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Abstract

This paper examines the role of international trade for job polarization, where mid-wage
occupations decline while employment opportunities of workers in both high- and low-wage
occupations increase. With employer-employee matched data on virtually all workers and firms in
Denmark between 1999 and 2009, we use instrumental-variables techniques and a quasi-natural
trade liberalization experiment to show that import competition has been a significant cause of job
polarization. Comparing import competition to other explanations of job polarization, import
competition is quantitatively comparable to technical change as the most important alternative
explanation of the hollowing out of middle-class jobs, and only import competition explains also the
increase in employment opportunities in the high- and low-wage tails. Worker movement from
exposed middle-class jobs up into high-wage or down into low-wage jobs is shaped by worker
education and skill, and especially by task characteristics of the worker’s occupation. We find that
manual tasks are central for the impact of trade because foreign workers compete against
domestic workers, in contrast to technical progress which pits man versus machine.
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1 Introduction

By increasing integration between economies globalization has led to a major increase in interna-
tional trade. China, in particular, doubled its share of world merchandise exports during the 1990s
before almost tripling it again during the first decade of the 21st century (World Bank 2016).
During this globalization, labor markets in high-income countries became more polarized, with
employment increases for high- and low-wage jobs at the expense of mid-wage jobs.! Figure 1 de-
picts the change between 1999 and 2009 in the share of employment accounted for by all non-farm
occupations in Denmark and reveals a strong job polarization between the years 1999 and 2009.?
This paper examines low-wage import competition as a source of job polarization, how it affects

high-income countries’ labor markets, and some of the policy issues this raises.

Understanding job polarization is paramount not only because the reason for the loss of middle-
class jobs matters but also because job polarization means inequality, which may adversely affect
the functioning of society.® In particular, if rising import competition creates inequality it may
prevent the winners and losers to agree on policies that increase total welfare—not least free trade.
Using administrative, longitudinal data on the universe of Danish workers matched to firms be-
tween 1999 and 2009, we show that import competition has been a statistically and economically

significant cause of job polarization.

To estimate the effect of rising import competition we employ two complementary approaches.
First, we define a worker’s exposure to import competition according to the six-digit industry in
which the worker is employed in the year 1999. Following Autor, Dorn, and Hanson (2013),
the possible correlation of product-level imports with domestic taste or productivity shocks is ad-
dressed by instrumenting Denmark’s imports from China with imports from China of the same
products in other high-income countries. Key to this identification strategy is that the main reason
for China’s export growth during the 2000s is her rising supply capacity due to higher productivity
and economic reforms , and as a consequence, China’s export success in Denmark is similar to that
in other high-income countries. We augment this approach by employing two measures of open-
ness as additional instrumental variables, one based on transportation costs and the other based on

pre-existing retail channels in international trade.

IFor the case of the Unites States, see Autor, Katz, and Kearney (2006, 2008), Autor and Dorn (2013); United
Kingdom: Goos and Manning (2007); Germany: Spitz-Oener (2006), Dustmann, Ludsteck, and Schonberg (2009);
and across 16 European countries, see Goos, Manning, and Salomons (2014).

2The figure shows smoothed employment share changes for all non-agricultural occupations at the three digit
occupation level that are ranked from low to high according to 1999 hourly wages. The extent of job polarization in
Denmark during the early 2000s was comparable to that in the U.S., see for example Autor and Dorn (2013).

3We refer to positions in mid-wage occupations synonymously as middle-class jobs.
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Figure 1: Job Polarization in Denmark 1999-2009; smoothed

Second, we exploit the removal of quotas on Chinese textile exports as China entered the World
Trade Organization (WTO) in a difference-in-difference strategy.* This approach compares work-
ers who domestically manufacture narrowly defined products that are subsequently subject to
quota removals to workers employed at other textile-manufacturing firms that are not affected
by the quota removals. This trade liberalization is a quasi-natural experiment that complements

our instrumental-variables results for Denmark’s entire economy.”

Figure 2 shows employment share changes between 2000 and 2009 across high-, mid-, and low-
wage occupations. A typical low-wage occupation is a child care worker or a shop sales person
(hourly wage of 29 and 28 dollars respectively), while a machine operator is representative for
mid-wage jobs (35-45 dollars per hour depending on type of machines), and a business profes-
sional is typical for high-wage occupations (55 dollars per hour). These three wage groups have
been employed in the literature on job polarization because they are the minimum to capture the

job polarization pattern of Figure 1.5 The figure shows changing employment opportunities for

“We use “textiles” for short; these are goods in the textiles and clothing industries.

SQur quasi-natural experimental strategy follows Utar (2018). Earlier work on the effect of trade liberalization
employing the WTO textile quota removal includes Harrigan and Barrows (2009), Brambilla, Khandelwal, and Schott
(2010), Khandelwal, Schott, and Wei (2013), Utar (2014), and Bloom, Draca, and van Reenen (2016).

Qur classification of occupations into wage groups for Denmark is similar to that in the literature (e.g., Autor and
Dorn 2013), Denmark is similar to other advanced countries (see Goos, Manning, and Salomons 2014), and as shown
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three subsets of workers, those who in year 1999 were employed in the service sector, in the man-

ufacturing sector, and in textiles (a part of manufacturing).’

NERERRT

o T

Low wage occupations  Mid wage occupations  High wage occupations

Textile workers in 1999 Manufacturing workers in 1999 Service workers in 1999

[— | — —1

Figure 2: Changes in Employment Share for Different Subsets of the 1999 Cohort of Danish
Workers, 2000-2009

We see that employment share changes of service sector workers are increasing in the wage, con-
sistent with skill-biased technical change. In contrast, employment share changes of 1999 manu-
facturing workers exhibit the pattern of job polarization, and by the end of 2009 close to one in
five of the cohort of mid-wage manufacturing workers are either employed in low- or high-wage
occupations. Furthermore, the textile sector was especially strongly affected by rising import com-
petition due to quota removals, and it is here where we find the strongest evidence for the U-shaped

polarization pattern.

This is preliminary evidence for import competition affecting job polarization because the former
is more concentrated in manufacturing in comparison to technical change whose impact is more
diffused across many sectors of the economy. Below, we show that import competition is signif-

icant in explaining job polarization in Denmark by employing plausibly exogenous variation that

in Table 1 below there are no changes in the wage ranking of major occupations over time.
7We took all workers in those sectors who were between 18 and 50 years old—young enough not to reach retirement
age over the next ten years.



controls for omitted variables, alternative explanations, and other possible confounders. More-
over, quantitatively rising import competition had a comparable impact on the hollowing-out of
middle-class jobs as technical change, at the same time when import competition also led to higher
low-wage and high-wage employment. We also show that middle-class workers exposed to job
losses due to import competition are much more likely to move down into low-wage employment
if they have at most high school education, while the chance of moving up into high-wage jobs (and

not into unemployment or non-employment) is significantly higher for college-educated workers.

Furthermore, we focus on worker task as the unit of analysis to analyze how import competition
affects employment opportunities to generate job polarization.® Employing individual O*NET
tasks and information at the four-digit level occupation level, we find that it is workers performing
manual tasks who are most strongly affected by import competition whereas workers performing
cognitive tasks are not affected.® We refer to the importance of manual activities as Manual Task
Intensity (MTTI). The impact of import competition is distinct from that of technical change because
the former affects not only workers performing manual routine but also by workers performing
manual non-routine tasks. In a nutshell, our results follow because in international trade, foreign
workers compete against domestic workers, in contrast to technical progress which pits man versus

machine.

The large literature on the labor market impact of import competition, in particular from China,
has established that regions specialized in import-competing manufacturing industries experience
a rise in unemployment and industries exposed to Chinese import competition see greater employ-
ment loss (Autor, Dorn, and Hanson 2013, Pierce and Schott 2016, Utar and Torres-Ruiz 2013).10
This paper shifts the focus to job polarization, where early work has found little evidence that
international trade is important (Autor and Dorn 2013, Michaels, Natraj, and van Reenen 2014).
More recently, Autor, Dorn, and Hanson (2015) present evidence for the U.S. that Chinese import
competition has reduced employment opportunities for a broad range of occupations from low- to
high-paying ones, which is inconsistent with job polarization.!! Revisiting the issue, we show that
rising import competition can be a cause of job polarization. Variation in institutional setting as
well as research design help to explain these differences in findings, as will be discussed below.
Our paper is related as well to work on job displacement (Jacobson, LalLonde, and Sullivan 1993,
Polataev and Robinson 2008, Sullivan and van Wachter 2009). A key difference is that our treat-

8See Autor (2013) for a discussion of the so-called task approach.
Y0*NET stands for Occupational Information Network.
10A]so0, firms exposed to import competition make new technology investments and shift towards a more highly-
skilled labor force (Bloom, Draca, and van Reenen 2016, Utar 2014). Autor, Dorn, and Hanson (2016) present a useful
survey.
T Also Lake and Millimet (2016) and Harrigan, Reshef, and Toubal (2017) find little evidence that trade causes job
polarization in the U.S. and France respectively.



ment definition is not based on job loss as such but derived from firms’ susceptibility to exposure

to increased import competition with China based on their manufactured products.

A question of perennial interest is the relative importance of international openness versus tech-
nology for labor market outcomes. In the 1980s a hotly debated question was the cause of the
rise of the skill premium (relative wage of skilled to unskilled worker), with technological change
and trade being leading explanations.!”> A key challenge for separating the factors openness and
technology is that globalization has clearly aspects of both-for example, the increase in offshoring
is largely unthinkable without the new coordination possibilities due to advances in information
technology (Autor 2010). Fast forward to the 2000s, our analysis distinguishes the impacts of
import competition and routine-biased technical change (RBTC) on job polarization (for evidence
that RBTC has caused job polarization, see Autor and Dorn 2013, Goos, Manning, and Salomons
2014)."3 Our finding that import competition affects primarily workers performing manual tasks
which may or may not be routine in nature not only advances the literature on the task-level causes
of job polarization but also contributes to the literature on the future of work and the race between

man and machine (Graetz and Michaels 2018, Acemoglu and Restrepo 2018).

While in the past analyses of job polarization have often focused on changes in regional or national
employment shares, we study job polarization by analyzing the individual occupational movements
of the cohort of the 1999 Danish workers over time. Individual workers typically contribute to the
movement from mid-wage to low-wage or from mid-wage to high-wage occupations, and both
have to be present in the sample to obtain job polarization. On the other hand, if one were to
employ the aggregate approach in studying the impact of trade on job polarization, the change in
employment shares would not only reflect the impact of import competition on exposed workers but
also subsequent migration, industry sorting, and demographic responses, which can be challenging
to quantify. As a result the two approaches complement each other. In addition, for the most part
we follow the literature on job polarization by studying occupational movements between three
broad wage groups (low-, middle-, and high-wage occupations; see Figure 2). Other research
employing individual-level data includes Autor, Dorn, Hanson, and Song (2014) who emphasize
sectoral switching cost as a barrier to adjustment, as well as Utar (2018) and Traiberman (2019)

who shift the focus towards costs of adjustment between different occupations.

In the remainder of the paper, the following section describes the changing pattern of import com-
petition in Denmark, and how it guides our empirical strategy to study job polarization. We also

discuss our worker, firm, and sectoral data for the Danish economy. Section 3 shows that rising

12Technological change is often thought to have been more important, see the discussion in Feenstra (2000).

13See Autor, Levy, and Murnane (2003), Autor, Katz, and Kearney (2006), and Goos and Manning (2007) on RBTC.
A framework accounting for job polarization in the United States between 1950 and 2007 based on structural change
is presented in Barany and Siegel (2018).



import competition has caused job polarization in the entire Danish private-sector economy, and
that it has been quantitatively as important as technical change. We confirm the economy-wide
instrumental-variables results with a quasi-natural experiment— the liberalization of textile trade
through quota removals— in section 4, and find both worker education and skill to be important
in determining the upward versus downward movements as middle-class jobs are threatened by
import competition. We also document the special importance of manual tasks in the exposure
of workers to import competition, and how it differs from the impact of routine-biased technical
change. Section 5 provides a concluding discussion. A number of additional results are presented

in the Online Appendix.

2 Import Competition and Polarization Pattern

2.1 The Rise of Import competition

To see how the rise of low-wage countries in the global economy can lead to job polarization
in a high-wage country (Home), consider a framework in which Home has one traded and one
non-traded goods sector. Traded goods production requires intensively manual tasks that are per-
formed by workers with moderate skill levels, who are paid mid-level wages in the labor market.
An increase in productivity in the traded goods sector abroad raises foreign competitiveness and
exports. At Home there is an increase in the level of import competition together with a reduction
in the relative demand for mid-level wage workers performing manual tasks. Transitions from
mid-level to other jobs will be shaped by the extent of wage adjustments as well as any worker- or
occupation- specific adjustment costs. We ask whether import competition has led to the mid-wage
employment declines as well as the increases in low- and high-wage employment that define job

polarization.

The paper examines the impact of import competition on employment changes using two comple-
mentary approaches. First, we study changes in import penetration from China across six hundred
industries that are differentially exposed to import competition.'* These are in manufacturing and
non-manufacturing. Examining job polarization by following workers throughout the entire econ-
omy has the advantage that the effects of globalization will not be missed even if they materialize
outside of manufacturing. Second, we employ the exogenous shock of the dismantling of quotas on
Chinese textile imports in conjunction with China’s WTO accession. While the aggregate implica-

tions of the quota removal are limited it allows us to investigate the effect of trade liberalization on

For work employing differential trade exposure at the regional, industry, or occupation-level, see, e.g., Autor,
Dorn, and Hanson (2013), Dix-Carneiro and Kovak (2015), and Ebenstein, Harrison, McMillan, and Phillips (2014).
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job polarization in a quasi-experimental setting when unobservable heterogeneity across workers

is addressed by individual fixed effects.

Turning to our first approach, the change in import penetration from China is defined as:

J
Cj 1999

CH CH
M ,2009 Mj,1999

AlmpComp ; = (H
Here, M]Cfl denotes Denmark’s imports from China in product j and year r = {1999,2009}, and
C|.1999 is Denmark’s consumption in initial year 1 = 1999, equal to production minus exports plus
imports in the six-digit product category (NACE) j. We address potential endogeneity by instru-
menting the numerator of (1) with changes in imports from China in eight other high-income coun-
tries.!> A key requirement for this strategy is that Chinese export success is explained by China’s
increased supply capacity, which affects high-income countries’ imports from China similarly, and
that Chinese import growth is not driven by product-level demand shocks that are common to all
high-income countries (see Brandt, Hsieh, and Zhu 2008, Autor, Dorn, and Hanson 2013).

Because Denmark is a relatively small market for Chinese exports, the likelihood that they target a
particular Danish product is small. To address possible sorting in anticipation of import changes,
our instrumental variables approach utilizes consumption levels of the year 1996. We employ two
additional instrumental variables at the six-digit industry level: geography-based transportation
costs and a measure of the importance of retail channels. These variables are the log average of
the distance from Denmark’s import partners using the 1996 imports as weights, and the ratio of

the number of retail trading firms over the total number of importing firms in 1996.

Figure 3 shows the change in Chinese import penetration between 1999 and 2009 across manu-
facturing industries versus the share of workers in middle-class jobs in 1999. Products belonging
to the same two-digit industry are given labels with the same color and shape. We see that the
relationship between import penetration and the share of mid-level workers varies widely within
a two-digit industry. For example, metal forming and steam generator products are both part of
the fabricated metal products industry, they both have about 50% mid-wage worker, and yet the
change in import penetration for steam generator products was much lower than for metal forming

products. What may account for these stark within-industry differences?

Despite these similarities, the tasks performed by mid-level workers in the occupations belonging

15The high-income countries are Australia, Finland, Germany, Japan, Netherlands, New Zealand, Switzerland, and
USA. To construct the variable in equation (1) we employ international trade data and business statistics data from
Statistics Denmark; the instrumental variable is based on information from the United Nation’s COMTRADE and
Eurostat. See section A.5 in the Online Appendix for details.



to the same two-digit industry can in fact be quite different, and so can be worker exposure to
import competition. Take “Fibre-preparing-, spinning-, and winding-machine operators” (textile
machine operators for short) and “Industrial robot operators”, for example, both four-digit occupa-

tions of the International Standard Classification of Occupations (ISCO).16

Workers in both occupations make typically mid-level wages, and yet textile machine operators
are more negatively affected by rising import competition compared to industrial robot operators;
the latter might actually experience improved employment prospects due to skill upgrading, be-
cause Denmark is among the countries with the highest recent increase in robotization (Graetz and
Michaels (2015). Our analysis addresses these important differences in within-industry exposure

by including up to more than four hundred occupational fixed effects.
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Figure 3: Mid-wage Workers and Import Competition from China

Furthermore, we exploit the employer-employee link to capture technology differences in more
than six hundred economic activities proxied by the share of information-technology educated
workers. In addition, we account for product quality using the wage share of vocationally educated
workers in the total wage bill. We also include two-digit industry fixed effects to avoid capturing

differences in growth of Chinese imports across industries due to broad technological differences.

10These are ISCO classes 8261 and 8170, respectively. Other examples of four-digit occupations include silk-
screen textile printers, textile pattern makers, tailors, bleaching machine operators, stock clerks, data entry operators,
bookkeepers, accountants, secretaries, and sewing machine operators.



