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Overview

Last Week: Effects of the 2018 Trade War on prices, production,
and wages.

Today: Effects of tariffs/trade policy through supply chains.
I Last “empirical trade policy” topic.
I Flaaen and Pierce (2019), Bown et al. (2020), Cox (2023)

Key Points: Effects of imposing tariffs on upstream industries...
I Spread through supply chains to downstream industries.
I Can be hard to identify.
I Are persistent.
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Flaaen and Pierce (2019)

Goal: Disentangle the effects of the 2018-19 tariffs into three
components:

1. Effects of import protection.

2. Effects of export retaliation.

3. Effects of rising input costs.

The authors accomplish this by constructuring industry-level
measures capturing each of these channels, then doing an
event-study with the 2018 tariffs.
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Flaaen and Pierce (2019)

Industry-level measure of import protection:

Import Protectioni =

∑
pc∈ΩI impipc∆τipc

Qi + impi − expi

I ΩI is the list of U.S. imported product-country pairs (pc)
subject to new tariffs.

I impipc is imports of HS8-digit product from country c.
I impi and expi are imports and exports in industry i .
I Qi is domestic production (value of shipments from NBER

CES Mfg Industry Database).
I ∆τipc is the change in tariff rate (p.p.)

Think of this as a weighted average increase in import tariffs in an
industry, where the weight is a product × country share of
domestic absorption.
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Flaaen and Pierce (2019)

Industry-level measure of export retaliation is similar:

Export Retaliationi =

∑
pc∈ΩE expipc∆τipc

Qi

I ΩE is the list of U.S. exported product-country pairs subject to
retaliatory tariffs.

I expipc and Qi are as before.
I ∆τipc is the increase in tariffs on U.S. exports

Think of this as a weighted average increase in tariffs on U.S.
exports, where the weight is the product × country export share of
production.
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Flaaen and Pierce (2019)

Lastly, the rising input cost channel measures the impact of
tariffs via supply-chain linkages.

Using the BEA’s input-output tables, they first construct a measure
of the share of input costs of commodity j in industry i :

SCij =
useij

Mi + Compi

I useij is the use of commodity j by industry i from the Use
Tables.

I Mi are the cost of intermediate inputs in industry i .
I Compi is compensation of employees in industry i .
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Lastly, the rising input cost channel measures the impact of
tariffs via supply-chain linkages.

Using the BEA’s input-output tables, they first construct a measure
of the share of input costs of commodity j in industry i :

SCij =
useij

Mi + Compi

Then, they construct the tariff-affected import share of domestic
absorption of commodity j as:

TISj =

∑
pc∈ΩI impjpc∆τjpc

Qj + impj − expj

Multiplying the two terms together, they get the tariff-affected
import share of costs in industry i from commodity j :

Rising Input Costsi = SCij × TISj
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Flaaen and Pierce (2019)

Estimating Equation:

yit =α +
∑

t

γt 1(Mt = t)(Import Protectioni ) +
∑

t

θt 1(Mt = t)(Input Costi )∑
t

λt 1(Mt = t)(Export Retaliationi ) +
∑

t

(1(Mt = t) × X′
iβt) + δi + δt +it

I yit is the log of either employment, output, PPI of industry i at
time t .

I 1(Mt = t) are month dummies (Feb 2017 to Sep 2019).
I X′i are time-varying industry controls, δi and δt are industry

and time FEs.
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Flaaen and Pierce (2019)

Main Finding: Rising input costs have the strongest effects of the
three channels.
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Cox (2023) Motivation

I Globally integrated supply chains complicate traditional
cost-benefit analysis of tariffs.

I Protection comes at a cost: tariffs on upstream products
raise input costs for downstream manufacturers.

I Tariffs/emergency safeguards often justified as temporary
measures.

I Little is known about the long-term behavior of these
spillover effects.

11 / 50



This Paper: Three Contributions

I Create a new steel-specific input output table to study the
steel tariffs levied by George W. Bush in 2002-2003.
I Constructed using publicly available exclusion requests filed in

response to Trump’s tariffs.

I New empirical evidence that temporary upstream tariffs
have persistent impacts on downstream industries.
I Exports, output and employment.

