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1 Introduction

U.S. trade policy over the past decade has sparked renewed attention to the fact that globally

integrated supply chains complicate the traditional cost-benefit analysis of tariffs. Tariffs

and other emergency safeguards are often justified as temporary measures designed to relieve

struggling domestic industries from import competition. When placed on upstream products,

however, this protection comes at a cost: tariffs on upstream products raise input costs for

downstream manufacturers, making them more vulnerable to foreign competition. While

the tariffs themselves are often temporary, little is known about the long-term behavior of

these spillover effects. That is the primary focus of this paper.

In my analysis, I use a case study of the steel tariffs levied by George W. Bush in 2002 and

2003 to provide new empirical evidence on the long-term effects that temporary upstream

tariffs have on downstream industries. Because steel is a broadly used input—Cox and

Russ (2020), for example, find that the number of jobs in industries that use steel as an

input outnumber the number of jobs that produce steel by about 80 to 1—tariffs on steel

are especially prone to having broad downstream effects. This feature, along with the fact

that the Bush tariffs were a sizable but temporary shock to steel tariff rates, makes the

episode useful for studying both the contemporaneous and long-term downstream impacts

of temporary upstream tariffs.

A central empirical challenge in estimating the causal impacts of upstream tariffs through

supply chains is mapping protected upstream inputs to the downstream industries that use

them. Tariffs are placed on highly disaggregated products, rendering publicly available input-

output tables too coarse to provide the required mapping. This limitation is particularly

acute in the case of the Bush Administration’s steel tariffs, which varied substantially across

steel products, implying that industries with similar total steel cost shares could face very

different effective tariff exposure. A key innovation in this paper is the creation of a highly

detailed, steel-specific input-output table that links disaggregated steel products to specific

downstream industries. I create this new table using exclusion requests for steel products

that were submitted by firms in response to the Trump Administration’s steel tariffs in 2018.

I take advantage of the fact that, by definition, exclusion-requesting firms are downstream

users of very specific upstream products. With these data, I create a detailed mapping that

allows me to leverage the variation in tariff rates imposed by Bush in 2002 and 2003 to

causally estimate the impacts of higher tariff rates on downstream industry outcomes.

I find that the increase in steel tariffs had immediate negative impacts on downstream

industry exports. Specifically, industries that experienced a one percent larger increase in

input costs due to the Bush steel tariffs suffered a contemporaneous 2.5 percent decline in
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exports and a decline in global market share of around 3 basis points relative to pre-tariff

levels—roughly 4 percent of the median industry’s export share. These effects are small

but economically significant. Based on recent estimates of the elasticity of U.S. exports to

retaliatory foreign tariffs,1 the measured export response I find suggests a 1 percent increase

in steel-tariff-induced input costs is equivalent to a roughly 2 percent ad valorem equivalent

tariff on U.S. exports. I find that higher input tariffs are also associated with relative declines

in domestic employment and production hours in manufacturing industries, but did not have

a measurable impact on overall domestic manufacturing production. What is, perhaps, most

new about my findings is that despite the temporary nature of the Bush steel tariffs, I find

that their negative impacts on downstream industry exports were remarkably persistent. In

industries that faced relatively large input-cost increases due to the steel tariffs, exports and

global market shares remained persistently depressed relative to pre-tariff levels after the

Bush Administration’s tariffs were lifted.

That a temporary input tariff shock generated such persistent effects on U.S. exports is

difficult to reconcile with models featuring frictionless reallocation of trade flows, and instead

points to the role of costly adjustment in global sourcing. In frameworks emphasizing in-

formation frictions, incomplete contracts, and relationship-specific investments,2forming and

maintaining trade relationships requires costly and partially irreversible investments, imply-

ing that tariff-induced reallocation away from U.S. producers may not reverse once tariffs

are removed. Dynamic models that incorporate such adjustment costs predict persistence

and hysteresis in trade flows following temporary shocks.3 I use a simple model to provide

intuition and illustrate three predictions that are implied by a related class of models: First,

persistence is driven by extensive margin changes in exports; second, a persistent response

is more likely to occur when the initial price differential between potential suppliers is small;

and third, the degree of persistence in the export response should vary with the size of the

adjustment cost.

In the last part of the paper, I provide suggestive evidence from the data that is consistent

1Fajgelbaum et al. (2020) and Handley et al. (2025) estimate this elasticity to be between -1 and -1.4.
2Models of relationship-specific investments or search costs and incomplete contracting include the work

of Grossman and Helpman (2005), Antràs (2003), Antras and Helpman (2004), Feenstra and Hanson (2005).
Antràs and Chor (2013) explore how these costs influence the formation of global value chains; Levchenko
(2007) and Nunn (2007) consider the interaction between relationship specificity and domestic institutions.

3For instance, seminal work by Baldwin (1988), Baldwin and Krugman (1989) and Dixit (1989) showed
that the presence of sunk costs of exporting can generate hysteresis in trade flows in response to temporary
shocks. Work by Roberts and Tybout (1997) and Bernard and Jensen (2004) has shown that the presence
of sunk costs is an important determinant of firm entry in exporting. More recent papers, for example Das
et al. (2007), Burstein and Melitz (2013), Atkeson and Burstein (2010), Alessandria and Choi (2014), have
embedded sunk costs of exporting into both partial- and general-equilibrium dynamic models to show how
they impact trade dynamics. Bernard et al. (2018) emphasize the importance of relationship-specific sunk
costs. This list is not comprehensive.
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with the three predictions of the model. First, I construct a proxy for the extensive margin

in the industry-level data, which I call a “trade relationship,” using highly disaggregated

customs-district level imports data. A “trade relationship” is defined as a customs district

× 10-digit product × destination country triplet (e.g., a golf cart exported from Savannah,

Georgia to Japan). I show that industries that faced relatively large increases in input costs

suffered persistent relative declines in their number of trade relationships—consistent with

the decline in exports occurring at least in part on the extensive margin.

Next, I provide two pieces of evidence that support the prediction that the persistent

export response occurs when potential suppliers are competitive in terms of the prices they

charge for their products. First, I rank exporting countries in terms of their share of world

exports in downstream industries exposed to the steel-tariff increases in the United States

in 2001, assuming that the countries at the top of this list were the top competitors of

the United States at the time. I show that export shares of two of the top three foreign

competitors—Germany and France—increase in industries that faced relatively large input

cost shocks in the United States. The export responses in lower-ranked countries, however,

were unaffected. This is consistent with the U.S. input cost shock inducing a reallocation

of demand away from the United States, toward its top competitors. Second, I compute

the Revealed Comparative Advantage (RCA) index of Balassa (1965) for U.S. industries. I

show that the sharp and persistent decline in U.S. exports occurred primarily in industries

that had an RCA at or below 1—indicating industries where the U.S. was relatively less

specialized than the average country. This finding suggests that it was the U.S. industries

most vulnerable to foreign competition that drove the persistent negative effects.

Finally, as a proxy for the size of the relationship-specific sunk cost, I rely on the Rauch

(1999) classification of industries into goods sold on an organized exchange and goods that

are differentiated. Goods traded on an organized exchange tend to be homogeneous, and

therefore characterized by low search costs and less likelihood of relationship-specific invest-

ment costs. Differentiated goods, on the other hand, are more likely to require costly search

to find new suppliers and it is more likely that buyers will need to incur customization costs.

This variation in relationship-specific costs implies different expected degrees of persistence

in the export response to a temporary shock. For homogeneous goods, the export response

should be sharp and transitory—exactly what I find in the data. For differentiated goods,

however, I show that the impact response is smaller, as the model would predict, but the

response is highly persistent.

My paper contributes to the growing empirical literature on the many channels through

which trade policy can affect the domestic economy. Among others, this literature includes

the work of Amiti et al. (2019), Cavallo et al. (2019), and Fajgelbaum et al. (2020), who

3



estimate the impacts of the tariffs levied by the Trump Administration in 2018-2019 on prices

and welfare. A subset of this literature considers, as I do, the effect of tariffs through supply

chains. Most of these papers study the effects of input tariffs on domestic outcomes—

Flaaen and Pierce (2024), for example, find that industries more exposed to input tariff

increases experience relative reductions in employment. Other work, for example that of

Bown et al. (2020) and Barattieri and Cacciatore (2023), show that temporary trade barriers

(e.g., safeguards, anti-dumping and countervailing duties) lead to job losses in downstream

industries. On the flip side is a literature studying the economic benefits of input tariff

liberalization, which includes the work of Amiti and Konings (2007), Goldberg et al. (2010),

Topalova and Khandelwal (2011), and Blaum et al. (2018). Also related are studies of

optimal tariff policy in the context of global value chains—for example, the work of Antras

et al. (2024), Caliendo et al. (2021), and Blanchard et al. (2026).

In contrast to much of this work, the primary focus in my paper is not domestic out-

comes, but how tariffs on upstream products affect export competitiveness in downstream

industries. Work by Blonigen (2016) and Handley et al. (2025) are similar in this respect.

The former uses cross-country variation to show that the presence of steel-sector industrial

policy has a negative impact on the export competitiveness of downstream manufacturing

sectors. The latter studies the export response of downstream industries exposed to the

Trump Administration’s tariffs through their imports, finding that more exposed industries

experienced a relative slow-down in export growth. My findings align with this existing

evidence, but add a new dimension by documenting that the effects of upstream tariffs on

downstream export competitiveness can persist long after the policy is removed.

My findings also contribute to our knowledge of the hysteretic effects of temporary

shocks—a topic for which there is little direct empirical evidence. Among the few papers

in the trade literature that provide causal evidence of hysteresis in response to a temporary

exogenous shock are the work of Choi and Levchenko (2025), who document the long-term

effects of industrial policy in South Korea on export performance; work by Xu (2021), who

studies the 1866 London banking crisis to show that temporary financial shocks have a per-

sistent impact on exports; and a study by Juhász (2018) on the effects of temporary trade

protection on long-term economic development in the 19th century French Empire. I study a

different type of policy (steel tariffs) in a different setting, but my findings similarly suggest

that temporary policy changes can have long-lasting effects. The study most closely related

to this one is that of Lake and Liu (2025), who study the long-term effects of the Bush steel

tariffs on local employment. The authors find that the increase in steel tariffs led to a persis-

tent depression in employment in local labor markets that relied on steel more heavily as an

intermediate input. My findings on employment, estimated using a different identification
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strategy, are consistent with theirs, but my primary focus is in documenting the effects of

the tariffs in export markets and providing suggestive evidence for the mechanism behind

the persistence that I find in the data.

Overall, this paper highlights the complex nature of tariff policy in a world with global

production networks. Even temporary tariffs on a small subset of imports can have persistent

effects on a broad swath of the economy. The rest of the paper proceeds as follows: In

Section 2, I provide background on the policy setting and show how the steel tariffs impacted

imports and prices in the U.S. steel sector. In Section 3, I describe and validate a key

innovation of this paper—the creation of a highly detailed, steel-specific input-output table.

In Section 4, I present my empirical strategy and results, and in Section 5, I present a simple

model to discuss the potential theoretical mechanisms driving my empirical findings, and

show suggestive evidence from the data that supports predictions from the model.

2 Background: The Bush Steel Tariffs

While protection for the steel industry had been renewed or extended by almost every U.S.

president since the 1970s, the practice was phased out in the early 1990s under the (first)

Bush and Clinton administrations (Irwin, 2017). Immediately upon taking office in January

2001, however, George W. Bush faced intense pressure from the steel lobby and Congress to

take action to protect the struggling domestic steel industry. In June 2001, Bush announced

that his administration would self-initiate a Section 201 investigation for 33 categories of

imported steel. Under a Section 201 investigation, if the International Trade Commission

(ITC) determines that the volume of a particular import constitutes a “substantial threat of

serious injury” to a domestic industry, the president has the authority to impose temporary

import relief. The investigation began on June 22, 2001, and in October 2001 the ITC

announced its findings that imports were injuring U.S. steel producers in almost half of the

categories under investigation.

In March 2002, President Bush announced that the U.S. would impose three-year safe-

guards on 13 categories of steel. The tariffs, which ranged from 8 to 30 percent on top of

existing legislated rates, went into effect on March 20, 2002 and were slated to phase down

in each year of the three-year period. Countries with free trade agreements with the United

States at the time (Canada, Mexico, Israel, and Jordan) were exempt from the new tariffs,

as were a list of developing nations with imports to the United States totaling less than 3

percent of the domestic market.4

4Providing such exemptions for developing countries was done in accordance with WTO rules.
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Figure 1: Trade-Weighted Average Tariff Rate on Protected Steel Products
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Note. This figure shows legislated ad valorem tariff rates on the products protected by the Bush Steel

Tariffs before and after the Section 201 duties went into force. During the period between March 2002 and

December 2003, legislated rates collected from Presidential Proclamation 7529 are added to the existing

rates. Tariff rates in each year are weighted by imports.

Steel consumers, free trade advocates,5 and foreign trading partners6 were outraged.

