity

PPML OLS
us EU Pooled us EU Pooled
1) () 3) (4) ) (6)

Panel A. Stock hazard

g 0.146%* 0217 0.177°%  0.286*** 0.227°** (0.265***
(0.010)  (0.014)  (0.010) (0.013)  (0.014)  (0.014)

N 63,860 75,280 139,140 63,860 75,280 139,140
Panel B. Flow hazard

g 0157 0.291%* 0203  0.173*** 0.118"** (.149***
(0.012)  (0.013)  (0.011) (0.011)  (0.006)  (0.008)

N 63860 75280 139,140 63,860 75,280 139,140

Notes: The dependent variable is the export-weighted restriction hazard at the HS2 sector level. The
regressor is the log lagged exporter share in the importer’s sector imports. Data span 2018 to 2023.
Panel A reports the stock-based hazard encoding (baseline), and Panel B reports the flow-based hazard
encoding (robustness). PPML estimates use Poisson pseudo-maximum likelihood; OLS estimates use log-
transformed hazard with zeros winsorized to the year-specific minimum positive value. Fixed effects: HS2
sector and year (single-home), plus home (pooled). Standard errors clustered by HS2 sector in parentheses.
The quantitative baseline uses the Panel A OLS estimates.

7 Computing the EU and US Optimal Tariffs

This section uses our calibrated model to compute the optimal tariff schedule for the
US and the EU. We first describe the numerical algorithm for recovering optimal tariffs.
We then compute the optimal macro tariff, which is applied to the traded composite
while the non-traded wedge remains one. Lastly, we present the optimal sector-level
tariffs and demonstrate that strategic de-risking motives generate significant variation in

optimal tariffs across sectors based on import dependence.
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7.1 Quantitative Algorithm

his section outlines the quantitative method for recovering optimal tariffs. We focus the
presentation on the one-sector model, since the same logic extends to the multi-sector
case. We take a factual baseline equilibrium characterized by free trade (T% = Tj% =1)
and interpret Home as the United States or the European Union and Foreign as the rest of
the world. We calibrate the baseline equilibrium variables to their observed counterparts
in the data, as detailed earlier. We then perturb the tariff applied by Home ¢, update the
export tax applied in Foreign x(f) to reflect its best response, and leave all other taxes
unchanged. Then, we me compute the counterfactual equilibrium in changes. For each
variable z let z’ denote the counterfactual value after the perturbation, and let 2 = z'/z

denote the resulting change in the variable. The change in trade taxes is

AMt 1+t ni=FH X/, 1+x(t) ni=FH
1 ni # FH 1 ni # FH

For a given the Home tariff ¢, we set x(f) to Foreign’s certainty equivalence optimal ex-
port tax. As detailed earlier, the certainty equivalent optimal export tax is approximated
by x(t) = a- 1w (Apy(t)) x* (Aby(t)), where AL () denotes the counterfactual share un-

-1
der t, and 71(A) = A% and x*(A) = {e(l —A)+ %A} , following Lemma 1. Thus,

altogether, we can specify the Foreign’s optimal export tax response as

x(t) = 18 ’ A;—"H = /\FH}A\FH(t) (39)

We calibrate @ to maximizes the goodness of the approximation. In particular, we con-
struct of mesh with J = 121 nodes, and calibrate 4 to minimize the leas squared error
between the exact certainty equivalence export tax rate and the rate approximates by our

closed-form formula:

J - -
i =argmin Y % —an(Appr)x* (Arar)]?, 1+t € [1,1.875].
a j=1

The resulting coefficients are 0.76 for the United States and 0.81 for the European Union.
The traditional terms of trade benchmark in which Foreign is passive, sets x = 0.
For given policy wedges, we solve the equilibrium in exact changes. Let a;; denote
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region i’s expenditure weight and let P; denote its aggregate input price index. The

central price and share equations are

~ ~ i/\lf i
Pis = wlﬁ Pi P ’ (40)
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n
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—€
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/\m',s = M X —€”
)W, )\Ei,s (Téi,STEi,s Pﬁ,s)

(43)

Wage and expenditure market clearing incorporates intermediate demand and rebates
tariff and export-tax revenue to the collecting region. The full equilibrium retains Sy and
Br in their respective production, income, and expenditure equations. This distinction
affects general-equilibrium incidence even though the export-tax shortcut above depends
on By.

We choose the Home tariff to maximize real income:

max ln<1§H§2) subject to the equilibrium system, 14 x(t) = T(Ary (f)) .
H

The sixteen-sector exercise applies the same logic to a vector of sectoral tariffs. Its sectors
are observed ICIO aggregates rather than the macro model’s latent composites. Conse-
quently, measured service trade remains tariff-active in that exercise and should not be
identified with the latent non-traded composite. We use each region’s stock-OLS esti-
mate of { and transport its aggregate 4 as a common approximation coefficient across
sectors. Appendix | separately verifies the exact certainty-equivalent representation and
measures the numerical error introduced by this fitted shortcut.

7.2 Quantitative Results

This section presents quantitative results from our optimal tariff simulation. We first
characterize optimal macro tariffs, applied to the traded composite with a unit wedge
on the non-traded composite, comparing the rates under the strategic sourcing external-
ity with those in a traditional case where optimal tariffs are driven solely by terms-of-

trade motives. We then examine optimal sector-level tariffs to highlight how the strategic

31



sourcing externality creates a clear rationale for targeting. While terms-of-trade consid-
erations call for a uniform tariff across sectors, the risk correction that addresses the
strategic sourcing externality requires targeted tariffs, generating significant cross-sector

heterogeneity in optimal rates similar to those observed in 2018.

Optimal Macro Tariffs. The optimal macro tariff is the rate applied to all imports rep-
resented by the traded composite. Table 3 reports the optimal macro tariffs for the US
and EU. Column (1) reports the terms-of-trade optimal tariff when the Foreign govern-
ment is passive (x = 0) and there is no scope for geopolitical risk correction; this tariff
corresponds to the one characterized in Proposition 1. The remaining columns present
results when Home faces a strategic Foreign government, which creates a strategic sourc-
ing externality that calls for correction. In this case, the optimal tariff corresponds to the
formula in Proposition 2 and exhibits an additional geopolitical risk-correction term that

addresses the strategic sourcing externality.

Table 3: Optimal Macro Tariffs under Geopolitical Risk

Benchmark: 77 =0 Geopolitical risk: 7t(Ar)
Tariff Rate (%) Tariff Rate (%) ToT Share Risk Share
United States 25.78 31.01 83.14 16.86
European Union 26.02 30.93 84.12 15.88

The Benchmark column reports the optimal tariff in the absence of geopolitical risk (r = 0). The

geopolitical-risk columns use 7t(A7) = )\gT and the fitted certainty-equivalent export wedge art(A7)x*(Ar).
The Decomposition columns report the share of the endogenous tariff attributable to terms-of-trade ma-
nipulation versus the geopolitical-risk component; these shares sum to 100 percent.

The terms-of-trade benchmark generates an optimal traded-composite tariff of 25.78
percent for the United States and 26.02 percent for the European Union. Their similarity
reflects the common trade elasticity, while the small difference arises from the region-
specific value-added shares and balanced trade structure.

Geopolitical risk raises the United States tariff to 31.01 percent and the European
Union tariff to 30.93 percent. The corresponding corrections are 5.23 and 4.91 percentage
points. Thus, the risk channel remains economically meaningful after using direction-
specific bilateral flows, region-specific production shares, and a balanced traded-composite
calibration.

The model delivers a clean decomposition of the optimal tariff into the terms-of-
trade component and the geopolitical-risk component (see Figure 4). For the United
States, the terms-of-trade motive accounts for 83.14 percent of the optimal tariff, with
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the geopolitical-risk component contributing 16.86 percent. For the European Union, the
corresponding shares are 84.12 and 15.88 percent. The two decompositions are similar
because two offsetting forces are at work: the European Union exhibits greater aggregate
import dependence, while the United States faces a higher estimated hazard elasticity.

These magnitudes are striking because they apply to a uniform macro tariff, not
targeted sectoral tariffs. While skepticism often surrounds the political feasibility of
high sectoral tariffs, our results suggest that even under the constraint of a uniform tariff
policy, the structural incentives to hedge against geopolitical risk are powerful enough
to justify roughly five percentage points of additional protection.

Figure 4: Optimal Traded-Composite Tariff Decomposition
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Notes: The figure decomposes the optimal traded-composite tariff into the terms-of-trade (ToT) compo-

nent and the geopolitical-risk component. The endogenous-risk scenario uses (A1) = A% and the fitted
certainty-equivalent export wedge ar(Ar)x*(Ar).

Optimal Sectoral Tariffs. We extend the analysis to sixteen observed ICIO sectors to
study how geopolitical risk shapes the cross-sectoral distribution of optimal tariffs. This
exercise differs conceptually from the macro aggregation. Its service sector records mea-
sured service production and trade; it is not the latent non-traded composite used to
calibrate the macro expenditure share. All sixteen observed sectors, including services,
are therefore tariff-active.

Sectoral import dependence varies widely in the 2018 data: Foreign’s expenditure
share ranges from 2.75 percent for United States services to 71.39 percent for United
States textiles, and from 5.60 percent for European Union paper products to 80.19 percent
for European Union mining. We maintain a common trade elasticity € = 4.00 and repeat

each region’s economy-wide value-added share across sectors. Noncooperation risk is
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T (Apr k) = A%H,k, using the regional stock-OLS estimates ;s = 0.29 and gy = 0.23.
We transport the aggregate certainty-equivalent coefficients, d;;s = 0.76 and dgy = 0.81,
uniformly across sectors. This is a tractability assumption rather than a sector-by-sector
re-estimation of the approximation.

Absent geopolitical risk (71 = 0), the common trade elasticity yields a uniform terms-
of-trade tariff of 25.29 percent in every United States sector and 25.49 percent in every
European Union sector. Under endogenous risk, the sectoral schedule becomes steeply
increasing in import dependence. United States tariffs range from 26.92 percent in ser-
vices to 36.79 percent in textiles. European Union tariffs range from 27.22 percent in
wood products to 38.35 percent in mining; the tariff on services is 27.54 percent.

Figure 5 plots the two schedules. The no-risk schedule is flat, whereas the endogenous-
risk schedule assigns the largest corrections to the most import-dependent sectors. The
service observations remain near the lower end because measured service import shares
are small, not because services are removed from the policy domain.

Geopolitical risk generates targeted protection. Unlike the terms-of-trade motive,
which produces nearly uniform tariffs under a common trade elasticity, the geopolitical-
risk component is largest precisely where aggregate import dependence is greatest.
These are also the sectors where comparative advantage is most pronounced and the
gains from trade are largest, so the efficiency cost of strategic de-risking falls dispropor-

tionately on the economy’s most productive import relationships.

8 Empirical Evidence

In this section, we assess the model’s empirical relevance by asking whether it can ac-
count for the 2018 shift in U.S. tariff policy. We do this in two steps. First, we examine
USTR communications in the build up to the 2018 tariff war. The concerns expressed in
these documents closely mimic the strategic-sourcing externality at the core of the model.
Second, we study the pattern of the 2018 tariff hikes on Chinese imports. We argue that
these tariffs were not systematically related to traditional factors like the export-supply
or import-demand elasticities, which underly the terms of trade and political economy
theories. Instead, they were targeted towards products for which U.S. dependence on

Chinese imports rose most sharply during the five years preceding the policy shift.
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Figure 5: Optimal Sectoral Tariffs and Import Dependence
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Notes: Each point represents one of sixteen observed ICIO sectors, including measured services, ranked
by Foreign’s sectoral expenditure share. Solid line: endogenous geopolitical risk with 7 (A ) = /\1ng r
and a common regional 4. Dashed line: terms-of-trade benchmark (7t = 0).

8.1 Textual Evidence from USTR Press Releases

We first present textual evidence that 2018 USTR tariffs were partly motivated by the de-
risking mechanism this paper highlights. We analyze the text of USTR communications,
the agency’s complete public record of announcing and justifying its trade actions, and
find that around the 2018 rollout, the agency’s stated rationale for tariffs shifted sharply
toward the strategic risk-mitigation logic that generates targeted protection in our model.
The traditional terms-of-trade rationale offers no explanation for this shift, since it relies
on foreign producers bearing part of the tariff incidence and is silent on the riskiness of
foreign sourcing. Yet it is exactly the riskiness angle that policymakers began to invoke
in the build up to the 2018 tariff war.
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We measure official framing in the universe of 2,983 USTR press releases published
between January 2010 and December 2025. Each release is segmented into short local
passages, totaling 55,003, and a large language model classifies every passage into six
narratives: (1) import dependence, (2) criticality, (3) vulnerability, (4) geopolitical risk,
(5) mitigation or de-risking, and, (5) their conjunction into an explicit strategic vulner-
ability narrative. This approach follows the text-as-data tradition of Baker et al. 2016;
Gentzkow et al. 2019; Hassan et al. 2019; Caldara and Iacoviello 2022; Ash and Hansen
2023. Passage classifications are aggregated to the release level along two margins: the
extensive margin records whether a release contains at least one passage in a narrative,
and mention intensity records the share of a release’s passages assigned to that narra-
tive. Appendix K reports the full ontology, the classification rules, worked examples,
and the validation evidence. Appendix K.6 shows that every result below is reproduced
in direction and timing by three alternative classifiers run on identical passages.

Two of the six narratives carry the mechanism. Dependence alone records that USTR
discussed foreign sourcing, and criticality alone records that it discussed important sec-
tors; neither is evidence of the strategic-risk channel. The mechanism-specific narratives
are geopolitical risk, which captures language connecting trade exposure to state power,
coercion, rivalry, or foreign-government conduct, and the strategic vulnerability narra-
tive, which requires a passage to join foreign exposure explicitly to strategic importance
and to a risky or coercible supply relationship, rather than asserting fragility alone as the
vulnerability narrative does. The classifier applies a strong-entailment standard: nam-
ing a strategic sector alongside a foreign country satisfies neither narrative. The June 15,
2018 release announcing the first tariff list describes “the unprecedented threat posed by
China’s theft of our intellectual property, the forced transfer of American technology, and
its cyber attacks” and is coded as both geopolitical risk and the strategic vulnerability
narrative; a release announcing that “U.S. Beef Gains New Market Access in Morocco” is
coded as neither, as are bare tariff-list references and meeting announcements. Routine
market-access disputes, WTO litigation, and anti-dumping language are hard negatives
by construction, so ordinary trade-remedy discourse cannot mechanically generate the
narratives of interest.

The shift in official language around the 2018 rollout is large, statistically decisive,
and concentrated in precisely the narratives the mechanism singles out. Table 4 reports
document-level extensive margins for all six narratives in the pre-2017 baseline (1,159
releases) and the 2018 rollout year (109 releases). Geopolitical-risk framing rises from
6.0 to 26.6 percent of releases, a 20.6 percentage-point increase, and the strategic vulner-
ability narrative rises from 3.9 to 15.6 percent ; both roughly quadruple. The gradient
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across narratives is as informative as the levels. Vulnerability and criticality, component
narratives that the mechanism activates only in conjunction with foreign risk, rise by 8
to 10 percentage points. Bare import dependence rises by 4.4 percentage points and is
not statistically distinguishable from baseline, and so is mitigation language. USTR did
not simply talk more about trade, China, or import reliance in 2018; the language that
surged is the language that joins exposure to state-directed risk. The comparison with
2017 is particularly demanding because it holds the administration and its rhetorical
register fixed: in 2017 the geopolitical-risk margin was 3.7 percent, below the long-run

baseline, so the 2018 surge is not an artifact of a change in administration voice.

Table 4: Strategic-Risk Framing in USTR Communications: Pre-2017 versus 2018

Pre-2017 baseline 2018 rollout Change

Narrative (percent) (percent) (pp)
Panel A. Mechanism-specific narratives
Geopolitical risk 6.0 26.6 +20.6
[4.8,7.6] [19.2, 35.6]
Strategic vulnerability narrative 3.9 15.6 +11.7
[2.9,5.2] [10.0, 23.6]
Panel B. Component and response narratives
Vulnerability 6.8 14.7 +7.9
[5.5, 8.4] [9.2, 22.5]
Criticality 17.1 26.6 +9.5
[15.0, 19.4] [19.2, 35.6]
Import dependence 6.6 11.0 +4.4
[5.3,8.2] [6.4, 18.3]
Mitigation or de-risking 8.3 5.5 —2.8
[6.8,10.0] [2.5,11.5]

Notes: Entries are document-level extensive margins: the share of USTR releases containing
at least one positive passage for the narrative. The pre-2017 baseline covers 1,159 releases
(2010-2016) and the 2018 rollout covers 109 releases. Brackets report Wilson 95 percent
confidence intervals. The final column reports two-sided Fisher exact tests of equal propor-
tions across the two periods, treating releases as independent; Appendix K.4 discusses this
assumption and reports the underlying counts.

The timing within 2018 ties the language to the policy event. Figure 6 plots the two
mechanism-specific narratives over the full sample (Panel A) and in event time around
the Section 301 action (Panel B). Framing begins to move in early 2018, when the steel
and aluminum actions were announced and the Section 301 investigation, opened in Au-
gust 2017, was nearing its findings. The concentrated jump occurs in the announcement-

to-implementation window: among the 31 releases issued between the March 22 an-
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Figure 6: Textual evidence from USTR communications
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Notes: Panel A reports six-month rolling document-level extensive margins for geopolitical risk and
the strategic vulnerability narrative in USTR communications, 2010-2025. Panel B reports event-time
extensive margins around the 2018 Section 301 tariff rollout. The vertical markers in Panel A denote
the March 22, 2018 tariff announcement and the July 6, 2018 implementation of the first tariff list.

nouncement of the China tariff action and the July 6 implementation of the first tariff
list, 32.3 percent contain geopolitical-risk language and 22.6 percent contain the strategic
vulnerability narrative, roughly nine and eight times the 2017 rates. The margins remain
elevated through the second half of 2018 (26.8 and 12.5 percent), so the episode is not a
single burst of announcement-day rhetoric. Because the announcement window and the
post-implementation window are disjoint samples, each separately distinguishable from
the 2017 baseline for geopolitical risk, the 2018 result does not hinge on any one cluster
of related releases.

The path after 2018 is equally informative, and the two mechanism-specific narratives
diverge in a way that fits their economic content. Background geopolitical-risk framing
ratchets upward: it recedes only partially to 9.7 percent in 2019-2020, holds at 12.3
percent across 2021-2024, roughly double the pre-2017 baseline , and surges to 25.0
percent in 2025 as tariff escalation resumed.” The strategic vulnerability narrative instead
behaves episodically: it returns to baseline in 2019-2020 (3.6 percent), edges up to 5.6
percent in 2021-2024, and spikes again in 2025. This is the pattern one would expect if
the strategic vulnerability narrative is the vocabulary in which tariff action is publicly
justified: it peaks in the two episodes of active escalation and subsides in between, while
the background assessment of foreign-state risk, once raised, does not fully revert.

The same conclusions survive every reclassification and recomposition we examine,

9The 2025 releases lie outside the main estimation sample and function as an out-of-sample check:
when tariff action returned, so did the framing, with the strategic vulnerability narrative reaching 18.3
percent of releases.
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detailed in Appendix K.5. Measured on mention intensity rather than the extensive
margin, geopolitical-risk language rises from 0.9 percent of passages per release before
2017 to 7.2 percent in 2018, so the result does not reflect isolated sentences in otherwise
routine documents. Retaining only high-confidence positive classifications, a screen that
can only remove positives, preserves the shift (4.5 to 18.3 percent for geopolitical risk).
Excluding administrative scheduling releases leaves the 2018 margins unchanged, and
within policy-action communications the 2018 margins reach 57.1 and 33.3 percent. Re-
running the entire classification with three alternative language models reproduces the
direction, timing, and event-window concentration of the shift; classifier choice moves
levels but not the 2018 contrast, and the two frontier models agree exactly on the event-

window counts. !’