I Findings are consistent with a dynamic model of trade
featuring relationship-specific sunk costs and uncertainty
about future trade policy.
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Background: The Bush Steel Tariffs

I Effective March 20, 2002; 3-year phase out.

I 171 steel products (HS8), 13 categories of steel.

I 8 to 30 percent on top of existing rates.

I Eliminated in December 2003.

Figure: Trade-Weighted Average Steel Tariff Rate
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Advantages of this Setting

I Steel is a broadly used input—particularly prone to broad
downstream effects.

I Shock!
I Temporary increase from near-zero.
I Politically unexpected.

I Rates varied across steel products→ downstream industries
face different input taxes.

I Long-Term data available.
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Primary Empirical Challenge

I Goal is to compare relative outcomes of downstream
industries leveraging variation in input tariffs.

I Empirical Challenge: linking downstream industries to
specific steel inputs/tariffs.

I Tariffs highly specific: Flat-rolled products of iron or nonalloy
steel, of a width of 600 mm or more, hot-rolled, not clad, plated
or coated, not in coils, not further worked than hot-rolled, with
patterns in relief of a thickness of 4.75mm or more.

I Input-Output table is very broad: Iron and Steel Mills and
Ferroalloy Manufacturing.
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Steel-Specific Input-Output Table

Data: Exclusion requests filed in response to Trump’s steel tariffs.

I Firms filed OMB Form 064-0139 for each individual 10-digit
steel product they wanted excluded from tariffs.

I Publicly available from Regulations.gov.

I Report information on use of the steel product, justification for
exclusion, etc.
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Example Exclusion Request Form

Exclusion requesting firm is a downstream user of a very specific
upstream steel product.
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Steel-Specific Input-Output Table

Upstream
Steel Input

(HTS 10)

Downstream
Industry

(NAICS, HS6)

15,055 Exclusion Requests

Manually match down-

stream industries us-

ing request comments.

Input - Output

Requested Product: HS 7217105030 (Heat treated round wire.)

Description: Aiken Precision Technologies, LLC (APT) is a cold
forging parts maker that manufactures safety-critical automotive
parts. The steel for this exclusion request is used to make spark
plug housings.
I HS 851110 Internal Combustion Engine Spark Plugs
I NAICS 336320 Motor Vehicle Electrical & Elec. Equip. Mfg.
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Steel-Specific Input-Output Table

Upstream
Steel Input

(HTS 10)

Downstream
Industry

(NAICS, HS6)

15,055 Exclusion Requests

Manually match down-

stream industries us-

ing request comments.

Input - Output

I Expanding single row of a more aggregated I-O table.

I Coverage: 270 steel products (HS8)
I 136 protected by Bush Tariffs.
I Map to 787 downstream industries (HS6).

I Comparable to more automated approach. Automated Version

I Benefits over alternative strategies:
I Publicly available.
I More detailed matches than Census.
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Benefits Over Alternative Data Sources

Description 1
Aiken Precision Technologies, LLC (APT) is a cold forging parts
maker that manufactures safety-critical automotive parts. The steel
for this exclusion request is used to make spark plug housings.
I HS 851110 Internal Combustion Engine Spark Plugs
I NAICS 336320 Motor Vehicle Electrical & Elec. Equip. Mfg.

Description 2
Aiken Precision Technologies, LLC (APT) is a cold forging parts
maker that manufactures safety-critical automotive parts. The steel
for this exclusion request is used to make seat belt components.
I HS 870821 “Safety Seat Belts for Motor Vehicles”
I NAICS 336360 “Motor Vehicle Seating & Interior Trim Mfg”

Downstream Industries: Trump vs Bush
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Construction of Tariff Variable

Consider a downstream industry d that uses set Ωd of upstream
steel inputs, s.

Average tariff rate faced by downstream industry d on steel:

τd ,y =
∑

s∈Ωd

ωs,dτs,y

ωs,d = share of consumption of steel input s in downstream industry d :

ωs,d =
psQs,d∑

s′∈Ωd
ps′Qs′,d

Qs,d = quantity of input s used by firms in industry d .

Scaled change in input tariff due to Bush Tariffs:

∆τ̃d = (τd ,2003 − τd ,2001)× αBEA
steel,k

where αBEA
steel,k is industry d ’s steel cost share from the BEA I-O table.