Many countries announced their intentions to retaliate against U.S. exports, and the Euro-

pean Union and seven other countries issued a complaint to the WTO about the legality of

the Section 201 investigation under which the tariffs had been implemented. In November

2003, the WTO ruled that the safeguards were illegal, and before other countries were able

to retaliate, President Bush announced on December 4, 2003 that he was terminating the

Section 201 action. Ultimately the tariffs remained in place for almost two years. The sharp

increase in tariff rates on the protected products during the period of implementation can

be seen in Figure 1. The trade-weighted average statutory (legislated) ad valorem rate on

protected products increased to around 25 percent in the first year and stepped down to

around 20 percent in the second year, before the tariffs were eventually removed.7

5https://www.nytimes.com/2002/01/23/business/steel-users-campaigning-against-curbs-on-imports.

html?searchResultPosition=83
6According to the New York Times, “Within minutes of the White House announcement,

America’s European allies and Japan said they would most certainly challenge the action be-
fore the World Trade Organization.” (March 6, 2002) https://www.nytimes.com/2002/03/06/us/

bush-puts-tariffs-of-as-much-as-30-on-steel-imports.html?searchResultPosition=96
7I hand-collect legislated tariff rates from President George W. Bush’s Presidential Proclamation 7529

and its appendix.
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2.1 Impact on Steel Imports and Prices

The focus of this paper is on how the temporary increase in steel tariffs impacted the down-

stream industries that used protected steel products as inputs to production. The extent to

which downstream industries were affected depends in large part on the extent to which the

tariffs were passed through to domestic prices. If exporters to the United States absorbed

the higher tariffs by reducing prices on their steel products, the impact on U.S. downstream

producers would be limited. On the other hand, if there were no such terms-of-trade gains

for the United States, the domestic downstream industry will have borne the cost of the

tariffs in the form of higher input prices. In this subsection, I show suggestive evidence that

there was substantial pass-through of the tariffs to U.S. steel consumers.

2.1.1 Effects at the Variety Level

I start by assessing the impact of the tariffs on import unit values, import values, and

import quantities at the variety level, where a variety is defined as a 10-digit Harmonized

Tariff System (HTS) product × country pair.8 To do so, I estimate the following:

ysj,t − ysj,2001 = α + β ln(1 + ∆τsj) + δj,t + δs,t + εsj,t (1)

The left-hand side reflects the 12-month change in the log tariff-exclusive unit value, log tariff-

inclusive unit value, log nominal imports, or log import quantity of 10-digit steel product

s originating from source country j in month t relative to 2001 (pre-tariff). The key inde-

pendent variable is the change in the statutory tariff rate applied to that variety in month

t, relative to pre-tariff levels. For this exercise, I restrict the sample to steel products—HS

codes belonging to Chapters 72 and 73 of the Harmonized Tariff Schedule (HTS), so the

variation that I rely on comes from the fact that not all steel products were covered by the

tariffs, some countries were exempt from the tariffs, and, for covered products, the tariff

rates that were imposed varied. (The results are similar if I do not make this restriction, and

are shown in Appendix A). I estimate this regression for the years 2002 and 2003, include

country × time (δj,t) and product × time (δs,t) fixed effects, and cluster standard errors by

country and HS8-digit code (the level at which tariff variation occurs).

The results are shown in Table 1. The first column shows that there was a negative

but statistically insignificant change in tariff-exclusive unit values for imported steel vari-

eties facing higher tariff rates. That foreign producers did not measurably decrease prices

suggests that the tariffs were borne by steel consumers in the United States. Along with

their published trade statistics, the Census Bureau provides a variable measuring calculated

8This is a common approach taken in the literature. See, for example, Amiti et al. (2019) and Fajgelbaum
et al. (2020).
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Table 1: Impact of Steel Tariffs on Unit Values and Imports

Tariff-Exc. UV Tariff-Inc. UV Import Value Import Quantity
ln(1+∆τsj) -0.20 0.37 -3.08 -2.86

(0.13) (0.13) (0.33) (0.35)
Country x Time FE Yes Yes Yes Yes
Product x Time FE Yes Yes Yes Yes
N 67986 67986 67986 67986
R2 0.16 0.16 0.25 0.21

Note. This table shows estimates of equation 1 for tariff-exclusive unit values, tariff-inclusive unit values,

import values, and import quantities for all 10-digit products contained in Chapters 72 and 73 of the HTS.

Sample years are 2002 and 2003. Standard errors are clustered by country and HS8-digit code.

duties, which can be used to estimate tariff-inclusive unit values (nominal import value plus

calculated duties divided by import quantity). The second column of Table 1 shows that a

1 percent increase in tariff was associated with a statistically significant 0.4 percent increase

in tariff-inclusive prices. This estimate should be interpreted with some caution because,

as the Census Bureau warns in their official documentation, “estimates of calculated duty

do not necessarily reflect amounts of duty paid.”9 The third and fourth columns of the

table show the estimated effect of the tariffs on import values and import volumes: A one

percent increase the tariff-inclusive price is associated with a 3 percent decline in nominal

imports and a 2.9 percent decline in import quantities. These estimates are slightly higher

than estimates from comparable regressions of the effects of the broad set of tariffs imposed

by the Trump Administration in 2018 on prices and imports from Amiti et al. (2019) and

Fajgelbaum et al. (2020), which fell between -1 and -2.10

2.1.2 Limited Evidence of Substitution

Because some countries were exempt from the Bush Administration’s steel tariffs, it is pos-

sible that U.S. importers were able to substitute away from targeted varieties, in favor of

exempt varieties. This could possibly ease the impact of the policy change in terms of tariffs

paid, though importers may still have had to incur higher costs (relative to pre-tariff levels)

9See https://www.census.gov/foreign-trade/reference/definitions/index.html Specifically,
they note that “In cases where articles are dutiable at various or special rates, a dutiable value is shown but
no duty is calculated.” Many of the products protected under the Bush tariffs were imported under rate
provision code 79, which indicates “Dutiable at rates prescribed in Rates of Duty columns of HTS chapter
99. No duty calculated. When calculating unit values I drop products with rate provision code 79, but
there is still evidence of unreported duties even excluding those flows. See Appendix A for more detail.

10Note, that while it has been argued that the variation in tariff rates imposed by the Trump Admin-
istration was exogenous to imports, I do not claim that the variation in the Bush Administration’s tariffs
across steel products was exogenous. Tariffs were imposed on products where the USITC determined that
increased imports had caused injury to the domestic industry.
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Table 2: Impact of Steel Tariffs on Unit Values and Imports

Tariff-Exc. UV Tariff-Inc. UV Import Value Import Quantity∑
j ωsj∆τsj -0.03 0.25 -1.22 -1.22

(0.13) (0.14) (0.33) (0.39)
Time FE Yes Yes Yes Yes
N 19518 19518 19518 19518
R2 0.01 0.01 0.01 0.01

Note. The top panel of the table shows estimates of equation 2 for tariff-exclusive unit values, tariff-inclusive

unit values, import values, and import quantities for all 10-digit products contained in Chapters 72 and 73

of the HTS. Sample years are 2002 and 2003. Standard errors are clustered by HS8-digit code.

from having to switch sources. If reallocation toward exempt countries occurred, the signif-

icant impacts at the variety level shown in Table 1 may disappear when considering prices

and imports aggregated from the variety-level to the 10-digit product level. To assess this

possibility, I estimate the following:

ys,t − ys,2001 = α + β ln(1 +
∑
j

ωsj∆τsj) + δt + εs,t (2)

This specification is similar to equation 1, except I replace variety-level variables (sj) with

the same variables aggregated over source countries to the 10-digit product-level. The key

independent variable, ln(1+
∑

j ωsj∆τsj), is the import-weighted average tariff rate on prod-

uct i, with import weights constructed using average annual imports in 2001. The weighted

average tariff at the product level still has a negligible effect on tariff-exclusive unit values,

and a positive effect on tariff-inclusive unit values (though, this is estimated with less pre-

cision than in the variety level regressions). The elasticities of nominal imports and import

quantities to an increase in the weighted average tariff are -1.2 and -1.2, respectively. These

coefficients are smaller in magnitude than at the variety-level, suggesting some reallocation

toward exempt countries likely occurred, but they are still statistically significantly negative,

indicating the tariffs did have a meaningful impact on product-level imports.

In addition to potential substitution within products across sources, importers may have

also substituted toward similar, non-targeted products. To assess the extent of substitution

across products, I aggregate the data further to the 6-digit and 4-digit product level, and

estimate a variant of equation 2 for import values. The independent variable in this case is

given by the import-weighted average tariff increase within the more aggregated industry.

Intuitively, if importers replaced imports of targeted products with imports of non-targeted

products within the same 6- or 4-digit industry, the impact of the tariffs on industry-level

imports should be limited. The results, shown in Table 3, show that imports at the more

9



Table 3: Impact of Steel Tariffs in Aggregated Industries

HS10 HS6 HS4∑
j ωsj∆τsj -1.22 -1.04 -0.63

(0.14) (0.10) (0.16)
Time FE Yes Yes Yes
N 19518 6805 1318
R2 0.01 0.02 0.03

Note. This table shows estimates of equation 2 for import values at the 10-digit, 6-digit, and 4-digit product

levels. The sample includes all products within Chapters 72 and 73 of the HTS. The 10-digit estimate for

10-digit products is repeated from Table 2. At the 6- and 4-digit levels,
∑

j ωsj∆τsj is the weighted average

of product level tariffs within each 6- or 4-digit industry. Sample years are 2002 and 2003.

aggregated industry level still exhibit statistically significant declines, suggesting that substi-

tution in response to the tariffs toward non-targeted did not outweigh the decline in imports

of protected products.

2.2 Impact on Domestic Prices and Employment

The import unit values used in the analysis in Section 2.1 represent the average value of

imported steel products at the border, but not necessarily the prices realized by domestic

consumers of those steel inputs. Furthermore, downstream industries also rely on domesti-

cally produced steel, the price of which would in theory rise with protective tariffs in place.

While I do not have access to producer or retail price data on steel products at the level

of disaggregation necessary to provide systematic estimates of the effects of the Bush steel

tariffs on domestic prices, there is suggestive evidence that the tariffs contributed to higher

prices for domestic steel users.

The Bureau of Labor Statistics publishes estimates of Producer Price Indexes (PPIs)

for selected steel products. Figure 2a shows the evolution of PPIs for protected products

relative to unprotected products. Specifically, I plot the PPI for cold-rolled sheet and hot-

rolled sheet, respectively—both of which were covered by the Bush tariffs—relative to the

average PPI for steel wire and stainless steel pipe, which were not protected. The black

line shows the overall PPI for steel relative to the PPI for aluminum, which was also not

protected. All three series show similar patterns—a decline in the years leading into the

tariffs, followed by a sharp increase after the tariffs were enacted. In other words, there

does appear to have been a rise in producer prices of protected products relative to non-

protected products around the time that the tariffs went into force. Lake and Liu (2025)

and Francois and Baughman (2003)—other studies of the Bush steel tariffs—show similar

correlative evidence using data on steel prices hand collected from an industry magazine.

10



Figure 2: Prices and Employment in the Domestic Steel Industry

(a) Producer Price Indexes
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Note. The dashed and dotted lines in Figure 2a reflect the PPIs for cold-rolled sheet (FRED identifier

PCU331110331110D) and hot-rolled sheet (FRED identifier PCU3311103311105), respectively, relative to

the average PPI for non-protected products: steel wire (PCU3312223312225A) and stainless steel pipe

(PCU3312103312100). The solid black line shows the PPI for steel overall (PCU331110331110) relative to

the PPI for aluminum (PCU3313153313150). All three series are indexed to equal 1.0 in February 2002.

Figure 2b shows employment in the steel sector (NAICS 3311) from the BLS Current Employment Statistics.

Francois and Baughman (2003) also provide evidence using proprietary data that domestic

steel prices rose relative to steel prices in other countries—also consistent with the expected

impact of the tariffs.

Similarly, while the industry-level analysis in this paper is not suited to provide causal

estimates of the impact of the tariffs on employment in the steel industry, Lake and Liu (2025)

uses a regional design and find no evidence that the steel tariffs boosted local employment

in the steel sector. In a study of the tariffs imposed by the Trump Administration in 2018,

Flaaen and Pierce (2024) find evidence that tariffs had a small positive effect on employment

in protected industries. Looking at the aggregate trend of steel employment in the United

States—plotted in Figure 2b—the steady decline in steel employment did appear to moderate

in 2002 and 2003 before resuming again in 2004. This may be attributable to the steel tariffs,

but it is beyond the scope of this paper to say so definitively. For the rest of the paper, my

focus will be on the effects of the steel tariffs on downstream industries, acknowledging that

any negative effects downstream should be weighed against potential positive impacts in the

protected sector.
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3 Data and Variable Construction

In this section, I describe the data that I use for my empirical estimation. All of the data

that I rely on come from publicly available sources. For trade outcomes, I use data from

either UN Comtrade, the U.S. International Trade Commission (ITC) DataWeb, or from

the data published by Census and made available by Peter Schott (Schott, 2008). I also

use data from the NBER CES Manufacturing Industry Database (Bartelsman and Gray,

1996) on manufacturing industry material costs, shipments, and employment. The challenge

I face, from an empirical standpoint, however, is in figuring out how to link downstream

(steel-using) industries to the increased steel tariff rates that they faced as a result of the

Bush tariffs. In the remainder of this section, I will describe this challenge in more detail,

and outline the approach I take to overcome it.

3.1 Challenge: Linking Steel Inputs to Downstream Industries

A common approach to estimating the effect of trade protection through supply chains is

to estimate regressions of outcome variables in downstream industries on a measure of the

input cost change that industry is legislated to face due to the trade policy. For steel tariffs,

the input cost increase in a downstream industry d due to a legislated increase in steel tariffs,

∆τSteeld , will be given by equation 3:

∆Costsd = ln(1 + ∆τSteeld )× Steel Costsd
Total Input Costsd

(3)

The second term in the equation—industry d’s steel cost share or steel intensity—can be

calculated easily using standard input-output tables. The Use Table published by the Bureau

of Economic Analysis, for example, provides estimates of expenditures on Iron and Steel

Mills and Ferroalloy Manufacturing by industry, as well as estimates of total expenditures

on intermediate goods.

Computing the first term—the tariff rate that a downstream industry faces on its steel

inputs—is where challenges can arise because tariff policy tends to be highly specific, while

input-output tables tend to be very broad. Tariffs in the United States are applied at the

“tariff line” or HS8-digit level, which describe highly specific types of steel, for example:

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.

