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Abstract

In this paper, our main focus is the direct contribution of the Chinese economy to
changes in U.S. labor market outcomes. Our results indicate that the effects of con-
tinuously rising value-added exports from China to the U.S. depend on the position
of the Chinese exporting industry in the global value chain. In particular, we find
that an increase in U.S. exposure to value-added exports from China in industries with
high degree of downstreamness leads to negative effects on the share of manufacturing
employment, while the same is not present in the case of industries with low degree
of downstreamness. Moreover, our results also suggest that the effects of an increase
in U.S. exposure to value-added exports from China on average wages and on unem-
ployment levels depends on the position of the Chinese industry in the global value
chain.
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“What we call “Made in China” is indeed assembled in China, but what makes up the
commercial value of the product comes from the numerous countries that preceded its assem-
bly in China in the global value chain, from its design to the manufacture of the different
components and the organization of the logistical support to the chain as a whole”

Pascal Lamy, former WTO director

1 Introduction

The world media have dedicated significant attention to China’s return to the post of
world’s largest manufacturing producer by the end of 2010, a position last occupied by the
country in the first half of the 19" century.! This fact marks the phenomenal transition of
the Chinese economy from a centrally planned economy by the end of the 1970s to a global
trading partner, inclusive of its WTO membership accession process, during the first decade
of the 2000s. The shift in the world manufacturing base towards China has been a source of
jubilation and, at the same time, of apprehension among policy makers and scholars.? One
of the most contentious issues has been the effects of economic growth in China on the U.S.
economy. This is particularly important as China’s astonishing economic growth over the
last decades coincides with a contraction in manufacturing employment in the U.S. economy
and with the formation of a burgeoning trade deficit with the same economy of about $273
billion in 2010.3

These facts have not been ignored by the economic literature. In an influential paper, Au-
tor, Dorn and Hanson (ADH, 2013) conclude that the growing exposure of the U.S. economy
to Chinese gross exports has had a negative effect on manufacturing and non-manufacturing
employment levels, as well as on wages, across U.S. local labor markets (commuting zones).
Their results suggest that increasing exposure to Chinese competition can explain 26 per-

cent? of the decline in U.S. manufacturing employment for the years 2000 to 2007. The

'For example, the British newspaper Financial Times published material related to this issue in
“http://www.ft.com/cms/s/0/002{d8f0-4d96-11e0-85e4-00144feabd9a.html”

2World Bank (2006) summarizes the opportunities and potential challenges faced by Latin American
economies due to China’s emergence as an economic power.

3Information provided by the U.S. census bureau. The importance of the U.S. trade deficit with China
can be gauged by the fact that it represents a substantial fraction of the $500 billion trade deficit of the U.S.
economy in that year.

4Moreover, ADH (2013) find that the increase in U.S. exposure to Chinese gross exports explains 21
percent of the decline in the share of manufacturing employment between the years 1990 and 2007.



literature has also shown that labor market effects of growing exposure to trade with China
depends on the position of the exporting industry in the global value chain. For instance,
Pierce and Schott (2016) find that the U.S. decision to grant normal trade relation status to
China on a permanent basis (i.e., extending the most favored nation status to China) has
generated negative effects on manufacturing employment, which they show was more intense
in industries with greater degrees of downstreamness. Similarly, Acemoglu et al. (2016) show
empirical evidence that an increase in industry-level exposure to competition from China can
explain 10 percent of the decrease in manufacturing employment levels across U.S. industries.
However, this effect can be magnified by 75 percent with the inclusion of the effects of import
competition on a particular industry’s sellers, i.e., the effects of trade-related competition
enlarges by considering the degree of downstreamness of a particular industry.’

However, the direct contribution of China to U.S. labor market outcomes has to be
gauged with caution. This is particularly important as the world economy has become more
integrated and access to imported materials and technologies has never been more important.
In particular, Kee and Tang (2016) show that most Chinese exports emerge from the so-
called “export processing firms”, which correspond to firms that can import materials free of
duty for assembling and pure exporting. Their findings are in line with the statement made
by former WTQO’s director Pascal Lamy reported above. This information suggests that the
direct contribution of China to changes in labor market outcomes overseas should take into
account two important features. First, the value added by companies exporting from China
may be significantly different from Chinese gross exports. Second, Chinese exported goods
can be, in many cases, close to the bottom of the production chain, and thus be characterized
as having a high degree of downstreamness.

In this paper, we consider the role played by value-added exports from China in the
recent changes that have taken place in the U.S. local labor markets. By definition, the direct
contribution of China to the international production of goods, as well as to labor market
outcomes in the U.S. and other economies, is represented by the value-added exports from
that country. Considering the role played by value-added exports rather than gross exports

is important and is now more feasibly investigated than ever before. Notice that recent

®Notice that Acemoglu et al. (2016) do not find statistically significant effects of trade-related competition
on an industry’s buyers.



papers by Koopman, Wang and Wei (KWW, 2014) and by Johnson and Nogueira (2012)
have compiled datasets on bilateral value added exports across sectors, enabling researchers
to map the contributions of each country to the production processes of various goods.® A
striking conclusion from these papers is that value-added exports can be very different from
gross exports.” Second, they suggest that usual economic inference based on gross exports
can be misguiding. In the case of revealed comparative advantage, KWW (2014) show that
the ranking of comparative advantage based on value-added exports supports very different
conclusions from the ranking based on gross exports.

Our strategy follows the insights provided by a model of international trade with G
regions, where N of these regions represent commuting zones in the U.S. economy, and
where firms in a particular sector and country are assumed to have access to the same
technology displaying increasing returns to scale. Following Halpern, Koren and Szeidl
(2015), we assume that the production of final goods requires the use of intermediate goods
which can be produced domestically (within a region) or abroad (in another region). Wage
rates are allowed to be different across regions but are assumed to be fixed throughout the
analysis. The model assists us in two main aspects. First, it allows us to precisely define
several measures important for our paper, including the definition of the measure of value-
added exports used in the empirical sections. Second, the model allows us to investigate
the potential effects of an increase in value-added exports on labor market outcomes while
considering the position of the exported good on the global value chain.

In essence, the results suggest that an increase in value-added exports in goods with high
degree of downstreamness tends to decrease employment levels in the economy exposed to
these trade flows, while the effect in the case of goods with low degree of downstreamness is
inherently ambiguous. The intuition for the former case is simple. An increase in exposure
to exports in goods with high downstreamness decreases the demand for labor in the sector
directly competing with the imported products but also decreases domestic sales of that
sector’s sellers, causing a negative magnification effect on employment outcomes. However,

in the latter case, imported goods tend to decrease the marginal cost of some firms, which

6In another paper, Wang, Wei and Zhu (2014) extend the original KWW'’s (2014) analysis by incorporating
additional measures of value-added exports based on backward linkages. Moreover, they provide a more
detailed analysis of the different components that add to gross exports.

"In the case at hand, Johnson and Nogueira (2012) point out that the U.S. trade deficit with China
measured by value-added exports is at least 30 percent lower than the deficit measured using gross exports.



tend to boost firms’ production levels, while they also displace domestic production (e.g.,
inputs) involved with the production of goods for final consumption, for instance. This
analysis is in line with the idea that offshoring may increase the productivity of firms as
empirically verified by Goldberg et al. (2010) for firms in India.®

Our empirical analysis builds on the insights provided by our theoretical framework, as
well as on the definitions used in the model, relating value added exports and employment
levels, and on the empirical strategy used by ADH (2013). In particular, we use information
on value-added exports across countries and products available in KWW (2014). Our main
focus is the change in U.S. exposure to value-added exports from China between the years
2000 and 2007. This time interval corresponds to the peak of export growth from China to
the U.S. economy.’ During this time interval, gross exports from China to the U.S. grew
by 303 percent while value-added exports grew by 256 percent. It is also important for our
analysis to distinguish exporting sectors according to their degrees of downstreamness (low
or high). Most of our analysis distinguishes between these groups according to the usage
of exported products (final versus intermediate), which is based on the definition used in
KWW (2014), and also distinguish these groups based on the distribution of the sectorial
ratio between the foreign value-added content in exports and gross exports, which, instead, is
based on arguments outlined in Wang, Wei and Zhu (2014). Importantly, the decomposition
of the change in value-added exports from China to the U.S. suggests that most of the change
depends on exports from sectors with high degree of downstreamness, which is the opposite
of what is found by considering changes in U.S. exposure to exports from other groups of
countries (middle income, high income and transition economies).

We calculate U.S. exposure to Chinese value-added exports across local labor markets
following the approach suggested by our model, which is similar to the approach used in
ADH (2013), while using sectorial value-added trade flows based on the 2-digit of the ISIC
industry classification, and we instrument it using Chinese value-added exports to other

developed countries.!® The distribution of U.S. exposure to Chinese value-added exports

8Most importantly, Goldberg et al. (2010) show that access to new imported inputs has increased the
product scope of those firms.

9Autor, Dorn and Hanson (2013) employ a dataset covering the years from 1990 to 2007. However,
Koopman, Wang and Wei (2014) provide information on value added exports from 1995 to 2009. Thus, we
can not cover the years from 1990 to 2000 in our analysis.

10Gection 3.2 explains the concordances in detail.



displays important characteristics that are in line with the discussion above. In particular,
we find that the average increase in the U.S. local labor market exposure to Chinese value-
added exports is significantly lower than the average measure used in ADH (2013), which is
based on gross exports. Moreover, we also find that these measures are positively, but not
strongly, correlated. Most importantly, while we conclude that most of the U.S. increase
in exposure to Chinese value-added exports is due to value-added exports in sectors with
high degree of downstreamness, we also find a significant increase in U.S. exposure to value-
added exports from China in sectors with low degree of downstreamness. This is in line with
the facts described in Wang, Wei and Zhu (2014) that lead to the conclusion that China
has evolved from an economy that primarily assembles final goods to an economy that
increasingly serves as a source for intermediate products, participating fully in the different
stages of the (international) production of goods.!!

Our econometric strategy considers these insights. The results provide a complementary
picture to the results obtained by ADH (2013). We begin our analysis by exploring the
average effect of an increase in U.S. exposure to value-added exports from China without
focusing on the role played by the degrees of downstreamness of exported products. Our
main specification suggests that an increase in U.S. exposure to Chinese value-added exports
leads to a decrease in the share of manufacturing employment, albeit producing a smaller and
less statistically robust economic effect relative to the result obtained using gross exports.
Then, we explore the other key additional features of our model and dataset. In particular,
the theoretical framework suggests that the effects of traded goods on labor market outcomes
should depend on the degree of downstreamness of the exporting industry. This issue seems
to be very relevant for China and U.S. trade relations. A comparison between the increase
in U.S. exposure to Chinese value-added exports, with the U.S. exposure to other countries,
reveals that, while the U.S. increase in exposure towards China is slightly biased towards
exporting industries with high degree of downstreamness, for other groups of countries (high
income, middle income and transition economies) the U.S. increase in exposure is biased

towards industries with low degree of downstreamness.!?

" Their paper provides an important example related to U.S. exports of transportation equipment. In that
case, Wang, Wei and Zhu (2014) provide evidence that China had emerged as the main source of foreign
value added to that industry, surpassing even Japan, by the end of the first decade of the 215 century.

2Hummels, Ishii and Yi (2001) were pioneers in documenting the increasing importance of trade in
intermediate goods, and, consequently, also in understanding the substantial increase in the degree of vertical



Our econometric results suggest that the role played by downstreamness is paramount in
explaining the effects of Chinese exports on U.S. local labor markets. We find that an increase
in U.S. exposure to exports from China in sectors with high degree of downstreamness leads to
a strong and statistically robust decline in manufacturing employment across U.S. local labor
markets, while the same does not apply to the case of an increase in exposure to value-added
exports in sectors with low degree of downstreamness. Our results suggest that the U.S.
average increase in exposure to value-added exports in sectors with high downstreamness
levels explains between 38 and 44 percent of the decline in the share of manufacturing
employment across U.S. local labor markets depending on the measure used. These effects are
statistically robust to controlling for U.S. value-added exports to China albeit significantly
lower in economic terms. Our results suggest that the contribution of China to changes in
U.S. local labor markets depends intrinsically on the position of the exporting industry on
the global value chain.

