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Abstract

President Bush imposed safeguard tariffs on steel in early 2002. Using US input-
output tables and a generalized difference-in-difference methodology, we analyze the
local labor market employment effects of these tariffs depending on the local labor
market’s reliance on steel as an input and as part of local production. The tariffs did
not boost local steel employment but substantially depressed local employment in steel-
consuming industries for many years after Bush removed the tariffs. The tariffs also
led to a persistent exit of steel-intensive manufacturing establishments, suggesting a
role for plant-level fixed entry costs in translating the temporary shock into persistent
outcomes.
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1 Introduction

Economists, policy makers and the public usually think of tariffs and protection as synonyms.
After all, governments often promote tariffs as a way to protect a domestic industry from
foreign competition. However, domestic firms in other industries suffer from tariffs on the
imports they use as intermediate inputs. The unprecedented breadth and scale of the Trump
administration’s tariffs, in particular on intermediate inputs (Bown (2019)), brought this to
the front of the public discussion. Stories spread through the media highlighting situations
like the reduced global competitiveness of US boat manufacturers who rely on aluminum or
mass layoffs at US steel pipe manufacturers who rely on steel as their key input.

However, these are not new issues. Similar issues were very topical when President George
W. Bush imposed “safeguard” tariffs on steel in 2002. After years of unsuccessfully pressing
the Clinton administration to impose these safeguard tariffs, the steel industry unexpectedly
and successfully persuaded the Bush administration to start the safeguard tariff process
within six months of taking office in January 2001 (Devereaux et al. (2006)). An influential
analysis by Francois and Baughman (2003) on behalf of the Consuming Industries Trade
Action Coalition (CITAC) concluded that the Bush steel tariffs cost 200,000 jobs even though
only 197,000 workers were employed in the entire steel-producing industry.1 Yet, as pointed
out by Cox and Russ (2018), there are no prior academic analyses of the Bush steel tariffs.2

To the best of our knowledge, ours is the first paper to fill this gap in the literature.
We analyze the impact of the Bush steel tariffs on employment in steel-consuming (i.e.

downstream) industries and the steel-producing industry. Our main analysis uses a gener-
alized difference-in-difference methodology in a local labor markets setting. In June 2001,
President Bush asked the US International Trade Commission (USITC) to investigate the
imposition of steel safeguard tariffs. In October 2001, the USITC concluded imports were a
substantial cause of serious injury to the steel industry and recommended safeguard tariffs.
In March 2002, President Bush imposed 8-30% tariffs on over 170 steel products. These
temporary tariffs were set to last for three years but President Bush removed them in De-
cember 2003 after a November 2003 WTO ruling against their WTO-legality. Based on the
input-output structure of the US economy and the industrial employment composition of
US local labor markets, we construct measures for US commuting zones (CZs) that reflect
the protection they received for their steel-producing industry and their vulnerability based

1See, e.g., articles in Politico, The New York Times, The Financial Times, The Wall Street Journal, The
Atlantic, The Economist, The Washington Post, and The Conversation.

2Francois and Baughman (2003) use a bi-variate OLS regression with 36 monthly observations that
regresses monthly US employment in steel-consuming industries on the two independent variables of a steel
producer price index and overall manufacturing employment.
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on their use of steel as an input. After controlling for various factors, including time-varying
CZ-level exposure to the China shock and contemporaneous steel anti-dumping duties, our
difference-in-difference approach essentially checks whether changes in CZ-level employment
outcomes between the pre- and post-Bush steel tariff periods (first difference) are related to
differences in the local exposure of CZs to the Bush steel tariffs (second difference).

We have four main results. First, the Bush steel tariffs had large negative short-run
effects on local steel-consuming employment without any notable effects on local steel in-
dustry employment. We alternatively think of the steel-consuming industry as the entire
manufacturing sector or the most steel-intensive subset of industries within manufacturing.
Following little evidence of notable pre-trends in the share of local employment in steel-
consuming industries during the 1993-2000 pre-Bush steel tariff period, we find statistically
significant effects once the Bush steel tariff process starts in 2001 and these effects grow
substantially before removal of the tariffs at the end of 2003.

Second, the negative effects on downstream employment are highly persistent. They
remain stable until the end of our sample period in 2008 which is a full five years after the
Bush steel tariffs ended in December 2003. In part to measure economic significance, we also
confirm the large magnitude of the China shock on the manufacturing share of employment.
In turn, even in 2008, the impact of vulnerability to the Bush steel tariffs in our main analysis
is about 30-40% as large as the China shock. Using the kind of long difference specification
common in the China shock literature, we show that vulnerability to the Bush steel tariffs can
explain about 24% of the 2000-2007 decline in the US manufacturing share of employment
(compared to 40% for the China shock). Given stakeholders expected the tariffs would likely
last at most three years and potentially far less, these magnitudes could even understate
the effect of permanent tariffs. Ultimately, our results emphasize the negative downstream
employment effects of tariffs levied on key inputs and downplay the potential positive effects
for the protected industry.

Third, the impact of important macroeconomic shocks during the 2000s shapes the re-
sponse of local labor markets in the face of their vulnerability to the Bush steel tariffs. The
impact of vulnerability was notably weaker in local labor markets seeing a construction boom
driven by the 2000s house price bubble or specializing in industries standing to benefit from
the historic 2000s surge in military expenditure.3 Analogously, the impact of vulnerability
was notably stronger in local labor markets specializing in the auto sector where US em-
ployment fell 30% between 2000 and 2008. Overall, the impact of vulnerability was weaker
(stronger) if a local labor market was seeing expansion (contraction) of another key sector.

Fourth, we present evidence for a potential mechanism explaining the persistent effects

3As s share of US GDP, military expenditure grew over 40% between 2000 and 2008 from 3.1% to 4.4%.
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of vulnerability to the Bush steel tariffs: plant-level fixed entry costs. If an existing plant’s
revenue stream covers its expense stream but would not also cover the fixed entry cost, a
temporary negative shock can cause the plant to shut down without subsequent entry by
itself or another plant. That is, temporary shocks can lead to a persistent reduction in the
number of plants, and in turn employment, that would not happen in the absence of fixed
costs. Although sometimes very close to the 10% level of statistical significance, our results
show that vulnerability to the Bush steel tariffs reduces the CZ-level share of establishments
(or share of manufacturing establishments) that are highly steel-intensive. This is consistent
with plant-level fixed entry costs translating temporary tariffs into persistent effects.

Our paper closely relates to three distinct strands of the literature. The closest strand
investigates the effects of trade policy on downstream industries. While ours is the first
academic analysis on the employment effects of the Bush steel tariffs, the most closely re-
lated paper is a subsequent paper by Cox (2022). Despite the methodological differences
between her industry-level analysis and our local labor market analysis, the results are very
complementary. Using the firm-level tariff exemption process to Trump’s national security
tariffs on steel, Cox (2022) constructs a novel and highly disaggregated input-output map-
ping from steel products to downstream industries. Her main result is that the Bush steel
tariffs decreased US exports of downstream industries and this decline persisted for many
years after the Bush steel tariffs ended. She also confirms that downstream steel-intensive
industries experienced persistent employment declines following the Bush steel tariffs with
little effect on steel industry employment.

Most closely related to our paper in the strand of the literature on Trump’s trade war
tariffs is Flaaen and Pierce (2024).4 Like us, they analyze the impact of tariffs on employ-
ment outcomes using a difference-in-difference approach with time-varying treatment effects.
Different to our analysis, their main analysis is a monthly industry-level analysis but they
still find a sizable role for tariffs reducing industry-level employment through increasing the
cost of the industry’s intermediate inputs. In an extension, they investigate how county-level
unemployment responds to a county’s vulnerability based on the local industry use of in-
puts hit by Trump’s tariffs. Apart from looking at a different historical policy episode than
Flaaen and Pierce (2024), our CZ-level analysis focuses on local manufacturing and within-
manufacturing employment outcomes rather than their local but aggregate unemployment
outcome. Moreover, Flaaen and Pierce (2024) only have 18 months of data after the tariffs
come into effect and the tariffs are still in effect at the end of their sample period. In contrast,

4Handley et al. (2024) emphasize the negative effect of tariffs on intermediate inputs for export sales.
They found that exported US goods with intermediate inputs highly exposed to Trump’s trade war tariffs
effectively faced ad valorem tariffs of up to 4% on their exports. Other recent papers focus on tariff pass
through to US consumers (e.g. Amiti et al. (2019); Fajgelbaum et al. (2020); Cavallo et al. (2021)).
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our analysis looks at both the short-run effects when the Bush steel tariffs are in effect and
the medium-to-long run changes up to 5 years after the steel tariffs ended.

Two recent papers have also focused on the adverse employment effects of tariffs but
through temporary trade barriers on intermediate inputs. Bown et al. (2021) find that US
anti-dumping (AD) duties against China over the 1998-2016 period cost nearly 2 million
jobs in downstream industries. Barattieri and Cacciatore (2023) find that employment in
downstream industries falls by 0.5% points following a 1% point increase in the share of
imports subject to AD and countervailing (CV) duties in upstream industries.5 Like us,
Barattieri and Cacciatore (2023) also find little evidence that tariffs boosted employment in
industries protected by the tariffs. However, neither paper analyzes the effect of safeguard
tariffs. Yet, the MFN nature of safeguard tariffs (i.e. these tariffs apply to imports from
all countries) rather than the discriminatory nature of AD and CV duties (i.e. these tariffs
apply only to imports from specified countries) gives policy importance to understanding
the effects of safeguard tariffs. Moreover, as the recent public and policy discussion in the
US has indicated, the employment impacts of the Bush steel tariffs are crucial for an overall
understanding of real world implications of trade policy.

The second closely related strand of the literature explores factors that shape the response
of local labor markets to shocks. Bloom et al. (2019) and Autor et al. (2021) show the
negative marginal effect of the Chinese shock is stronger for CZs with lower human capital
or greater initial specialization in the industries more exposed to the China shock. Charles
et al. (2016, 2019) show local labor market declines in manufacturing employment during the
2000s are weaker (stronger) when the CZ is more (less) exposed to the early-mid 2000s house
price bubble driven construction boom and stronger (weaker) upon the subsequent bust in
the housing bubble and construction. From their analysis, we infer that the ability of a local
labor to deal with a negative shock is shaped by how other key sectors of the local economy
are expanding or contracting due to other simultaneous shocks. In addition to showing how
this general insight emerges due to the house price bubble led construction boom, we show
how it emerges due to the enormous increase in military expenditure and enormous decline
of the auto sector during the 2000s.

The third closely related strand of the literature establishes the persistent labor market
effects of trade shocks. Dix-Carneiro and Kovak (2017) show this in the context of 1990s
Brazilian local labor markets where unilateral tariff liberalization led to worse earnings and
employment outcomes for at least 10 years after the liberalization. They present substantial
evidence that persistence can stem from a reverse agglomeration process: slow regional
adjustment of capital and, in turn, sluggish labor demand dynamics amplify initial negative

5Barattieri and Cacciatore (2023) also show their results are robust to including safeguard tariffs.
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local labor demand shocks over time. Autor et al. (2021) show persistence in the negative
US local labor effects of the China shock through 2019, a decade after the plateau of Chinese
import growth. While these studies emphasize persistence effects of permanent trade shocks,
our results emphasize the persistent effects of temporary trade shocks.

However, we are not the first to document persistent effects of temporary trade shocks.
Juhász (2018) shows persistence in the French level of technology and economic development
due to temporary protection afforded by a trade blockade during the Napoleonic Wars.
Persistent effects on exports by domestic firms has been documented by Xu (2022) due to
the 1866 London banking crisis, Choi and Levchenko (2024) due to South Korean industrial
policy of the 1960s-1970s, and Cox (2022) due to the Bush steel tariffs. Further, Cox (2022)
builds a novel model, and presents supporting calibration evidence, showing how destination-
specific fixed entry costs imply that temporary tariffs can generate a persistent decline in
exports. Our result showing a persistent reduction in the share of establishments that are
highly steel-intensive is consistent with this kind of mechanism whereby the temporary input
tariff hike may lead firms to exit all markets. Thus, our results complements the evidence
presented by Cox (2022) that fixed entry costs can help rationalize the broad persistent
effects following removal of the Bush steel tariffs.

The rest of the paper proceeds as follows. Section 2 describes the institutional background
of the steel industry and the Bush safeguard tariffs. Section 3 presents industry-level impacts
of the tariffs. Sections 4 and 5 present our local labor market analysis. Section 6 concludes.

2 Institutional background

A key issue for our analysis is whether the timing of the Bush steel tariffs is exogenous. If not,
differential CZ-level changes in labor market outcomes between more and less exposed CZs
around the time of the Bush steel tariffs could reflect factors other than the Bush steel tariffs.
However, we argue exogeneity is plausible for two reasons. First, the steel industry was
undergoing a large-scale and long-term restructuring process during the 1980-2010 period and
was constantly demanding protection. Second, despite unsuccessfully pushing the Clinton
administration for safeguard tariffs over many years, the situation changed quickly and
unexpectedly under the Bush administration in 2001. We briefly expand on these points,
drawing heavily from Read (2005) and Devereaux et al. (2006).

The US steel industry experienced a transformative restructuring between 1980 and 2010.
Historically, so-called “integrated” steel mills converted raw steel inputs into basic finished
steel products at large-scale using very capital-intensive outdated technologies. However,
the 1980s and 1990s saw the emergence of mini-mills that converted scrap metal into niche
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steel products on a smaller scale using less capital intensive but more advanced technologies.
By the late 1990s, mini-mills had up to 40% market share in some steel products, dozens of
inefficient integrated mills had closed, and the steel industry labor force had fallen over 50%.

However, problems persisted. US integrated mills had smaller scale than foreign com-
petitors. Industry consolidation was hampered by generous wages and soaring “legacy” costs
– health, pension, and severance benefits – of integrated mills. And global factors, including
low-price foreign competition and global excess steel capacity, presented ongoing challenges.

These challenges led to continued steel industry demand for protection. Beginning in
1969, US presidents consistently protected the US steel industry.6 In the 1992-2002 period,
mainly under the Clinton administration, nearly 300 8-digit HS products received anti-
dumping (AD) duties and nearly 60% were steel products. But, AD duties only impose
tariffs on steel imports from specified countries. Hence, the steel industry began pushing for
safeguard tariffs – which hit imports from all countries – during the Clinton administration.

The Clinton administration seriously considered steel safeguard tariffs. But, although
sympathetic towards US steel workers, President Clinton saw the tariffs as a blemish on his
free-trade achievements. After years of unsuccessful pressure, the steel industry’s chances of
safeguard tariffs with the new Bush administration in 2001 seemed low. President Bush’s
electoral campaign emphasized free trade, and neither the steel unions nor key politicians in
the Congressional Steel Caucus had strong relationships with the Bush administration.