24 / 50



Construction of Tariff Variable

Consider a downstream industry d that uses set Ωd of upstream
steel inputs, s.

Average tariff rate faced by downstream industry d on steel:

τd ,y =
∑

s∈Ωd

ωs,dτs,y

ωs,d = share of consumption of steel input s in downstream industry d :

ωs,d =
psQs,d∑

s′∈Ωd
ps′Qs′,d

Qs,d = quantity of input s used by firms in industry d .

Scaled change in input tariff due to Bush Tariffs:

∆τ̃d = (τd ,2003 − τd ,2001)× αBEA
steel,k

where αBEA
steel,k is industry d ’s steel cost share from the BEA I-O table.

24 / 50



Construction of Tariff Variable

Consider a downstream industry d that uses set Ωd of upstream
steel inputs, s.

Average tariff rate faced by downstream industry d on steel:

τd ,y =
∑

s∈Ωd

ωs,dτs,y

ωs,d = share of consumption of steel input s in downstream industry d :

ωs,d =
psQs,d∑

s′∈Ωd
ps′Qs′,d

Qs,d = quantity of input s used by firms in industry d .

Scaled change in input tariff due to Bush Tariffs:

∆τ̃d = (τd ,2003 − τd ,2001)× αBEA
steel,k

where αBEA
steel,k is industry d ’s steel cost share from the BEA I-O table.

24 / 50



Construction of Tariff Variable

Consider a downstream industry d that uses set Ωd of upstream
steel inputs, s.

Average tariff rate faced by downstream industry d on steel:

τd ,y =
∑

s∈Ωd

ωs,dτs,y

ωs,d = share of consumption of steel input s in downstream industry d :

ωs,d =
psQs,d∑

s′∈Ωd
ps′Qs′,d

Qs,d = quantity of input s used by firms in industry d .

Scaled change in input tariff due to Bush Tariffs:

∆τ̃d = (τd ,2003 − τd ,2001)× αBEA
steel,k

where αBEA
steel,k is industry d ’s steel cost share from the BEA I-O table.

24 / 50



Construction of Tariff Variable

Consider a downstream industry d that uses set Ωd of upstream
steel inputs, s.

Average tariff rate faced by downstream industry d on steel:

τd ,y =
∑

s∈Ωd

ωs,dτs,y

ωs,d = share of consumption of steel input s in downstream industry d :

ωs,d =
psQs,d∑

s′∈Ωd
ps′Qs′,d

Qs,d = quantity of input s used by firms in industry d .

Scaled change in input tariff due to Bush Tariffs:

∆τ̃d = (τd ,2003 − τd ,2001)× αBEA
steel,k

where αBEA
steel,k is industry d ’s steel cost share from the BEA I-O table.

24 / 50



Distribution of Tariff Variables

Figure: Distribution of Constructed Variables: ∆τd and ∆τ̃d
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NOTE. The left panel shows the distribution of the change in tariffs that

downstream industries faced on their steel inputs as a result of the Bush steel

tariffs. The right panel shows the change in tariffs scaled by the industry’s steel

cost share.
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Proof of Concept: Overview

Key Questions for Evaluation:

1. Matching: Am linking right inputs to the right industries?
2. Timing: Are I-O relationships in 2017 good proxy for 2002?

Exercise: Changes in steel tariffs for matched inputs predict
changes in price of materials in downstream industries.

Data:
I Price index of mfg industry (downstream) material costs, pd ,y .

Source: NBER CES Mfg Industry Database

I Change in steel tariffs faced by downstream industry, ∆τd .

pmc
d ,y − pmc

d ,2001 = α +
∑

t

γt1(y ∈ Pt )(∆τd ) (1)

+
∑

t

θt1(y ∈ Pt )(αBEA
Steel,d ) + δy + δn + εd ,y
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Proof of Concept

Timing: Change in steel tariffs for matched inputs predicts
temporary increase in the price of materials downstream:
pmc

d,y − pmc
d,2001 = α+

∑
t

γt1(y ∈ Pt )(∆τd ) +
∑

t

θt 1(y ∈ Pt )(αBEA
Steel,d ) + δy + δn + εd,y

-.1
0

.1
.2

.3

Pre-Tariff Tariff Period 2004-2007 2008-2010

NOTE. The Pre-Tariff period runs from 1995-2001 and the Tariff Period runs from

2002-2003, when the Bush Steel Tariffs were in place.
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Proof of Concept