On the other hand, we find no statistical evidence that an increase in U.S. exposure to
Chinese exports causes either an average decline of wages, or an increase in unemployment
levels, across U.S. local labor markets. This finding is robust to either using measures of
gross exports or value-added exports for the period between the years 2000 and 2007 and is
very much in line with our theoretical framework that assumes the wage rates are constant.
Moreover, we also find that the position of the exporting industry in the global value chain
matters, a result that is also in line with our model. In this case, an increase in exposure to
trade with China in industries with low degree of downstreamness increases average wages,
while it decreases unemployment levels, across U.S. local labor markets. Moreover, we find
that our results are robust to a variety of changes in the measure of exposure and in the
measure used to define the degree of downstreamness.'?

The rest of our paper proceeds as follows. Section 2 discusses the importance of distin-

guishing between economic exposure to value-added exports and to gross exports, and also

specialization in world trade.

13Costa, Garred and Pessoa (2016) find slower wage growth for manufacturing workers across Brazilian
local labor markets that are more affected by Chinese import competition. Instead, Caliendo, Dvorkin and
Parro (2015) develop a dynamic model to allow for labor mobility frictions, trade costs, and input-output
linkages in determining equilibrium allocations across local markets. With labor mobility, an increase in
import competition from China may generate greater manufacturing employment loss in U.S. local labor
markets due to migration. They find that increasing exposure to Chinese exports accounts for 50 percent of
the change in manufacturing employment share unexplained by a linear time trend.



provides a theoretical framework defining important terminology used to relate changes in
value-added export to labor market outcomes. Section 3 presents our econometric strategy
and the dataset used in our empirical analysis. Section 4 describes the econometric results

while Section 5 concludes the paper.

2 Motivation and Model

2.1 Why Value-Added Trade

It is well-known that the U.S. economy is very competitive in high-tech industries,
producing certain products that the rest of the world economy clearly craves. One of the
best examples of U.S. economic successes has been products produced by Apple Inc., which
has been considered as (one of) the most valuable company(ies) in the world based on
the stock market valuations in recent years.!* In many aspects, for instance, the iPhones
produced by Apple Inc. have come to symbolize the meaning of a profitable and successful
commercial product.’® However, in spite of the economic success of Apple Inc. and of its
admired iPhones, it is striking to find out that this product, clearly one of the best-selling
U.S. technology products world-wide, added $1.9 billion to the U.S. trade deficit with China
in 2009 according to Dedrick, Kraemer and Linden (2009, 2011) and Xing and Detert (2010).
How is this fact possible? And what conclusions should we derive about the effects of Chinese
exports on U.S. labor market outcomes?

The traditional way of measuring international trade based on gross trade flows (exports
and imports) produces the number above since it fails to reflect the complexities of the global
supply chain where the design, manufacturing and assembly of products involve many coun-
tries. Traditional trade statistics from both U.S. and China consider the iPhone a Chinese
export to the U.S., even though it is entirely designed and owned by a U.S. company (Apple
Inc.), and is made largely of parts produced in several Asian and European countries. The

role played by China in the global production chain of the iPhones is relegated mostly to

4The U.S. firms have dominated the top 10 most valuable companies list for several years. In 2015, all
top 10 companies were U.S. based corporations and the top 3 (Apple, Alphabet and Microsoft) were labeled
as high-tech firms. See “http://fortune.com/2016/02/04/most-valuable-companies-fortune-500-apple/”

for details.

5For an example see “http://www.independent.co.uk/news/business/analysis-and-features/apples-
iphone-the-most-profitable-product-in-history-10009741.html”.



the assembly line and it adds very little value to this product. Therefore, the Chinese par-
ticipation in this case in value-added terms seems modest albeit presenting a high degree of
downstreamness since its contribution is related to activities at the bottom of the produc-
tion chain. According to Dedrick, Kraemer and Linden (2011), the value added by Chinese
workers represents 1.8 percent of the total retail value of the iPhones sold in the U.S. For
comparison purposes, two major South Korean suppliers (LG and Samsung) add about 12
percent of the retail value, while Apple Corporation adds about fifty-eight percent of the
iPhone’s retail value.

These facts imply two main points related to our paper. First, measuring the Chinese
contribution to labor (and any other) market outcome in the U.S. should take into account
that gross exports may be very different from value added exports. In the case at hand, the
Chinese value-added exports of the iPhones represents a small portion of the Chinese gross
exports. Therefore, using gross exports guides us towards reaching the wrong conclusion
that high-tech products do not increase the demand for U.S. workers. Additionally, Xing and
Detert (2010) concludes that a value-added based approach would indicate that the iPhone
generates a U.S. trade surplus of $48 million with China based on the sales of iPhones in the
U.S. and in China. Second, the iPhone example highlights that its production depends on the
contribution of several countries and the contribution of China to labor market outcomes
depends on its place in the global production chain. In the case at hand, other Asian
countries, such as South Korea and Japan, are important contributors to iPhones exported
by China to the U.S. economy. Thus, even if China appears as the official exporter of the
iPhones to the U.S. economy according to national customs practices, the significant foreign
value added contained in Chinese exports reveals that the Chinese contribution is smaller
than suggested by official trade statistics albeit possibly representing a substantial challenge
to U.S. import-competing industries given its high degree of downstreamness. Our analysis

considers these important elements.

2.2 Model

We develop a partial equilibrium model that considers how increased import competition
from China affects employment in a U.S. commuting zone. There are a total of G regions,

which can be interpreted as having N regions representing commuting zones in the U.S.,



another region representing China, and G — N — 1 other regions. Following Antras and
Helpman (2004), producers of traded goods face a perfectly elastic supply of labor in each
of the regions. We denote the wage rate in region k by W* and we assume it to be fixed.!
Below we use the wording market and region interchangeably.

There are J traded-good sectors, indexed by j, where consumers allocate J share of
spending on each. For each traded good sector, there are intermediate goods and final
goods. In the case of final goods, the demand for product varieties is derived from a CES
sub-utility function, such that total demand for a variety y;- is the sum over the demand in

each destination market & (y2*) given by,

-Cu-y A

Pk g
where pé-k is the delivered price in market k of a variety in sector j produced in region i, and
E* is the total expenditure in market k. PJ is the price index for final goods in sector j of
market k, and captures the intensity of competition in a market; o; > 1 is the elasticity of
substitution between any pair of varieties in the final good sector j.

Similar to Halpern, Koren and Szeidl (2015) and Blaum, Lelarge, and Peters (2016), the

production of final goods requires the use of intermediate goods,

y_HH kz nsg,

where m  is the intermediate good produced in sector s in region k and used for sector j in
region ¢, and 77 ¢ is the exogenous input-output linkages with 77 € [0,1] and Z Z 77]“ =1.

*1) requires one unit of labor in region k Wlth Wage Wk,

One unit of intermediate good (m;

Cost minimization yields the following demand for intermediate goods:

0 1-n W ki
ki SJ
— 1
s y]<Wk) HH(U , 0

which can be used to obtain the following total cost (T'C}) and marginal cost functions

16The assumption of fixed wage rates can be justified in general equilibrium by assuming that W is the
productivity of labor in producing the freely traded numeraire good in each region and that labor supply is
large enough in every region so that all regions produce the numeraire.
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To produce a final good variety yﬁ-, there is a fixed labor cost ag-. Under monopolistic
competition, the price of each variety is a constant markup over marginal cost as described
by pi¥ = (0;/(0; —1))7/*MC}, where 7/¥ > 1 is the iceberg transportation cost of delivering
one unit of a final good in sector j from region i to region k. Let L% denote the labor
used in region i to produce final goods and intermediate goods. This implies that L, =
>0 Miah + 3757 3% mis where M is the number of final good varieties produced by
sector j in region .

We can now consider the contribution of the degree of downstreamness in determining
labor market outcomes. In the empirical section of the paper, we measure the level of
downstreamness using different approaches. In this section, we mostly consider a good to
display either high or low degree of downstreamness depending on its usage as a final good
or intermediate good, respectively. We also offer comments related to the definition of
downstreamness using the foreign value-added content in gross exports. Our strategy at first
disregards the presence of trade in intermediate goods in the status quo situation, and then
allows for an external shock to either lead to more trade in final goods or to some marginal
trade in intermediate goods. Next, we consider a more general case where the trade in
intermediate goods is present in the status quo situation and this step requires a substantial
extension of the notation used in the model.

Let us first consider a situation where the production of the final good variety (y ) requires

all intermediate inputs to be produced in region i (i.e. Z 77]” =1 for kK =4). The price of

each final good variety depends only on the wage in region 7, on the iceberg transportation
cost Tj and on exogenous parameters o; and 775’ In this case, free entry in each sector drives
profits to zero for a given production technology in sector j region ¢, implying that the level
of output for each final good variety is fixed, ¢} = a}(0; — 1)/ <aj I1, (1/n% )’73’}), Therefore,
any adjustment in sectorial output and employment occurs at the extensive margin, through
changes in the number of final good varieties (i.e. ij. / y;. = 0 and adjustment occurs through

AM j’ /M ]’) In this case, an increase in import competition from China, which represents an

10



exposure to import competition in goods with high degree of downstreamness, leads to an
increase in the number of final goods varieties produced in China for each market served by
region . This effect then lowers the labor demand in the traded-good sector in region 7. In
essence, this result corresponds to ADH’s (2013) main result.

In the second case, suppose intermediate inputs can suddenly be sourced from China
(represented by superscript ¢) in sector s due to trade liberalization, such that 77;’; # 0 for
some region 7. This assumption represents an increase in exposure to Chinese exports in
goods with low degree of downstreamness. This lowers the marginal cost of production (M C’;)
implying that final good producers can earn a positive profit. Thus, new final good producers
can enter the market in region ¢, leading to an ambiguous total effect on employment in
region 7 since imports of intermediate goods from region ¢ may lower total employment (L)
in region ¢ while the increase in demand for this variety from all markets may lead to an
increase in total employment in that region.

In the third case, we consider an external shock from China (e.g. a reduction in W¢)
with existing trade in intermediate and final goods. Gross output of sector s in region i is

the sum of intermediate goods produced plus the sum in final goods produced,

k

o= 30 S+ MY
j k

This can be re-written in block matrix notation following KWW (2014) as

X! Al Al2 0 plG x1 [ Zg y 1k

X2 A2l A2 A6 X2 ZG y 2k
= + k

XG AGl AGQ AGG XG Z? YGk

where X' is a J x 1 vector [z¢, ...z, ..z%]" that gives region i’s gross output. A™* isa J x J

block input-output coefficient matrix, where ai’;- is an element in the A%* matrix and is the
direct input-output coefficient that gives units of the intermediate goods produced in sector
s of region 7 that are used in the production of one unit of gross output in sector j of region

k(e ali = mi/zl). Y% is a J x 1 vector that gives final goods produced in region ¢ and

11



that are consumed in region k. Y = sz Y is also a J x 1 vector that gives the global use
of region 7’s final goods.

The above matrix can be re-arranged and written as follows:

Xl Bll Bl2 BlG [ ZkG Ylkz
X2 B2 B2 R ZkG Y2k
G
i XG’ | I BGl BG2 BGG 11 Zk YGk |

where B is the J x J block Leontief inverse matrix. An element in B (bi%) is referred to

as the total requirement coefficient in the input-output literature. Specifically, bﬁ,’;

gives the
total amount of gross output in sector s in region ¢ needed to produce an extra unit of final
goods in sector j in region k, which is for consumption in region ¢ as well as other regions.
Note that b;’; . y;-“" gives the total amount of gross output in sector s in region ¢ needed to
produce final goods in sector j in region k for consumption in region r. B matrix is GJ X GJ.
Notice that X? may be re-written in terms of matrices X*, which corresponds to J x 1 gross

output vector that gives gross output produced in region ¢ and absorbed in region k.