8.2 Evidence from Applied Tariffs (Section 301)

We now turn to the applied Section 301 tariffs and the products they targeted. A natural
starting point is to ask what motivated these tariffs. One hypothesis, grounded in the
textbook terms-of-trade framework, is that by 2018 the U.S. government had concluded
that the terms-of-trade gains from tariffs on China outweighed the costs that had de-
terred earlier administrations. This hypothesis carries a testable implication: tariff hikes
should target goods with high export supply elasticities, where the incidence falls most
heavily on foreign producers. An alternative hypothesis is that the tariffs reflected polit-
ical pressure from lobbying sectors. If so, targeting should instead track import demand
elasticities and we should see steeper hikes in sectors where China’s import share was
declining. Our analysis is mindful of both possibilities, yet the evidence supports nei-
ther. The significant predictor of the 2018 tariff hikes turns out to be whether a good had
experienced a rapid rise in import dependence on China in the prior 5 years.

To provide some background, the 2018 tariff measures were rolled out in multiple
phases. Two phases consisted of global safeguards that did not single out China: a
Section 201 action in January 2018 on solar panels and washing machines, and a Sec-
tion 232 action in March 2018 on steel and aluminum, applied to nearly every trading
partner. The centerpiece of the policy shift was the China-specific Section 301 phase, im-
plemented in three tranches over 2018: a first list covering roughly $34 billion of annual
imports in July and a second covering about $16 billion in August, both subject to a 25
percent duty, followed by a much larger third list of almost $200 billion in September

10Appendix K provides the ontology, examples, robustness checks, and event-time tables behind the
classification.
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at an initial 10 percent rate, later raised to 25 percent in 2019.!! We draw the monthly,
product-level tariff and trade data from these phases from Fajgelbaum et al. (2020), with
a detailed account of provided in Appendix J.

Our estimating equation regresses the statutory tariff change on a set of predictors
implied by theory:

Aln(1+t) =a+BAInA; +yep + el +uy. (44)

Here, the outcome variable is the December 2017 to December 2018 change in statutory
tariff on imports of product k from China. The main regressor of interest Aln Ay is the
growth of China’s import share in product k over the preceding five years, 2013 to 2017.
This share is the empirical analogue of the good-level import dependence Ay in our
model, and through the lens of our derisking theory, B must be positive. The controls si
and €D are the two elasticities emphasized by conventional theories of protection. The
good-specific export supply elasticity ¢} is the central predictor under terms-of-trade
theory, while the import demand elasticity ¢? is a key determinant of politically optimal
tariffs (which are also negatively related to import shares). We source si from Broda
et al. (2008), who estimate foreign export-supply elasticities at the HS4 level, and &P
from Broda and Weinstein (2006), who report import demand elasticities for each HS10
product line. We run this regression at two levels of aggregation, the HS10 tariff line
and the HS4 sector heading, where the latter matches the level of aggregation for which
export supply elasticities are available. The underlying assumption when running the
HS10 level regression is that the export supply elasticity is common up to a random
error term across HS10 lines within an HS4 heading.

As a falsification check, we re-estimate the regression on a placebo sample of tariffs.
The outcome in regression 44 is replaced with the change in statutory tariffs applied
to the same good k when imported from non-Chinese suppliers, holding the regressors
unchanged. Because Section 301 duties are China-specific, growth in China dependence
should not predict how tariffs on other partners were revised over this period. In other
words, the placebo coefficients should be statistically indistinguishable from zero.

Table 5 reports the estimation results. The four columns pair the two aggregation
levels, HS10 lines and HS4 headings, with the China and placebo outcomes, while the
three panels vary the sample and specification. Across every column and panel, the
two elasticity controls enter with small coefficients that are statistically insignificant in

HBecause our tariff data end in early 2019, the changes we measure capture the three 2018 lists as
implemented by year end, before the later escalation.
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all but one cell, so the conventional determinants of the optimal tariff account for little
of the cross-sectional variation in the 2018 tariff changes; the dependence-growth term
carries the result. Our baseline, Panels A and B, excludes goods covered by the global
Section 232 and 201 actions, which were not China-specific and are plausibly unrelated
to the evolving U.S.-China trade relationship; Panel C restores them and shows that
the China result is essentially unchanged. One caveat shapes what the table can say:
because a year-over-year tariff change is recorded only for goods that actually traded
with the relevant origin in both Decembers, the China and placebo columns rest on
different, unmatched samples. We therefore read each placebo column as a separate
baseline rather than a matched counterfactual, and do not test cross-column coefficient
differences.

Panel A presents the baseline contrast. The coefficient on prewar dependence growth
is 0.649 at HS10 and 0.923 at HS4, both significant at the 1 percent level. A doubling of
China’s import share from 2013 to 2017 is associated with increases of about 0.45 and 0.64
points, respectively, in the resulting gross tariff hike in 2018. In the placebo non-China
samples, the corresponding coefficients are statistically insignificant. Panel B interacts
dependence growth with the sector’s import-penetration ratio, measured from input-
output accounts. The coefficient on the scaled regressor is larger in absolute magnitude
and remains positive and statistically significant, while the non-China placebo coefficient
remains indistinguishable from zero. Panel C restores goods covered by the global, all-
origin Section 232 and 201 actions. The China coefficient remains positive and nearly
unchanged at HS10; at HS4 it falls to 0.612 and is significant only at the 10 percent level.
This attenuation is in fact reassuring: once China-specific and global tariff measures
are pooled into the same sample, a China-specific determinant should lose explanatory
power.

Taken together, Table 4 supports a narrow but informative conclusion: conditional on
the two elasticity measures, tariffs on China rose more where reliance on China had been
building before the trade war. Moreover, the placebo test confirms that the same pattern
does not extend to tariff revisions on non-China partners. Read alongside the textual
evidence of Section 8.1, which documents a parallel shift in USTR’s stated rationale
toward strategic derisking, the evidence accords well with our model’s mechanism as an

account of the shift in tariff policy that occurred circa 2018.
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Table 5: China Import Dependence and the 2018 Tariff Structure

HS10 lines HS4 headings
China AInt Placebo China Alnt Placebo
(1) (2) (3) (4)
Panel A. Baseline
Aln China import dependence 0.649***  0.021 0.923*** 0.000
(0.233) (0.013) (0.305) (0.010)
Export supply elasticity &5 0.008 —0.001 0.007 —0.002
(0.018) (0.001) (0.006) (0.002)
Import demand elasticity P 0.000 —0.000 0.045 0.001
(0.003) (0.000) (0.028) (0.001)
Observations 6,720 8,104 835 924
Panel B. Domestic absorption-scaled
Aln China import dependence 1.921***  0.085* 5.797*** 0.011
(0.501) (0.051) (1.377) (0.056)
Export supply elasticity &° 0.008 —0.001 0.007 —0.002
(0.018) (0.001) (0.006) (0.002)
Import demand elasticity P 0.000 —0.000 0.041 0.001
(0.003) (0.000) (0.027) (0.001)
Observations 6,661 8,002 810 887
Panel C. All tariff lines including Section 232 & 201 goods
AIn China import dependence 0.635"**  —0.254 0.612* —0.665"*
(0.220) (0.291) (0.329) (0.259)
Export supply elasticity &° 0.010 0.026 0.012 0.012
(0.018) (0.033) (0.008) (0.011)
Import demand elasticity P 0.000 0.000 0.052* 0.014
(0.003) (0.001) (0.031) (0.009)
Observations 6,886 8,469 859 954

Notes: Estimates of Aln(1+ 1) x 100 = a + BAIn Ay + 'ysi + (5ekD + . The outcome is the
December 2017 to December 2018 log change in the sector’s value-weighted statutory tariff
(m_stattariffl) on China imports (columns 1, 3) or non-China imports (placebo, columns 2, 4).
Aln A is the 2013-2017 log growth of China’s import share; ¢° is the Broda-Liméao-Weinstein
(2008) foreign export-supply elasticity (native HS4); P is the Broda-Weinstein (2006) import-
demand elasticity (native HS10); both enter in levels. Columns aggregate to the HS10 tariff line
and the HS4 heading (the HS4 outcome, ¢, and penetration are 2017-value-weighted means;
the trajectory is the HS4 China-share log growth; ¢° is native). Panels A and B exclude Section
232 (steel/aluminum) and Section 201 (solar/washer) lines, both global (all-origin) tariffs; Panel
C uses all goods. Panel A is the baseline; Panel B scales the trajectory by IO import penetration;
Panel C is the baseline on all goods. No fixed effects. HS10 columns: standard errors clustered
by HS2 chapter; H54 columns: heteroskedasticity-robust (HC3).

*** Significant at the 1 percent level. ** 5 percent. * 10 percent.
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9 Conclusion

This paper develops a theory of optimal tariffs under geopolitical supply risk. We de-
velop a model where a foreign supplier is more likely to impose export restrictions as
aggregate import dependence grows. Under these circumstances, private sourcing deci-
sions generate a negative externality: atomistic firms ignore how their collective import
choices raise aggregate import dependence and exposure to foreign export restrictions,
thereby amplifying aggregate risk. The optimal tariff, as a result, includes two com-
ponents: a standard terms-of-trade component and a geopolitical-risk component that
internalizes the noted market failure. The geopolitical-risk component is absent when
foreign is fully cooperative and rises with the elasticity of geopolitical risk with respect
to aggregate import dependence.

The targeting implication is sharp. In the representative-sector model, the terms-
of-trade motive generates nearly uniform tariffs. Sectoral heterogeneity in import con-
centration activates the sector-specific geopolitical-risk component and breaks this uni-
formity: the model predicts that optimal tariffs should be highest precisely in sectors
where aggregate import dependence is greatest. These are also the sectors where com-
parative advantage is most pronounced. Thus, hedging against geopolitical risk calls for
restricting trade in precisely the sectors that deliver the largest gains from trade.

We discipline the model using panel data on export restrictions and lagged exporter
shares in sectoral imports for the US and the EU vis-a-vis trade partners. The stock-OLS
estimates imply positive risk elasticities for both regions. In the calibrated macro model,
geopolitical risk raises the optimal US tariff from 25.78 to 31.01 percent and the EU tariff
from 26.02 to 30.93 percent. The risk correction accounts for 16.86 percent of the US
tariff and 15.88 percent of the EU tariff. In the sixteen-sector model, endogenous-risk
tariffs range from 26.92 to 36.79 percent in the United States and from 27.22 to 38.35
percent in the European Union, rising sharply with sectoral import concentration. This
targeting pattern is consistent with the cross-sectoral incidence of the 2018 United States

tariff increases on China.
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Appendix

A Optimal Tariff with Passive Foreign

This appendix derives the optimal tariff formula presented under Proposition 1. Home
chooses t = tHL. —1 > 0 with TM. = 1 and 7% = 1 for all (1, 7). Define aggregate demand
from Home for Foreign goods as Qry = ArgEn/ pry, where pry = (1 +t)dpgpr. Home

income can be written as

1
Y= (1+ ,Y_‘B)WHLH + (Pra — drupr) QrH, (45)

where the second term represents tariff revenue. Balanced trade implies dryprQry =
AgrwrLr, yielding:
= draprQFrH

46
AurLr (46)

Foreign Prices and Trade Shares. The Foreign unit cost is pr = % wg P;_ﬁ . With

drr = T% = T}F =1 and py = 1, the CES price index in Foreign is Pr = pp)\}?/[f where:

Arr(pr) = p—_ Aur(pr) =1—Are(pr).

1-p
Plugging Pp = pp)x%f into the expression for pr implies that pr = (/‘)El/ Pwr AfE . Sub-

stituting the above expression back into (46) and rearranging yields:
B _1-8
Qrr = §p Arr(pr) 7 Anr(pr) Lr. (47)
This equation implicitly defines pr as a function of Qrpy.

Inverse Export Supply Elasticity. Differentiating (47) logarithmically obtains,

1—

dInQry = —?'Bdln/\pp—l—dln)q_ﬂ:, (48)
where the CES demand system implies that %I&Ap? = —eAyr and ddhllT)\;iF = €App. Sub-
stituting dInApp = —eAgrdInpr and dInAyr = eAppdIn pr into 48 and rearranging
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delivers:

1 _ dinpp 1 B 1 (49)
ESH ~ dn QFH —113_—!3 . (—eAHp) + €AFF EAFF + %/\le.
Income Derivative. Differentiating Home income (45) with respect to In(1 + ¢):
dinYy 1 1 dlnwy N
din(1+0 Yy [(1 + 'y_ﬁ)wHLH—dln(l iy + PraQrH
. dlnpp ) ) danpH ]
(14 ——F7—)4d — . 50
+ (PFH ( + I Opp ) AFHPE Qrh 5 n(l+ ) (50)

Using pry = (1 + t)dpppr, this simplifies to:

dlnYH . wHLH dh‘le ) + (1= 1 1+ dll’lpp A danpH E_H
din(1+¢t) | Eg dIn(1+t)  ~*H 1+t dinQry /) "THdIn(1+1)| Yu'
(51)

Price Index Derivative. Taking the derivative of the CES price index in Home obtains:

—d‘ﬂr(‘lljft) = Arp. The numeraire condition py =1 = —— wf P - implies:
dlnwy dlan dInwy 1_13
- — _— = — . 2
Pdmn (1+t)+( ‘B)dln(1+t) o= dIn(1+t) B Aei (32

First-Order Condition. Combining the expressions above yields the necessary first-

order condition for optimality:

dlI’IWH _ dlI’IYH . dlan
din(1+¢t) dln(1+¢t) dIn(1+1¢)
wyly dlnwy 1 dInpr dIn Qry EH
= A 1-— 1+ —~— ) | ArHy——— —-A
{ Ey din(1+6) FH+( 1+t ( T im0 ) ) HAn(+ 0| Yy
wHLH dlan 1-— 1 1 dIn QFH H
[ Ex (dln(1+t)+ >+< 1+t +g~;H a1 +16) | Yu
(53)
where the last lines uses )\pr/—H — Arg = w’;f;H %AFH. Using (52), the first bracketed
term vanishes. Thus, (53) reduces to 1 — 175 +t (1+ i = 0. Rearranging this equation

delivers the optimal tariff formula: +* = 1/€3,,. Substituting(49) into this equation
p FH g q
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produces the extended version of optimal tariff formula in Proposition 1:

« 1 1
P= o = ——
¢fH  €Arr+ g AnrF

B Foreign’s Optimal Export Tax

This appendix derives Foreign’s unilaterally optimal export tax, proving Lemmas 1 and
2. The notation is the same as in the main text. Home’s import tariff rate is t, Foreign’s
export tax rate is x, and the buyer price of Foreign goods in Home pry = (1 +t)(1 +
x)drppr. For a fixed Home tariff, the optimal export tax is

x*(t) € argmax vp(x;t), A(t) = Apg(x™(8);1).

Suppose Home does not impose a tariff + = 0, in that case, the Lerner Symmetry and

-1
Proposition 1 implies that Foreign’s optimal export tax is x* = (eA}‘{H + %/\}'}H> /
where Af;; and A% are evaluated at x*. Using our notation A = A}, we obtain the

formula presented in the main text:

1
x*(A) = .
() e(1-A)+52A

Then Lemma 2 follows from simply taking derivatives from the above equation w.r.t. A.
Next, we derive the optimal export tax presented given an arbitrary ¢ > 0.

Lemma 1: Foreign’s optimal export tax given t > 0

Fix Home’s tariff t. By Lerner symmetry, Foreign’s export tax on shipments to Home
can be represented as a Foreign import tariff with gross factor 1 + x, while Home’s gross
import tariff 1 4 ¢ is held fixed. Hence, following the proof of Proposition 1, Foreign’s
optimal export tax is the inverse of Home’s export supply elasticity, x* = 1/&3,;. We
now derive the elasticity ¢7,; when Home imposes a fixed tariff ¢. To this end, normalize
pr = 1 for this derivation only, so that py denotes Home’s producer price relative to
Foreign’s producer price. Let Q%P denote Home’s export supply to Foreign. Home’s
expenditure is given by
wpLy

Eyg = . 54
H BIL— An] (54)
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We can extract the export supply function by appealing to the balanced trade condition:

1

1
durpuQ¥r = H—x/\HFEF = 1—+t/\FHEH~ (55)

Combining (54) and (55) yields

1 wyLy (1 + t)_l)LFH

QISLIF = :
Bdur pu  1— t5Arm

(56)

The pricing equation and the domestic expenditure share imply, exactly as in the deriva-
_1f
tion of Proposition 1, that z;’—g o )LHI_’;e , where the proportionality factor is independent

of py. Therefore Home’s export supply to Foreign can be written as

(1 +t)71)\1:H LB

QYr = Cn Mgt s (57)

1— 15ArH
where Cy > 0 is independent of py. The export supply elasticity is obtained by tak-
ing derivatives from the above equation w.r.t. py. Since pyy = pp, The CES share
derivatives with respect to py are

dln)\pH dll’l)\HH
= G)\HH/ T
dIn PH

== —G/\FH. (58)

Using (58), the first term in (57) satisfies

-1
d n (1 + t)t )\FH _ e/\HH (59)
dInpy 1-— 1—_H/\FH 1 1+t/\FH
The roundabout-production term contributes
d 2 1B
— 1 el = .
din vH n [AHH ] /3 /\FH (60)
Combining (59) and (60), the export-supply elasticity faced by Foreign is
dIn Q7 2 1-
S0 (t) = HE _ i 1P, (61)

dinpr — 1- LAy p

Applying Proposition 1 with the countries interchanged, Foreign’s non-cooperative ex-

port tax is the inverse of this elasticity, evaluated at the non-cooperative equilibrium
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x = x*(t):

1
v (h) = | A (D) +1‘ﬁAFH<x*<t>;t>] . (©)

L+t Apn(x(t);t) B

Invoking our notation for aggregate import dependence, A(t) = Apy(x*(t);t), this be-

-1
() = [e[l —AM] 1 ‘5A(t)] | (63)

comes

1— A B

We can now use the bijection between t and A to state the optimal export tax as an

explicit function of A:

where the scalar §(A) = (1 — %A)_1 is one plus the share of tariff revenue from

national income at Home.

Lemma 2: Monotonicity of x*(A)

We now show that x*(A) is strictly increasing over the relevant range of Home tariffs:
at every rate from zero up to the revenue-maximizing tariff and, in addition, at ev-
ery interior optimal tariff t*. As we establish below, optimal tariffs always lie on the
upward-sloping side of the tariff-revenue curve. Throughout, all equilibrium objects are
evaluated along the noncooperative locus, on which Foreign plays its unilateral best re-
sponse x*(t), and d/dt denotes the total derivative along that locus, accounting for the
equilibrium adjustment of prices and of Foreign’s export tax. We maintain the standing
assumptions that the noncooperative equilibrium exists, that Foreign’s best response is
interior, and that all equilibrium objects are continuously differentiable. The argument
proceeds in three steps. Step 1 establishes that dA(t)/dt < 0 for every t > 0, so that
t — A(t) is a strictly decreasing bijection onto its range. This delivers the inverse t(A)
and justifies writing x*(A) = x*(t(A)). Step 2 establishes that d6(A)/dt > 0 below the
revenue-maximizing tariff: in that region a higher tariff raises the share of tariff revenue
in Home’s income. Optimal tariffs satisfy the same inequality because revenue is the sole
margin of gain from the tariff: at the peak of the tariff-revenue curve the marginal rev-
enue gain is exhausted, while the equilibrium cost of the tariff, namely the contraction of
import dependence that erodes Home’s gains from trade, remains strictly positive. Step

3 combines the two monotonicity results to sign dx*(A)/dA.
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Step 1: Aggregate import dependence strictly falls with the tariff. Since domestic
varieties trade at the numeraire price fgyyg = pg = 1, CES demand implies that Home’s
aggregate import share depends on policies and equilibrium prices only through the

buyer price pry = (1+t)(1+ x)dpypr, with

dln)\pH .
dlnﬁpH -

—6(1 — )\FH) < 0. (64)

Hence dA(t)/dt < 0 if and only if the buyer price rises with the tariff along the nonco-
operative locus. Establishing the latter is the substantive task: a higher tariff depresses
Foreign’s producer price pr through the terms-of-trade effect and moves Foreign’s opti-
mal export tax, so positive pass-through of the tariff into the buyer price must be proven
rather than assumed.