However, things changed quickly and unexpectedly. By May 2001, less than four months
after taking office, the Bush administration was seriously considering safeguard tariffs. On
June 5 2001, President Bush announced he would ask the USITC to investigate steel safe-
guard tariffs. By October 2001, the USITC recommended tariffs on a wide range of steel
products. Given the Bush administration initiated the safeguard investigation, it was fully
expected that President Bush would impose safeguard tariffs. He did so in March 2002 and
broadly followed the recommendations of the USITC report by imposing tariffs of 8%-30%
on more than 170 8-digit HS steel products.7

Unlike many tariff shocks and reforms analyzed in the literature, the Bush steel tariffs
were temporary. To conform with WTO rules, US legislation caps safeguard tariff duration
at four years. While the USITC recommended four years, President Bush implemented the

6President Nixon negotiated voluntary export restraints that began in 1969. President Carter allowed a
limited amount of imports when sold above a certain price during the 1970s and early 1980s. In the 1980s
and 1990s, Presidents Reagan and George H. Bush oversaw a reestablishment of voluntary export restraints.
After they expired under President George H. Bush, anti-dumping duties became the standard form of steel
industry protection.

7In practice, larger tariffs were associated with larger imports. Splitting the 170 products into three
categories of (i) 8% or 13% tariffs, (ii) 15% tariff, and (iii) 30% tariff, then average 1998 imports rise by 30%
from groups (i) to (ii) and from groups (ii) to (iii).
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tariffs for a planned period of three years. However, countries challenged the WTO legality
of the tariffs almost immediately and US stakeholders understood an even shorter duration
was likely.8 In part due to heavy impending EU retaliation, President Bush removed the
tariffs after barely 18 months in December 2003 once the US lost their appeal at the WTO
to the July 2003 ruling that the tariffs were illegal.9

3 Impact of Bush tariffs on steel prices and imports

Our research question revolves around the employment effects of the Bush steel tariffs. Any
such effect should arise directly from the effect of the Bush steel tariffs on the price of steel
in the US and, in turn, indirectly from the effect of the Bush steel tariffs on US steel imports.
Thus, we begin by analyzing the evolution of steel prices and the level of steel imports during
the period surrounding the Bush steel tariffs.

We first present data on the evolution of monthly US steel prices in the late 1990s and
early 2000s. We hand-collected tariff-inclusive prices paid by US steel-consuming firms from
the industry magazine Purchasing and obtained industry-specific producer price indices from
the US Bureau of Labor Statistics (BLS) that reflect steel prices received by US producers.10

Given the availability of these data, we focus on the period January 1998 through September
2003 and four prominent types of steel hit by the Bush steel tariffs: hot-rolled (HR) sheet,
cold-rolled (CR) sheet, hot-dipped galvanized (HD) sheet, and cold-finished (CF) bar.

Both data sources paint a consistent story: steel prices paid by US buyers and received
by US producers generally fell in the late 1990s and early 2000s but increased dramatically
following the Bush steel tariffs. Within 6 months of implementation, panel (a) of Figure
1 shows steep increases in the price paid by US steel-consuming firms for HR, CR, and
HD galvanized steel sheet (60-80%) and CF bar (20%). Although smaller, panel (b) shows
steep price increases received by US steel producers for HR and CR sheet (20-40%) and HD
galvanized sheet and CF bar (5-15%). Despite retreat in late 2002 and early 2003, prices
remained elevated by 10-20% in September 2003 relative to their pre-Bush tariff levels.

Standard international trade theory says the tariff will largely pass through to prices paid

8According to Devereaux et al. (2006, p.100), “[M]any observers claimed that since every safeguards
measure challenged in the WTO to that point had been declared illegal, the Bush administration knew full
well that the 201 action eventually would be rejected by the organization. However, the almost two years
likely needed for the dispute settlement process to reach any conclusion would give the tariffs ample time to
block steel imports to the clear benefit of the domestic steel industry.”

9Although the EU consistently threatened retaliatory tariffs, eventually on a list of US exports worth
more than $2 billion, it agreed to wait until the conclusion of the US appeal at the WTO (Devereaux et al.
(2006)).

10The data from Purchasing comes from surveying a large number of firms. They stopped reporting these
data in September 2003.
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by US buyers of steel and received by US producers of steel if (tariff-exclusive) prices received
by foreign exporters remain relatively stable. Evidence of such stability would suggest the
price increases in Figure 1 reflect the Bush steel tariffs. To this end, we exploit the fact that
the USITC did not impose tariffs on many steel products it investigated. In turn, among
steel products investigated by the USITC, we can analyze whether the evolution of steel
prices differed between those hit and those not hit by tariffs.

Specifically, we use the sample of steel products investigated by the USITC and estimate
the following difference-in-difference specification:

lnpkht = θln (1 + τh)× Yeart + φdAD
kht + γkt + γkh + εkht (1)

where pkht is the (tariff-exclusive) unit value received by exporter k for HS8 product h in year
t, τh is the Bush steel tariff imposed on HS8 product h, Yeart is a vector of year dummies
(with 2000 as the omitted base year). We control for steel anti-dumping (AD) duties dAD

kht

and include fixed effects γkt and γkh.11 εkht is the error term.
Figure 2 shows the results. In panel (a), the 2001-2003 point estimates θt say the tariff-

exclusive price of steel products hit with Bush steel tariffs fell after 2000 relative to the price
change for steel products not hit with Bush steel tariffs. Although statistically significant at
the 5% level in some years, the lower bound of the 95% confidence interval never falls below
-0.65, strongly suggesting that foreign exporters suffered less than full incidence of the tariff
but that any effect was temporary and gone by 2004. In turn, and consistent with panel
(a) of Figure 1, US steel-consuming industries bore a significant share of the tariff incidence.
Panels (b) and (c) split the sample according to the median 1998 exporter-HS8 import share
and qualitatively confirm the results of panel (a) for exporter products above and below the
median import share. Overall, panels (a)-(c) of Figure 2 support the notion from Figure 1
that the Bush steel tariffs substantially increased prices for US steel-consuming firms.

Turning to the evolution of steel imports, standard international trade theory suggests
the origin of steel consumed in the US should shift away from foreign producers facing the
tariff and towards producers not facing the tariff. Importantly, producers not facing the
tariff include both US producers as well as Free Trade Agreement partners and developing
countries specifically exempted from the tariffs by President Bush.12 We thus analyze the
effect on imports by comparing, on one hand, the change in imports between 2000 and some
other year for countries hit with the Bush steel tariffs and, on the other hand, the analogous

11Our later AD variables at the industry- and CZ-level aggregate from this exporter-product-time AD
duties variable dAD

kht .
12The exemption for some developing countries was on a product-by-product basis.

8



change in imports for countries exempt from the Bush steel tariffs.13 We implement this
idea through the following triple-difference specification:

lnyjht = θln (1 + τh)× 1
(
nonExemptjh

)
× Yeart + φdAD

kht + γht + γjt + γjh + εjht (2)

where yjht is either the (tariff-exclusive) value or quantity of imports and 1
(
nonExemptjh

)
indicates whether country j is non-exempt from the Bush tariff on product h.

Panels (d)-(e) of Figure 2 show the results. If one interpreted the 2002-2003 point esti-
mates in panel (d) as contemporaneous tariff elasticities, each 1% increase in the tariff leads
to respective import declines of around 2%-4% in 2002 and 2003. Such magnitudes fit well
with the range of elasticities in the literature. Moreover, the nearly identical point estimates
for the response of import value and import quantity again suggest the minimal impact of
the tariffs on tariff-exclusive prices received by exporters.

Ultimately, the large pass through of the Bush steel tariffs to tariff-inclusive US importer
prices and the steep fall in US steel imports combined with the plausibly exogenous timing
of the Bush steel tariffs are strong advantages for studying the Bush steel tariff shock.

4 Local labor market analysis: Methodology and data

4.1 Empirical methodology

We use a generalized difference-in-difference specification to analyze the impact of the Bush
steel tariffs on local labor market outcomes. Letting c index commuting zones (CZs) and t

index years in our sample period 1993-2008,

yct = α + βBc × Yeart + δXct + γc + γst + εct. (3)

Here, yct represents a labor market outcome. Our main outcomes are (i) the manufacturing
share of employment and (ii) the steel-intensive manufacturing share of employment. We
also look at (iii) the non-steel-intensive manufacturing share of employment and (iv) the
employment-to-working-age population ratio with the difference between employment and
working-age population reflecting those unemployed or not in the labor force. Finally, we
look at (v) the share of employment in steel production industries.

Bc = [Vc Pc] is a vector of time-invariant measures of CZ exposure to the Bush steel

13To the extent that steel is a homogeneous product, the tariff exclusive price received by foreign exporters
of a given good is the same regardless of whether the exporter is exempted from the tariffs. Hence our
difference-in-difference specification in equation (1). Nevertheless, the tariff discrimination between exporters
still induces a shift in the composition of domestic consumption across exporters.
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tariffs. Vc is a measure of vulnerability to using steel as an intermediate input and Pc is
a measure of protection for steel production.14 Yeart is a vector of year dummies that
allows the treatment effects β = (β1993, ...,β1999,β2001, ...,β2008) to vary over time. Given
Bush announced the USITC steel safeguard tariff investigation in June 2001 and the USITC
handed down their report recommending steel safeguard tariffs in October 2001, we specify
2000 as the omitted base year. Thus, our time-varying treatment effects are always measured
relative to 2000. These time-varying effects allow for differential pre-trends that depend on a
CZ’s exposure to the Bush steel tariffs. They also allow the effects to emerge immediately or
slowly after implementation of the steel tariffs and to persist throughout the sample period
or reverse themselves after removal of the steel tariffs in late 2003.

Xct is a vector of time-varying CZ-level controls while γc and γst are, respectively, CZ and
state-year fixed effects. The CZ fixed effects control for time-invariant CZ variables including
initial demographic and socioeconomic characteristics as well as economic characteristics such
as a CZ’s historical dependence on manufacturing, steel production, and steel consumption
(e.g. initial employment shares in these sectors). The state-year fixed effects control for
time-varying shocks at the state-level which could include business cycle fluctuations or the
evolution of demographic and socioeconomic factors.

4.2 Data

The data we use fall largely into three categories. First, we obtain input-output (IO) data
from the 1997 IO tables provided by the US Bureau of Economic Analysis (BEA). Second,
we obtain annual county-by-industry employment data from Eckert et al. (2021) who take
County Business Patterns data and concord the industry dimension in each year to NAICS
2012. We concord their data to the 1997 NAICS system used by the BEA in their IO tables
and, when relevant, to commuting zones (CZs).15 Unless otherwise noted hereafter, a NAICS
industry is an industry in the NAICS 1997 system used by the BEA in their 1997 IO tables.
Third, we obtain Bush steel tariff data from Presidential Proclamation 7529, anti-dumping
duties data from the Global Antidumping Database - 1980’s-2015 hosted by The World Bank
and originally developed by Chad Bown, and US trade flow data from the USITC DataWeb.
Appendix D.2 provides a detailed description of the data construction.

14As specified in equation (3), we always include both Vc and Pc in our regressions.
15The US Census Bureau provides concordances from NAICS 2012 to earlier versions of NAICS, including

NAICS 1997. With their IO tables, the BEA provides a concordance from NAICS 1997 to their own version
of NAICS 1997 used in their 1997 IO tables. David Dorn provides a concordance from counties to 1990 CZs
on his website.
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4.2.1 Steel and the input-output structure of the US economy

President Bush imposed steel tariffs on 171 8-digit HS products. These concord to four
6-digit NAICS industries: Iron and Steel Mills (331111), Steel Wire (331222), Metal Valve
Manufacturing (332910), and Lighting Fixture Manufacturing (335120). We use the 1997 IO
tables to measure how much each 6-digit NAICS industry j uses each 6-digit NAICS Bush
steel tariff industry i (or any other industry) as an input. Specifically, the direct requirement
measures industry j’s purchases of industry i as an input per $1 of industry j output, and
the total requirement measures this and the indirect amount of industry i embedded in other
inputs used by industry j per $1 of industry j output.16

Table 1 summarizes the direct and total requirement data. Panel A lists the top inter-
mediate inputs in terms of the average total requirement per $100 of output across all other
industries. The top four intermediate inputs are outside manufacturing but are much more
aggregate 2- or 3-digit NAICS industries. The fifth most important intermediate input and
the most important manufacturing input is one of the four Bush steel tariff products: Iron
and Steel Mills. On average, another industry uses $2.65 of this steel per $100 of its output
either directly or embedded in its other inputs. For the remaining top five manufacturing
inputs, other industries use $1.45-$2.08 of them, on average, per $100 of output. The next
most important input hit with Bush steel tariffs is Metal Valve Manufacturing with an av-
erage usage by other industries of $0.37 per $100 of output and this places it in the top 10%
of manufacturing inputs and the top 20% of all inputs in the economy. Overall, steel is a
very important input in the economy and this includes steel with Bush steel tariffs.

Panel B of Table 1 shows the industries that most depend on Bush steel tariff industries.
Usage in panel B is defined as the sum, per $100 of the using industry’s output, of the total
or direct requirement across the Bush steel tariff industries.17 Four 3-digit NAICS codes
account for 25% of all 6-digit NAICS codes but 81% of 6-digit NAICS codes among the top
100 industries in terms of total requirement usage: the manufacturing of primary metals,
fabricated metals, machinery, and transportation equipment. Indeed, the former two 3-digit
codes house the six most steel-intensive industries in the economy, using $23-$40 of tariffed

16To be clear, the total requirement represents both the direct requirement and all of the indirect re-
quirements through the Leontief inverse of the IO matrix. That is, the total requirement of steel for a using
industry j is not simply its direct steel requirement plus the direct steel requirement in its non-steel inputs
k. It also includes the direct steel requirement in the inputs embedded in the non-steel inputs k, and so on
along the IO chain.

17On average across the 12 6-digit NAICS industries in panel B, the direct requirement is 88% of the
indirect requirement. In turn, among industries heavily using steel, the ranking of industries who most rely
on steel is very similar regardless of whether input usage is defined as total or direct requirements. However,
this is not true for the economy as a whole. Conditional on using steel directly, which includes more than 90%
of 6-digit NAICS industries, the median industry’s direct requirement is only 25% of its total requirement
and this share varies from 5% at the 25th percentile to 68% at the 75th percentile.
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steel per $100 of output. And, the most steel-intensive industries within the latter two 3-
digit codes use $11-$18 of tariffed steel per $100 of output. Ultimately, many manufacturing
industries rely heavily on the steel hit with Bush steel tariffs as an intermediate input.