The direct value-added coefficient v} is defined by 1 — 73" a} while country i’s direct
value-added vector can be written in matrix form as V* :k [;}i vl v4] which
corresponds to a 1 x J row vector of direct-value-added coefficients. Then, the total value-

added multiplier, or the total value-added coefficient matrix (V' B) is defines as follows:

i VlBll VIBIQ VlBlG i
ViB VB2 . VPR
VB - )
VG’BGI VGBG2 VGBGG’

where VB is a G x GJ matrix. Let Vibea J x J diagonal matrix with direct value-added
coefficients v along the diagonal. We can define a G.J x GJ diagonal matrix V where each
element of its diagonal is formed by a matrix Vi. Then, we can define the domestic value-
added matrix in a region’s gross output VX , which equals the GJ x G matrix XA/BY7 as

follows:

12
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where elements in the diagonal give each region’s production of value added absorbed at
home. The off-diagonal elements of the V BY matrix gives each region i’s production of

value added that is absorbed in region k, or the value-added exports (VAX%),

G G
VAsz Vzsz Vz Z Bzgygk Vszzyzk + Vszkykk + Vz Z Bigygk7 (2)
g gFk,i

where ViB%Y'* is value-added exports in final goods produced in i and absorbed in k.
Similarly, VB#*Y** is value-added exports in intermediate goods produced in i and absorbed
in k. Lastly, V' ZG: B9Y 9% is the value-added exports in intermediates that are first exported
to region ¢ andg:\’:gntually absorbed in region k. Note also that VAX®* is a J x 1 vector.
We can now proceed with a three-country example in order to highlight the role of
downstreamness in explaining labor market outcome changes. Consider that the global
economy can be divided into 3 regions namely: region i (commuting zone 7 in U.S.), region
k (rest of commuting zones in the U.S.), and region ¢ (China). Moreover, let us assume the
presence of 2 sectors denoted by subscripts 1 and 2. An increase in exposure from China
affects the labor market in U.S. commuting zone i by changing the demand for labor (i.e.,
value added) used in producing goods in i exported to all regions for either final consumption
or as an intermediate product. In this case, value-added exports from region 7 to region k can

be defined according to expression 2 as VAX* = V'’ Z B9y 9k — Vipiyik 4 \i Biky Rk 4

ViBiy < This expression can be rewritten using matrix notation as follows,

i pii ik i pii vik i pik v kk i pik v kk i pic vk i pic v ck
Vb1 YT 4+ 0105 Ys " Vb YT + uib Yy n Vb1 Y + b5 Ys

i pii vk i pii vik ik v kk ipik v kk i pic vk i pic vk
vsbe; Yo + 0505, Y UQb Y7+ vpbos Yy V5051 Y1 4 05055 Y5

For instance, vibi Y/ is value added created in region i sector 1 used by region i’s sector 1

in the production of final goods exported to (absorbed in) region k. Likewise, vibik V¥ is
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value added created in region ¢’s sector 1 used by region k’s sector 1 to produce final goods
absorbed in region k. The other terms can be similarly defined. As said above, the effects
on the labor market in region i from an increase in its exposure to region ¢ (China) depends

on its labor demand across markets, which can be expressed by

G . AL G G _. AL G .
ik i gy 9k _ Y/t 9y g
E i VAX Vv E i E , BYY V E , BYY
i e | [t ottt | [ et + vl

R IR I irik vk | o pik vk i pie Ve | . pic Ve
U305 YT + v5b50 Yy U551 Y1 + 0555 Yy Uab51 YY© + 0555 Y5

where Y denotes Y + V¥ + Y for every g = {i, ¢, g}.
Importantly, the value of production of final goods produced by sector 1 in region ¢ has
to equal the value added in the production of inputs from all regions used in its production.

Following Wang, Wei and Zhu (2014), this implies that the following tautology applies
(vibiy + vgbhy + vibY] + vpby + vibf + v5hg, )Yy =YY,
or, equivalently that
vibYy + viby; + vybYL + vEbE] 4 Vb + vsbs, = 1. (3)

Expression (3) is important since it will assist us in considering an increase in region i’s
exposure to exports in goods with low downstreamness (intermediate goods) from region c.
To consider the case of exposure to final goods exported by ¢, we consider an equivalent
expression relating the value of production of final goods by sector 1 based in region ¢ to the

value-added contributions from all regions:

Vibi 4 vible RN BBk 1 oShss + ushs = 1. (4)

We can now proceed with the consideration of an increase in value-added exports from
China (region ¢) in low downstreamness products, which is represented by an increase in
intermediate goods, with the assistance of expression (3). In this case, an increase in value-

added exports from China to region 7 in intermediate goods produced by sector 1 implies
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1 véb§Y in expression (3), leading to three alternative situations:

1. There is a decrease in intermediates used from region k in sector 1 or 2, represented
by | vfbij or | vibs;.

2. There is a decrease in intermediates used from region ¢ in sector 2, | v5bS;.

3. There is a decrease in value added from region i in sector 1 or 2, | vib% or | viby.

In alternatives 1 and 2, the value-added shares in region i are not directly affected.
However, import competing intermediate inputs from China in sector 1 could lower marginal
costs, and, according to expression (1), could lead to an increase in Y} and Yy, which would
then increase the demand for labor region i. In alternative 3, the domestic value-added
shares in final goods are reduced, which could lead to a decrease in employment in region
i, depending on whether or not the increase in the production of final goods increase in Y}
and Yy sufficiently according to expression (1). In this particular case then the net effect on
the demand for labor in region ¢ is unclear.

Alternatively, we can consider an increase in region ¢’s exposure to value added exports
from China (region ¢) in products with high degree of downstreamness. We focus on an
example involving the increase in value-added exports of final goods by industry 1, which
can be expressed as T v§b{; in our model. In this case, expression (4) suggests three possible
alternatives, namely:

1. | vkoke or | vFbh¢ in region k.

2. | v§bs] in region c

3.} vibis or | viby in region i.

In alternative 1, we have the substitution of intermediate inputs originating in region & for
inputs originating in region ¢, and in alternative 2, we have the substitution of intermediate
inputs originating in region c sector 1 for inputs originating in region ¢ sector 2, with no direct
effect on the shares of value added originating in region i. However, final goods production
in region ¢ declines, and, therefore, the application of expression (1) leads to a decline in the
demand for labor in region ¢. In alternative 3, we have both a negative direct effect on the
demand for labor, through decreases in vib%; and/or viby, and an indirect effect through
lower production of final goods. Thus, an increase in value-added exports from China in
goods with high degree of downstreamness leads to a decrease in employment in region 4.

Our empirical strategy also characterizes the degree of downstreamness by using the
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share of foreign value-added content in gross exports. Defining the foreign value content in
region c’s gross exports of good j to region ¢, represented by F VA , Tequires us to extend
our notation since gross exports may not be fully absorbed in the destination country. In

this case, foreign value added in final goods can be represented by (3 > vgbir )Y, while

mYmj
g#cm=1

foreign value added in intermediate goods can be described by (> > vg,b% ) M5*. As such,

m-mj
g#cm=1
total foreign value added can be represented by

FVAS = ZZU;‘%Z)%] Y&+ szfnbgﬁ] )M

g;écm 1 g#c m=1

- (Y wE (5)
g#c m=1
where EJC’ stands for region ¢’s gross exports to region i in sector. Expression (5) clearly

shows that the foreign value-added content is lower than growth exports since expression

> > vgb is less than one as explained above.

g#cm=1
As explained in KWW (2014) and Wang, Wei and Zhu (2014), higher FV A$" implies a

greater degree of downstreamness for sector j in country c. In addition, higher F' VA;?Z' may
increase (or decrease) v’ bi. for m = 1,2, and lead to an increase (or decrease) in value-

mYmj

added exports from region ¢ in sector j. Instead, a decrease in vmb;g] may occur if region ¢
does not have a comparative advantage in producing inputs for downstream sector j. Thus,
the effect on labor demand in region ¢ is negative if higher F' VA? leads to less intermediate

inputs imported by region ¢ from region 7 to use in region ¢’s export to region 1.

Proposition 1 The effect of an increase in Chinese value-added exports depends on the
degree of downstreamness of the exported goods. An increase in value-added exports in sectors
with high degree of downstreamness has a negative effect on employment in the US. On the
other hand, an increase in value-added exports in sectors with low degree of downstreamness
has an ambiguous effect on employment in the US. Therefore, the overall effect from value-

added exports across sectors is ambiguous.

Our empirical analysis relies on how changes in exposure to value-added exports affects

changes in local labor market outcomes.'” As described below, we are particularly interested

1"Notice that Proposition 1 focuses on value-added exports from China since the focus of this paper is
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in the relationship between changes in exposure and in the share of employment in this
tradable (e.g., manufacturing) sector. Notice that, by definition, total employment equals
the value added in gross output, L% = > viX?. In this case, X} is sector j’s gross output in

j
region . Thus, log differentiation yields the following expression:

~. 1 o

L, = — AV X (6)

where L% stands for AL%/Li. This expression indicates that the total percent change
in employment in region ¢ is directly related to changes in value added in gross output.
Moreover, total value added can be directly related to value added generated and absorbed
in region 7, and to domestic value added in region i that is absorbed in other regions, by the

following expression as discussed above:

a G
iy i i Cri piiyi L Yri pikyk Cri i
viXE =Y V'BYYY = V'B'Y' + V'B*Y* 4+ Y V' BUYY
g g#i.k
This expression allows us to relate changes in total value-added output in region ¢’s sector

J to changes in value-added exports from region ¢ (China) to region i as discussed above in

the following way:

AviX! oc £AVAXS
Avj»X; x —AVAXS_final

Avj-X; x +AVAXC intermediates.

We can then approximate the effects of changes in labor demand due to changes in
value-added exports from region ¢ (China) to region ¢ (commuting zone in the U.S.) using

expression (6) according to the following expression:

3 1 (X
j T

China’s contribution to the production of traded goods. Notice that the same value of gross exports may
contain X percent of value-added in China or represent instead 10 times X percent of value-added in China.
They represent the same amount in gross terms but very different contributions. Similarly, the same amount
in gross exports from China could have completely different effects if contained no inputs originating in the
U.S. or only inputs originating in the U.S.
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where the total effect is ambiguous as discussed above.'® However, we do not observe China’s
value-added exports to region ¢, but only China’s value-added exports to the U.S. Thus, our
empirical strategy weights each region ¢ in the U.S. by its own value-added share, or labor

share of region 4 in the U.S. (L}/LY*) in sector j as follows:

CUS.
AEXPVAX,; = Z WL—ZAVAX (7)
which can also be defined using changes in value-added exports in final and in intermediate
goods

Ll
AEXP.VAX, final = Z I LUSAVAXCUS,fmaz (8)

Li
AEXP_VAX, interm = Z [7 WAVAXC US intermediates.

3 Empirical Strategy

This section has two main objectives. First, we describe the econometric model used to
investigate the effects of trade flows between the U.S. and China on the former economy’s
local labor markets. Our analysis focuses on changes in trade flows between these two
economies between the years 2000 and 2007. Essentially, our econometric strategy builds
on the strategy used by ADH (2013), while it extends their analysis to the investigation of
the role played by value-added exports, as well as the role played by the position of Chinese
exports in the global value chains, on labor market effects. On one hand, we allow for
different effects due to changes in gross exports and in value-added exports, while, on the
other, we explore the potentially different effects generated by exports with varying degrees
of downstreamness.

Second, we describe the dataset used in this paper, which relies on data made available by

ADH (2013), KWW (2014) and by other sources described below. In this case, we elaborate

180Qur analysis also reveals that an increase in U.S. exposure to Chinese value added exports in indirect
form may have an ambiguous effect on U.S. labor market outcomes. However, indirect exports from China
are relatively small and represent Chinese exports of intermediate goods that promote indirect exports of
final goods to the U.S. economy. For this reason, our analysis does not focus on value-added exports in
indirect form when controlling for the degree of downstreamness which is clearly less well defined in this
case.
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on the definition of value-added exports used in KWW (2014) and on the differences between
the U.S.-China measures of trade flows using gross and value-added exports. We also provide
a comparison between the measures of change in the U.S. local labor market exposure to
trade with China using gross and value-added exports. Notice that we use below the words

sector and industry interchangeably.