Consider first how each policy wedge moves the market-clearing price. By bal-
anced trade (22), the value of Home’s imports at Foreign’s factory gate is dpyprQ3y =
H%AHFEF. Mirroring (54), Foreign’s gross expenditure satisfies Er = m, be-
cause Foreign’s export-tax revenue (19) equals 3:AppEp under balanced trade. Sub-

stituting the Foreign counterpart of the pricing relation used in the proof of Lemma 1,
1-p

wr/pr < Ap" , and noting (1 +x) [1

X

— 5AuF] = 14 xApp, Foreign’s export-supply

schedule is

_1-p
Are(pe) P Aur(pr)
1+ X/\pp(pp) !

where Cr > 0 is a constant independent of pr and of the policy wedges (the counterpart

Qiy = Cr (65)

of Cy in the proof of Lemma 1), and Foreign’s trade shares depend only on pr (Foreign’s
own purchases face no policy wedge), with CES derivatives dIn Ayr/dIn pr = €Arr and
0InArr/9Inpr = —eAyr. Differentiating (65) obtains

aanIS;H (1—|-X)A1:p

_ S - _ _
Awr=ern >0 AT Trar, € L0
(66)

The first expression is the export-supply elasticity that appears in Proposition 2. The

olnQf,;  eArr +1—ﬁ
alnpp 1_1+Lx/\HF ‘B

second states that, at a given producer price, a marginal increase in the export-tax factor
contracts export supply less than proportionally: the tax revenue is rebated to Foreign
households, and the part of it spent on Home goods must be financed with additional
exports, which cushions the contraction.

On the demand side, import demand is Qry = ArgEg/ pry with Eg given by (54). Its

elasticity with respect to the buyer price, holding t fixed, is €&, in (26); that derivation
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holds for an arbitrary policy pair (x;f), since the policies enter import demand only
through pry and the revenue term. Holding the buyer price fixed, the direct effect of

the tariff on import demand is the rebated-revenue effect:

dIn Qry B d t _AS(A)
Mmr+ﬂﬁH_amm+g[_m<1—TIﬂHO]— 111 €(0,1). (67)

This term is strictly positive because, at a given buyer price, a higher tariff raises Home’s
tariff income and hence gross expenditure, part of which falls on imports; it is strictly
below unity because £% < 1 <= A < (1+1)(1—t5A) = 141 — A), which
holds since A < 1. Equating supply and demand and differentiating totally in logs,
using dIn pry = dIn(1+4¢t) +dIn(1+ x) 4+ dIn pf, yields the incidence of the two policy

wedges on the buyer price:

(1 + x)/\pp

- dIn(1+ x).

(68)

Both coefficients are strictly positive: holding one wedge fixed, the other raises the buyer

S
€ry +

Ad
(E%H + €?H> dIn ﬁFH = {E%H + 1—+t] dln(l + t) +

price of Foreign goods in Home (pass-through into the producer price is incomplete) and
thus lowers Ary by (64). These are the partial-incidence results; the substance of Step 1
is that the total effect of the tariff retains this sign once x = x*(t) adjusts optimally.

To that end, observe that Foreign’s optimality condition takes the Lerner form. Com-

paring (26) with Lemma 1’s formula (63) shows that along the noncooperative locus

2y =1+€[1—-A(H)])S(A) + %A(t) =1+

Foreign’s unilaterally optimal export tax positions Home’s residual import demand at

(69)

the textbook monopoly point, where the demand elasticity equals one plus the inverse
markup. Totally differentiating (69) along the locus pins down Foreign’s tax response to

any equilibrium movement in (A, t):

1 1-B e AS
dIn(1 = — — dA 1-A)d——dIn(1+1)],
n(1+x%) o Y [( 5 1+t) + ¢( ) T n(l+t)
(70)
where we used d(1/x) = —eP;(eP,; — 1) dIn(1 4 x), which follows from (1 + x)/x* =

% (1 + %) and (69), together with the partial derivatives of J, here treated as the function
(1 — 75 A)~1 of (A, t) with the other argument held fixed: 95/91In(1+t) = § - 2% and

I+t T+t
de(1—A)3] /oA = —eb+e(1— A)750% = —%, the last equality by 1 — (1 — A)£56 =
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0
T+t

Substituting (70) into (68), using dA = —eA(1 — A) dIn pry from (64), and collecting
terms delivers the equilibrium pass-through of the tariff into the buyer price along the

noncooperative locus:

dinprg [€%H+1A_4—5t] &Py (efn — 1) — [ FH+%] e(1—A)s 15
din(1+¢) ety + €Pu) €Fn (Fu — 1) — [ € T %] eA(1—A) [% - %}

Every piece of (71) has been signed above, and both the numerator and the denominator
are strictly positive. For the numerator: €(1 — A)é < eB,; — 1 by (69), while & 17 +t <1<éely,

and (iﬁ% <1<éeP Frpr S0 the numerator of (71) satisfies
A6 (1 + x*)AFp AYY
b g | B (B 1) = e+ (] e - 05 5

Ad Ad (1 +Xx ))\1:1:
> (D _ S D _ b _ A T2 /708 .
= <€FH 1) {SFH (SFH 1 t> T1xs <€FH Tt Amg )|~ 0 (72)

For the denominator, positivity is immediate when ﬁﬁ < 1€i ;. Otherwise,

}<e(1—A)(5~% §<8FH 1>2<8?H(8?H—1>,

1-8 €
eA(1=A) [T_1+t

where the second inequality holds because the product of the two components of &;, —

(14x*)Apr
1+x*App <

e2,;, the denominator strictly exceeds [e3,; + €2y ] eRp, (6P — 1) — [e3; + €By] eBy(eBy —
1) = 0. Therefore dIn pry/dIn(1+¢) > 0 and, by (64),

1=e(1-A)5+ %A cannot exceed the square of their sum; together with

dA(t)
dt

<0 for every t > 0. (73)

Three remarks are in order. First, this inequality does not invoke Assumption 2. Sec-
ond, the direction of Foreign’s tax response is neither needed nor signed at this stage:
whichever way x* moves, the response is disciplined by the optimality condition (69).
Foreign never finds it optimal to overturn the tariff’s push on the buyer price: doing so
would place its markup off the Lerner position. Third, t — A(t) is a strictly decreasing,
continuously differentiable bijection onto its range: the inverse (A) exists and is strictly
decreasing, t'(A) = 1/[dA(t)/dt] < 0, and x*(A) = x*(t(A)) is well defined. (The

strictly positive denominator of (71) is precisely the nonsingularity of the differentiated
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equilibrium system, so the implicit-function theorem applies along the locus.) This es-
tablishes the bijection between t and A invoked in the main text and in the change of

coordinates underlying Lemma 1.

Step 2: The tariff-revenue share rises with the tariff over the relevant range. Differ-

entiating 6(A) = (1 — HA) A)~! along the noncooperative locus yields

THH(A)
ds(A) d [ ¢ B A(#) NG,
dt ‘S(A)ZE {1—+tA(t)} =AY {(1 +1)2 14t dt 74)

By (18), %HA is tariff revenue as a share of Home’s gross expenditure, so J rises with
t exactly when the tariff-revenue share rises with ¢. Because dA/dt < 0, the bracketed
term in (74) is a race between the mechanical rate effect, A/(1+t)> > 0, and base
erosion, IL—H(?:I_? < 0: the revenue share traces a Laffer curve. At t = 0 the rate effect
necessarily wins, dé/dt|;—o = A(0) > 0, while at high tariffs base erosion can dominate.
Let tR denote the revenue-maximizing tariff, the smallest tariff at which dé/dt = 0 (if no
such tariff exists, the revenue share rises everywhere and the conclusions below hold for
all t > 0). By continuity, t® > 0 and dé/dt > 0 on [0, tR). We now show that the optimal
tariff always lies on the upward-sloping side of the Laffer curve, so that the conclusions
below cover every optimal tariff in addition to all tariffs up to t~.

The key observation is that Home’s welfare admits an exact two-term representation
in which all gains from trade policy flow through . With = 1 (Assumption 1) and
Home levying no export taxes, combining (14) and (20) gives Yy = Efy — %w gLy, and
substituting Eyy = %(5 from (54) yields Yy = wb"# [0 — (1 —pB)]. Because domestic
varieties are untaxed, the CES price index satisfies Py )\}{/ﬁ, and the numeraire ties the

1-
wage to the domestic share, wy o AI_{}?"P, exactly as in the proof of Lemma 1. Hence, up

to a constant that is independent of policy,

op(xt) = —%mAHHHn 6—(1—8)], (75)

t
T4t
and 6 — (1 — B) > B > 0. Trade policy affects Home’s welfare through exactly two

statistics: a gains-from-trade term (Home’s real wage is wy /Py /\IZI}LI/(/3 6), larger the

where Ayg = 1— Apg and § = (1 Ary)~! are evaluated at the policy pair (x;t),

more Home sources abroad) and a revenue term, increasing in J. In this representation
the terms-of-trade gains from the tariff are not lost: they accrue as revenue collected on

imports bought at a depressed producer price, and hence live inside . (An immediate
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by-product: by (68), a Foreign export tax raises pry at any given ¢, lowering Arg and
with it both terms of (75), the gains-from-trade term strictly and the revenue term weakly
(strictly whenever t > 0): Home’s welfare is strictly decreasing in x, as asserted in Section
6.)

Evaluating (75) along the noncooperative locus and differentiating totally,

dog(x*(£);1) 1 dA(t)/dt do(A)/dt 76
dt  Be 1—A(t) S(N)—(1-pB)"
equilibriug effect <0 revenue effect

The first term is strictly negative by Step 1: a higher tariff contracts import depen-
dence, pulling the economy toward autarky and eroding the real wage. The Laffer-curve
logic is now immediate. At any tariff at which the revenue share is weakly declining,
ds/dt < 0, Home’s welfare under the noncooperative regime is strictly declining: both
margins of (76) hurt. An optimizing Home never locates there. Formally, at an inte-
rior optimal tariff t* (a maximizer of Home’s payoff conditional on the noncooperative
regime, vy (x*(t); 1)), the first-order condition dvy /dt = 0 requires
doé(A) 1 —dA(t*)/dt

ar |, =[6(A)—(1-p) Be T—A(F) >0: (77)

the optimum trades a strictly positive marginal revenue gain against the equilibrium
cost, which places t* on the upward-sloping side of the Laffer curve. In particular,
whenever the tariff-revenue share is single-peaked in ¢ (the standard Laffer-curve case),
(77) implies t* < t&, so the entire relevant range [0, t*] lies below the revenue-maximizing
tariff and dé/dt > 0 throughout it. The same conclusion extends to the ex ante optimal
tariff of problem (P1) in Section 6 under the certainty-equivalence regime of Lemma 5: as
 becomes small, the noncooperative regime carries probability 77(A) = A¢ approaching
one and the hazard adjustment vanishes, so, provided the ex ante optimum remains
interior, its first-order condition inherits (77) up to terms that vanish with {. Finally,
since t/(A) < 0 by Step 1, an equivalent statement of dé/dt > 0 is that ¢ strictly falls
with A along the noncooperative locus: a lower tariff simultaneously supports higher
import dependence and a smaller revenue share.
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Step 3: Monotonicity of x*. Differentiate the denominator of (63) along the noncoop-

erative locus:

< [6[1 — AMDI(A) + %A(t)}

[ ] Lo
O IR RUC I

For every t € [0,tR], both terms are signed. The first is strictly positive: dA/dt < 0
by Step 1 and, by Assumption 2 together with § > 1, ed5(A) > € > % The second

is nonnegative by Step 2, strictly positive for + < tR. Hence the denominator of (63) is

strictly increasing in ¢, and since x*(t) is its inverse,

dx*(t)
dt

<0 forallte[0,tR], (79)

and likewise, by (77), at every interior optimal tariff. Combining (73) and (79) through
the bijection established in Step 1 delivers the monotonicity claim of Lemma 2: for all
t € [0,tR] and at every interior optimal tariff (hence, in the single-peaked case, over the

entire relevant range t € [0, t*]),

dx*(A)  dx*(t)/dt
an — anny/a (80)

In economic terms, moving down the locus to a lower tariff raises aggregate import de-
pendence A and lowers the revenue correction ¢. The substitution component (1 — A)d
of Home’s residual import-demand elasticity (26) therefore falls, while the roundabout-
production component %A rises. Assumption 2 guarantees that the substitution com-
ponent dominates: Home’s residual import demand becomes less elastic overall, For-
eign’s market power grows, and its unilaterally optimal export tax rises with import

dependence.

C Monotonicity of Geopolitical Risk 7

This appendix proves Lemmas 3 and 4. The notation follows the main text. Home sets

an import tariff ¢ = try on goods sourced from Foreign. Foreign sets an export tax
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x = xry on shipments to Home. Let
vp(x;t) = In We(x; t)

denote Foreign’s log continuation payoff before subtracting the non-pecuniary cost of
noncooperation.
To reduce notation in the proofs, we use comma-separated derivative subscripts. For

any country i € {H, F},
vix(%t) = 0xvi(x;t),  vis(xt) =0i(x;t),  vin(xt) = dwvi(X5t).

The comma separates the country index from the derivative index. Thus vg , means the
derivative of vy with respect to x, not a new value function indexed by Hx. We use
this shorthand only in proofs; in the main text derivatives are written explicitly as d,vp,
d:vp, and so on.

The expenditure shares are written as in the main text: Apg(x;t) is Home’s expen-
diture share on Foreign goods, and Apr(x;t) is Foreign’s expenditure share on Home

goods. For Home aggregate import dependence in these proofs, define
AMx;t) = Apg(x; 1), Ax(x;t) = 0xA(x; 1), At(x;t) = A (x;t).
The one-sector residual-demand elasticity faced by Foreign is

e(A)=e(1—-A)+ 1_Tﬁ/\. (81)

We maintain the restriction used in the main text,

€ > % (82)

Hence ¢/(A) < 0. Foreign’s optimal non-cooperative export tax, indexed by the noncooperative-

regime aggregate import dependence A, is

¥ (A) = ' (A) > 0. (83)
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Proof of Lemma 3

The proof rests on an exact factorization, derived in Step 2 below, of Foreign’s marginal
payoff from the export tax into three factors: a positive export-tax base; the pass-through
of the export tax into Home’s buyer price, which lies strictly between zero and one; and
a marginal markup gap, which is positive below Foreign’s unilaterally optimal export
tax and vanishes exactly at x*(t), reproducing the first-order condition behind Lemma 1.
A Home tariff moves all three factors, and the remaining steps sign each response: Step
1 establishes the incidence of both policy instruments on prices and expenditure shares;
Step 3 shows that the tariff strictly lowers the product of the base and the pass-through;
Step 4 shows that the tariff weakly lowers the markup gap (strictly so for x > 0) and
combines the pieces through the product rule. We maintain the standing assumptions
that the equilibrium exists with interior expenditure shares, that Foreign’s noncooper-
ative best response x*(f) is interior, and that all equilibrium objects are continuously
differentiable. Throughout, é(x;t) = [1 — %HAFH(x; t)} -1 > 1 denotes the tariff-revenue
multiplier from (54) (one plus the ratio of tariff revenue to the value of Home’s gross out-
put), which coincides with 6(A) in Lemma 1 along the noncooperative locus. The tariff
ceiling and the two maintained restrictions, p > % and the free-trade share bound, each
do their deductive work at a single point in Step 3, flagged below; the closing remark

discusses their roles.

Step 1: Incidence of the two policy instruments on prices and trade shares. Be-
cause domestic varieties trade at the numeraire price pyg = pg = 1, every Home-
side equilibrium object is a function of a single relative price, the buyer price prg =
(14 t)(1 4 x)dpgpr, while every Foreign-side object is a function of the producer price
pr. Start with the trade shares. The CES system (15) gives

all’l)LpH
dln ﬁFH

ah’l/\Hp
dln PF

ah’l)tpp
dln PF

= —€eAyy <0, = €eArr > 0, = —€eAyr <0, (84)
where Arp(pr) and Agrp(pr) = 1 — App(pre) are the Foreign-share functions defined in
the main text. The Home wage is tied to the same price: marginal-cost pricing at the
numeraire requires 9 Inwy + (1 — ) dIn Py = 0, and the CES price index (16) satisfies
dln Py /9In pry = Apy, so wy, too, is a function of pry alone, with

dln wH 1-— ‘3

81n;"9’FH N ‘B

)\FH . (85)
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with the domestic price fixed at one, dearer imported inputs must be offset by a propor-
tionally lower wage, weighted by the import share. This observation does real work be-
low. It means that once prp is held fixed, a tariff change cannot move Home’s wage, price
index, or trade shares (every nonfiscal Home aggregate is pinned down), so the only re-
maining channel is fiscal. Indeed, by (54), gross expenditure is Ey = (wyLy/B) 6(x;t),

and at a fixed buyer price the tariff shifts it only through the revenue multiplier:

dlnEy _OArm _ Arm
aln(l—l—t) e 1+t 1+t)\HH

€ (0,1). (86)

A tariff hike at a fixed buyer price is a pure fiscal expansion, raising rebated revenue and
hence spending, but a damped one: the multiplier is bounded by the import share itself.
Turn to the two schedules that clear the import market. Home’s import demand is
QII_?H = ArgEn/pru. Differentiating along the demand schedule at a fixed tariff, using

(84)—(86) and the identity 1 + %HAFH(S =,
D 0InQP, 1-8

= _— =4 -1 A A ——Argd - €A
€FH 91N pre + €A + B FH‘|’1+t FHO - EAHH &)

=14+ e€eAyyd + ;

This is the import-demand elasticity (26) of the main text, now evaluated at an arbitrary

ﬁ)\pH > 1.

policy pair (x;t). Its pieces are instructive: one unit of spending elasticity; CES substi-
tution eAgy; the roundabout wage deflation %AFH from (85), which lowers nominal
spending as import costs rise; and the fiscal-base erosion, whereby a dearer import bun-
dle shrinks the import share and with it rebated revenue, scaled up by . Note that x
enters this schedule nowhere except through prp itself: at a fixed buyer price, neither
wpy, nor Arg, nor 6 depends on the export tax. The demand schedule therefore shifts
with ¢ but not with x.