The relevant BEA input-output category—Iron and Steel Mills and Ferroalloy Manufactur-

ing—is a compilation of roughly 300 of these HS8 products. If tariffs are applied uniformly

12



to the entire BEA category, ∆τSteeld will be constant across industries, and variation across

industries is driven by differing steel intensities. This was approximately the case with the

2018 steel tariffs, allowing studies like Flaaen and Pierce (2024) to rely on the BEA tables

for variation in industry exposure. In the case of the Bush tariffs, however, two problems

arise: First, tariffs were not uniformly applied to all steel products—they ranged from 8

to 30 percent11—and, second, tariffs were applied to only around half of the products in

the BEA category. To measure ∆τSteeld , then, requires knowledge of which mix of 8-digit

products are used by which downstream industries. Input-output tables with that level of

detail are simply not publicly available.

To address this challenge, the first contribution of this paper is the creation of a new,

highly-detailed, steel-specific input-output table that provides a detailed enough mapping of

steel inputs to downstream industries to accomplish the task at hand. In rest of this section,

I describe how I construct the new input-output table and how I use it to construct the

key variables of interest. I then provide some validation exercises to build confidence in the

measures that I construct, and discuss potential shortcomings of my approach that could

threaten identification.

3.2 Exclusion Requests: Revealed Use of Steel Inputs

3.2.1 Step 1: Matching Inputs to Downstream Industries

To map specific steel inputs, and their associated tariff rates, to downstream industries,

I make use of exclusion requests that were filed in response to the steel tariffs imposed

by the Trump Administration in 2018. After the 2018 tariffs were announced, interested

parties were given the opportunity to submit requests to exclude certain products from the

tariffs.12 These requests are publicly available from a website called Regulations.gov and,

importantly, separate requests had to be filed for each 10-digit steel product that the party

wanted excluded from the tariffs.13 In addition to describing the steel product in question,

the requests contain basic information about the requesting entity (typically a manufacturing

firm), how they use the steel product in question, and why they feel an exclusion is justified.

Figure 3 contains an example of part of a request filed by a company called Aiken Precision

11This, alone, would not be a problem if each industry used an identical mix of steel products, but this is,
of course, not a good assumption. For example, automobiles are not produced with the same mix of steel
products as soup cans.

12Specifically, OMB Form 064-1039.
13The vast majority of the requests that I rely on come from Regulations.gov, which was the site that

housed the requests until July 2019. Starting in July 2019, the Department of Commerce created a new portal
for exclusion request submissions—https://232app.azurewebsites.net/steelalum. I scrape additional
requests from this new portal, but utilize only requests that were made for steel products that were not
contained in the Regulations.gov batch.
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Figure 3: Example Exclusion Request Form (Partial)

Note. This is an image of a part of an exclusion request form filed by Aiken Precision Technologies, LLC.

Exclusion requests are downloaded from regulations.gov.

Technologies for steel product HTS 7217105030—a heat-treated round wire with a diameter

of 1.5 mm or more.

My strategy is to take advantage of the fact that, by definition, requesting entities are

downstream users of these very specific (10-digit) steel inputs and the requests typically

contain detailed information as to exactly what the steel input is being used to produce. In

the example shown in Figure 3, the “Comments” section explains:

Aiken Precision Technologies, LLC (APT) is a cold forging parts maker that man-

ufactures safety-critical auto parts. The steel requested for under this exclusion

request is used to make spark plug housings.

I manually match these descriptions to one or more (if multiple uses are mentioned) down-

stream industry codes—typically a 4- or 6-digit HS code. To match descriptions to HS codes,

I make use of three primary sources: (1) descriptions of the HS codes in the Harmonized

Tariff Schedule of the United States (HTSUS), (2) a free online Schedule B Search Engine

14
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provided by the U.S. Census Bureau14, and (3) the Customs Rulings Online Search Sys-

tem (CROSS)—a searchable database of Customs and Border Patrol (CBP) rulings, which

include rulings on HTSUS classification.15

I start with a total of 54,818 exclusion requests containing 7,187 unique descriptions

in the “comments” section. Repeated comments occur either because firms file duplicate

requests or because they file requests for multiple 10-digit products that are used for the

same purpose. Manually matching comments to downstream industries, I am able to assign

just over 38,000 requests (70 percent) to one or more downstream industries. Of the matched

requests, 86 percent are matched to a single downstream industry, 9 percent are matched to

two downstream industries, 3 percent to three downstream industries, and 4 percent to four

downstream industries. In Appendix B, I provide examples of cases in which requests are

mapped to one versus many industries.

Of the requests that I am unable to match, roughly half are unmatched because they

have comments sections that were left blank. For the remaining requests, comments were

provided, but I could not match the description to a downstream industry for one of two

reasons: (1) The comments were describing the imported steel product rather than what the

product was used for, for example, the following comment:

Laminated Tin Free Steel of 860 862 mm wide and 0213 0235 thick produced

by NSSMC Japan NIPPON 80 LAM 2 laminated on both sides of the surface

with a polyester film consisting of two layers an amorphous layer and an outer

crystal layer containing not more than the indicated amounts of the following

environmental hormones 1 mgkg BADGE BisphenolA Diglycidy Ether 1 mgkg

BFDGE BisphenolF Diglysidyl Ether and 3 mgkg BPA BisphenolA

appears to describe the steel product being imported, and provides no (interpretable) in-

formation on the downstream use of the product; or (2) the downstream description is too

broad to match to a reasonable number of HS industries, for example one comment read:

“End user of blade steel for consumer goods products.” The requests I am unable to match

to downstream industries do not appear to be systematic, but are found broadly across steel

14Schedule B codes are the 10-digit codes used to classify U.S. exports. The Census Bureau provides a
Schedule B Search Engine to aid exporting firms in the United States in determining their correct export
commodity code. An example of how the search engine works can be found in Appendix B. The search
engine can be found at https://uscensus.prod.3ceonline.com/ui/

15Under Section 177 of the Customs Regulations (19 C.F.R. 177), interested parties may request “rulings”
when there is uncertainty as to how a particular item should be classified. CBP will provide a ruling in the
form of a written letter, in which they provide a decision (in the form of an HTS code), and a description
of how the body came to that decision. An example of one such ruling is provided in Appendix B. The
database can be found at https://rulings.cbp.gov/home.
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inputs: about 75 percent of steel inputs have at least one request that I was unable to match.

As a result, I drop these unmatched requests from the data in the analysis that follows.

3.2.2 Step 2: Constructing Input Weights

Matching the verbal descriptions to downstream industries provides me, for each downstream

industry, a set of 10-digit steel inputs. Denote this set Ωd = {s1, ..., ss}. The average tariff

that downstream industry d faces on its steel inputs will be given by:

τd =
∑
s∈Ωd

ωs,dτs

where ωs,d is is the share of industry d’s steel costs accounted for by input s, and τs is the

legislated tariff rate applied to input s.

To construct the ωs,d weights, I turn to additional information that is provided on the

exclusion requests. Specifically, firms are required to report two relevant quantities: the total

quantity of the steel product (in kilograms) that they are requesting an exclusion for and

the average quantity of that product that they used between 2015 and 2017. For each input

s × firm i × downstream industry d triplet, I start by calculating the average quantity of

steel requested for exclusion16 by that firm for that input and specified downstream purpose.

I denote this quantity Q̄isd. This step averages over exclusion requests in cases where firms

filed multiple requests for the same input that I map to the same downstream industry. This

is not a frequent occurrence (the mean (median) request per firm × input is 1 (1)), but it

does happen on occasion.

Next, for each downstream industry d, I calculate the total quantity in kilograms re-

quested for exclusion of each associated steel input, by summing the firm level request

amounts—Q̄isd—over all firms that submitted a request for that input × downstream indus-

try combination. In other words, if two firms request exclusions for input s1 that I match

to downstream industry d, I sum the requested amounts: Q1d =
∑

i Q̄i1d. Finally, I use pre-

tariff (2001) import unit values to convert these quantities into dollar amounts, which gives

me the total expenditures on each steel input by each downstream industry: Ssd = psQsd.

Finally, I construct the weight for each steel input in each downstream industry as:

ωs,d =
Ssd∑

s′∈Ωd
Ss′d

=
psQsd∑

s′∈Ωd
ps′Qs′d

To summarize, the ωs,d that I have constructed indicates the share of industry d’s total steel

16I use the requested amounts in my baseline, but show that my results are robust to using the other
measure—the average quantity consumed between 2015 and 2017—to construct the weights instead in Ap-
pendix D.3
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Table 4: Example: Firm-Level Input Requests for Saw Blade Production (HS 8202)

HS code Category Requesting firm Unit value Request amount Bush tariff rate

($/kg) (1000 kg)

7211233000 COLD-ROLLED STEEL Black and Decker (US) Inc. 0.9 82 0.3

7211292030 COLD-ROLLED STEEL DIAMOND SAW WORKS, INC. 2 13 0.3

7211900000 COLD-ROLLED STEEL DIAMOND SAW WORKS, INC. 3.76 9 0.3

7211900000 COLD-ROLLED STEEL THE M. K. MORSE COMPANY 3.76 9 0.3

7225508080 COLD-ROLLED STEEL THE M. K. MORSE COMPANY 0.87 22 0.3

7226923060 COATED STEEL DIAMOND SAW WORKS, INC. 3.68 12 0

7226925000 COLD-ROLLED STEEL THE M. K. MORSE COMPANY 1.28 18 0.3

7226928050 COLD-ROLLED STEEL Great Neck Saw Mfg Inc 2.52 160 0.3

7226928050 COLD-ROLLED STEEL THE M. K. MORSE COMPANY 2.52 49 0.3

7226990180 COATED STEEL DIAMOND SAW WORKS, INC. 3.44 14 0.3

7226990180 COATED STEEL Okaya (U.S.A.), Inc. 3.44 55 0.3

7226990180 COATED STEEL Simonds International LLC 3.44 55 0.3

7226990180 COATED STEEL Simonds Saw L.L.C. 3.44 61 0.3

7227100000 HOT BAR THE M. K. MORSE COMPANY 8.79 15 0

7229900500 WIRE Simonds Saw L.L.C. 3.73 14 0

Note. This table shows an example of data from the exclusion requests that I use to construct input

weights. The rows of the table correspond to exclusion requests filed by firms (third columns) for 10-digit

steel inputs (first column) that I map to the downstream industry HS 8202 (saw blades). The unit values

are computed using import data from the year 2001 for each 10-digit steel product. The request amount

reflects the average amount of the steel product in question requested by the firm for use in the production

of saw blades.

consumption that is accounted for by steel product s.

A concrete example from the data is shown in Table 4 for the downstream industry HS

8202—saw blades. The set Ωd for the saw-blade industry contains ten steel inputs (at the 10-

digit level)—the unique entries in the first column of the table. The right-most column of the

table shows that three of these input products were not covered by the Bush Administration’s

steel tariffs, and the rest faced a 30 percent tariff rate. Each input’s weight is given by the

request value— the product of the unit value and the request amount—divided by the total

steel request value in the downstream industry. While it is, of course, possible that firms

overstate the amount of each steel product that they need, my assumption is that they make

these over-statements in proportion—that is, they accurately report the relative amounts

of each product that they use, even if the levels are inaccurate. Another thing to note

from this example is that the exclusion requests reflect information from six different firms.

While there is some overlap in the inputs requested by the set of firms, no two firms reveal

an identical “recipe” for producing products that I have classified as saw blades. This could

be because the products these firms are producing are slightly different—for example, firms

producing band saw blades may use a different input mix than firms producing circular saw
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Figure 4: Steel Use Breakdown in Example Downstream Industries
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Note. This table shows a breakdown of steel use in eight downstream sectors for broad categories of steel.

Within each downstream industry, the shaded regions reflect the input weights that I construct using the

exclusion requests. The rolled steel and rolled stainless categories contain both hot- and cold-rolled steels;

bar contains both hot and cold bar; the wire category contains stainless and non-stainless wire.

blades17—or because firms really do have different methods of production. Since my goal is to

estimate exposure to the tariffs at the industry level, what is important is that the combined

consumption of each type of input reflects the industry’s overall use.18 In Section 3.3 I show

some evidence to build confidence in the industry-level weights, and in Section 3.6, I discuss

several exercises I do to explore the sensitivity of my results to these weights.

3.3 Validation of Input Weights

To provide a sense of what the input weights that I have constructed look like, Figure 4 shows

the breakdown of steel use by broad category for some familiar downstream industries. The

segments of each bar reflect the weights that I construct, aggregated from 8-digit products

to broader steel categories. At a glance, the breakdowns that I retrieve for these examples

are intuitive. The appliance industry is a heavy user of stainless steel; cutting tools use razor

17Note, that if the description on the exclusion request specifically says that the firm is producing “band
saw blades” rather than just “saw blades,” I would map that request to the 6-digit code HS 820220.

18It may also be the case for some industry that there is a way to produce a product using steel and a
way to produce a product using a non-steel input, like aluminum. In this case, only the steel-using firms will
be reflected in the exclusion requests, not the aluminum-users. However, because I am using the steel input
weights to break down overall steel consumption into consumption of different products—i.e., conditional on
consuming steel, which types of steel does the industry consume—the fact that the aluminum-using firms
are not represented in the exclusion requests data is not a problem for my measure.
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Table 5: Steel Product Breakdown in Select Industries

Industry Plate Hot Cold Corrosion Tin Hot Cold Welded Stainless Stainless Other
Rolled Rolled Resistant Mill Bar Bar Pipe Bar Wire

Motor Vehicle Parts 1 5 8 15 0 16 2 7 6 1 40
ITC, 2002–03 1 6 7 8 1 25 1 1 0 1 50

Motor Vehicles 0 3 56 40 0 0 0 2 0 0 0
ITC, 2002–03 0 21 16 72 0 1 0 0 0 0 0

Steel Barrels & Cans 0 0 14 17 68 0 0 0 0 0 1
ITC, 2002–03 0 0 8 0 83 0 0 0 0 0 9

Household Appliances 0 0 14 58 0 0 1 0 0 1 25
ITC, 2002–03 0 2 47 33 1 0 1 0 0 0 17

Note. White rows show the breakdown of total steel use by industry into underlying steel categories

constructed using the exclusion request data. The shaded rows show similar breakdowns published in U.S.