3.1 Econometric Model

The key variable in our empirical exercises is the measure of U.S. local market exposure
to value-added exports from China. This variable captures the direct contribution of the
Chinese economy to the (international) production of goods exported by China and sold in
the U.S. economy. Our model described in Section 2.2 suggests that we can approximate the
effects of an increase in value-added exports from China on U.S. local labor markets on a
per-worker basis by applying expression (7). In this case, the importance of sectorial trade
in a particular labor market is weighted by the share of national sectorial employment for
a particular labor market, which is similar to the approach used in ADH (2013). Our basic
measure of U.S. local labor market exposure can be described as follows:

Li AVAX{Y®

ALEXP,VAXZ':ZLUS T (9)
J

J

where AV AX ]C US stands for the change in value-added exports from China to the U.S. in
industry (sector) j between the years 2000 and 2007. The definition of value-added exports
is provided by expression (2) in Section 2.2. For this reason, we refer to the year 2000 as
the base year. Consistent with the notation used in our model, the variable L} represents
employment in local market ¢ for the base year, while LjUS represents U.S. employment in
industry j for the base year.

We explore variations in the manner in which we measure the exposure of local labor
markets to international trade flows. For comparison purposes, we also use the measures of
exposure based on changes in gross exports from China originally calculated by ADH (2013).
This strategy allows us to consider whether the effects of changes in value-added exports
from China to the U.S. differ from the effects of changes in gross exports. Moreover, we also

calculate the exposure measure (9) separately for value added exports according to their
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degree of downstreamness and we adopt two main approaches in considering this question.
First, we consider value-added exports in terms of their usage where value-added exports in
final goods reflect greater downstreamness relative to value-added exports in intermediate
goods.!” In this case, we replace AVAXjC’US in expression (9) by the change in value added
exports in final goods and by the change in value-added exports in intermediate goods as
described in expressions (8) of the model outlined in the last section.

Second, we use data on trade flows to identify the sectorial exports from China that dis-
play greater and lower degrees of downstreamness. According to Wang, Wei and Zhu (2014),
it is clear that the increasing degree of economic integration among national economies has
led to the lengthening of the international production chain. This fact indicates that bilateral
trade flows may be significantly affected by the presence of foreign value added originating
in third countries.?® In the case in question, trade flows between China and the U.S. are
prone to be affected by the significant presence of foreign value-added content in Chinese
exported goods due (for example) to the presence of “export processing zones” in China as
discussed in Kee and Tang (2016).

Following the insights outlined in Wang, Wei and Zhu (2014), we use the distribution
of the sectorial ratio between the foreign value added contained in Chinese exports and the
gross exports from China in identifying sectors with greater and lower downstreamness.?!
In this approach, sectors with relative high ratio values are deemed to have high degree of
downstreamness, or, equivalently, are closer to be bottom of the global value chain, while
sectors with low ratio values display lower degree of downstreamness. The next section
describes in more detail the data and assumptions used in determining each case. In practical
terms, we construct a variable [ ;l which equals 1 if a sector j is deemed to have high degree of

downstreamness and equals 0 otherwise. We can then recalculate expression (9) separately

19 According to expression (2), value-added exports can be divided into final, intermediate and indirect
exports. In the case of indirect value-added exports, these flows correspond to intermediate products sold by
China to a third country before being sold in the U.S. economy as a final product. Thus, it is unclear how
we should classify these exported goods in terms of their degree of downstreamness as indicated by footnote
17 in Section 2.2.

20Please see expression (5) in our model for a precise definition of the foreign value-added content in gross
exports.

2I'We are also grateful to a referee for suggesting this approach to us. Please see page 31 in Wang, Wei
and Zhu (2014).
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for sectors where I ng equals 0 and 1 as follows,

Li AVAXSUS
U5 I (10)
Lt Lk,

ALEXPVAX},, = Y

J
i c,;Uus
g — (11,
L; L J

ALEXPVAX},, = >

J

where the expression shown in the top (bottom) of (10) describes the change in U.S. exposure
to value-added exports from China in sectors with high (low) degree of downstreamness.

We also consider the role played by net value-added trade between U.S. and China in
determining U.S. labor market outcomes. The latter measure controls for the effects of
economic growth in China in promoting employment and in raising wages across U.S. local
labor markets through the increase of U.S. value-added exports to China. For robustness
purposes, we consider three alternative definitions of downstreamness, we also replace the
change in value-added exports per worker (AVAX ]C US/Li) in expression (9) by a measure
based on the import penetration ratio ((AVAXJ-C’US / X;), where XJZ: represents the value of
shipments (output)), and, additionally, consider measures of changes in U.S. exposure to
trade with high income and middle income countries separately.

Our econometric specification considers the effects of changes in U.S. local labor market
exposure to trade with China on changes in employment, unemployment and in wage levels.

More specifically, our basic model is represented by the following econometric specification:

Lt , ,
AW’}”)Z. =a+nALEXP VAE"+ X', (11)

where A% represents the change in the manufacturing employment share of the working
age population in local market . In this specification, the direct contribution of China, in
terms of value added originating and exported by that country, to changes in U.S. labor mar-
ket outcomes is captured by parameter ;. As is clear from expression (11), we also include
a set of local market controls described by the matrix X*. These controls include possibly
relevant characteristics of local labor markets, measured during the base year, such as the

percentage of employment in manufacturing, the percentage of college-educated population,

the percentage of foreign-born population, among others. The idea is that, controlling for
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these local market characteristics, we can capture the effects of changes in market exposure
on the manufacturing employment share. A similar strategy is used to gauge the effects of
local labor market exposure to trade on average wage levels and on unemployment levels.
In addition, all estimated versions of expression (11) weight observations by the local labor
market’s share of national employment at year 2000 and standard errors are clustered at the
state level.

The key remaining problem is that there may be variables missing from expression (11)
that are correlated with the measure of change in local market exposure to Chinese value-
added exports, possibly generating biases in the econometric results from the estimation
of this expression. To address this issue, we follow the strategy proposed by ADH (2013)
and use the following variable to instrument the change in local labor market exposure to

value-added exports from China (ALEXP_V AE")

Lk, AV AE7eh

: (12)
L%i Loy 4

AIVEXP.VAE" = Z
J

The variable AVAEJ”C’L represents the change in value-added exports from China to other
selected developed countries in industry j between 2000 and 2007.22 The instrumental vari-
able described by expression (12) uses employment-based variables measured in 1990, ten
years prior to the base year. This explains the application of subscript ¢ — 1 in expression
(12). In this case, the objective is to mitigate possible simultaneity bias generated by the
employment-based variables used to calculate the instrumental variable. Our strategy is to
estimate expression (11) using a 2-stage least square approach where expression (12) instru-
ments our measure of change in labor market exposure described by expression (9). Our
strategy also provides information about the quality of the instrumental variables, including
a statistical test for weak instruments.

An additional component of the empirical strategy is to investigate the effects of traded
products on labor market outcomes controlling for their degree of downstreamness. In these
cases, we calculate the instrumental variable described by (12) in line with our strategy.
For instance, if we measure the change in exposure described by expression (9) using value-

added exports from China to the U.S. in final goods, then we also use value-added exports in

22The list of developed countries used in this case can be found below.
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final goods from China to selected developed countries in order to construct our instrumental
variable. A similar approach is used to relate changes in value-added exports in sectors where
the binary variable I ]d equals one (high downstreamness) and zero (low downstreamness). In
addition, our analysis also considers the effects of net trade flows between China and the U.S.
on labor market outcomes. In this particular case, we calculate an additional instrumental
variable, based on expression (12), using data on U.S. gross and value-added exports to

middle income and transition economies.

3.2 Dataset and Basic Statistics

The key variable for estimating expression (11) is the measure of change in local labor
market exposure to value-added exports from China described by (9). Moreover, we need to
instrument this variable as explained above, which requires value-added exports from China
to other developed countries’ markets. For this reason, we use information on bilateral
value-added exports provided by KWW (2014). Their dataset is organized at the sectorial
level using the 2-digit of the International Standard Industrial Classification (ISIC) and it
provides sectorial value-added exports among 40 countries constructed from World Input-
Output Tables (Timmer et al., 2015). The employment information for the years 1990 and
2000 are provided by ADH (2013) and they are organized at the 4-digit of the Standard
Industrial Classification (SIC). We proceed by applying a concordance to the employment
information from the 4-digit of the SIC to the 2-digit ISIC since the latter classification
is more aggregated, allowing us to relate several SIC codes to a particular code of the 2-
digit ISIC.?2* We are then able to calculate the change in exposure to value-added exports
by using information on value-added exports and on employment according to expression
(9). A similar approach is used to calculate the instrumental variable described by (12)
and for the other variables that consider value-added exports according to their degree of

downstreamness as exemplified by expressions (10).2*

23We have also applied the concordance to the value-added export measures from the 2-digit ISIC to the 4-
digit of the SIC. Most of the econometric results are robust to this approach as well. However, this approach
forces us to disaggregate value-added exports measured at the 2-digit ISIC level into various SIC codes,
which requires an assumption about how this should be done. For this reason, we proceeded by aggregating
the employment-related variables to the 2-digit ISIC since this does not require additional assumptions to
concord the data.

24The instrumental variable uses information about Chinese value-added exports to eight developed coun-
tries, namely: Australia, Denmark, Finland, Germany, Japan, New Zealand, Spain and Switzerland.
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Notice that sectorial value-added exports provided by KWW (2014) measure the domes-
tic value added that originates from a particular industry, and is either exported directly
to a particular country by that industry or is exported via forward linkages to ultimately
be absorbed abroad.? A similar definition is also used in Johnson and Noguera (2012).
Importantly, this information implies that our data on sectorial value-added exports are not
bound by sectorial gross exports since value added generated by a particular sector can be
exported by downstream sectors as well.

Panel A of Table 1 provides information related to the change in U.S.-China trade flows
measured between the years 2000 and 2007. First, we note that aggregate Chinese gross
exports to the U.S. tend to be greater than aggregate Chinese value-added exports, while
the inverse may happen for Chinese imports from the U.S. Second, gross trade flows between
the U.S. and China have grown at a faster pace than value-added trade flows. These two
points lead to the result that the U.S. trade deficit with China measured using gross exports
in 2007 (about $223 billion) is about 26 percent greater than the U.S. trade deficit measured
using value-added exports (about $177 billion). The fact that the U.S. trade deficit with
China is smaller in value-added terms is corroborated by other trade flow measures, such as
the ones provided by Johnson and Noguera (2012), which tend to yield numbers of a similar
magnitude.

An important part of our econometric exercise is dedicated to assessing the effects of
changes in U.S. exposure to Chinese value-added exports while controlling for their degree
of downstreamness. As described above, one of the ways in which we measure the degree of
downstreamness relies on the ratio between the sectorial foreign value-added content in Chi-
nese gross exports and the sectorial gross exports from that country. Information on foreign
value-added content was provided by Wang, Wei and Zhu (2014) and is also organized using
the 2-digit ISIC aggregation level. In Panel B of Table 1, we provide aggregate figures for

25Wang, Wei and Zhu (2014) explain in detail the differences between measuring value-added exports
using forward linkages and using backward linkages. The former focuses on the contribution of a sector to
value added, while the later focuses on the contribution of upstream sectors to the exports of a particular
sector. The former is not bound by sectorial gross exports, while the latter is bound by it.This is why (like
us) Wang, Wei and Zhu (2014) focus on value-added exports via forward linkages in measuring revealed
comparative advantage across countries.

26This point is made clear by considering the information described by Table Al in the online appendix.
In this case, we have a list of the top 5 industries in terms of value-added exports greater than gross exports
and the top 5 industries in terms of gross exports greater than value-added exports.
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the foreign value-added content on trade flows between the U.S. and China. These figures
indicate that foreign value added content has grown faster than the bilateral trade flows
between these two economies using either value-added or gross exports. This fact corrob-
orates the idea that the international production chain has become longer. Furthermore,
this information confirms the greater reliance of Chinese gross exports relative to U.S. gross
exports to foreign-made intermediate products. Using information for the year 2007, one
can conclude that 24 percent of Chinese gross exports to the U.S. correspond to value added
in third countries (about $72 billion over $301 billion) in comparison to 11 percent of U.S.
gross exports to China (about $8 billion over $78 billion). In addition, the data provided
by Wang, Wei and Zhu (2014) indicate that sixty-five percent of the foreign value added
contained in Chinese exports is used in final goods exported by that country, rather than
used in intermediate exported goods, the second highest margin present in the exports of
any country in their dataset. This information suggests that many goods exported by China
are indeed characterized by great downstreamness levels.?”