On the supply side, balanced trade (22) (with TI]}/IF = 1) and AryEy = pruQrn give

—_ X
— 14x

expenditure (21) under Assumption 1 is Er = wrLp/B + Tff, so Er = (wrLg/p) [1 —

ﬁ/\Hp}_l. Substituting back, using (1+ x)[1 — g5Aur] = 1+ xAfr and the For-

1+ x)drgprrQry = AgrEr. Export-tax revenue (19) is then TX AyrpEg, and gross
P p F g

_18
eign wage relation wr/pr = (pllt/ P Arp(pr) Pe derived in Appendix A, yields Foreign’s
export-supply schedule

1—

1
_ fP}r/ﬁLF Aur(pe) App(pe) P _

s
Qkr(pr x) = Bdry 14+ xArr(pr) (88)
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Up to the constant in front, this is the export-supply schedule (24) of the main text, scaled
down by the export-tax factor 1 + xArr. Two properties matter. First, the schedule
depends only on (pr, x): the Home tariff shifts import demand, never export supply.

Second, its two log derivatives are

89
aanf;H _(1—|—x)/\1:1: (89)

“oln(14+x) 14 xApp

€ (0,1).

The first is the export-supply elasticity: at x = 0 it reduces to (25), and at x = *x it

S

coincides with the expression €3, in Proposition 2, since eApp + SAHEALE — __€Arr

14+xApp 1—&)\[{}".
The second derivative says that, at a fixed producer price, a one-percent rise in the

export-tax factor withdraws export supply by less than one percent: the rebated tax
revenue raises Foreign’s spending, part of which falls on Home goods and must, by
balanced trade, be financed with exports, cushioning the withdrawal.

Now intersect the two schedules. Market clearing QEH = QIQH, with prg = (1 +
t)(1+ x)drpppr linking the two prices, determines the incidence of each instrument. Log-
differentiating with respect to 1 + ¢ at fixed x (supply moves only through pr, demand
through pry and the fiscal shift (86)) and solving,

D _ oA - s
dlnpr &y — TiF <0 dInpry :SSFHJr TH -0 (90)
dIn(1+1) ety Py IIn(1+1)  efy +epy

where the first sign uses dAry/(1+1) <1 < S?H from (86)—(87). A tariff is thus split
in the usual way (the producer price falls, improving Home’s terms of trade, while
the buyer price rises), and the fiscal expansion cushions both movements without ever
overturning them, because the spending multiplier falls short of the demand elasticity.
With (84), both bilateral shares fall: Home’s because the buyer price rises, Foreign’s

because the producer price falls,

a/\pH(x,' f) <0 a/\HF(X,' t)

o , o <0. (91)

Log-differentiating market clearing with respect to 1 + x at fixed ¢ (the demand schedule
does not shift) gives the pass-through of the export tax into the buyer price:

~ 1+x)A
dlnpry ey + (1+§)AF?
— T T ¢ (0,1), (92)
aln(l—i—x) ery + €8y
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It is positive because both numerator terms are, and below one because the supply

(ig\ii L <1< eP; by (89). In particular the

producer price falls, dIn pp/0In(1+ x) = dIn pry/dIn(1 4+ x) — 1 < 0, so (84) implies

shifter falls short of the demand elasticity:

OArg(x;t) <0 a/\HF(x,' t)

o , o <. (93)

Finally, since Agr falls in both instruments, the maintained free-trade bound extends to
the entire policy range: Apr(x;t) < Agp(0;0) <  forall t,x > 0.

Step 2: An exact factorization of the marginal payoff from the export tax. Under

Assumption 1 profits are zero, so Foreign’s net income is labor income plus export-tax

_ _X

revenue, Yr = wgLp + T? . Using Ti“( = Tix

1,

AurEr and the expression for Er from Step

wrLr/B

B+ (1—B)rizAur
1= pixAnr '

Bl1 — rizAnr]
1/e

Combining the wage relation above with the Foreign price index Pr = ppAg gives

Er = , Yr = wgLF

1 .
wr/Pr = q‘);/ p /\Hf °, so Foreign's log welfare vr = In(Yr/Pr) reduces to

1
vp(x;t) = —Eln Arr +1n [/3 +(1-— [S)ﬁ)\h@] —In [1 — l—i—LxAHF] + constant, (94)

where the constant collects ln(gb;/ PL r/B). The first term is the familiar gains-from-trade
(real-wage) term; the two revenue terms capture how the export tax levers labor income
into national income. The Foreign-side shares depend on the policy pair only through
pr, so the export tax moves vr through exactly two channels: the direct fiscal channel,
via the factor x/(1 + x) at a fixed producer price, and the equilibrium repricing channel,

via pr:

9xvp(x;t) =

aZ)F avp 1 |: ah’lﬁpH _1:| (95)

x|, dlnpr 1+x [aln(1+x)

the last factor being dInpr/dx, from Inpr = Inpry —In(1+¢) — In(1 + x) — Indrgy.
Differentiating (94) and using the algebraic identity
1-p8 1 (1+x)2

+ = ,
[3—{—(1—,3)1_%(/\[_11: 1—1_’%)\1—[1? (1+XAFF){,B[1+X—X)\HF] —|—x)\H1:}
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which follows by multiplying out, since (1+x)[1— 25Agr] = 1+ xAppand (1+x) [+
(1-— ,B)HLXAHF} = B[1 + x — xAgr] + xAgE, the two channels are, in closed form,

ovp| AHF
ox |, (L+xApp){B[1+x — xAnr] + xAnr}’
aZJF . )\HF ex)\pp/\Hp(l + X)

— _|_ ,
alon ,B (1+X/\FF){,B[1+X—X/\HF] +X/\Hp}

the first using d[x/ (1 + x)]/dx = (1 + x) 2, the second using the share derivatives (84):
the term Ayr/p collects the real-wage effect through In Arr, and the remaining term the
repricing of the revenue base.

It remains to combine the two channels. Multiply (95) by the positive quantity (1 +
x){B[1 + x — xAgr] + xAgr}/Agr. The direct channel contributes (1 + x)/(1 + xAgg),

while the coefficient multiplying the repricing channel becomes

ﬁ[l +x— X/\Hp] + xAyE GX/\pp(l + x) S
=1
B + 1+ xApr + X+ xery,

where the equality writes the first summand as 1 + x + %x)\ ur and applies (89); and,

by (92), the repricing channel itself is % —1 = —(eb, — (iii)ﬁi L) /(e3g + €2y).

Putting everything over the common denominator ¢, + €2, the numerator collects

into a product:

" 1+x)A
m(sfm +811?H) —(1+x+ xs%H) (g?H — ﬁ)
(e, 4 (LE)Aer D
B <8FH+ 1+ xApr >[1+x xSFH}/

the terms multiplying 3, collect to e (1 + x — xePy;) because 7= + x(lljxxA)?lf L=
(1+x)Arr

Tt (1 +x— xeP,;). Dividing back by
(14 x){B[1 +x — xAgr| + xAgr}/Agr and recognizing the pass-through (92) delivers
the factorization

1+ x, and the remaining terms collect to

)\HF(X,' t) ) all’lﬁFH
(14+x){B[1+x—xAgp(x;t)] +xAge(x;t)} dln(1+ x) (96)

X [1 — x(ePy(x;t) — 1)] .

0xvp(x;t) =

The first factor is a positive export-tax base term, proportional to Foreign’s expenditure

share on Home goods, which under balanced trade mirrors its export base. The sec-
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ond is the pass-through: only the fraction of the export tax that survives into Home’s
buyer price shifts Home’s demand and thereby improves Foreign’s terms of trade. The
bracket is the marginal markup gap: an export tax is Foreign’s monopoly markup on
its residual demand, the revenue-maximizing markup is 1/ (¢£; — 1), and the bracket is
positive, zero, or negative exactly as x falls short of, meets, or exceeds it. Because the
first two factors are strictly positive, dyvr has the sign of the bracket, and at an interior

noncooperative optimum

1
x*(1) [eRy (x*(1);8) —1] =1, ie. x*(t) = , (97)
(t) [epm (x"(t);t) —1] (t) At + e

with the right-hand side evaluated at (x*(t);t). Since €2, — 1 equals Home’s export-
supply elasticity (61), this is precisely Foreign’s optimal export tax in Lemma 1, equation
(63), written there in the notation A(t) = Apg(x*(f);t): the factorization reproduces the

paper’s optimal-export-tax formula, its natural consistency check.

Step 3: A higher tariff strictly lowers the positive cofactor. Fix x and consider the
product of the base and pass-through terms, the positive cofactor multiplying the markup
gap in (96). By (89)—(92), the cofactor depends on t only through Ayr(x;t) and €2y (x; t):

the Foreign share determines the base and both supply terms of the pass-through, while

¢l enters only the pass-through denominator. We sign the two channels in turn and

combine them by the chain rule.

Consider the demand-elasticity channel first. Because €2}, appears only in the de-

nominator of (92), the cofactor is strictly decreasing in e?H. Viewing S?H in (87) as a

function of (Arp,t), with Ay =1 — Apg and 6 = [1 — 5 AFy] 1 direct differentiation

14t
gives
OAFH B 1+t B 1+t ot (141t)2

FH

The first inequality uses § > 1; the second is exactly the lemma’s tariff ceiling, (1 +

t)% < ¢, its only use in the proof. Combining (98) with dAry/dt < 0 from (91),

0epy(x;t) _ 9Py dApn(x;t) | Oefy -0 ©9)
ot My ot ot | T
FH

A higher tariff makes Home’s residual import demand more elastic through two reinforc-
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ing channels: it shrinks the Foreign share, raising the weight of the elastic substitution
margin (under the ceiling, the countervailing wage-deflation term %AFH never dom-
inates) and it raises the revenue multiplier J, amplifying the fiscal-base erosion. More
elastic import demand means the export tax passes through less into the buyer price, so
this channel strictly lowers the cofactor.

Now the tax-base channel. Holding x and €2}, fixed, differentiate the log of the

cofactor in Agr, using (from (89), with App =1 — Agr)

aegH_1—/3_€ 1+x 0 [(1+x)/\pp}__ 1+x
dAyr N ‘B (1 + X/\pp)z’ JAHF 14+ xApr o (1 + X)LFF)Z.
This yields the exact expression
0 In )\Hp ) dln ﬁpH ]
oAyr (1+x){[:3[1+x—x)\Hp] -I-X)\Hp} E)In(l-l—x)
1-p " 1-p 14

_ 1 (1-B)x 7~ H9angr B STy

AHFE ‘3(1 =+ x) =+ (1 — ,B)X/\HF S%H + (112\/}? S%H + S?H

(100)

We bound the right-hand side of (100) from below in three elementary moves. First,
the two terms proportional to % jointly contribute % times the difference between
the reciprocals of the pass-through numerator and denominator, which is nonnegative

because pass-through is below one; they may be dropped. Second, drop the nonnegative

term 6(143;—;\;)2/<S%H + €P};) as well. Since eApr + eﬁgfﬁ? = 6(111;2?? in (89), the pass-
through numerator satisfies ¢, + (iigﬁ E>(1+¢) (iii)ﬁi £, so the remaining ratio is
bounded by

(1+e)(14r1;—)";F)2<(1+e)(1$F—)\’;)2_ 1

St Ty Grolfgy  CHamie

Third, bound the second term of (100): since (1 + x) + (1 — B)xAyr > B(1 + x) and, by
the maintained restriction g > % (its only use in the proof), % < 1, that term is at most
x/(1+ x) in absolute value. Combining the three bounds over a common denominator
and using Arp =1 — Agp,
1 x 1 . (1 + x)\pp)z)\pp - (1 + x)AHF
AHF 1 +Xx - (1 + x)\Fp)/\pp a )\Hp(l + x) (1 + xAFF)AFF
(1 — 2/\HF) [1 + x(2 — /\HF)} + XZA%F

= > 0.
)\Hp(l—i—x)(l —i—x)\pp))\pp -

(101)
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The final inequality is the single use of the maintained share bound: by Step 1, Ay (x;t) <
Agr(0;0) < % on the whole policy range, so 1 —2Agr > 0 and both terms in the nu-
merator of (101) are nonnegative. Hence the cofactor is nondecreasing in Ay, strictly
increasing when Ayr < 1 or x > 0. Combining the two channels by the chain rule: the
base channel contributes (nonnegative) x doAgr/0t < 0by (91), and the elasticity channel
contributes (strictly negative) x de2; /9t < 0 by (99). The cofactor is therefore strictly
decreasing in t. Economically, a higher Home tariff both shrinks Foreign’s export-tax

base and blunts the terms-of-trade leverage of its export tax.

Step 4: The markup gap is nonnegative on [0,x*(f)] and falls with the tariff. The
markup gap in (96) is nonnegative up to Foreign’s optimum. Indeed, x (e} (x;t) — 1) is
strictly increasing in the export tax,

9 b ' D BSIFDH a)\pH(X}t)
e [x(sFH(x/t) - 1)} = (EFH - 1) T OArH ox =0

because 2}, > 1 and the second term is nonnegative, the product of the two nonpositive
quantities in (98) and (93). Hence, by the first-order condition (97), for every x < x*(t),

1—x(ePy(x;t) —1) > 1 —x*() (eBy (x*(t);t) — 1) = 0.
Moreover, at fixed x, the gap falls with the tariff,

9 D (.. _ 0y (xt)
5 [1 — x(epp(x;t) — 1)] =—x——2——<0,

with equality only at x = 0, by (99): as the tariff renders import demand more elastic, the
revenue-maximizing markup 1/ (e2}; — 1) shrinks, and any given export tax moves closer
to, or further beyond, the top of the revenue hill. We can now sign the cross-partial. In
(96), the cofactor is positive and strictly decreasing in t (Step 3), and the markup gap
is nonnegative on [0, x*(f)] and nonincreasing in ¢, strictly decreasing when x > 0. The
product rule therefore gives

dxtvp(x;t) <0  forevery x € [0, x"(t)].

At x = 0 the markup gap equals one and the strict inequality comes from the strict
decline of the cofactor; at x = x*(t) the gap vanishes and the strict inequality comes
from its strictly negative t-derivative, multiplied by the positive cofactor. This proves the
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lemma.

Proof of Lemma 4

Along the non-cooperative equilibrium branch,
A = Apr (2 (A);H(A)), (102)
and Foreign’s gain from entering the noncooperative regime is
A(A) = vp(x*(A); H(A)) —vp(0;H(A)). (103)

Our goal is yo show that A’(A) > 0. Consequently, if 7(A) = G(A(A)), then, wherever
G has density f,
(A) = f(A(A)A'(A) = 0, (104)

with strict inequality whenever f(A(A)) > 0. To clarify, the equation defining the non-
cooperative branch, (102), is not an additional equilibrium condition. It is the non-
cooperative equilibrium written in A coordinates. The cooperative-regime counterfactual
in (103) is evaluated at the same Home tariff {(A); its realized import share need not
equal A.

First we show that higher noncooperative A is supported by a lower Home tariff.
Following Lemma 2, holding the other policy wedge fixed, both Home’s import tariff
and Foreign’s export tax raise the buyer price pry:

dln ﬁFH dln ﬁFH

dn(i+f Y amity) (105)
The CES demand specification gives gﬁﬁ = —eAgp < 0. Combining this with (105),
yields
EMFH(x; t) a/\FH(x,' t)
— — . 1
o <0, e <0 (106)

Next differentiate (102). With all partial derivatives evaluated at (x*(A), t(A)), we obtain

1= Mg (x*(A); H(A)) 2 (A) + A (x* (A); E(A))E (A). (107)
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Solving for t'(A) gives

1 A (2 (A);H(A))

x*/ (A)
A (2 (A); H(A))

t'(A) = < 0. (108)
The denominator is negative by (106). The numerator is positive because A,y < 0 and
x*(.) > 0 as shown earlier. Thus higher noncooperative-regime aggregate import de-

pendence corresponds to a lower supporting Home tariff.
Now differentiate (103):

N(A) = vpx (x*(A); HA)) x*(A) (109)
t

+ [vps (2" (A);H(A)) —vpe(0;E(A))] H(A).

Because Foreign’s non-cooperative choice is interior, the envelope result, vy (x*(A); £(A)) =
0, could be invoked to eliminate the the first term in (109). The bracketed term is nega-
tive by Lemma 2. Formally, applying the sub-modularity (vg ,(x;t) < 0) established by
Lemma 2 at the tariff t(A),

vp,t( *(A)'t(A)) — vpt(O t(A))

*(A) (110)
—/ vpqt (X E(A)) dx < 0.

Combining (108), (109), and (110) yields A’(A) > 0. Finally, (A) = G(A(A)). Since G
is weakly increasing and A is strictly increasing, 7t is weakly increasing in A. Wherever

G has density g, the chain rule gives

with strict inequality whenever f(A(A)) > 0.

D Deterministic Optimal Tariff Problem

This appendix proves Lemma 5. We first express Home welfare in a reduced form
and record the comparative statics of the noncooperative locus. We then construct
the certainty-equivalent export tax and prove the lemma in two steps: whenever the
certainty-equivalent export tax and the import share it induces both fall with the Home
tariff, the certainty-equivalent locus can be re-indexed by the import share, which de-

livers the schedule T and the welfare equivalence; and these two slope conditions hold
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at every admissible tariff whenever ( is sufficiently small. We close with the first-order
expansion of T that supplies the basis function for the fitted quantitative approximation
and with an explicit, checkable condition that quantifies how small { must be.
Throughout, the Home tariff ranges over the compact policy domain T = [0, ] fixed
in the main text, whose finite cap f exceeds the optimal tariffs of the problems considered
below. We maintain that, for every t € T, the optimal policy equilibrium exists and all

equilibrium variables are twice continuously differentiable.

(1) Preliminary derivations

As in the main text, t = try denotes Home’s import tariff, x = xrg denotes Foreign's
export tax, and vy (x;t) = In Wy (x;t) denotes Home's log welfare. We write A(x;t) =
Arg(x; t) for Home’s aggregate expenditure share on Foreign goods and, following the
derivative shorthand declared in Appendix C, Ay = dxA and A; = 9J;A. The proof of
Lemma 4 in that appendix shows that both policy wedges raise the delivered price of

Foreign goods in Home and thereby lower Home’s import share (equation (106)):
Ax(x;t) <O, Ae(x; 1) < 0. (111)

Home welfare admits a reduced form in the import share and the tariff-revenue
M _ —
wedge alone. Let 7 = TFT B L= #t € [0, 1%{] denote the share of Home’s spending on

F
imports that is collected as tariff revenue. Home rebates its tariff revenue and levies no

export tax, so under Assumption 1 (¢ = 1) the income accounting in (21) together with
the tariff-revenue formula (18) gives Ey = %wHL H + ZAEg. Solving for Ep, subtracting
intermediate-input spending as in (14) to obtain net income Yy = Ef — %wHL H, and
evaluating the trade share (15) at n = i = H together with the price index (16) to solve

Py in terms of Ay = 1 — A, we obtain

wply 1 waLly p+(1—-p)TA 5 _ 5 1/B 1/(
= - Py = 1— AV (e,
The wage cancels in the ratio Wy = Yy /Pp: all policy effects on Home welfare load
onto the pair (A, 7). That is, Wy(x;t) = W x W(A(x;t), 7 (t)), where W = (p}{/ﬁLH/‘B

is a positive constant and

W, T)=(1- A)*“ﬁe)ﬁ +1(1__;i<%. (112)
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Holding the tariff-revenue wedge fixed,

dInW(A, 7) 1 1-B)T T

- TEra-pzrticar”

) Be(1=1) 0.

Intuitively, at a fixed tariff a higher import share signals a lower delivered price of For-
eign goods, which raises real income directly and expands the tariff base. Combining
this inequality with (111), Home log welfare is strictly decreasing in the Foreign export
tax at every fixed tariff:

oInW(A(x;t), T)

¥ Ax(x;t) <0 forall (x,1).

dxog(x;t) =

The derivative 0;vy likewise exists and is continuous; its sign is not needed in what
follows.