International Trade Commission (2003) (Table D-1). The values represent the share (in percent) of total steel

use by the given downstream industry attributed to that steel product category. In the rows constructed

from my data, the “other” category can be broken down into semi-finished products, wire, plate, railway,

rebar, razor blade, and high-speed steel. The ITC “other” category includes reported purchases in which

firms did not separate data by product purchased, so cannot be fully broken into component parts.

blade and stainless steel, and insulated wire—often known as tinned wire—uses primarily

tin-mill products. Only some of these broad categories of steel were protected by the Bush

tariffs, making it immediately apparent why knowing these breakdowns is important for

understanding the extent to which different industries were exposed to the policy change.

Unfortunately, to my knowledge there is no public-use dataset available that would allow

me to validate my constructed breakdown by way of comparison. The best available data for

comparison comes from an International Trade Commission (ITC) report (U.S. International

Trade Commission, 2003) published in September 2003 in which the ITC provided break-

downs of steel expenditures across broad steel product categories based on a questionnaire

sent out to U.S. firms. The ITC aggregates the firm-level responses across a set of down-

stream industries, but does not provide information as to exactly how they construct the

downstream industry categories or the steel categories. For example, it is not clear whether

hot- and cold-rolled stainless steels are contained in the “corrosion resistant” category or

whether they are included in the hot-rolled and cold-rolled categories. With this limitation

in mind, I aggregate my results to match the ITC categories to the best of my ability. I

do this for the downstream industries in the ITC report for which I can most easily guess a

comparison group based on HS codes. My results, alongside the ITC results for Motor Vehi-

cle Parts, Motor Vehicles, Steel Barrels and Cans, and Household Appliances can be found

in Table 5. Broadly, the results are consistent. For automotive parts—a heterogeneous set of
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products—steel use is spread across many different categories, with the highest share falling

in “hot bar.” Steel barrels and cans producers, on the other hand, are heavy users of tin-mill

products in both my data and the ITC survey.

3.4 Steel Tariff-Induced Input Cost-Changes

With the steel input weights in hand, I can then calculate the object of interest: the weighted

average change in tariff that each downstream industry faced on its steel inputs as a result

of the Bush legislation:

∆τSteeld =
∑
s

ωs,d∆τs (4)

In the example shown in Table 4, calculating equation 4 reveals that the saw blade indus-

try faced a weighted average tariff rate increase of 25.6 percent as a result of the Bush

Administration’s legislation.

As discussed at the beginning of this section, the impact that the steel tariff rate that an

industry faces has on its overall input costs depends, additionally, on how much steel that

industry uses as its share of total input costs—the first component of equation 3. This is not

a measure I can assess using the exclusion requests, so I rely on the estimate from the BEA’s

2002 Use Table for expenditures on Iron and Steel Mills and Ferroalloy Manufacturing19 by

industry in the year 2002 and estimates of total intermediate input costs by industry from

the same source. The BEA provides these estimates at, roughly, a NAICS 6 level of detail. I

convert them to HS6-digit codes using the BEA’s 2002 IO code to HS code concordance. In

what follows, I will denote the steel cost share of total intermediate costs for each downstream

industry as αBEA
d,Steel.

Combining my tariff measure with the BEA’s measure of steel intensity, I am able to

construct a measure for each downstream industry of the change in input costs that industry

faced as a result of the Bush steel tariffs:

∆Costsd = ln(1 + ∆τSteeld )× αBEA
d,Steel

This variable will serve as the key independent variable in my analysis.

To build further confidence in the measure that I have constructed, I can show that

∆Costsd does indeed predict increases in material costs in downstream industries during the

years that the Bush steel tariffs were in place. For this exercise, I rely on data from the

19According to BEA’s concordance between input-output industries and HS Codes, this is the category in
which virtually all of the HS8-digit steel products that were protected by both the Bush Administration and
Trump Administration’s steel tariffs are contained. This concordance can be found at https://www.bea.
gov/industry/historical-benchmark-input-output-tables

20

https://www.bea.gov/industry/historical-benchmark-input-output-tables
https://www.bea.gov/industry/historical-benchmark-input-output-tables


Table 6: Steel Tariff-Induced Input Cost Changes and Downstream Material Costs

∆ ln(Unit Material Costsd,t) ∆ ln(Unit Material Costsd,t)
∆Costsd 1.19

(0.36)

High αBEA
d,Steel × ln(1 + ∆τd) 0.14

(0.05)

High αBEA
d,Steel -0.00

(0.01)
Year FE Yes Yes
N 656 656
R2 0.01 0.01

Note. The first column of this table shows estimates of equation 5 in the years 2002 and 2003 for manufac-

turing industries contained in the NBER CES Manufacturing Industry Database. Robust standard errors

are in parentheses. The second column shows estimates for the same sample, but replacing ∆Costsd with

High αBEA
d,Steel × ln(1+∆τd), where High αBEA

d,Steel is an indicator for whether an industry has an above median

steel intensity. I separately control for the steel intensity indicator as well.

NBER CES Manufacturing Industry Database (Bartelsman and Gray, 1996). These data

are available at the 6-digit NAICS level of disaggregation, so I convert my tariff variables

from 6-digit HS codes to NAICS codes using the concordance of Pierce and Schott (2012). I

then estimate a regression of the form in equation 5:

ln(Unit Material Costsd,t)− ln(Unit Material Costsd,2001) = α + β∆Costsd + δt + εd,t (5)

Here, Unit Material Costsd,t is defined as material costs in industry d over the real value

of shipments. I do this transformation of the material costs variable to control for the fact

that material costs vary not only with the price of materials, but also with the volume of

production. The key independent variable is the change in input costs due to the Bush steel

tariffs that I construct. I estimate the regression in the years 2002 and 2003, when the tariffs

were in place, and include year fixed effects.

The results are shown in the first column of Table 6. Downstream industries that faced a

1 percent larger increase in input costs induced by the steel tariffs experienced a statistically

significant 1 percent increase in unit material costs. To show that the tariff measure itself has

predictive power, in the second column of Table 6, instead of including the full interaction

term, I interact the change in steel tariffs that I construct with an indicator for whether the

downstream industry is steel intensive. Steel intensity is defined as having an above-median
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Figure 5: Placebo Test: Coefficient on High αSteel
d ×∆τd

−0.3 −0.2 −0.1 0.0 0.1 0.2 0.3

Coefficient on Steel Tariff Rate

Placebo Steel−Specific IO

Note. This figure shows point estimates of the specification shown in the right column of Table 6. The

black solid line represents the point estimate on High αSteel
d ×∆τd from that table. The gray shaded region

represents the kernel density of 500 estimates of the same specification, where I randomly assign the changes

in tariff rates—∆τd to downstream industries.

steel share of intermediate costs, where the median is around 1 percent. The second column

of Table 6 shows that for steel intensive industries, an increase in tariffs on steel products

is associated with a statistically significant increase in material costs. As a placebo test, I

estimate this second specification 500 times, each time randomly matching changes in steel

tariffs to downstream industries. In Figure 5, the true coefficient (from Table 6) is depicted

by the solid black line. The gray shaded region shows the kernel density of the placebo

estimates and the vertical dashed line shows the average point estimate of those placebo

tests. The placebo test, on average, generates an (imprecise) point estimate of 0, and the

true estimate falls in the right-tail of the placebo estimates, suggesting my constructed tariff

measure has predictive power.

3.5 Importance of Disaggregation

Before discussing some of the potential shortcomings of my measure in Section 3.6, I briefly

return to the discussion from the beginning of this section to highlight the importance

of having access to these disaggregated measures of steel use for my analysis. Recall, a

common approach to estimating the effects of tariffs through supply chains would be to rely

on variation coming solely from the input share of costs of the protected products—in this

case, the industry’s steel cost share— αBEA
d,Steel. Figure 6a shows the weighted average tariff

rates that I construct on the y-axis, plotted against the BEA’s steel cost share measure for
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Figure 6: Importance of Disaggregation for Exposure Measures
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Note. Panel (a) shows the weighted average steel tariff rate that I construct for downstream industries

(HS6-level) plotted against the steel share of input costs constructed from the BEA’s 2002 Use Table. Panel

(b) shows the share of imports in 2001 coming from exempt countries for all steel products protected by the

Bush steel tariffs.

each HS6-digit industry. As the plot shows, because not all steel products were covered by

the Bush steel tariffs and because the tariffs imposed on covered products varied, there is

not a systematic relationship between the tariff rates downstream industries faced and their

overall steel intensity. For example, the steel can industry (HS 731021), which has an overall

steel cost share of around 0.12, faced an almost 30 percent tariff on its steel inputs because

steel use in that industry is heavily concentrated in Tin Mill and Coated Steel Products

which were both protected with 30 percent tariffs. Washing machines (HS 845011), on the

other hand, rely more on stainless steel products, which were largely left unprotected by the

Bush Administration’s tariffs. Thus, even though the washing machine industry has a similar

steel cost share to the can industry, it faced a very different tariff rate on its inputs in 2002.

As a result, while the standard measure of exposure—the industry’s steel cost share—is still

an important element in determining the extent to which steel tariffs will filter through to

costs, it cannot be used in isolation to capture variation in tariffs in this case.20

Similarly, because some countries were exempt from the Bush steel tariffs, even at the

8-digit level, not all steel products that technically faced the same legislated increase in rates

were equally exposed to the tariffs in practice. For example, Table 7 shows total imports of

three steel products in 2001 broken down by origin country. The first product—722550600—

20I show results of the estimation using the standard I-O table measures in Appendix D.8.
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Table 7: Imports of Select Steel Products by Country, 2001

HTS Number Country 2001 Imports Exempt Share

7225506000 Canada 404,859.00 1.0
7210200000 United Kingdom 111,910.00

.087210200000 Japan 311,291.00
7210200000 Canada 38,481.00
7228205000 South Korea 41,234.00

07228205000 Italy 25,437.00
7228205000 Germany 22,589.00
7228205000 China 3,520.00

Note. This table shows U.S. imports of three steel products—7225506000, 7210200000, and 7228205000—

by country in 2001. The “Exempt Share” column shows the share of 2001 imports coming from countries

that were exempt from the steel tariffs. In this example, the only exempt country in the table was Canada.

is a type of flat, cold-rolled steel that was only imported from Canada in the year prior to the

enactment of the tariffs. The second product—7210200000—is a type of cold-formed steel

bar that was imported from the UK, Japan, and Canada; and finally 7228205000 is a type

of steel plated with lead that was imported from South Korea, Italy, Germany, and China.

All three of these products were covered by the Bush steel tariffs and faced an additional

30 percent tariff rate. However, Canada was exempt from the tariffs. This means that

downstream users of the cold-rolled steel—722550600—were much less exposed to the tariff

increase than users of the steel plate, which was not imported from any countries that were

exempt from the tariff increase.

A histogram of the exempt share of imports in 2001 for all of the steel products protected

by the Bush tariffs is shown in Figure 6b. While I do not have the ability to match steel inputs

by country and product to downstream industries, the average exempt share of imports sheds

some light on the extent to which the inputs used by different industries tended to be supplied

by exempt or non-exempt countries. Using the same weights that I construct to calculate

the weighted average tariff rate that each downstream industry faced on its steel imports,

I create an analogous weighted average measure of the share of steel imports used by that

downstream industry that came from exempt countries in 2001.21 Specifically, I construct

the exempt share of steel imports in downstream industry d in 2001 as:

Exemptd,2001 =
∑
s

ωs,d

(
Exempt Importss,2001
Total Importss,2001

)
(6)

I control for this variable in my baseline specification.

21If an input was not covered by the Bush steel tariffs, it has an exempt share equal to 1.
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3.6 Sensitivity to Measurement Error

My methodology for constructing steel input weights, and therefore downstream industry

exposure to the Bush steel tariffs, is not immune to potential measurement error. In the

remainder of this section, I outline several potential issues, and describe three robustness

exercises that I perform to help address these concerns.

3.6.1 Coverage and Potential Weight Mismeasurement

My ability to identify the full set, Ωd, of steel inputs used by each downstream industry

such that
∑

s ωs,d = 1, requires that the exclusion requests that form my underlying dataset

provide adequate coverage of total U.S. steel consumption. Again relying on the BEA’s

concordance between the IO category for steel and its underlying HS codes, I find 273 8-

digit steel products that I consider to be the full set of products making up the BEA’s steel

category. This full set excludes products are primary forms of steel (e.g., granulated slag,

coke, and semi-coke), and products in HS 7201 through 7207 that are considered primary or

semi-finished materials (in granular or powder form). These products were not protected by

the Trump Administration’s steel tariffs, so are not covered by the exclusion requests, but

are almost always consumed by steel processors rather than as a direct input into manufac-

turing. Implicitly, by excluding these highly upstream steel inputs from my calculations, I

am assuming that they are used in similar proportions across downstream industries.22

Of the total set of 273 products, 268 products representing 99.5 percent of 2001 steel

imports were covered by the Trump Administration’s tariffs. Thus, there is potential for

virtually the full set of products to be covered by the exclusion requests. Of this set, exclusion

requests were filed for 88 percent of 8-digit products representing 96 percent of steel imports

in 2001. At the 6-digit (4-digit) level—meaning that I count an 8-digit product as being

“covered” if I have an exclusion request filed for another 8-digit product within the same 6-

digit (4-digit) subheading—the exclusion requests cover 96 percent (100 percent) of products

accounting for 98 percent (100 percent) of 2001 imports. The Bush steel tariffs covered 161

of the 8-digit products in the full set. Of these 161 products, exclusion requests were filed for

140 or 87 percent of the products representing 95 percent of 2001 imports. Of the products

that were covered by the Bush tariffs but not represented in the exclusion requests, 3 were

not covered by the Trump tariffs.23. For the remaining products, requests were simply not

filed, but I have coverage for almost all (97 percent of products representing 99 percent of

22I also exclude a number of HS codes listed in the BEA’s concordance that do not correspond to HS codes
that were ever active. These products never have positive imports and do not show up in the U.S. tariff
schedule at any point between 1989 and the present. Unfortunately, the documentation provided by the BEA
on this mapping is limited, so it is unclear why these “mystery” products show up in their concordance.