Panel C of Table 1 shows a comparison between the changes in the measure of local
labor market exposure to trade flows using gross and value-added exports. This information
suggests that the change in the average local labor market exposure using gross exports tends
to be significantly higher than the change in the average exposure using value-added exports.
This is in line with the discussion involving the pace at which gross exports from China to
the U.S. have grown relative to value-added exports. The numbers suggest average increases
in exposure to gross Chinese exports of $2.64 thousand per worker during the years 2000 and
2007, while the average change in exposure based on value-added exports suggests increases
of $1.76 thousand per worker. It is also clear that the dispersion of the distribution of
changes in exposure based on gross exports is greater than the dispersion of the distribution
using value added, as suggested by the ratio between the standard deviation and the average
change in exposure. Notice that the data indicate that the correlation between the U.S.

measures of exposure based on gross and value exports from China is 0.23.2® This suggests

2TExpression (5) in our model defines the foreign value added contained in gross exports. In our context,
the foreign value added in Chinese exports also includes value added in the U.S. that is embodied in Chinese
imports of intermediate products used to produce goods exported by China. The dataset made available by
Wan, Wei and Zhu (2014) does not allow us to identify the origin of foreign value added in gross exports,
though.

28We show in Table A2 in the online appendix that the top 3 U.S. local labor markets in terms of greatest
increases in exposure based on gross exports from China differ from the top 3 markets based on value-added
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that they are positively albeit not strongly correlated.?®

The information discussed in Panel C of Table 1 reveals the average differences between
value-added exports and gross exports. Still, it may be beneficial to have a visual description
of the differences between these two measures of trade flows across U.S. local labor markets
(our sample). Moreover, our main goal in the econometric strategy is to relate information
about these measures of trade flows to labor market outcomes. These are the reasons why
we have decided to compile information on these variables graphically using Figures 1 and
2. In Figure 1, we consider the difference between the changes in U.S. exposure using
gross exports and value-added exports across local labor markets between years 2000 and
2007. This figure makes it clear that the main differences in exposure are concentrated in
the Southeastern part of the U.S., followed by areas located in the rust belt (e.g. Ohio
and Pennsylvania). Differently, Figure 2 focuses on the percentage change in the share of
manufacturing employment across U.S. local labor markets. This figure indicates that the
main losses in the share of manufacturing employment also took place in the Southeastern
part of the U.S. economy. This implies that the measures displayed in Figures 1 and 2
are negatively correlated, implying that the higher the difference between the two exposure
measures, the higher tends to be the loss in the share of manufacturing employment.?® Thus,
we can confirm that results using measures based on gross exports may be very different from
results using value-added exports and we explore some of these differences below.3!

Table 2 provides information about the relationship between the average increase in
exposure across U.S. local labor markets to value-added exports from China, as well as the

change in U.S. exposure to exported goods from other groups of countries, and the degree

exports from that country. The same applies to the bottom 3 local labor markets.

29Notice that the correlation between the sectorial change in Chinese value added exports and gross exports
to the U.S. economy between years 2000 and 2007 is 0.77. Thus, this correlation clearly does not control
for how different local labor markets are affected, which depends on the employment shares as described by
expression (9). The graphical description of the differences in exposure measures is also made obvious with
the assistance of Figure 1 as discussed below.

30Figure B1 in the online appendix confirms this information by showing graphically the relationship
between the two measures. In particular, it shows that the correlation is negative (-0.358) and displays a
high t-value (-12.03).

31Tt may be important to provide examples in order to link Figures 1 and 2 to economic reality. According
to the newspaper USAToday “about 650 textile plants closed between 1997 and 2009, draining thousands
of jobs and depressing communities” in U.S. southern states. As described in Table A1l found in the online
appendix, the sector related to Textiles and its products is one of the sectors where the gap between Chinese
gross and value added exports is the highest, clearly raising the question about the degree to which China has
contributed to these negative effects across several Southern communities in the United States. See report
at “https://www.usatoday.com/story/news/nation/2014/02/05 /stateline-textile-industry-south/5223287/”.
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of downstreamness of these exported goods. As discussed above, we define the degree of
downstreamness according to the use of traded goods (final versus intermediate) as well as
using the distribution of the ratio between a country’s (or group of countries’ according to
income level) sectorial foreign value added contained in its exports and its sectorial gross
exports. In the latter case, our main results rely on the median, as well as on the 75th
percentile, of the distribution of this ratio in defining the variable I;»l, which is a key variable
in calculating expressions (10). Thus, we define the sectors with the value for this ratio
above the median (75th percentile) as being part of the high downstreamness group (I]d equal
to one) while sectors with ratio below the median (75th percentile) as being part of the low
downstreamness group (I{ equal to zero).

It is clear from Table 2 that, using the definition of downstreamness based on usage,
most of the average change in the U.S. exposure to Chinese value added exports is due to an
increase in exports from high downstreamness sectors. The same conclusion is obtained using
the median of the distribution of the ratio between foreign value added and gross exports.3233
In this case, the theoretical framework discussed in Section 2.2 suggests that most of the
increase in value-added exports from China represents direct competition to U.S. sectors with
high downstreamness, possibly causing negative direct effects to manufacturing employment
in these sectors and also causing indirect negative effects to their upstream sellers.>* On the
contrary, for all other groups of countries, most of the increase in U.S. exposure is due to
increases in value-added exports in low downstreamness sectors. This fact is in line with the
idea that trade in intermediate products has become more important because the production
chain has become longer. This dichotomy between the value-added exports from China and
from other countries may be part of the explanation related to the concern that exists in

many policy circles regarding the increase in exports from China to the U.S. In this case,

32By definition, using the 75th percentile of the distribution leads to many more sectors allocated into
the low degree of downstreamness group. As such, it is more appropriate to compare average changes in
exposure across countries using the 75th percentile of the distribution.

33Note that the summation of the change in U.S. exposure to Chinese value added exports in final and in
intermediate forms do not add up to the total change in U.S. exposure reported in Panel C of Table 1. The
difference corresponds to value-added exports in indirect forms.

34Wang, Wei and Zhu (2014) suggest that the importance of Chinese value exports in intermediate goods
has substantially increased over the years. Moreover, the sophistication of Chinese exports to the U.S. market
has also increased. An important example involves Chinese exports of automobile parts and accessories. By
the end of the 2000s, China was exporting to the U.S. transmission electro-hydraulic control modules and
control resistors, on top of more simple auto parts such as knobs, rear-view mirrors and etc. More information
can be found at https://www.fas.org/sgp/crs/row/R43071.pdf.
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it is clear that an increase in U.S. exposure to value-added exports from China may have
different effects on labor markets from an increase in exposure to value-added exports from
other countries.?

The dependent variable and the controls for local labor market characteristics used to
estimate (11) were provided by ADH (2013). As explained above, we also consider other
definitions of exposure, such as exposure defined by net trade flows where we use imports
and exports. We also consider exposure depending on the degree of downstreamness and test
the robustness of our results to alternative measures of the degree of downstreamness dis-
cussed above. Notice that all measures of degree of downstreamness used in our econometric
exercises are positively correlated with China’s revealed comparative advantage index. Fi-
nally, we consider a traditional measure of exposure based on the import penetration ratio,
which is defined as the ratio between the value of imports and the value of shipments at the
sectorial level. In this case, information on the value of shipments was made available by the
U.S. Bureau of Census for the years of 2002 and 2007 and these data are organized according
to the 6-digit of the North American Industrial Classification System (NAICS). We use a
concordance between the 6-digit of the NAICS and the 4-digit of the SIC made available by
David Dorn, and, we can then aggregate the data on the value of shipments from the 4-digit
of the SIC to the 2-digit of the ISIC following the same strategy used for employment-related
variables as detailed above. Our results are robust to these different measures of exposure

as we discuss in the next Section.3¢

35We can relate this discussion about downstreamness to the example described above related to the
presence of Textiles and Textile products industry in U.S. Southern states. In our data, Textiles and Textile
products figure among industries characterized as having high degree of dowsnstreamness. Thus, despite
the fact that Chinese value-added exports are significantly lower than gross exports, the increase in U.S.
exposure to Chinese value added in this sector may have significant direct effects on this industry as well
as on upstream sectors selling inputs to this industry. Thus, the location of this industry in the production
chain can clearly magnify the effects of increased exposure in this case.

36The instrumental variable used to control for the endogeneity of the change in U.S. exposure based on the
import penetration ratio uses the change in the ratio between the sectorial Chinese exports to the selected
developed countries indicated above divided by the U.S. value of shipments, weighted by labor shares as
described in expression (12).
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4 Econometric Results

4.1 Basic Results

We can now proceed to the description of our econometric results. Our benchmark model
corresponds to the estimation of expression (11) using a 2-stage least square strategy where
we instrument the measure of exposure described by (9) using the variable represented by
(12). Our basic results are shown in Table 3. In this case, columns (1)-(3) show the results
that use gross exports from China to the U.S. in order to measure the change in trade
exposure across U.S. local labor markets. Instead, columns (4)-(6) show results that use
value-added exports. The sample used in each column of Table 3 covers information on 722
U.S. local labor markets (commuting zones) and covers the changes in exposure between the
years 2000 and 2007.

The results displayed in columns (1)-(3) are in line with the results found in ADH (2013)
where the contribution of China to changes in U.S. local labor market outcomes is measured
using gross exports rather than value-added exports. In essence, these results suggest that
an increase in exposure to gross exports from China between the years 2000 and 2007 tends
to decrease the share of manufacturing employment in U.S. local labor markets. The results
seem robust to the presence of local labor market controls as is evident from a comparison
between the parsimonious model used in column (1) relative to the more comprehensive
model used in column (3). Moreover, the estimated results show that the instrumental
variable is highly correlated with the measure of changes in trade exposure, and that it
also passes the weak instrumental variable test found at the bottom of the Table. It is also
apparent that the other labor market controls have the same expected signs as obtained by
ADH (2013).57

These results can be used to gauge the relative importance of changes in trade exposure
based on gross exports. Table 2 indicates that the average increase in trade exposure based
on gross exports is $2.64 thousand dollars per worker. This information can be used to

conclude that, if we were to use gross exports to measure the contributions of China to

37We have decided to include estimates of the effect of changes in exposure to gross exports from China
since we focus on the changes between the years 2000 and 2007, while ADH (2013) focus on the discussion of
the results using data from 1990 to 2007. This is the case since we do not have information on value-added
exports for the first half of the 1990s.
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changes in U.S. local labor market outcomes, the increase in exposure to gross exports from
China would have decreased (on average) the share of manufacturing employment across
local labor markets by 1.24 percentage points.®® This is a significant result given that the
average decrease in the share of manufacturing employment across local labor markets during
this time frame was 2.3 percentage points. In a nutshell, the model suggests that using gross
exports from China to measure trade exposure allows us to explain 54 percent of the average
decline in the share of manufacturing employment across U.S. local labor markets.
However, as explained in ADH (2013), this measured effect would overstate the effect of
the supply shock resulting from economic growth in China over the last decade. In particular,
this total effect combines changes in supply related to economic growth in China and changes
in relative demand for products in which China has become an important exporter. To
disentangle the two effects, and more properly measure the contribution related to Chinese
economic growth, we follow ADH’s (2013) strategy that relies on an interplay between OLS
and the IV estimations without using controls for commuting zone characteristics.?® This
procedure allows us to conclude that about 59 percent of the change in U.S. exposure to
gross exports from China is due to supply changes related to economic growth in China. As
such, if we were to use gross exports to measure exposure, a more appropriate measure is
that the increase in exposure to Chinese gross exports would be responsible for 32 percent
of the average decline in the share of manufacturing employment across U.S. labor markets.
A slightly different picture emerges when considering the role played by value-added ex-
ports from China on the share of manufacturing employment across U.S. local labor markets.
In this case, the results are presented in columns (4)-(6) of Table 3. Notice that the coeffi-
cient of our measure of changes in exposure based on value-added exports is also negative,
suggesting that increases in exposure to value-added exports from China have also led to a

decrease in the share of manufacturing employment across U.S. local labor markets. The

38This effect is the result of the product of the average increase in exposure (2.64) and the coefficient of
the change in exposure (-0.469).