Next consider the noncooperative locus. For each t € T, let x*(¢+) > 0 denote For-
eign’s noncooperative export tax—the interior maximizer of vp(x;t) over x—and let
A(t) = A(x*(t); t) denote the implied noncooperative import share. Two sign facts about

this locus are needed below:
dx*(f) <0  and  Ay(x™(t);t) < 0:A(t) <0  foreveryt e T. (113)

For the first sign, differentiate Foreign’s first-order condition d,vr(x*(t);t) = 0 with

respect to t:

oy Oxvr(x*(t);)
dx*(t) = — 8xxvl; o <"

The numerator is strictly negative by Lemma 3 (whereby a higher Home tariff lowers

Foreign’s marginal payoff from adopting an export tax) and the denominator is strictly
negative by the second-order condition maintained above, so the ratio is negative at
every t € T. For the middle term, the proof of Lemma 2 in Appendix B establishes that
aggregate import dependence strictly falls with the tariff along the noncooperative locus:
a higher tariff raises the buyer price of Foreign goods in Home even after accounting for
the equilibrium easing of Foreign’s export tax, and CES demand then lowers the share,
so 0¢A(t) < 0 at every t € T. The lower bound in (113) then follows from the chain
rule applied to A(t) = A(x*(£);£): 0eA(t) — As(x*(8);8) = Ax(x*(t);£) 9ex*(t) > 0, the
product of two strictly negative terms. In words, the endogenous easing of Foreign’s tax
dampens but never overturns the direct effect of the tariff on dependence.

Because d;A < 0 and shares are interior at finite prices, A(-) is a strictly decreasing
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bijection of T onto A(T) = [A(f), A(0)] C (0,1): the noncooperative share is bounded

away from zero and one on the policy domain, and the inverse map #(A) is well defined.
-1

In particular, the schedule of Lemma 1, x*(A) = [e(l — N)O6(A) + ﬂA] with §(A) =

P
[1 — %A] - > 1, is well defined along the locus—the argument disambiguates the
two uses of x*, and satisfies the identity x*(t) = x*(A(t)), whose t-derivative is 9;x*(t) =
x*(A(t)) ot A(t). Both the compactness of A(T) and this identity are used repeatedly
below.
Finally, the hazard. By Assumption 3 the noncooperation-cost distribution satisfies
G(n) = [A~Y(n)] ¢, which is well defined because A’(A) > 0 by Lemma 4. The export-

restriction hazard at tariff ¢ is therefore
m(t0) = G(A(A(H)) = A, (114)

where we make the dependence of the hazard and of the objects constructed from it on ¢
explicit by writing 7t(¢; ), X(t;{), and A(t; ), suppressing { where no confusion arises.
For { > 0 we have 7t(t;¢) € (0,1) since A(t) € (0,1). Because A(t) is bounded inside
(0,1) on T, the map (t,) — A(t)¢ = ef"A) is continuously differentiable on T x [0,1].

(2) Existence and uniqueness of the certainty-equivalent export tax

Following equation (31) in the main text, Home’s ex ante log welfare at tariff ¢ is
i (£0) = [1 = 7(5:)] vn(0;t) + () vm (x* (£); 1) (115)
For ¢ > 0 this is a strict convex combination of vy (0;t) and vy (x*(f);t) < vy (0;¢), so
v (x*(£);t) < vﬁ(t;@) < vy(0;t).

Since vy (+;t) is continuous and strictly decreasing on [0, x*(f)], there is exactly one
%(t;0) € (0,x*(t)) with
on(2(£0)it) = vy (1), (116)

which is the certainty-equivalent export tax of equation (32) in the main text: the de-
terministic export tax that leaves Home indifferent to the policy lottery over the aligned
and noncooperative regimes. It lies strictly inside (0, x*(¢)) because both regimes occur
with positive probability. The implied certainty-equivalent import share is A(t;{) =
A(Z(t;C); 1), and Ay < 0 places it strictly between the noncooperative and aligned shares:
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A(t) < A(t;0) < A(0;t). Because dyvy < 0 everywhere, the implicit function theorem
applied to (116) makes ¥, and hence A, continuously differentiable in (¢,¢) on T x [0,1].
At { = 0 the lottery is degenerate: v}, (t;0) = vy (x*(t);t), so

%(t;0) = x*(¢), A(t;0) = A(t) :

at ¢ = 0 noncooperation is certain and the certainty-equivalent locus coincides with the

noncooperative locus.

(3) Proof of Lemma 5

In view of the construction above, proving the lemma amounts to establishing that, for
all sufficiently small { > 0: (i) there is a strictly increasing schedule T with T(A(t)) =
1+ x(t) for every t € T, as displayed in (33); and (ii) the deterministic economy facing
this schedule reproduces Home’s ex ante welfare vk (t) at every t € T, so that Home’s
optimal tariff is unchanged. The proof has two steps. Step 1 shows that (i) and (ii)
hold for any given ¢ > 0 such that the certainty-equivalent locus satisfies the two slope
conditions

9:x(£¢) <0 and 0A({) <0  foreveryt e T. (117)

Step 2 shows that there exists { > 0 such that (117) holds for every ¢ € (0,].
Step 1: the slope conditions deliver the schedule and the welfare equivalence. Fix { > 0
satisfying (117) and suppress it. Since A is continuous and strictly decreasing on T, it

maps T one-to-one onto [A(f), A(0)]. Let £(¢) denote the inverse map and define
T(l) =1+ (1)), ¢ e [A(F), A0)]. (118)

Setting ¢ = A(t) yields the identity T(A(t)) = 1+ x(¢), which is (33). The schedule is
strictly increasing: t(-) is strictly decreasing and () is strictly decreasing by (117), so
their composition is strictly increasing. Where a derivative is needed—as in the optimal

tariff formula—the chain rule gives

orX(t)

T(A(H) = SA(t)

> 0,

a ratio of two strictly negative numbers. The schedule is also the unique one compatible
with the certainty-equivalent locus: any function T with 7(A(t)) =1+ x(¢t) forallt € T

must agree with T at every point of [A(f), A(0)], since A maps onto that interval. Outside
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the interval we extend T by its boundary values, 7(¢) = T(A(f)) for ¢ < A(f) and
T(¢) = T(A(0)) for £ > A(0). The extension is constant off the equilibrium range, so it
is weakly increasing on [0, 1] and strictly increasing on the range—and it affects neither
welfare nor the equilibrium constructed next; its only role is to make the deterministic
problem well posed at every candidate share.

Consider now the deterministic policy problem of the main text, in which Foreign’s
export-tax factor is tied to Home’s equilibrium import share by 1+ x = T(Apy). Given
t € T, a deterministic equilibrium is a share A € [0,1] consistent with CES demand
under the schedule:

A=A(T(A)—1;1). (119)

The right-hand side of (119) is continuous and non-increasing in A (the schedule is non-
decreasing and the share falls in the export tax by (111)) while the left-hand side is
continuous and strictly increasing. Moreover, because shares are interior at finite prices,
the right-hand side is strictly positive at A = 0 and strictly below one at A = 1. Hence
(119) has exactly one solution on [0,1]. Since T(A(t)) —1 = x(t) and A(t) = A(%(t);t)
by construction, that solution is A(t). Note that no derivative of the extended schedule
is used here: uniqueness holds on all of [0, 1], not merely on the equilibrium range.
Welfare equivalence is now immediate. At the unique deterministic equilibrium,

Home’s log welfare is
o (T(A() — 1;t) = vy (2(t); t) = v5(t) forevery t € T,

the ex ante expected welfare of the Bayesian game, tariff by tariff. The deterministic
and Bayesian policy problems therefore share the same objective function on T and
hence the same set of optimal tariffs; by the choice of f maintained in the main text, this
policy domain contains the unrestricted optimum. Note what is and is not claimed: the
deterministic economy reproduces Home’s payoff at every admissible tariff; it does not
reproduce state-contingent allocations or Foreign’s payoft.

Step 2: the slope conditions hold for all sufficiently small {, uniformly on T. Differentiating
(115) with respect to t,

dvg (1) = o (£:C) [on(x*(1);1) — v (0; )] + [1 = (1:0)] 9w (0;1) + 7(1:0) %UH(X*(t);t),

(120)
where %UH(x* (1);t) = oxvp (x*(t); t) 0ex*(t) + vy (x*(t); t) by the chain rule and 9y (t; {) =
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CA(t)*719:A(t). Differentiating (116) with respect to t and solving for 9;%,

oo 00 (50) —dwr(R(E D))
A58 = —= 0xvp (X(t;0); 1) ' (20

and, by the chain rule applied to A = A(%; 1),
IA(E) = Ax(2(£:0);) 9:X(£0) + Ae(X(£5:0); ).

Every term on the right-hand sides is continuous in (f,{) on T X [0,1]: the primitives
are continuously differentiable, X is continuously differentiable in (t, {), the hazard terms
are continuous because A(t) is bounded inside (0,1), and the denominator d,vy (%; ) is
continuous and strictly negative. Hence (¢,) — 9:X(t;{) and (¢,) — 9:A(t) are
continuous on the compact rectangle T x [0, 1].

Evaluate at { = 0. There m = 1, d;7t = 0, and X(£;,0) = x*(¢), so (120) collapses to
00k, (+0) = dyoy(x*;t) dpx* + o (x*;t), and (121) together with the chain rule for A
yields

atf(t; 0) = atx*(t) <0, atl_\(t,' O) = /\x(x*; t) atx*(t) + /\t(x*; t) = atA(t) <0,

with both signs strict at every t € T by (113). In words: at { = 0 the certainty-equivalent
locus is the noncooperative locus, whose slopes were signed in the preliminaries.

The uniform threshold now follows from compactness. Because 0, is continuous on
T x [0,1] and T is compact, the map { — max;c 9:%(t; {) is continuous (the maximum
of a continuous function over a compact set varies continuously with the parameter),
and its value at { = 0 is max;ct 0¢x*(f) < 0, the maximum being attained and strictly
negative because d;x* is continuous and strictly negative on T. By continuity in J there is
{1 € (0,1] with max;er 0:%(t;{) < 0 for every { € [0,{1]. The same argument applied to
9t A delivers {5 € (0,1]. Setting { = min{(3, (>}, the slope conditions (117) hold at every
t € T for every { € (0,(]. Step 1 then delivers the schedule, the welfare equivalence, and
the invariance of the optimal tariff. This completes the proof of Lemma 5.'?

12The smallness of { is sufficient, not necessary: Step 1 uses only the slope conditions (117), which
are themselves checkable equilibrium restrictions. Sub-Appendix (5) below derives an explicit sufficient
condition for them and shows that it holds with a wide margin at the calibrated parameter values.
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(4) First-order approximation of T(A) for the quantitative analysis

Equation (34) of the main text motivates the basis function used in the quantitative ap-
proximation. The counterfactual fits the exact certainty-equivalent schedule as 47t (A)x*(A)
through the origin; this subsection derives the corresponding unscaled first-order ap-
proximation and its error order. Fix { > 0 and suppress it; throughout, O(x**) denotes a
term bounded by a constant multiple of x*(t)* uniformly over ¢ € T, which is legitimate
because all second derivatives involved are bounded on the compact policy domain.

Expanding both sides of (116) around x = 0 at fixed t—recall 0 < ¥ < x*—gives
0r1(0; 1) + 3x0p(0;1) T + O(x*2) = v (0;) + 70 [ava(o,- £ x* + O(x*z)] ,

so that 9,vy (0;t) (X — 7tx*) = O(x*2). The derivative d,vp (0; t) is continuous and strictly

negative on the compact domain T, hence bounded away from zero, and therefore
x(t) = m(t) x*(t) + O(x*z) = A(t)gx*(t) + O(x*z). (122)

Equation (122) evaluates the hazard and the noncooperative tax at the noncooperative
share A, whereas the deterministic problem is indexed by the certainty-equivalent share
A. Changing coordinates costs only higher-order terms. By the mean value theorem
and the boundedness of Ay, |A — A| = |A(%;t) — A(x*;t)] < max|Ay| - (x* — %) = O(x*).
Because A and A lie in a compact subset of (0,1), the map z + z¢ is continuous on
the relevant range, so A® = A® + O(x*). Because A(t) € (A(t),A(0;t)) may exceed
A(0), extend the schedule above the zero-tariff noncooperative share by setting t(A) =0
and 6(A) = 1 for A > A(0); the extension is continuous at A(0), where t(A(0)) = 0
and hence 5(A(0)) = 1, and keeps the schedule continuous, with the bracket below
bounded, on the full range of shares encountered here. For the noncooperative tax

schedule, differentiating the formula in Lemma 1 gives

(M) = [ea(A) _e(l-A)F () = 1=F } (A2, (123)
and since the bracket is bounded on the compact range of shares, we have x* = O(x*?)

and hence x*(A) = x*(A) + O(x*?) - O(x*) = x*(A) + O(x*®): to a first order, the

conditional-tax schedule is flat. Substituting both coordinate changes into (122),

£ = [AF+0(x")] [x*(B) +O()] +0(") = Kix(A) + O(x2),
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and therefore
T(A) =1+ /_\Cx*(/_\) + O(x*z).

To summarize: the hazard is a primitive function of noncooperative dependence, the
deterministic problem is indexed by certainty-equivalent dependence, and to first order
the two coordinates agree, so the fitted basis function evaluates both the hazard and
the conditional tax at the deterministic equilibrium share. The quantitative analysis
multiplies this basis function by 4, estimated through the origin over the policy grid.
Appendix [ assesses the accuracy of that fitted schedule against the exact certainty-

equivalent schedule at the calibrated parameter values.

(5) A checkable sufficient condition

The smallness hypothesis on  plays a purely technical role in Step 2: it guarantees the
slope conditions (117). Step 1 uses nothing else, so for any given ¢ > 0 the conclusion
of Lemma 5 holds as soon as (117) is verified, and both derivatives are computable
equilibrium objects: Appendix [ verifies them directly at the calibrated parameter values
over the full policy domain. In what follows, we derive an analytical bound that is exact
to a first order in x*, in the sense that it neglects the variation of the O(x*?) in (122).
This is useful as it makes explicit how the required smallness of { may depend on the
environment. Differentiating (122) with respect to ¢,

aff ] CAg_l (8tA) x* + Ag atx*,

where ~ denotes equality up to the neglected second-order terms. Both terms are non-
positive for every { > 0—and the second is strictly negative—by (113): a higher tariff
lowers the hazard and lowers the conditional tax. The first slope condition in (117) is
therefore reinforced, not threatened, by the hazard channel at any {. The binding re-
quirement is the second condition. Substituting the display above into the exact identity
0tA = Ay (%;t) 0% + A4(%; 1) and dropping the term A%9;x*, which is O(x*?) because the
locus identity gives 9;x*(t) = x* (A(t)) 9:A(t) with x* = O(x*?) by (123),

af/_\ ~ )\t(f; t) + @Agflx* )\x(f; t) atA

The first term is strictly negative by (111); the second is the positive rebound of the share
induced by the hazard-driven decline in the certainty-equivalent tax. By (113), 0 > d;A >
At(x*;t), and A¢(x*;t) = Ae(%;t) + O(x*). Hence the rebound term is dominated by the
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direct term—and 9;A < 0 follows up to the neglected terms—whenever the following

condition holds with slack:
CADTx*(t) (Ay) < 1 forallteT, (124)

with A, evaluated along the noncooperative locus (the distinction between evaluation at
X and at x* is again second order). In words, (124) says that the share rebound induced
by the hazard’s decline is smaller than the direct decline of the share itself.”> Condi-
tion (124) can be evaluated directly in the calibrated model. A transparent sufficient
version is available under one additional and standard incidence restriction. In the two-
country CES system, equation (15) implies In ﬁ = const — e In (Pry/ Prpy), so the share
responds to the export tax only through the relative delivered price:

oln (Pru/pPHn)

—Ax(x;t) (1+x) :eAAHH aln(1+x)

Provided a higher export tax does not raise Foreign’s relative producer price pr/py, un-
der which the pass-through is at most one, we obtain —A, < eAAgy/(1+ x). Evaluating
at the noncooperative point (A = A, Aggy =1 — A, x = x*) and using €(1 — A)x* < 1,
which follows from Lemma 1 because §(A) > 1,

A (h) < oA ST < oA < gan,
where the last step uses that z — {z¢ is increasing on (0,1) and A(t) < A(0). Condition
(124) therefore holds on all of T whenever

gA(0) <1,

a single inequality in the hazard elasticity and the zero-tariff noncooperative share. Note
that under the incidence restriction the condition binds at t+ = 0, not at the cap f: the
dependence of the abstract threshold { in Step 2 on the size of the policy domain is an
artifact of the continuity argument, not of the economics.

Two remarks are in order. First, because max;>o {c® = 1/ (e |Inc|) for c € (0,1), the in-
equality {A(0)¢ < 1 holds for every > 0 whenever A(0) < e~1/¢ ~ 0.69: at empirically

relevant levels of import dependence, the monotone representation obtains far beyond

13The only threat to the monotone representation is a hazard so steep that the certainty-equivalent tax
collapses faster than the tariff cuts dependence—the locus would fold and could not be indexed by the
share.
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any small neighborhood of { = 0. Second, at the stock-OLS values, { € [0.23,0.29], the
balanced free-trade traded shares are below 0.38. Since the noncooperative export tax
lowers import dependence, these shares provide conservative upper bounds for A(0).
The left-hand side {A(0)¢ is therefore below 0.21 in both calibrations, so the condition
holds with a margin exceeding a factor of four. In this precise sense, the smallness re-
quired by Lemma 5 is far from binding at the calibrated parameters. Consistent with
this slack, the exact verification in Appendix I finds the certainty-equivalent schedule

strictly increasing throughout the policy domain.

E Optimal Tariff with Strategic Foreign government

The only difference in this case with the baseline derivation is that the foreign price
includes an additional wedge pry = T(Ary)drupr. Thus, the expression for net income
at home must be updated as

Yy = wyLly + (Prg — T(Arg)drapr) Qrl

To better handle this additional policy wedge, we formulate the optimal tariff problem
as one where the government directly selects price iy rather that t2,. Extrapolating

from our baseline derivation:

dll’lYH _L werl dh’le
dlnﬁpH - Yy H HdlnﬁFH

N dlnpr dIn Qry B alnf()LpH) dInAry
* (PFH (1 + M) pFH) QFH dlnﬁpH pFHQFH 8ln/\pH dh’l ﬁFH ’

+ PruQrH

Henceforth we apply our compact notation for the export supply and import demand

elasticities:
p _ _ dInQry 1 _ dinpr

ery = = =
FH dlnppH é‘%H dIn Qry

Following the same logic we can show that

d1n Py dlnwgy 1_5A
FH, — = — FH
dInpry B

dlnﬁpH -
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Noting that 1+t = prg/pry and Arg = PpruQrx/En, we can write the first-order
condition by extrapolating from the baseline derivation:

danH . dh’lYH _ dlan
dlnﬁpH - dlnﬁpH dlnﬁpH

dln/\pH _
TI%I-I S%H S?H ah‘l)\pH FH*FH YH !