23These products are 72166100, 72166900, and 72169100
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Table 8: Coverage of Steel Products and Exclusion Requests

Category HS8 Products Share of 2001 Imports

Full BEA steel product set 273 100%
Excluded upstream steel inputs 5 0.5%

Products covered by Trump steel tariffs 268 99.5%
Exclusion requests filed (HS8 level) 88% 96%
Covered at HS6 level 96% 98%
Covered at HS4 level 100% 100%

Products covered by Bush steel tariffs 161 –
Exclusion requests filed (HS8 level) 87% 95%
Covered at HS6 level 97% 99%
Covered at HS4 level 100% 100%

Note. The full steel product set consists of 273 eight-digit HS products corresponding to the BEA steel

category. Highly upstream steel inputs (e.g., granulated slag, coke, semi-coke, and HS 7201–7207 primary

and semi-finished products) are excluded. Coverage at the HS6 (HS4) level counts an HS8 product as covered

if an exclusion request exists for another HS8 product within the same HS6 (HS4) subheading.

imports in 2001) the missing products at the 6-digit level and 100 percent of the products

at the 4-digit level. These coverage rates are summarized in Table 8.

Requests may not have been filed for several reasons, but the one that could pose the

most relevant threat to identification is if the missing products are those that are easiest to

substitute away from. The variation I will exploit comes from the weighted average steel tariff

rate faced by each industry, so if products that faced high tariffs are easy to substitute and

therefore are not represented (or are underrepresented) in the exclusion requests, industries

that use those products will be “assigned” lower tariffs rates in my construction than they

actually faced. Those industries will also, likely, suffer less as a result of the tariffs due to the

ease of substitution, which will bias the results in my favor (low steel tariffs, weaker impact).

Mismeasurement of the weights can arise for other reasons as well, one being the long

gap between the tariff policy I am studying (2002-2003) and the date at which the exclusion

requests were filed (2018-2019). There may have been changes in how products are produced

over time, in which case the weights I construct represent the modern production approach

rather than the policy-relevant one. For example, in modern times, household appliances

are largely made with stainless steel, and so stainless steel products have a heavy weight in

the appliance industries. Because stainless steel products were largely unprotected by the

Bush steel tariffs, I assign appliance industries relatively low tariff rates. Stainless steel was

less mainstream in the early 2000s, however. As a result, I may be assigning a tariff rate

that is too low to the appliance industries relative to their actual treatment. This particular
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example would work in the opposite direction of my results—industries that probably did

suffer from the Bush tariffs are assigned a more mild treatment. But, of course, the potential

bias is not guaranteed to work in this direction.

3.6.2 Sensitivity Analysis

In the Appendix, I provide several robustness exercises designed to test the sensitivity of my

baseline results to potential measurement error. I describe them briefly here:

Perturbed Weights. First, in Appendix D.4 I describe a robustness check in which I

test for sensitivity to potentially missing products or erroneous weights. In the robustness

exercise, for each downstream industry, I randomly perturb my baseline weights (the ωs,ds)

up or down by up to 5 percent, ensuring that within an industry the perturbed weights are

non-negative and still sum to 1. I repeat this process 100 times and construct a perturbed

weighted average steel tariff rate for each iteration. I show in Appendix D.4 that my results

are robust to these perturbations. This suggests that at least small measurement errors in

weight construction are not substantially impacting my results.

Excluding Individual Industries. To address larger measurement issues—for instance,

a steel product that should have a high weight in a particular industry is missing from the

requests altogether and so that industry’s assigned tariff is substantially off in a way that

is biasing my results, I provide an additional robustness exercise in Appendix D.5 in which

I estimate my baseline regressions removing one 4-digit sector at a time. The over 1200

estimates I obtain through this exercise are all in line with my baseline.

Proxy for Substitutability. Lastly, to address the issue of more substitutable products

potentially being under-weighted in the exclusion requests, I construct a proxy for input

substitutability by comparing the import share of each 10-digit steel product in 2001 (as a

share of total steel imports) to the exclusion request share of that same product. Specifically,

denote the entire set of steel products represented in the exclusion requests by Ω̄. For each

product, s ∈ Ω̄, I calculate psQ̄s, where ps is the unit value of product s in 2001, and Q̄s

is the total quantity of steel product s reported by exclusion-requesting firms.24 I calculate

the exclusion request shares for each product as:

γExclusion Requests
s =

psQ̄s∑
s∈Ω̄ psQ̄s

For the same set of products, I also compute the import share in 2001:

24As in my baseline, if a firm files multiple requests for the same product, I take the average of the firm’s
consumption values reported on the individual requests, then sum over firms.
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γImports
s =

ms∑
s∈Ω̄ms

I show in Appendix D.6 that, in general, the two sets of shares have a strong positive

correlation—steel products that have higher import shares also tend to have higher exclusion

request shares—lending further support to my use of the quantities in the exclusion requests

to construct my steel product weights. I then construct my proxy for substitutability as:

Substitutabilitys = γImports
s − γExclusion Requests

s

Intuitively, if a steel product is easily substitutable, it is possible that fewer firms will file a

request for it. In this case, the product will be under-represented in the exclusion request data

relative to how much it was imported prior to the tariffs going into effect. The substitutability

index will reflect this gap. For each downstream industry, d, I then construct the (simple)

average substitutability of its inputs.25 I include this variable as an additional control in my

baseline specification. The results, shown in Appendix D.6 are largely unchanged from my

baseline.

4 Empirical Specification and Identification

Using the new tariff measures that I construct, I next turn to estimating the effects of the

Bush steel tariffs on downstream industry outcomes. Following the standard local projection

approach used in, for example, Jordà (2005) and Dube et al. (2022), my baseline empirical

specification is given by:

yd,t − yd,2001 = αt + θt∆Costsd + ψtα
BEA
d,Steel + γtExemptd,2001 + γh,t + εd,t (7)

On the left-hand side, yd,t − yd,2001 is the change in an outcome variable in an HS6-digit

downstream industry d relative to pre-tariff (2001) levels. The coefficient of interest, θt,

governs ∆Costsd—the percent change in input costs faced by downstream industry d as a

result of the Bush steel tariffs. To ensure that I am capturing variation driven by the tariffs

downstream industries faced rather than variation due to differences in overall steel use, I

control separately for αBEA
d,Steel—the industry’s steel cost share from BEA’s 2002 Use Table.

Lastly, I include Exemptd,2001—the share of industry d’s steel inputs that were imported from

countries exempt from the Bush steel tariffs in 2001 (an additional measure of the industry’s

exposure to the tariffs described in equation 6 in Section 3.5). In Appendix D.9, I show how

25I refrain from using a weighted average since, because the weights are constructed using the exclusion
requests, they would mechanically under-weight the most “substitutable” products according to my proxy.
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my results change if I remove these controls. Finally, I include Harmonized Tariff Schedule

(HTS) Section26 fixed effects, denoted by δh,t and, because variation in the tariff shock occurs

at the HS4 to HS6-digit level of aggregation, I cluster standard errors by HS4-digit sector.

4.1 Additional Threats to Identification

My primary identifying assumption is that while the Bush steel tariffs were certainly en-

dogenous to the steel industry itself, the variation in steel tariffs rates faced by downstream

industries was exogenous—determined by the varying mixture of products that the down-

stream industry happened to use in production. In addition to the measurement error

concerns discussed in Section 3.6, there are a few other potential threats to this assumption

that can thwart identification. I will address these in this subsection.

4.1.1 Counter-Lobbying

One general challenge in estimating the effects of trade policy through supply chains high-

lighted by, for example, Gawande et al. (2012) and Bown et al. (2020), is the potential for

counter-lobbying. Because tariffs on upstream products have the potential to negatively im-

pact downstream industries, there may be counter-lobbying by downstream firms, especially

those that stand to lose the most. To the extent that counter-lobbying efforts are successful,

some of the negative impacts of the tariffs will fail to materialize in the data. In the case

of the Bush steel tariffs, there is some evidence to suggest that these concerns can be at

least partially alleviated. A document published by the United States Trade Representative

(USTR) following the announcement of the tariffs indicates that the tariffs that were levied

on all but one category of steel product (stainless steel bar) were equal to or higher than

the level recommended by the majority of ITC commissioners. In other words, if there was

lobbying by downstream industries to reduce tariff rates relative to ITC recommendations,

it appears to have been unsuccessful.

Admittedly, this does not rule out the possibility that the ITC itself was lobbied by

downstream industries before making its recommendations, however there is anecdotal evi-

dence from the time suggesting that the policy decision was widely seen as a gift to the steel

industry, at the expense of steel users. According to an article published by the Wall Street

Journal27 on March 6, 2002 (days after the tariffs were announced):

For months, trade analysts and even some administration officials had thought the president

would impose only very limited tariffs. In the months-long lobbying war that preceded Tues-

day’s decision, those who opposed high tariffs appeared to have the upper hand. Steel-using

26In the HTS, Sections group like industries together, for example, Vehicles, Aircraft, Vessels and Associ-
ated Transportation Equipment or Arms and Ammunition; Parts and Accessories Thereof.

27https://www.wsj.com/articles/SB101533904883100680
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manufacturers and port owners gained the administration’s ear, arguing that tariffs would cost

far more jobs than they saved... But in the final days, Bush advisers say, the White House

came under intense pressure from the steel unions, the big steel companies, and perhaps most

important, lawmakers from steel states. The unions held a mass rally outside the White House

last Thursday, while steel-state legislators made their case in the Oval Office. Officials say

Mr. Bush and his advisers most feared a possible backlash among voters in the “rust belt,” as

well as erosion of support for Mr. Bush’s other trade objectives in Congress... Sharply limited

tariffs would have let the weakest coke-and-iron-ore steelmakers die and helped the strongest

to grow and become more efficient competitors of mini-mills. Instead, Mr. Bush extended help

to the steel industry across the board.

In other words, from a purely anecdotal perspective, the will of the downstream lobby appears

to have been overridden by other political concerns. In fact, Irwin (2017) explains that the

Bush Administration purposefully imposed steel tariffs for a period of three years and one

day, knowing that “under WTO rules, any safeguards scheduled to be in place for more than

three years require a midterm review, which meant that the administration could revisit the

issue and modify or remove the duties after just a year and a half,” at which point the steel

tariffs would have been in place through the 2002 midterm elections, thus having served their

political purpose.

4.1.2 Omitted Variable Bias

A second potential source of endogeneity is that there is an omitted variable that is cor-

related with both the tariff on upstream inputs faced by a downstream industry, and the

downstream industry outcome. For example, suppose foreign input suppliers experience a

positive productivity shock that leads to an influx of imported inputs. On one hand, the

influx of imported inputs might induce a higher tariff rate on those inputs as domestic input

suppliers demand a greater level of protection. On the other hand, the influx could also boost

domestic downstream production, leading to a positive correlation between downstream out-

comes and input tariffs. Similarly, a productivity shock in the domestic downstream industry

could lead to an influx of imported inputs that leads to a higher tariff rate on those inputs.

Both of the aforementioned cases are likely to work against my results—if the highest

tariffs are imposed on an industry’s inputs because that industry is on an upward trajectory

ex ante, the negative effects of those tariffs will be masked. It is also possible, however, that

steel inputs used by downstream industries that had a negative productivity shock would

face higher tariffs because the negative productivity shock would induce that industry to

buy less foreign and domestic inputs, making the domestic input suppliers appear injured

in the eyes of the ITC. This would bias the results in my favor. The general absence of

apparent pre-trends in my results suggest no correlation between the treatment variable and

pre-treatment industry outcomes in either direction, but I also show in Appendix D.2 that
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there does not appear to be a relationship between downstream industry TFP and the tariff

measures before the tariffs were put in place.

4.1.3 The Rise of China

The timing of the Bush Administration’s steel tariffs at the beginning of 2002 is coincident

with the so-called “China Shock”—or the rise of China’s presence in global trade following

the United States granting China Permanent Normal Trade Relations (PNTR) status and

China’s accession to the World Trade Organization (WTO) in 2001. If the tariff-induced

increase in input costs in downstream U.S. industries is correlated with the industries in

which the Chinese import supply shock was most potent, I may be picking up the effects

of Chinese competition rather than the effects of the steel tariffs. To ensure against this

possibility, I estimate by baseline specification but include an additional control for the

“NTR Gap,” as coined by Pierce and Schott (2016).28 My results, which are discussed in

Appendix D.7, are generally robust to this control.

4.2 The Downstream Effects of Upstream Tariffs

In this section, I present my main results, estimated using equation 7. The left panel of

Figure 7 shows the response of log nominal U.S. exports, and the right panel shows the

response of the U.S. share of world exports. Both figures show a similar overall pattern:

industries that were exposed to larger increases in input costs due to the steel tariffs suffered

relatively large declines in both export values and export shares. The impulse responses

represent the cumulative effects relative to 2001, so negative coefficients in 2004 and beyond

indicate that the export response to the temporary tariff shock is highly persistent: After

the tariffs were removed, exports and export shares remained more depressed relative to

pre-tariff levels for industries that suffered larger tariff-induced increases in input costs.