39The OLS version of column (1) of Table 4 yields a coefficient equal to -0.436. The regression of the
dependent variable on the difference between the variable measuring exposure and its instrumental variable
yields a coefficient equal to -0.03. Using the coefficient for column (1) of Table 4 and these two coefficients,
yields an estimated effect of Chinese growth on the total exposure to Chinese gross exports equal to 0.59.
Instead, ADH (2013) suggest a contribution of Chinese growth of 0.48. The difference between our results
is due to using data between the years 1990 to 2007 in their case, and our using a sample covering the year
2000 to 2007. See the appendix in ADH (2013) for more details.
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point estimates suggest that the average effect of changes in exposure to value-added ex-
ports from China is significantly smaller than the effect obtained measuring exposure using
gross exports as a comparison between the results in columns (3) and (6) seem to indicate.*
Moreover, this result is less statistically robust, since, as we move from the parsimonious
model described in column (4) to the results described in columns (5) and (6), it is clear that
the degree of statistical significance of the coefficient of changes in trade exposure declines.

The presence of differences between the effects of changes in U.S. exposure based on gross
exports and value added exports from China is not entirely surprising. First, notice that
Figures 1 and 2 suggest that the difference between the changes in U.S. exposure based on
gross exports and value-added exports from China is negatively correlated with the change in
the share of manufacturing employment across U.S. local labor markets. This result provides
strong indications that these changes in exposure can have different effects on the share of
manufacturing employment. Second, our model as well as the literature suggest that the
effects of an increase in Chinese value-added exports could also depend on the degree of
downstreamness of the exported goods. In this case, an increase in value-added exports
from sectors with high degree of downstreamness should have a negative effect on the share
of manufacturing employment in the U.S.. On the contrary, Chinese value-added exports in
sectors with low degree of downstreamness could have an ambiguous effect on the share of
manufacturing employment as U.S. manufacturing firms could become more competitive by
having greater access to foreign-produced inputs, and these traded products tend to affect
less the demand for goods and services provided by upstream sellers. Notice that Table 2
suggests that the increase in U.S. exposure to Chinese value-added exports in sectors with
low degree of downstreamness is significant.*!

We then proceed to investigate the effects of the changes in U.S. exposure to Chinese

value-added exports taking into account the degree of downstreamness of traded goods. Table

40This fact can be verified by taking the product between the average increase in exposure based on value-
added exports of 1.76 in Table 2, the coefficient of the measure of change in exposure found in column (6)
of Table 4, and also multiplying by 0.59 given that we are concerned with the supply side effects related to
Chinese growth. This yields an average decline in the share of manufacturing employment of 0.37 percent-
age points, which corresponds to about 16 percent of the observed change in the share of manufacturing
employment.

41For instance, focusing on the degree of downstreamness determined by the median of the ratio between
foreign value added contained in exports and gross exports, suggests that 48 percent of the U.S. increase in
exposure to Chinese value-added exports is related to exports from Chinese sectors displaying low degree of
downstreamness (ratio of $0.85 per worker and $1.76 per worker).
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4 shows the results using value-added exports according to their degree of downstreamness
using the measures discussed in Section 3.2. In this case, every specification controls for all
labor market characteristics available in our dataset, the same ones used in columns 3 and
6 of Table 3. The specifications used in columns (1) - (3) control for changes in exposure
to value-added exports from China in sectors with high degrees of downstreamness, while
the specifications in columns (4)-(6) control for changes in exposure to value-added exports
from China in sectors with low degrees of downstreamness. In this case, the specifications
in columns (1) and (4) define the degree of downstreamness based on the usage of exported
goods; the specifications in columns (2) and (5) measure the degree of downstreamness based
on the median of the distribution of the ratio between the foreign value added contained in
sectorial Chinese exports and the sectorial gross exports, while the specifications in columns
(3) and (6) use the 75th percentile of the distribution of this ratio in defining the degree of
downstreamness.

The results in columns (1)-(3) of Table 4 confirm that an increase in value added exports
from China in sectors with high downstreamness tends to decrease the share of manufacturing
employment across U.S. local markets. This is true regardless of whether or not local labor
market characteristics are controlled for, although we report the specifications controlling
for all labor market characteristics we have available to us. Notice that this effect is highly
statistically significant across all measures used in specifications (1)-(3). Moreover, it is also
economically important. Table 3 indicates that the average increase in U.S. exposure to
value-added exports from China in final goods was $0.93 thousand per worker, while it also
suggests an average change in U.S. exposure to value-added exports with high degree of
downstreamness using the median of the distribution of $0.91 thousand per worker. Keeping
in mind that only 59 percent of the changes in U.S. exposure to exports from China is due to
economic growth in that country as discussed above, we can conclude that the U.S. increase
in exposure to value-added exports in high downstreamness sectors can (on average) explain
between 38 and 44 percent of the decline in the share of manufacturing employment across

local labor markets.*?

42This result can be obtained by first multiplying the coefficients of the change in U.S. exposure (-1.588,
-1.881), by the average changes in U.S. exposure ($0.93 thousand and $0.91 thousand) across local labor
markets from Table 2, and by the contribution of economic growth in China of 0.59. Then, we divide the

product of these numbers by the average decrease in the share of manufacturing employment across local
labor markets (2.3).
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The results in columns (4)-(6) of Table 4 are also very much in line with the intuition
discussed above related to the role played by the degree of downstreamness of exported
goods. In these specifications, an increase in U.S. exposure to value-added exports from
China in sectors with low degree of downstreamness leads to an increase in the share of
manufacturing employment. However, the results do not seem statistically significant, and,
economically speaking, they yield significantly smaller changes in the share of manufacturing
employment than the results obtained in columns (1)-(3).** Thus, the expected dichotomy
between the effects of an increase in U.S. exposure to exports in sectors with low degrees
of downstreamness versus sectors with high degrees of downstreamness is confirmed by our
results. In general, these results are in line with our intuition, as well as with conclusions of
the theoretical model discussed in Section 2.2, that suggests distinct effects on labor markets
depending on the degree of downstreamness of exported goods.**

We notice from Table 1 that U.S. value-added exports to China grew by more than 200
percent between the years 2000 and 2007, certainly a substantial rate of growth although
smaller than the growth rate of value-added exports from China to the U.S. The question
is whether or not our main conclusions related to the average role played by value-added
exports on the U.S. economy changes by taking into account the substantial growth of U.S.
value added exports to China. Table 5 investigates this issue and considers the effect of
U.S. net trade exposure with China in terms of gross exports and in terms of value-added
exports. In this case, column (1) considers the effects of U.S. net trade exposure based on
gross exports and we find that increases in gross exports from China have deleterious effects
on the share of manufacturing employment in U.S. local labor markets. The estimates
described in column (1) suggest that the increase in the U.S. net exposure to trade with
China has decreased the U.S. share of manufacturing employment across labor markets by
0.42 percentage points, which corresponds to 19 percent of the actual average decrease in the

share of manufacturing employment.*® Needless to say, the effects of U.S. exposure to trade

43For instance, the results in column 4 suggest that an increase in U.S. exposure to Chinese value-added
exports in intermediate goods tends to increase the share of manufacturing employment by 7 percent.

44 As indicated previously, we do not include results for changes in U.S. exposure to value-added exports
from China in indirect form separately. However, the results involving value-added exports in indirect form
are similar to the direction of the results shown in Tables 4-9 for value-added exports in intermediate goods
and they are available upon request.

45This result can be obtained by multiplying the coefficient of the change in U.S. net exposure (0.33) by
the average change in U.S. net exposure ($2.2 thousand) across local labor markets, and by the contribution
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with China based on gross exports decreases significantly by considering the contribution of
U.S. exports to China.

Next, we focus on the effects of U.S. net exposure to trade with China using value-
added exports. Column (2) makes it clear that, even taking into account the effects of U.S.
value-added exports, our results suggest that changes in the U.S. net exposure to value-added
trade with China may have led to negative effects on the share of manufacturing employment
across U.S. local labor markets. However, we find that this result is not very statistically
robust. In this case, the results described in Column (6) of Table 3 are re-enforced since
the effects of U.S. value added exports to China may have the opposite effect of Chinese
value-added exports to the U.S. However, as we consider the effects of value-added trade
controlling for the degree of downstreamness of exported goods, an even clearer picture
of the different effects emerge. Columns (3)-(5) confirm that the net effect of changes in
U.S. exposure to value-added trade in sectors with high degree of downstreamness on the
share of manufacturing employment is negative and statistically significant, while the results
described in columns (6)-(8) indicate that the effect of changes in net value-added exposure
in sectors with low degree of downstreamness is positive albeit not statistically significant.
The bottom line is that the net effect of changes in value-added trade with China on U.S.
manufacturing employment seems to depend on the position of the industry exporting to the
U.S. economy in the global value chain. These results are also in line with our theoretical

framework.

4.2 Other Labor Market Outcomes

One important issue that we have yet to address is how changes in U.S. exposure to inter-
national trade affect other important labor outcomes and whether or not the effects vary
depending on the level of downstreamness of traded goods. In particular, we consider the
effects of changes in U.S. exposure to Chinese exports on average wages and on the share

of unemployed workers across U.S. local labor markets.?® Our initial strategy consists in

of economic growth in China of 0.59.

46Hummels et al. (2014) find that offshoring has also lead to increases in within-group and across-group
inequality. Our results are not in contradiction with their results, as we are measuring the effects of value
added exports that may or may not represent offshoring activities. Moreover, we measure the effects of trade
on average wages for workers whose exposure to trade will vary at the firm-level, job status and skill set.
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replacing the dependent variable in expression (11) by the change in average wages for U.S.
local labor markets, while we calculate changes in U.S. exposure to trade using gross exports
and value-added exports from China as we did for Tables 3 and 4. A similar approach is
used to consider the effects of exposure on the share of unemployed workers.

The literature has not only considered the average effects of trade across all workers but
has also considered the heterogeneity of trade effects across groups of workers. In particular,
Hummels et al. (2014) consider the different effects of offshoring on workers with high and
low skills, while Ebenstein et al. (2014) investigates the effects of greater exposure to trade
flows and offshoring activities on workers controlling for the degree of routineness of their
occupations. In both cases, an increase in exposure to trade flows and offshoring seems to
have heterogeneous effects across groups of workers. In the former case, low-skilled workers
tend (on average) to be more negatively effected by offshore activities than high-skilled
workers, while, in the latter case, greater import competition tends to have negative affects
on workers involved with occupations displaying high levels of routineness while workers
involved with occupations displaying low and middle levels of routineness are not negatively
affected.

We consider the heterogeneous effects of changes in U.S. exposure to exports from China
by investigating its effects on college educated workers and non-college educated workers
following an approach similar to ADH (2013). In this case, we replace the dependent variable
used in expression (11) by the average change in weekly wages measured in log points, as well
as by the change in the share of unemployed workers, across local labor markets. The average
of these variables across local labor markets indicate that average wages have increased by
3.84 log points between years 2000 and 2007, while the unemployed share has increased
by 3.42 percent during the same time frame. However, there seems to exist considerable
heterogeneity across groups of workers. In particular, the wage of college educated workers
tends to increase more than three times as much as the wages of non-college educated workers,
while the unemployment rate among non-college educated workers grows more than three
times as much as the unemployment rate of college educated workers.