As a result, we are not capturing Chinese import growth due to the potentially disproportional

effect of a decline in the costs of offshoring or automatization across industries.

In our second approach we exploit a specific policy change, the removal of Multi-fibre Arrange-
ment (MFA) quotas, to define exposure at the worker level. The entry of China in December 2001
into the WTO meant the removal of binding quantitative restrictions on China’s exports to coun-
tries of the European Union (EU); it led to a strong surge in textile imports in Denmark during the
years 2002 to 2009, and prices declined (Utar 2014). This increase in import competition is plausi-
bly exogenous because Denmark did not play a major part in negotiating the creation of the quotas
or their removal since it was managed at the EU level and finalized in the year 1995. Moreover,
the sheer magnitude of the increase in imports after the quota removal was unexpected, and in part

driven by the allocative efficiency gains in China (Khandelwal, Schott, and Wei 2013).

There were two so-called phases of MFA textile quota removals after China joined the WTO,
namely in the years 2002 and 2005.!7 Because any separate effects are difficult to distinguish our
analysis employs the entire period 2002 - 2009 as trade liberalization period.!®

We implement this approach by identifying all firms that in 1999 produced narrowly defined goods
in Denmark — e.g., “Shawls and scarves of silk or silk waste” — that are subject to the MFA quota
removal for China. This is our treated group of firms. The control group of firms with similar
characteristics can be constructed because within product categories the quotas did not protect all
goods. We then utilize the employer-employee link provided by Statistics Denmark to obtain two
sets of workers: a treatment and a control set. In the year 1999, about half of the textile and

clothing workers are exposed to rising import competition in this sense.

A key identification requirement is that treated and not treated workers are not subject to differen-
tial trends before the trade liberalization. The placebo results for 1990-99 reported in the Appendix
show no evidence for significantly different pre-trends, see Table A-4. In sum, the MFA removal
setting affords us a way to strengthen the instrumental variables analysis with evidence from a
quasi-natural experiment. Additional information on the MFA quota system and its removal is

given in section B of the Appendix.

"The extent of the surge in imports in textiles from China in 2005 led to a temporary suspension of the removal of
a few quota categories until 2008.

8While some of the most significant quota removals came only in the year 2005, the evidence in Table A-5 in the
Appendix suggests that overall, major firm responses to rising import competition started in the year 2002. This was
partly due to the overlap of firms exposed to the 2002 and the 2005 quota removals for China.



2.2 Offshoring, Technical Change, and Task Information by Occupation

Our analysis of occupation-level drivers of polarization employs information from the O*NET
data base, version 14. It reports information of the prevalence of certain tasks by occupation
based on data from the US Bureau of Labor Statistics. See Section A.6 for more information. We
also employ the composite task measure RTI (Routine Task Intensity) based on the Directory of
Occupational Titles of the U.S. Department of Labor due to Autor, Levy, and Murnance (2003).
The RTI index is a composite based on the prevalence of several types of activities performed in a

specific occupation, indexed by o:

RT1, = In(Routine,) — In(Abstract,) — In(Manual,,). (2)

Here, Routine is the routine score of the occupation, Abstract is its abstract score, and Manual is

the manual score of a specific occupation.

For offshoring, we employ two different measures that capture the offshorability of workers in
different occupations. Blinder and Krueger’s (2013) index focuses on whether tasks in a particular
occupation is intensive in tasks that are difficult to offshore because they involve personal interac-
tion and face-to-face communication, while Goos, Manning, and Salomons (2014) offshorability

index is constructed from data on actual instances of offshoring by European companies.

2.3 Characteristics of the Danish Labor Market

Work on Denmark’s labor market such as Bagger, Christensen, and Mortensen (2014), Hummels,
Jorgenson, Munch, and Xiang (2014), Groes, Kircher, and Manovskii (2015), and Traiberman
(2019) indicates that the country is a good candidate for examining job polarization. In contrast
to many continental European economies there are few barriers to worker movements between
jobs in Denmark. Turnover as well as average worker tenure is comparable to the Anglo-Saxon
labor market model (in 1995, average tenure in Denmark was 7.9 years, comparable to 7.8 in the
UK). Hiring and firing costs are low in Denmark. This is confirmed by more recent international
comparisons: for example, in the 2013 Global Competitiveness report, Denmark and the US are

similarly ranked as 6th and 9th respectively in terms of flexibility of hiring and firing regulations.

The flexibility in terms of firing and hiring practices is combined with a high level of publicly pro-
vided social protection. Most Danish workers participate in centralized wage bargaining, which
tends to reduce the importance of wages in the labor market adjustment process. However, in

recent years decentralization in wage determination has increased wage dispersion (Eriksson and

10



Westergaard-Nielsen 2009). While we find that shifts in employment between different occupa-
tions are central to explaining polarization in the Danish labor market, when we explore hourly
wages and earnings effects our findings are consistent with the wage effects in response to global-

ization documented by Hummels, Jorgenson, Munch, and Xiang (2014).

2.4 Worker- and Firm Information

This study employs the Integrated Database for Labor Market Research of Statistics Denmark,
which contains administrative records on individuals and firms in Denmark.'® We have annual
information on all persons of age 15 to 70 residing in Denmark with a social security number,
information on all establishments with at least one employee in the last week of November of
each year, as well as information on all jobs that are active in that same week. These data files
have been complemented with firm-level data and international transactions to assess exposure to
import competition, as well as information on domestic production which we employ in the quota

removal analysis.

Table 1: Ranking of Occupations by Wage

Median Mean Employment  Corresponding
Hourly Wage  Hourly Wage Share Major
1999 2009 1999 2009 1999 2009 ISCO
High-Wage
Legislators, Senior Officials, Managers 5488 5.550 5.538 5.604 0.038 0.039 1
Professionals 5297 5362 5349 5412 0.145 0.168
Technicians, Associate Professionals 5.116 5.177 5.160 5.211 0.184 0.239 3
Mid-Wage
Craft and Related Trade Workers 5.053 5.098 5.002 5.034 0.128 0.091 7
Plant and Machine Operators, Assemblers 5.012 5.088 5.095 5.024 0.089 0.062 8
Clerks 4949 5013 4945 5.023 0.134 0.103 4
Low-Wage
Elementary Occupations 4919 4962 4928 4956 0.117 0.104 9
Service Workers, Shop Sales Workers 4849 4938 4.851 4927 0.165 0.193 5

Notes: Values are expressed in log 2000 Danish Kroner. Elementary occupations are in sales, services, mining, con-
struction, manufacturing, and transport. Does not include ISCO code 92 (Agricultural, fishery and related labourers).
All hourly wages are calculated among workers with full-time jobs employed continuously with at least one year tenure.
Employment shares are calculated using the number of employees and excluding army and agriculture as well as fishery
occupations.

198ee Bunzel (2008) and Timmermans (2010) for additional descriptions of this data.
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The worker information includes annual salary, hourly wage, industry code of primary employ-
ment, education level, demographic characteristics (age, gender and immigration status), and occu-
pation of primary employment.?® Information on worker occupation is of high quality in Denmark
in part because occupational codes influence earnings, and both employers and workers (as well
as their labor unions) pay close attention to them. As noted above, occupation codes are generally
given at the four-digit level of the ISCO-88 classification which yields more than four hundred

detailed occupations.

Table 1 reports occupational wages for our 1999 cohort of N = 900,329 workers between 1999
and 2009, as well as the employment share across major occupational groups. The table classifies
occupations into the high-, mid-, and low-wage part of the distribution familiar from analyses of
job polarization. These groups are based on the median wage paid in an occupation in Denmark for
the year 1999.%! The high-wage occupations comprise of managerial, professional, and technical
occupations. Mid-wage occupations are clerks, craft and related trade workers, as well as plant and
machine operators and assemblers. Finally, low-wage occupations include service workers, shop

and market sales workers, as well as workers employed in elementary occupations.

The employment share of mid-wage occupations fell by around ten percentage points between
1999 and 2009, in line with the hollowing out of middle class jobs. Furthermore, the three wage
groups are quite stable over time. For example, in 1999 high-wage earning technicians and as-
sociate professionals (ISCO 3) make 16.7 percent more than mid-wage earning clerks (ISCO 4),
while the corresponding figure for 2009 is 16.4 percent. Similarly, the gap between middle- and
low-wage jobs does not change dramatically either. In 1999, a typical clerk makes 9.4 percent
more than the typical low-wage service and shop sales worker (ISCO 5), while in the year 2009
this difference is similar at 9.6 percent.

Our breakdown of occupations into three major wage groups is also similar to that of Goos, Man-
ning, and Salomons (2014) in their study of sixteen European countries, including Denmark, based
on 1993 wages, see Table A-2.

The sample includes all workers who were between 18 and 50 years old in 1999 and employed in
a firm operating in the non-agricultural private sector for which Statistics Denmark collects firm-
level balance sheet data. These workers were employed in a wide range of industries, including
mining, manufacturing, wholesale and retail trade, hotels and restaurants, transport, storage and

communication, as well as real estate, renting and business activities. The sectoral breakdown

20Employment status is based on the last week in November of each year. Thus our results will not be influenced
by short-term unemployment spells or training during a year as long as the worker has a primary employment in the
last week of November of each year.

2'We rank occupations at the one-digit level for full-time workers (see Table 1)
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of the sample in 1999 is shown in Figure 7 in the Appendix. As in most high-income countries,
the sectoral composition of the economy during this time changed from manufacturing (from just

above one third of the sample in 1999 to 20% by 2009) towards services.

By holding constant this sample of workers we can construct a worker-level exposure variable
that is based on workers’ employment as of the initial year. This has the advantage that it is
not endogenous to the workers’ subsequent job changes. Our results are also not affected by
factors that lead to entry or exit of workers, including domestic and international migration.?>
Regarding the other sample constraints, workers between 18 and 50 workers are typically active in
the labor market throughout the sample period, while firm-level accounting information is needed
to construct a number of important control variables.”> Descriptive statistics for the sample are

reported in Table 2.

A key outcome variable in our analysis is employment of worker i in mid-wage occupations (see

Table 1), defined as
2009

MID; = Y Emp}, (3)
1=2000

where Emp’/ is an indicator variable that takes the value of one if worker i has held a primary
job in mid-level wage occupations in year r € T, T = {2000, ...,2009}. The variable MID{ ranges
from a maximum of 10 years for a 1999 mid-wage worker who has been employed in mid-wage
occupations throughout the years 2000 to 2009, to a minimum of 0 for a worker who never had a
spell in mid-wage jobs. Analogously, we define LOW; and HIGHY as the cumulative low-wage
and high-wage employment of worker i between the years 2000 and 2009, respectively. Panel A of
Table 2 shows, for example, that workers have about 3.6 years of mid-wage employment between
the years 2000 and 2009. In addition to mid-, high-, and low-wage employment, Panel A of Table 2
shows summary statistics on non-employment (unemployment and time spent outside of the labor

force).

22For example, as a result of the increase in refugees in Denmark starting in the mid-1990s, the employment share
of Non-European Union immigrants increased from 2.5 to 4.5 % until the mid-2000s; see Foged and Peri (2016) for a
study of the impact of refugees on native worker outcomes in Denmark.

Z3Sectors that are not included as initial employment of workers in the sample are mainly public administration,
education, health, and a wide range of small personal and social service providers. Education and health sectors in
Denmark are to a large extent publicly owned. We have also employed a larger sample including the public sector with
about 1.5 million observations, finding that this does not yield important additional insights.
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Table 2: Key Characteristics of the Sample

Mean Standard
Deviation

Panel A. Cumulative Labor Market Outcome, Years 2000 - 2009
Employment in High Wage Jobs 2.638 3.689
Employment in Mid Wage Jobs 3.581 3.755
Employment in Low Wage Jobs 1.281 2.457
Unemployment 0.393 0.985
Outside of the Labor Force 0.542 1.410
Panel B. Worker Characteristics, 1999
Age 34.093 8.852
Female 0.339 0.473
Immigrant 0.045 0.208
Education
- College 0.176 0.381
- Vocational 0.436 0.496
- High School 0.377 0.485
Experience 12.868 6.205
History of Unemployment 1.025 1.716
Log Hourly Wage 5.032 0.448
High Wage Occupation 0.265 0.441
Mid Wage Occupation 0.509 0.500
Low Wage Occupation 0.194 0.395
Union Membership 0.762 0.426

Notes: N =900,329 workers. Variables in Panel A are measured in years. In Panel B, variables Female, Immi-
grant, Union Membership, High Wage, Mid Wage and Low Wage Occupations, as well as College, Vocational,
High School are indicator variables. Age, Experience, and History of Unemployment measured in years. High
School stands for at most completed high school education; History of Unemployment is the summation of
unemployment spells of worker i until 1999. Log Hourly Wage in units of 2000 Danish Kroner.

Panel B shows worker characteristics as of the year 1999. We distinguish three levels of education,
college, vocational education, and at most high school education. In Denmark vocational education
is provided by the technical high schools (after 9 years of mandatory schooling) and involves
several years of training with both schooling and apprenticeships. In our sample, percentage of
workers with college education is 18%, 44% of workers have vocational training, and the remaining
38% workers have at most high school education. This is quite similar to Denmark as a whole,
where these percentages are 25%, 43%, and 32%, respectively. As one would expect, the three
education levels are disproportionately represented in our three wage groups, with 55 percent of
the workers in low-wage occupations but only 14 percent of the workers in high-wage occupations

having at most a high school degree.
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Summary statistics for the sample of textile workers are shown in Table 3. It comprises of all
employees of the textile and clothing sector who are of working age throughout the sample period,
about 10.5 thousand workers.”* There are a number of differences between the textile workers
and the private-sector labor force in Denmark. One of them is that compared to the economy as a
whole, as typical of manufacturing in general, mid-wage occupations are relatively more important

(66% of textile workers hold mid-wage occupations in 1999).

Table 3: Summary Statistics: Sample of Textile Workers

Mean Standard
Deviation

Panel A. Labor Market Outcomes in 2002 - 2009
Employment in High Wage Jobs 1.366 2.498
Employment in Mid Wage Jobs 2.545 2.840
Employment in Low Wage Jobs 1.010 1.985
Unemployment 0.501 1.019
Outside of the Labor Force 1.096 2.013
Panel B. Worker Characteristics in 1999
Age 39.663 10.358
Female 0.569 0.495
Immigrant 0.061 0.240
Education
- College 0.123 0.329
- Vocational 0.352 0.478
- High School 0.509 0.500
Experience 14.729 5.783
History of Unemployment 1.292 1.828
Log Hourly Wage 4.964 0.374
High Wage Occupation 0.205 0.404
Mid Wage Occupation 0.664 0.472
Low Wage Occupation 0.119 0.324
Union Membership 0.822 0.383

Notes: N = 10,487 workers. Variables in Panel A are cumulative and measured in years. In Panel B, variables
Female, Immigrant, Union Membership, High Wage, Mid Wage and Low Wage Occupations, as well as College,
Vocational, High School are indicator variables. Age, Experience, and History of Unemployment measured in years.
High School stands for at most completed high school education; History of Unemployment is the summation of

unemployment spells of worker i until 1999. Log Hourly Wage in units of 2000 Danish Kroner.

If import competition has led to job polarization, mid-wage employment reductions and low-wage

employment increases must be relatively pronounced for workers who are employed in firms that

24Since this sample is smaller we employ less conservative age limits. The sample includes all workers who in 1999
are between 17 and 57 years old. This ensures that they will typically be active in the labor market between 2002 and
2009.
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Figure 4: The Probabilities of Machine Operators to Stay in their Occupation, and to Switch to
Personal Service Occupations, by Exposure

subsequently are affected by the quota removal. Figure 4 provides initial evidence on this by
comparing the job transitions of treated and untreated machine operators and assemblers (ISCO
82; machine operators for short). Consider first the hollowing out of middle-class jobs. Because
our sample starts with the universe of machine operators in 1999 and does not include machine
operators that enter this occupation after 1999, the two upper lines in Figure 4 start at 100% and
necessarily slope downward over time. The chief observation is that the rate at which machine
operators leave their occupation in exposed firms is higher than the rate at which they leave it in
non-exposed firms. By 2009 only about 15% of the exposed machine operators are in that same
occupation, in contrast to 23% of the machine operators that are not exposed to rising import

competition.

Turning to increases in low-wage employment, the two lower lines in Figure 4 give the cumulative
probabilities of 1999 machine operators to work in personal and protective services (ISCO 51).
This is a low-wage occupation that includes the organization and provision of travel services,
housekeeping, child care, hairdressing, funeral arrangements, as well as protection of individuals
and personal property. Figure 4 shows that the movement of exposed machine operators into

personal and protective service jobs is more pronounced than for non-exposed machine operators.
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By the year 2009, almost one in ten of the exposed machine operators is in the personal and
protective service occupation, compared to only about one in fifteen of the non-exposed machine
operators. Consistent with job polarization, workers exposed to rising import competition move

relatively strongly from mid-wage into low-wage occupations.?

Employment trajectories of the mid-wage workers are typically one-directional, either up to high-
or down to low-wage jobs. In our economy-wide sample with more than 900,000 observations,
more than 95% of the mid-wage workers either stay in that wage category or move either up or
down for any amount of time during 2000-2009. It will therefore be critical for welfare reasons to
examine the factors that determine the direction of the move, upwards or downwards. We will turn

to this below.