Prir
PertPy’

The trade share derivative can be obtained by noting that Ary = where py =1

by choice of numeriare. More specifically,

dln)tpH
dlnp PFH

—€(1 = Arg) = —€AgnH

The import demand elasticity is

LD dInQry _OIn(ArgEp/pPru) _  dlnApy  dInEg
PR dinpry dln pry ~ dnpry  dlnpry

1_
+1~1+4+€eAgy+ ﬁﬁAFH

where the last line follows from the simplifying assumption, TM /Ey ~ 0, whereby

dlnEH -~ dlan _ _'B)\
dll’lﬁpH dll’lﬁpH :B FH-

Below, we relax this assumption and derive €2}; without the noted restriction. Plugging

the expression Z}n# into the first-order condition, the optimal tariff solves

1 1 InT
1—W<1+ 5 +€AHHa? pr >_
TrH €FH Py olnApy

which delivers:
1 €EAgyg JdInT

S

t =
€ry EFH ah’l)LFH

Following the assumption that T;/E; ~ 0,the export supply and import demand elastic-

ities are

1-— 1-—
S%H = eArr+ ——Agr, SFH 14+ eAyy + ‘3 ArH

p

Import Demand Elasticity with Large Trade Tax Revenues. Previously, we assumed

that Ty/Ey ~ 0, which implied that dIn Ey = dInwp. Now we relax this assumption,
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without which gross expenditure is precisely given by

wyLy t wHLH/[;%
H 8 +1—|—t FHEH 1—%HAFH

Taking log derivatives from the above equation, yields

dInEy  dlnwgy dIn(1 — 5 Arn) _ dlnwy T AFH

_ _ = dlnA
dlnﬁpH dlnﬁpH dh‘lﬁpH dlnﬁFH 1—%_’_15}\131_[ NAFH

Plugging the last line back into the previously-derived expression

D 1 dll’l/\pH dlnEH

erg = 1— -
FH dlnﬁpH dlnﬁpH
and noting that wage derivative is jllr? ];”F L=- %)\ rH, delivers the precise expression

for the import demand elasticity:

e)\HH 1-— 5

D
1— 15ArH p
The previous formulation results from the approximation, %H/\FH ~ 0.

F Optimal Tariff: Bayesian Representation

Maintain the paper’s notation and assumptions. In particular, Home sets 2, = 1+t
before Foreign’s type is realized, Foreign sets x = 0 with probability 1 — 77(¢) and x =
x*(t) with probability 7t(f). Under the non-cooperative regime the import share and

export tax are denoted by
AN = Apg(x™(t); 1), x*(t) = x(A).
Home’s ex ante problem is therefore
max oE (1) = [1 — n(8)]og(0;t) + m(Hoy (x*(t); 1).

The point of the derivation below is to solve the Bayesian optimal policy problem directly,

rather than converting the problem into an equivalent deterministic problem. Specifi-
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cally, we show that the optimal tariff, t;;, satisfies

* (1 B 7-[)00 1
= : 125
(1-m)Q0 + 71 £7,(0;t) (129)
N ) 1 N e(1—A) din(1+x(A))
(1-m)Q0 + 7Oy | ez (x*(t);t)  eRy(x*(t);t) din A
[UH(o;t) - vH(x*(t);t)] dr(t)
 A-m)Qo+ 7m0 din(1+t)
where every object is evaluated at t = t* and )y and (); are defined as
O = _/\FH(O;t)EH(O,' i’) danpH(O;t) _ AEH(X*(i’),‘i’) danPH(x*(t); i’)
T T+ HYH(0;t) dIn(1+1t) YT A+ 0Ye(xer (1)) din(1+¢t)
(126)

both of which are positive because a higher Home tariff lowers imports independent of
the chosen regime.

To derive this formula, we obtain the first-order condition by differentiating Home’s
objective, vE (t), with respect to In(1 + t). At an interior optimum,

dop (0 ) dop(x*(£;8)  dr(t)
[1_”(t)]d1n}(11+t) (t) di{n(1+t) dIn(1 +t

] [UH(x*(t);t) - UH(O,'t)] = 0.

(127)
Next, we compute the derivative of log Home welfare vy in each realized state. Fix any
differentiable state-contingent Foreign export-tax schedule 1+ x(A). Let

PrH = (1 + x)depp, x=1 +]1rx(/\FH)/ PrH = (1 + t)PFH~

where 1, is equals to 1 under the non-cooperative regime and zero otherwise. Home
income is
Yy = wyly + (Pru — pru) Q-

Differentiating with respect to In firy gives

alnYH . 1 aanUH ~
81nﬁpH o YH |:WHLH811’1;51:H + PFHQFH
, dln dIn Qry
+ (PFH —pru[1+ Tmby ) ) QFHm} : (128)
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Because prrqrn = ArgEn and pruqryg = ArgEg/ (1 +t), (128) becomes

ah’lYH ZUHLH ah’le 1 dIn PrH dln QFH
= A 1——|1+—"—"—| ) Ary
dlnpry | Em alnpey THT i +dthFhJ B3I pra
(129)
Next, dIn Py /dInpry = Ary, and the numeraire condition py = Py wﬁHP =1
implies gllr?;‘; Z = —%/\FH. Using Ey — Yy = %wHL H, the wage term cancels against
the part of ArgEp /Yy that exceeds Ary. Hence
dln WH 1 dIn PFH D EH
_ _(1_ 1
dln ﬁFH (1 1+t |:1 + dIn QFH] AFHSFHY ( 30)
where ¢2,; = —9In Qry/9In pry. Now decompose the elasticity of the pre-tariff import

price. Since pry = (1+ x)drupe,

dinprg  dlnpr +dln(l—l—x)dln)\pH

— ) 131
danpH danFH dln)\pH dh’lQpH ( 3 )
By definition, dIn pr/dIn Qry =1/ e%H. Moreover,
dln)\pH . dln/\pH/dlnﬁpH o EAHH
dlanH N danpH/dlnﬁpH €?H ’
so (131) becomes
dll’lppH B 1 +6AHHd1n(1+x) (132)

dinQry €3, By dInApg

dInQrpy D dlnprg

dIln PFH o . . )
din(1+1) — CFH Tin(141)" This gives the generic

dIn(1+1) and use

Finally, multiply (130) by

state derivative

danH N [1 1 <1+ 1 e/\HHdln(1+x)>
3

din(1+t) 1+t %H—i_ el dInApy

dinQry Epy

(1 +6) Yy (133)

Apply (133) to the aligned state first. There x = 0, so the corrective term is absent,

dUH<0,' t) 1
—_— =) [t ]. 134
dint, 0 ( 2y (0; t)) (134)

Next apply (133) to the non-aligned state. There x = x*(¢) = x*(A) and Arg = A, so

and

dog (x*(£);t) 1 e(1—A) dIn(1+x*(A))
an(iep ~ (t_e%mx*(t);t)_e?H(x*<t>;t) A ) "
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Substituting (134) and (135) into the Bayesian first-order condition (127) and solving for
t yields (125). The economic initiation underlying the Bayesian formula is as follows.
The first line of (125) represents the terms-of-trade optimal tariffs under the cooperative
regime. The second line is the optimal tariff under the non-cooperative regime. This
line includes the standard terms of trade plus the corrective term that appears because
Foreign’s non-cooperative export tax rises with aggregate import dependence. The third
line accounts for foreign export policy adjustment along the extensive margin. This term
is strictly positive: by construction vy (0;¢) > vy (x*(t);t), Lemma 4 in the paper implies
drr/dA > 0, so considering that a higher Home tariff lowers A, then it follows that
dr/dIn(1+t) < 0.

G Optimal Tariffs with Multiple Sectors

(1) Multi-Sector Export Supply Elasticity

In the multi-sector framework, the sector-level price is

Prik = ApikPn,  Pn = i

where d collects iceberg costs and sector-specific productivity shifter, and B, = T, PZ‘,"k,
with ay representing the constant sector-level expenditure share. With multiple sectors,
we can use the fact that the sector-level CES demand system implies, pp/k = Prrsp F)\llcéel’; ,
yielding

%
Pe= TTP = vepr [ [Af5x
k k
where r = Y drrx, The balance trade condition is given by

drp xpeQrn = Anr(1+ 8F)wrLr

where Qi = Yy d,ixqnix is aggregate trade quantity and &; = T;/w;L;. Noting that
Y

S ~ 0, we cab plug pr = A%w?ﬁifﬁ and Pry = yYrprlli A;T%,k into the balanced trade

condition to obtain

1-p
1 N\ B
Qru = 5 [ ] (/\FF,k(PF)ek) Anr(pe) Lr (136)
K
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where o = Ar/ 1/)11;_ﬁ and the aggregate shares are now a weighted sum of sector-level
shares:

Arr(pr) Z)\FFk pr)ax,  Agr(pr) =1 — Apr(pr).

Taking log derivatives from Equation 136, derives the following expression for the in-

verse export supply elasticity:

1 _ dinpr 1 (137)
=] x dIn A dinAgp
54 nQry ——Zk o d1n£§k+ drllnrf

The first term in the denominator can be simplified as

Z K dln )‘FF,k . Z )\pp,klxk dln )\Fplk

_ Vv %% _
© €k dlnpp N P Arp dlnpp N ;erkAHF'k AHF

The second term is obtained by taking the derivatives of the above-listed equation for
the aggregate shares:

dinAgr y AurpidedInApgpg y AHF K&k

= EXAFE K-
dlnpp T AHE dlnpp T AHE KFEK

Plugging the above two expressions back into Equation 137, yields

1 _ dll’lpp . 1

ey dInQry Yk [AH” EKAF Fk} %AHF.

(1) First-Order Condition

The government chooses the vector {frp k}r of sector-level buyer prices for imported
varieties. The first-order condition w.r.t. frpy is

dinWy _ dlnYy  dinPy
dinprgx  dInpryx  dInprgg

=0

Note that
Yy = wyly + Y_(Fra — Te(Arn ) den kPr) Qrm
k

Following the logic of our baseline analysis, the income derivative becomes

82



dlnYH i [ dlan ah’lTk()Lka)dln)LFHk

dnpray  Ya wHLHm + PraxQrak — PrHkQFH K 9T Arrx dIn pros
- dll’lpp dln QFH ) danPH,g
+ —(1+ / 21
; <pFH’g ( dInQrgdIn Qry « Z Pty Qrtig dInpry i

. . dinQpy __ PrHgQrHg
Which considering that g7 Crux — S Prig Qg

yields

A k dIn T
+ Argk+ iAH 30 A : Gk)\HH,k

dll‘lYH o [HJHLH danUH

dInpry k En dlnprpg TrH
1 1 Ex
+ 1-— (1+ ) | Arm, E?H, Yo
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With ég ~ 0 and Cobb-Douglas aggregator across sectors, the cross-effects reduce to
zero and the above equation simplifies to

dInY Ly dl 1 €A dln T E
n~ H _ wWHLH n~wH 4 )\PH,k +(1- [1 + . + kDHH,k k ] )\FH,kglgH,k H.
dh’lpFH/k EH dlonH,k TFHk EFH SFH,k ahl/\I:H,k YH

The price index and wage derivatives can be obtained following the same steps as in the

baseline derivation. In particular, noting that py = 1, we get

dlan
dln ﬁFH,k

dIn wH 1-—
= ArH ks dinprns B AFH K

ZUHLH dlan EH

The above two equations ensure that =f= dn Prror Yoo

(115/_113 —1)Apg x = 0, which simpli-
fies the first-order condition a

dinWy _ dinYy  dinPy
dinpryy dInprgr dInprgg
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The solution to this system yields the optimal tariff formula:
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H Foreign’s Optimal Sector-Level Export Policy

This appendix derives the optimal export tax schedule for Foreign under the non-
cooperative regime in the multi-sector framework. Building on this result, we then derive
an approximate univariate expression for Foreign’s sector-level export restriction hazard
Tk as a function of sector-level import dependence, Ax. To set the stage, we begin with a
formal statement of Foreign’s optimal export tax problem: The optimal export tax vector
x* = {x;} given Home tariffs t = {;} is

x* = argmaxvp(x;t) = In Yr(x;t) — In Pr(x; t)

with foreign income given by Yr = wrLr + T and Pr only depending on (x;t) through

pr since py = 1 by choice of numeraire. The first-order condition that solves for x* is

ovr olnwpr aTg oln Pr —0 (138)

Ypaln(l + xx) - wPLFaln(l Tx)  oln(l1+x) Toln(1+x)

In what follows, we derive the three terms in (138). First, we characterize 0T /91In(1 +
. . X .thXg/\I:H,g . . .
xt). The Foreign export-tax revenue is Tr = Eg Y, (E=RIGEEmE To derive, the derivative
of Home’s CES import share App,¢ wrt. export taxes, we note that the Home buyer
price of Foreign goods in sector g is prr,g = (1 +tg)(1 + x¢)dry,epr. Thus, using the

CES import demand system be obtain

all’l)\pHg dln PF
L S 1{o — _omnpp 1
Sl 1 xy) — et |He =K+ 5pa S| (139)
Differentiating TX = Epy ¥ 775515 and using (139) gives
1 oTF wmArrmx Xy e
Ep oln(1+ xy) N (1 + tk)(l + x¢) (1+ tk)(l + xk) k/AFH k€k/VHH k
dIn PE Xg Tlg( olnEgy
aln(l —+ xk) ; (1 + tg)(l T+ xg)DCg/\FH,geg/\HH,g + Em

(140)

To complete the derivation we must substitute for the Home expenditure derivative,
dInEp/9d1In(1 + xi). For this, note that Home’s total expenditure is Ey = dgwyLy/p,

. _ t oInE dlnw dolné .
= _ 8 H_ — H H
with 0y = [1 §g1 tgocg)\pH,g] . Thus, Jn(itxy) — 9m(itx) + (it First, we

by appealing to the fact that Home’s producer price is normalized to

Jdlnwy
CalCUlate m
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one. Differentiating the Home pricing equation pg = w/3 P P implies
dlnwy  1-B dlnPy dln pr
Sn(+x) B amtx) VAT St ;“g)‘FHfg'

where the last line substitutes for alil(rll—f?jck) by noting that the Home price index is

~ « — . . dlné .
InPy = —Y, % In (1+[(1+4 xg)(1+tg)dprgpr] ). The derivative am(?ﬁik) is ob-
tained by invoking and invoking %. Combining the these derivatives, delivers

dinEy  Jdlnwy dlnéy  1-p dlnpr
oln(1+x;) 9ln(1+ x;) + oln(1+x;) B WAFH T dIn(1 + xy) ;agAFH’g

te B dlnpr
. (1 rg oM FgC AR [l{g =B i+ xk)l )

Substituting the above equation into (140) separates the direct sector k terms from the

general equilibrium terms multiplied by dIn pr/9dIn(1 + x):

L aTg o 1 B xkek)\HH,k - 1-— ﬁT_IE( _ T§§H tkek/\HH,k A
Enoln(1+x) |(I+t)(+x) (A+t)(1+x) B Eg  Eg 1+t | ©FHK
_ dln Pr Z xgeg/\HH,g 1-— ﬁT_g TgéH tgeg/\HH,g T
oln(l+x) 5 |(I+t)(1+x) B Ey  Em 1+tg | 5008
(141)

Next, we characterize the The remaining terms in the first-order condition, (138), corre-
sponding to Foreign wage and price index derivatives. Foreign’s sectoral price indexes
move with x; only through the common producer price term pr, since py = 1 by choice
of numeraire. Specifically,

d1In Pr oln pr

142
dIn(1+x) oln(l+xp) Z"‘gmg (142)
. - . 51— al 9l 1-f_ 9Inbp,
The Foreign pricing equation pr = wléPF P gives ﬁ = %ﬁ — Tﬁm

Using this expression, (142), and Er = Yr + TﬁwlsLF, and the Foreign labor market
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. A .
clearing, wFTLF = Zg [ucg/\pp,g} Er+ Zg [(1:2)%} Ep, one obtains

dlnwr 91n Pr oln pr ) 3 ( agAFH, g (143)

YRSt x)  Faln(ltx)  MaIn(l+ x0) & (11 o) (1 + %)

Substituting (141) and (143) into (138) yields simplified first-order condition in simplified

form
aUF EH 8 In PP
S £ = 144
aln(l—i—xk) YF Mk+ 1 +x ZMg =0 ( )
where M is defined as follows for each sector g:
_ agheng (11— xgeehung) T 1-8 g
= - = A . 145
Ve (1+tg)(1+ xg) By e | Tp T OHT g CeHH (145)

Optimal export tax formula. At an interior optimum, the first-order conditions are

My + -2PE v~ Ao — 0 for all k. If 1 +Y _Olnpr 0, summing these equations
kT 3In(T+x) &~ V'8 k 9Tn(1-+xz) & q

gives } o Mg = 0, and hence My = 0 in each sector. Thus the sector-level optimality

condition becomes % = E; [1 ﬁﬁ + (M’ﬁ#] , rearranging which gives

TX
1— ﬁ [Tﬁ (1+t) + 5Htk€kAHH,k}

X = (146)

o .
€A HHK 75 [Tﬁ(l + ) + 5Htk€kAHH,k}
Equivalently, we can express the optimal export tax more compactly as

1—

1
Xp = [ek/\HH,kék + ‘BAFH,kék} ,

with the sector-level shifters gk and J; defined as

TX
. (1 + exAmmi) (1+ k) 5= by
O = - L , =1+ 5H 1+t /\kaéHék
1-— [T(l + t) + (5Htk€k/\HH,k]

A useful special case is t = 0 in which case the export tax formula reduces to:

-1

1— 1+ e Aggr Arm,
P FHkZ HA, Su

*
— A
X lek HH,k + ﬁ 2 1+ Gg)\HH,g /\FH,k §

86



To see this, note that the primitive representation of Foreign export tax revenues gives
: A
IEZ =2 1igx 1F 2 Substituting the optimal export tax rate x* implied by (146) into this

expresswn and rearrangmg glVGS

B
Bp (gl e
Eg 3 (1—|—tg)(1—|—€g/\HHg 1—|—tg)(1 +€gAHH,g)

With zero Home tariffs (t; = O for all k), we get 6y = 1 and J; = 1, and the above

. . TX/Ey _ AMrHg ItexAmk ArHg
equation implies m Yo T7e TreeAmmg SO that & = Yo TFeehmig Arri 8-

Deriving 7t as a function Ay

Now we show that the sector-level Foreign export restriction hazard is a function of
the sector-level import dependence in the non-cooperative state: Ay = Appr(x*;t). To
demonstrate this note that Foreign’s gains from adopting the non-cooperative export tax
in sector k relative to Laissez-faire is Ay = vr(x{,0_s;t) — vr(0,0_; t), which following
Equation (144) can be calculated as

X Ey
A:/ ZH
Y

with every object inside the integral evaluated at (xy,0_;t). The direct term takes a

alnpp

simple from around x = 0 since T¥ = 0. Specifically, equation (145) gives M|,_, =

W%”;k(o;t). It remains to control the common producer-price term in (147). The first-
aln PE

order conditions imply that () Yo Mg = 0 at x*. Thus applying the the mean-value
theorem between the point (x;,0_4; t) on the integration path and the non-cooperative
point (x*; t), obtains

= O ( maxx
8
oln(1+ x;) In(1+ x) 2 (xk,()_k;t) 8
Combining these points gives and noting that In(1 + x*) ~ x*, yields Ay = 'Xkl)ft’z Lxf+
O(xj maxg xy) with all the variables evaluated at (x = 0;t). Since the CES share sys-

tem is continuously differentiable in export taxes, App(0;t) = Ay + O(maxg x3), which

delivers
Eyx e N (Ag)

-
T Yr o (T80 (T+ x5 (A

) +0 (x,f mgax xg) . (148)
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where we invoke the previously derived optimal export tax formula, whereby x; =
x}(Ax). Foreign applies the noncooperative export tax in sector k whenever the non-

pecuniary cost satisfies 7, < Ay. Formally,

e A X (A) )

e (Ak) = Ge(B(Ax)) = Gy ((1 + ) (1 + x5 (Ag))

Under the restriction €, > (1 — )/, the optimal export tax x(Ay) is increasing in Ay.
Thus, since x} /(1 + x}) is increasing in x;, the leading term in (148) is increasing in Ay

given t. At points where Gy has density g;, we can state this as

= gk(Ak(Ak))%A/k\k) >0,

7Tk (Ar)
with strict inequality whenever g (Ax(Ax)) > 0. Altogether, these equations establish
that to a reasonable approximation, 71y can be expressed as an increasing univariate

function of A, mirroring the aggregate relationship in the baseline model.