4.2.2 CZ-level exposure to Bush steel tariffs

We construct two CZ-level measures of exposure to the Bush steel tariffs. First, Vc captures
a CZ’s vulnerability to the Bush steel tariffs through its reliance on local production that
uses steel as an input. Second, Pc captures the protection afforded to a CZ’s steel production
and follows the definition of local protection used recently by Blanchard et al. (2024) and
Lake and Nie (2023). Each measure aggregates industry-level Bush steel tariff duties that
would be collected on the pre-Bush tariff level of imports using the CZ’s (time-invariant)
employment composition. For each Bush steel tariff industry i, industry-level protection Pi is
simply these Bush steel tariff duties per industry i worker. For each steel-using industry j, its
vulnerability Vj reflects these additional Bush steel tariff duties paid on the steel embodied
in its inputs per industry j worker.

We begin by calculating the Bush steel tariff duties that would be collected on the pre-
Bush tariff volume of imports in 1998. Aggregating across the set H (i) of 8-digit HS products
h hit with Bush steel tariffs that map to 6-digit NAICS steel industry i, these duties (in
thousands of dollars) are

di =
∑

h∈H(i)

τhIMh (4)

where τ and IM denote, respectively, the Bush steel tariff and 1998 imports (in thousands
of dollars). Industry-specific protection for steel industry i is then simply duties per worker:

Pi =
1

Li

di (5)

where Li denotes 1998 industry i employment. To measure the per-worker burden of Bush
steel tariff duties paid by a steel-consuming industry j, we allocate the Bush steel duties di

collected on imports of each Bush steel tariff industry i across all steel-consuming industries
according to their share of economy-wide steel i usage in the 1997 IO tables:

Vj =
1

Lj

∑
i

sij∑
j sij

di (6)

where sij denotes industry j’s total requirement in absolute terms (i.e. not per $1 of output)
of steel i as an input. Thus, industry-specific protection for steel industry i represents the
duties (in thousands of dollars) collected per steel industry worker and industry-specific
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vulnerability for steel-consuming industry j represents the additional steel input duties paid
(in thousands of dollars) per steel-consuming worker.

Although our CZ-level analysis will aggregate these industry-level measures of protection
and vulnerability, Borusyak et al. (2022) show an important equivalence result. They show
the point estimate for the CZ-level “shock” can be obtained from either a CZ-level regression
or an industry-level regression which has transformed the CZ-level data to industry-level
data and instruments the transformed CZ-level shock with the observed industry-level shock.
This leads to the insight that CZ-level identification can be interpreted as resting on quasi-
random assignment of shocks across industries and does not require exogeneity of the CZ-
level employment composition. It also leads to additional insights regarding the structure
of variation underlying the shocks, the clustering of standard errors, and tests that help
understand the plausibility of quasi-random shock assignment.

Intuitively, Borusyak et al. (2022) argue that two conditions should be met for the struc-
ture of the shocks to provide meaningful variation for identifying their impact. First, there
is sufficient variation in the magnitude of the shock across industries. Second, the employ-
ment distribution cannot be overly concentrated in a few industries. Appendix B shows
that the input-output structure of the US economy generates substantial variation across
steel-consuming industries in additional Bush steel tariff duties paid per worker, Vj, and
also shows a relatively dispersed employment distribution across steel-consuming industries.
These features allow us to view the impact of vulnerability to the Bush steel tariffs through
the lens of the Borusyak et al. (2022) identification framework.

However, there is little variation across few industries in Bush steel tariff duties per worker
Pi because Bush steel tariffs only apply to four 6-digit NAICS steel industries. Thus, we
hesitate to view local protection from the Bush steel tariffs through the Borusyak et al. (2022)
identification framework. Instead, causally interpreting the impact of local protection on the
steel-production employment share more reliably rests on exogeneity of the CZ employment
composition with respect to the steel-production employment share. We return to this point
later when discussing our local protection results.

CZ-level analyses typically cluster observations geographically, e.g. at the state-level,
when calculating standard errors. This ignores that CZs with very similar industrial em-
ployment compositions, and hence correlated local vulnerability to the Bush steel tariff,
may be scattered across different states. However, the equivalence result of Borusyak et al.
(2022) provides a natural solution: the “equivalent” industry-level regression allows standard
errors clustered by industry. Appendix B assesses the appropriate clustering in our context
and ultimately suggests exposure-robust clustering that aggregates our 467 6-digit NAICS
industries into 61 3-digit sub-sectors.
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To help assess plausibility of quasi-random industry-level vulnerability, panel A of Ta-
ble 2 investigates systematic correlation with 1998 industry-level characteristics that could
also drive differential labor market outcomes. We consider four sets of characteristics.18

First, the capital share of investment and the high-tech share of investment proxy for an
industry’s level of technology. Second, skill intensity (defined as the ratio of non-production
employment to production employment) and the capital-to-labor ratio proxy for an indus-
try’s factor intensity. Third, the capital and labor share of either output or value-added
proxy for an industry’s factor payments. Finally, log TFP and log TFP growth proxy for an
industry’s productivity and productivity growth. We normalize vulnerability and industry
characteristics so that each has zero mean and unit variance. In turn, the panel A regression
point estimates are the raw correlation between vulnerability and an industry characteristic.
These point estimates uniformly display a very low correlation, always below 0.08, and never
achieve conventional levels of statistical significance when clustering by NAICS sub-sector.

We now aggregate our industry-specific measures of protection and vulnerability to the
CZ level using 1998 CZ-level employment shares. That is,

Vc =
∑
j

Ljc

Lc

Vj (7)

Pc =
∑
j

Ljc

Lc

Pj. (8)

Panel (a) of Figure 3 shows the spatial distribution of CZ-level vulnerability Vc to the Bush
steel tariffs. Following from the notable variation of industry-level vulnerability Vj and
dispersion of industry-level employment Lj, panel (a) illustrates substantial spatial variation
in local vulnerability Vc. The Rust Belt states of Michigan, Indiana and Ohio are particularly
vulnerable but this vulnerability stretches down a corridor through Kentucky, Tennessee,
Alabama, and Mississippi. Other pockets of vulnerability are scattered across the US.

Panel (b) illustrates local protection Pc. About 50% of CZs have Pc = 0 because they
have zero employment in the Bush steel tariff industries. The CZs receiving most protection
are scattered across the US, with the largest cluster in the Rust Belt areas of eastern Michi-
gan, eastern Ohio, and western Pennsylvania. Although positive, the correlation between
vulnerability Vc and protection Pc of 0.37 is relatively weak. Given our estimation strat-
egy uses state-year fixed effects, panels (c)-(d) illustrate vulnerability and protection after
removing state fixed effects and this generates a lot more variation across the US.19

18Except for the capital and high-tech share of investment from Acemoglu et al. (2016), all industry
characteristics from the NBER-CES Manufacturing Database (Becker et al. (2013)).

19Because vulnerability and protection, Vc and Pc, are time invariant, removing state-year fixed effects is
equivalent to removing state fixed effects.
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Finally, panel B of Table 2 investigates systematic correlation between vulnerability and
CZ-level characteristics that reflect the 1990 composition of a CZ’s workforce. Again nor-
malizing vulnerability and CZ characteristics so that each has zero mean and unit variance,
the regression point estimates are the raw correlation between vulnerability and a CZ char-
acteristic. Although still relatively weak correlations of 0.20-0.35, more vulnerable CZs have
statistically significant lower shares of college educated workers and foreign born workers,
as well as larger shares of their 1990 workforce employed in routine occupations. We take
multiple steps to guard against these CZ characteristics confounding the impact of the Bush
steel tariffs. First, our CZ fixed effects control for these 1990 CZ characteristics. Second, our
baseline controls Xct include these 1990 CZ characteristics interacted with year dummies
so that they can affect local labor market outcomes in a time-varying manner. Third, our
state-year fixed effects control for the evolution of state-level changes in demographic and
socio-economic characteristics.

4.2.3 Employment outcomes

Our analysis focuses on two CZ-level employment variables, each expressed as a share of time-
varying CZ employment. First, manufacturing employment covers the 2-digit NAICS sectors
31, 32 and 33. Second, we define steel-intensive manufacturing industries as the 6-digit
NAICS manufacturing industries with a direct requirement in at least one of the four Bush
steel tariff industries above $7.50 per $100 of output. There are 35 of these industries (see
Table 1 for a snapshot) that cover about 13% of US manufacturing employment. Apart from
the non-steel-intensive manufacturing share of employment, we also consider two additional
variables. First, the steel-production share of employment covers the four Bush steel tariff
industries. Second, the employment-to-working-age population ratio is an inverse measure
of non-employment that includes unemployed workers and those not in the labor force.20

Appendix figures A.1 and A.2 show, respectively, the evolution of these employment
share variables at the national and CZ levels. After 2000, the US employment share for
manufacturing, steel-intensive manufacturing, and steel-production all fell to around 80%
of their 2000 values with particularly rapid declines in the 2001-2003 window. Although
this continued the pre-2000 decline for the manufacturing and steel-production employment
shares, the steel-intensive manufacturing employment share was quite stable before 2000. At
the national level from 1993 to 2008, the manufacturing employment share fell 6% points
from 17.1% to 11.1%, the steel-intensive manufacturing employment share fell 0.5% points
from 2.0% to 1.5%, and the steel-production employment share fell 0.11% points from 0.29%
to 0.18%. Thus, roughly speaking, the manufacturing employment share is an order of

20County-level working age population data, defines as people 15-64 years of age, comes from SEER.
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magnitude larger than the steel-intensive manufacturing employment share, which is an
order of magnitude larger than the steel-production employment share.

At the CZ-level, panels (a)-(b) of appendix Figure A.2 show that the early 2000s declines
in the manufacturing and steel-intensive manufacturing employment shares are heavily con-
centrated in the eastern half of the US. In fact, these employment shares actually increase in
the top 20%-40% of CZs and these are concentrated in the western half of the US. Comparing
this spatial variation in employment shares with the spatial variation in local vulnerability
illustrated in Figure 3 reveals a negative correlation, especially in the Rust Belt states of
Michigan, Indiana and Ohio, and is suggestive of our later results.

Panel (c) shows the decline in steel-production employment is concentrated in western
Pennsylvania, eastern Michigan, and north-eastern Ohio. Although Figure 3 also shows
these areas are the most dependent on employment in the Bush steel tariff industries, the
correlation between local protection Pc and employment is not as visually obvious as that
between local vulnerability and employment.

4.2.4 Other important trade shocks during Bush steel tariff time period

A key concern for identifying the impact of the Bush steel tariffs is that other confounding
shocks may happen simultaneously. The most natural candidate is rising Chinese import
competition during the 2000s, given the influential literature documenting its importance.
Another candidate is the overlap of steel AD duties. Thus, we construct CZ-level measures
of exposure to these shocks. We briefly describe their construction here, but return to a
more detailed description of their relationship with the Bush steel tariff shock in Section 5.3.

We construct time-varying local vulnerability to steel AD duties V AD
ct and and local

protection from steel AD duties PAD
ct using equations (4)-(8).21 Following Autor et al. (2013),

our time-varying measure of local imports per worker (IPW) from China aggregates time-
varying industry-specific imports (in thousands of 1998 dollars) using time-invariant 1998
CZ employment weights:

IPWct =
∑
j

IPWjt
Ljc

Lc

=
∑
j

∑
h∈H(j) IMht

Lj

Ljc

Lc

. (9)

We also construct the canonical instrument for IPWct that replaces US imports from China

21Given AD tariffs are exporter-product specific, we construct steel AD duties dit in equation (4) using
time-varying tariffs and 1998 imports at the exporter-product level. We define steel AD duties as those HS
products in Chapters 72 (Iron and Steel) and 73 (Articles of Iron and Steel).
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IMht with Chinese exports to other high-income countries IMOther
ht :22

IPW IV
ct =

∑
j

∑
h∈H(j) IM

Other
ht

Lj

Ljc

Lc

. (10)

5 Bush steel tariffs and local labor markets: Results

5.1 Baseline results

Standard international trade theory suggests steel tariffs should reduce production of goods
that use steel as a key intermediate input, but boost the production of steel. If employment is
positively correlated with production, employment should fall in steel-consuming industries
but rise in steel-production industries.

We begin with a parsimonious specification to illustrate the core relationship between the
Bush steel tariffs and CZ employment. Given the correlation between 1990 CZ characteristics
and local vulnerability documented in Section 4.2.2, the controls Xct consist of 1990 CZ
characteristics interacted with year dummies. Shortly we will expand these controls to
include Chinese import competition and exposure to steel AD tariffs. All figures illustrating
our results cover 1993-2000 before the Bush steel tariff process began, 2001-2003 that finishes
with President Bush removing the steel tariffs in December 2003, and post-2003 after removal
of the tariffs. To facilitate comparison between different dependent variables and different
shocks, all figures report standardized coefficients.

Figure 4 presents the parsimonious results. Panels (a)-(b) show the impact of vulnerabil-
ity to the Bush steel tariffs on our two primary outcomes: the manufacturing employment
share and the steel-intensive manufacturing employment share. Neither panel suggests no-
table concerns regarding pre-trends: the pre-period point estimates are generally statistically
insignificant, substantially smaller in absolute value than the post-period point estimates,
and any pre-trends push in the opposite direction of the post-period point estimates.

The point estimates are negative and statistically significant once the Bush steel tariff
process begins in 2001 and grow substantially in 2002. Panels (a)-(b) show modestly negative
standardized coefficients in 2001 of, respectively, -.021 and -.055 for manufacturing and steel-
intensive manufacturing. But, these coefficients grow substantially to -.053 and -.133 in 2002.
As expected, the standardized coefficients are larger in the steel-intensive manufacturing
sector. A CZ with a one standard deviation higher vulnerability to the Bush steel tariffs
has a 0.133 standard deviation larger decline (or smaller increase) in the steel-intensive

22These countries are Australia, Denmark, Finland, Germany, Japan, New Zealand, Sweden and Spain.
We obtain Chinese imports into these countries from COMTRADE via the World Bank’s WITS database.
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manufacturing employment share between 2000 and 2002 but only a .053 standard deviation
larger decline (or smaller increase) in the manufacturing employment share.

Perhaps surprisingly, these negative effects persist after removal of the Bush steel tariffs
in 2003. Indeed, the impacts grow substantially with respective standardized coefficients
reaching -.097 and -.185 in 2008. These effects are economically meaningful. As a benchmark
and as we discuss in more detail in Section 5.3, the standardized coefficient for the impact of
Chinese import competition on the manufacturing employment share when including it as a
control in equation (3) is 0.175. Thus, the effect of the Bush steel tariff shock is more than
half as large as that of the China shock on the CZ-level manufacturing employment share.
And, the size of the Bush tariff shock on the steel-intensive manufacturing employment share
is larger than that of the China shock on the manufacturing employment share.