3 Import Competition Leads to Job Polarization

This section examines whether rising import competition has been a significant cause of job polar-
ization in Denmark. We first show the effect of import competition on mid-level wage jobs before
examining whether there was positive employment growth in both the higher and lower tails of the

wage distribution.

3.1 Chinese Imports and the Hollowing-Out of Middle Class Jobs

To shed new light on the factors that influence the relationship between import competition and
changes in mid-wage employment we proceed in steps and estimate several versions of the follow-

ing equation

Mid¢ = o+ oy AlmpComp; + 7} +7F + 7V + ¢, 4)

where ZlW are worker- , Zf are firm-, and ZlN are product-level variables (product-level variables
are at the 6-digit industry level). The change in Chinese import penetration, AlmpComp |, is in-

strumented as described in section 2.1.

The first specification employs Chinese import competition, captured by AlmpComp , solely to-
gether with two-digit industry fixed effects. At the bottom of Table 4 the robust first-stage F-

statistic of about 12.5 (p-value of virtually 0) shows that the instrumental variables are predictive

25 A similar figure for high-wage occupations (not shown) suggests that exposed workers move also more strongly
than non-exposed workers into high-wage occupations.
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of the change in Chinese import competition. First-stage coefficients are significant and of the
expected sign; they are shown in the Online Appendix, Table A-7. The second stage coefficient is
negative, see Table 4, column 1. While the focus is on the coefficient on import competition, all

coefficients are shown in the Online Appendix, Table A-7.

The import competition coefficient falls in absolute value with the inclusion of age, gender, im-
migration status and education variables, while worker characteristics (experience, unemploy-
ment history, hourly wage, and the worker’s two-digit occupation) reduce the coefficient further
(columns 2 and 3, respectively). This indicates that part of the estimated middle-class employment
losses are due to the composition of the workforce in the part of the economy that is relatively

exposed to Chinese import competition.

Specification (3) in Table 4 compares workers with similar demographic and education charac-
teristics, wages and employment experiences, occupations, and industry characteristics, some of
whom are employed in producing six-digit product categories exposed to rising import competition
while others are not. It does not account for firm effects, which have been shown to be important
for the impact of rising import competition (Utar 2014, Bloom, Draca, and van Reenen 2016). In
the present context including the most salient firm characteristics —size, quality, and the extent to
which workers separate from their firms—does not change the import competition estimate much

(column 4).

Middle-class employment is likely affected by the rate at which new information and communica-
tion technologies are adopted. We therefore include the share of information technology-educated
workers for each of the roughly 600 six-digit industries in the regression, as well as the wage share
of vocationally trained workers. The import competition coefficient is now estimated at about -5.4
(column 5), which is less than half the size of the point estimate in column 1. Failing to account
for detailed worker-, firm-, and product characteristics would overestimate the impact on import

competition on employment in middle class jobs.

Notice that the strength and performance of the instrumental variables does not change much with
the inclusion of worker, firm, and product-level variables. In particular, the first-stage F-statistic
is similar, and the over-identification tests show no evidence that the instrumental variables are
not valid. The final column in Table 4 shows OLS results for comparison. The Chinese imports
variable has a negative point estimate but it is close to zero. This is consistent with the hypothesis
that import demand from China is positively correlated with industry demand shocks, and failing

to account for this correlation the OLS estimate is upwardly biased.
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3.2 Import Competition and the Tails of the Wage Distribution

This section asks whether rising import competition has caused employment increases in the high-
and low-wage tails of the worker distribution. Mid-wage employment losses are only one part of
the job polarization pattern, and without an increase in both high- and low-wage employment one

cannot conclude that import competition has caused job polarization.

Table 5: Import Competition and the Tails of the Wage Distribution

€] 2) 3)
Mid-wage Emp. High-wage Emp. Low-wage Emp.

A Import Competition -5.441%%* 2.436%* 2.413%*
(2.287) (1.087) (1.181)
Demographic Characteristics v v v
Education Characteristics v v v
Log Hourly Wage v v v
Labor Market History v v v
Occupation Fixed Effects v v v
Union and Unemployment Ins. Indicators v v v
Firm Characteristics v v v
Product Characteristics v v v
Industry Fixed Effects v v v
Number of Clusters 170 170 170
Number of Observations 900,329 900,329 900,329
First-Stage F-test 12.575 12.575 12.575
First-Stage F-test [p-value] 0.000 0.000 0.000

Notes: Dependent variable is years of employment in mid-, high-, and low-wage occupations between 2000 and
2009, given at top of column. Estimation by two stage least squares. All specifications include demographic
(gender, age, immigration status), education, hourly wage, labor market history (unemployment history, linear
and square terms of experience), union and unemployment insurance memberships, firm (size, wage, separation
rate), as well as 6-digit industry covariates as described in Table 4. Robust standard errors clustered at the 3-digit
industry level in parentheses. *, ** and *** indicate significance at the 10%, 5% and 1% levels respectively.

Column 1 in Table 5 repeats the result for mid-wage employment from Table 4. Results for the
employment effect of rising import competition for high-wage employment are shown in column 2.
The coefficient is positive with a point estimate of 2.4, indicating that, on average, workers exposed

to rising Chinese import competition have more employment in high-wage jobs than virtually
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identical workers employed at similar firms not exposed to rising import competition. In column 3
we show evidence on the impact of rising import competition on low-wage employment, defined
as the years of employment in low-wage occupations during 2000-2009. On average, workers
exposed to rising import competition from China have disproportionately more employment in

low-wage jobs, and the coefficient turns out to be 2.4 as well.

To assess economic magnitudes we compare two workers, one at the 10th and the other at the
90th percentile of exposure to import competition. The difference in the change in Chinese import
penetration for these workers is 0.037. With a coefficient of about -5.4 in column 1, a highly
exposed worker has typically just under 0.2 years of mid-wage employment less than the typical
not exposed worker.’® The coefficient in column 2 translates on average into 0.09 years more of
high-wage employment. The difference to zero in the sum of the regression coefficients in Table 5
is accounted for by unemployment and years spent outside the labor force; they will be discussed

below.

To put these coefficients in perspective, a worker with a poor unemployment history for example
has usually 0.4 years less mid-wage employment between 2000 and 2009 than a worker with a
good unemployment record, and a 47 years old worker has typically 0.8 years less mid-wage
employment than a 22 years old worker. A worker employed in a large firm with 200 employees
has 0.02 years more high-wage employment over ten years than a worker employed in a smaller
firm with ten employees. These figures suggest that rising import competition has sizable effects

on the occupational movements of workers.

This is the first main result of the paper: Rising import competition explains part of the reductions
in middle-class jobs and increases in high- and low-wage positions characteristic of job polariza-

tion.

It is interesting to examine some of the coefficients of the other included variables in the specifi-
cations of Table 5; they are shown in Table A-7 in the Appendix. Specifically, the coefficient on
the indicator for women in the high-wage employment regression is about 0.77, consistent with
women being more successful in moving into high-wage employment than men. This is in line
with the gender difference in the United States 1979-2007 (Autor 2010, Figure 4). Furthermore,
the coefficient on union membership in the mid-wage employment regression is positive at about
0.56, which means that the hollowing-out of middle-class employment has been slower for workers
who are members of a labor union. This finding mirrors Firpo, Fortin, and Lemieux (2011) who

emphasize the importance of deunionization in the pattern of U.S. wage polarization.

The following discussion examines a number of additional aspects.

26Evaluated at the 90th vs. 10th percentile exposure difference for manufacturing workers, the effect is 0.43 years.
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3.2.1 The Dynamics of the Import Effect

For this analysis we have estimated equation 4 with different years as sample endpoints, beginning
with the year 2000 until the year 2009. Two-stage least squares point estimates of the impact of
import competition on workers’ cumulative employment in high-, mid-, and low-wage occupations
as well as on unemployment and labor force exit are shown in Figure 5 (standard errors are shown
in Table A-9 in the Appendix) . For example, the downward trending line in Figure 5 is the impact

of rising import competition on mid-wage employment; for the year 2009 as the sample endpoint,
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Figure 5: The Dynamic Effects of Import Competition on Labor Market Status

Figure 5 makes several important points. First, there is only one series that is in negative territory,
namely mid-wage employment. The series for the four other labor market outcomes, in contrast,
are positive or zero. This is consistent with the idea that the increases in employment of low- and
high-wage occupations are the flip sides of mid-wage employment falling due to import competi-
tion. Second, the effect of import competition on mid-wage employment is negative already in the
year 2000, the effect on impact, and the coefficient gets larger (in absolute value) year after year
in an almost linear fashion. This is consistent with rising import competition destroying mid-wage

jobs in Denmark over the medium- to long-run.
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Third, import competition’s impact on high-wage and low-wage employment is rising over time.
Also, trade’s impact on unemployment is stronger than its effect on low-wage employment, a
result that is only reversed after the year 2005. A plausible interpretation is that before the year
2005 workers prefer becoming unemployed to entering the low-wage part of the economy, and
only as time goes by workers arrange themselves with the necessity of taking up low-wage jobs.
Finally, the figure shows that movements outside of the labor force play not a major role for our

results.

Overall, we see from Figure 5 that polarized employment trajectories are a long-run outcome of
the import competition shock, while unemployment is a transitory station of workers dealing with

exposure to rising import competition.

3.2.2 The Role of Sectoral Change

Like other high-income countries, Denmark’s economy has shifted from manufacturing to services
sectors in recent decades. At the same time, there is evidence that import competition caused
polarized employment trajectories for manufacturing workers (Figure 2). It is thus important to
ask whether job polarization driven by rising import competition is related to the structural shift
from manufacturing to services. In that case, workers would not only face major occupational

change but also the challenge of switching broad sectors.

In the analysis above we have distinguished a worker’s employment in high-, mid-, and low-wage
occupations. To assess the importance of structural change we will decompose the workers’ em-
ployment further by sector, specifically manufacturing versus services. Table 6 reports two-stage
least squares results on the impact of rising import competition separately by type of occupation
and by sector. All specifications include the full set of variables that were present in Table 5. Fur-
thermore, there is evidence that the excluded instruments have power in each of the specifications;

the p-value of the robust first-stage F-statistic is always less than 0.0001.
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Table 6: Channels of Job Polarization Due to Trade

(1) 2 (3)
Panel A. Mid-Wage Employment 2000-2009
All Manufacturing  Services
A Imports from China -5.441%* -7.074* 1.100
(2.287) (3.613) (1.497)
Panel B. High-Wage Employment 2000-2009
All Manufacturing  Services
A Imports from China 2.436%* 1.777 1.326
(1.087) (1.983) (1.761)
Panel C. Low-Wage Employment 2000-2009
All Manufacturing  Services
A Imports from China 2.413%* -2.017* 4.366%**
(1.181) 1.077) (1.343)

Notes: The number of observations is 900,329 in each cell. Estimation by two stage least squares.
Robust standard errors clustered at the 3-digit industry level in parentheses. All specifications in-
clude demographic (gender, age, immigration status), education, hourly wage, labor market history
(unemployment history, linear and square terms of experience), union and unemployment insurance
memberships, firm (size, wage, separation rate), as well as product-level variables as described under
Table 4. All specifications also include two digit occupation fixed effects and two-digit industry fixed
effects. °, * and ** indicate significance at the 10 %, 5% and 1% levels respectively.

Panel A of Table 6 shows that the decline of mid-wage employment caused by rising import com-
petition is concentrated in manufacturing (column 2). In contrast, exposed workers tend to have
actually more mid-wage service employment than non-exposed workers, although the difference
is not significant at standard levels (column 3). Import competition reduces employment opportu-

nities first and foremost for manufacturing workers, not generally for mid-wage workers.

Next, the increase in high-wage employment through import competition is distributed more broadly
across sectors (Panel B), with point estimates for import competition of about 1.8 and 1.3 for man-
ufacturing and services, respectively (not significant). These results are in line with recent findings
that import competition forces firms to downsize at the same time when they shift their demand
towards worker having relatively high skills (Utar 2014).
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At the lower end of the wage distribution rising import competition from China reduces low-wage
manufacturing employment (Panel C, column 2). That is, there is no trade-induced job polarization
for manufacturing on its own. Polarization only emerges when we incorporate worker movements
through the entire economy into the analysis. The overall increase in low-wage employment (col-
umn 1, Panel C.) is mostly due to low-wage employment increases in the service sector (column
3, Panel C.). Our finding of import competition-induced increases in low-wage service employ-
ment confirms the transitions from machine operator to personal and protective service occupations
shown in Figure 4 above. The growth in low-wage service employment is also in line with Au-
tor and Dorn’s (2013) findings of job polarization driven by routine-biased technical change in
the United States, which underlines the importance of analyzing import competition and technical

change side by side (see next section).

For now it is useful to compare our findings on trade with what we know about the United States.
In particular, Autor, Dorn, and Hanson (2015; ADH for short) find that rising import competition
has not led to partly positive, partly negative employment changes characteristic of job polarization
but instead to negative employment effects for virtually all workers.”’” Reconciling labor market
outcomes between the U.S. and Denmark is speculative, as noted by Traiberman (2019), as these
countries have different institutions, workers, and geography; however, an important factor here is
likely that ADH exploit regional variation across commuting zones whereas we identify the impact

of trade from longitudinal information on workers.

For example, ADH find that in trade-exposed commuting zones the employment share of higher
skilled managerial, professional, and technical jobs falls over time. In contrast, we estimate a posi-
tive impact of trade on employment in such high-wage occupations (Table 6, Panel B). Individuals
employed in high-wage occupations tend to be highly skilled, and as such they are relatively able
to adjust to negative labor demand shocks. If skilled workers move disproportionately away from
exposed commuting zones as a result of the trade shock their employment share in exposed regions
will tend to fall.”?® By focusing on regions ADH’s analysis reflects such effects. In contrast, our
longitudinal worker-level analysis compares individual exposed and not exposed workers irrespec-

tive of where they move, and therefore results can be different.

Differences in the institutional setting such as labor market policies in Denmark versus the United
States can also play a role. For example, due to active labor market policies and income transfer and

insurance policies Danish workers suffered much lower losses in personal income than their U.S.

?7Similarly, Lake and Millimet (2016) do not find evidence for job polarization explained by rising import compe-
tition in the U.S. using a local labor market approach.

28 Bound and Holzer (2000) as well as Malamud and Wozniak (2012) find that less educated workers adjust less
in terms of migration to negative labor market shocks than highly educated workers. Migration is only one of several
possible adjustment margins.
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counterparts (Utar 2018 and Autor, Dorn, Hanson, and Song 2014, respectively), and similarly
we find that prime age Danish workers exited the labor force to a lesser degree (Figure 5) in
comparison to the non-employment response to import competition documented for the U.S. in
ADH.

The following summarizes supplementary findings on job polarization in several dimensions, see
Table A-8 in the Appendix. By stripping out part-time employment and examining hours worked
instead of years of employment, we confirm that the polarizing effect of rising import competition
is mostly due to changes in full-time employment, with changes in hours and part-time work play-
ing only minor roles. We also find that the impact of imports is more strongly due to employment
rather than wage polarization, although wage changes do not offset the polarizing employment

effects of import competition.

The key finding so far is that rising import competition can explain job polarization. The following
analysis compares import competition with other potential causes of job polarization, in particular

technical change.

3.3 Technical Change and Offshoring as Alternative Explanations

This section employs measures of technical change and offshoring to examine the impact of import

competition along with these alternative forces.

A well-known measure in the literature is the routine task intensity index (RTI), which captures an
occupation’s susceptibility to routine-biased technical change (Autor, Levy, and Murnane 2003).%°
The following table shows also results for the Goos, Manning, and Salomons (2014) offshorability

index, with similar results for the Blinder and Krueger measure reported in the Appendix.>*

Because the RTI and offshoring measures vary at the two-digit occupation level, in order to identify
the roles of technical change and offshoring we drop our two-digit occupation fixed effects for more
aggregate occupation variables.?! Furthermore, the RTI and offshoring measures are not available
for the entire sample of about 900,000 workers but rather closer to 800,000 workers. However, the
impact of rising import competition on middle-class employment with these changes is estimated

to be similar, with a coefficient of -5.47 versus -5.44 before (Table 7, column 1, and Table 5,

29 Autor (2013) recommends to use as far as possible off-the-shelf measures in task analysis. The RTI index is a
measure based on Dictionary of Occupational Titles (DOT) data, a precursor to the O*NET data base, using 1980
data; it has been employed in Autor, Levy, and Murnane (2003), Autor and Dorn (2013), and Autor, Dorn, and Hanson
(2013) among others. Below we will also employ information on individual tasks.

30See Table A-10 in the Online Appendix.

31We employ indicator variables for working in a high-, mid-, and low-wage occupation in the year 1999, as well as
a measure of each four-digit’s occupation’s propensity to interact with computers (O*NET activity question 4.A.3.b.1).
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respectively).

We begin by adding offshoring to our specification. Offshoring enters with a negative sign, indicat-
ing that workers in occupations that are more easily offshorable experience mid-wage employment
reductions compared to other workers during the sample period (column 2). This is consistent with
offshoring contributing to the hollowing out of middle-class jobs. At the same time, the impact of

rising import competition is largely unchanged by the introduction of the offshoring variable.