The timing of the effects differs slightly for the two variables. The export response

is immediate and sharp, with the bulk of the decline occurring during the two-year tariff

period before leveling off.29 Though the quantity data provided in U.S. trade statistics are

28As described in Pierce and Schott (2016), the NTR Gap is a measure of the degree to which uncertainty
about the tariff rate China would face in the United States was resolved following the U.S. granting China
NTR status. It is constructed as the difference between the MFN tariff rate (the NTR rate) and the Column
2 tariff rate (the non-NTR rate), and Pierce and Schott (2016) show that it is predictive of increased imports
from China in the U.S. and relative declines in U.S. manufacturing employment for more exposed industries.

29While the drop in point estimate the end of the tariffs in 2003 and 2005 may just be noise, a small
drop would also be consistent with a Melitz (2003)-type model in which the input tariff shock leads to exit
of the least productive producers from the export market. In this case, the average industry price from
surviving firms once the tariffs were removed would be slightly lower than the pre-tariff average, and this
would be more true for industries that faced relatively large input cost shocks. The impact of the exit on
prices wouldn’t materialize until the tariffs were removed, because during the tariff period, input costs would
keep prices relatively elevated for industries that faced the larger input cost shocks.
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Figure 7: Higher Input Tariffs Reduce U.S. Export Competitiveness

(a) Nominal Exports
−

15
−

10
−

5
0

5

Year

C
um

ul
at

iv
e 

re
sp

on
se

 to
 1

 p
ct

 in
cr

ea
se

 in
 in

pu
t c

os
ts

 (
%

).

Response 95% CI Tariff Period

1994 1998 2002 2006 2010 2014

(b) Share of World Exports
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Note. These figures show estimates of θt from a regression of the form in equation 7. The left panel shows

the response of log nominal export values in downstream industries. The right panel shows the response

of U.S. exports in downstream industries as a share of world exports, or the global market share of U.S.

downstream industries. Shaded regions indicate 95 percent confidence intervals constructed with standard

errors clustered by HS4-digit industry.

notoriously noisy, Figure D1 in Appendix D.1 shows that the response of the quantity of

exports (measured in log kilograms) follows a similar path. By contrast, the U.S. share of

world exports is a ratio and therefore depends not only on U.S. exports but also on the

adjustment of foreign suppliers. If reallocation of world demand toward non-U.S. producers

occurs more gradually, this would generate the smoother and more delayed response of the

U.S. export share that I find. Further discussion of the potential mechanism behind the

persistent responses I find in the data can be found in Section 5.

In terms of magnitudes, the results suggest that a 1 percent increase in input costs induced

by steel tariffs is associated with a decline in the U.S. export share of around 2 basis points

by the end of 2003 and a peak cumulative decline of around 4 basis points. This cumulative

impact represents between 6 and 7 percent of the median industry’s export share, which was

roughly 7 percentage points in 2001. For nominal exports, a 1 percent steel-induced increase

in input costs is associated with a cumulative relative decline in exports of 5 percent through

the tariff period, which declines further before leveling off around 8 percent in the ensuing

years. Considering just the two-year tariff period, the average relative response of exports

to a 1 percent increase in input costs is around -2.5 percent per year. Note that the average

industry in my data has a steel cost share of 2.7 percent, so it would take an increase in the
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Figure 8: Input Tariffs and Manufacturing Employment
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(b) Production Hours
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Note. These figures show estimates of θt from a regression of the form in equation 8. The left panel shows

the response of log employment in downstream manufacturing industries. The right panel shows the response

of log production hours. Shaded regions indicate 95 percent confidence intervals.

tariff rate on steel inputs of 37 percentage points to generate a 1 percent increase in costs.

The most comparable empirical estimates to this paper are those from Handley et al.

(2025) who use firm-level data to estimate the effects of overall import tariff exposure on

export supply during 2018 and 2019. They find that an increase of approximately 1 percent of

import costs due to tariff exposure leads to an approximate decline of exports by 0.66 percent.

My estimates reflect the effects of increases in the cost of intermediate inputs, not the cost

of imports. If imports are roughly 20 to 25 percent of the cost of intermediate inputs30, my

estimates would scale to between 0.5 to 0.625—exactly in line with these findings. Another

way to interpret the magnitude of the results is in terms of the ad valorem tariff on exports it

would take to generate the same export response. Estimates from Fajgelbaum et al. (2020)

and Handley et al. (2025) put the elasticity of U.S. exports to retaliatory foreign tariffs

around -1 to -1.4. Based on the measured export response, my findings suggest that a 1

percent increase in input costs due to the steel tariffs is equivalent, then, to a 1.8 to 2.5

percent ad valorem equivalent tariff on U.S. exports.

Using data from the NBER CES Manufacturing Industry Database (Bartelsman and

Gray, 1996), aggregated to the NAICS 6 level of detail (as described in Section 3.4), I also

estimate the response of overall downstream industry employment and production hours.

30A reasonable range based on recent estimates. De Michelis and Somale (2023), for instance, estimates
this number to be around 30 percent.

33



The specification is shown in equation 8:

yd,t − yd,2001 = αt + θt∆Costsd + ψtα
BEA
d,Steel + γtExemptd,2001 + γn,t + εd,t (8)

The only change relative to the baseline is that I include 2-digit NAICS fixed effects, γn,t,

rather than HTS Section fixed effects. The results are shown in Figure 8. The patterns

are qualitatively similar to the export responses—upon impact, sectors that faced relatively

large increases in input costs due to the Bush steel tariffs suffer relatively large declines

in employment and production hours. Both variables remain depressed in the relatively

exposed sectors for long after the tariffs are removed. I also estimate the response of domestic

production (value of shipments), but the results are noisy and are not robust to controls so

have been relegated to Appendix D.7. That higher input costs have a more pronounced

impact on employment than domestic production is similar to the findings of Flaaen and

Pierce (2024) for the increase in steel and aluminum tariffs in 2018-19.31

5 Potential Mechanism for Persistence

That a temporary input tariff shock generated such persistent effects on U.S. exports is dif-

ficult to reconcile with models featuring frictionless reallocation of trade flows, and instead

points to the role of costly adjustment in global sourcing. Intuitively, if forming trade rela-

tionships is costly, any tariff-induced reallocation away from the United States in response

to the steel tariff shock may not be undone even after the tariffs are removed. In Section 5.1,

I use a simple model to provide intuition and illustrate three predictions that would be im-

plied by a related class of models: First, persistence is driven by extensive margin changes

in exports; second, a persistent response is more likely to occur when the initial price differ-

ential between potential suppliers is small; and third, the degree of persistence in the export

response should vary with the size of the adjustment cost. Then, in Section 5.2, I provide

some suggestive evidence from the data that is consistent with the model predictions.

5.1 Intuition

To see how the persistence of the export response can be explained by the presence of

relationship-specific sunk costs, consider a simple example: in each period, a consumer

chooses a source i to purchase a (steel-using) good d from. The consumer can purchase the

31They use industrial production instead of value of shipments, but they, too, find a significant decline
in employment due to higher input costs but a noisy and statistically insignificant response of industrial
production. They show evidence that industrial production was propped up by a backlog of contractual
orders, however the discrepancy between the export response and the response of domestic production
is also consistent with exports being a more vulnerable margin of adjustment than domestic supply—for
example, if foreign export demand is more price elastic than domestic demand.
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Table 9: Simple Sourcing Decision

Period Price H Price F Decision

1 pH + κ̄ pH + ε+ κ̄ Choose H if ε > 0
2 pH + τ pH + ε+ κ̄ Choose F if τ > κ̄+ ε
3 pH + κ̄ pH + ε Choose F if κ̄ > ε

good from country H at price pH or from country F at price pF = pH + ε, where ε > 0.

In this simple example, I assume the consumer is not forward looking. In addition to the

price of the good, the consumer faces a relationship-specific sunk cost, κt, which is equal to

κ̄ if the consumer decides to switch sources relative to the prior period, and 0 otherwise (see

equation 9):

κt =

0, if it = it−1

κ̄, if it ̸= it−1

(9)

Though abstract in this simple model, switching costs of this form can be thought of as things

like information costs—the costs of searching for and finding a new supplier—or relationship

specific investments—inputs to production that need to be adapted or customized to the

buyers specifications.

Assume that the consumer is buying from neither source in the first period, and thus

faces the following choice: purchase from H at price pH + κ̄ or purchase from F at price

pF + κ̄ = pH + ε+ κ̄. The consumer will choose to source from H so long as ε ≥ 0. In period

2, suppose that country H imposes a one-period tariff on inputs that raises the price pH to

pH + τ . Now the consumer can either pay the higher cost in H or pay the switching cost κ̄

to source from F and pay price pF = pH . The consumer will switch and source from F if

the price increase is large relative to the fixed cost and the initial price differential—that is,

if τ > κ + ε. Finally, in period 3, the tariff in H is lifted and prices return to their original

levels. The consumer can either continue sourcing from country F and pay pH + ε or can

choose to pay the adjustment cost to source from H and pay pH . Despite the return to

initial conditions in terms of prices, the consumer will continue sourcing from F if κ̄ > ε. In

other words, there is a persistent response to a temporary shock.

Of course this example, which is summarized in Table 9, is oversimplified in many ways.

However, in spite of its simplicity, the model delivers a few clear predictions about how

and when a temporary shock can generate a persistent response. First, the model suggests

that persistence is driven by changes on the extensive margin, as it is only the formation of

new trade relationships that incurs the switching cost. Second, persistence will only occur
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if the initial (pre-tariff) price differential between sources, ε, is small relative to the size of

the switching cost. If ε is too large, it is less likely that a shock to prices in H will induce

consumers to switch sources to F . If the tariff is large enough to induce the switch, if the

price differential is large relative to the switching cost, it will be worth it for consumers to

switch back to H when the tariffs are removed. Finally, the degree of persistence should

vary with respect to the size of the switching cost, κ̄. In the extreme, if κ̄ = 0, all consumers

would switch sources from H to F in period 2 and then switch back immediately in period 3

to take advantage of the lowest priced good in each period. That is, with low fixed costs, we

should expect a sharp decline in purchases from H followed by an immediate rebound once

the tariffs are lifted. On the other end of the spectrum, if switching costs are prohibitively

high, no consumer will switch while the tariffs are in place (τ will not be greater than κ̄+ε).

In the middle, as switching costs increase, consumers become less likely to switch sources

in response to the shock. However, conditional on switching, consumers are more likely to

remain with the new source after the tariffs are removed. Thus, the effects of the tariff

should be dampened on impact relative to the case with no fixed costs, but much more

persistent. In Section 5.2, I provide some evidence from the data that are consistent with

these predictions.

5.2 Evidence of Mechanisms for Persistence

In this section, I provide evidence from the data that is consistent with the predictions of

the simple model presented in the last section. First, I show suggestive evidence that the

extensive margin played a role in the downstream export response to the Bush steel tariffs.

Second, I show that that the negative downstream effects in the United States were more

pronounced for industries in which the U.S. had more competition from abroad. Lastly, I

show that the patterns of persistence in the U.S. export response vary with a proxy for the

size of the relationship specific switching cost.

5.2.1 Switching Occurs Along Extensive Margin Proxy

The mechanism I propose relies on the extensive margin—importers switching sources. How-

ever, I only have industry-level data at my disposal, so this is not possible to test directly.

Instead, I create a proxy for the extensive margin in my data using the most detailed industry-

level export data available. The U.S. Census Bureau publishes data on U.S. exports at the

10-digit (Schedule B code) level, by U.S. Customs District and destination country. There

are 47 Customs Districts in the United States, and each District represents a set of Ports

through which imports and exports are shipped. Using these detailed data, I define a “trade

relationship” as a product × Customs District × destination country triplet. For example,
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Figure 9: Number of Trade Relationships
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Note. This figure shows estimates of equation 7, where the left-hand side is the change in the log number of

trade relationships for a given downstream industry d relative to pre-tariff levels. A “trade relationship” is

defined as a 10-digit HTS product × Customs District origin × destination country. Shaded regions reflect

95 percent confidence intervals constructed using standard errors clustered by HS4-digit sector.

all exports of Schedule B code 8703105030—Golf Carts—from the Customs District in Sa-

vannah, Georgia to Japan in a given year constitutes one trade relationship. For perspective,

the mean (median) 10-digit product had 120 (172) “trade relationships” in 2001.

I start by estimating my baseline specification, replacing the left-hand side with the log

number of trade relationships for each downstream industry. While this measure is only a

proxy for the extensive margin, the results—shown in Figure 9—are consistent with the toy

model: industries that faced relatively high input tariffs suffered persistent relative declines

in the number of trade relationships.

5.2.2 Switching Occurs when Industries Face Competition from Abroad

In the sourcing decision summarized in Table 9, the importer would switch sources from H

(exposed to the steel tariff) to F only if τ > κ̄+ ε—that is, the tariff caused a large enough

change in downstream prices to overcome both the initial price difference between sources

(ε) and the switching cost (κ̄). This suggests that, conditional on the size of the switching

cost, buyers are more likely to switch to sources that are initially competitive in terms of

the prices they offer. Two pieces of evidence are consistent with this prediction.