The vast recent literature on local labor market shocks has emphasized the surprising lack
of prompt within-CZ employment reallocation from industries facing trade shocks to other
industries and, in turn, an increase in the share of non-employed workers that either become
unemployed or leave the labor force. Panels (a)-(b) cannot speak to this point because they
focus on the composition of employment.

However, panels (c)-(d) speak to this issue. Panel (c) shows the impact on the non-steel-
intensive manufacturing employment share is somewhat weaker but otherwise similar to the
impact on the manufacturing employment share.23 Thus, it suggests the non-steel intensive
manufacturing industries are not expanding to accommodate the reallocation away from
steel-intensive manufacturing industries. However, panel (d) shows the post-2000 impact
on the employment to working-age population ratio (which combines unemployed workers
and those not in the labor force into a non-employed category) is economically negligible
and never close to conventional levels of statistical significance. This is perhaps unsurprising
given the modest effects in panel (a) on manufacturing employment, which is only about
10-20% of employment, and the economically large effects in panel (b) represent a subset of
workers that make up less than 15% of manufacturing employment. That said, the effects in
manufacturing are non-trivial and hence panel (d) provides evidence that the Bush steel tariff
vulnerability shock does not fit the narrative that local labor markets struggled to reallocate
workers and, in turn, saw higher unemployment rates and lower labor force participation.

Moving on from the adverse impacts on steel-consuming industries, we now look at the
effect of local protection on the steel-production employment share. Panel (e) shows a similar
downward trend in the pre-1997 and post-2001 periods, with a zero point estimate in the
intervening years. However, we will shortly see that controlling for contemporaneous steel

23By definition, the steel-intensive and non-steel-intensive manufacturing employment shares sum to the
manufacturing employment share.
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AD duties simplifies interpreting the impact of local protection from the Bush steel tariffs
on steel-production employment.

The primary identification threat we face is other confounding shocks in the early 2000s.
The first natural candidate is the well-documented China shock that begins in the 1990s
and accelerates in the 2001-2008 period following China’s accession to the WTO. A second
natural candidate is the raft of steel AD duties during the 1990s and 2000s.

Thus, we add time-varying controls for these shocks – IPWct, V AD
ct , and PAD

ct – to our set
of controls Xct. Figure 5 shows the results. Three points stand out regarding the impact of
local vulnerability to the Bush steel tariffs. First, panel (b) shows the impact on the steel-
intensive manufacturing employment share is actually somewhat larger now. Second, panel
(a) shows the impact on the manufacturing employment share is now notably more modest;
the 2008 point estimate has fallen 40%. Third, panel (c) shows essentially no impact on the
non-steel intensive manufacturing employment share and that any effect quickly dissipates
upon removal of the tariffs.

For the impact of local protection from the Bush steel tariffs on the steel-production
employment share, panel (e) shows a much smoother impact. As we will soon see, this is
driven by controlling for local protection from steel AD duties. Moreover, panel (e) suggests
that local protection from the Bush steel tariffs does not lead to any deviation from the
pre-existing secular decline in the steel-production employment share. We see this more
formally in two ways. First, we cannot reject the null that the panel (e) point estimate for
1994-2005, which stretches two full years beyond removal of the Bush steel tariffs, diverges
from a linear trend extrapolated around any pre-2000 point estimate. Second, we estimate
the impact of local protection after first-differencing equation (3) to remove a linear trend.
Figure D.1 in the appendix shows negligible and statistically insignificant point estimates
in every year 1994-2008. Thus, our results say the Bush steel tariffs did little to alter the
secular movement away from steel-production employment during our sample.

As explained earlier, only having four steel industries underpin the variation in local
protection across CZs, Pc, is undesirable from the Borusyak et al. (2022) identification
perspective. However, one can alternatively interpret identification of local protection on
the steel-production employment share through exogeneity of the 1998 CZ-industry em-
ployment shares (Goldsmith-Pinkham et al. (2020)). Chor and Li (2024) interpret this as
(i) CZ-level trends in the steel-production employment share should be uncorrelated with
1998 CZ-industry employment shares and (ii) contemporaneous shocks cannot affect the
steel-production employment share through the profile of 1998 CZ-industry employment
shares. For the former, we have already argued that, conditional on a linear trend, the
steel-production employment share is not differentially growing before (or after) 2000 across
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CZs as a function of their 1998 shares of steel-production workers. For the latter, we argue
that the two most natural confounding shocks to local protection from the Bush steel tariffs
are the China shock and steel AD duties.

It may seem surprising that local protection from the Bush steel tariffs does not boost
steel employment. However, this ignores the context of the steel industry’s transformative
restructuring and consolidation together with the Bush administration’s hope that the tariffs
would further facilitate this process. Accompanying the tariffs, the Bush administration re-
quired steel firms submit regular progress reports describing their work towards consolidation
and improved financial performance (Devereaux et al., 2006). Moreover, USITC Chairman
Stephen Koplan stated that such restructuring and consolidation “will mean further job losses
in an already retrenched industry” in the USITC’s safeguard tariff recommendations report
(USITC, 2001, p.407). Consistent with his analysis, nine steel firms went bankrupt and
many more smaller firms were acquired by the major steel firms International Steel Group
and Nucor before removal of the Bush steel tariffs (Devereaux et al., 2006). Further re-
flecting these changes, data from the NBER-CES Manufacturing Industry Database reveals
increased profitability and historic inventory rundowns in the 2001-2004 period.24,25

Figure 5 establishes clear baseline results on the impact of the Bush steel tariffs on local
labor market outcomes. Most importantly, the Bush steel tariffs adversely affected employ-
ment in steel-intensive manufacturing industries and these effects persist for many years after
the removal of the tariffs. As we discuss soon, the effects are economically large relative to
the impact of the China shock. This is especially striking given one may expect larger ad-
justment in economic behavior by firms from permanent rather than temporary tariffs, and
hence our results may understate the effects of permanent tariffs. Nevertheless, these adverse
effects do not spillover to non-steel-intensive manufacturing nor do they spillover to increase
the combined share of unemployed workers and those not in the labor force. Further, the
Bush steel tariffs do not appear to arrest the secular decline in steel-production employment.

5.2 Robustness of baseline results

Before further discussing the Bush steel tariffs in the context of the China shock and con-
temporaneous steel AD duties, we discuss numerous exercises that emphasize the robustness
of our baseline results in Figure 5.

24As a share of the value of shipments, (i) steel industry profits rose more than 50% from 20.8% in 2001 to
33.1% in 2004 and (ii) inventory run downs exceeded 2% for 2002-2003. Since the beginning of the database
in 1958, 1985-1986 was the only other time the latter happened.

25Short-run capacity constrains are another reason that help explain the lack of steel industry employ-
ment response because US steelmakers were rationing steel to their customers in mid-2002 due to capacity
constraints (Stundza (2022)).
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Exposure-robust standard errors Our baseline results cluster standard errors at the
state-level which allows for a flexible error correlation structure across CZs within a state
but assumes independence across states. Although a standard approach, it ignores that CZs
with similar industrial composition and hence potentially similar common shocks may lie in
different states. This could undermine the statistical significance of our baseline results.

To address this issue, we calculate Borusyak et al. (2022) exposure-robust standard errors.
As described in Section 4.2, we cluster at the NAICS sub-sector level because this is the
industrial aggregation level where residual variation is largely clustered within rather than
across clusters. Figure D.2 shows that, in our context, the conventional state-level clustered
standards are more conservative than the NAICS sub-sector exposure-robust standard errors.
This motivates our choice to use them in our baseline results.

Alternative trade shock controls Moving from Figure 4 to Figure 5 introduced controls
for three trade shocks: the China shock, vulnerability to steel AD duties, and protection
from steel AD duties. Given one may wonder the separate roles played by these additional
controls, Figures D.3-D.5 control for each shock on its own. Figure D.3 shows the China
shock drives the moderated impact of local vulnerability to the Bush steel tariffs on the
manufacturing and non-steel-intensive manufacturing employment shares in Figure 5. Figure
D.4 shows controlling for local vulnerability to steel AD duties drives the stronger impact of
local vulnerability to the Bush steel tariffs on the steel-intensive manufacturing employment
share in Figure 5. Figure D.5 shows local protection of steel AD duties drives the smooth
impact of local protection from the Bush steel tariffs on the steel-production employment
share in Figure 5.

The China shock literature emphasizes the possible endogeneity of Chinese import com-
petition. Figure D.6 shows the results when we simply use this instrument IPW IV

ct as a
control variable instead of our baseline measure IPWct. Figure D.7 shows the results when
we instrument for the baseline measure IPWct using the instrument IPW IV

ct . Neither ap-
proach materially alters our baseline results.

Alternative exposure measures Our baseline analysis uses 1998 CZ-industry employ-
ment weights to aggregate industry-level shocks to the CZ level, and we also use 1998 CZ
working-age population as regression weights. However, one may wonder why we do not use
weights from the first year in our sample period.

The primary reason is the structure of our pre-1998 employment data from Eckert et al.
(2021). Their data have the strong advantage of being a time-consistent panel of county-by-
NAICS employment at the 6-digit NAICS level, which is especially important because of the
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1998 switch in industry classification systems from SIC to NAICS. Nevertheless, Eckert et al.
(2021) cannot concord a non-trivial number of SIC industries to 6-digit NAICS industries.
Hence, a non-trivial share of pre-1998 employment is not reflected in any 6-digit NAICS
industry.26 This motivates our choice of 1998 weights. Further, the identification framework
of Borusyak et al. (2022) only requires exogeneity of shocks and not weights.

However, we also construct measures of all local shocks – those relating to the Bush steel
tariffs, steel AD duties, and the China shock – using 1993 weights and use the 1993 CZ
working-age population as regression weights. Figure D.8 presents the results and shows
little qualitative differences from Figure 5. The most notable differences are the larger 2008
standard errors in panels (a)-(c), as well as the statistically insignificant 2008 point estimate
for the impact of local vulnerability on the manufacturing employment share.

Our baseline local vulnerability measure Vc includes the Bush steel tariff industries as
industries that use steel as an input. This choice is motivated by a quirk implied by the
Borusyak et al. (2022) equivalence result. Specifically, omitting the Bush steel tariff in-
dustries as using steel when calculating local vulnerability implies that the instrument for
vulnerability of a Bush steel tariff industry i in the equivalent industry-level regression takes
on a value of zero instead of its actual industry-level vulnerability value Vi. Nevertheless,
we also construct vulnerability measures that exclude the Bush steel tariff industries (and
steel AD industries) as industries that use steel when calculating local vulnerability Vc (and
V AD
c ). Figure D.9 shows the results are virtually unchanged.

Alternative measurement of steel-consuming and steel-producing employment
Our baseline results define steel-intensive manufacturing industries as those directly using
more than $7.50 per $100 of output of any steel hit by Bush steel tariffs. This defines a set
of 35 industries that essentially cover the top 10% of manufacturing industries in terms of
steel intensity and 13% of US manufacturing employment. We now relax this threshold to
$5 per $100 of output. This now defines a set of 62 industries that essentially cover the top
18% of manufacturing industries in terms of steel intensity and 20% of US manufacturing
employment. Comparing panel (a) of Figure D.10 and panel (b) of Figure 5 shows this has
virtually no effect on the impact of Bush steel tariff vulnerability.

As discussed above, a non-trivial share of employment in the SIC years 1993-1997 do
not concord to any 6-digit NAICS industry. Thus, our baseline steel-intensive manufactur-
ing employment and steel-producing employment measures allocate residual employment in
the 1993-1997 years to 6-digit NAICS industries using the 1998 distribution of employment.

26Across county-year observations between 1993 and 1998, the mean share of employment concorded
to 6-digit NAICS industries is only 46% with this share only reaching 74% at the 99th percentile of the
distribution.
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Alternatively, we also construct steel-intensive manufacturing and steel-producing employ-
ment without allocating this residual employment. Panels (b) and (c) of Figure D.10 show
the 1998-2008 results are virtually unchanged. However, reflecting our concern over not al-
locating residual employment in our baseline analysis, panel (b) shows the pre-1998 point
estimates are notably shifted down relative to our baseline results in panel (b) of Figure 5.

Removing outliers To assess robustness to outliers, we remove observations where either
the dependent variable or the key independent variable of interest (local protection for the
steel-production employment share and local vulnerability otherwise) lie in the top or bottom
1% of their respective distributions. Figure D.11 shows the results are virtually unchanged
relative to the baseline results.

5.3 Three trade shocks

We showed our baseline results in Figure 5 that control for the China shock and AD policy
are robust. We now further investigate the relationship between the Bush steel tariffs and
the contemporaneous shocks of rising Chinese import competition and steel AD duties.

5.3.1 Bush steel tariffs versus steel AD duties

Given the US steel industry has historically been the primary recipient of AD duties, it may
seem surprising that our results are relatively unaffected by controlling for steel AD duties.
Indeed, between 1996 and 2002, panels A-B of Table 3 show over 60% of product-by-AD case
pairs and about 50% of 8-digit HS products subject to AD investigations were steel products
(HS chapters 72 and 73) and about 60-70% of these steel products were hit with Bush steel
tariffs. Thus, there is substantial concurrent overlap between the products targeted by the
Bush steel tariffs and AD duties.

However, the very different timing of these AD duties and the Bush steel tariffs help
explain why steel AD duties have little effect on our results. Of the steel products hit with
Bush steel tariffs and AD duties in the 1996-2002 period, 80% were across six AD cases (see
panel C of Table 3). For two cases, AD duties only lasted a few months because preliminary
duties expired after the USITC reached a final injury determination of “no injury”. For the
other four cases, AD duties were in place until at least 2003 and were still overwhelmingly
in place by 2015. Moreover, these AD duties go back to an earlier wave of steel AD cases in
the early 1990s. Ultimately, for most of the Bush steel tariff products, steel AD duties had
been in effect long before and stayed in effect long after the Bush steel tariffs.
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5.3.2 Bush steel tariffs versus the China shock

Our baseline analysis showed that controlling for the China shock moderated the impact of
local vulnerability to the Bush steel tariffs on the manufacturing employment share but did
not affect the impact on the steel-intensive manufacturing employment share. Fundamen-
tally, these results reflect the surprisingly weak industry-level correlation between Chinese
import competition and vulnerability to the Bush steel tariffs. The correlation between
Vj and IPWj,2000 is only −0.035 and the correlation between Vj and the growth of IPWj

between 2000 and 2007 is only −0.009.27

Table 4 helps explain this weak industry correlation. Of the 50 industries most vulnerable
to the Bush steel tariffs, panel A shows 64% lie in the sub-sectors for the manufacturing of
fabricated metals or heavy machinery. Another 22%, lie in the manufacturing of primary
metals or transportation equipment. This contrasts starkly with the emphasis and broad-
based nature of rising Chinese import competition. Of the 50 industries with the strongest
2000-2007 growth in Chinese imports per worker, Panel B shows the heaviest concentration
lies in the four sub-sectors for the manufacturing of office machinery; computer and electronic
products; electrical equipment, appliances, and components; and miscellaneous products
(including toys, jewelry, and sporting goods). Moreover, these sub-sectors only account
for half of the top-50 industries, with other industries including furniture, fishing, leather
products, and footwear among those with the strongest growth in import competition.