Matching: Placebo test shows that steel-specific IO table is
predictive, while randomized mapping of steel inputs to
downstream industries is not.
I Pooled version of same specification for 2002-2003:

pmc
d ,y − pmc

d ,2001 = α + γ∆τd + θαBEA
Steel,d + εd ,y

I Baseline: Use τd constructed from steel-specific IO table.
Plot coefficient, γ, and asymptotic distribution.

I Placebo: Randomly assign steel inputs to downstream
industries (100×).
Plot kernel density of estimated γ’s.
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Proof of Concept

−0.2 −0.1 0.0 0.1 0.2

Coefficient on Steel Tariff Rate

Placebo Steel−Specific IO

NOTE. This figure shows estimates of γ using the actual τd in blue, and the kernel density

of 100 estimates of γ from running the same specification using a randomized measure of

τd in red.

29 / 50



Outline

Policy Setting: Background on the Bush Steel Tariffs

New Steel-Specific Input-Output Table

Estimation Strategy

Results

Theoretical Framework

30 / 50



Main Question

What are the long-term effects of the Bush Tariffs (higher input
costs) on steel-using industries?

I Main focus is on exports (largely for data reasons).

I Also look at value of shipments, employment.
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Estimation: Dynamic Specification

Local projection approach (Jordà, 2005; Dube et al., 2022):

yd ,t − yd ,2001 = αt + θt ∆τ̃d + ψtα
BEA
d ,Steel + γtXd ,2001 + δh,t + εd ,t .

I Details:
I ∆τ̃d = scaled change in steel tariff.

Interpretation: Change in input tariff rate.

I Controls:
I αBEA

d,Steel = industry d ’s steel cost share.
I δh,t = HTS Section × year fixed effects.
I Share of steel inputs imported from exempt countries in 2001.

I Standard errors clustered by HS4 industry.

I Alternative Specifications:
I Pooled, event study “diff-in-diff.”

I Robust to Controls: ∆ Chinese export share
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Endogeneity Concerns

Endogeneity of trade policy challenges identification of tariff
impacts, particularly along supply chains.
Trefler (1993), Gawande et al. (2012), Bown et al. (2020)

Potential Sources:
1. Counter-Lobbying by downstream industries.

I Anecdotal evidence: tariffs seen as a gift to the steel industry.
Quote

2. Omitted variables (e.g., productivity shock by foreign input
suppliers or domestic downstream producers).
I No pre-trends in main results.
I Identifying assumption: Variation in τd is exogenous.

**Endogeneity will bias my results in the opposite direction.
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Competitiveness of U.S. Exporters (Downstream)

Relative effect of a 1 p.p. increase in ∆τ̃d :

(a) Export Values
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Decline Driven by Export Quantities
Pooled version of same specification:

∆xd,y =
∑

t

θt 1(y ∈ Pt )∆τ̃d +
∑

t

ψt 1(y ∈ Pt )αBEA
d,Steel + γt

∑
t

1(y ∈ Pt )Xd,2001 + δy + δh + εd,y ,

-1
0

-5
0

5

Pre-Tariff 2002-2004 2005-2007 2008-2010

Export Value Export Quantity Export Unit Value
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Evidence Points To Extensive Margin

Are reductions in exports occurring on the intensive or extensive
margin?

Proxy for extensive margin using industry-level data:

I Customs district-level U.S. exports from Schott (2008).

I “Trade relationship” = (district × product × country) triplet.
e.g., A golf cart exported from Savannah, GA to Japan

I 47 customs districts, and in 2001 the mean (median) 10-digit
product had 120 (172) trade relationships.
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Evidence Points to Extensive Margin
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Evidence Points to Extensive Margin

Anecdotal evidence confirms loss of customers:
I “These additional tariffs are a disaster for our business. They

make us much more vulnerable to foreign competition.”
A.J. Rose

I “Soon after the 201 tariffs were put into effect, [we] lost a
major contract with a well-established customer.”