Next, we add RTI, the measure of routine-biased technical change, to our specification. It comes
in with a negative coefficient, indicating that workers performing tasks that are routine-intensive
have less mid-wage employment than other workers (column 3). Consistent with earlier evidence,
this result reflects the impact of computers at the work place because they substitute for workers
performing easily programmable and routine-intensive tasks. Note that the introduction of RTI
reduces the size of the offshoring coefficient (and it ceases to be significantly different from zero)

while the import competition coefficient is largely unchanged.

Furthermore, reporting standardized coefficients based on variables with mean zero and standard
deviation of one in hard brackets, we find that the impacts of technical change and import compe-
tition on mid-wage employment are very similar (coefficients of -0.046 and -0.045, respectively).
This provides evidence that the impacts of import competition and technical change on the hol-
lowing out of middle class jobs are comparable in magnitude. One might be concerned that it
matters for these results that import competition is instrumented while RTI and offshoring are not,
however, we do not believe that this is of first-order importance since we obtain similar findings

using OLS for estimating the impact of import competition in a quasi-experimental setting.

Next, we ask whether workers exposed to rising import competition have more employment in
high-wage occupations once we account for technical change and offshoring. The point estimate
of the import competition variable is 3.5, which is somewhat larger than without adding the RTI
and offshoring variables. The coefficient for offshoring is negative in the high-wage employment
equation, indicating that offshoring does not explain the employment increases in the high-wage
tail needed for job polarization (conditional on import competition and technical change). The
RTI coefficient is positive, indicating that workers performing routine-intensive tasks dispropor-

tionately contribute to more employment in high-wage occupations.

Results for low-wage employment are shown in column 5. The coefficient on import competition
is positive and quantitatively similar to the result without accounting for offshoring and technical
change. We also find that offshoring contributes to the increase in low-wage employment, how-

ever technical change does not because the RTI coefficient is not significantly different from zero

27



"A[9ATIOQdSAT STOAJ 9, [ PUR 96 ‘9, ()] AU} J& 20UBOYIUSIS 9JedIpUl ,,, pUB
x5 "S9POO uonednooo ysrue(J Y} JO SWOS J0J SAUNSBIW FULIOYSJO JO AJISUIUIL JSB) QUIINOIL OU AIB 1Y) 9snedaq sdoIp SUONBAIdsqo Jo Joquinu oy ], (1) suowores
pue SUIUUBJA ‘SO0D) SI SA[BLIBA AJISUIUI JSB) QUIINOI PUB SULIOYSIJO ) JO S22INOS Y, "9pod uonednodo JSIp om] s 1 IOIom Jo AJISUIUI Se) aunnol ay) sainjdes pue
(£107) wIo(q pue 101Ny pue (¢OQ7) SUBUWINA pue AA9T I0INY SMO[[O] . AISUAU] YSBL, unnoy],, "(1(g) Suowoes pue SUIUUL]A] ‘SO0D) 01 anp ‘sse[o uonedndoo ySip
oM} S,1 II0M JO AI[IqeIoysyjo ay) st SuroysyO “sienduwod yim Sunoeiojur Jo pooyrayI suonednooo o) pue suonedndodo aSem-mo[ pue ‘-prua ‘-y3Iry se sI0jedIpur
uonednodo AqQ 10J PI[[0TU0D Ik suorednodo [eNIUT ‘SUOISSAITAI [[€ U] "S}09JJ0 PIXY AISnpul JISIP-0m) 9PN[OUL OS[E SUOLIBOYIAdS [[V " 9[qRL, Jopun paqLIdsap St S9[qeLIeA
[01u0d [aA3[-1onpoid se [[om se ‘(ejer uoneredas ‘98em 9zIs) so[qerrea way ‘sdiysioquisw ddueinsurl judwiojdwoun pue uorun ‘(90ULIAdX9 JO S} Arenbs pue reaur|
‘K101s1y JuawAojduroun) A10)sIy JosIew Joqe] ‘93em ‘uoneonps ‘(smejs uonerdruwl ‘oge ‘ropuad) orydeiSowap opnyoul suoneoyroads [y sioxoeiq a1enbs ur pajrodar
aIe SJUSIOYJo00 lag sesayjuared ur pejrodar are oAd] Ansnpul JISIp-¢ Y} J8 PaIAISN[O Ik Jey) SIOLIS pIepue)s 1Snqoy ‘sarenbs jseo] aSeis om) Aq uonewnsy :SJON

[000°0] [000°0] [000°0] [000°0] [000°0] [000°0] [000°0] [000°0] [onrea-d] 1s91-4 93e1s-1sI1]
060°98L 060°98L 060°98L 060°98L 060°98L 060°98L 060°98L 060°98L N
M M M s uonednoo NI-In0
[010°0-] 11170l [9%0°0-]
(9€0°0) (S€0°0) (#S0°0)
9¢0°0- % SCY'0 #%x081°0- Aysuduy Yse, ounnoy
[890°01 [690°0-] [€10°0-] [L200-]
(L10°0) (020°0) (820°0) (LEO'0)
2207170 #xx50C0" €v0°0- xx880°0~ SuuoysyO
[920°0] [€20°0] [1%0°0-] [920°0] [620°0] [S+0°0-] [9%0°0-] [++0°0-]
(996°0) (T90'1) (6¥1°7) (€g1n (Sse1) (65€2) (Sve0) (€0€0)
#%S¥0°C #xL9L°C xx0680°G- #701°C w55 (VS € +x0CC G- s CVL G- #x69%°C- vuIy) woiy suoduwy y
$199]J poXL] Teuonednoo(y /m
(8) (L) 9) (©) (2] (€ (@ (D
‘dwg ‘dwg ‘dwg ‘dwg ‘dwg ‘dwg ‘dwg ‘dwyg

a8em-mog a8em-y3ig a8em-pIN a8em-mo a8em-y3ryg a8em-pIN a8em-pIN aem-pIN

uonezue[od qof Ioj suoneue[dxyg oAnRUINY :/ J[qEL

28



(column 5).

With offshoring neither accounting for mid-wage reductions nor high-wage increases and technical
change not explaining the growth of low-wage employment, rising import competition is the only
factor that can explain the U-shaped pattern of employment changes across occupational wage

levels that defines job polarization.?

The final three columns of Table 7 present two-stage least squares results for the impact of rising
import competition on mid-, high-, and low-wage employment that control for four-digit occupa-
tional fixed effects. These fixed effects capture arbitrary forces in the susceptability of workers to
be affected by import competition which if omitted may affect our estimation results. Given these
approximately 400 additional fixed effects, our measures of offshoring and technical change are
not identified anymore. As columns 6, 7, and 8 show, the results with four-digit occupational fixed
effects are broadly similar to those with more aggregate occupational fixed effects (compare with
Table 5), and there is little evidence that our results are driven by omitted variables operating at the

detailed occupational level.

The second key result of the paper is that the impact of rising import competition is comparable
to routine-biased technical change in hollowing out middle class jobs, and at least during the first
decade of the twenty-first century in Denmark, import competition is the only factor leading also
to increases in both the high and the low tails of the wage distribution. We also find that only inter-
national openness—including import competition and offshoring— but to a lesser degree technical
change can explain workers’ downward movements in the occupational hierarchy. This may help
to explain why international economic factors in particular are a source of discontent in large parts

of the labor force.

4 The Anatomy of Job Polarization

4.1 Trade Liberalization in Textiles: Evidence from a Quasi-Natural Exper-

iment

We now examine polarization in the setting of the removal of quantitative restrictions on China’s

textile exports. Our analysis encompasses all 1999 textile workers who are of working age until

$Recall that much of the existing work on job polarization examines changes in employment shares by wage group,
not years of employment of workers. In principle, it is possible that our RTI coefficients in columns 3 and 5 translate
into increases in employment shares for both high- and low-wage occupation groups. It is unlikely though because in
absolute value the coefficient in the mid-wage regression is considerably smaller than the coefficient in the high-wage
regression.
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the year 2009. These years, following the first removal of the Multi-fibre Arrangement quotas for
China in January 2002, are times of surging Chinese import competition in the Danish textile and

clothing industry.

The exposure of a worker to Chinese import competition is defined as the 1999 share of revenue,
three years prior to the new Chinese competition, that worker i’s firm derived from domestically
produced goods that are subject to the removal of quotas for China. The focus on the discrete policy
change in 2002 lends itself to a difference-in-difference strategy where outcomes are averaged
before and after the year 2002 (periods 1999-2001 and 2002-2009, respectively). Furthermore,
as detailed in the Appendix, the removal of quotas on Chinese goods can be treated as plausibly
exogenous. Our baseline estimation strategy is difference-in-differences OLS with worker fixed
effects. A cross-sectional estimation strategy with an extensive set of covariates for the year 1999

leads to similar results (see Table A-11 in the Appendix).

The difference-in-difference specification is given by:

MIDS, = Bo + B1ExposureixPostShocks + BaPostShockg + 8; + €;s. (5)

In equation (5) s identifies the pre- and post-liberalization periods (years 1999-2001 and 2002-
20009, respectively), MIDY{, is years of mid-wage employment in period s, Exposure; is the degree
to which a worker i is exposed to rising import competition due to the removal of quotas, measured
as the revenue share of products of worker i's firm for which quotas will be removed with China’s
entry into the WTO. PostShocks is an indicator variable for the post-liberalization period of 2002-
2009, and 6; denotes for worker fixed effects.

Post, captures the influence of aggregate trends in the industry and in the labor market affecting all
workers. All time-invariant differences across workers, such as gender, occupation, age, education,
and wage in the year 1999, as well as across the workers’ firms, such as their organizational and
technological structure as of 1999 are captured by worker fixed effects, §;. Of key interest is
the estimate of B; which measures the impact of import competition.?® It reveals whether exposed
textile workers have different outcomes in the quota removal period compared to virtually identical
non-exposed textile workers, relative to the period in which competition from quota products was
absent (years 1999 - 2001).

To study the potential heterogeneous impact of import competition on occupational mobility, we

employ the following specification:

3 We will refer the coefficient estimate B; as Import Competition in the regression results.
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Y = Bo+ B1ExposureixPostShocks + BoPostShocks + B3 ExposureixPostShockxChari+
BaPostShockgxChar; + 6; + €,

In equation (6) Char; denotes a characteristics of worker #, such as the task he or she performs. Of
primary interest is the estimate of B3 which measures the impact of import competition on workers

with certain characteristics, relative to workers who do not have these characteristics.

Table 8: Job Polarization due to Quota Removal

(D (2) 3
MID", HIGH!, LOW¢!
Import Competition -1.292%%* 0.788**%* 0.665%**
(0.382) (0.285) (0.220)
Worker Fixed Effects v v v
Period Fixed Effects v v v
N 20,974 20,974 20,974

Notes: Dependent variable given at the top of the column. Estimation by OLS. Robust
standard errors clustered at the firm-level are reported in parentheses. Import Competi-
tion is defined as Exposure;xPostShock; (equation (4)), where Exposure; is a continuous
trade exposure variable defined as the manufacturing revenue share of 8-digit Combined
Nomenclature goods that were subject to removal of quotas for China in 1999 of worker
i’s employer. *, ** and *** indicate significance at the 10 %, 5% and 1% levels respectively.

Column (1) shows that workers exposed to Chinese competition from former quota products have
on average less mid-wage employment than non-exposed workers, with a coefficient of about -1.3.
Exposed workers have also on average more high-wage employment than non-exposed workers,
consistent with a higher rate of worker transitions from mid- to high-wage employment for exposed
workers (column 2). At the same time, workers at firms producing quota products have also on

average disproportionately higher low-wage employment, as shown in column (3) of Table 8.

While the revenue share of quota-exposed products captures the intensity of new import competi-
tion faced by each worker, the results—not reported in Table 8— are similar when Import Competi-
tion is defined as an indicator variable, equal to one if the firm has any 8-digit products that will be

subject to heightened import competition after China’s entry into the WTO, and zero otherwise.>*

34Specifically, the coefficient in the mid-wage employment equation is -0.337 while the coefficients in the high- and

31



To asses the economic magnitudes of the impact of import competition we compare workers at the
25th and the 75th percentile of exposure.® The results in column (1) shows that the competition
from China causes a decline in mid-wage occupations over the eight years of -1.292 0.284 = 0.367
of a year or 4.4 months. A decline of mid-wage employment for exposed textile workers of 0.367
years is larger than the just under 0.2 that we found above for the typical Danish (private-sector)
worker. This confirms the relatively strong impact of rising import competition in the textile sector,
and it is also in line with the differences in mid-wage employment share changes shown in Figure
2. Furthermore, exposure to import competition leads to a 17% decline compared to the sample
average mid-wage employment. Exposed workers have on average about 28 percent higher low-
wage employment than non-exposed workers, and exposed workers have on average also about 23

percent more high-wage employment compared to non-exposed workers.

To summarize, the evidence from the MFA quota trade liberalization confirms the earlier results
for the entire private-sector economy that rising import competition has led to job polarization.
This is important because the impact of rising import competition in the quota liberalization is
straightforward to estimate, involving nothing more than a set of OLS regressions. The following
section employs the quota removal experiment to better understand the mechanisms that lead to

import competition-induced job polarization.

The Occupational Dynamics of Middle-Class Workers The following section examines the roles
of worker education, skill, and task in determining the up- versus downward occupational move-
ments of workers who were at the beginning of the sample period employed in middle-class jobs.
In 1999, there were about 7,000 such workers in the textile and clothing industry.

Figure 6 shows how rising import competition has affected the labor market position of these
workers over time. We see estimates for different versions of equation 5 in which the length of the
post-period in the difference-in-difference analysis is varied from the year 2002 to the eight-year
period of years 2002-2009. The coefficients are shown together with standard errors in Table A-12
in the Appendix.*® Figure 6 also shows the dynamics of trade’s impact on unemployment and

labor force exit of these workers.

The figure shows that while these workers experience a substantial reduction in mid-wage employ-

ment through rising import competition, the trade-induced increase in low-wage employment is

low-wage employment equations are 0.207 and 0.168, respectively (all coefficients significant at a 5 percent or lower
level). Exposure to import competition in former quota products tends to raise unemployment and exit from the labor
force as well, though not significantly so.

33The 75/25 percentile difference compares a textile worker who in 1999 is employed at a firm with 28.4% of
revenue in domestically produced quota goods with another textile worker whose firm in 1999 does not produce any
quota product.

36Tables A-13 and A-14 show analogous results for initial low- and high-wage workers.
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larger than the increase in high-wage employment. In fact, despite mid-wage reductions for these

workers there is no significant movement into high-wage jobs.>’
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Figure 6: Import Competition and Labor Market Trajectories of Middle-Class Textile Workers

In addition, exit from the labor force due to import competition is more important for middle-
class textile workers than in the private sector labor force as a whole, whereas unemployment for
middle-class textile workers is a less important outcome than in the economy as a whole (compare

Figures 6 and 5).38

Overall, while the impact of rising import competition on middle-class textile workers is broadly

3T This implies that the more symmetric impact of import competition on high- and low-wage employment shown
in Table 8 is due to workers who were initially in high- or low-wage occupations. Indeed, there are a number of
trade-exposed workers who initially held low-wage jobs that disproportionately pick up employment in high-wage
occupations.

3We also find evidence that rising import competition generates a sustained downward push into mid-wage oc-
cupations for workers who in 1999 have high-wage occupations; otherwise, the quota liberalization does not have
significant effects by 2009. For workers who in 1999 have low-wage jobs there is limited evidence that the rise in
import competition pushes them out of the labor force or into unemployment by 2009. Upward movements from
low-wage to mid-wage jobs driven by trde are rare as well, however, there is a significant movement of workers from
low- into high-wage occupations as the result of rising import competition; see Section D.1 in the Appendix.
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similar to that on the entire (private-sector) labor force, the fact that exposed middle-class textile
workers are more likely to switch into low-rather than high-paying jobs indicates that rising import
competition has affected middle-class textile workers overall more negatively than other exposed
Danish workers. This is in line with the descriptive evidence of Figure 2 and underlines the severity

of the trade shock in the textiles and clothing sector.

4.2 Education and SKkill as Determinants of the Direction of Occupational

Movements

This section examines the influence of education and skill in shaping occupational movements of
workers in response to rising import competition. The sample includes all 1999 textile workers
who held middle-class jobs. We begin by distinguishing workers by the 1999 level of education.

Results are shown in Table 9.

First, consider the extent to which these middle-wage workers continue to be employed in mid-
wage occupations. Column 1 shows that regardless of workers’ education, import competition
causes lower subsequent mid-wage employment, and the extent to which this happens does not
vary significantly among mid-wage workers. The largest negative interaction point estimate of
-1.2 is for workers with manufacturing-oriented vocational training (such as machine operators),

though it is not significant at standard levels.

Education does play a major role for upward vs. downward occupational movements, however.
We see that if the middle-wage worker is college educated, import competition has a significant
positive impact on his or her probability of upward movement into high-wage jobs, while if the
middle-wage worker has at most high school education the chance of moving into high-wage jobs

is zero (column 2, Panel A. and Panel D., respectively).39

Results for downward movements of middle-wage workers into low-wage employment are also
strongly affected by worker education. For a relatively low level of education the extent to which
an exposed middle-class worker moves downward into low-wage employment is almost doubled.
At the same time, his or her chance of moving up into high-wage jobs is significantly reduced with
a low level of education (column 3, Panel D. and Panel A., respectively).