I Validating the Certainty Equivalence Representation

This appendix evaluates the certainty-equivalent representation using the same cali-
brated environment as the macro counterfactual. The economy contains latent non-
traded and traded composites. The ISIC G-T service value-added share proxies each
region’s non-traded expenditure weight, but all observed cross-border deliveries, in-
cluding measured service trade, enter the traded composite. We retain the two observed
bilateral directions and then construct the zero-transfer exact-hat benchmark. Home and
Foreign have separate economy-wide value-added shares, and both policy wedges are
applied only to the traded composite. The probability of noncooperation is 7t(Ar) = Ag,
using the stock-OLS estimates {;;s = 0.29 and {7 = 0.23.

We distinguish the exact representation from the fitted shortcut used in the counter-
factual algorithm. For any Home traded-composite tariff ¢, define the exact certainty-

equivalent Foreign export tax () by
or(E(E); 1) = [1 = 7(OJon(0:) + T (Dou(x*(£;8),  7(t) = Apr(x* (D DE.

This equation is an exact welfare identity. If the induced schedule X(Arp 1) is single-
valued and increasing, Lemma 5 implies that the Bayesian problem is isomorphic to a

deterministic policy problem using that exact schedule. We evaluate this condition at
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121 gross tariff rates, 1+t € [1,1.875]. For both regions, the exact schedule is strictly
increasing throughout the grid.

The numerical counterfactual replaces the exact schedule with

5C\(t) =4 n(ZFH,T(t))x* (/_\FH,T(t))-

We estimate the coefficient separately for each region by

121
A : i b ) 2
a = argmin Z [x]- —a ﬂ(/\FH,T,j)X*(/\FH,T,j)]
a j=1

The fitted values are @ = 0.76 for the United States and 0.81 for the European Union.
Figure 7 compares the exact and fitted schedules. The maximum absolute fitted-tax
errors are (.24 percentage points for the United States and 0.29 percentage points for the
European Union. These errors quantify the fitted shortcut; they do not qualify the exact

certainty-equivalence result.

Figure 7: Exact and Fitted Certainty-Equivalent Traded Export Taxes
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Notes: The figure plots the exact certainty-equivalent Foreign traded-composite export tax and the fitted
shortcut a7t(Ar)x*(Ar) against the certainty-equivalent traded import share for the European Union (left)
and the United States (right). Solid lines show the exact schedules; dashed lines show the fitted schedules.
Both exact schedules are strictly increasing on the 121-point gross-tariff grid 1 + t € [1,1.875]. The largest
absolute fitted-tax error is 0.29 percentage points for the European Union and 0.24 percentage points for
the United States.

We next compare the Bayesian objective with the deterministic objective that uses the
titted export tax. Specifically,

WEB(t) = [1 — (H)]ou(0;t) + 7t (H)og (x*(t); 1), WP (t) = o (Z(t); t).
The exact certainty-equivalent schedule characterized in Figure 7 would make these ob-
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jectives coincide point by point. Figure 8 instead measures the additional discrepancy
created by substituting the fitted shortcut.

For the United States, the fitted deterministic optimum is 31.01 percent and the
Bayesian optimum is 31.50 percent, an absolute gap of 0.50 percentage points. Rela-
tive to the zero-tariff benchmark, the Bayesian-optimal tariff raises welfare by 0.67 per-
cent. Evaluated under exact Bayesian welfare, using the fitted-deterministic tariff instead
produces approximation-induced policy regret 0f9.44 x 10~° percent. For the European
Union, the corresponding tariff rates are 30.93 and 31.51 percent, an absolute gap of 0.59
percentage points, and the Bayesian-optimal tariff raises welfare by 1.04 percent. The
approximation-induced policy regret is2.06 x 10~% percent. Thus, the approximation is
not an exact statement about tariff rates; its practical accuracy comes from the flatness

of welfare near the optimum.

Figure 8: Bayesian and Fitted-Deterministic Optimal Traded Tariffs
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Notes: The figure plots log welfare relative to free trade, in basis points, against the Home traded-
composite tariff for the European Union (left) and the United States (right). The upper panels show exact
Bayesian expected log welfare; the lower panels show deterministic welfare under the fitted certainty-
equivalent export tax. Vertical lines mark the Bayesian and fitted-deterministic optima. The fitted-
deterministic and Bayesian tariffs are 30.93 and 31.51 percent for the European Union, and 31.01 and
31.50 percent for the United States.

The exercises therefore support two distinct conclusions. First, the calibrated exact
certainty-equivalent schedules satisfy the monotonicity condition required by Lemma
5, so the Bayesian game admits the exact deterministic welfare representation. Second,
the fitted formula used in the higher-dimensional counterfactual introduces small but

nonzero export-tax and optimal-tariff errors. Those errors have negligible welfare con-
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sequences at the calibrated optima, which supports use of the fitted representation for
computation while preserving the conceptual distinction between exact equivalence and

numerical approximation.

J The 2018 Tariff Episode: Data and Robustness

This appendix provides the institutional and data background for the 2018 tariff episode
studied in the main text. The first part describes the underlying trade and tariff data and
the three 2018 tariff programs, organized around Table 6. The second part probes, line

by line, the robustness of the prewar dependence-growth pattern in Figure 2.

J.1 Background: Section 301 Tariffs

The data are the Fajgelbaum et al. (2020) replication flow: monthly U.S. imports by
partner country and ten-digit HS product line, from January 2013 through April 2019.
Each record carries the import value, the statutory tariff rate applied that month, and
flags marking whether the product falls under each 2018 tariff program. China is one
partner among many. The flow records a statutory rate only in months when the line
actually traded with the partner, a fact that drives the measurability limits documented
below.

From this flow, we keep the 17,891 HS10 lines with positive total U.S. imports in 2017.
Percentages in Table 6 use this universe, or a stated subset, as the denominator; trade
values enter only as shares or weights, and dollar levels are never reported.

Three programs raised the 2018 tariffs, and they differ sharply in size. Section 301
is the China-specific program and by far the largest: 10,703 lines, or 59.8 percent of the
universe. Section 232 (steel and aluminum) and Section 201 (solar panels and washing
machines) are global—they tax the product from every origin—and small: 808 lines
together, or 4.5 percent. The remaining 6,380 lines (35.7 percent) faced no 2018 program.
The three programs do not overlap; each line belongs to at most one. Table 6 summarizes
the programs in two blocks: lines and measurability, then realized statutory changes.

The Section 301 flag marks targeting, not implementation. A flagged line was swept
into the Section 301 process, but the statutory rate actually moves only for lines that
survived to a final list and received Chapter 99 duty language (heading 9903.88.xx) cov-
ering the ten-digit line. The gap between the two is the public-comment bargaining:
USTR removed hundreds of proposed lines before implementation, and the Chapter 99
text maps imperfectly onto HS10 children in some product areas. In the data, 5,868
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Table 6: The 2018 Tariff Programs: Lines Covered, Measurability, and Realized Statutory
Changes

Section 301 Sections 232/201 No program All lines

Tariff lines and measurability

Tariff lines importing in 2017 10,703 808 6,380 17,891
as % of universe 59.8% 4.5% 35.7% 100.0%
China trade in 2013 and 2017 (AIn A computable) 7,276 474 4,000 11,750
China trade in both Decembers (At computable) 5,868 222 3,601 9,691
Realized statutory change, Dec. 2017 to Dec. 2018
Statutory China rate increased 5,675 222 12 5,909
Rate unchanged 193 0 3,586 3,779
Rate decreased 0 0 3 3
Mean statutory tariff change 100 x Aln(1 + ) 11.92% 19.93% 0.04%  7.69%

Notes: The universe is 17,891 HS10 lines with positive 2017 import value in the Fajgelbaum-Goldberg-
Kennedy-Khandelwal (2020) flow. Program flags are time-invariant product attributes: m_china_hit iden-
tifies Section 301, steel/aluminum flags identify Section 232, and solar/washer flags identify Section 201.
The three groups are mutually exclusive in these data, as asserted in construction. AInA is computable
when China imports are positive in both 2013 and 2017. At is the December-to-December change in the
line’s import-value-weighted mean statutory China rate ¢ and requires China-origin December trade in
both years. The realized-change block is restricted to those lines. Unchanged Section 301 lines are tar-
geted lines whose statutory rate never moved through April 2019, including proposed-list removals and
Chapter 99 carve-outs. The reported mean is 100 x Aln(1 + t), in percent.

tflagged lines have a measurable statutory change; of these, 5,675 rose, none fell, and 193
stayed flat through the end of the data. The 193 flat lines are targets that were bargained
out, not measurement noise: they cluster in the chapters the list process cut—headgear,
hand tools, and a bloc of food products. Their December rows do carry statutory rates,
and their China dependence had been growing even faster than that of the tariffed lines.
We therefore keep them in the treated group: membership on a Section 301 list is the
treatment, and dropping or reclassifying lines by whether the tariff ultimately landed
would condition on the outcome. Dropping them anyway leaves the results essentially
unchanged.

Two requirements thin the universe, and the first block of Table 6 shows both. To
measure the five-year growth in a line’s China share, the line must have positive China
imports in both 2013 and 2017—true for 11,750 lines (7,276 of them Section 301). To
measure the December 2017 to December 2018 statutory tariff change, the line must
have traded with China in both Decembers—true for 9,691 lines (5,868 Section 301). The
tigures need both at once, which holds for 8,520 lines: 5,244 Section 301, 3,068 with no
program, and 208 under Sections 232 and 201. This is the sample of Figure 2.

In every exhibit, the comparison group is the set of lines outside the Section 301
lists, labeled Non-301. It contains the Section 232 and 201 lines, which are themselves
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tariffed—their statutory China rate rose about 20 log points on average—so the group
cannot honestly be called untariffed. Placing tariffed goods in the comparison group
works against finding a gap, which makes the convention conservative.

The second block of Table 6 shows that, among lines with a measurable change,
the contrast across programs is sharp. Under Section 301, 5,675 lines rose, 193 stayed
flat, and none fell; the mean statutory change—measured as 100 x Aln(1 + ¢)—is 11.92
percent. Under Sections 232 and 201, all 222 measurable lines rose, by 19.93 percent on
average, reflecting the 25-percent-plus steel and solar rates; the global programs had no
comment-period escape hatch. Among no-program lines, 3,586 stayed flat, 12 rose, and

3 fell, for a mean of 0.04 percent—essentially unchanged, as they should be.

J.2 Robustness of the Motivating Evidence

Figure 2 presents the prewar dependence-growth pattern as an aggregate contrast be-
tween Section 301 goods and the rest (Fact 2 of Section 2). The three panels of Figure
9 ask the same question—did Section 301 goods gain China dependence faster than the
rest?—but measure it line by line rather than in the aggregate, so each estimate carries a
confidence interval. In each panel a bar is the unweighted mean, across a group’s HS10
lines, of the 2013-2017 growth in China dependence (100 x Aln, in percent); the whiskers
are 95 percent confidence intervals from standard errors clustered by HS2 chapter. The
groups are Section 301 lines and all others (“Non-301").

Panel (a) is the baseline. Dependence is A, China’s share of a line’s imports. On
the 8,520 lines with China trade in both years and an observed statutory tariff change—
the sample of Figure 2—Section 301 lines grew by 15.6 percent against 6.3 percent for
the rest, a difference of 9.3 percentage points (p = 0.005). The main-text contrast is
therefore not an artifact of aggregation: the average targeted line was deepening its
China dependence significantly faster than the average non-targeted line.

Panel (b) applies the same measure to a wider sample. The statutory tariff change
can be read only for lines that traded with China in both Decembers, which drops lines
that shipped in other months. To recover them, panel (b) measures the tariff change
over schedule-stable windows—the 2017 average against the December 2018-April 2019
average, across which the statutory rate does not move—widening the sample to 10,727
lines. The gap holds at 8.0 percentage points (12.2 versus 4.1 percent, p = 0.068). The
recovered lines trade with China intermittently, so their share growth is measured from
thinner flows; the gap attenuates slightly and loses precision, as expected.

Panel (c) recasts dependence as leverage. It replaces the share A with the dependence
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Figure 9: Line-level growth of China import dependence, 2013-2017

Average growth across tariff lines Extended-coverage sample

20%

15.6% 12.2%

20% -
15%
4.1%
15% T
10%

6.3%

9/, -
10% 59

0% -

Non-301 Section 301 Non-301 Section 301

(a) (b)

China's supply leverage

5%

Growth of China import share, 2013-2017
Growth of China import share, 2013-2017

0%

25%

16.8%

20% -
15% 3.9%
10%

5%-|

-5%

Growth of dependence odds A/(1-A), 2013-2017

Non-301 Section 301

()

Notes: Each bar is the unweighted mean, across a group’s HS10 lines, of the 2013-2017 growth in China
dependence (100 x Aln, in percent); whiskers are 95 percent confidence intervals from standard errors
clustered by HS2 chapter. The “Non-301" group includes the few lines under the global Section 232
and 201 tariffs. Panel (a): dependence is A, China’s share of a line’s imports, on the sample of Figure 2
(8,520 lines: 5,244 Section 301, 3,276 Non-301). Panel (b): the tariff change is measured over schedule-
stable windows—the 2017 average against the December 2018-April 2019 average—widening the sample
to 10,727 lines (6,622 and 4,105). Panel (c): dependence is the odds A/ (1 — A); the 68 lines sourced entirely
from China are dropped, leaving 8,452 lines (5,229 and 3,223). Source: Fajgelbaum et al. (2020).

odds A/(1 — A), the quantity that governs an exporter’s market power in the model:
as the domestic alternative 1 — A shrinks, the odds rise steeply. The 68 lines sourced
entirely from China (A = 1, undefined odds) are dropped. Among the remaining 8,452
lines, Section 301 lines grew by 16.8 percent against 3.9 percent for the rest, a gap of
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12.9 percentage points (p = 0.012)—the targeted goods were climbing the steep, high-
dependence part of the curve, where the model says leverage grows fastest.

Across the cuts examined—December or extended-coverage sample, share or odds—
the Section 301 gap in dependence growth ranges from 8 to 13 percentage points and
never changes sign. The December, line-level, share-based cut in panel (a) is the cleanest
benchmark: its sample comprises the goods that trade with China continuously, which

is also where a China-dependence share is an economically meaningful object.

K Textual Classification and Validation Evidence

This appendix documents the textual classification used in Section 8.1. The object of the
exercise is official public framing: whether USTR’s communications around the 2018 tar-
iff rollout invoked the strategic-risk mechanism, at what dates, and with what intensity.
The classifications are not a reconstruction of private deliberations and are not used as
structural inputs to the tariff model. The appendix proceeds from corpus construction
(Appendix K.1) through classification design (Appendix K.2), aggregation (Appendix
K.3), sampling precision (Appendix K.4), robustness (Appendix K.5), cross-classifier sta-
bility (Appendix K.6), validation status (Appendix K.7), and the limitations that bound
interpretation (Appendix K.8).

K.1 Corpus and Unit of Analysis

The corpus is the universe of 2,983 press releases published by the Office of the United
States Trade Representative between January 2010 and December 2025. The sample
is partitioned into six periods: a pre-2017 baseline (1,159 releases), the 2017 transition
(109), the 2018 tariff rollout (109), the 2019-2020 follow-through (196), the 2021-2024 pe-
riod (1,306), and a 2025 post-sample window (104). The unit submitted to the classifier
is a local passage, an overlapping two-sentence window within a release, so that claims
split across a sentence boundary are seen intact; the corpus yields 55,003 such passages,
an average of about 18 per release. Classification occurs strictly at the passage level:
the classifier sees the passage, not the document’s date, title, or period, so no informa-
tion about the 2018 episode enters the labeling of any individual passage beyond the

passage’s own text.

95



K.2 Classification Design

Table 7 reports the six-narrative ontology. The first three narratives record exposure,
importance, and fragility separately: import dependence, criticality, and vulnerability.
A passage can therefore mention foreign sourcing without being coded as strategic risk,
and can mention an important sector without linking it to foreign exposure. The two
mechanism-specific narratives are geopolitical risk, covering references to state power,
coercion, rivalry, security risk, and foreign-government conduct, and the strategic vul-
nerability narrative, covering the conjunction of foreign exposure with strategic impor-
tance or vulnerability. The distinction is central for the paper: the model is not about
dependence per se but about the policy value of reducing exposure when foreign sourc-
ing creates strategic vulnerability. The sixth narrative, mitigation or de-risking, records

proposed remedies and serves as a comparison narrative.

Table 7: Textual Ontology for USTR Communications

Narrative Classification target

Import dependence A passage links a U.S. sector, input, market, or capability to reliance on
foreign supply, foreign production, or foreign firms.

Criticality A passage identifies a good, sector, technology, input, or capability

as important for national welfare, industrial capacity, infrastructure,
innovation, health, or security.

Vulnerability A passage describes exposure to disruption, coercion, unfair practices,
shortages, supply interruption, or other fragility in the relevant eco- Notes: The mechanis:
nomic relationship. tive. Import depend
Geopolitical risk A passage connects trade or investment exposure to state power, strate- The strategic-risk ch

gic rivalry, coercive policy, security risk, or foreign-government behav- state behavior, rivalr
ior.
Mitigation or de-risking A passage describes policy actions intended to reduce exposure, di-

response versify supply, rebuild capacity, or otherwise manage a strategic trade
vulnerability.

Strategic ~ vulnerability A passage combines foreign exposure with strategic importance or vul-

narrative nerability, so that reliance on the foreign relationship is framed as a

policy-relevant risk rather than only a commercial fact.

Three design choices prevent the classifier from conflating ordinary trade-policy dis-
course with strategic-vulnerability discourse. First, labels satisfy a strong-entailment
standard: a narrative is positive only when an ordinary reader would treat the claim
as part of the passage’s message without importing adversarial intent, strategic impor-
tance, or supply logic from background knowledge. Sector names, country mentions,
and generic tariff references do not by themselves satisfy the standard. Second, three
hard carve-outs bound the negative space. Pure U.S. outbound export controls carry a

hard zero for import dependence, vulnerability, and the strategic vulnerability narrative
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(the geopolitical-risk narrative may still apply when the control is framed as a response
to rival-state conduct). Foreign barriers to U.S. exports do not by themselves establish
any of the key narratives. Routine market-access disputes, WTO cases, and standard
anti-dumping or countervailing-duty language are hard negatives unless the same pas-
sage also describes dominance, restriction, lock-in, or a strategic supply-risk mechanism.
Third, the strategic vulnerability narrative is the most demanding: it requires explicit tex-
tual linkage between strategic importance and a risky or coercible supply relationship,
and multiple positive component labels within a passage do not imply the strategic vul-
nerability narrative unless the linkage is itself explicit.

Table 8 illustrates both boundaries with classified passages. The positive examples
show that the mechanism-specific narratives require language tying exposure to coercive
foreign policy, state-backed competition, or vulnerability in strategically important sec-
tors. The hard negatives show that country names, meeting announcements, tariff-list

references, and ordinary market-access language do not identify the mechanism.

Table 8: Selected Positive Examples and Hard Negatives

Passage type Passage excerpt Classification logic

Positive: geopolitical “unprecedented threat posed by The passage ties foreign economic

risk and strategic vul- China’s theft of our intellectual prop- exposure to coercive state behavior

nerability narrative erty, the forced transfer of American and to U.S. leadership in technol-
technology, and its cyber attacks” ogy and innovation.