G.R. Spring and Stamping

I “Unless things change rapidly, my company will lose business
to foreign competition.” Wren Industries

Market share appears to shift to other top exporters:
I Japan, Germany, UK, South Korea

IRFs
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Other Results: Value of Shipments and Employment

Using data from NBER CES Mfg Industry Database (NAICS 6):

yd,t − yd,2001 = αt + θt ∆τ̃d + ψtα
BEA
d,Steel + γt Xd,2001 + δn,t + εd,t .

(a) Value of Shipments
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Theoretical Framework

Goal: What model features can match persistent response to
temporary shock in the data?

Set-Up:
I Partial equilibrium

I Two asymmetric countries (H and F ).

I Sector of Interest: Downstream manufacturing sector
produces tradable goods using labor and composite of home
and foreign steel.

I Main focus: Where do consumers in each country buy
downstream manufactured products from?
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Dynamic Sourcing Problem

I Consumers in each country consume CES bundle of
downstream goods, d .

I For each good, d , consumers in each country choose
cheapest source s ∈ {H,F}.

I Downstream good d from source s is sold at unit cost, so is
I Function of the price of the steel composite.
I In turn, a function of the tariff rate country s imposes on steel

imports.
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Dynamic Sourcing Problem

I Key Model Feature: Consumers must pay adjustment cost,
κt to form a new relationship with a supplier.

κt =

{
κ̄+ et , if st 6= st−1

0, if st = st−1

I Sourcing Decision: In each period, consumers choose
source, s, for each good, j , in each sector D to minimize costs
today plus expected future costs:

Ci,d (s, κ, τ) = min
s′

[
ps′,d (τ) + κ× 1(s′ 6= s) + βEi

[
Ci,d (s′, κ′, τ ′)

]]
I Consumers must form expectations of path of future prices

=⇒ expectations of future tariff policy in both countries.
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Expectations of Tariff Policy

I In each country, there are two states of the world:
wi,t ∈ {`, h}.

I Tariffs depend on state of the world: τid ,t ∈ {τ `id , τh
id}

I Transition matrix:

Π =

[
π`,` π`,h
πh,` πh,h

]
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Calibration and Simulation

Draw 2000 goods. Goods have three characteristics:

1. Tariff on inputs drawn uniformily from 0 to 15 percent.
Set to match scaled input tariff τ̃d .

2. Productivity δ (governs relative price between H and F )
On average, H is slightly more productive than F .
(Vary this in counterfactuals.)

3. Indicator for “fixed cost relief” drawn each period.
κ̄ = 0.1, κt = 0 with 2 percent probability.
(Vary κ̄ in counterfactuals.)

Estimate impulse responses for 2-period tariff shock in H.
World is in the “bad” state for two periods.
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Calibration and Simulation

I Consumers have “correct” beliefs about tariffs in country they
are purchasing from (consistent with simulated shock):

Π =

[
0.79 0.21
0.76 0.24

]
I Relative to “correct” beliefs, more uncertainty about

persistence of shock in other country:

Π′ =

[
0.79 0.21
0.60 0.40

]
I Also will vary this in counterfactuals.
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Model-Simulated Regression Results

Exercise 1: Regress change in exports/imports relative to pre-tariff
levels on industry tariff rate. (Reproduce reduced form results.)

Figure: Model-Simulated Regression Results

(a) Exports (b) Quantities (c) Export Share (d) # of Exporters
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Counterfactual Simulations

Figure: Counterfactual Simulations: Path of Aggregate Exports

(a) Fixed Costs (b) Price Competition (c) Uncertainty

NOTE. The figures above show counterfactual simulations of aggregate exports.

The left panel shows variations in the fixed cost parameter. The middle panel

shows variations in the degree of price competition. The right panel shows

variations in beliefs about the persistence of the tariff shock.
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Conclusion

I Case study of the Bush steel tariffs using a new method for
identifying highly detailed input-output relationships.

I Temporary upstream steel tariffs have persistent negative
impacts on downstream industries.

I Persistence of export response driven by restructuring of
global trade flows.

I Consistent with a dynamic model of trade featuring
relationship-specific sunk costs and uncertainty about trade
policy.
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