39 Also notice that college-educated workers exposed to rising import competition are less likely to move into un-
employment and outside the labor force than other workers (Panel A., columns 4 and 5).
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Table 9: Occupational Movements in Response to Trade Shocks: The Role of Education

(D 2) 3) “) &)
Mid-Wage High-Wage  Low-Wage Unemploy-  Labor Force
Employ- Employ- Employ- ment Exit
ment ment ment
Panel A.
Import Competition -1.991%** 0.131 1.439%%%* 0.173 0.680%**
(0.540) (0.189) (0.263) (0.146) (0.310)
ImpComp x College -0.099 1.878%%* -0.864%* -0.517* -0.952%
(0.937) (0.806) (0.450) (0.279) (0.533)
Panel B.
Import Competition -1.939%#** 0.197 1.577%*%* 0.0610 0.462
(0.569) (0.212) (0.298) (0.171) (0.365)
ImpComp x Voc Training -0.128 0.231 -0.609* 0.218 0.410
(0.536) (0.310) (0.343) (0.197) (0.406)
Panel C.
Import Competition -1.861%*** 0.297 1.430%** 0.0604 0.435
(0.547) (0.232) 0.272) (0.157) (0.317)
ImpComp x Manuf Voc Training -1.202 -0.228 -0.423 0.690%* 1.526%**
(0.905) (0.373) (0.421) (0.280) (0.640)
Panel D.
Import Comp -2.020%** 0.731%%* 0.924 % 0.106 0.622%*
(0.593) (0.358) (0.284) (0.198) (0.322)
ImpComp x High School 0.064 -0.755%* 0.757*%* 0.047 -0.049
(0.538) (0.337) (0.336) (0.204) (0.403)

Notes: Dependent variable at top of column. Estimation by OLS. The number of observations in every regression is 13,934.
All regressions include worker and period fixed effects. Robust standard errors clustered at the firm-level are reported in
parentheses. Import Competition (and ImpComp for short) denote ExposurejxPostShock, (equation (4)), where Exposure; is
a continuous trade exposure variable defined as the manufacturing revenue share of 8-digit Combined Nomenclature goods
that were subject to removal of quotas for China in 1999 of worker i’s employer. *, ** and *** indicate significance at the 10

%, 5% and 1% levels respectively.

Table 9 also shows results for vocationally trained workers, see Panel B. Comparing the upward

and downward movements in response to the import shock for vocationally trained and college-

educated workers, there are both similarities and differences. For one, vocationally-trained work-
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ers, just like college-educated workers, have a lower chance to be pushed from middle-class to
low-wage jobs than other exposed workers (column 3, Panels B. and A., respectively). At the
same time, vocational training, in contrast to college education, does not lead to trade-induced
transitions to high-wage employment (column 2). This asymmetry is consistent with the idea that
specific forms of vocational training can be effective for a worker to avoid downward movements
in the occupational wage distribution at the same time when generally it does not provide the more

general skills necessary for upward movements in response to a negative trade shock.

Results for the subset of manufacturing-oriented vocationally trained workers (such as welders) in
Panel C. are also interesting. Generally, manufacturing-oriented training leads to worse outcomes
than other vocational training (although the difference is not always significant). To an extent
this is a reflection of the structural decline in the number of manufacturing jobs. In line with
this argument, exposed workers with a manufacturing-oriented vocational training are particularly

likely to become unemployed or exit the labor force (columns 4 and 5, Panel C.).

These results are broadly confirmed by findings for the entire private-sector labor force, see section
D.5 in the Appendix.

In sum, there is strong evidence that education shapes the way a particular exposed middle class

worker contributes to the overall pattern of job polarization in the economy.*°

In the next section we employ a worker’s hourly wage as an indicator of how his or her skill affects
occupational transitions. Specifically, the analysis contrasts the impact of import competition on
workers with particularly low and particularly high wages, defined as in the lowest versus the

highest quintile of the wage distribution, respectively. Results are shown in Table 10.4!

First, we find evidence that workers with relatively low wages are less likely to lose their job
compared to other middle-class workers exposed to import competition (column 1). Thus, while
different levels of education are not associated with varying probabilities to lose middle-class jobs,

wage differences are.

Next, we see that it is the exposed middle-class workers commanding a relatively high wage who
are moving up into high-wage employment (column 4). Because these high-earning workers are
more likely to have college education, this result is in line with our findings in Table 9. In contrast,
workers making low wages (likely with low levels of education) are not more likely to shift down-
ward into low-wage jobs compared to other exposed workers (column 5), and neither are workers

making high wages—who tend to have relatively high education levels—significantly less likely to

40This analysis has been in terms of 1999 levels of education; for evidence that international trade can provide
incentives for human capital accumulation, see Blanchard and Olney (2017) and Utar (2018).
41We show results on all five wage quintiles in Table A-16 in the Appendix.
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move down to low-wage occupations (column 6).

Finally, we see that workers receiving relatively high wages do not shift out of the labor force
while workers with relatively low wages are significantly less likely to be unemployed compared
to other exposed middle-class workers (columns 10 and 9, respectively). While the former is in line
with our findings for college-educated workers in Table 9, the latter differs from what we found
for workers with the lowest level of education. Overall, these results indicate that education and
skill are two complementary factors that determine whether exposed middle-class workers move

upward or downward in response to a trade shock.

We have also examined the occupational transitions of textile workers in their sectoral dimension.
Exposed middle-class textile workers leave manufacturing for low-wage but not high-wage jobs
in manufacturing, and they strongly move to employment in the services sector. While some
workers stay in middle-class positions trade exposure also leads to new service employment in
both low-wage service positions industries (retail, but also low-wage jobs in finance, business) and
high-wage service positions (finance, business, but not retail). These results are shown in Table
A-15 in the Appendix.*?

4.3 Trade versus Technology in Job Polarization: A Worker-Task Analysis

The following analysis employs information on individual tasks of the O*NET data base to shed
new light on factors that make workers employed in different occupations more or less prone to job
polarization. Compared to aggregate task measures —such as the Routine Task Index— this allows
to separate the role of sub-components, in particular manual versus routine tasks. Our analysis
broadly follows earlier work in relating O*NET variables to task groups (Autor, Levy, Murnane
2003, Blinder 2009, Blinder and Krueger 2013, Crino 2010, and Firpo, Fortin, and Lemieux 2011).
To ensure that findings are robust we employ multiple O*NET question for each task group.*?

Analogous to the analysis of education above (Table 9), we interact the importance of a particular
task in the worker’s occupation with the degree to which this worker is exposed to rising import
competition after China’s WTO entry and estimate a triple difference in difference equation with
individual fixed effects (equation 6). Table 11 reports the results for tasks that heavily involve

manual activities.

42Results by sector for 1999 high- and low-wage workers are shown in Tables ?? and 22, respectively.

43By using O*NET questions our analysis employs variation in tasks by occupation for the United States. Recently,
a similar task survey has been conducted for a number of European countries (European Skills/Competences, Qualifi-
cations and Occupations (ESCO); first full version published on July 28, 2017). We prefer to utilize O*NET because
ESCO does not include Denmark, and matching our 1988 occupational codes (ISCO-88) to the ESCO data using a
2008 classification (ISCO-08) would introduce considerable error.
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The results show that workers exposed to rising import competition who perform tasks in which
Repetitive Motions are important suffer significantly higher mid-wage employment losses.** Quan-
titatively, the impact of import competition on losing middle-class employment is almost three
times as large compared to other workers. Another manual task is Manual Dexterity. We see that
workers performing tasks where manual dexterity is important have significantly lower mid-wage
employment due to rising import competition than the average exposed worker. Similar results are
found for Finger Dexterity and for tasks where the pace of work is determined by the speed of the
equipment (PDSE), see columns (3) and (4), respectively.

We conclude that workers performing manual tasks have disproportionately less mid-wage em-
ployment compared to other workers exposed to rising import competition. Notice that when
repetitive motions are important, or the pace of work is determined by the speed of machines, typi-
cally those tasks have a relatively high degree of routine-ness, making these trade-exposed workers

disproportionately affected by routine-biased technical change as well.*

In order to disentangle the roles routine versus manual tasks in workers’ losing middle-class jobs,
on the right side of Table 11 we show results for manual tasks that are much less routine. Take
Gross Body Coordination, for example, which involves the coordination of simultaneous move-
ments of different parts of the body.*® Because this task is based on movements of individual
limbs as well as the body, and helped by physical fitness, it is classified (broadly) manual. At
the same time, because the movements require coordination of different body parts these tasks are
unlikely to be very repetitive and programmable. Thus we classify Gross Body Coordination as a

non-routine manual task, as in Autor, Levy, and Murnane (2003).

The result in column 5 shows that workers employed in occupations for which gross body co-
ordination is important experience about twice the mid-wage employment reductions that other
workers exposed to rising import competition do. Results for Multi-limb Coordination are similar
(column 6). Another non-routine-manual task is Response Orientation, which involves the char-
acteristic behavioural and physiological responses to a novel or potentially threatening stimulus
(focusing attention, turning head and body to it, arousal of activating and nervous system). Ex-
posed workers in jobs for which such tasks are important have disproportionately lower mid-wage

employment compared to other trade-exposed workers (column 7).

4Repetitive Motions, short for Spend time making repetitive motions, is O*NET question 4.C.2.d.1.i; Table A-1
lists all O*NET questions used in the following analysis.

43See also Firpo, Fortin and Lemieux (2011) and Hummels, Jgrgensen, Munch, and Xiang (2014) for similar clas-
sifications based on O*NET questions.

46 According to www.oxfordreference.com, gross body coordination is defined as coordination of simultaneous
movements of different parts of the body which are involved in whole-body actions. It is an important component
of physical fitness; Oxford Reference Link
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Comparing the left and the right sides of Table 11, the degree to which trade-exposed workers
performing non-routine manual tasks experience mid-wage employment reductions is similar to
the extent to which routine-manual task content exacerbates mid-wage employment reductions.
Similar results are found for 1999 mid-wage workers, see Table A-17.*” The key finding is that
workers in occupations intensively performing manual tasks are most vulnerable to the hollowing

).48

out of middle-class jobs. We refer to this as Manual Task Intensity (MTI).*® Furthermore, we see

from Table 11 that this holds whether these manual tasks are routine or not routine in nature.

Table 12: Exposure to Import Competition and Cognitive Tasks

Routine Cognitive Non-routine Cognitive
Task Evaluating Repeating Developing Inductive = Mathematical
Information Same Strategies Reasoning Reasoning
Task
ey 2 3) 4 (&)

Imp Comp -0.884%*  -1.147%%* -0.753%%* -0.737*%*  -0.953#%%*

(0.363) (0.380) (0.344) (0.344) (0.340)
ImpComp x Task  0.779%* 1.087%%%* 0.635* 0.706%*  1.045%**

(0.328) (0.168) (0.357) (0.350) (0.289)
Observations 20,728 19,972 18,516 19,606 20,132
R-squared 0.699 0.700 0.693 0.692 0.699

Notes: The dependent variable in all columns is years in mid-wage employment between 2000 and
2009. Sample is all 1999 textile and clothing workers. Estimation is by OLS. Regressions include
worker and period fixed effects as well as the interaction between the period fixed effect and Task
variable. In each regression a specific task variable is indicated in the column heading. *, ** and ***
indicate significance at the 10 %, 5% and 1% levels respectively.

If workers performing manual tasks are prone to mid-wage employment reductions through rising
import competition, it should be the case that workers performing non-manual tasks experience
these effects comparatively less. This is examined in Table 12. Non-manual tasks are taken to be
cognitive tasks. We expect there to be some correlation between jobs intensively using cognitive

tasks and jobs held by workers with relatively high skill levels. At the same time, the overlap

4TIn addition, we have confirmed that manual task intensity influences the extent to which workers move up into
high-wage or down into low-wage occupations; results are available upon request.

“8Manual Task Intensity is conceptually different from Routine Task Intensity (RTI; Autor, Levy, and Murnane
2003) in that it is based on a single (not several) task characteristic(s).
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is not perfect, and moreover, some cognitive tasks are more routine in nature than others. For
example, ensuring that an individual tax return complies with the tax codes of a particular country
involves a relatively high level of cognitive skill but it is a rather structured, routine task. The first
routine cognitive task in our analysis is Evaluating Information, short for the O*NET question of

Evaluating Information to Determine Compliance with Standards, with results shown in column 1
of Table 12.

We find that workers employed in jobs where Evaluating Information is important are experiencing
smaller mid-wage employment reductions than the typical exposed worker (column 1). In fact,
there are virtually no mid-wage employment reductions for workers in these routine-cognitive
intensive jobs. A similar result is obtained for set of another routine-cognitive tasks, those for

which repeating the same task (e.g., checking entries in a ledger) is important, see column 2.

On the right side of Table 12 we report results for several non-routine cognitive tasks. There is,
first, Developing Objectives and Strategies (Developing Strategies). Exposed workers for which
this task is important do not experience large if any mid-wage employment losses due to rising im-
port competition (column 3). The same is true for workers intensively using Inductive Reasoning,
see column 4. The last column of Table 12 shows results for workers whose job requires inten-
sively to perform Mathematical Reasoning. We see that such workers do not experience mid-wage
employment reductions as a result of rising import competition. To summarize, workers perform-
ing cognitive tasks do not experience lower mid-wage employment the way other exposed workers
do, and moreover, there is little difference in the outcome of workers performing cognitive tasks

that are routine, versus workers who perform cognitive tasks that are not routine in nature.*’

Overall, workers who perform intensively manual tasks are central to the trade-induced hollowing
out of middle-class jobs characteristic of job polarization. The finding that Manual Task Inten-
sity (MTI) matters for job polarization is the third key result of this paper. It complements earlier
findings that task routine-ness contributes to job polarization because it accelerates routine-biased
technical change. However, if workers” movements’ contributing to job polarization would depend
only on the routine-ness of tasks, there would be no disproportionate mid-wage employment reduc-
tion for workers performing non-routine manual tasks (but see Table 11, right side). Furthermore,
there would be a disproportionate mid-wage employment effect for workers performing routine

cognitive tasks (but see Table 12, left side).

The main reason why the manual task intensity matters for the impact of trade is that in terms

of task content, rising import competition pits Danish against Chinese workers. Despite recent

49We find broadly similar results for the subset of 1999 textile workers who are employed in mid-wage occupations,
see Table A-18. Results tend to be somewhat stronger for all 1999 textile workers, which may be due to the fact that
the number of workers performing cognitive tasks in high-wage occupations is substantial.
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technology advances the ability of robots to perform non-routine tasks is still limited compared to
that of humans, and thus it is not surprising that competition between workers in different countries
has bite.

Given the well-documented role of routine-biased technical change for job polarization, it may be
surprising that mid-wage employment reductions of workers performing routine-cognitive tasks
are relatively low (Table 12, left side). One possible explanation is that typical skill levels in China
are still lower than in Denmark, so that the international competition in that part of the task space

is more moderate.>°

The previous analysis has shown that although both rising import competition and technical change
are key aspects of globalization, it is possible to separate their distinct effects in the context of the

hollowing-out of middle-class jobs characteristic of job polarization.

5 Conclusions

This paper has used administrative matched employer-employee data for Denmark between 1999
and 2009 to examine the role of rising import competition for generating the U-shaped employ-
ment response across the occupational wage distribution known as job polarization. Employing a
widely-used instrumental-variables approach to generate variation in trade exposure together with
information on virtually the entire private-sector labor of Denmark in 1999, we first find that rising
import competition from China has led to a significant hollowing-out of mid-wage jobs at the same
time that it led to growth in both low- and high-wage employment. With our finding that rising
import competition has contributed to job polarization we add a major labor market outcome to

others identified in earlier work.

Second, by comparing the impact of import competition side-by-side to that of other factors that
can explain job polarization we show that, quantitatively, rising import competition has had a
similarly large on hollowing-out middle-class employment as had routine-biased technical change.
Furthermore, import competition also explains part of the increase in low-wage and high-wage
employment, while technical change does not. Import competition and offshoring can both explain
the increased likelihood of employment in low-wage jobs in our setting, which may be a reason

why trade openness is a particular source of discontent for many workers.

We confirm the finding that rising import competition has led to job polarization by studying the

30 Another possibility may be that it is generally harder to embody elements of cognitive knowledge in goods that
are traded internationally, compared to the ease of embodying manual tasks. Answering these interesting questions
goes beyond the scope of this paper.
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impact of the removal of quantitative trade restrictions on Chinas textile exports following Chinas
entry into the WTO in 2002. This adds evidence from a quasi-natural experiment where occu-
pational sorting and industry shocks are rather limited and treatment is defined by the detailed

product portfolio of each workers firm years before the trade liberalization.

Finally, we shift our focus to the task content of different occupations to show that workers per-
forming manual intensive tasks are those who contribute most to generating trade-induced job
polarization, whereas workers performing cognitive intensive tasks are not. Thus, while comput-
ers and communication technology improvements affect worker outcomes depending on whether
tasks are routine or non-routine, the impact on workers from greater goods market competition

turns on the manual versus cognitive task dimension.