Moving beyond a comparison of the top 50 industries, Figure 6 illustrates the general
lack of industry-level correlation between the two shocks. The y axis ranks the 355 tradable
industries according to their growth in IPWjt between 2000 and 2007 (lower ranks indicate
higher growth). The x axis ranks these industries according to their vulnerability to the Bush
steel tariff Vj (lower ranks indicate greater vulnerability). The fact that industries are fairly
uniformly scattered across the 355×355 matrix indicates that, essentially, the distribution
of Chinese import growth is independent of Bush steel tariff vulnerability and vice-versa.28

Despite the remarkable lack of industry-level correlation between the Bush steel tariff
shock and the China shock, there is non-trivial correlation at the CZ-level albeit still rel-
atively weak. Figure 7 illustrates the spatial distribution of Chinese IPW in 2000 and its
2000-2007 growth. The correlation between these two is 0.84 and their respective correla-
tions with CZ-level Bush steel tariff vulnerability are 0.25 and 0.33. The concentration of the
Bush steel tariff and China shocks within manufacturing creates greater correlation at the

27Industries with high Chinese imports per worker in 2002 tend to have the strongest growth in Chinese
imports per worker over the 2000-2007 period. The correlation is 0.84.

28Figure A.3 displays the message from Figure 6 in an industry-level scatter plot of vulnerability Vj versus
the Chinese IPW in either its 2000 level or 2000-2007.
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CZ-level than the industry level, but the lack of industry-level still underlies the relatively
weak CZ-level correlation. The more industrially concentrated nature of the Bush steel tariff
shock in industries heavily relying on steel produces a geographical concentration in CZ-
level vulnerability stretching from Michigan down to Louisiana. But the more industrially
dispersed nature of the China shock, especially away from heavy manufacturing, produces a
distinct pattern of CZ-level exposure that hits the north-east, south-east, and parts of the
west coast more so than the corridor from Michigan to Louisiana.

With an understanding of the different nature of the Bush tariff shock and the China
shock, we now explore the magnitude of the China shock. This verifies our analysis captures
the well-known large adverse effect of the China shock. In turn, it helps benchmark the
economic magnitude of our Bush steel tariff results.

Table 5 presents standardized point estimates for the China shock across various specifi-
cations. The dependent variable is the manufacturing employment share in columns (1)-(4)
and the steel-intensive manufacturing employment share in columns (5)-(8). Columns (1)
and (5) focus on our baseline specification at the annual frequency, but we instrument Chi-
nese import competition. A CZ with $1000 higher IPWct has a 1.009 percentage point larger
decline (or smaller increase) in their manufacturing employment share. Although somewhat
different from the canonical Autor et al. (2013) specification, a point we turn to next, the
point estimate is quite similar to their baseline effect on manufacturing employment. Thus,
our specification appears to capture the well-known large adverse effect of the China shock
on CZ-level manufacturing employment.

The standardized coefficients in columns (1) and (5) also allow us to gauge the economic
magnitude of our Bush steel tariff effects. The 2008 standardized coefficient in Figure 5 for
the impact of vulnerability to the Bush steel tariff on the manufacturing share of employment
is 0.051. This is roughly one-third of the -0.175 standardized coefficient for the impact of the
China shock in column (1) of Table 5. Thus, the impact of Bush tariff vulnerability on the
manufacturing employment share is economically large given the well-known large impacts
of the China shock on manufacturing employment.

Perhaps surprisingly, the standardized coefficient for the impact of the China shock on
steel-intensive manufacturing employment share in column (5) of Table 5 is only 0.004. This
is 30-40 times smaller than the 2007-2008 impact of vulnerability to the Bush steel tariffs
on the steel-intensive manufacturing employment share in Figure 5. It is also an order of
magnitude lower than the impact of either the China shock or vulnerability to the Bush steel
tariffs on the manufacturing employment share. This not only emphasizes the economically
large impact of vulnerability to the Bush steel tariffs. It also again emphasizes the very
different exposure of US industries to the two shocks and, in particular, that the China
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shock did not hit steel-intensive manufacturing industries very hard.
A caveat to our discussion is that the canonical analysis of the China shock by Autor

et al. (2013) uses growth in Chinese imports rather than annual variation in Chinese imports.
Thus, columns (2)-(4) and (6)-(8) use the canonical long-difference specification spanning the
2000-2007 period. This represents both our period of focus for the impact of the Bush steel
tariffs and the post-2000 period of analysis by Autor et al. (2013). Columns (2)-(4) analyze
the impact on the manufacturing employment share, first showing the impact of Bush steel
tariff vulnerability in column (2) and the China shock in column (3) without controlling for
the other. Column (4) includes both shocks. Columns (6)-(8) repeat these specifications for
the impact on the steel-intensive manufacturing employment share.

The long-difference results emphasize the two points discussed above. First, both shocks
are economically meaningful for the manufacturing employment share. Similar to Autor et al.
(2013), column (3) says $1000 larger growth of Chinese IPW decreases the manufacturing
employment share by 0.961. Column (4) shows that vulnerability to the Bush steel tariffs
only slightly confounds the China shock and leaves a point estimate of 0.906 percentage
points. In contrast, the China shock meaningfully confounds the standardized coefficient
for Bush steel tariff vulnerability which falls about one-third between columns (2) and (4)
when controlling for the China shock. Nevertheless, the column (4) standardized coefficient
for Bush steel tariff vulnerability is still over 40% of that for the China shock and, hence, a
large shock itself. Following the back of the envelope calculations in Autor et al. (2013), the
mean CZ-level growth in Chinese imports per worker and the mean CZ-level vulnerability
to the Bush steel tariff respectively explain 39.7% and 24.3% of the 2000-2007 decline in the
US manufacturing employment share.29

Second, the steel-intensive manufacturing employment share is hit hard by Bush steel
tariff vulnerability but not by the China shock. Columns (6) and (8) show a standardized
coefficient for Bush steel tariff vulnerability that is virtually unchanged at around 0.364
and therefore unconfounded by the China shock. The impact is also economically large; it
is actually slightly larger than the standardized coefficient of 0.360 for the impact of the
China shock on the manufacturing employment share in column (4).30 Moreover, the stan-
dardized coefficient for the impact of the China shock on the steel-intensive manufacturing

29Mean CZ-level 2000-2007 growth in Chinese IPW and vulnerability to the Bush steel tariff are, respec-
tively, $1504 per worker and $32 per worker. The US manufacturing employment share fell from 14.75% to
11.32% from 2000 to 2007. Thus, 0.906×1.504

3.45 = 0.397 and 26.041×0.032
3.45 = 0.243.

30By definition, the unreported point estimate for the effect of vulnerability to the Bush steel tariffs on
the non-steel-intensive manufacturing employment share from the long-difference specification in Table 5
must equal the difference in the point estimates reported in columns (4) and (8) of Table 5. Thus, the long-
difference specification also produces the result that vulnerability to the Bush steel tariffs has essentially no
impact on the non-steel-intensive manufacturing employment share.
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employment share is only 0.018 in column (8) and statistically insignificant. Not only is this
relatively small, it is 73% smaller than column (7) when not controlling for Bush steel tariff
vulnerability. That is, the Bush steel tariff shock substantially confounds the China shock
when looking at employment in steel-intensive manufacturing industries.

5.4 Heterogeneity of Bush steel tariff impacts

Charles et al. (2019, 2016) emphasize how the negative effects of local labor market shocks
depend on the local dynamics of other key sectors. The negative effects are muted when
another important local sector is expanding and can easily accommodate displaced resources.
But the negative effects are exacerbated when another important local sector is contracting
and limiting local reallocation of displaced resources. We use this insight to frame our inves-
tigation of the heterogeneous impact of vulnerability to the Bush steel tariffs. In particular,
we show how three broad macroeconomic shocks during the 2000s shaped the response of
local labor markets in the face of their vulnerability to the Bush steel tariffs.

First, Charles et al. (2019, 2016) emphasize the US house price bubble during the early-
mid 2000s drove a construction boom until both burst in 2008. Using county-level house
price data from the Federal Housing Finance Agency, this is true in our data too. CZ-level
house prices grew on average 37% between 2000 and 2007. And, at the CZ-level, regressing
the 2000-2007 growth in the construction employment share on the 2000-2007 growth in
housing prices reveals a standardized coefficient of 0.128 (p = .018).31

Figure 8 splits the sample into CZs above and below the median along various dimensions
and compares the impact of local vulnerability to the Bush steel tariffs on the steel-intensive
manufacturing employment share for CZs above and below the median. Panels (a)-(b) split
the sample according to 2000-2007 house price growth. For the 2001-2007 bubble period,
they show the negative point estimate for CZs with above-median house price growth is
about half that of below-median CZs. Moreover, the gap shrinks substantially once house
prices and the construction sector collapse in 2008. This evidence is consistent with the
narrative that the construction boom driven by the housing bubble insulated CZs from the
adverse effects of local vulnerability to the Bush steel tariffs.

A second important US macroeconomic shock during the 2000s was the expansion in
military expenditure. US military spending soared over 40% from a historic low of 3.1% of
US GDP in 2000 to 4.4% of US GDP in 2008 after the September 11 2001 terrorist attacks

31Consistent with our other regressions, this regression controls for initial CZ characteristics, includes state
fixed effects, clusters the standard errors by state, and weights CZs by their 1998 working age population.
If we do not include controls, fixed effects, or regression weights, then the standardized coefficient is notably
stronger at 0.278 (p < .01). The construction sector consists of industries within the 2-digit NAICS code 23.
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and the onset of the second Iraq war.32 We define military NAICS industries following the
classification of Peacock (2014).33 Panels (c)-(d) of Figure 8 split the sample according to the
military share of employment in 2000. For the 2001-2008 period, they show the negative point
estimate for CZs with above-median military employment share is less than half that of, and
often much less than half, CZs below the median. Thus, like the house price appreciation-
led expansion of the construction sector, expansion of military expenditure appears to have
insulated CZs from the adverse effects of local vulnerability to the Bush steel tariffs.

In contrast to the expansionary nature of the previous two macroeconomic shocks, the
US auto industry starkly declined in the 2000s from 1.1% of US employment in 2000 to only
0.76% in 2008.34 The myriad of reasons include the recession and stock market crash of
the early 2000s as well as record high gas prices during the mid-2000s which shifted demand
away from US produced cars with low gas mileage. Panels (e)-(f) of Figure 8 split the sample
according to the auto share of employment in 2000. For the 2001-2008 period, they show
the negative point estimate for CZs with below-median auto employment share is around
half that of CZs above the median. Thus, the collapse of the US auto sector appears to have
exaggerated the adverse effects on CZs from local vulnerability to the Bush steel tariffs.

Intuitively, the above dimensions of heterogeneity illustrate the idea that the ability
of local labor markets to deal with negative shocks depends on the ability of local labor
markets to reallocate workers to other parts of the local economy. The housing bubble-driven
construction boom, the economic expansion associated with soaring military expenditure,
and the dramatic decline of the US auto sectors are specific examples. As a final dimension
of heterogeneity, we explore this idea more generally, albeit perhaps more indirectly, by
splitting the sample according to the number of job openings as a share of employment in
2000.35 Similar to the above dimensions of heterogeneity, panels (g)-(h) of Figure 8 show
the negative point estimates for CZs with above-median job opening rates in 2000 are about
half that of CZs below the median during the early-mid 2000s.

32See the World Bank data for military expenditure as a share of GDP.
33Her military industries are Guns & Ammunition (33299A); Tanks & Armored Vehicles (336992); Ship-

building (336611, 336612); Aircraft, Engine & Parts (336411, 336412, 336413); and Space Vehicle & Missile
Manufacturing (336414, 33641A).

34We define the auto sector as the 4-digit NAICS industry groups of Motor Vehicle Manufacturing (3361)
and Motor Vehicle Body, Trailer, and Parts Manufacturing (336A) and the 6-digit NAICS industry Motor-
cycle, Bicycle, and Parts Manufacturing (336991).

35Unfortunately, job opening data is only available at the state level in the Job Openings and Labor
Turnover Survey from the US Bureau of Labor Statistics. Thus, the job opening rate is defined at the
state-level and is invariant across CZs within a state.
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5.5 A potential mechanism

Although our heterogeneity analysis speaks to the forces that shape the ability of local labor
markets to deal with negative local labor market shocks, it does not provide a mechanism that
rationalizes persistence of the negative effects. Indeed, Figure 8 shows the stark persistence
of negative effects through 2008 even in CZs with muted effects.

One possible mechanism relates to the fixed costs that plants face when entering the
market. The revenue stream an existing plant earns may cover its stream of costs, but may
not also cover fixed entry costs if the plant had not yet entered the market. In this case, a
temporary negative shock that leads plants to exit can result in persistently fewer plants.

To assess whether this mechanism could help explain the persistent impact of local Bush
steel tariff vulnerability on the steel-intensive manufacturing employment share, we look at
the impact on the steel-intensive manufacturing share of manufacturing establishments and
all establishments. The potential mechanism says we should see a persistent negative effect
on these establishment shares instead of a temporary effect or no effect.

Figure 9 shows the results. Due to the change in industrial classification from SIC to
NAICS in 1998, the establishment shares change discontinuously in 1998.36 Thus, we adjust
our equation (3) specification to include CZ-by-pre 1998 and CZ-by-post 1997 fixed effects
instead of simply CZ fixed effects.37 Panel (a) uses our baseline steel-intensive threshold
of at least $7.50 direct use of steel per $100 of output. There is little evidence of any
notable pre-trend in either the pre-1998 SIC years or the pre-2000 NAICS years. However
the point estimates become negative, with standardized coefficients around 0.025-0.05, from
2002 onward. While generally not statistically significant at the p < .05 level, Figure D.13
in the appendix shows p-values clearly in the 0.05-0.10 range or marginally above 0.10.
Panel (b) of Figure 9 shows more precise and somewhat larger point estimates when we
relax the steel-intensive threshold to a direct steel requirement of $5 per $100 of output.
The dependent variable in panels (c)-(d) is the steel-intensive manufacturing share of all
establishments. While there is a more notable pre-trend, it pushes in the opposite direction
to the post-2000 point estimates which follow a very similar pattern to panels (a)-(b).