Positive: geopolitical “policies that coerce American compa- The passage treats technology
risk and strategic vul- nies into transferring their technology transfer as a foreign-government

nerability narrative and intellectual property to domestic policy risk, not simply as ordinary
Chinese enterprises” import dependence.
Positive: geopolitical “seizing economic dominance of certain The passage frames advanced tech-
risk and strategic vul- advanced technology sectors” nology sectors as strategically im- .
nerability narrative portant and links exposure to for- Notes: Positive

within the annon

tariff references,
Hard negative “Beijing, China Closed Press” The passage names a country and sification.

an event location but contains no
substantive claim about exposure,
vulnerability, or strategic risk.

eign industrial policy.

Hard negative “Click here to view the final tariff list.” The passage is an administrative
reference to a policy document
rather than a statement about the
rationale for protection.

Hard negative “U.S. Beef Gains New Market Access in  The passage concerns market access
Morocco” and export promotion, not strategi-
cally consequential exposure to for-

eign supply or coercion.
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K.3 Aggregation

Let 4 index releases, w index passages within a release, and ¢ index narratives. For each
passage-narrative pair, ay, = 1 if passage w is classified positive for narrative ¢ and zero

otherwise. With N; passages in release d , the two document-level outcomes are

1
Ep = 1{ Y agy > 0}, Iyg = A Y .
wed d wed

The extensive margin is the period average of E;; and mention intensity is the period
average of Iy; . The first measure asks whether a release contains a narrative at all; the
second asks how central the narrative is within the release. Because both measures are
defined at the release level, the overlap between adjacent passages affects neither the
sign nor the interpretation of the period contrasts.

A conservative administrative gate routes 101 of the 2,983 releases to all-zero labels
before classification. The gate fires only when a release simultaneously exhibits at least
three administrative-signal patterns, has at least 80 percent purely administrative pas-
sages, and contains no instrument, sector, risk, or mitigation hints. Gated releases remain
in the universe and enter every denominator, so the gate can only attenuate measured
framing. No release was gated in 2017 or 2018; the 101 gated releases fall in the pre-2017
baseline (62) and the 2021-2024 period (39), where administrative scheduling releases

are most prevalent.

K.4 Sampling Precision of the Key Contrasts

The analysis reports descriptive shares. Because the underlying counts are small inte-
gers over known numbers of releases, exact finite-sample statements are available. Table
9 reports them for the contrasts used in the main text: the count and share of posi-
tive releases in each period, the difference in percentage points, and a two-sided Fisher
exact test of equal proportions. Three features stand out. First, the central contrasts
are decisive at any conventional level: the 2018 geopolitical-risk margin differs from
the pre-2017 baseline at p = 2.5 x 1071% , and the Wilson intervals of the two periods,
[19.2, 35.6] against [4.8, 7.6], are separated by nearly twelve percentage points. Second,
the event-window contrasts are decisive despite resting on only 31 releases, because the
baseline rates are so low. Third, the placebo-like contrasts match the composition result
in Table 4: bare import dependence and mitigation do not move significantly in 2018, so

the shift is specific to the mechanism narratives rather than a general inflation of trade
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language.'*

Table 9: Counts, Confidence Intervals, and Exact Tests for the Key Contrasts

Narrative Contrast Counts Shares (%) Change (pp)  Fisher p
Panel A. The 2018 rollout

Geopolitical risk 2018 vs. pre-2017  29/109 vs. 70/1159 26.6 vs. 6.0 +20.6 25x%x 10710
Strategic vulnerability narrative 2018 vs. pre-2017  17/109 vs. 45/1159 15.6 vs. 3.9 +11.7 6.4 x 107
Geopolitical risk 2018 vs. 2017 29/109 vs. 4/109 26.6 vs. 3.7 +22.9 2.1x10°°
Strategic vulnerability narrative 2018 vs. 2017 17/109 vs. 3/109 15.6 vs. 2.8 +12.8 0.002
Panel B. Event windows within 2018 (vs. 2017 baseline)

Geopolitical risk Mar. 22-Jul. 5 10/31 vs. 4/109 32.3vs. 3.7 +28.6 41x107°
Strategic vulnerability narrative Mar. 22-Jul. 5 7/31 vs. 3/109 22.6vs. 2.8 +19.8 0.001
Geopolitical risk Jul. 6-Dec. 31 15/56 vs. 4/109 26.8 vs. 3.7 +23.1 2.6x107°
Strategic vulnerability narrative  Jul. 6-Dec. 31 7/56 vs. 3/109 125 vs. 2.8 +9.7 0.032
Panel C. Persistence and out-of-sample check (vs. pre-2017)

Geopolitical risk 2021-2024 160/1306 vs. 70/1159 12.3 vs. 6.0 +6.2 1.1x 1077
Strategic vulnerability narrative = 2021-2024 73/1306 vs. 45/1159 5.6 vs. 3.9 +1.7 0.058
Geopolitical risk 2025 26/104 vs. 70/1159 25.0 vs. 6.0 +19.0 6.2 x 1077
Strategic vulnerability narrative 2025 19/104 vs. 45/1159  18.3 vs. 3.9 +14.4 2.0 x 1077
Panel D. Placebo-like contrasts, 2018 vs. pre-2017

Import dependence 2018 vs. pre-2017  12/109 vs. 77/1159  11.0 vs. 6.6 +4.4 0.113
Mitigation or de-risking 2018 vs. pre-2017 6/109 vs. 96/1159 5.5vs. 8.3 —-2.8 0.362

Notes: Counts report positive releases over total releases in each period. Fisher p -values are two-sided
exact tests of equal proportions treating releases as independent draws; the footnote in Appendix K.4
discusses this assumption. All counts come from the canonical GPT-5.4-mini run.

Table 10 reports the complete period-level evidence for all six narratives and both
margins, and Table 11 reports the event-time evidence in finer bins. The March 22 to July
5 window is the period in which the tariff action had been announced but the first list
had not yet taken effect; it is the natural window in which an administration explains a
policy it has committed to but not yet executed, and it is where both mechanism-specific
margins peak.

Figure 10 plots the full 2010-2025 monthly extensive margin for the four main nar-
ratives with a six-month rolling average and reference lines at the March 22 and July 6,
2018 dates. The eight-year pre-2017 history shows that strategic-risk language was not
a recurring feature of USTR communications that happened to peak in 2018: the 2018
spike has no precedent in the baseline period. Figure 11 shows the same pattern on the

4The tests treat releases as independent draws within period. Releases are not literally indepen-
dent, since one policy episode generates several related communications. Three considerations bound
the concern. The contrasts of interest exceed twenty percentage points on baseline shares below seven
percent, so they survive substantial variance inflation. The announcement-to-implementation and post-
implementation windows are disjoint samples, and each is separately distinguishable from the 2017 base-
line for geopolitical risk at p < 107% . And the composition of the shift across narratives, which no
clustering structure can manufacture, matches the mechanism’s prediction.
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Table 10: Full-Period Textual Evidence Across All Frames

Period Narrative Documents Windows Avg. windows/doc. Extensive margin Mention intensity
Pre-2017 baseline Import dependence 1159 24716 21.3 6.6% 0.5%
Pre-2017 baseline Criticality 1159 24716 21.3 17.1% 3.1%
Pre-2017 baseline Vulnerability 1159 24716 21.3 6.8% 1.0%
Pre-2017 baseline Geopolitical risk 1159 24716 213 6.0% 0.9%
Pre-2017 baseline Mitigation / de-risking response 1159 24716 213 8.3% 0.9%
Pre-2017 baseline Strategic vulnerability narrative 1159 24716 213 3.9% 0.4%
2017 transition Import dependence 109 1931 17.7 7.3% 0.6%
2017 transition Criticality 109 1931 177 11.9% 2.6%
2017 transition Vulnerability 109 1931 177 3.7% 0.7%
2017 transition Geopolitical risk 109 1931 177 3.7% 0.8%
2017 transition Mitigation / de-risking response 109 1931 17.7 5.5% 0.7%
2017 transition Strategic vulnerability narrative 109 1931 17.7 2.8% 0.5%
2018 tariff rollout Import dependence 109 2268 20.8 11.0% 1.6%
2018 tariff rollout Criticality 109 2268 20.8 26.6% 5.7%
2018 tariff rollout Vulnerability 109 2268 20.8 14.7% 2.4%
2018 tariff rollout Geopolitical risk 109 2268 20.8 26.6% 7.2%
2018 tariff rollout Mitigation / de-risking response 109 2268 20.8 5.5% 0.4%
2018 tariff rollout Strategic vulnerability narrative 109 2268 20.8 15.6% 2.4%
2019-2020 follow-through ~ Import dependence 196 3357 17.1 6.6% 0.8%
2019-2020 follow-through  Criticality 196 3357 17.1 17.9% 4.3%
2019-2020 follow-through  Vulnerability 196 3357 17.1 7.7% 1.2%
2019-2020 follow-through  Geopolitical risk 196 3357 17.1 9.7% 2.4%
2019-2020 follow-through Mitigation / de-risking response 196 3357 17.1 71% 1.3%
2019-2020 follow-through  Strategic vulnerability narrative 196 3357 17.1 3.6% 0.9%
2021-2024 resilience period Import dependence 1306 20738 159 2.7% 0.3%
2021-2024 resilience period  Criticality 1306 20738 159 19.7% 5.0%
2021-2024 resilience period  Vulnerability 1306 20738 159 11.9% 2.3%
2021-2024 resilience period ~ Geopolitical risk 1306 20738 159 12.3% 3.4%
2021-2024 resilience period ~Mitigation / de-risking response 1306 20738 159 14.4% 3.2%
2021-2024 resilience period ~ Strategic vulnerability narrative 1306 20738 159 5.6% 0.9%
2025 post-sample Import dependence 104 1993 19.2 4.8% 0.1%
2025 post-sample Criticality 104 1993 192 38.5% 10.8%
2025 post-sample Vulnerability 104 1993 19.2 19.2% 4.8%
2025 post-sample Geopolitical risk 104 1993 192 25.0% 6.5%
2025 post-sample Mitigation / de-risking response 104 1993 19.2 21.2% 4.4%
2025 post-sample Strategic vulnerability narrative 104 1993 19.2 18.3% 4.2%

Notes: The table reports release counts, passage counts, average passages per release, document-
level extensive margins, and mention intensities for all six narratives and all period bins, from the
canonical GPT-5.4-mini run.

Table 11: Event-Time Textual Evidence Around the 2018 Section 301 Tariffs

Extensive margin

Mention intensity

Period

Import dependence  Vulnerability ~Geopolitical risk ~ Strategic vulnerability narrative

Import dependence  Vulnerability = Geopolitical risk ~ Strategic vulnerability narrative

2017 baseline

Jan. 1-Mar. 21, 2018
Mar. 22-Jul. 5, 2018
Jul. 6-Dec. 31, 2018
2019 follow-through

73 3.7 37
9.1 9.1 18.2
194 226 323
7.1 12.5 268
6.5 6.5 12.0

2.8
13.6
226
12.5

2.8

0.6
13
3.1
1.0
1.0

0.7
0.7
5.3
14
14

0.8
12
11.8
7.0
32

0.5
0.9
5.3
14
0.8

Notes: Entries are percentages. The extensive margin is the share of USTR communications with
at least one positive local passage for a given narrative. Mention intensity is the within-document
share of local passages classified as positive. The event bins contain 109, 22, 31, 56, and 108 releases,

respectively.
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intensity margin, which rises only when mechanism-specific language becomes central

within releases rather than incidental to them.
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Figure 10: Full-Period Extensive Margin of Strategic-Risk Language in USTR Communi-
cations
Notes: The figure reports the monthly share of USTR documents containing at least one positive local
passage in each of the four main narratives (import dependence, vulnerability, geopolitical risk, and
the strategic vulnerability narrative), together with a six-month rolling average. Vertical reference
lines mark the March 22, 2018 tariff announcement and the July 6, 2018 initial implementation date.

K.5 Robustness

Table 12 reports two families of checks on the mechanism-specific narratives. Panel A
retains only positive passage classifications with classifier confidence of at least 0.90. This
is a one-sided screen: it can remove positives but never reinterprets uncertain negatives,
so it should be read as a conservative positive-evidence bound rather than a calibrated
estimate of narrative prevalence. The 2018 shift survives it intact, with geopolitical-risk
releases rising from 4.5 percent before 2017 to 18.3 percent in 2018 and releases invoking
the strategic vulnerability narrative from 2.9 to 10.1 percent.

Panel B confronts the alternative that the 2018 increase reflects a change in the com-
position of USTR output rather than a change in framing, for instance fewer admin-
istrative scheduling notices in a busy year. Excluding administrative schedules leaves
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Figure 11: Full-Period Mention Intensity of Mechanism-Specific Strategic-Risk Language
Notes: The figure reports the monthly document-weighted mean of the within-document positive-
passage share for geopolitical risk and the strategic vulnerability narrative, together with a six-month
rolling average. Vertical reference lines mark the March 22, 2018 tariff announcement and the July 6,
2018 initial implementation date.
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the 2018 margins unchanged at 26.6 and 15.6 percent. Restricting to policy-action com-
munications, the release type in which a tariff rationale would have to appear, raises
the 2018 margins to 57.1 and 33.3 percent: a majority of 2018 policy-action releases
invoked geopolitical risk. Excluding administrative, meeting, and dialogue releases to-
gether yields 35.4 and 21.5 percent. Under every composition, the 2018 margins are
several times their pre-2017 counterparts within the same restricted sample, so compo-

sition shifts do not generate the result.

Table 12: Robustness of Mechanism-Specific Textual Evidence

Sample or classification rule Narrative Pre-2017 2018
Panel A. High-confidence positive classifications

Probability threshold of 0.90 Geopolitical risk 45 183
Probability threshold of 0.90 Strategic vulnerability narrative 29 101
Panel B. Release-composition restrictions

All USTR communications Geopolitical risk 6.0 26.6
All USTR communications Strategic vulnerability narrative 39 156
Excluding administrative schedules Geopolitical risk 72 266
Excluding administrative schedules Strategic vulnerability narrative 52 156
Policy-action communications only Geopolitical risk 176 571
Policy-action communications only Strategic vulnerability narrative 133 333
Excluding administrative, meeting, and dialogue Geopolitical risk 100 354
releases

Excluding administrative, meeting, and dialogue Strategic vulnerability narrative 70 215
releases

Notes: Entries report document-level extensive margins in percent. The high-confidence screen
retains positive passage classifications only when classifier confidence is at least 0.90 and does
not reinterpret uncertain negatives, so Panel A is a conservative positive-evidence bound. Panel B
shows that the increase is not driven by short administrative schedules or meeting announcements.

K.6 Cross-Classifier Stability

The canonical results use the GPT-5.4-mini classifier. To assess whether the findings are
specific to that model, we run the identical 55,003 passages through three additional
classifiers: DeepSeek-v4-pro, GPT-OSS-120b at its default temperature, and GPT-OSS-
120b at temperature 0.2. Figure 12 replicates the main-text figure for each run.

Levels differ across classifiers in the way one would expect from differences in cali-
bration. For geopolitical risk, the 2017 extensive margin ranges from 3.7 percent (GPT-
5.4-mini and DeepSeek-v4-pro) to 18.3 percent (GPT-OSS, default temperature), and the
2018 margin ranges from 23.9 to 39.4 percent; for the strategic vulnerability narrative,
the 2017 baseline ranges from 1.9 to 5.5 percent and the 2018 margin from 6.4 to 19.3
percent. The GPT-OSS runs are systematically more permissive across all periods. What
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is invariant across all four classifiers is the object of interest: the direction of the 2017-
to-2018 change, its concentration in the announcement-to-implementation window, and
the partial decline after July 6. The two frontier models agree exactly on the geopolitical-
risk counts in the 2017 baseline (4 of 109 releases) and in the March 22 to July 5 event
window (10 of 31 releases), despite differing in calibration elsewhere. We accordingly
base no conclusion on the level of any margin and every conclusion on contrasts across

periods, which classifier choice does not move.

K.7 Validation Status and Audit Protocol

The validation evidence currently in place consists of four layers: hand inspection of
selected positives and hard negatives against the ontology (Table 8), the high-confidence
positive screen, the release-composition restrictions (Table 12), and the cross-classifier
replication (Appendix K.6). These checks support the interpretation that the classifier
captures the intended public framing: positives combine foreign exposure with state-
directed risk, and negatives exclude country mentions, administrative tariff references,
and ordinary market-access language that do not articulate the mechanism.

One planned validation layer is outstanding, and we flag it rather than bury it: a
blinded human-coded audit with quantitative agreement statistics has been designed
but not yet completed. The design stratifies the audit sample by period, release type,
classifier-positive and classifier-negative status, and narrative, with deliberate oversam-
pling of geopolitical risk, the strategic vulnerability narrative, and the 2018 rollout win-
dow; independent coders classify passages under the ontology of Table 7 without access
to model labels; and the audit report will present pre-adjudication inter-coder agree-
ment, adjudicated labels, and narrative-specific precision and recall for the model classi-
fications. Until those statistics are in hand, the appropriate reading of the textual results
is the one adopted throughout: a description of official public framing, measured by
a conservative classifier that is cross-checked against independent runs, whose period
contrasts are far too large to be plausibly attributable to classifier noise, but not a human-

adjudicated gold standard.

K.8 Limitations and Interpretation

Four limitations bound what the textual evidence can establish. First, the corpus is
one agency’s public record. USTR is the agency that announces and administers the

tariff instruments, which makes its communications the natural place to look for the
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Figure 12: Cross-Classifier Stability: Geopolitical Risk and the Strategic Vulnerability
Narrative Across Four Runs

Notes: Panel A replicates the six-month rolling extensive-margin series from Figure 6 for each of
four classifiers (GPT-5.4-mini, DeepSeek-v4-pro, GPT-OSS at default temperature, and GPT-OSS at
temperature 0.2), all run on the same 55,003 two-sentence passages. Panel B replicates the event-time

chart for the same four classifiers. Level differences across classifiers reflect calibration, not a different

reading of the 2018 event; the direction, timing, and concentration of the shift are consistent across all

four runs.
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policy’s stated rationale, but statements by other parts of the government are outside the
sample. Second, the narrative assignments are produced by a language model, and levels
are classifier-dependent; the analysis therefore rests only on within-classifier contrasts
across periods, which four independent runs reproduce. Third, the period contrasts
are descriptive. The exact tests in Appendix K.4 quantify sampling uncertainty under
an independence assumption, and the disjoint-window replication limits the scope for
episode-level clustering to overturn them, but no causal claim about what produced
the language is available or needed. Fourth, public framing is a necessary rather than
sufficient implication of the mechanism: rhetoric chosen for political packaging could
resemble it. That alternative, however, does not predict the cross-sector structure of the
tariffs themselves, while the model’s geopolitical-risk component predicts the targeting
gradient and the framing shift jointly, with the observed timing.

Within these boundaries, the textual record supports a specific and falsifiable reading
of the 2018 episode. Official communications shifted toward describing foreign economic
exposure as a strategic liability; the shift was concentrated in the two narratives that ex-
press the model’s mechanism rather than in generic trade language; it peaked in the
window between announcement and implementation; it survived conservative reclassi-
tication, recomposition, and replication across classifiers; and it re-emerged, out of sam-
ple, when tariff escalation resumed in 2025. Had USTR’s language not moved, or moved
only in generic dependence and criticality narratives, the geopolitical-risk interpretation
of the tariff regressions would have been strained. The evidence is corroboration, not

identification, and on that standard it is unambiguous.
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