Our finding that rising import competition matters for job polarization because humans remain
important for performing manual-intensive tasks provides useful information for other literatures
as well. For example, recent work by Acemoglu and Restrepo (2018) on the future of labor shows
that the endogenous introduction of new tasks in which humans have a comparative advantage over
machines limits the extent to which employment and the labor share fall. An important extension
that may influence these dynamics would seem to be studying the ongoing impact of greater inter-
national openness which allows workers in different countries to compete more strongly with each

other.
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A Data Sources and Definitions

The main database employed in this study is the Integrated Database for Labour Market Re-
search (abbreviated IDA), which is compiled from person (IDA-personer), establishment (IDA-
arbejdssteder), and job files (IDA-anscttelser) by Statistics Denmark. We supplement this database
with the domestic production dataset (abbreviated VARES), a dataset on business statistics (abbre-
viated FIRE), and the dataset on customs transactions (abbreviation UHDI). These datasets are
accessed through the servers sponsored by the Labor Market Development and Growth (LDMG)
project and University of Aarhus. Information on import quotas for the European Union textile
and clothing sector comes from the Systeme Intégré de Gestion de Licenses (abbreviated SIGL)
database, which is available online at http://trade.ec.europa.eu/sigl/index.html. Information on the
task content of occupations employed in this paper comes from the U.S. Bureau of Labor Statistics
O*NET database, version 14. Below we provide a brief description of this data. More detailed in-

formation regarding the Danish data can be accessed at http://www.dst.dk/da/Statistik/dokumentation/Times

A.1 Data Sets

Integrated Database for Labor Market Research (IDA)

The IDA Database is the main source of information on workers. It provides a snapshot of the labor
market for each year at the end of November. It contains demographic and education information
on every resident in Denmark between the age of 15 and 74 with a unique personal identification
number. Compiled from separate establishment and job files, it provides the labor market status of
each individual, as well as the annual salary and hourly wage, occupational position, and indus-
try code of their primary employment. We describe the information on industry, education, and

occupation in greater detail below.
Production Database (VARES)

The database is part of the industrial commodity production statistics (abbreviated PRODCOM)
collected by Statistics Denmark. Production is reported following the Combined Nomenclature
(CN) classification at the eight-digit level for all firms with ten or more employees. We employ
the VARES database to identify firms that manufacture domestically in Denmark products subject
to rising competition due to the removal of import quotas (the Multi-fiber Arrangement) on Chi-
nese goods after 2001. While some manufacturing firms have less than ten employees, such firms

typically outsource their production, and consequently we can identify virtually all firms that do-



mestically produce quota products using VARES. The reporting unit is the “Kind of Activity Unit”
(KAU), which is the sum of a company’s workplaces in the same main industry. Reporting units
provide as well their company identification code, allowing us to match the eight-digit production

information with other firm-level information.
Business and accounting statistics (FIRE)

This dataset by Statistics Denmark compiles business and accounting data, as well as tax reports,
value-added tax (VAT) reports, and information from incorporated companies. It is employed in
this paper to create the pre-trend variable in the firm’s product category as well as other measures
at the six-digit industry level. The information covers virtually all firms for most sectors, including
manufacturing, construction, retail, mining, as well as hospitality, transportation, telecommunica-

tion, real estate, rental, information technology, R&D and other business services.”!

International trade data (UHDI)

The data comes from Denmark’s customs records together with monthly reports to Statistics Den-
mark from about 8,000 firms in Denmark in which their trade with other countries of the European
Union (EU) is reported. This is supplemented with information on EU trade from VAT returns,
which are mandatory for virtually all firms in Denmark. Thus the data-set covers the entire uni-
verse of trading firms. The information of each record gives shipment date, value, and weight, and
if applicable the shipment’s quantity. It also provides information on the 8-digit product classifi-
cation according to the Combined Nomenclature (CN) system, as well as a unique firm identifier.
Statistics Denmark aggregates this data into annual information for each triplet of product-firm-

country.
Textile quota data (SIGL)

The Systeme Intégré de Gestion de Licenses (SIGL) database provides categories of textile and
clothing products that are subject to trade quotas in the European Union for a particular year. We
employ this data to identify firms in Denmark that will be affected by the quota removals on Chi-
nese exports following that country’s entry into the WTO. The quota categories are administrative
descriptions of quota products that do not follow standard statistical product classifications. The
quotas have a varying degree of coverage; for example, the quota category “Gloves, mittens and
mitts, knitted or crocheted” covers nine products at the 8-digit CN level, while the category “Woven
fabrics of synthetic filament yarn obtained from strip or the like of polyethylene or polypropylene,

less than 3 m wide” corresponds to a single 8-digit CN product. Quota categories include both

>1Firms must satisfy certain minimum sizes: at least 0.5 full-time equivalent employment, as well as certain mini-
mum sales, between 150,000 and 200,000 Danish Kroner in manufacturing and 500,000 Danish Kroner in wholesale
trade. 1 Danish Kroner is about 0.15 $ US in 2019.



textile and clothing products. A given category does not necessarily cover a technologically or
materially homogeneous group of products, nor does it have to be comprehensive. For example,
ramie bedspreads are covered by the quota restriction for China while cotton bedspreads are not,
and “Brasseries of all types of textile material” is covered, in contrast to “Corselettes of all types
of textile materials”. The source of the match between quota categories and eight-digit products is
Utar (2014).

A.2 Industry Classifications

The IDA database provides industry codes for each wage earner based on administrative sources
rather than surveys. For persons who work at a specific workplace, typically a firm, the personal
industry code is equal to the industry code of the workplace following the Danish Industrial Clas-
sification (detailed below). If a person does not have a specific workplace, for example the person
works from home or performs duties at several different locations, such as day care providers,
the personal industry code is assigned according to the person’s work performed. Similarly if a
person’s workplace is not a particular physical location, for example a nurse employed by the mu-
nicipality to provide care for elderly people in their residences, the person’s workplace (employer)
is the municipality while the person’s personal industry code is defined by the work performed, in

this case the “nursing homes” industry.

We employ the Danish Industrial Classification (Dansk Branchekode; abbreviated DB) at the six-
digit level. Throughout the sample period three different systems apply, DB93, DB03 and DBO7.
DB93 is a six-digit nomenclature that follows the NACE Rev. 1 classification (NACE stands for
Nomenclature Générale des Activités Economiques dans la Communaté Européenne). Denmark’s
DBO3 classification was introduced in the year 2003 and it follows the NACE Rev. 1.1 system.
In 2008 DBO03 was replaced with DB0O7, which follows NACE Rev. 2. The first four digits of
the Danish Industrial Classifications are identical to the corresponding NACE system. We employ

concordances provided by Statistics Denmark to record economic activity consistently.

A.3 Education

The IDA-personer files specify for each individual the level of the highest completed education
or professional training (Erhvervskompetancegivende uddannelse). We generally distinguish three
education levels, which are college education, vocational education (or, training) and at most a

high school degree.



In general, vocational education in Denmark follows a mandatory duration of nine years of school-
ing. Vocational education tends to be between 2.5 and 5 years long and contains periods of formal
schooling and apprenticeships. Becoming a welder (Svejser), for example, requires three years
of vocational education, in which three blocks of schooling are distributed over the period that
otherwise consists of an apprenticeship. Other examples are a metal worker with a vehicle body
focus (Karrosserismed), which requires four years of vocational training with six schooling pe-
riods throughout the apprenticeship period, or a metal worker specializing in alloy (Klejnsmed),

which takes a total of 4.5 years including four longer schooling periods.

If a worker decides to complete a vocational education and later on go to university, the university
entrance requirements can be earned through a longer version of the vocational education program.
This generally takes five years. Otherwise it is necessary to complete a general high school degree
before going to university. College education can also be applied in the sense that it is vocation-
or profession-oriented (this distinguishes college from university education in Denmark). We have
classified any education that includes college education, however applied it may be, as college
education. The distinction whether an educational title contains college-level education is made

by Statistics Denmark.

To distinguish different forms of vocational training in parts of the analysis we have examined the
roughly 3,000 education titles and classified them broadly into service versus manufacturing ori-
entation. Those with a service focus include pharmacy technicians, farming machine mechanics,
office workers, orthopedic technicians, and decorators, while vocational training with a manufac-
turing focus includes welders, toolmakers, and industrial cabinet makers, for example. We leave
out education titles specific to transportation, such as truck driver or skipper, as well as certain
educations specific to agriculture and fishing (e.g. farmer, fisherman). Among the service-oriented
vocational training titles we separately identify those that focus on information technology (IT)
education. In our entire private-sector sample there are 235,180, or 26% whose highest educa-
tion is vocational training with a service focus (training for a service vocation); of these, about
3% (n = 6,452) are workers with IT-oriented vocational education. The number of workers with

manufacturing-oriented vocational education is 80,250 (9% of all workers).

A.4 Occupation Classifications

The information on worker occupation in the IDA database is provided in terms of the Danish ver-
sion of the United Nation’s occupational classification system, called DISCO; here, ISCO stands
for International Standard Classification of Occupations. The Danish classification follows the
four-digit ISCO-88 system between the years 1999 and 2002, and from 2003 on the Danish system
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employs a six-digit classification, where the first four digits are identical to the international ISCO

system.

In Denmark, occupation codes are administratively collected in Denmark, and the extent of mis-
classification is small. If an individual’s occupation cannot be determined or cannot be classified
under a certain ISCO category, it is coded as unknown (code 9999). This occurs for 7% of all
workers in 1999. We remove these workers from the sample, however, including these workers

with a separate occupation category does not change our main results.

A.5 Chinese Import Competition and Instrumental Variables Approach

We construct our measure of Chinese import competition by developing a mapping between the
international trade data at the eight-digit product level from Denmark’s UHDI database and Den-
mark’s six-digit industry classification, DB93. Our mapping follows the match between Com-
bined Nomenclature (CN) and Classification of Products by Activity (CPA) available at Euro-
stat’'s RAMON database. We adapt this according to Danish industrial production using the
VARES database. The mapping between trade (CN and Harmonized System, HS) and produc-
tion data (DB93) is created separately for the three CN/HS versions, CN/HS-1996, CN/HS-1999
and CN/HS-2009. To construct Danish consumption figures at the six-digit DB93 level, we em-
ploy data on exports and imports from UHDI together with manufacturing revenue obtained from
FIRE.

Imports from China in eight other high-income countries are employed as an instrumental variable

of the following form:

CH CH
OM’ 5009 — OM 99

Cj 1996

AHIPjCH =

where OM ]Cfl is the total value of imports in the corresponding industry j in the eight high-income
countries at year f. The countries are Australia, Finland, Germany, Japan, the Netherlands, New
Zealand, Switzerland, and the United States. Data for the European countries comes from Eurostat
and is available in the eight-digit CN classification. Data for the non-European countries comes
from the United Nation’s COMTRADE database in the six-digit Harmonized System classification.
We match the international trade data of all eight high-income countries to the six-digit DB93
classification of Denmark via our CN/HS-DB mapping.

We employ two additional instrumental variables, that can be viewed as structural measures of
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Figure A-1: Industry Affiliation of Workers in 1999

market openness in the pre-trade shock period. They are, first, the logarithm of the weighted
average distance to the source countries of the goods Denmark imported in 1996 in worker i’s
initial industry of employment. Employing bilateral distance data from CEPII
http://www.cepii.fr/CEPII/en/bdd_modele/presentation.asp?id=8, we weight these distances by the
import value shares at the six-digit industry level. The second measure is the fraction of retail
trade firms in all importing firms in worker i’s six-digit industry in the year 1996. When retail
and wholesale firms are present it is comparatively easy for imported goods to reach consumers,
thereby making the industry more vulnerable to exogenous supply shocks in China. The data
comes from the FIRE database.

Figure A-1 provides information on the sectoral distribution of our entire private-sector sample (N
=900,329).

A.6 Task and Offshoring Data

For the worker task analysis in section 4.3, we employ occupational characteristics provided in
the O*NET database of June 2009. The O*NET database provides information on the importance
and/or the level of activity in a particular task. We broadly follow the literature in relating O*NET
variables to task groups, in particular Autor, Levy, Murnane (2003), Blinder (2009), Blinder and
Krueger (2013), Crino (2010), and Firpo, Fortin, and Lemieux (2011). Table A-1 lists the O*NET
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question numbers employed in this paper.

The variables are ordinal, with increasing value indicating the importance of the corresponding
activity. Variables are standardized for the regression analysis. We also invert the original vari-
able “Structured versus Unstructured Work™ so that its value increases with greater importance of
structured work (as opposed to unstructured work). The variable “Importance of Repeating Same
Tasks” contains both mental and physical components; the underlying question asks “How impor-
tant is repeating the same physical activities (e.g., key entry) or mental activities (e.g., checking
entries in a ledger) over and over, without stopping, to performing this job?”. Since a routine cog-
nitive task may also have a significant physical routine associated with it, we classify this variable

as a routine cognitive task.

The O*NET information is reported according to the Standard Occupational Classification (SOC)
of the year 2000. We map this to our occupation data following the ISCO-88 system using the
crosswalks provided at the National Crosswalk center (SOC 2009, SOC 2006, SOC 2000, ISCO-
88): see ftp://ftp//ftp.xwalkcenter.org/DOWNLOAD/xwalks/.

The routine task intensity (RTI) variable is due to Autor, Levy, Murnane (2003) and mapped into
the two-digit digit ISCO occupational classification by Goos, Manning, and Salomons (2014). The
offshoring variables also vary across two-digit ISCO occupations. Both the Blinder and Krueger
(2013) as well as the Goos, Manning, and Salomons (2014) indices are meant to capture the off-
shorability of a worker based on the tasks that he or she performs, with Goos, Manning, and
Salomon’s (2014) index being based on actual instances of offshoring by European countries. Ta-
ble 7 in the paper employs the Goos, Manning, and Salomons (2014) variable, while results for
the Blinder and Krueger (2013) are shown in Table A-10. The source of both the RTI variable
as well as the two offshoring indices is Goos, Manning, and Salomons (2014).5> The offshoring
variables are defined for the particular occupational classification employed by Goos, Manning,

and Salomons (2014). Table A-2 provides the list of two-digit occupational classes for which these

2We thank Anna Salomons for sending us the data.



authors construct their offshoring and RTI variables.

Table A-1: O*NET Questions Employed in the Paper

O*NET Q No Title

Panel A.
4.C2.d.11
4.C.3.d.3
1.A2.a2
1.A2.a3

Panel B.
4.A.2.a.3
4.C.3.b.7

Panel C.
1.A2.b.2
1.A.3.c.3
1.A.2.b.3

Panel D.
1.A.1.c.1
1.A.1.b.5
4.A.2.b.1
4.A.2b4

Panel E.
4.A.3.b.1

ROUTINE MANUAL TASKS

Spend time making repetitive motions
Pace Determined by Speed of Equipment
Manual Dexterity

Finger Dexterity

ROUTINE COGNITIVE TASKS
Evaluating Information to Determine Compliance with Standards
Importance of Repeating Same Tasks

NON-ROUTINE MANUAL TASKS
Multilimb Coordination

Gross Body Coordination
Response orientation

NON-ROUTINE COGNITIVE TASKS
Mathematical Reasoning

Inductive Reasoning

Making Decisions and Solving Problems
Developing Objectives and Strategies

INFORMATION TECHNOLOGY INVOLVED TASKS
Interacting with computers

Type

Context
Context
Abilities
Abilities

Activities
Context

Abilities
Abilities
Abilities

Abilities
Abilities
Activities
Activities

Activities




Table A-2: High-, Mid-, and Low Wage Occupations across European
Countries (Goos, Manning, and Salomons (2014))

ISCO-88

High-Wage Occupations

Corporate Managers 12
Physical, mathematical and engineering science professionals 21
Life science and health professional 22
Other professionals 24
Managers of small enterprises 13
Physical, Mathematical and Engineering Associate Professionals 31
Other Associate Professionals 34
Life Science and Health Associate Professionals 32
Middling Occupations

Drivers and Mobile Plant Operators 83
Stationary plant and related operators 81
Metal, machinery and related trade work 72
Precision, handcraft, craft printing and related trade workers 73
Office clerks 41
Customer service clerks 42
Extraction and building trade workers 71
Machine operators and assemblers 82
Other craft and related trade workers 74
Low-Wage Occupations

Personal and protective service workers 51
Laborers in mining, construction, manufacturing and transport 93
Models, salespersons and demonstrators 52
Sales and services elementary occupations 91

Notes: Occupations are ranked according to the 1993 mean European wage. Ex-
cluded occupations are: Legislators and senior officials (11), Teaching profession-
als (23), Teaching associate professionals (33), Market-oriented skilled agricultural
and fishery workers (61), Subsistence agricultural and fishery workers (62), Agri-
cultural, fishery and related labourers (92) and Armed forces (01).