Overall, Figure 9 provides some support that persistent effects of local vulnerability to
the Bush steel tariffs are related to persistent negative effects on the number of steel-intensive

36The CZ-level mean share of all establishments that are steel-intensive manufacturing establishments
is 0.627%-0.656% in the 1993-1997 period but 0.489%-0.525% in the 1998-2008 period and shrinks around
one-quarter from 0.656% to 0.507% from 1997 to 1998. As a share of manufacturing establishments, the
range is 11.59%-12.09% in the 1993-1997 period and 10.19%-12.09% in the 1998-2008 period with a fall of
around one-seventh from 12.10% to 10.41% from 1997 to 1998.

37Figure D.12 shows the results with CZ fixed effects. The results for the post-1997 NAICS years change
little relative to Figure 9. The point estimates for the pre-1998 SICs are shifted downward relative to Figure
9 but show the same year-to-year shape.
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establishments in the CZ. This makes sense to the extent that fixed entry costs represent an
important barrier to entry and hence imply new firms may not replace exiting firms following
a temporary negative shock.

6 Conclusion

The breadth and scale of current US tariffs has renewed interest – among academics, policy
makers, and the general public alike – in the negative effects of tariffs on domestic firms
who rely on importable goods as intermediate inputs. Surprisingly, this paper is the first
academic analysis that investigates the employment effects of the Bush steel tariffs from the
early 2000s.

Our main result is that the Bush steel tariffs have statistically and economically signif-
icant effects on employment in industries relying on inputs hit with the Bush steel tariffs.
Moreover, these effects did not reverse themselves once the Bush steel tariffs were removed at
the end of 2003. Instead, they persist until at least 2008. And, the effects are economically
large. Our main analysis says the impact of vulnerability to the Bush steel tariffs on the
manufacturing share of US employment is about 30-40% as large as the impact of the China
shock. Thus, the Bush steel tariffs had important and persistent effects on employment in
the overall manufacturing sector and especially in industries that used steel intensively.

Against the backdrop of these employment effects, other important macroeconomic shocks
of the 2000s shaped the response of local labor markets. The negative effects were muted in
locations prime for expansion of the construction sector due to the 2000s house price bubble
or expansion of industries related to the concurrent historic expansion of US military expen-
diture. But, the negative effects were exacerbated in locations prone to large contractions in
auto employment due to the dramatic decline of the US auto sector during the 2000s.

Intuitively, the presence of plant-level fixed entry costs could lead to persistently fewer
establishments if tariffs lead plants to shut down. Indeed, we present evidence that vulner-
ability to the Bush steel tariffs led to a persistently fewer establishments which suggests a
potentially important role for plant-level fixed costs translating temporary tariffs into per-
sistent effects.

In contrast to the effects on downstream employment, we find no evidence of increased
employment in the steel-producing industries protected by the Bush steel tariffs. Ultimately,
our analysis emphasizes the costs of the Bush steel tariffs on intermediate inputs and down-
plays the benefits of the Bush steel tariffs for protected industries.
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(a) Prices paid by US steel buyers

(b) Prices received by US steel producers

Notes: Panel (a) data for January 1998 through September 2003 report transaction prices paid by US
steel buyers, hand-collected from the industry magazine Purchasing. Panel (b) data from January
1998 through December 2003 report producer price indices from the US Bureau of Labor Statistics.
The indices are HR steel sheet (PDU3312-311), CR steel sheet (PDU3312-8), HD galvanized steel
sheet (PDU3312-313) and CF bar (PDU3316-71). Prices normalized to 100 in February 2002, the
last month before implementation of the Bush steel tariffs. Vertical line indicates February 2002.

Figure 1: Monthly evolution of US steel prices: 1998-2003
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(a) Exporter prices

(b) Exporter prices: above median 1998 import share (c) Exporter prices: below median 1998 import share

(d) Value of US imports (e) Quantity of US imports

Notes: Panels report time-varying point estimates θt from eq. (1) in panels (a)-(c) and eq. (2)
in panels (d)-(e). Dependent variable is tariff exclusive foreign exporter price (i.e. unit value) in
panels (a)-(c), import value in panel (d) and import quantity in panel (e). Panels (b)-(c) split
the sample depending on median 1998 import share at exporter-product level. 95% confidence
intervals, standard errors clustered by product and year. Vertical lines at 2000 and 2003 indicate,
respectively, last year before Bush steel tariff process starts (omitted base year) and year Bush steel
tariffs removed (removed in December 2003).

Figure 2: Impact of Bush steel tariffs on exporter steel prices and US steel imports
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(a) Vulnerability (Vc) (b) Protection (Pc)

(c) Vulnerability (Vc): Fixed effects removed (d) Protection (Pc): Fixed effects removed

Notes: Vulnerability Vc defined in equation (7) and protection Pc defined in equation (8). Panels
(c)-(d) demean vulnerability and protection at the state-level.

Figure 3: CZ-level vulnerability to and protection from the Bush steel tariffs

41



(a) Vulnerability (Vc) & manuf. emp. share (b) Vulnerability (Vc) & steel-intensive manuf. emp. share

(c) Vulnerability (Vc) & non-steel-int. manuf. emp. share (d) Vulnerability (Vc) & emp.-to-working-age-pop. ratio

(e) Protection (Pc) & steel-producing emp. share

Notes: Panels report standardized coefficients for time-varying point estimates β from equation (3).
Controls Xct consist of 1990 CZ characteristics in panel B of Table 2 interacted with year dummies.
95% confidence intervals with standard errors clustered by state. Regressions weighted by 1998
CZ working-age population. Vertical lines at 2000 and 2003 indicate, respectively, last year before
Bush steel tariff process starts (omitted base year) and year Bush steel tariffs removed (removed in
December 2003).

Figure 4: Effects of vulnerability & protection on CZ employment shares (without non-Bush
trade shock controls)
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(a) Vulnerability (Vc) & manuf. emp. share (b) Vulnerability (Vc) & steel-intensive manuf. emp. share

(c) Vulnerability (Vc) & non-steel-int. manuf. emp. share (d) Vulnerability (Vc) & emp.-to-working-age-pop. ratio

(e) Protection (Pc) & steel-production emp. share

Notes: Panels report standardized coefficients for time-varying point estimates β from equation
(3). Controls Xct consist of 1990 CZ characteristics in panel B of Table 2 interacted with year
dummies, Chinese import competition (IPWct), and protection from and vulnerability to steel AD
duties (PAD

ct , V AD
ct ). 95% confidence intervals with standard errors clustered by state. Regressions

weighted by 1998 CZ working-age population. Vertical lines at 2000 and 2003 indicate, respectively,
last year before Bush steel tariff process starts (omitted base year) and year Bush steel tariffs
removed (removed in December 2003).

Figure 5: Effects of vulnerability & protection on CZ employment shares (with non-Bush
trade shock controls) 43



Notes: y-axis ranks tradable 6-digit NAICS industries according to the growth in Chinese imports
per worker IPWjt between 2000 and 2007 defined in equation (9). x-axis ranks these industries ac-
cording to vulnerability Vj defined in equation (6). Rank of 1 on y- and x-axis indicates, respectively,
largest growth and largest vulnerability.

Figure 6: Industry ranks of vulnerability to Bush steel tariffs versus 2000-2007 growth in
Chinese imports per worker
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(a) Chinese imports per worker 2000 (IPWc,2000)

(b) 2000-2007 growth in Chinese imports per worker

Notes: Chinese imports per worker IPWct defined in equation (9).

Figure 7: CZ-level Chinese import competition
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(a) CZs above median 2000-2007 house price growth (b) CZs below median 2000-2007 house price growth

(c) CZs above median 2000 military emp. share (d) CZs below median 2000 military emp. share

Figure 8: Heterogeneous impact of vulnerability to Bush steel tariffs on steel-intensive man-
ufacturing employment share
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(e) CZs above median 2000 autos emp. share (f) CZs below median 2000 autos emp. share

(g) CZs above median 2000 job opening rates (h) CZs below median 2000 job opening rates

Notes: Panels report standardized coefficients for time-varying point estimates β from equation (3)
of Bush steel tariff vulnerability (Vc) on steel-intensive manufacturing employment share. In panels
(a)-(b), only 658 CZs have data for 2000-2007 house price growth. Military industries in panels (c)-
(d) use definition of Peacock (2014) (see footnote (33)). Auto industries in panels (e)-(f) defined in
footnote (34). 2000 job opening rate in panels (g)-(h) defined as number of state-level job openings
as a share of state-level employment in 2000. Controls Xct consist of 1990 CZ characteristics in panel
B of Table 2 interacted with year dummies, Chinese import competition (IPWct), and protection
from and vulnerability to steel AD duties (PAD

ct , V AD
ct ). 95% confidence intervals with standard

errors clustered by state. Regressions weighted by 1998 CZ working-age population. Vertical lines
at 2000 and 2003 indicate, respectively, last year before Bush steel tariff process starts (omitted
base year) and year Bush steel tariffs removed (removed in December 2003).

Figure 8: (cont.) Heterogeneous impact of vulnerability to Bush steel tariffs on steel-intensive
manufacturing employment share
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(a) Steel-int. share of manuf. estab. (7.5% direct usage) (b) Steel-int. share of manuf estab. (5% direct usage)

(c) Steel-int. share of estab. (7.5% direct usage) (d) Steel-int. share of estab. (5% direct usage)

Notes: Panels report standardized coefficients for time-varying point estimates β from equation (3)
of Bush steel tariff vulnerability (Vc); fixed effects are state-year, CZ×pre1998, and CZ×post1997.
Dependent variable is steel-intensive manufacturing establishments as share of manufacturing es-
tablishments in panels (a)-(b) and as share of all establishments in panels (c)-(d). Per $100 output,
direct usage threshold for steel-intensive defined as $7.50 in panels (a) and (c) and $5 in panels (b)
and (d). Controls Xct consist of 1990 CZ characteristics in panel B of Table 2 interacted with year
dummies, Chinese import competition (IPWct), and protection from and vulnerability to steel AD
duties (PAD

ct , V AD
ct ). 95% confidence intervals with standard errors clustered by state. Regressions

weighted by 1998 CZ working-age population. Vertical lines at 2000 and 2003 indicate, respec-
tively, last year before Bush steel tariff process starts (omitted base year) and year Bush steel tariffs
removed (removed in December 2003).

Figure 9: Impact of local vulnerability to Bush steel tariffs on CZ steel-intensive establish-
ments
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B Structure of vulnerability shock

Table A1 explores the properties of the Bush steel tariff vulnerability shock from the per-
spective of the Borusyak et al. (2022) identification framework. Panel A presents summary
statistics for industry-level vulnerability Vj and shows both substantial variation of Vj across
industries and a dispersed distribution of employment across industries that can generate
meaningful identification variation from industry-level variation in Vj when aggregating to
the CZ level. The median and mean Bush steel tariff duties on steel inputs are, respectively,
$39 and $115 per worker across all 467 industries with a standard deviation of $250 per
worker that is more than double the mean and an interquartile range of $104 per worker
that is approximately the mean.

Intuitively, the 467 industry-level observations of Vj cannot provide meaningful identify-
ing variation when aggregating to the CZ level if almost all employment is concentrated in
only a few industries. Thus, Borusyak et al. (2022) recommend defining the effective sample
size as an inverse measure of employment concentration: the inverse Herfindahl-Hirschman

Index (HHI) of employment across industries
(∑

j

(
Lj∑
j Lj

)2
)−1

. Panel A of Table A1 shows

the largest industry, which is Retail Trade, accounts for 13.3% of national employment and
that the 467 industry-level observations reduce to an effective industry-level sample size of
28.87. Moreover, the distribution of employment within manufacturing – which houses the
most vulnerable industries to the Bush steel tariffs (Retail Trade ranks in the bottom 5% of
industry-level vulnerability) – is much less concentrated than employment across the econ-
omy as a whole. This can be seen by looking within manufacturing, where the 344 6-digit
NAICS industries reduce to an effective sample size of 106.99.

To assess the appropriate clustering for standard errors, we aggregate the 467 6-digit
NAICS industries into industry groups, sub-sectors, and sectors. Industry-groups are the 183
4-digit NAICS codes. Our sub-sectors are 3-digit NAICS codes with the exception that we
combine 3-digit NAICS codes within the 2-digit NAICS code 33 into a single cluster because,
as illustrated by Table 1, this 2-digit sector has the largest concentration of highly vulnerable
industries to the Bush steel tariffs. In turn, we have 61 sub-sectors. Finally, our 12 NAICS
sectors are Agriculture; Mining; Utilities; Construction; Manufacturing; Wholesale Trade;
Retail Trade; Transportation and Warehousing; Professional Services; Arts, Entertainment
and Recreation; and Accommodation and Food Services.

Panel B of Table A1 provides a hierarchical variance decomposition of vulnerability Vj be-
tween industries, industry-groups, sub-sectors, and sectors. It does so by reporting intra-class
correlation coefficients (ICCs) from regressing Vj on random effects for industries, industry-
groups, sub-sectors, and sectors. With an ICC over 0.5, panel B shows substantial correlation
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across industry-groups and hence strong evidence for clustering at a more aggregate level
than 4-digit NAICS industry groups. However, the ICC of .062 (standard error of .077) for
sub-sectors supports the assumption of minimal correlation of shocks across sub-sectors and
suggests clustering standard errors by sub-sectors in our industry-level regressions. Panel A
of Table A1 still shows an effective sample size of 18.617 sub-sectors.
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C Appendix tables & figures

(a) Changes in employment shares relative to 2000

(b) Changes in employment shares

Notes: In panel (a), employment shares normalized to value of 1 in 2000. In panel (b), manufacturing
employment share measured on left y-axis while steel-intensive manufacturing and steel-production
employment shares measured on right y-axis.

Figure A.1: US national employment changes 1993-2008
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(a) Manufacturing employment share (b) Steel-intensive manufacturing employment share

(c) Steel-production employment share (d) Manuf. emp. share: Fixed effects removed

(e) Steel-int. manuf. emp. share: Fixed effects removed (f) Steel-prod. emp. share: Fixed effects removed

Notes: Steel-intensive manufacturing industries have direct requirement for at least one Bush steel
tariff industry of at least $7.50 per $100 of output. Steel-production industries are those hit with
Bush steel tariffs. Panels (b), (d), and (f) demean employment shares at CZ and state-year level.