These correlations certainly reveal significant heterogeneity across groups of workers but
our main interest is to relate changes in U.S. exposure to changes in these labor market

outcomes. The results of our econometric approach can be found in Tables 6 and 7. The
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results shown on columns (1) and (2) of Table 6 suggest that changes in exposure, either
using gross exports or using value-added exports from China, are not statistically significant
in explaining changes in wage levels across U.S. local labor markets. However, the results
clearly depend on the degree of downstreamness of exported goods. A comparison between
the results shown in columns (3) and (4) with the results shown in columns (5) and (6)
strongly suggests that increased U.S. exposure to exports from sectors with low degree of
downstreamness has a positive and statistically significant effect on wages, while greater
exposure to goods exported by sectors with high degree of downstreamness do not have a
statistically significant effect. Notice that these results are economically important since, for
instance, they suggest that the average increase in the U.S. exposure to value-added exported
by China in low downstreamness sectors tends to increase average wages by 0.62 log points
according to column (6) of Table 6, which accounts for 16.1 percent of the increase in wages
between 2000 and 2007.%" It is important to highlight that these effects tend to be stronger
for non-college educated workers both in economic and in statistical terms.

Table 7 describes the econometric results exploring the causal relationship between U.S.
exposure to Chinese exports and the unemployment rate across U.S. local labor markets.
Again, the results shown in columns (1) and (2) of Table 7 suggest that changes in exposure,
either using gross exports or using value-added exports from China, are not very statistically
significant in explaining changes in the unemployment rate across U.S. local labor markets.
However, the results clearly depend on the degree of downstreamness of exported goods.
It is clear from the results in columns (5) and (6) that an increase in exposure to Chinese
exported goods in low downstreamness sectors decreases the unemployment rate and this
result is robust to using the sample including all employed workers, as well as using the
different samples of workers controlling for their educational level. Moreover, the results

in column (6) also show that this effect tends to be stronger in economic and in statistical

4TThis result can be obtained by multiplying the coefficient of column 6 (1.234) by the average increase in
U.S. exposure to low downstreamness sectors using the median of the distribution found in Table 3 (0.85),
and by share of the increase in U.S. exposure to China due to supply side effects (0.59). Then, we divide the
product among these components by the average increase in wages (3.84).
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terms for the sub-sample of non-college educated workers.*84?

4.3 Robustness Tests

We establish above that the average effect of an increase in exposure to value-added
exports from China on the U.S. share of manufacturing employment depends on the position
of the exporting industry on the global value chain. In particular, we found that the effect
of value-added exports in sectors with high degree of downstreamness differs from the effect
of value-added exports in sectors with low degree of downstreamness. These results readily
extend to other labor market outcomes (e.g., average wages and unemployed rates) where
we show that the effect on an increase in U.S. exposure to Chinese value-added exports also
depends on the degree of downstreamness of the exporting industry. We can now explore
other results related to trade flows between the U.S. and China.

Tables 4-7 rely on two specific measures of downstreamness and we can now consider
the robustness of our results to changes in these measures. In particular, we consider three
additional measures in constructing the dummy I Jd used to identify sectors with high and
low degrees of downstreamness. In addition, we investigate the effects of changes in U.S.
exposure to gross exports from China while controlling for the degree of downstreamness of
the Chinese exporting industry. First, Panel A of Table 8 examines our results using the ratio
between Chinese sectorial foreign value added used in exports of final goods and sectorial
Chinese gross exports. Second, Panel B of the same table considers the same results using
the ratio between Chinese sectorial foreign value added used in exports and the summation
between sectorial foreign value added and sectorial value added exports from China. Third,
Panel C of Table 8 identifies sectors with low and high degrees of downstreamness based
on the downstreamness index used in Antras et al. (2012), while Panel D investigates the

effects of changes in U.S. exposure to Chinese gross exports depending on the degree of

48Notice that the lack of statistical significance for the coefficients on value-added exports from China
in columns (3) and (4) of Table 8 can be explained as follows. An increase in U.S. exposure to Chinese
value-added exports in sectors with high degree of downstreamness decreases the share of manufacturing
employment as made evident by Table 4, while it increases the share of non-manufacturing employment.
These two forces tend to offset each other and that explains the results found in columns (3) and (4). The
results related to the effects of changes in exposure on the share of non-manufacturing employment are
available upon request.

49Notice that we can find the results described in ADH (2013) on wages and on unemployment, using
information on gross exports from China to the U.S., if we incorporate changes from 1990-2000 into the
dataset. However, this result may be sensitive to the time frame used as made evident by Tables 6 and 7.
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downstreamness.?°

The additional measures of downstreamness used in Panels A-C of Table 8 are strongly
correlated with the revealed Chinese comparative advantage index. In all cases, the results
provide ample support to our previous findings. In particular, the results indicate that an
increase in U.S. exposure to Chinese value-added exports in sectors with high degree of
downstreamness tends to decrease the share of manufacturing employment (see results in
columns (1)-(2)) while the opposite may happen in the case of an increase in exposure to
exports from sectors with low degree of downstreamness (see results in columns (3)-(4)).
Our paper primarily focuses on the direct contributions of the Chinese economy to labor
market outcomes which is better captured by its value-added exports. However, Panel D
of Table 8 considers the effects of changes in U.S. exposure to gross exports from China
controlling for the degree of downstreamness of the exporting industry. In this case, we
measure the identificator dummy I Jd using the distribution of the ratio between sectorial
foreign value added in Chinese exports and sectorial gross exports from China. This is the
same methodology employed in Tables 4-7. The results in Panel D confirm the previous
results regarding the relationship between the degree of downstreamness and labor market
outcomes. In sum, these results are very in line with our previous ones.

So far we have measured changes in U.S. exposure to trade flows with China using
changes in gross exports or changes in value-added exports. However, it is apparent that
many strands of this literature refer to exposure of an industry to foreign competition by
relying on measures of import penetration. This is the case of Ebenstein et al. (2014) and
Acemoglu et al. (2014) that measure the exposure of an industry to globalization using
import penetration ratios. A similar argument can be found in most of the literature on
the political economy of trade (Grossman and Helpman (1994)). In Table 9, we investigate
the effects of changes in the U.S. exposure to trade with China using changes in import
penetration instead of the changes in trade flows per worker used in previous results.

The results described in Table 9 are very much in line with the results found in Tables 4-5.

50Panel C focuses on the upstreamness measure proposed by Antras et al. (2012) which relies on informa-
tion provided by the OECD STAN database. The main idea of their index is that the degree of upstreamness
for a sector should be directly related to its average distance from final use. Thus, industries selling most of
their output to relatively upstream industries should be relatively upstream themselves. We construct our
dummy I ]‘i used in expressions (10) taking into account that lower values of their index implies higher levels
of downstreamness.
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Column (1) of Table 9 indicates that an increase in U.S. exposure to trade with China based
on gross import penetration leads, on average, to a decrease in the share of manufacturing
employment across local labor markets. In column (2), we calculate import penetration
using value-added exports from China to the U.S., and the results suggest that an increase
in exposure to trade with China based on value-added import penetration does not lead to
a statistically significant change in the share of manufacturing employment. The results in
columns (3)-(6) explain these different results, namely: an increase in U.S. exposure to import
penetration measured using value-added exports from China in sectors with high degree of
downstreamness has a negative effect on the share of manufacturing employment, while an
increase in U.S. exposure to import penetration in sectors with low degree of downstreamness
has a positive effect on the share of manufacturing employment. These results are clearly in
line with the results from previous tables.

It is also important to consider whether the effects of changes in U.S. exposure to trade
with China differ from the effects of changes in exposure to trade with other countries. For
instance, Ebenstein et al. (2014) find that an increase in U.S. offshoring activities to low
income countries decreases the real wages of professions that perform routine tasks, while
the opposite is found for an increase in U.S. offshoring activities to high income countries.
Table 2 provides strong evidence that the profile of the change in the U.S. exposure to value-
added exports from China differs from the profile of the change in exposure to other groups
of countries. This is the case since the change in U.S. exposure to China is biased towards
sectors with high degree of downstreamness while for all other groups it is biased towards
sectors with low degree of downstreamness. As pointed out by our theoretical model, we
should expect that these two different profiles could yield different effects on labor market
outcomes.

The dataset made available by KWW (2014) allows us to calculate changes in exposure
following expression (9) using gross and value added exports from middle income and high
income countries. Likewise, the dataset made available by Wang, Wei and Zhu (2014)
provides information on sectorial foreign value added used in gross exports that we use in
identifying sectors with low and high degrees of downstreamness for these different groups of

countries. The division of countries into the middle and high income country groups follows
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the criteria used by the World Bank to define countries according to their national income.5*

We eliminate from both groups the transition economies since these were economies that for
decades have been subject to a substantial degree of central planning, and, therefore, differ
in their economic structure from most other members of both groups. Moreover, the change
in U.S. exposure to exports from transition economies is quite petite as the numbers in Table
2 clearly indicate. Table 10 shows the results of changes in U.S. trade exposure to exports
from each group of countries on the share of manufacturing employment across U.S. local
labor markets.

It is clear that there is a dichotomy in the results for these two groups. A comparison
between results shown in column (1) indicates that an increase in U.S. exposure to gross
exports from middle income countries leads to a decline in the share of U.S. manufacturing
employment, while the predicted effect of an increase in exposure to gross exports from high
income countries is positive but this effect is not statistically significant. This dichotomy is
in line with those obtained by Ebenstein et al. (2014). Instead, column (2) uses value-added
exports to the U.S. to calculate the measure of exposure. The results shown in this column
suggest that an increase in U.S. exposure to value-added exports from high income countries
has a positive and statistically significant effect on the share of manufacturing employment,
while the effect is not statistically significant for middle income countries. The results shown
in columns (3) and (4) suggest that an increase in U.S. exposure to value-added exports
in sectors with high downstreamness is negative for exports from middle income countries
and is positive for exports from high income countries. However, in the case of exposure
to exports in low downstream sectors, the results in columns (5) and (6) suggest that an
increase in exposure can have a positive effect on the share of manufacturing employment.

Thus, the results for middle income countries resemble well the results described above for

China.??

5! According to the World Bank’s criteria, the only low income country in the KWW’s (2014) dataset is
India. Thus, we include India as part of the group of middle income countries. Notice that we exclude
exports from China to the U.S. from both groups of countries.

52Tn the online appendix, we show that our results are robust to relying on different measures of value
added exports. In particular, Table A3 in the appendix shows the results using value added exports made
available by Johnson and Noguera (2012). These results confirm that an increase in U.S. exposure to value-
added exports tends (on average) to decrease the share of manufacturing employment across local labor
markets but this result is not very statistically robust.
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5 Conclusion

This paper highlights that the direct contribution of China to U.S. local labor market
outcomes has to be gauged with caution for two main reasons. First, Chinese exports contain
a significant degree of content that originates in other trading partners including the U.S.
economy. This implies that Chinese gross exports to the U.S. are significantly different
from Chinese exports measured in value-added terms. Second, Chinese exports vary in their
position in the global value chain with a significant share consisting of exports from sectors
with low degree of downstreamness (i.e., not close to the bottom of the production chain).
Recent results by ADH (2013) find strong negative effects of the growth of Chinese gross
exports to the U.S. in terms of manufacturing employment and wages across U.S. commuting
zones.

We investigate the effects of trade between the U.S. and China on the former country’s
labor market outcomes using the recent dataset organized by KWW (2014). Their dataset
provides information on Chinese value-added exports to the U.S. and also decomposes them
according to the usage of traded goods. Our results suggest that the direct contribution of
China to U.S. labor market outcomes depends on the position of the exported goods from
China on the global value chain. In this case, we find that the increase in U.S. exposure
to Chinese value-added exports in sectors with high degree of downstreamness has led to a
decrease in the share of manufacturing employment, while the opposite is found for value-
added exports in sectors with low degree of downstreamness. These findings are robust
in relation to controlling for U.S. value-added exports to China, and they are also in line
with our theoretical framework which relies on the presence of economies of scale and firm
homogeneity in terms of technology (within a country).