Table A-3 gives definitions as well as sources for all our variables, respectively.
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B Rising Import Competition through Removal of Import Quo-

tas for China

The original purpose of the Multi-Fibre Arrangement (MFA) of the year 1974 was to provide com-
prehensive protection against competition from low-wage country exports of textiles and clothing
through quantitative restrictions. As one of the smaller members of the EU, the coverage of quotas
was not strongly influenced by Denmark, and since 1993 the quotas were also managed at the EU
level. Negotiations at the WTO to remove these quotas concluded in the year 1995, at a time when
China was not part of the WTO yet, and liberalizations for specified products were to take place
in four phases (1995, 1998, 2002, and 2005). Once China entered the WTO in the year 2002,
it benefited from the first three liberalization phases, and in the year 2005 it benefited from the
fourth liberalization. Since neither Denmark nor China had a major influence on either creation or
removal of these quotas this trade liberalization is plausibly exogenous and can be seen as a quasi-
natural experiment. This experiment has been employed by Brambilla, Khandelwal, and Schott
(2008) for the United States, and Bloom, Draca, and van Reenen (2016) for a set of European

countries, among other work. Our analysis in this respect builds on Utar (2014).

While the textile and clothing quotas covered a wide range of products ranging from bed linens
over synthetic filament yarns to shirts, their coverage within each broad product category varied,
making it important to utilize MFA quotas at a detailed product-level. For example, “Shawls and
scarves of silk or silk waste” were part of a quota restriction for China while “Shawls and scarves
of wool and fine animal hair” were not. Coverage of these quotas was determined throughout the
1960s and 1970s and negotiations about the MFA were held at the EU level.

Most of the quotas for China had more than 90% filling rates. Using transaction-level import data
it can be confirmed that that the MFA quotas were binding for China. Both the 2002 and the 2005
quota lifting caused a substantial surge of MFA goods from China into Denmark, accompanied by
a decline in unit prices of these goods. By the year 2009, Chinese textile and clothing exports to
Denmark, relative to domestic value added, had almost tripled. It has also been shown that the
quota removal for China led to an extra efficiency gain in China due to prior mismanagement of
quotas by the Chinese government and the decline in prices were a result of entry of more efficient
Chinese producers into the export market (Khandelwal, Schott, and Wei 2013).

As a consequence, virtually all workers employed at firms subject to the quota removals faced
increased import competition from China starting in the year 2002. We use the revenue share of

firms in quota goods in 1999 as our measure of exposure to import competition.

A key identification condition is that there are no differential pre-trends for the set of treated ver-
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sus not treated workers. First, in order to limit anticipation effects of the upcoming trade liber-
alization, especially the dropping of quota products, we choose the year 1999, three years before
China’s WTO entry, to determine whether a firm was producing a product that would be subject
to a quota removal. Second, we have performed a placebo analysis by examining any difference
between treatment and control group of workers during the years 1990-1999, a time during which
no surge in Chinese import competition was present, and reassuringly, the placebo analysis yields

no significant effects. See Table A-4.

Table A-4: Potential Pre-Trends: A Placebo Analysis for 1990-99

(1 2 3) “)
Earnings Hours HourlyWage Unemployment
Exposure x 91 0.026 0.004 0.032* -0.034
(0.067) (0.056) (0.019) (0.267)
Exposure x 92 0.113 0.043 0.037 -0.194
(0.073) (0.056) (0.028) (0.308)
Exposure x 93 0.123 0.084 0.004 0.141
(0.078) (0.060) (0.034) (0.365)
Exposure x 94 0.127 0.092 -0.028 -0.182
(0.090) (0.057) (0.042) (0.299)
Exposure x 95 0.112 0.089 -0.028 -0.182
(0.093) (0.057) (0.045) (0.350)
Exposure x 96 0.109 0.062 -0.014 -0.228
(0.096) (0.056) (0.046) (0.382)
Exposure x 97 0.106 0.087 -0.026 -0.132
(0.108) (0.061) (0.046) (0.332)
Exposure x 98 0.084 0.052 -0.024 -0.241
(0.120) (0.060) (0.052) (0.353)
Exposure x 99 0.166 0.053 0.012 0.159
(0.136) (0.067) (0.059) (0.389)
N 87,976 83,509 83,509 101,246

Notes: The dependent variable in all regressions is expressed in logarithm. Results
shown for interaction variables of Exposure with separate year indicators, 1991 to 1999.
Unemployment is an index variable showing the percentage of time spent as unem-
ployed, 1 is added to this variable before taking logarithm. All regressions include
worker and year fixed effects. Sample period: 1990-1999. Exposure is the degree to
which a worker is exposed to rising import competition due to the removal of quotas,
measured as the revenue share of products of worker’s firm for which quotas will be
removed with China’s entry into the WTO. *, ** and *** indicate significance at the 10
%, 5% and 1% levels respectively.
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Furthermore, there is the question whether the trade liberalization was partially reversed in some
countries. In particular, due to a surge of Chinese imports in the first few months of 2005 at EU
ports in response to the fourth phase of the quota removal, the EU retained a few of the quota
categories until 2008. Another concern is that the fourth liberalization phase of 2005 might have
been more important than the third liberalization phase of 2002 because the liberalization of key

products was intentionally kept to the last possible moment.

Our approach of employing the entire period 2002 to 2009 as the treatment period is designed to
address these issues. First, by extending beyond 2008 it covers the liberalization of products where
the EU went temporarily back on its 2005 commitments. Second, our approach reflects the fact that
the 2002 and the 2005 liberalization effects are hard to disentangle. Specifically, given necessary
votes in the U.S. Congress, while there was considerable uncertainty about China’s entry into the
WTO in 2002 there was no new uncertainty around the fourth liberalization phase in 2005, and

with forward-looking agents the impact of the fourth liberalization would be felt starting in 2002.

To shed some more light on the periods of liberalization, post-2002 and post-2005, the following
summarizes the firm-level analysis conducted in Table D-6 in the Online Appendix of Utar (2014).
MFAQ?2; is an indicator variable that takes 1 if firm j produces a quota good as of year 1999
which is subject to the 2002 removal for China. Similarly, MFAQS; takes 1 if firm j produces a
quota good as of year 1999 which is subject to the 2005 removal for China. We then estimate the
following equation over the period 1999-2007:

InYj; = oo + 0y MFAQ2 jxPost2002; + aoMFAQS jxPost2005, +8; + T + € (A-1)

In equation A-1 Yj; denotes the firm-level outcome variable, indicator variables Post2002; and
Post2005, take 1 on and after the respective removal years, 6, denotes firm fixed effects and 7
denotes year fixed effects. The results from this analysis are reported in Table A-5. They show
that while the reduction in firm-level revenue to the 2005 removal was stronger, the employment
response was stronger to the 2002 quota removal (columns 3 and 4). Columns 5 show employment
among less educated workers drops 16% annually in response to the 2002 removal even controlling
for the impact of the 2005 removal. The impact of the 2002 removal on workers with vocational
education on textile production (machine operators) are even stronger. The annual reduction is
estimated to be 20% (column 6). The finding that the employment reduction is especially strong
on production workers is an indication that the employment reaction to the 2002 removal is not

due to voluntary separations but firm lay-offs.

Overall, there is little evidence from this analysis that the 2002 liberalization phase is less important
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than the 2005 liberalization for employment outcomes. The preferred approach is to define the

entire period 2002-2009 as the treatment period.

C Supplementary Information and Analysis

C.1 Descriptive Statistics and Data Sources: Private-Sector Sample

Table A-6: Variable Statistics

Variable Name Mean Standard Deviation Source
Female 0.339 0.473 IDA-personer
Immigrant 0.045 0.208 IDA-personer
Age 34.093 8.852 IDA-personer
College 0.176 0.381 IDA
Vocational 0.436 0.496 IDA

High School 0.377 0.485 IDA
Unemployment History 1.025 1.716 IDA-personer
Log Hourly Wage 5.032 0.448 IDA-anscettelser
Union Membership 0.762 0.426 Income registers
UI Membership 0.807 0.395 Income registers
Experience 12.868 6.205 IDA-personer
Experience squared 204.097 148.870 IDA-personer
Separation Rate 0.297 0.225 IDA-arbejdssteder
Log Firm Wage 5.121 0.247 IDA-arbejdssteder
Firm Size 231.863 668.347 IDA-arbejdssteder
Industry Vocational Labor Share  0.461 0.144 IDA
Industry IT Investment 0.005 0.014 IDA
Industry Pre-Trend 0.278 0.713 IDA
Industry Size 8.713 1.250 IDA

Retail Demand Change 0.097 0.195 FIRE
Energy Growth -0.075 0.105 FIRE
AIPH 0.011 0.030 UHDL, FIRE
AHIPH 1.240 4.196 FIRE, EUROSTAT, COMTRADE
Log distance to import source 2.465 3.456 CEPII, UHDI
Share of retail firms in import 0.020 0.052 UHDI, FIRE
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Table A-7: Import Competition and Job Polarization

Table A-7 gives the full two-stage least squares results that are summarized in Table 5 of the paper.

First-stage results on the excluded instruments are shown at the bottom of Table A-7.

Dep. Var. HIGH® MID* LOW*®
&) @) (€)
AIPCH 2.436%* -5.441%* 2.413%*
(1.087) (2.287) (1.181)
Female 0.768%* -0.608%** 0.272%%*
(0.108) (0.109) (0.126)
Immigrant -0.561*** -0.058 0.041
(0.031) (0.038) (0.040)
Age -0.017* -0.07 1% -0.016
(0.010) (0.020) (0.016)
College 1.677#%* -0.407%** -0.244 %%
(0.058) (0.065) (0.041)
Vocational 0.128%** 0.422%%* 0.047
(0.030) 0.077) (0.055)
High School 0.112%** 0.150%** 0.070%**
(0.033) (0.035) (0.027)
Manufacturing Specific Vocational Ed. -0.010 0.217%** -0.173%%*
(0.027) (0.062) (0.035)
Female x Age -0.025%** 0.022%** -0.004
(0.003) (0.003) (0.005)
Age-square -0.000 0.001** 0.000
(0.000) (0.000) (0.000)
Unemployment History -0.117%%* -0.131%%* 0.033%#*
(0.008) (0.011) (0.006)
Log Hourly Wage 0.3397%* -0.290%** -0.195%**
(0.067) (0.050) (0.074)
Union Membership 0.020 0.559%** 0.152%*%*
(0.036) (0.057) (0.037)
UI Membership -0.315%** 0.506%* 0.323#%*
(0.091) (0.029) (0.061)
Experience 0.007 0.029%** 0.026%**
(0.006) (0.012) (0.010)
Experience squared 0.000* 0.002%* -0.001
(0.000) (0.001) (0.000)
Separation Rate 0.041 -0.713%%* -0.046
(0.047) (0.062) (0.052)
Log Firm Wage 0.662%** -0.010 -0.123%*
(0.085) (0.095) (0.065)
Firm Size 0.000%** -0.000%* 0.000*
(0.000) (0.000) (0.000)
Industry Vocational Labor Share -1.125%%* 1.697%* -0.164
(0.399) (0.386) (0.377)
Industry IT Investment 10.240%** -5.967 -7.090%#%**
(5.035) (4.401) (2.209)
Industry Pre-Trend -0.013 0.008 -0.003
(0.014) (0.018) (0.012)
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Table A-7 — Continued from previous page

Dep. Var. HIGH® MID* LOW®
(H (2 (3)
Industry Size 0.024 0.061%* 0.054
(0.018) (0.025) (0.022)
Retail Demand Change 0.062 -0.023 0.019
(0.054) (0.083) (0.052)
Energy Growth 1.124%* -0.612 0.045
(0.496) (0.482) (0.216)
Two-digit Occupation Fixed Effects v v v
Two-digit Industry Fixed Effects v v v
N 900,329 900,329 900,329
K-P F-test statistic 12.58 12.58 12.58
P-value of K-P test statistic 0.000 0.000 0.000
Hansen J overidentification test 4.542 0.197 0.247
Hansen J P-value 0.103 0.906 0.884
Number of Clusters 170 170 170

First Stage Coefficients for all specifications

AHIPH 0.002%%
(0.0005)

Log distance to import source 0.015%%*%*
(0.005)

Share of retail firms in import 0.113*
(0.068)

Robust standard errors, clustered at the 3-digit industry level, are reported in parentheses.
°,* and ** indicate significance at the 10 %, 5% and 1% levels respectively.

Beyond the findings discussed in the text, it is worth noting that older workers are not only less
likely to be in (shrinking) mid-wage employment but they are also somewhat less likely to be in
high-wage jobs during 2000-2009. Also, the pattern of coefficients for the Industry IT Investment
variable, increasing with the level of education, is in line with skill-biased technical change.
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Table A-8

: Import Competition and Full-time Employment, Hours, and Earnings

) 2) 3)
Panel A. Mid-Wage Emp. High-Wage Emp. Low-Wage Emp.
Full-time Employment
A Import Comp -5.167%* 2411%* 2.005*
(2.244) (1.087) (1.126)
N 900,329 900,329 900,329
Panel B. Mid-wage Hours High-wage Hours Low-wage Hours
A Import Comp -5.925%* 2.279%* 2.315%
(2.526) (1.103) (1.393)
N 879,614 879,614 879,614
Panel C. Mid-wage Earnings High-wage Earnings Low-wage Earnings
A Import Comp -6.188* 5.135 1.981
(3.325) (4.880) (1.942)
N 900,329 900,329 900,329

Notes: Dependent variables are years of full-time employment in 2000-2009 in Panel A., hours worked in 2000-2009
relative to 1999 in Panel B., and labor earnings in 2000-2009 relative to 1999 in Panel C. Estimation by two stage least
squares. Robust standard errors clustered at the 3-digit industry level in parentheses. °, * and ** indicate significance
at the 10 %, 5% and 1% levels respectively.

Each entry in Table A-8 is the point estimate and standard error for the import competition variable.

The estimation employs the same set of right-hand side variables as in Table 5.
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C.2 Results for an Alternative Offshoring Measure

Table A-10 shows results employing the alternative offshoring measure due to Blinder and Krueger
(2013). The pattern of the results is broadly similar to employing the Goos, Manning, and Sa-
lomons (2014) measure, see Table 7. One difference is that using the Blinder and Krueger (2013)
variable, offshoring remains significant in the mid-wage employment equation once the RTI vari-
able is included. Also, the coefficient for import competition in the low-wage equation is not
significant anymore, although it is comparable in magnitude to the earlier results (coefficients of

1.7 and 2.1, respectively).
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Table A-10: Results for Blinder and Krueger (2013) Offshoring Measure

ey 2) 3) “) )
Mid-wage Mid-wage Mid-wage High-wage Low-wage
Emp. Emp. Emp. Emp. Emp.
A Imports from China -5.469%* -5.539%%* -5.431%%* 4.117%%* 1.727
(2.303) (2.288) (2.322) (1.442) (1.106)
[-0.044] [-0.045] [ -0.044] [0.034] [0.022]
Offshoring -0.107%%* -0.069%* -0.128%** 0.111%*%*
(0.040) (0.034) (0.022) (0.016)
[-0.029] [-0.019] [-0.035] [0.047]
Routine Task Intensity -0.180%** 0.373%*% 0.003
(0.055) (0.038) (0.039)
[-0.046] [0.097] [0.001]
N 786,090 786,090 786,090 786,090 786,090
First-stage F-test [p-value] [0.000] [0.000] [0.000] [0.000] [0.000]

Notes: Estimation by two stage least squares. Robust standard errors that are clustered at the 3-digit industry level
are reported in parentheses. Beta coefficients are reported in square brackets. All specifications include demographic
(gender, age, immigration status), education, wage, labor market history (unemployment history, linear and square
terms of experience), union and unemployment insurance memberships, firm variables (size, wage, separation rate),
as well as product-level control variables as described under Table 4. All specifications also include two-digit industry
fixed effects. In all regressions, initial occupations are controlled for by occupation indicators as high-, mid-, and low-
wage occupations and the occupations’ likelihood of interacting with computers (from O*NET). “Offshoring” is the
offshorability of worker i’s two digit occupation class, due to Blinder and Krueger (2013). “Routine Task Intensity”
follows Autor, Levy and Murnane (2003) and Autor and Dorn (2013) and captures the routine task intensity of worker
i’s two digit occupation code. The sources of the offshoring and routine task intensity variables is Goos, Manning
and Salomons (2014). The number of observations is below N = 900,329 because there are no routine task intensity
or offshoring measures for some of the Danish occupation codes. °, * and ** indicate significance at the 10 %, 5%
and 1% levels respectively.
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D Supplemental Results for the Textile Quota Liberalization

We present alternative and robustness analysis for the quasi-experimental setting of the removal
of quantitative restrictions on China’s textile exports. The first set of results is, instead of for the
difference-in-difference specification (equation 5), based on a cross-sectional specification analo-
gous to the instrumental variables results of section 3. There are N = 10,487 1999 textile workers.
Since the beginning of the quota removal was in year 2002, our cumulative variables are now de-
fined over the period 2002-2009. As in equation 4 in the main paper, in addition to fixed effects
for the workers’ 1999 occupation by broad wage group we control for a detailed set of worker and
firm characteristics as of the initial year 1999. Table A-11 presents these results. In the regression
with cumulative mid-wage employment as dependent variable, the coefficient is about -1.5, imply-
ing that exposed textile workers have typically about half a year less mid-wage employment than
not exposed workers (Table A-11, column 2). The results show that on average, Chinese import
competition also raises high- and low-wage employment (Panel A, columns 1 and 3); the implied

difference between exposed and not-exposed workers is about three months of employment each.