First, I consider the most likely sources of competition for U.S. downstream industries

exposed to the Bush Steel tariffs. Based on global exports in the year 2001, the three
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Figure 10: Export Shares Rise for Top Competitors
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(b) Lower-Ranked Competitors
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Note. This figure shows estimates of my baseline specification (equation 7), replacing the left-hand-side

variable with the combined export shares of top exporters of downstream products in 2001 (Germany and

France) in panel (a) and lower-ranked exporters of those products in panel (b). Shaded regions reflect 95

percent confidence intervals constructed using standard errors clustered by HS4-digit sector.

countries with the highest share of world exports of products exposed to steel tariffs (other

than the United States) were Germany, Japan, and France. (See Table E1 in Appendix E

for the full list.) I estimate my baseline specification, but replace the dependent variable

with the change in each country’s share of world exports. While Japanese export shares are

not responsive to the tariff increase in the United States (see Figure E1 in Appendix E),

the combined export shares of Germany and France are plotted in Figure 10a. In industries

that faced relatively large input-cost increases in the United States due to the steel tariffs,

Germany and France appeared to gain relative market share. On the other hand, Figure 10b

shows that the export shares of lower-ranked competitors—Belgium, Spain and Korea (the

bottom three countries in the top 10 excluding China)—do not respond. These findings are

consistent with U.S. industries being more vulnerable to losing business to closer competitors.

Next, I use an alternative measure of the competitiveness of the United States relative

to the rest of the world: the widely used metric of revealed comparative advantage (RCA)

(Balassa, 1965). I construct this measure for each downstream industry in the United States

as shown in equation 10

RCAd =
ExportsUS,d/

∑
d ExportsUS,d

ExportsWorld,d/
∑

d ExportsWorld,d

(10)
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Figure 11: Export Response Driven by Low RCA Industries

(a) Low RCA
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(b) High RCA
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Note. This figure shows estimates of my baseline specification (equation 7) with log nominal exports on

the left-hand-side. I divide the sample into industries in which the United States had an RCA less than

or equal to 1 in 2001 (left panel) and industries in which the United States had an RCA above 1 (right

panel). Shaded regions reflect 95 percent confidence intervals constructed using standard errors clustered by

HS4-digit sector.

The numerator is industry d’s share of U.S. exports, and the denominator is industry d’s

share of world exports. If the RCA for an industry is greater than (less than) 1, it means

that the U.S. is relatively more (less) specialized in that industry than the average country.

I use this measure to split my sample into HS6 industries for which the United States had an

RCA at or below 1 in 2001 (more competition) and industries for which the United States

had an RCA above 1 in 2001 (less competition). I then estimate the effect of a steel tariff-

induced increase in input costs on log exports in each of the sub-samples. The results are

shown in Figures 11a and 11b, respectively. In industries where the United States was less

competitive—according to RCA—exports exhibit the sharp and persistent relative decline

that characterizes my baseline results. For more competitive industries—those where the

United States had a high RCA prior to the tariffs being imposed—there is no statistically

significant relationship between the increase in input costs and the change in exports. Thus,

my baseline results are driven by industries in which the United States was relatively less

specialized or less competitive prior to the imposition of the steel tariffs.
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Figure 12: Exports of Homogeneous vs Differentiated Goods

(a) Homogeneous
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(b) Differentiated
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Note. This figure shows estimates of my baseline specification for nominal exports, but dividing the sample

into goods classified as homogeneous (traded on an organized exchange) in Panel (a) and those classified

as differentiated in Panel (b). Classification of goods is based on the Rauch (1999) index. Shaded regions

reflect 95 percent confidence intervals constructed using standard errors clustered by HS4-digit sector.

5.2.3 Patterns of Persistence Vary with Size of Switching Cost

The third prediction of the simple model is that the degree of persistence of trade patterns

should vary with the size of the switching costs. In the extreme case in which switching

costs are zero—i.e., it is frictionless to move between sources—all consumers should switch

sources when prices in H rise and then immediately switch back when prices return to

pre-tariff levels. This would correspond to sharp but transitory response of exports to the

temporary tariff shock. On the other hand, if switching is costly, fewer buyers will switch

to F in response to the tariffs, but, conditional on switching, those buyers will be less likely

to switch back to H when the tariffs are lifted. In this case, the impact response of exports

should be muted relative to the fully flexible case, but more persistent.

As a proxy for the size of relationship specific switching costs, I use the classification

developed by Rauch (1999), which separates commodities into those that are traded on

an organized exchange, reference priced, or differentiated.32 These characterizations are

commonly interpreted as proxies for the size of these relationship-specific costs. Products

that are traded on an organized exchange tend to be more homogeneous and characterized

by a thicker market of buyers and sellers. These products are therefore easy to find—

32The original Rauch classification is for SITC revision 2 products. I concord these to 6-digit HS products
using the published concordance from https://unstats.un.org/unsd/classifications/Econ.
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Figure 13: Competition and Differentiated Goods

(a) Differentiated: Low RCA
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(b) Differentiated: High RCA
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Note. This figure shows estimates of my baseline specification for nominal exports. I restrict the sample

to differentiated products, and then estimate the effect on exports for products where the U.S. RCA is less

than or equal to 1, and differentiated products with an RCA greater than 1.

have lower search costs—and are less likely to require relationship-specific investments or

customization—all characteristics that should reduce the costs of switching to a new supplier.

At the other end of the spectrum are differentiated goods, which have higher search costs

and are more likely to require relationship-specific investment—characteristics that should

increase the costs of switching to a new supplier.

In Figure 12, I show the response of U.S. nominal exports to the tariff-induced cost shock,

this time dividing the sample into goods classified as homogeneous and those classified as

differentiated. The results are exactly in line with the theoretical prediction: for homoge-

neous goods (Figure 12a), the export response to a relative increase in input costs is a sharp

decline that rebounds almost immediately after the tariffs are removed. For differentiated

goods (Figure 12b), the peak decline is almost half the magnitude of the impact response in

the homogeneous case, but unlike the homogeneous case, the response is highly persistent.

Combining the second and third predictions, it should be the case that among differenti-

ated goods, the negative export response is more pronounced among goods where the United

States was less competitive in 2001. As expected, Figure 13a shows that the persistent ex-

port decline occurs for differentiated industries in which the United States had a low RCA

in 2001. The effect for differentiated goods with a high RCA are muted and not statistically

significant.
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6 Conclusion

Using a case study of the steel tariffs levied by George W. Bush in 2002-2003 and a newly

devised method for mapping detailed steel inputs to downstream users, I provide new com-

prehensive estimates of the long-term effects that temporary upstream tariffs have on down-

stream industries. I find that temporary upstream tariffs have negative impacts on down-

stream industries, in particular in terms of their competitiveness in export markets. Cru-

cially, I find that these declines are highly persistent: U.S. exports and global market share in

downstream industries that faced relatively large input cost increases as a result of the tariffs

remained persistently depressed after the tariffs were lifted. While a full general equilibrium

analysis would be required to assess the overall impact of the tariffs—including their impact

on the steel sector itself—the results in this paper suggest that these long-term downstream

impacts should be taken into account.

That a temporary input tariff shock generated such persistent effects on U.S. exports is

difficult to reconcile with models featuring frictionless reallocation and instead point to the

role of relationship-specific sunk costs in downstream trade. I show suggestive evidence from

the data that are consistent with a class of dynamic models featuring this type of sluggish

adjustment.

Overall, my results highlight the complex nature of tariff policy in a world with globally

integrated production networks. Even temporary tariffs on a small subset of imports can

have persistent effects on a broad swath of the economy. Failing to take these persistent

spillover effects into account can lead to a substantial underestimate of the costs of imposing

unilateral trade barriers on an upstream industry.
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Appendix: For Online Publication

A Steel Industry Response

In Table 1, I estimate equation 1 on a sample of 10-digit varieties contained in Chapters 72

and 73 of the Harmonized Tariff Schedule (HTS). Table A1 contains the results of the same

estimation when I use the entire HTS rather than the restricted sample. Results are almost

identical, quantitatively, to the baseline specification.

Table A1: Impact of Steel Tariffs on Unit Values and Imports

Pre-Tariff UV Post-Tariff UV Import Value Import Quantity
ln(1+∆τsj) 0.02 0.29 -2.21 -2.22

(0.16) (0.16) (0.20) (0.26)
Country x Year FE Yes Yes Yes Yes
HS4 FE Yes Yes Yes Yes
N 307910 307910 307910 307910
R2 0.01 0.01 0.03 0.02

Note. This table shows estimates of equation 1 for tariff-exclusive unit values, tariff-inclusive unit values,

import values, and import quantities for all 10-digit products contained in the HTS. Sample years are 2002

and 2003. Standard errors are clustered by country and product.

A.1 A Note on Calculated Duties

The Census Bureau provides a variable measuring calculated duties, which can be used to

estimate tariff-inclusive unit values (nominal import value plus calculated duties divided by

import quantity)—as I do in Table 1—or effective tariff rates (calculated duties divided by

nominal imports). These estimates should be interpreted with some caution because, as the

Census Bureau warns in their official documentation, “estimates of calculated duty do not

necessarily reflect amounts of duty paid...In cases where articles are dutiable at various or

special rates, a dutiable value is shown but no duty is calculated.”

Some of this lack of reporting is explicit. There is a rate provision code—79—that

is defined as “dutiable at rates prescribed in Rates of Duty columns of HTS chapter 99.

No duty calculated.” (Items protected under the Bush steel tariffs were dutiable at rates

prescribed in chapter 99.) In calculating the tariff-inclusive unit values, I exclude imports

that enter under this rate provision code. Even for imports that enter under the other

possible rate provision code—69—“Dutiable at rates prescribed in Chapter 99 of HTS. Duty

reported,” that duties are not always calculated is apparent. Figure A1 shows an example

for a 10-digit steel product HS 7225508085, imported from Sweden. The solid line indicates
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the legislated tariff rate for this variety—near zero prior to March of 2002, increasing to

30 percent (on top of the existing rate) starting in April 2002, then stepping down to 24

percent in April of 2003. The dashed gray line shows the tariff rate in each month calculated

as calculated duties divided by dutiable value. In some months, the effective rates exactly

match the legislated ones, but in some months, they are way off. The legislation was not

changing during this period, so the most likely cause of the mismatch is, as Census warns,

when articles are dutiable at various or special rates, duties are not always calculated. Thus

estimates using these values should be interpreted with caution.

Figure A1: Effective Rates vs Legislated Rates
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Note. This figure shows legislated and effective tariff rates for imports of HS 7225508085 from Sweden. The

black line indicates the tariff rate legislated in Proclamation 7529. The effective rate, indicated by the gray

dashed line, is calculated as calculated duties divided by import values (excluding imports entering under

rate provision code 79).
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B Matching Descriptions to Downstream Industries

In addition to simply relying on the descriptions of HS codes provided in the HTSUS, two

other tools proved useful in matching the descriptions found on the exclusion requests to

industry codes. The first is the Census Bureau’s Schedule B Search Engine, which is a

tool provided to aid U.S. exporters in determining the correct export commodity code for

their products. Suppose I have a description from an exclusion request like the one found

in Figure 3: The steel requested for under this exclusion request is used to make spark plug

housings. A screen-shot of the Schedule B search engine for “spark plug housings” is shown

in Figure B1. After describing the product in the search engine, you will sometimes be

asked to provide more information. In this case, I was asked to select whether the product

fit better into one of two categories: “Machinery and Mechanical Appliances” or “Camera,

Measuring or Testing Equipment, Precision Instrument.” After selecting the former, I was

given the suggested code: 8511.90—parts of electrical ignition or starting equipment of a

kind used for spark-ignition or compression-ignition internal combustion engines.

Figure B1: Schedule B Search Engine Example

In other cases, I relied on the Customs and Border Protection (CBP) Customs Rulings

Online Search System (CROSS). An example search for “spark plugs” in CROSS is shown in

Figure B2. The most relevant ruling was a response to a request made in 2014 for a product
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identified as Spark Plug Chips by the CBP. (Typically, requesting parties actually send a

sample of the product in question along with their request for a ruling.) In the response, the

CBP describes the product and also describes the relevant code, which is also a subheading

of HS 851190.

Figure B2: Schedule B Search Engine Example

The majority (86 percent) of exclusion requests are mapped to a single downstream industry.

I am able to do this in cases where the descriptions are specific. For example the follow-

ing description is mapped to HS 870829, which is the 6-digit code that contains car door

assemblies (87082915).

Benteler Automotive makes automotive components in the US, and the mer-

chandise subject to the exclusion request will be used to manufacture car door

beams.

Sometimes, the description mentions multiple industries or is broad enough that I multi-

ple industries fit the description. In these cases, I match the request to up to 4 downstream

industries. For example, a number of exclusion requests are for “household appliances.”

Unless a specific appliance is mentioned, I will match the request to the codes for wash-

ing machines and dryers (8450 and 8451), refrigerators (8418), and 7321, which contains

non-electric domestic appliances like stoves and ranges.
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C Summary Statistics

Table C1 shows summary statistics of the key independent and dependent variables used

in my analysis. Figure C1a shows the distribution of non-zero steel tariff rates faced by

downstream industries and Figure C1b shows the distribution of the average exempt share

of imports for those industries with non-zero steel tariffs.

Table C1: Summary Statistics of Key Variables

N Mean SD Min Max

∆τd 5081 0.023 0.071 0.000 0.300
αBEA
d,Steel 4973 0.028 0.052 0.000 0.373

∆Costsd 5081 0.002 0.007 0.000 0.098
Exempt Shared,2001 5081 0.941 0.188 0.000 1.000
U.S. Exports (millions) 5081 131 710 0.008 23464
U.S. Exports Share 5069 0.118 0.127 0.000 0.950

Figure C1: Distribution of Constructed Variables

(a) Export Shares
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Note. This figure shows the distribution of steel tariff rates across downstream industries and the average

share of steel inputs exempt from the tariffs. Both variables are constructed using my steel-specific input-

output methodology. Results are shown for industries found to have non-zero steel tariff rates.