Figure A.2: Changes in CZ-level employment shares 2000-2003
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(a) Remove observations below 5th or above 95th percentiles

(b) All observations

Notes: Both panels display scatterplots of 2000-2007 industry-level growth in Chinese imports per
worker IPWct defined in equation (9) on y-axis against industry-level vulnerability to the Bush steel
tariffs defined in equation (6)) on the x-axis. Panel (a) removes observations below 5th or above
95th percentile of either variable.

Figure A.3: Industry level vulnerability to Bush steel tariffs & 2000-2007 growth in Chinese
imports per worker
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D Online Appendix

D.1 Appendix tables & figures

Notes: Figure reports standardized coefficients for time-varying point estimates of local protection
(Pc) on the steel-intensive manufacturing employment share from first-differenced version of equation
(3). Controls Xct consist of 1990 CZ characteristics in panel B of Table 2 interacted with year
dummies, first-differenced Chinese import competition (IPWct), and first-differenced protection
from and vulnerability to steel AD duties (PAD

ct , V AD
ct ). Fixed effects are state-year fixed effects.

95% confidence intervals with standard errors clustered by state. Vertical lines at 2000 and 2003
indicate, respectively, last year before Bush steel tariff process starts (omitted base year) and year
Bush steel tariffs removed (removed in December 2003).

Figure D.1: Effects of protection on CZ steel-production employment share – Removing
linear trend
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(a) Vulnerability (Vc) & manuf. emp. share (b) Vulnerability (Vc) & steel-intensive manuf. emp. share

(c) Vulnerability (Vc) & non-steel-int. manuf. emp. share (d) Vulnerability (Vc) & emp.-to-working-age-pop. ratio

(e) Protection (Pc) & steel-production emp. share

Notes: Panels report standardized coefficients for time-varying point estimates β from equation
(3). Controls Xct consist of 1990 CZ characteristics in panel B of Table 2 interacted with year
dummies, Chinese import competition (IPWct), and protection from and vulnerability to steel AD
duties (PAD

ct , V AD
ct ). 95% confidence intervals with Borusyak et al. (2022) exposure-robust standard

errors clustered by NAICS sub-sector. Vertical lines at 2000 and 2003 indicate, respectively, last
year before Bush steel tariff process starts (omitted base year) and year Bush steel tariffs removed
(removed in December 2003).

Figure D.2: Effects of vulnerability & protection on CZ employment shares – Exposure-
robust standard errors 55



(a) Vulnerability (Vc) & manuf. emp. share (b) Vulnerability (Vc) & steel-intensive manuf. emp. share

(c) Vulnerability (Vc) & non-steel-int. manuf. emp. share (d) Vulnerability (Vc) & emp.-to-working-age-pop. ratio

(e) Protection (Pc) & steel-production emp. share

Notes: Panels report standardized coefficients for time-varying point estimates β from equation (3).
Controls Xct consist of 1990 CZ characteristics in panel B of Table 2 interacted with year dummies
and Chinese import competition (IPWct). 95% confidence intervals with standard errors clustered
by state. Regressions weighted by 1998 CZ working-age population. Vertical lines at 2000 and 2003
indicate, respectively, last year before Bush steel tariff process starts (omitted base year) and year
Bush steel tariffs removed (removed in December 2003).

Figure D.3: Effects of vulnerability & protection on CZ employment shares – Local China
shock as only non-Bush trade shock control
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(a) Vulnerability (Vc) & manuf. emp. share (b) Vulnerability (Vc) & steel-intensive manuf. emp. share

(c) Vulnerability (Vc) & non-steel-int. manuf. emp. share (d) Vulnerability (Vc) & emp.-to-working-age-pop. ratio

(e) Protection (Pc) & steel-production emp. share

Notes: Panels report standardized coefficients for time-varying point estimates β from equation (3).
Controls Xct consist of 1990 CZ characteristics in panel B of Table 2 interacted with year dummies
and vulnerability to steel AD duties (V AD

ct ). 95% confidence intervals with standard errors clustered
by state. Regressions weighted by 1998 CZ working-age population. Vertical lines at 2000 and 2003
indicate, respectively, last year before Bush steel tariff process starts (omitted base year) and year
Bush steel tariffs removed (removed in December 2003).

Figure D.4: Effects of vulnerability & protection on CZ employment shares – Local AD
vulnerability as only non-Bush trade shock control
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(a) Vulnerability (Vc) & manuf. emp. share (b) Vulnerability (Vc) & steel-intensive manuf. emp. share

(c) Vulnerability (Vc) & non-steel-int. manuf. emp. share (d) Vulnerability (Vc) & emp.-to-working-age-pop. ratio

(e) Protection (Pc) & steel-production emp. share

Notes: Panels report standardized coefficients for time-varying point estimates β from equation (3).
Controls Xct consist of 1990 CZ characteristics in panel B of Table 2 interacted with year dummies
and protection from steel AD duties (PAD

ct ). 95% confidence intervals with standard errors clustered
by state. Regressions weighted by 1998 CZ working-age population. Vertical lines at 2000 and 2003
indicate, respectively, last year before Bush steel tariff process starts (omitted base year) and year
Bush steel tariffs removed (removed in December 2003).

Figure D.5: Effects of vulnerability & protection on CZ employment shares – Local AD
protection as only non-Bush trade shock control
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(a) Vulnerability (Vc) & manuf. emp. share (b) Vulnerability (Vc) & steel-intensive manuf. emp. share

(c) Vulnerability (Vc) & non-steel-int. manuf. emp. share (d) Vulnerability (Vc) & emp.-to-working-age-pop. ratio

(e) Protection (Pc) & steel-production emp. share

Notes: Panels report standardized coefficients for time-varying point estimates β from equation (3).
Controls Xct consist of 1990 CZ characteristics in panel B of Table 2 interacted with year dummies,
Chinese import competition IV (IPW IV

ct ), and protection from and vulnerability to steel AD duties
(PAD

ct , V AD
ct ). 95% confidence intervals with standard errors clustered by state. Regressions weighted

by 1998 CZ working-age population. Vertical lines at 2000 and 2003 indicate, respectively, last year
before Bush steel tariff process starts (omitted base year) and year Bush steel tariffs removed
(removed in December 2003).

Figure D.6: Effects of vulnerability & protection on CZ employment shares – Local China
shock instrument as a control 59



(a) Vulnerability (Vc) & manuf. emp. share (b) Vulnerability (Vc) & steel-intensive manuf. emp. share

(c) Vulnerability (Vc) & non-steel-int. manuf. emp. share (d) Vulnerability (Vc) & emp.-to-working-age-pop. ratio

(e) Protection (Pc) & steel-production emp. share

Notes: Panels report standardized coefficients for time-varying point estimates β from equation
(3). Controls Xct consist of 1990 CZ characteristics in panel B of Table 2 interacted with year
dummies, Chinese import competition (IPWct) instrumented with IPW IV

ct , and protection from
and vulnerability to steel AD duties (PAD

ct , V AD
ct ). Chinese import competition 95% confidence

intervals with standard errors clustered by state. Regressions weighted by 1998 CZ working-age
population. Vertical lines at 2000 and 2003 indicate, respectively, last year before Bush steel tariff
process starts (omitted base year) and year Bush steel tariffs removed (removed in December 2003).

Figure D.7: Effects of vulnerability & protection on CZ employment shares – Instrumenting
for local China shock 60



(a) Vulnerability (Vc) & manuf. emp. share (b) Vulnerability (Vc) & steel-intensive manuf. emp. share

(c) Vulnerability (Vc) & non-steel-int. manuf. emp. share (d) Vulnerability (Vc) & emp.-to-working-age-pop. ratio

(e) Protection (Pc) & steel-production emp. share

Notes: Panels report standardized coefficients for time-varying point estimates β from equation
(3). Controls Xct consist of 1990 CZ characteristics in panel B of Table 2 interacted with year
dummies, Chinese import competition (IPWct), and protection from and vulnerability to steel
AD duties (PAD

ct , V AD
ct ). 1993 CZ-employment weights in equations (7)-(8) and (9)-(10) for

Vc, Pc, V
AD
ct , PAD

ct , IPWct and IPW IV
ct . 95% confidence intervals with standard errors clustered

by state. Regressions weighted by 1993 CZ working-age population. Vertical lines at 2000 and 2003
indicate, respectively, last year before Bush steel tariff process starts (omitted base year) and year
Bush steel tariffs removed (removed in December 2003).

Figure D.8: Effects of vulnerability & protection on CZ employment shares – 1993 CZ-
industry employment weights & CZ working-age population regression weights
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(a) Vulnerability (Vc) & manuf. emp. share (b) Vulnerability (Vc) & steel-intensive manuf. emp. share

(c) Vulnerability (Vc) & non-steel-int. manuf. emp. share (d) Vulnerability (Vc) & emp.-to-working-age-pop. ratio

(e) Protection (Pc) & steel-production emp. share

Notes: Panels report standardized coefficients for time-varying point estimates β from equation
(3). Bush steel tariff industries (steel HS chapters 72 and 73) excluded as steel-using industries j
in equation (7) for Vc (V AD

ct ). Controls Xct consist of 1990 CZ characteristics in panel B of Table
2 interacted with year dummies, Chinese import competition (IPWct), and protection from and
vulnerability to steel AD duties (PAD

ct , V AD
ct ). Chinese import competition 95% confidence intervals

with standard errors clustered by state. Regressions weighted by 1998 CZ working-age population.
Vertical lines at 2000 and 2003 indicate, respectively, last year before Bush steel tariff process starts
(omitted base year) and year Bush steel tariffs removed (removed in December 2003).

Figure D.9: Effects of vulnerability & protection on CZ employment shares – Excluding steel
as a steel-consuming industry
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(a) Vulnerability (Vc) & steel-int. manuf. emp. share

(b) Vulnerability (Vc) & steel-int. manuf. emp. share (c) Protection (Pc) & steel-production emp. share

Notes: Panels report standardized coefficients for time-varying point estimates β from equation (3).
In panel (a), steel-intensive manufacturing employment share defined using direct requirement of
$5 per $100 of output. In panels (b) and (c), pre-1998 non-concorded employment left unallocated
to 6-digit NAICS industries. Controls Xct consist of 1990 CZ characteristics in panel B of Table
2 interacted with year dummies, Chinese import competition (IPWct), and protection from and
vulnerability to steel AD duties (PAD

ct , V AD
ct ). Chinese import competition 95% confidence intervals

with standard errors clustered by state. Regressions weighted by 1998 CZ working-age population.
Vertical lines at 2000 and 2003 indicate, respectively, last year before Bush steel tariff process starts
(omitted base year) and year Bush steel tariffs removed (removed in December 2003).

Figure D.10: Effects of vulnerability & protection on CZ employment shares – Alternative
dependent variables
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(a) Vulnerability (Vc) & manuf. emp. share (b) Vulnerability (Vc) & steel-intensive manuf. emp. share

(c) Vulnerability (Vc) & non-steel-int. manuf. emp. share (d) Vulnerability (Vc) & emp.-to-working-age-pop. ratio

(e) Protection (Pc) & steel-production emp. share

Notes: Panels report standardized coefficients for time-varying point estimates β from equation (3).
Observation dropped if in top or bottom 1% of distribution for dependent variable, Vc (in panels
(a)-(d)), or Pc (in panel (e)). Controls Xct consist of 1990 CZ characteristics in panel B of Table
2 interacted with year dummies, Chinese import competition (IPWct), and protection from and
vulnerability to steel AD duties (PAD

ct , V AD
ct ). Chinese import competition 95% confidence intervals

with standard errors clustered by state. Regressions weighted by 1998 CZ working-age population.
Vertical lines at 2000 and 2003 indicate, respectively, last year before Bush steel tariff process starts
(omitted base year) and year Bush steel tariffs removed (removed in December 2003).

Figure D.11: Effects of vulnerability & protection on CZ employment shares – Excluding
outliers
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(a) Steel-int. share of manuf. estab. (7.5% direct usage) (b) Steel-int. share of manuf estab. (5% direct usage)

(c) Steel-int. share of estab. (7.5% direct usage) (d) Steel-int. share of estab. (5% direct usage)

Notes: Panels report standardized coefficients for time-varying point estimates β from equation
(3) of Bush steel tariff vulnerability (Vc) with state-year and CZ fixed effects. Dependent variable
is steel-intensive manufacturing establishments as share of manufacturing establishments in panels
(a)-(b) and as share of all establishments in panels (c)-(d). Per $100 output, direct usage threshold
for steel-intensive defined as $7.50 in panels (a) and (c) and $5 in panels (b) and (d). Controls
Xct consist of 1990 CZ characteristics in panel B of Table 2 interacted with year dummies, Chinese
import competition (IPWct), and protection from and vulnerability to steel AD duties (PAD

ct , V AD
ct ).

95% confidence intervals with standard errors clustered by state. Regressions weighted by 1998 CZ
working-age population. Vertical lines at 2000 and 2003 indicate, respectively, last year before
Bush steel tariff process starts (omitted base year) and year Bush steel tariffs removed (removed in
December 2003).

Figure D.12: Impact of local vulnerability to Bush steel tariffs on CZ steel-intensive estab-
lishments (CZ fixed effects)
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(a) Steel-int. share of manuf. estab. (7.5% direct usage) (b) Steel-int. share of manuf estab. (5% direct usage)

(c) Steel-int. share of estab. (7.5% direct usage) (d) Steel-int. share of estab. (5% direct usage)

Notes: Panels report standardized coefficients for time-varying point estimates β from equation (3)
of Bush steel tariff vulnerability (Vc); fixed effects are state-year, CZ×pre1998, and CZ×post1997.
Dependent variable is steel-intensive manufacturing establishments as share of manufacturing es-
tablishments in panels (a)-(b) and as share of all establishments in panels (c)-(d). Per $100 output,
direct usage threshold for steel-intensive defined as $7.50 in panels (a) and (c) and $5 in panels (b)
and (d). Controls Xct consist of 1990 CZ characteristics in panel B of Table 2 interacted with year
dummies, Chinese import competition (IPWct), and protection from and vulnerability to steel AD
duties (PAD

ct , V AD
ct ). 90% confidence intervals with standard errors clustered by state. Regressions

weighted by 1998 CZ working-age population. Vertical lines at 2000 and 2003 indicate, respec-
tively, last year before Bush steel tariff process starts (omitted base year) and year Bush steel tariffs
removed (removed in December 2003).