Table A-11: Quasi-Experimental Evidence using A Cross-sectional Approach

1) @) 3 “4 o) (6)
Panel A. High- Mid-wage Low-wage High- Mid-wage Low-wage
wage wage
Emp. Emp. Emp. Emp. Emp. Emp.
Import Competition 0.692%%* -1.513%* 0.746%%* 0.570* -1.387%* 0.796%*
(0.252) (0.344) (0.205) (0.239) (0.373) (0.201)
Four-digit occupation FEs v v v
N 10,487 10,487 10,487 10,487 10,487 10,487

Notes: Estimation by OLS. Robust standard errors clustered at the (initial) firm-level are reported in parentheses. Cumu-
lative worker-level dependent variables are defined over 2002-2009. Import Competition is a continuous trade exposure
variable defined as the revenue share of 8-digit Combined Nomenclature goods that were subject to removal of quotas for
China in 1999 of worker i’s employer. All specifications include demographic (gender, age, immigration status), education,
hourly wage, labor market history (unemployment history, linear and square terms of experience), union and unemployment
insurance memberships, and firm variables (size, wage, separation rate). In addition, all specifications include two-digit
occupation fixed effects in columns 1 to 3 and four-digit occupation fixed effects in columns 4 to 6. °, * and ** indicate
significance at the 10 %, 5% and 1% levels respectively.

In the specifications on the right side of Table A-11 we have replaced two-digit with four-digit oc-

cupational fixed effects to address possible differences in the degree to which workers are affected
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by import competition at the detailed occupation level. Given the broad similarity of the results,

such effects are not of major importance for our results.

D.1 The Gradual Impact of Import Competition on Textile Workers

Describing the movements of 1999 mid-wage textile workers, Table A-12 provides the coefficients

and standard errors behind Figure 6 in the text.

Table A-12: The Dynamic Impact on Mid-wage Textile Workers

ey (@) 3 4 (&) (6) (N ®)
2002 2003 2004 2005 2006 2007 2008 2009

Panel A. Years in Mid-wage employment
Import Comp 0.0192  -0.165 -0.372% -0.714%** -1.047*%%* -1.404**% -].739%** _].9909%**
(0.105) (0.146) (0.216)  (0.272)  (0.340)  (0.413)  (0.481) (0.532)

Panel B. Years in High-wage employment
Import Comp -0.0536  0.00548 0.0607  0.0992 0.137 0.194 0.245 0.270
(0.0537) (0.0575) (0.0625) (0.0868) (0.117)  (0.149)  (0.180)  (0.214)

Panel C. Years in Low-wage employment
Import Comp 0.0337 0.208%** 0.441%** (0.628*** (0.826%** 1.001*** 1.166%*** 1.379%**
(0.0358) (0.0612) (0.0971) (0.130)  (0.165)  (0.196)  (0.225)  (0.258)

Panel D. Years in unemployment
Import Comp -0.0714  0.102  0.185**  0.207**  0.225**  0.211* 0.190 0.138
(0.0637) (0.0753) (0.0881) (0.100)  (0.111)  (0.122)  (0.134)  (0.145)

Panel E. Years outside the labor market
Import Comp -0.0139 0.0377 0.121 0.220%* 0.293* 0.422%*%  0.504**%  (0.612%**
(0.0303) (0.0425) (0.0746) (0.112) (0.153) (0.200) (0.250) (0.304)

N 13,934 13,934 13,934 13,934 13,934 13,934 13,934 13,934
Worker FEs v v v v v v v v
Period FEs v v v v v ve v v

Notes: Given at top of column is last year of sample period. Estimation by OLS. The sample contains all 1999 mid-
wage textile workers. All regressions include worker and period fixed effects. Robust standard errors clustered at the
firm level in parentheses. *, ** and *** indicate significance at the 10 %, 5% and 1% levels respectively.

Table A-13 presents evolution of rising import competition on textile workers who in 1999 are
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employed in high-wage occupations. It is interesting to note that when we end the analysis in
the year 2002—which may be seen as an on-impact effect—import competition has a significantly

negative effect on high-wage employment.

Table A-13: The Dynamic Impact on High-wage Textile Workers

(D (2) 3) “) &) (6) (7) (®)
2002 2003 2004 2005 2006 2007 2008 2009

Panel A. Years Mid-wage employment
Import Comp 0.120 0.160* 0.240%* 0.353** 0.453** 0.497** 0.523** (0.561*
(0.0898) (0.0930) (0.122) (0.160) (0.189) (0.226) (0.260) (0.299)

Panel B. Years High-wage employment
Import Comp -0.403*** -0.287* -0.232 -0.258 -0.174 -0.0180 0.235 0.353
(0.138)  (0.168) (0.236) (0.326) (0.406) (0.478) (0.551) (0.623)

Panel C. Years Low-wage employment
Import Comp -0.0167 -0.0356 -0.0925* -0.131* -0.178** -0.202* -0.218 -0.235
(0.0314) (0.0407) (0.0541) (0.0685) (0.0885) (0.115) (0.137) (0.164)

Panel D. Years in unemployment
Import Comp -0.077*  -0.005  0.052 0.114 0.147  0.165 0.165 0.179
(0.046)  (0.060) (0.080) (0.096) (0.104) (0.111) (0.117) (0.129)

Panel E. Years outside the labor market
Import Comp 0.101*** 0.112** 0.167** 0.202**  0.165 0.077 0.015 -0.049
(0.032) (0.049) (0.066) (0.090) (0.120) (0.155) (0.188) (0.227)

N 4,294 4,294 4,294 4,294 4,294 4204 4294 4,294
Worker v v v v v v v v
Time FEs v v v v v v v v

Notes: Given at top of column is last year of sample period. Estimation by OLS. The sample contains
all 1999 high-wage textile workers. All regressions include worker and time fixed effects. Robust standard
errors clustered at the firm level in parentheses. *, ** and *** indicate significance at the 10 %, 5% and 1%
levels respectively.
Table A-14 presents analogously the evolution of rising import competition on textile workers
who in 1999 are employed in low-wage occupations. Note that rising import competition has a
positive impact on high-wage employment: exposed low-wage workers have significantly higher
high-wage employment than virtually identical low-wage textile workers that are not exposed to
rising import competition (Panel B). These are workers that succeed in moving up by two broad

wage categories. Their number, however, is relatively small.

24



Table A-14: The Dynamic Impact on Low-wage Textile Workers

(D 2) 3) “4) (&) (6) (7 ®)
2002 2003 2004 2005 2006 2007 2008 2009

Panel A. Years Mid-wage employment
Import Comp 0.407**  0.268  0.0494 -0.0902 -0.142  -0.174 -0.149  -0.064
(0.174)  (0.171) (0.202) (0.263) (0.344) (0.437) (0.513) (0.591)

Panel B. Years High-wage employment
Import Comp -0.03  0.184%* 0.369%** (0.613%** (.876%** 1.214%%* ].522%** ] 828%**
(0.0827) (0.0713) (0.111) (0.175) (0.239) (0.317) (0.413) (0.502)

Panel C. Years Low-wage employment
Import Comp -0.835%** -0.593** -0.252  -0.110  -0.221 -0.358  -0.525 -0.587
(0.254) (0.254) (0.318) (0.390) (0.421) (0.480) (0.542) (0.603)

Panel D. Years in unemployment
Import Comp 0.008 0.029 0.096 0.081 0.081 0.045 0.027 -0.009
(0.0973) (0.128) (0.158) (0.174) (0.198) (0.226) (0.246) (0.267)

Panel E. Years outside the labor market
Import Comp -0.006 -0.007 -0.037 -0.155 -0.205 -0.352 -0.443 -0.611
(0.078) (0.097) (0.133) (0.179) (0.232) (0.292) (0.361) (0.419)

N 2,496 2,496 2,496 2,496 2,496 2,497 2,498 2,499
Worker FEs v v v v v v v v
Period FEs Ve v v v v v v v

Notes: Given at top of column is last year of sample period. Estimation by OLS. The sample contains all 1999
low-wage textile workers. All regressions include worker and period fixed effects. Robust standard errors clustered
at the firm level in parentheses. *, ** and *** indicate significance at the 10 %, 5% and 1% levels respectively.

D.2 Sectoral Switching by 1999 Mid-wage Textile Workers

The following set of results complements our discussion of the trade-induced sectoral switching of

mid-wage textile workers in section 4.2 of the paper.
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Table A-15: Occupational Movements of Mid-wage
Textile Workers by Sector

D 2 3)
Mid-Wage High-Wage  Low-Wage
Emp. Emp. Emp.

Panel A. All Industries

-1.999%%** 0.270 1.379%**
(0.532) (0.214) (0.258)
Panel B. Manufacturing
-2.706%** -0.0701 0.260%**
(0.562) (0.151) (0.125)
Panel C. Services
0.808%** 0.364%* 0.260%**
(0.273) (0.159) (0.125)
Panel C.1. Finance, Business
0.667*** 0.218%%* 0.313%**
(0.235) (0.110) (0.0913)
Panel C.2. Retail, Personal
-0.038 0.041 0.133%**
(0.059) (0.026) (0.060)

Notes: Dependent variable at top of column.  Estima-
tion shows the coefficient on Import Competition, defined as
Exposure;xPostShock, (equation (4)) by OLS. The number of ob-
servations in every regression is N = 13,934. All regressions in-
clude worker and period fixed effects. Robust standard errors clus-
tered at the firm-level are reported in parentheses. *, ** and ***
indicate significance at the 10 %, 5% and 1% levels respectively.

Results on the sectoral switching of high-wage and low-wage textile workers due to rising import

competition are available from the authors upon request.

D.3 Individual Skill as a Determinant of Up vs. Down Movements

The following Table A-16 expands on the wage effects by quintile shown in Table 10 in the text.
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Table A-16: Wage Quintiles

) 2 3) “4) &)
Panel A. Mid-wage Employment
ImpComp -2.176%*% 2 118%**  2.002%%% -] 774%%K ] IQHH*

(0.601) (0.555) (0.541) (0.532) (0.524)
ImpComp x Q1  1.621%%*

(0.696)
ImpComp x Q2 0.869
(0.698)
ImpComp x Q3 0.091
(0.621)

ImpComp x Q4 -0.339

(0.812)
ImpComp x Q5 -0.823

(1.109)

Panel B. High-wage Employment
ImpComp 0.382 0.351 0.229 0.267 0.185

(0.271) (0.237) (0.209) (0.229) (0.202)
ImpComp x Q1  -0.337

(0.408)

ImpComp x Q2 -0.104

(0.284)
ImpComp x Q3 0.183

(0.342)
ImpComp x Q4 -0.014
(0.378)
ImpComp x Q5 2.171%*%
(0.755)

Panel C. Low-wage Employment
ImpComp 1.404%%% 1. 396*** ] 428%** ] 268%** ] 33]***

(0.295) (0.289) (0.284) (0.251) (0.265)
ImpComp x Q1 -0.470

(0.454)
ImpComp x Q2 -0.356
(0.497)
ImpComp x Q3 -0.264
(0.472)
ImpComp x Q4 0.316
(0.612)
ImpComp x Q5 -0.605

(0.531)

Notes: Dependent variable given in each of the Panels of the table. Q1 is a quintile
indicator for the worker to be in the first quintile of the hourly wage distribution
of all 1999 mid-wage textile workers (N = 13,394). Q2 to QS5 are quintiles two to
five. Estimation of equation by OLS. All regressions include worker, period, and
period by quintile fixed effects. Robust standard errors clustered at the firm level

in parentheses. *, ** and *** indicate significance at the 10 %, 5% and 1% levels
respectively.
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D.4 The Relationship between Trade Exposure and Tasks for Mid-Wage
Textile Workers

This section provides complementary analysis to section 4.3 of the paper. The only difference
is that the sample below excludes workers who in 1999 were employed in high- or low-wage
occupations. The analysis for manual tasks is given in Table A-17, while results for cognitive tasks
are shown in Table A-18. Notice that workers performing manual tasks are more strongly affected

by rising import competition, and this is the case whether the task is routine or not routine.

Table A-17: Import Competition and Manual Tasks: Mid-wage Workers

Routine Manual Non-routine Manual
Repetitive Manual Finger PDSE Grossbody Multilimb Response
Motions Dexterity  Dexterity Coordina- Coordina- Orienta-
tion tion tion
Imp Comp -0.621 -1.243%%*%  _1.156%* -0.599 -1.818%#*%  _1.489%**  _-1.430%**

0.605)  (0.472) (0.494) (0.535) | (0.509)  (0.486)  (0.487)
ImpComp x Task  -1.021%  -1.428%%% [ 430%%% ] [R]#+% | | 04%*% ] 388%+% ] 307k
(0.550)  (0.392) (0.545) 0.352) | (0409  (0.337)  (0.370)

Observations 12,446 13,452 12,414 13,546 13,614 13,566 12,446
R-squared 0.627 0.626 0.626 0.627 0.625 0.626 0.628

Notes: The dependent variable in all regressions is years of mid-wage employment, 2000 to 2009. All regressions include
worker and period fixed effects as well as the interaction between the period fixed effect and Task variable. In each regression
a specific task variable is indicated in the column heading. *, ** and *** indicate significance at the 10 %, 5% and 1% levels
respectively.
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Table A-18: Import Competition and Cognitive Tasks: Mid-wage Workers

Routine Cognitive

Non-routine Cognitive

Evaluating Repeating

Developing Inductive  Math

(D (2) (3) 4 )
Imp Comp L761FRE ] 730k 1.208%  -1.390%  -1.337#%x
(0.595) (0.491) (0.698) 0.772)  (0.492)
ImpComp x Task 0301  0.880%** 0.559 0.606 1.057%%
(0.544) (0.329) (0.643) 0.729)  (0.438)
Observations 13,714 13,664 12,510 13,556 13,608
R-squared 0.623 0.626 0.625 0.623 0.624

Notes: The dependent variable in all regressions is the cumulative mid-wage employment. All
regressions include worker and period fixed effects as well as the interaction between the period
fixed effect and Task variable. In each regression a specific task variable is indicated in the column
heading. *, ** and *** indicate significance at the 10 %, 5% and 1% levels respectively.

The results show that workers performing cognitive tasks tend to be affected less by rising import
competition compared to other workers, although in contrast to the larger sample of all textile

workers not always significantly so.
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D.5 Job Polarization and Education: Results for Denmark’s Private-Sector

Labor Force

This section provides evidence on the role of education in determining occupational movements
after a trade shock for the entire private-sector labor force of Denmark; it complements results for

the textile workers shown in section 4.2.

We include two interaction variables between exposure to trade and education, AP *College and
AIP“M*HighSchool. As a consequence, the linear Chinese import competition variable captures
the impact of trade exposure on vocationally trained workers (vocational training is the omitted

category).>>

Table A-19: Worker Education and Job Polarization through Import Competition

(1 ) 3)

High-wage Emp. Mid-wage Emp. Low-wage Emp.
AIPCH 2.82%% -4.38%%* 1.24

(1.22) (2.23) 1.27)
AIP“H*HighSchool ~-2.91%* -0.58 1.74%

(1.33) (1.45) (1.03)
AIPH*#College 4.53%%* -4.05 2.45%

(2.29) (3.27) (1.33)
N 900,329 900,329 900,329

Notes: Dependent variable at top of column. HighSchool is indicator for at most high school edu-

cation; College is an indicator for college education. Vocational education is the omitted category.
Estimation by two stage least squares. Robust standard errors clustered at the 3-digit industry level
are reported in parentheses. All specifications include demographic (gender, age, immigration sta-
tus), education, labor market history (unemployment history, linear and square terms of experience),
union and unemployment insurance memberships, firm variables (size, wage, separation rate), as
well as product-level control variables as described in Table 4 notes. All specifications also in-
clude two-digit occupation and industry fixed effects. Regressions in columns (1)-(3) also include
base year (1999) hourly wage. *, ** and *** indicate significance at the 10 %, 5% and 1% levels
respectively.

We see that the chance of a trade-exposed worker to be in a high-paying occupation is increasing

in the worker’s level of education (Table A-19, column 1). Vocationally trained workers is the

3 All specifications include indicator variables for the three education levels, two-digit industry and occupation
fixed effects, as well as the other covariates of our baseline specification (Table 4, column 5).
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omitted category, and the probability that an at most high school educated exposed worker has
significantly more high-wage employment is zero. This is what we found as well for low-educated
textile workers, see Table 9. Furthermore, college-educated workers exposed to rising import
comeptition are more likely to increase their high-wage employment compared to exposed workers

with lower levels of education (column 1).

Interestingly, trade-exposed workers with vocational education have significantly more high-wage
employment than non-exposed workers with such education, whereas for the subset of mid-wage
textile workers this was not the case (see Table 9). At the same time, vocational training does not
shield these workers from having lower mid-wage employment compared to non-exposed workers

(column 2), which is similar to what we found above for textile workers.

Finally, both low and high levels of education are associated with higher levels of trade-induced
low-wage employment, see column 3. The finding for low education levels mirrors our findings for
textile workers, see Table 9, while the finding for college educated workers does not. The reason
for the higher low-wage employment for college-educated workers might have to do with life cycle
and work versus family choices, as emphasized by Keller and Utar (2018).%*

>*When we distinguish workers who have vocational training with a manufacturing focus from workers who have
vocational training with a service focus, we find that the former are less likely to have lower mid-wage employment
compared to other exposed workers, while the latter (and especially workers with an focus on IT training) have a
higher chance to increase their high-wage employment.
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