50



D Additional Results and Robustness Exercises

D.1 Additional Results

Figure D1 shows the results of estimating my baseline specification but with the log quantity

of exports (measured in kilograms) on the left-hand side. Because the quantity data is

notoriously noisy, I also plot my baseline results for nominal exports as a point of comparison.

Figure D1: Response of Export Quantities
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Note. The solid black line shows the response from estimating my baseline specification with the change

in log quantity of exports (measured in kilograms) since 2001 on the left-hand side. The gray shaded region

indicates 95 percent confidence intervals constructed from standard errors clustered by HS4-digit industry.

The dotted line and confidence bands represent the response and 95 percent confidence intervals from my

baseline specification with the change in log exports on the left-hand side.

D.2 Downstream Industry Productivity

In Section 4.1.2, I discuss the potential threat to identification that would come from omitted

variable bias in the form of a shock to downstream industry productivity. A positive shock

to downstream industry productivity that leads to an influx of imported inputs used by

that industry could cause that industry to face a higher tariff, as the input industry suffers

more from foreign competition. This positive correlation between downstream industry

productivity and the input tariffs those downstream industries face should work against my

results—if the highest tariffs are imposed on an industry’s inputs because that industry is

on an upward trajectory, the negative effects of those tariffs will be masked.
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Figure D2: Downstream Tariffs and Downstream Productivity
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(b) TFP Index (∆τd)
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(c) TFP Growth (∆Costsd)
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Note. This figure shows estimates of the baseline specification (equation 7) with the 4-factor TFP index

(left and middle panel) and the 4-factor TFP growth rate (right panel) from the NBER CES Manufacturing

Industry Database on the left-hand side. In the left and right panels, the independent variable is the same

as in my baseline specification—∆Costsd. In the middle panel, I replace ∆Costsd with the tariff rate the

downstream industry faced on its steel inputs—∆τd. Shaded regions indicate 95 percent confidence intervals

constructed with standard errors clustered by HS4-digit industry.

It is also possible, however, that steel inputs used by downstream industries that had a

negative productivity shock would face higher tariffs because the negative productivity shock

would induce that industry to buy less foreign and domestic inputs, making the domestic

input suppliers appear injured in the eyes of the ITC. A negative relationship between

downstream industry productivity and the tariffs those industries face on their inputs would

bias the results in my favor.

To test this explicitly, I estimate my baseline specification (equation 7), but replace the

left-hand side variable with the 4-factor Total Factor Productivity (TFP) index from the

NBER CES Manufacturing Industry Database (Bartelsman and Gray, 1996). The results

are shown in Figure D2a. There is no statistically significant negative relationship between

downstream industry TFP and the change in costs those industries faced as a result of the

Bush steel tariffs, alleviating concerns that productivity shocks are biasing the results in my

favor. If anything, TFP is on an upward trajectory in industries that faced larger input cost

increases, which would bias the results in the opposite direction. Figure D2b shows a watered

down version of the specification (see equation 11) where the key independent variable is just

the tariff rate the downstream industry faced (∆τd instead of ∆Costsd), and I include a 3-

digit NAICS fixed effect (δj,t) but omit the additional controls (steel cost share and exempt

input share) that I include in the baseline. Here, too, there is no statistically significant

negative relationship between input tariff rates and downstream industry productivity in

52



the pre-period. Figure D2c shows the same holds true when I replace the left-hand side with

TFP growth instead of the index.

TFPd,t − TFPd,2001 = αt + θt∆τd + δj,t + εd,t (11)

D.3 Consumption Weights

In my baseline, the weights are constructed based on information on the exclusion requests

of how much steel (in kg) each firm is requesting an exclusion for. I test for robustness to

this choice by instead constructing the weights using the information that firms report on

the “average consumption in 2015-2017” of the steel product in question. Figure D3 shows

that the results are little changed from my baseline when using this alternative information

to construct the weights.

Figure D3: Consumption Weights
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(b) Export Levels
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Note. This figure shows my baseline specification, but using an alternative set of tariffs constructed using

information from the exclusion requests on the “average consumption between 2015 and 2017” of the steel

product in question, rather than the requested exclusion amount, which is what I use in my baseline. Shaded

regions indicate 95 percent confidence intervals constructed with standard errors clustered by HS4-digit

industry.

D.4 Perturbed Input Weights

Figure D4 shows the results of a robustness exercise in which I perturb the weights up or

down from my baseline construction by up to 5 percent, ensuring that within an industry,
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the perturbed weights are non-negative and still sum to 1. I repeat this process 100 times,

construct a perturbed-weighted-average steel tariff rate for each iteration, and show that the

impulse responses generated using the perturbed values lie squarely within the confidence

intervals of my baseline estimates.

Figure D4: Perturbing the Input Weights

(a) Export Shares
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(b) Export Levels
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Note. This figure shows my baseline results (the black solid line) and their 95 percent confidence intervals

(light gray shaded region) constructed from standard errors clustered by HS4-digit industry. The dark shaded

region depicts the point estimates from estimating my baseline specification with 100 alternative tariff series,

constructed by perturbing the input weights for each downstream industry by up to 5 percentage points in

either direction. Alternative weights are constructed ensuring that weights are non-negative and still sum

to one within a downstream industry.

D.5 Sensitivity to Individual Sectors

To address larger measurement issues—for instance, a steel product that should have a high

weight in a particular industry is missing from the requests altogether and so that industry’s

assigned tariff is substantially off, I show the results of an additional robustness exercise in

Figure D5 in which I estimate my baseline regressions removing one 4-digit sector at a time.

The over 1200 estimates I obtain through this exercise are all in line with my baseline.

D.6 Substitutability of Imports

It is possible that steel products that are more substitutable are underrepresented in the

exclusion requests—it may be easier for firms to switch to a slightly different input than to

go through the exclusion request process. To test for this possibility, I construct a proxy
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Figure D5: Sensitivity to Individual Sectors

(a) Export Shares
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(b) Export Levels
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Note. In this figure, the solid black lines show my baseline estimates and the light gray shaded region

reflects the 95 confidence intervals for export shares in panel (a) and nominal exports in panel (b). The

dark gray lines are the point estimates from estimating the baseline local projection 1265 times, each time

excluding one 4-digit HS sector from the estimation sample.

for “substitutability” of inputs by comparing the import share of each 10-digit steel product

(as a share of total steel imports) to the exclusion request share of that same product.

Specifically, denote the entire set of steel products represented in the exclusion requests by

Ω̄. For each product, s ∈ Ω̄, I calculate psQ̄s, where ps is the unit value of product s in 2001,

and Q̄s is the total quantity of steel product s reported by exclusion-requesting firms.33 I

calculate the exclusion request shares for each product as:

γExclusion Requests
s =

psQ̄s∑
s∈Ω̄ psQ̄s

For the same set of products, I also compute the import share in 2001:

γImports
s =

ms∑
s∈Ω̄ms

In general, the two sets of shares have a strong positive correlation—steel products that

have higher import shares also tend to have higher exclusion request shares—lending further

support to my use of the request quantities in the exclusion requests to construct my steel

33As in my baseline, if a firm files multiple requests for the same product, I take the average of the firm’s
consumption values reported on the individual requests, then sum over firms.
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product weights. A scatter plot of the import shares in 2001 on the y-axis and the exclusion

request shares on the x-axis is shown in Figure D6.

Figure D6: Import Shares vs Exclusion Request Shares
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Note. For 8-digit steel products, this figure plots the product’s share of steel imports on the y-axis against

the product’s share of requested value in the exclusion requests on the x-axis. Import shares are from 2001,

and exclusion request quantities are converted to values using 2001 import unit values. The dashed line

represents the 45-degree line.

I then construct my proxy for substitutability as:

Substitutabilitys = γImports
s − γExclusion Requests

s

The idea is that if a steel product is under-represented in the exclusion requests relative

to consumption (of imports), it is possibly more easily substituted. For each downstream

industry, d, I then construct the (simple) average substitutability of its inputs. I include

this variable as an additional control in my baseline specification. The results, shown in

Figure D7, are largely unchanged from my baseline.

D.7 Controlling for the NTR Gap

The timing of the Bush Steel tariffs at the beginning of 2002 is coincident with the so

called “China Shock”—or the rise of China’s presence in global trade following the U.S.

granting China Permanent Normal Trade Relations (PNTR) status and China’s accession

to the World Trade Organization (WTO) in 2001. To ensure that my results are not being

driven by the rise of China, I estimate by baseline specification but include an additional
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Figure D7: Controlling for Input Substitutability
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(b) Export Levels
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Note. This figure shows estimates of equation 7 with an additional control for the average substitutability

of the industry’s steel inputs—the difference between 2001 import shares and exclusion request shares. The

shaded region indicates 95 percent confidence intervals. Standard errors are clustered by HS4-digit sector.

control for the “NTR Gap,” as coined by Pierce and Schott (2016).34 The results for U.S.

export shares, nominal exports, and manufacturing employment are shown in Figure D8.

The export results are virtually unchanged when I include the NTR gap as a control. The

employment response is quantitatively similar to my baseline, though aside from the impact

response in 2002, is not estimated precisely. For manufacturing value of shipments, excluding

the NTR gap, the results looked similar to the employment response, however once the NTR

gap is included, there is no longer a statistically significant response of the value of shipments

to the steel-induced increase in costs. As a result, I do not include the value of shipments

with my baseline specification in this paper.

34As described in Pierce and Schott (2016), the NTR Gap is a measure of the degree to which uncertainty
about the tariff rate China would face in the United States was resolved following the U.S. granting China
NTR status. It is constructed as the difference between the MFN tariff rate (the NTR rate) and the Column
2 tariff rate (the non-NTR rate), and Pierce and Schott (2016) show that it is predictive of increased imports
from China in the U.S. and relative declines in U.S. manufacturing employment for more exposed industries.
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Figure D8: Controlling for the NTR Gap
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−
10

−
5

0
5

Year

C
um

ul
at

iv
e 

re
sp

on
se

 to
 1

 p
ct

 in
cr

ea
se

 in
 in

pu
t c

os
ts

 (
bp

s)

Response 95% CI Tariff Period

1994 1998 2002 2006 2010 2014

(b) Export Levels
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(c) Manufacturing Employment
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(d) Manufacturing Value of Shipments
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Note. This figure shows estimates of my baseline specification for U.S. export shares, nominal exports,

manufacturing employment, and value of shipments, with one additional control: the NTR Gap as described

in Pierce and Schott (2016). The NTR gap for each downstream industry is given by the average difference

between the column 2 tariff rate and the MFN tariff rate in that industry.

D.8 Importance of Disaggregation

Figure D9 shows my baseline results, along with results from estimating a specification

relying solely on the aggregated measures of steel intensity from the BEA Use Table for

variation. Specifically, the alternative specification is given by equation 12:
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Figure D9: Estimation with Aggregate IO Measures
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Note. The solid black line and light gray shaded regions show my baseline results for export shares (panel

(a)) and export levels (panel (b)). The dark gray shaded region and dotted lines show the results from

instead estimating equation 12.

yd,t − yd,2001 = αt + ψtα
BEA
d,Steel + γh,t + εd,t (12)

As discussed in Section 3.5, there is no correlation between the overall steel use and the tariff

rate that those industries faced, and I do not claim that the steel intensity of an industry on

its own is exogenous to other industry outcomes. Thus, it should not be surprising that, on

its own, the aggregate steel use measure generates different results than in my baseline.

D.9 Importance of Control Variables

My baseline specification is given by equation 7, and repeated again below:

yd,t − yd,2001 = αt + θt∆Costsd + ψtα
BEA
d,Steel + γtExemptd,2001 + γh,t + εd,t

Figure D10 shows the results of my baseline specification if I remove the two baseline controls.

First, I exclude the industry’s steel cost share αd,Steel, and plot the results in Figures D10a

and D10c for export shares and nominal exports, respectively. This variable is included in

the construction of my key independent variable—∆Costsd—but I do not claim that it is

exogenous to industry performance, which is why it is important to include separately as a

control.

Figures D10b and D10d show the results if I exclude the Exemptd,2001 control. Recall,
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this variable represents the average share of steel inputs used by the downstream industry

that were exempt from the Bush steel tariffs. As discussed in Section 3.5, there is a lot of

variation in this measure, which partially determines how much an industry was actually

exposed to increases in steel costs.

Figure D10: Removing Control Variables
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(b) Exempt Share
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Nominal Exports
(c) Steel Cost Share
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(d) Exempt Share
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Note. This figure shows my baseline specification, removing the two baseline controls: the downstream

industry’s steel cost share (αBEA
d,Steel) and the average share of the steel inputs used by the industry that were

exempt from the tariffs. Shaded regions indicate 95 percent confidence intervals constructed with standard

errors clustered by HS4-digit industry.
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E Potential Mechanism

Table E1 shows the top exporting countries (by total exports and average exports) of prod-

ucts that faced a positive steel tariff on their inputs according to my input-output table.

Table E1: Top Exporting Countries, 2001

Country Total exports Average exports

(mil. USD) (mil. USD)

Germany 200750 290

USA 172480 249

Japan 157671 228

France 77512 112

Canada 76916 111

Italy 70668 102

UK 51896 75

Belgium 44598 64

Spain 41234 60

China 37834 55

Korea 37710 54

Note. This table shows the top exporting countries of downstream products that faced a positive steel tariff

on their inputs in 2002-2003. Data are from UN Comtrade for the year 2001.

Figure E1 shows the response of Japanese export shares to increased input costs in the U.S.

Figure E1: Response of Japanese Export Shares
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Note. This figure shows my baseline specification with Japan’s share of world exports on the left-hand

side. Shaded regions indicate 95 percent confidence intervals constructed with standard errors clustered by

HS4-digit industry.
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