Figure D.13: Impact of local vulnerability to Bush steel tariffs on CZ steel-intensive estab-
lishments – 90% confidence intervals
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D.2 Data appendix

D.2.1 Input output data

We obtain 1997 input-output (IO) tables from the US Bureau of Economic Analysis (BEA).
Specifically, we obtain direct requirement and total requirement tables. One version of the
direct requirement table specifies the amount of row input i used directly by column industry
j and another version specifies this usage per dollar of column industry j output. The latter
version also gives column industry j output as the sum of intermediate inputs used plus value
added. A cell in the total requirement table specifies the total amount of row input i used
by column industry j per dollar of row industry j output. Total usage not only takes into
account the industry’s direct use of input i, but also its indirect usage in that other inputs k
use input i and the inputs used by input k also use input i and so on. By construction, the
diagonal elements of the total requirement table weakly exceed 1 and one needs to subtract
1 from these elements to see usage of row industry i = j as an input by column industry j.

D.2.2 Employment dependent variables

We obtain annual county-NAICS employment data at the 6-digit NAICS level from Eckert
et al. (2021). The source of their data is the County Business Patterns (CBP), but they
have concorded the data so the industry classification is NAICS 2012 in each year. This
overcomes the typical challenge of periodic NAICS revisions and, crucially in our context,
the switch from SIC to NAICS in 1998.

However, their data has an important limitation in the pre-1998 SIC years that poses
problems for measuring employment in steel-intensive manufacturing industries before 1998
(but not for measuring employment in any year from 1998 onward or for measuring employ-
ment in manufacturing or steel-producing industries before 1998). The limitation is that they
cannot concord some SIC industries to 6-digit NAICS industries. In these cases, the sum of
concorded employment across 6-digit NAICS industries for a county-year is less than total
employment for the county-year. And the magnitude is non-trivial: on average across the
years 1993-1998, the county-level share of employment concorded to 6-digit NAICS industries
is only 46% with this share only reaching 74% at the 99th percentile of the distribution.

Nevertheless, Eckert et al. (2021) also report employment at more aggregate NAICS
levels. Thus, the sum of concorded employment across 6-digit NAICS industries for a county-
year is less than employment at the 2-digit or 4-digit NAICS code for the county-year in
situations where a SIC industry could not be concorded to 6-digit NAICS industries. This
is helpful because it allows measuring the amount of non-concorded employment within 4-
digit and 2-digit NAICS codes for a county-year; indeed, all non-concorded manufacturing
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employment lies within 4-digit NAICS codes. Since these problems cease upon the switch
from SIC to NAICS in 1998, we use a county’s 1998 distribution of employment to allocate
non-concorded employment for 4-digit NAICS codes across their constituent 6-digit codes
when calculating pre-1998 steel-intensive manufacturing employment.

Given our reliance on the 1997 IO tables to define pre-Bush tariff measures of steel
input usage across industries, we concord the Eckert et al. (2021) data to the 1997 NAICS
used by the BEA in their IO tables. First, we use the US Census Bureau concordances
to sequentially concord from NAICS 2012 to NAICS 2007 to NAICS 2002 to NAICS 1997.
Although relatively rare, an industry in, say, NAICS 2007 can split among N > 1 NAICS
2002 industries. In these cases, we equally split the industry’s NAICS 2007 employment
among its N constituent NAICS 2002 industries. Second, we use the concordance provided
by the BEA with their IO tables to concord from the official NAICS 1997 to the NAICS
1997 used by the BEA. These systems are quite similar, although the BEAs 1997 NAICS is
more aggregate than the official 1997 NAICS. Construction is an exception where the 3-digit
NAICS sub-sector 235 maps to all 6-digit construction codes in the BEA NAICS. In this
case, we use 1997 output weights from the IO table to split 3-digit NAICS sub-sector 235
across the 6-digit BEA NAICS construction industries.

Ultimately, our annual county-industry employment data allows us to construct the de-
pendent variables in our analysis: manufacturing employment share, steel-intensive man-
ufacturing employment share, non-steel-intensive manufacturing employment share, steel-
production employment share, and employment-to-working-age population ratio. Manufac-
turing industries are defined as 6-digit NAICS industries within 2-digit NAICS codes 31,
32, and 33. Our baseline definition of 6-digit steel-intensive manufacturing industries is 6-
digit NAICS manufacturing industries with a direct requirement for at least one Bush steel
tariff industry of at least $7.50 per $100 of output. Our alternative definition relaxes this
direct requirement threshold to $5 per $100 of output. Non-steel-intensive manufacturing
employment is defined as the difference between manufacturing and steel-intensive manu-
facturing employment. For the employment-to-working-age population ratio, we use annual
county-level population from SEER. Specifically, we use the 19 age groups (adjusted) data
and define the working-age population as 15-64 years of age. County-level employment and
population data is concorded to 1990 CZs using the concordance on David Dorn’s website.

D.2.3 Trade shocks

Bush steel tariffs and exemptions We obtain the list of 8-digit HS products h subject
to the Bush steel tariffs and the applicable tariff τh from Note 11(d)(iii) in the Annex to
Presidential Proclamation 7529. The tariffs went into effect on March 20 2002. Although
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they were scheduled to last three years with removal on March 21 2005 and annual decreases
in the tariff on March 21 2003 and March 21 2004, they were ultimately removed in December
2003.

We define τh as the tariff upon implementation. We concord the tariffs from 8-digit HS
codes h to the 6-digit NAICS 1997 codes i used by the BEA in their IO tables using the
concordance from Pierce and Schott (2012) to move from 8-digit HS codes to NAICS 1997
codes and then from NAICS 1997 codes to those used by the BEA as described above in
Appendix D.2.2. Ultimately, the four 6-digit NAICS 1997 industries hit with Bush steel
tariffs are i = 331111, 331222, 332910, 335120 which correspond to Iron and Steel Mills, Steel
Wire, Metal Valve Manufacturing, and Lighting Fixture Manufacturing.

Proclamation 7529 defines exporter-product exemptions to the tariffs. Item (2) on p.19
of the proclamation defines the US Free Trade Agreement partners – Israel, Canada, Mexico,
and Jordan – as exempt. Item (3) on p.19 proclaims a set of developing countries exempt,
as defined by Note 11(d)(i) in the Annex to the proclamation on p.44. Item (4) on p.19
proclaims exceptions to these developing country exemptions, as defined by Note 11(d)(ii)
in the Annex to the proclamation on p.44. The exceptions define product-specific exceptions
that apply to Brazil, Moldova, Turkey, Venezuela, Thailand, India, and Romania.

Our US import data comes from the USITC DataWeb. We use 1998 imports for con-
sumption at the 8-digit HS level in equation (4) to calculate the Bush steel tariff duties
di in NAICS industry i that would be collected on the pre-Bush tariff level of imports.
The employment data described in Appendix D.2.2 and the IO data described in Appendix
D.2.1 provide 1998 US industry-level employment Li and steel usage sij needed to compute
industry-level protection from the Bush steel tariffs Pi in equation (5) and industry-level
vulnerability to the Bush steel tariffs Vj in equation (6). The employment data described
in Appendix D.2.2 provide the 1998 CZ-industry level employment data Ljc and Lc needed
to compute CZ-level vulnerability to and protection from the Bush steel tariffs in equations
(7)-(8).

Anti-dumping tariffs We obtain data on anti-dumping (AD) tariffs from the Global
Antidumping Database - 1980’s-2015 hosted by The World Bank and originally developed
by Chad Bown. These data record AD tariffs τAD

kht faced by exporting country k for 8-digit
HS product h in year t. We define steel products as HS Chapters 72 (Iron and Steel) and
73 (Article of Iron and Steel) and, with two exceptions, follow equations (4)-(8) to calculate
local protection from steel AD tariffs PAD

ct and local vulnerability to steel AD tariffs V AD
ct .

The first exception is that we calculate local protection from and local vulnerability to
the steel AD tariffs, PAD

ct and V AD
ct , at the annual frequency given the time-varying nature
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of AD tariffs which are, fundamentally, temporary trade barriers. The second exception is
that, given the exporter-product nature of AD tariffs, we use 1998 exporter-product imports
IMkh instead of 1998 product imports IMh to define steel AD duties di used in equation (4).
Specifically, we use the following definition when computing time-varying industry-level and
CZ-level protection from and vulnerability to steel AD tariffs:

dAD
it =

∑
h∈H(i)

∑
k

dAD
kht =

∑
h∈H(i)

∑
k

τAD
kht IMkh. (D.1)

China shock As described above, our US import data come from the USITC DataWeb.
Additionally, we obtain annual imports at the 6-digit HS level from China into the high-
income countries used for the China shock instrument (Australia, Denmark, Finland, Ger-
many, Japan, New Zealand, Sweden, and Spain) from COMTRADE via the World Bank’s
WITS database. We normalize all imports to thousands of 1998 dollars using the GDP im-
plicit price deflator (series A191RD3A086NBEA from the St.Louis Fed’s FRED database)
and concord to NAICS 1997 as described in Appendix D.2.3. The employment data de-
scribed in Appendix D.2.2 then allows us to compute Chinese imports per worker IPWct

and its instrument IPW IV
ct as in equations (9)-(10).

D.2.4 Other data

Steel prices Section 3 uses three data sources for steel prices. First, we hand-collected
data from the industry magazine Purchasing for monthly steel prices covering the period
January 1998 through September 2003 when they stopped publishing these data. These
prices represent transaction prices paid by US firms consuming steel as they come from a
survey of a large number of firms purchasing steel. The magazine was published monthly
and published prices in dollars per ton for hot-rolled (HR) steel sheet, cold-rolled (CR)
steel sheet, hot-dipped (HD) galvanized steel sheet, and cold-formed (CF) steel bar. The
published data contain the “latest price” and the price from the “previous month”. Where
possible, we obtain the month t price as the “previous month” price published in month t+1

because it reflects any updates to the initially published “latest price”. Occasionally, prices
are not published in a given month. In this case, we obtain the month t price using the
“latest price” published in month t. Our approach ensures complete monthly coverage for
January 1998 through September 2003.

As a measure of steel prices received by US steel producers, we collect monthly producer
price indices from the US Bureau of Labor Statistics (BLS) for the period January 1998
through December 2003. The series are HR steel sheet (PDU3312-311), CR steel sheet
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(PDU3312-8), HD galvanized sheet (PDU3312-313) and CF bar (PDU3316-71).
Figure 2 uses unit values as a measure of the tariff-exclusive price received by foreign

exporters. As throughout the paper, US import data comes from the USITC DataWeb.
Using these data, unit values are simply import value divided by import quantity.

Industry and CZ characteristics The balance tests in panel A of Table 2 use 1998
industry characteristics. Except for the capital and high-tech share of investment from Ace-
moglu et al. (2016), we take all industry characteristics from the NBER-CES Manufacturing
Database (Becker et al. (2013)). The 1990 CZ characteristics in the balance tests in panel
B of Table 2 come from Autor et al. (2013).

Data used in heterogeneity analysis We obtain annual county-level house price index
data from the Federal Housing Finance Agency. This data is only available for 2739 counties,
it is not available for 402 counties. We concord the county-level house price index data to
the CZ level using the concordance described in Appendix D.2.2 and aggregating house price
indices across counties within a CZ using the 1998 county-level working-age population as
weights that were described in Appendix D.2.2. 658 out of 722 US mainland CZs have at
least one county with house price index data in 2000 and 2007 so that we can compute
2000-2007 house price growth. Construction employment is defined as the 2-digit NAICS
sector 23.

We define military NAICS industries following the classification developed by Peacock
(2014). She defines five military industries. First, Guns & Ammunition consists of the official
NAICS industries 332992, 332993 and 332994 which concord to the single BEA NAICS 1997
industry 33299A. Second, Tanks & Armored Vehicles consists of the official NAICS industry
336992 which is also a BEA NAICS 1997 industry. Third, Shipbuilding consists of the official
NAICS industries 336611 and 336612 which are also BEA NAICS 1997 industries. Fourth,
Aircraft, Engine & Parts consists of the official NAICS industries 336411, 336412 and 336413
which are also BEA NAICS 1997 industries. Fifth, Space Vehicle & Missile Manufacturing
consists of the official NAICS industries 336414, 336415 and 336419 which concord to the
BEA NAICS 1997 industries 336414 and 33641A.

We define the auto sector as two 4-digit NAICS industry groups and one 6-digit NAICS
industry: Motor Vehicle Manufacturing (3361); Motor Vehicle Body, Trailer, and Parts
Manufacturing (336A); and Motorcycle, Bicycle, and Parts Manufacturing (336991). The
remainder of the 3-digit NAICS sub-sector 336 (Transportation Equipment Manufacturing)
consists either of the military industries defined above or the two non-auto 6-digit NAICS
industries of that are not 336500 Railroad Rolling Stock Manufacturing and 336999 All Other
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Transportation Equipment Manufacturing.
We obtain job turnover data from the Job Openings and Labor Turnover Survey from

the BLS. Unfortunately, these data only vary across states and not within states. Thus, our
job opening rate is state-level job openings as a share of state-level employment.

Establishment data We obtain establishment count data from the County Business Pat-
terns (CBP). The CBP report annual establishment counts at the county level and at the
county-industry level (4-digit SIC in the pre-1998 years and 6-digit NAICS in the post-
1997 years). We define all establishments for a county using the county-level establishment
counts. We define manufacturing and steel-intensive manufacturing establishment counts for
a county using the county-industry establishment counts.

To do so, we concord these establishment counts to the 1997 NAICS system used by the
BEA in the 1997 IO tables. First, we concord the post-1997 NAICS years from their native
NAICS to 1997 NAICS as described in Appendix D.2.2. Second, we concord the pre-1998
SIC years to NAICS 1997 using Pierce and Schott (2012). Finally, we concord from NAICS
1997 to the NAICS 1997 system used by the BEA as described in Appendix D.2.2.

72

https://www.bls.gov/jlt/data.htm

	Introduction
	Institutional background
	Impact of Bush tariffs on steel prices and imports
	Local labor market analysis: Methodology and data
	Empirical methodology
	Data
	Steel and the input-output structure of the US economy
	CZ-level exposure to Bush steel tariffs
	Employment outcomes
	Other important trade shocks during Bush steel tariff time period


	Bush steel tariffs and local labor markets: Results
	Baseline results
	Robustness of baseline results
	Three trade shocks
	Bush steel tariffs versus steel AD duties
	Bush steel tariffs versus the China shock

	Heterogeneity of Bush steel tariff impacts
	A potential mechanism

	Conclusion
	Tables & figures
	Structure of vulnerability shock 
	Appendix tables & figures
	Online Appendix
	Appendix tables & figures
	Data appendix 
	Input output data 
	Employment dependent variables 
	Trade shocks 
	Other data