Finally, we do not find any average effect on wages, as well as none on the share of
unemployed workers, due to an increase in U.S. exposure to Chinese exports during this
time frame, except when controlling for the degree of downstreamness of exported goods.
In this case, a positive effect is found for value-added exports in sectors with low degree
of downstreamness, in particular for non-college educated workers. The results also make
it clear that the effects of U.S. exposure to China are different from U.S. exposure to high

income countries, and this is also due to the position of exported goods in the global value
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Figure 1. Difference between Gross and Value-Added Trade Exposure from China
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Table 2: Downstreamness and the Average Change in U.S.

Exposure®

Mean (std dev) Final Above Above Intermediate Below Below

goods median  75th goods median  75th

China
High downstreamness 0.93 0.91 0.57
(A value-added exports from (0.40) (0.61)  (0.49)
China to US) / worker
Low downstreamness 0.65 0.85 1.18
(A value-added exports from (0.29) (0.69)  (0.65)
China to US) / worker
High Income
High downstreamness 0.40 0.64 0.47
(A value-added exports from (0.34)  (0.61)  (0.59)
China to US) / worker
Low downstreamness 1.53 1.73 1.90
(A value-added exports from (1.63) (2.05) (2.02)
China to US) / worker
Middle Income
High downstreamness 1.10 1.07 0.64
(A value-added exports from (0.43) (0.74)  (0.52)
China to US) / worker
Low downstreamness 1.59 1.89 2.32
(A value-added exports from (1.74) (2.35) (2.32)
China to US) / worker
Transition

High downstreamness 0.02 0.08 0.05
(A value-added exports from (0.01)  (0.10)  (0.09)
China to US) / worker
Low downstreamness 0.26 0.33 0.36
(A value-added exports from (0.32) (0.44)  (0.45)

China to US) / worker

Exposure is measured in thousands of dollars per worker. The list of high income countries includes
Australia, Austria, Belgium, Canada, Cyprus, Germany, Denmark, Spain, Finland, France, Great Britain,
Greece, Ireland, Italy, Japan, Korea, Luxemburg, Malta, Netherlands Portugal, Sweden and Taiwan. The list
of middle income countries includes Brazil, China, Indonesia, India, Mexico and Turkey. The list of transition
economies includes Bulgaria, Estonia, Hungary, Lithuania, Latvia, Poland, Romania, Russia, Slovakia and

Slovenia.
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Table 6: Value-Added Trade with China and the Effects on Wages
across U.S. Local Labor Markets®

(1) (2) (3) (4) (5) (6)
Final ~ Above Intermediate  Below
goods median goods median
All
(A gross exports from -0.135
China to US) / worker (0.359)
(A value-added exports from 0.970
China to US) / worker (0.780)
High downstreamness 1.240 0.323
(A value-added exports from (1.799) (1.843)
China to US) / worker
Low downstreamness 3.024** 1.234%*
(A value-added exports from (1.507) (0.715)
China to US) / worker
College
(A gross exports from -0.205
China to US) / worker (0.399)
(A value-added exports from 0.877
China to US) / worker (0.933)
High downstreamness 0.927 0.842
(A value-added exports from (1.917) (2.182)
China to US) / worker
Low downstreamness 3.047 0.840
(A value-added exports from (2.152) (0.735)

China to US) / worker

Non-college

(A gross exports from 0.142

China to US) / worker (0.383)

(A value-added exports from 1.738%*

China to US) / worker (0.914)

High downstreamness 2.542 0.438

(A value-added exports from (2.133) (1.854)

China to US) / worker

Low downstreamness 4.953%HK 2 27
(A value-added exports from (1.747) (0.835)
China to US) / worker

®Dependent variable: Ten-year equivalent changes in average log weekly wage (in log pts). We use the
same controls applied in column (6) of Table 4 in all columns of this Table. Superscripts “***”  “**? and «“*”
represent statistical significance at the 1, 5 and 10 percent levels, respectively. Standard errors are clustered
at state level.
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Table 7: Value-Added Trade with China and the Effects on
Unemployment across U.S. Local Labor Marketse

(1) (2) (3) (4) (5) (6)
Final ~ Above Intermediate Below
goods median goods median

All

(A gross exports from 0.109

China to US) / worker (0.099)

(A value-added exports from -0.353

China to US) / worker (0.250)

High downstreamness -0.525  0.246

(A value-added exports from (0.506) (0.421)

China to US) / worker

Low downstreamness -0.975* -0.630**
(A value-added exports from (0.572) (0.299)
China to US) / worker

College

(A gross exports from 0.059

China to US) / worker (0.063)

(A value-added exports from -0.352%

China to US) / worker (0.191)

High downstreamness -0.560  -0.014

(A value-added exports from (0.377) (0.368)

China to US) / worker

Low downstreamness -0.932%*  -0.499**
(A value-added exports from (0.451) (0.217)
China to US) / worker

Non-college

(A gross exports from 0.115

China to US) / worker (0.137)

(A value-added exports from -0.516

China to US) / worker (0.336)

High downstreamness -0.827  0.322

(A value-added exports from (0.675) (0.566)

China to US) / worker

Low downstreamness -1.342* -0.901°**
(A value-added exports from (0.771) (0.379)
China to US) / worker

®Dependent variable: We use the Ten-Year equivalent change in the unemployed share (in percentage
points). We use the same controls applied in column (6) of Table 4 in all columns of this Table. Superscripts
kel ek and “*7 represent statistical significance at the 1, 5 and 10 percent levels, respectively. Standard
errors are clustered at state level.
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Table 8: Robustness of Downstreamness®
I. 2000-2007 2SLS

M) ) ) @)
Above Above Below Below
median 75th median 75th

Panel A — Downstreamness measured by FVA in final goods / gross exports

A value-added exports from -2.003*** -2.539***  (.366 0.433*

China to US / worker (0.678) (0.419) (0.249) (0.258)

2SLS first stage estimates
A value-added exports from — 0.523%F* (. 754%*FF 0. 776***  0.751%**

China to OTH / worker (0.047) (0.061) (0.047) (0.039)
KP statistics 132.14 167.54 283.25 440.08
Panel B — Downstreamness measured by FVA / (FVA+VAX)

A value-added exports from -2.071*%%% -2.545%** (419 0.434*
China to US / worker (0.586) (0.421) (0.281) (0.259)
R? 0.60 0.60 0.59 0.60

2SLS first stage estimates
A value-added exports from — 0.555%F*  (.752%*FF (. 781***  (.749%**

China to OTH / worker (0.049) (0.060) (0.051) (0.039)
KP statistics 122.52 168.46 258.97 439.34
Panel C — Downstreamness measured by ACFH

A value-added exports from  -1.589**  -2.223***  _(.043 0.058
China to US / worker (0.701) (0.786) (0.228) (0.250)

2SLS first stage estimates
A value-added exports from  0.616™%**  (0.824*** (0.801***  (.795%**

China to OTH / worker (0.070) (0.067) (0.035) (0.030)
KP statistics 88.46 188.06 522.70 717.29
Panel D - Downstreamness measured by FVA / gross exports

A gross exports from -1.220%**F  -0.958***  _48.781 0.015
China to US / worker (0.157) (0.157)  (36.748) (0.582)

2SLS first stage estimates

A gross exports from 0.627%%*  0.673%F*  -0.154%*  (0.405%**
China to OTH / worker (0.035) (0.034) (0.069) (0.056)
KP statistics 521.68 563.48 5.78 49.84

@ Dependent variable: Annual changes in manufacturing emp/working-age pop (in percentage points).
We use the same controls applied in column (6) of Table 4 in all columns of this Table. Superscripts “***”
“R7 and “*” represent statistical significance at the 1, 5 and 10 percent levels, respectively. All first stage
regressions pass the Kleibergen-Paap Weak IV test at 5% critical value. Standard errors are clustered at
state level.

52



“A[oA1poodsor ‘sppao] Jueorod ()T pue G ‘T oY) e 90URIYIUSIS [eI1IS1)Re)S Juasordol

"[9AS] 99€)S JB POAISISN[D Al SIOLIY PIepUR)S

win PU® g g SIALIDSIOANG D[R, ST JO SUWM[OD [[& UL L, JO

(9) utunjoo ur pardde sjojuod aures a1y asn oAy “(sjyutod a8ejueoied ur) dod oFe-guryiom /dwe SuLmidejNURUI UT SOSURTD [enNUUY :d[qeLres juspuado g ,

SOR SOx ON SOx SOX SOX (sonrea reorjimd 9/¢ ssed)
96°¢¢ 18°6¢C 4l 0¢'¢ 8C'TT 197 1893 AT eop\ deeJ-uaSIoqrafy]
(€97¢) (21°9) (180)  (zo1)  (172)  (19°0)

xxx9°Cl wxx L VG 79°0 %% 168G *xx60°9 w«xVG' T JTowmn.ajsuy

soyeu1yso a3e)s 981y §ISE 11

(850°0) (90°0)

(69z'¢) (¥9z2°0)
€LOT  4xl1G°0"

IoyIom / (eury)) woj
uorjerjeuad jrodwr poppe-onyea ‘g qv
SSOUUIBAI}SUMOD MOT]

IosI0M / (eury)) woij
uorjerjouad y1odurr peppe-onyea ‘g 4v
SSOUIRAI)ISUMOD YSTH

(£90°0) 1osIoM / (eury)) woy
060°0- uorjerjouad jrodwr peppe-onfes ‘g V)
(991°0) IoyIom / (eury)
wxsk€97°0-  woxy woryerjeusd jrodwt ssoi1s ‘g V)
urIpow Spoo3 ueIpowr  SPoo3
MO[Og]  OJRIPOULIONU]  9AOQY reurq
(9) () () (€) () (1)

S'IS¢ L002-000¢ ‘1

»JuotAo[dury Surmjornue]y Jjo oIeyq oy} uo

uoryerjoudJ j1oduwy jo 3000+ 9y ], :6 o[qRL,

93



“AoA1300dso1 ‘s[pad] Juedrad ()T pue ¢ ‘T oY) J® 0URIYIUSIS [RI1)sIIR)S Juosoidor . pue
(9) utunioo ur pardde sjojuood aures a1y asn apy “(sjyutod a8ejueoied ur) dod oFe-guryiom /dwe SunmioejnIRUI Ul SOSURTD [enUUY :d[qeLres juspuado g ,

¢
Wkko o kskk

‘[0A9] 91R)S @ PAIdISN[D IR SIOLID PIRPURIG
syduosiodng -o[qeT, SIU) JO SUWN]OD [[® Ul } S[qR], JO

ToxI0M / () 07 I0110dxe poyloeds woly
spoo8 [euy ul sp10dxe pappe-onfes y)

SSoUUIBIIISUMOP MO

1oyI0m / (g 09 310dxe peymods woy
Spoo8 [euy ur sp10dxe pappe-onfea y)

SSOUUIRIIISUMOD [SIH

Ios10M / (g 03 Ie0r10dxe poylads

woj sp10dxo poppe-onfes y)
oyIom / (SN 03

Io110dx0 poyleds woly s310dxe sso1s v)

IoI0M / (g 03 I9r10dxe poylads

woj sp10dxo poppe-onfes y)
SSOUTIRAIISUMOP MO

IoI0M / () 03 Ie110dxe poyloads

woj sp10dxe pappe-onfea y)
SSOUWRDIISUMOP YSIH

Io10M / (g 03 I0110dx0 poyrads

woj sp10dxo pappe-onfes y)
oyIom / (SN 01

Ie110dxe peyleds woly s310dxe sso1s v)

(50°0) (701°0)
¢c00 1.¥°0
(2820)  (269°0)
xx76S9°0-  6S0°T-
(080°0)
8000
(480°0)
**NON.O-
SOLIJUNOD WIOJUI S[PPIA
(290°0) (0z1°0)
8600 x1C¢C 0
(eez’0)  (L89°0)
x96€°0 700°T
(01°0)
*661°0
(890°0)
960°0
SOLIJUNOD WOdUT YSIH
ueprow Spoo3 ueIpow  SPOOS
MO[OE  9JeIPoULIU]  dAOQY reurq

(9)

()

(%)

(€)

() (1)

»SOLITUNOY)

OWIOOU] YSI puR o[PPIA WOLJ S}I0dXG Poppy-on[RA Ul SoSuRy)) JO S100hH 9Y ], 0T O[qRL

o4



